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NEC 
Introduction 

This catalog provides you with details about NEC's 
total memory product line, which is the broadest in the 
industry today. NEC memories not only give you a 
wider selection of device types, they also allow you to 
choose from various configurations and process tech­
nologies within a specific type of device. The variety of 
NEC memories gives you greater design alternatives 
and the ability to choose the part that truly fits your 
product. 
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GENERAL INFORMATION 

The catalog is divided into sections for each of our 
major memory groups: ASMs, DRAM Modules, DRAMs, 
XRAMs, MOS SRAMs, EGL RAMs, EPROMs, Masked 
ROMs, Bipolar PROMs, and Packaging Information. 
The selection guides include detailed specifications 
and packaging information. In Section 2 of this catalog, 
you will find a description of the quality and reliability 
procedures that have enabled NEC to reach the highest 
quality standard currently available. 
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MEMORY PART NUMBER GUIDE 
Monolithic 
µP D 41 256 v -12 

NEC 

T I Speed Selection 

Package B Ceramic Flatpack 

Plastic DIP c 
D Cerdip or Ceramic DIP 

G Plastic Miniflat 

K Ceramic Leadless Chip Carrier 
L Plastic Leadless Chip Carrier 

LA Plastic Small Outline J-Lead 

V Plastic Zig-Zag lnline Package 

------- Device Identifier (2 to 4 characters} 

---------- Product Class 10 10K ECL RAM 
100 100K ECL RAM 

21 NMOS Static RAM 

23 NMOSROM 

23C CMOS ROM 
27 NMOS EPROM 

27C CMOS EPROM 

4 Bipolar PROM 
40 NMOS Static RAM 

41 NMOS Dynamic RAM 
42 CMOS Dynamic RAM 

43 MIX-MOS Static RAM 

44 CMOS Static RAM 

----------- Device Type B Digital Bipolar 
D Digital MOS 

.__ ____________ NEC Monolithic Silicon Integrated Circuit 

Module 
MC· 41 256A 8 -12 

T T ----c__ Speed Selection 

------ Number of Output Bits 

Word Depth Indicator 

----------- Product Class 

------------- NEC Module 
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NEC 
Advanced Memory Products 

Several products were in development but not yet 
announced at the time of printing this Data Book. In 
order to help the customers of NEC Electronics with 
their product planning and to extend the useful life of 
this Data Book, some of these new products are 
outlined below. 

Application-Specific Memories 

The industry-leading Video RAM is the µPD41264. In 
1986 the focus for this device will be on new higher­
performance versions and also denser packaging 
options and lower power consumption. 

Other application specific memories in development 
are targeted for graphics, data communications, and 
other specialized memory requirements. 

Dynamic RAM Modules 

More module-based products will be announced in 
1986 based on dynamic RAM and other memory 
technologies. 

Dynamic RAMs 

NEC Electronics will continue to build on its leadership 
position in this product category with new devices (1 M 
DRAMs) and enhanced performance versions of pre­
viously announced devices. Key product developments 
are centered around higher density, lower power, and 
faster access times. There are also product develop­
ment trends toward higher density packaging and 
alternate memory organizations (x 4, x 8). 

GENERAL INFORMATION 

XRAMs 

Higher-density products are in development in this 
unique product family. These products will be CMOS 
for low power and ease of use. 

Static RAMs 

1986 will be a year of many new announcements in this 
product family. There will be an emphasis on faster 
speed and lower power for the industry leader in 
density, the µPD43256, a 32K x 8 Mix-MOS Static RAM. 
In both the MOS and the ECL product families from 
NEC Electronics, several new high-speed products will 
be announced in 1986, including a 256K Mix-Mos 
Static RAM and a 16K ECL RAM; and there will be new 
speed options available on existing devices, such as 
the µPD4364, µPD4464, and µPD43256. In addition, 
NEC Electronics will continue to focus on the other 
needs of its customers, particularly in the areas of 
high-density surface mount packaging and wide 
memory organization (x 4, x 8). 

Non-volatile Memories 

In this product family, too, the emphasis will be on 
advanced packaging, such as fortheµPD27C256AK/G 
(32K x 8 CMOS EPROM), and advanced products such 
as theµPD28C64 (SK x 8 EEPROM), OTP EPROMs, the 
µPD27C1024 (64K x 16 CMOS EPROM), and the 
µPD23C2000 (128K x 16 or 256K x 8 CMOS ROM). 
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GENERAL INFORMATION NEC 
Application-Specific Memory Selection Guide 

Maximum Power 

Access Cycle Supply Dissipation (mWI 

Device Organization Process Time (nsl Time (nsl Voltage Standby Active Package Pins 

µPD41101-3 910 x 8 NMOS 27 34 +5 495 c 24 
µPD41101-2 27 34(R}/69(W} 
µPD41101-1 49 69 

µPD41102-3 1135 x 8 NMOS 21 28 +5 495 c 24 
µPD41102-2 21 28(R)/56(W) 
µPD41102-1 40 56 

µPD41221-70 224K x 1 NMOS 55 70 +5 83 385 c 14 
µPD41221-90 75 90 

µPD41264-12 64Kx4 NMOS 120 Port A 220 Port A +5 66 853 c 24 
with 40 Port B 40 Port B 

µPD41264-15 dual 150 Port A 270 Port A 715 
ports 60 Port B 60 Port B 

Note: 

Package: C = Plastic DIP 

Dynamic RAM Module Selection Guide 
Maximum Power 

Access Cycle Supply Dissipation (mWI 

Device Organization Process Time (nsl Time (nsl Voltage Standby Active Package Pins 

MC-41256A4-12 256K x 4 NMOS 120 220 +5 110 1826 A/C 22 
MC-41256A4-15 150 260 1540 

MC-41256A5-12 256K x 5 NMOS 120 220 +5 138 2283 A/C 24 
MC-41256A5-15 150 260 1925 

MC-41256A8·12 256K x 8 NMOS 120 220 +5 220 3652 A/B 30 
MC-41256A8-15 150 260 3080 

MC-41256A9-12 256K x 9 NMOS 120 220 +5 248 4109 A/B 30 
MC-41256A9-15 150 260 3465 

MC-411000A 1-12 1M x 1 NMOS 120 220 +5 110 539 A/C 22 
MC-411000A 1-15 150 260 468 

Note: 

Package: A= Single lnline Memory Module (SIMM), Leaded, Glass-Epoxy Substrate; B =SIMM, Socket Mounted; C =SIMM, Leaded, Ceramic 
Substrate 
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Dynamic RAM Selection Guide 
Maximum Power 

Access Cycle Supply Dissipation (mW) 

Device Organization Process Time (ns) Time (ns) Voltage Standby Active Package Pins 

µPD4164-10 64K x 1 NMOS 100 200 +5 28 330 c 16 
µPD4164-12 120 230 303 
µPD4164-15 150 260 275 
µPD4164-20 200 330 248 

µPD4265-20 64K x 1 CMOS 200 335 +5 2.8 193 c 16 II µPD4265-25 250 410 165 

µPD41256-12 256K x 1 NMOS 120 220 +5 28 457 C/L/V C= 16, 
µPD41256-15 150 260 385 L= 18, 
µPD41256-20 200 330 330 V= 16 

µPD41257-15 256K x 1 NMOS 150 270 +5 28 385 C/L C= 16, 
µPD41257-20 200 335 330 L= 18 

µPD41416-12 26K x 4 NMOS 120 220 +5 28 303 c 18 
µPD41416-15 150 260 275 
µPD41416-20 200 330 248 

µPD41464-10 64K x 4 NMOS 100 200 +5 28 440 C/L 18 
µPD41464-12 120 220 413 
µPD41464-15 150 260 385 

µPD411000-10 1M x 1 MNOS 100 200 +5 28 550 C/LA c = 18, 
µPD411000-12 120 220 495 LA= 26/20 
µPD411000-15 150 260 440 

µPD411001-10 1M x 1 NMOS 100 200 +5 28 550 C/LA C= 18, 
µPD411001-12 120 220 495 LA= 26/20 
µPD411001-15 150 260 440 

µPD414256-10 256K x 4 NMOS 100 200 +5 28 550 C/LA C=20, 
µPD414256-12 120 220 495 LA= 26/20 
µPD414256-15 150 260 440 

Note: 

Package: C =Plastic DIP; L =Plastic Leaded Chip Carrier; V =Zig-zag lnline Package; LA= Small Outline J-Lead Package 

XRAM Selection Guide 
Maximum Power 

Access Cycle Supply Dissipation (mW) 

Device Organization Process Time (ns) Time (ns) Voltage Standby Active Package Pins 

µPD4168-12 8K x 8 NMOS 120 220 +5 28 358 c 28 
µPD4168-15 150 260 330 
µPD4168-20 200 330 303 

µPD42832-10 32K x 8 CMOS 100 160 +5 2.8 330 C/G 28 
µPD42832-12 120 190 275 
µPD42832-15 150 235 220 

Note: 

Package: C =Plastic DIP; G =Plastic Miniflat Package 
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MOS Static RAM Selection Guide 

Maximum Power 

Access Cycle Supply Dissipation (mW) 

Device Organization Process Time (nsJ Time (ns) Voltage Standby Active Package Pins 

µPD446-3 2K x B CMOS 150 150 +5 0.055* 209 GIG 24 
µPD446-2 200 200 165 
µPD446-1 250 250 143 
µPD446 450 450 99 

µPD449-3 2K x B CMOS 150 150 +5 0.055* 209 c 24 
µPD449-2 200 200 165 
µPD449-1 250 250 143 
µPD449 450 450 99 

µPD2147A-25 4K x 1 NMOS 25 25 +5 110 BBO D 1B 
µPD2147A-35 35 35 
µPD2147A-45 45 45 

µPD2149-2 1K x 4 NMOS 35 35 +5 990 D 1B 
µPD2149-1 45 45 
µPD2149 55 55 

µPD4016-5 2K x B NMOS 120 120 +5 B3 330 c 24 
µPD4016-3 150 150 
µPD4016-2 200 200 
µPD4016-1 250 250 

µPD4311-35 16K x 1 Mix-MOS 35 35 +5 11 440 c 20 
µPD4311-45 45 45 
µPD4311-55 55 55 

µPD4314-35 4K x 4 Mix-MOS 35 35 +5 11 440 c 20 
µPD4314-45 45 45 
µPD4314-55 55 55 

µPD4361-40 64K x 1 Mix-MOS 40 40 +5 11 660 K 22 
µPD4361-45 45 45 CIK 
µPD4361-55 55 55 CIK 
µPD4361-70 70 70 c 
µPD4362-45 16K x 4 Mix-MOS 45 45 +5 11 495 c 22 
µPD4362-55 55 55 
µPD4362-70 70 70 

µPD4364-12 BK x B Mix-MOS 120 120 +5 1110.5510.055 220 GIG 2B 
µPD4364-15 150 150 220 
µPD4364-20 200 200 193 

µPD4464-15 BK x B CMOS 150 150 +5 0.05510.0055 220 GIG 2B 
µPD4464-20 200 200 193 

µPD43256-10 32K x B Mix-MOS 100 100 +5 1110.55 3B5 GIG 2B 
µPD43256-12 120 120 
µPD43256-15 150 150 

Note: 

Package: C =Plastic DIP; G =Plastic Miniflat Package; D = Cerdip; K =Ceramic Leadless Chip Carrier (LCC) 

• Lower power version available; refer to the data sheet for more detail. 
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ECL RAM Selection Guide 
Address Chip Select 
Access Access Supply Maximum Power 

Device Organization Process Time (ns) Time (ns) Voltage Dissipation (mW) Package Pins 

µPB10422-7 256 x 4 10K 7 5* -5.2 1144 D 24 
µPB10422-10 10 5* 

µPB10470-10 4K x 1 10K 10 -5.2 1144 D 18 
µPB10470-15 15 

µPB10474-8 1K x 4 10K 8 5 -5.2 1144 D 24 D µPB10474-10 10 6 
µPB10474-15 15 8 

µPB100422-7 256 x 4 100K 7 5* -4.5 990 BID 24 
µPB 100422-10 10 5* 

µPB100470-10 4K x 1 100K 10 6 -4.5 990 D 18 
µPB100470-15 15 8 

µPB100474-4.5 1K x 4 100K 4.5 4 -4.5 2025 K 24 
µPB100474-6 6 4 2025 BIK 
µPB100474-8 8 5 990 BID 
µPB100474-10 10 6 990 BID 
µPB100474-15 15 8 990 BID 

Note: 

Package: D =Ceramic DIP; B =Ceramic Flat Package; K =Ceramic Leadless Chip Carrier (LCC) 

*Block Select Access Time (ns). 
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EPROM Selection Guide 

Maximum Power 

Access Programming Supply Dissipation lmW) 

Device Organization Process Time Ins) Option Voltage Standby Active Package Pins 

µPD2764-2 8K x 8 NMOS 200 UV +5 210 499 D 28 
µPD2764 250 UV/OTP CID 
µPb2764-3 300 UV/OTP CID 
µPD2764-4 450 UV/OTP CID 

µPD27128-2 16K x 8 NMOS 200 UV +5 210 604 D 28 
µPD27128 250 UV/OTP CID 
µPD27128-3 300 UV/OTP CID 
µPD27128-4 450 UV/OTP CID 

µPD27256 32K x 8 NMOS 250 UV +5 210 604 D 28 
µPD27256-3 300 

µPD27C64-20 8K x 8 CMOS 200 UV +5 0.55 165 D 28 
µPD27C64-25 250 UV/OTP CID 
µPD27C64-30 300 UV/OTP CID 

µPD27C256-15 32K x 8 CMOS 150 UV +5 0.55 165 D 28 
µPD27C256-20 200 UV/OTP CID 
µPD27C256-25 250 UV/OTP CID 

µPD27C256A-12 32K x 8 CMOS 120 UV +5* 0.55 165 D/K 28 
µPD27C256A-15 150 UV/OTP C/D/G/K (except K = 32) 
µPD27C256A-20 200 UV/OTP C/D/G/K 

µPD27C512-15 64K x 8 CMOS 150 UV +5* 0.55 165 D 28 
µPD27C512-20 200 
µPD27C512-25 250 

µPD27C1024-15 64K x 16 CMOS 150 UV +5* 0.55 275 D 40 
µPD27C1024-20 200 
µPD27C1024-25 250 

Note: 

Package: C =Plastic DIP for OTP (One Time Programmable) EPROMs; G =Plastic Miniflat Package for OTP; 
D =Ceramic DIP with quartz window; K =Ceramic Leadless Chip Carrier with quartz window 

*Programming voltage= 12.5 ± 0.3 V 
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Mask-Programmable ROM Selection Guide 
Maximum Power 

Access Cycle 
Dissipation [mW)* 

Device Organization Process Time (ns) Time (ns) Operation Standby Active Package Pins 

µPD2364A-1 BK x B NMOS 150 150 Static B3 3B5 c 24 
µPD2364A 200 200 

µPD2364E-1 BK x B NMOS 200 200 Static 105 420 c 2B 
µPD2364E 250 250 

II µPD2312BE 16K x B NMOS 250 250 Static 13B 495 c 2B 

µPD23C64E-1 BK x B CMOS 150 150 Static 0.165 165 c 2B 
µPD23C64E 200 200 138 

µPD23C 12BE-1 16K x B CMOS 150 150 Static 0.165 165 c 2B 
µPD23C12BE 200 200 138 

µPD23C256E-1 32K x B CMOS 150 150 Static 0.165 165 GIG 2B 
µPD23C256E 200 200 138 

µPD23C1000-1 12BK x B CMOS 200 200 Static 0.55 220 c 2B 
µPD23C1000 250 250 

µPD23C2000 12BK x 16 or CMOS 250 250 Static 0.55 220 c 40 
256K x B 

Note: 

Package: C =Plastic DIP; G = Plastic Miniflat Package 

*Supply voltage = +5 V for all ROMs. 

Bipolar PROM Selection Guide 
Address Chip Select 
Access Access Supply Maximum Power 

Device Organization Process Time (ns) Time (ns) Voltage Dissipation (mW) Package Pins 

µPB426-3 1K x 4 TTL 35 25 +5 B26 CID 1B 
µPB426-2 50 30 
µPB426-1 60 40 
µPB426 70 45 

µPB429-3 2K x B TTL 45 30 +5 BBO CID 24 
µPB429-2 50 30 
µPB429-1 60 40 
µPB429 70 50 

Note: 

Package: C =Plastic DIP; D =Ceramic DIP 
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NEC 
Introduction 

NEC has adopted Total Quality Control (TQC) to 
ensure the highest quality and reliability of its state-of­
the-art memory products. With TQC, excellence is 
built into the product at every phase of production. 

As large-scale integration reaches higher density levels, 
simple quality inspections cannot ensure adequate levels 
of excellence. Only with TQC during every stage of 
production, can NEC maintain its total product 
superiority in the semiconductor industry. 

Approaches to Total Quality Control 

Total Quality Control enables early detection of 
possible failures in memory products, so that problems 
in design may be prevented. Immediate action can then 
be taken before a problem occurs. 

At NEC, all employees are involved with the concept 
and methodology of TQC. This quality insurance 
policy is an integral part of the entire organization. 

NEC's research and development constantly strives to 
achieve higher standards. This ongoing process 
reduces extensive failure analysis and corrective 
actions taken as preventative measures. 

Our goals are to upgrade quality standards and to 
further improve the superior product that has become 
synonymous with the NEC name. 

Implementations of Distributed 
Quality Control 

Building excellence into a product requires the earliest 
possible detection of failure in each phase. Immediate 
action is taken to remove the cause of failure. Because 
fixed-station quality inspection often precludes the 
ability to take immediate action, it is necessary to 
perform quality control functions at each step -
especially at the conceptual stage. 

Here are the significant stages 

D Product development 
D Wafer processing 
D Assembly 
D Electrical testing and screening 
D Pre-inventory inspection 
D Reliability assurance test 

QUALITY AND RELIABILITY 

Product Development 

The product development phase includes product 
conception, review of the device proposal, organization 
and physical element design, engineering evaluations, 
and transfer of the product to manufacturing. 

In every step of the product development phase, quality 
and reliability requirements must be satisfied. Utilizing 
the TQC approach has shortened the product develop­
ment cycles by two to three months. Building 
superiority into the product cannot be sacrificed -
TQC is a way of life at NEC. 

Wafer Fabrication Process Flow 

The in-process quality inspections (frequency) that 
occurs at the wafer fabrication stage are as follows: 

Flow Process Typical Item Frequency 

(Wafers) 

Dimension Every lot 

Incoming inspection Resistivity Every lot 

Appearance Every lot 

(Masks) 

Incoming inspection 

Photo I ithography Alignment accuracy Every lot 

Etching accuracy Every lot 

Difuse and oxidize Oxide thickness Every lot 

Sheet resistivity Every lot 

Metalize Aluminum thickness Every run 

Electrical parameters Every lot 

Passivation CVD thickness Every run 

Wafer sort Electrical 
characteristics 100% chips 

Dicing 

Chip visual Appearance 100% chips 

To assembly 

Note: The wafer fabrication steps repeated in the actual flow, 
which complies with our manufacturing specification, are 
eliminated in this diagram. 
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QUALITY AND RELIABILITY 

Assembly Process Flow of Plastic Memories 

The in-process quality inspections (frequency) that 
are done during the assembly process are as follows: 

Flow 

2-2 

Process 

Chip 

!Lead frame, solder) 

Incoming Inspection 

Chip mounting 

!Fine Wire) 

Incoming Inspection 

Wire bonding 

Pre-seal visual 

!Molding compound) 

Incoming Inspection 

Molding 

Thermal aging 

Plating 

Plating Inspection 

Lead cut and bending 

Typlcal Item 

Appearance 

Bond strength 

Appearance 

Appearance 

Appearance 

Solderablllty 

Thickness 

Frequency 

Every lot 

Every shift 

100% IC's 

100% IC's 

Every lot 

Every day 

Every day 

Marking Marking permanency Every run 

To test 

NEC 
Electrical Testing and Screening 

Electrical testing and infant mortality screening are 
performed at this stage. The flow chart below depicts 
the process. 

Flow Process Frequency 

Assembly 

1st electrical test 100% 

Burn-In 100% 

2nd electrical test 100% 

PDA 

Pre-Inventory Inspection Every lot 

Rellablllty assurance test Every lot or 
every month 

Warehouse/finished goods 

Customer 

In the first electrical test, DC parameters are tested, in 
accordance with electrical specifications, on 100% of 
each lot. This prescreen performance is completed 
prior to the infant mortality testing. 100% burn-in, as an 
integral part of the standard production process, is the 
most significant preventative measure NEC has 
implemented. 

In the second electrical test, AC functional as well as 
DC parameter tests are performed. If the percentage of 
defective units exceeds a set limit, the lot is subject to 
an additional burn-in. During this second burn-in, the 
defective units undergo a failure analysis. The results 
of this analysis are then fed back into the process for 
corrective action. 

Pre-Inventory Inspection 
Prior to warehouse storage, lots are subject to an 
incoming inspection according to the following 
sampling plan: 

D Electrical Test - DC parameters L TPD 3% 
Function test L TPD 3% 

0 Appearance - L TPD 3% 



NEC 
Reliability Assurance Test 
The reliability assurance tests performed by NEC 
consist of high temperature operating life (HTOL), 
high temperature humidity life (HTSL), high humidity 
storage life (HHSL), and high humidity operating life 
(HHOL). In addition, various environmental and 
mechanical tests are also performed. Table 1 shows 
test conditions of various life tests, environmental 
tests, and mechanical tests performed on samples 
taken from similar process families on a monthly basis. 

Table 1. 

MIL-STD 8838 
Test Item Symbol Method, Condition Remarks 

High temperature HTOL 10050 (TA = 125 °C) Note 1 operating Ille Voo as specified 

High temperature HTSL 1008 (TA= 150°CJ Note 1 storage Ille 

High humidity HHOL TA= 85°C at 85% RH Note 1 operating Ille Voo as specified 

High humidity HHSL TA= 85°C at 85% RH Note 1 storage life 

Pressure cooker test PCT 125 °c (2.5 atm) Note 1 

Broken lead is 
Lead Fatigue C3 200482 considered to be 

a reject 

Less than 95% 

Solderabllity C4 TA= 230°C. 5 sec coverage is 
Use resin base flux considered to be 

a reject 

Soldering heat C6 260°C, 10 sec w/out Note 1 flux - Note 2 

Temperature cycle C6 101 OC; 10 cycles; Note 1 -65°C to 150°C 

Thermal shock C6 101lA;15 cycles Note 1 
0°C to 100°c 

Notes: 1. Electrical test per data sheet is performed. Devices that 
exceed these data sheet limits are considered to be 
rejects. 

2. MIL-STD-750A Method 2031. 

QUALITY AND RELIABILITY 

Summary 

Building quality and reliability into products is the 
most efficient way to ensure product excellence. NEC's 
TQC process steps form a consolidated quality control 
system and guarantees a superior product. 

The introduction of 100% burn-in and the performance 
of monthly reliability assurance tests, have established 
a singularly high standard of excellence for NEC's 
large-scale integrated circuits. 

With total commitment to Total Quality Control, NEC is 
committed to producing superior products. Through II 
continuous research and development, extensive failure 
analysis and process improvements, NEC continues to 
set and maintain the highest standards of quality and 
reliability. 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

This device is a 910-word by 8-bit first-in first-out 
biport memory fabricated with the N-channel silicon 
gate process. The device helps to create an NTSC 
flicker-free television picture (non interlace conversion) 
by providing intermediate storage and very high speed 
read and write operations. 

The µPD41101 can also be used as a digital delay line. 
The delay length is variable from 10 to 91 O bits. 

Features 

D 910-word x 8-bit organization 
D FIFO (first-in first-out) biport memory 
D Suitable for NTSC, 4fsc digital television systems 
D Asynchronous and simultaneous read/write 

operations 
D Can be used as a 1 H (910-bit) delay line 
D TTL compatible 
D Three-state outputs 
D Single 5V±10% power supply 
D 24-pin, 300 mil DIP package 

Performance Ranges 
Read Read Write 
Cycle Access Cycle 

Device Time !Mini Time (Max) Time !Mini 

µPD41101-3 34 ns 27 ns 34 ns 

µPD41101-2 34 ns 27 ns 69 ns 

µPD41101-1 69 ns 49 ns 69 ns 

Pin Identification 
No. Symbol Function 

1-4, 9-12 Douro-Dour? Read data outputs 

RE Read enable input 

6 RSTR Read address reset input 

7 GND Ground 

8 RCK Read clock input 

13-16, 21-24 D1No-D1N? Write data inputs 

17 WCK Write clock input 

18 Vee 5 V power supply 

19 RSTW Write address reset input 

20 WE Write enable input 

Pin Configuration 

Pin Functions 

D1No-D1N1 [Data Inputs] 

µPD41101 
910 x S·BIT 

FIFO MEMORY 

83-003653A 

In a digital television application, the digital composite 
signal, luminance, chrominance, etc., information is 
written into these inputs. 

DouTO-DouT7 [Data Outputs] 

These tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
minimum delay of 10 clock cycles is required to move 
data from the data inputs to the data outputs. 

RSTW [Write Address Reset Input] 

Bringing this signal to a low level resets the internal 
write address to 0. The state of this input is strobed by 
the rising edge of WCK. 

RSTR [Read Address Reset Input] 

Strobed by the rising edge of RCK, this signal resets 
the internal read address to 0. 

WE [Write Enable Input] 

This input controls write operations. If WE is at a low 
level, all write operations proceed. If WE is at a high 
level, no data is written to storage cells and the write 
address stops increasing. The state of WE is strobed by 
the rising edge of WCK. 

RE [Read Enable Input] 

Th is signal is similar to WE but controls read operations. 
If RE is at a high level, the data outputs become high 
impedance and the internal read address stops in­
creasing. The state of RE is strobed by the rising edge 
of RCK. 
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µPD41101 

WCK [Write Clock Input] 

All write operations are performed synchronously with 
WCK. The states of both RSTW and W.E are strobed by 
the rising edge of WCK at the beginning of a cycle, and 
the data inputs are strobed by the rising edge of WCK 
at the end of a cycle. The internal write address 
increases with each WCK cycle unless WE is at a high level 
to hold the write address constant. Unless inhibited by 
WE, the internal write address will automatically wrap 
around from 909 to 0 and begin increasing again. 

RCK [Read Clock Input] 

All read operations are performed synchronously with 
RCK. The states of both RSTR and RE are strobed by 
the rising edge of RCK at the beginning of a cycle. This 
same edge of RCK starts the internal read operation, 
and access time is referenced to this edge. The internal 
read address increases with each RCK cycle unless RE 
is at a high level to hold the read address constant. 
Unless inhibited by RE, the internal read address will 
automatically wrap around from 909 to 0 and begin 
increasing again. 

Block Diagram 

NEC 
Absolute Maximum Ratings 
Supply voltage, Vee -1.5 to +7.0 V 

Voltage on any input pin, V1 -1.5 to +7.0 V 

Voltage on any output pin, Vo -1.5 to +7.0 V 

Short circuit output current, los 20 mA 

Operating temperature, T OPR -20 to +70°C 

Storage temperature, T STG -55 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Read 
Control 

14----RE 

-RCK 

-RS'flf 

Read 
Row Selectors 

3-2 
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Input 

Buffers 

W£---­
WCK 

Rl'TW----

Write 
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Selectors 

Write 
Control 

Dual-Ported 
Memory 

Cell Array 

Write 
Row Selectors 

Read 
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Selectors 

Data 
Output 
Buffers 

Douro- DouT7 
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NEC 
Figure 1. Connection for Noninterlace Conversion 

RCK 
Reset [Bise = 28.6 MHz] 

RSfW RS'fR RCK RE 

Actual Line 
Data Inputs 
~ 

Dour 

WCK WE 
Noninterlaced Line 

Data O~tputs 

\ 
\ 

' \ 
~---+---+--- RE2 ', 

RSrW RSTR RCK RE 

µPD41101 

' \ 

Interpolated Line 
Data Inputs 

I\ 
D1N Dour L:j 

' \ 
' \ 

Interpolated Line 

Recommended DC Operating Conditions 
TA= -20 to +10°c 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Supply Vee 4.5 5.0 5.5 v 
voltage 

Ground GND 0 0 v 
Input voltage V1H 2.4 5.5 v 
high 

Input voltage V1L -1.5 0.8 v 
low 

Capacitance 
TA= -20 to +70°C; Vee= 5.0 V ±10%; f = 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input C1 pf WE, RE, WCK, 
capacitance RCK, RSTW, 

RSTR, D1No-D1N7 

Output Co pf Douro-DouT? 
capacitance 

Note: 
(1) These parameters are sampled and not 100% tested. 

WCK 

WCK 
[4tsc = 14.3 MHz] 

DC Characteristics 
TA= -20 to +10°c; Vee= 5.0 v ±10% 

Limits 

Parameter Symbol Min Typ Max 

Write/Read Ice 90 
cycle operating 
current 

Input leakage -10 10 
current 

Output leakage lo -10 10 
current 

Output voltage VoH 2.4 
high 

Output voltage Vol 0.4 
low 

Note: 
(1) All voltages are referenced to ground. 

Displayed 
Television 

Picture 

83-0036388 

Test 
Unit Conditions 

mA 

µA v1 = o to Vee: all 
other pins not 
under test = 0 V 

µA Dour is disabled; 
Vo= o to 5.5 v 

v loH = -1 mA 

v loL = 2 mA 
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µPD41101 NEC 
AC Characteristics 
TA= -20 to +70°C; Vee= 5.0 v ± 10% 

Limits 

µPD411D1-3 µPD41101-2 µPD41101-1 Test 
Symbol Parameter Min Max Min Max Min Max Unit Conditions 

twcK Write clock cycle time 34 1090 69 1090 69 1090 ns 

twcw WCK pulse width 14 25 25 ns 

twcP WCK precharge time 14 25 25 ns 

tRCK Read clock cycle time 34 1090 34 1090 69 1090 ns 

tRcw RCK pulse width 14 14 25 ns 

tRCP RCK precharge time 14 14 25 ns 

tAc Access time 27 27 49 ns 

tACR Access time after a reset cycle 49 49 49 ns 

toH Output hold time ns 

to HR Output hold time after a reset cycle 5 ns (Note 7) 

tLz Output active time 5 27 27 49 ns (Note 4) 

tHz Output disable time 5 27 27 49 ns (Note 4) 

tos qata-in set-up time 14 18 18 ns 

toH Data-in hold time 5 5 ns 

IRS Reset active set-up time 14 14 20 ns (Note 8) 

IRH Reset active hold time 5 5 5 ns (Note 8) 

IRN1 Reset inactive hold time 5 5 5 ns (Note 9) 

tRN2 Reset inactive set-up time 14 14 20 ns (Note 9) 

twES Write enable set-up time 14 20 20 ns (Note 10) 

twEH Write enable hold time 5 5 ns (Note 10) 

twEN1 Write enable high delay from WCK 5 5 ns (Note 11) 

twEN2 Write enable low delay to WCK 14 20 20 ns (Note 11) 

IRES Read enable set-up time 14 14 20 ns (Note 10) 

IREH Read enable hold time 5 5 ns (Note 10) 

IREN1 Read enable high delay from RCK 5 ns (Note 11) 

IREN2 Read enable low delay to RCK 14 14 20 ns (Note 11) 

twEW Write disable pulse width 0 (Note 6) 0 (Note 6) (Note 6) ms 

tREW Read disable pulse width 0 (Note 6) 0 (Note 6) (Note 6) ms 

IRSTW Write reset time 0 (Note 6) (Note 6) (Note 6) ms 

tRSTR Read reset time 0 (Note 6) (Note 6) (Note 6) ms 

tr Transition time 3 35 3 35 3 35 ns 

Note: 

(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume tT = 5 ns. 

(3) Input pulse levels= GND to 3 V. Transition times are measured between 3 V and 0 V. 

(4) This delay is measured at± 200 mv from the steady state voltage with the load specified in figure 4. Under any conditions, tLz 2:: tHz· 

(5) Input timing reference levels= 1.5 V. 
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NEC µPD41101 

AC Characteristics (cont) 

Note (cont]: 

(6) twEw (max) and tREW (max) must be satisfied by the next equations in 1 line cycle operation: 
twEW + tRSTW + 91 OtwcK :::; 1 ms 
tREW + tRSTR + 910tRcK :51 ms 

(7) This parameter has meaning when tRcK;::: tAcR (max). 

(8) If either tRs or tRH is less than the specified value, reset operations are not guaranteed. 

(9) If either tRN 1 ortRN2 is less than the specified value, internal reset operations may extend to cycles immediately preceding or following the 
period of desired reset operations. 

(10) If either twES or twEH (tRES or tREH) is less than the specified value, write (read) disable operations are not guaranteed. 

(11) If either twEN1 or twEN2 (tREN1 or tREN2) is less than the specified value, internal write (read) disable operations may extend to 
cycles immediately preceding or following the period of desired disable operations. 

Figure 2. Connection for a 1 H (910 Bit) Delay Line 

Data 
Inputs 

Reset 

RS'fW RSTR RCK 

D1N Dour 

WCK WE 

Clock 

Data 
8 Outputs 

83-003639A 

Figure 3. Output Load for tAc• tACR• toH• and toHR 

+5V 

1.9 kO 

Dour 

1.0kO 

1
30pF 

83-003652A 

Figure 4. Output Load for tLz and tHz 

+5 v 

1.9 kO 

Dour 

1.0kO l 5pF 

83-003649A 

AC Input Timing Reference Waveform 

3.0V~ 
o.ov 

- -sns - -sns 
83-003650A 

AC Output Timing Reference Waveform 
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µPD41101 

Timing Waveforms 

Basic Timing for Nonlnterlace Conversion 

3-6 

WCK 

IRS 

iITTW 
RSTR 

D1N 

RCK 

DouT 

RE \ ____ J 
Note: 

[1] WE=V1L-
[2] V = Valid Data. 

[3] For compallblllty with NTSC standards the WCK frequency Is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 

NEC 

83-0036558 



NEC µPD41101 

Timing Waveforms (cont) 

Application Timing tor Nonlnterlace Conversion 

14------------910 Write Cycles----------

WCK 909 o· ~l 

toH ~ \_ 

r=JWllJ/f/l2··~:~v19091~G81JJlJ§jZ= D1N 

Note: 

[1] WE=V1L· 
[2] V = Valid Data. 
[3] For compatibility with NTSC 1tandard1 the WCK frequency la approximately 14.3 MHz. RCK 

cycles at twice this frequency, 28.6 MHz. 
[4] 1H =the first "actual line" ol 910 words. 1 H' =the first [normally] Interpolated line ol 910 words. 

See Figure 1. 
[5] See Figure 1. D1N above represents the scan line Input to one olthe !!!_o µPD41101a. DouT and 

RE above represent the combined output and the complementary RE lnputa lor both devices. 
The algnals lor one µPD41101 are drawn as solid lines; the slgnals lor the second µPD41101, 
as dashed lines. 

[6] Reset pulses can be applied to RSTW and RS'i'ii at regular Intervals to remove any effects due 
to jitter In the system clock. 

910-Blt Delay Line 

Note: 

[1] V =Valid Data. 

[2] 1H =the first group ol 910 bits. 2H =the second group of 910 bits. 

83·003656C 

83-0036576 
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µPD41101 

Timing Waveforms (cont) 

n-Blt Delay Line 

Note: 

(1) V =Valid Data. 

(2] 1 H = the first group of n bits. 2H = the second group of n bits. 

Re-Read Operation 

Note: 

[1]RE=V1L· 
(2] V = Valid Data. 

I I 

[3] The data stored In any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data Into that location provided that a second write operation has not 
re-written new data Into that location. 

3-8 
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NEC 
Timing Waveforms (cont) 

Read or Write Reset 

RCK 
WCK 

Note: 

[1] WE= RE= VIL· 

[2] V = Valid Data. 

toH to HR 

[3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle In a group of reset cycles, the read access time Is defined as tACR· In all other cycles, 
tAc defines the read access time. 

[4] H = 910 cycles. 

[SJ Write data Is strobed Into the device on the rising edge of WCK at the end of a cycle. 

Write Disable 

twew 

Note: 

[1 J V = Valid Data. 

µPD41101 

II 
toH tQH 

83-0036458 

83-0037238 
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µPD41101 

Timing Waveforms (cont) 

Read Disable 

RCK 

Dour 

Note: 

[11 V = Valld Data. 

(910-m)-Blt Delay Line, No. 1 

3-10 

WCK 
RCK 

Dour 

Dour 

Note: 

[1]RE=V1L· 
[2] v = Valid Data. 

NEC 

tREW 

83-0038488 

v 

83-0038588 



NEC 
Timing Waveform (cont) 

(910-m)-Bit Delay Line, No. 2 

DouT 

DouT 

Note: 

[1]RE=VrL· 

[2] V = Valid Data. 

µPD41101 

II 

83·0036598 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

This device is a 1135-word by 8-bit first-in first-out 
biport memory fabricated with the N-channel silicon 
gate process. The device helps to create a PAL flicker­
free television picture (noninterlace conversion) by 
providing intermediate storage and very high speed 
read and write operations. 

The µPD41102 can also be used as a digital delay line. 
The delay length is variable from 12 to 1135 bits. 

Features 

D 1135-word x 8-bit organization 
D Fl FO (first-in first-out) bi port memory 
D Suitable for PAL, 4fsc digital television systems 
D Asynchronous and simultaneous read/write 

operations 
D Can be used as a 1 H (1135-bit) delay line 
D TTL compatible 
D Three-state outputs 
D Single 5 V ± 10% power supply 
D 24-pin, 300 mil DIP package 

Performance Ranges 
Read Read Write 
Cycle Access Cycle 

Device Time (Min) Time (Max) Time (Min) 

µPD41102-3 28 ns 21 ns 28 ns 

µPD41102-2 28 ns 21 ns 56 ns 

µPD41102-1 56 ns 40 ns 56 ns 

Pin Identification 
No. Symbol Function 

1-4, 9-12 Douro-Dour? Read data outputs 

RE Read enable input 

RSTR Read address reset input 

GND Ground 

RCK Read clock input 

13-16, 21-24 D1No-D1N7 Write data inputs 

17 WCK Write clock input 

18 Vee 5 V power supply 

19 RSTW Write address reset input 

20 WE Write enable input 

µPD41102 
1135 x S·BIT 

FIFO MEMORY 

Pin Configuration 

Douro 
DOUT1 

Doun 3 
DQUT3 

RE 
RSTR 6 

GND 
RCK 

DouT6 
Dour1 ...._ __ ____. 

Pin Functions 

D1No-D1N1 [Data Inputs] 

83·003636A 

In a digital television application, the digital composite 
signal, luminance, chrominance, etc., information is 
written into these inputs. 

DouTO-DouH [Data Outputs] 

These tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
minimum delay of 12 clock cycles is required to move 
data from the data inputs to the data outputs. 

RSTW [Write Address Reset Input] 

Bringing this signal to a low level resets the internal 
write address to 0. The state of this input is strobed by 
the rising edge of WCK. 

RSTR [Read Address Reset Input] 

Strobed by the rising edge of RCK, this signal resets 
the internal read address to 0. 

WE [Write Enable Input] 

This input controls write operations. If WE is at a low 
level, all write operations proceed. If WE is at a high 
level, no data is written to storage cells and the write 
address stops increasing. The state of WE is strobed by 
the rising edge of WCK. 

RE [Read Enable Input] 

This signal is similar to WE but controls read operations. 
If RE is at a high level, the data outputs become high 
impedance and the internal read address stops in­
creasing. The state of RE is strobed by the rising edge 
of RCK. 
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µPD41102 

WCK [Write Clock Input] 

All write operations are performed synchronously with 
WCK. The states of both RSTW and WE are strobed by 
the rising edge of WCK at the beginning of a cycle, and 
the data inputs are strobed by the rising edge of WCK 
at the end of a cycle. The internal write address 
increases with each WCK cycle unless WE is at a high level 
to hold the write address constant. Unless inhibited by 
WE, the internal write address will automatically wrap 
around from 1134 to 0 and begin increasing again. 

RCK [Read Clock Input] 

All read operations are performed synchronously with 
RCK. The states of both RSTR and RE are strobed by 
the rising edge of RCK at the beginning of a cycle. This 
same edge of RCK starts the internal read operation, 
and access time is referenced to this edge. The internal 
read address increases with each RCK cycle unless RE 
is at a high level to hold the read address constant. 
Unless inhibited by RE, the internal read address will 
automatically wrap around from 1134 to O and begin 
increasing again. 

Block Diagram 

NEC 
Absolute Maximum Ratings 
Supply voltage, Vee -1.5 to +7.0 V 

Voltage on any input pin, V1 -1.5 to +7.0 V 

Voltage on any output pin, Vo -1.5 to +7.0 V 

Short circuit output current, los 20mA 

Operating temperature, T OPR -20 to +70°C 

Storage temperature, T STG -55 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Read 
Control 

-A"E 

-RCK 

-RS"i'R 
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Row Selectors 
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NEC 
Figure 1. Connect/on for Nonlnterlace Conversion 

Actual Line 
Data Inputs ,, 

Reset 
RCK 

!Bise = 35.5 MHz] 

DouT 

WCK WE 
Noninterlaced Line 

Data O~tputs 

' ' ' ' 

µPD41102 

.-----+--t--- RE2 ', 

Transmitted 
Television 

Picture 

Interpolated Line 
Data Inputs 

\ 
\ 

' 
' ' Interpolated Line 

RfiW RSTR RCK RE 

D1N DouT 

WCK 

WCK 
[4tsc = 17.7 MHz] 

Recommended DC Operating Conditions DC Characteristics 
TA= -20 to +10°c TA= -20 to +70°C; Vee= 5.0 v ±10% 

Limits Test Limits 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ 

Supply Vee 4.5 5.0 5.5 v Write/Read Ice 
voltage cycle operating 

Ground GND 0 0 v current 

Input voltage V1H 2.4 5.5 v Input leakage -10 
current high 

Input voltage Vil -1.5 0.8 v Output leakage lo -10 
low current 

Capacitance 
Output voltage VoH 2.4 
high 

TA= -20 to +70°C; Vee= 5.0 v ±10%; t = 1 MHz 
Output voltage Vol 

Limits Test low 

Parameter Symbol Min Typ Max Unit Conditions Note: 

Max 

90 

10 

10 

0.4 

Input C1 5 pF WE, RE, WCK, (1) All voltages are referenced to ground. 
capacitance RCK, RSTW, 

RSTR, D1No-D1N7 

Output Co 7 pF Douro-Dour? 
capacitance 

Note: 
(1) These parameters are sampled and not 100% tested. 

\ 

' 

Displayed 
Television 

Picture 

83-0037268 

Test 
Unit Conditions 

mA 

µA Vi = o to Vee: all 
other pins not 
under test = O V 

µA Dour is disabled; 
Vo= o to 5.5 V 

v loH=-1 mA 

v lol = 2 mA 
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µPD41102 ~EC 

AC Characteristics 
TA= -20to +70°C; Vee= 5.0 v ± 10% 

Limits 

µPD41102-3 µPD41102-2 µPD41102-1 Test 
Symbol Parameter Min Max Min Max Min Max Unit Conditions 

twcK Write clock cycle time 28 880 56 880 56 880 ns 

twcw WCK pulse width 12 20 20 ns 

twcP WCK precharge time 12 20 20 ns 

IRCK Read clock cycle time 28 880 28 880 56 880 ns 

tRCW RCK pulse width 12 12 20 ns 

IRCP RCK precharge time 12 12 20 ns 

IAC Access time 21 21 40 ns 

IACR Access time after a reset cycle 40 40 40 ns 

loH Output hold time 5 5 5 ns 

toHR Output hold time after a reset cycle 5 5 ns (Note 7) 

tLz Output active time 5 21 5 21 5 40 ns (Note 4) 

I Hz Output disable time 21 5 21 5 40 ns (Note 4) 

tos Data-in set-up time 12 15 15 ns 

loH Data-in hold time 5 5 5 ns 

IRS Reset active set-up time 12 12 20 ns (Note 8) 

tRH Reset active hold time 5 5 5 ns (Note 8) 

tRN1 Reset inactive hold time 5 5 5 ns (Note 9) 

tRN2 Reset inactive set-up time 12 12 20 ns (Note 9) 

twES Write enable set-up time 12 20 20 ns (Note 10) 

twEH Write enable hold time 5 5 5 ns (Note 10) 

IWEN1 Write enable high delay from WCK 5 5 ns (Note 11) 

IWEN2 Write enable low delay to WCK 12 20 20 ns (Note 11) 

IRES Read enable set-up time 12 12 20 ns (Note 10) 

IREH Read enable hold time 5 5 ns (Note 10) 

tREN1 Read enable high delay from RCK 5 5 ns (Note 11) 

IREN2 Read enable low delay to RCK 12 12 20 ns (Note 11) 

twEw Write disable pulse width 0 (Note 6) 0 (Note 6) 0 (Note 6) ms 

tREW Read disable pulse width 0 (Note 6) 0 (Note 6) 0 (Note 6) ms 

tRSTW Write reset time 0 (Note 6) (Note 6) (Note 6) ms 

tRSTR Read reset time 0 (Note 6) 0 (Note 6) (Note 6) ms 

tr Transition time 3 35 3 35 3 35 ns 

Note: 

(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume tT = 5 ns. 

(3) Input pulse levels= GND to 3 V. Transition times are measured between 3 V and 0 V. 

(4) This delay is measured at± 200 mv from the steady state voltage with the load specified in figure 4. Under any conditions, tLz 2:: tHz· 

(5) Input timing reference levels= 1.5 V. 
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NEC µPD41102 

AC Characteristic (cont) 
Note [cont]: 

(6) twEw (max) and tREW (max) must be satisfied by the next equations in 1 line cycle operation: 
twEW + tRSTW + 1135twcK::::; 1 ms 
tREW + tRsTR + 1135tRcK::::; 1 ms 

(7) This parameter has meaning when tRcK ~ tAcR (max). 

(8) If either tRs or tRH is less than the specified value, reset operations are not guaranteed. 

(9) If either tRN1 or tRN2 is less than the specified value, internal reset operations may extend to cycles immediately preceding or following the 
period of desired reset operations. 

(10) If either twES or twEH (tRES or tREH) is less than the specified value, write (read) disable operations are not guaranteed. 

(11) If either twEN1 or twEN2 (tREN1 or tREN2) is less than the specified value, internal write (read) disable operations may extend to 
cycles immediately preceding or following the period of desired disable operations. 

Figure 2. Connection for a 1H (1135-Bit) Delay Line AC Input Timing Reference Waveform 

Reset 

RCK RE 83-003650A 

Data 
Inputs DIN Dour 

WCK WE 

Clock 

Data 
8 Outputs 

83-003639A 

Figure 3. Output Load for tAc, tAcR, toH, and toHR 

+sv 

83·003652A 

Figure 4. Output Load for tLz and tHz 

+sv 

1.9k0 

Dour---... 

1.0kO 

1 
Spf 

83·003649A 

AC Output Timing Reference Waveform 
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µPD41102 NEC 
Timing Waveforms (cont) 

Basic Timing for Nonlnterlace Conversion 

3-18 

WCK 

RCK 

DOUT 

-567.5or 11 35 Write Cycles--+l-___ 567.5 Write Cycles--567.5WrlteCycles ___ .._ ____ _ ............ ~ ............. L_ 

Note: 

[1] WE= VIL· 

[2] V = Valld Data. 
[3] For compatlblllty with PAL standards the WCK frequency Is approxlmately 17.7 MHz. RCK 

cycles al twice this frequency, 35.5 MHz. 
83-0036406 



NEC µPD41102 

Timing Waveforms (cont) 

Application Timing for Nonlnterlace Conversion 

i------------1135 Write Cycles--------... 

~l WCK 
1134 O' 

toH ~ \_ 

~rJJfJJ!fll[3"~'= 
RCK 

Note: 

[1] WE =V1L· 
[2] V = Valid Data. 

[3] For compatibility with PAL standards the WCK frequency Is approximately 17.7 MHz. RCK 
cycles at twice this frequency, 35.5 MHz. 

[ 4] 1 H = the first "actual line" of 1135 words. 1 H' = the first [normally] Interpolated line of 1135 words. 
See Figure 1. 

[ 5] See Figure 1. D1N above represents the scan line inputto one oft he two µP D41102s. DouT and 
RE above represent the combined output and the complementary RE Inputs for both devices. 
The signals for one µPD41102 are drawn as solid lines; the signals for the second µPD41102, 
as dashed lines. 

[6] Reset pulses can be applied to RSTW and lfSTR at regular Intervals to remove any effects due 
to jitter In the system clock. 

1135-Bit Delay Line 

WE,RE_v~1L~------------------------~~----------------------------------------------------
Note: 
[1] V = Valid Data. 

[2] 1H =the first group of 1135 bits. 2H =the second group of 1135 bits. 

83-003641C 

83-0036428 

3-19 

II 



µPD41102 NEC 
Timing Waveforms (cont) 

n-Blt Delay Line 

WE, RI V1L 
~~~~~~~~~-t~~~~~~~~~~~~~~~~~~t~~~~~~~~~~~ 

Note: 

(1] V =Valid Data. 

(2] 1 H = the first group of n bits. 2H = the second group of n bits. 

Re-Read Operation 

3-20 

Note: 

(1Jft!=V1L· 
[2] V = Valid Data. 

n I I 

[3] The data stored In any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data Into that location provided that a second write operation has not 
re-written new data Into that location. 

83-0036438 

I I I 
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NEC 
Timing Waveforms (cont) 

Read or Write Reset 

RCK 
WCK 

Note: 

[1] WE=RE=V1L 

[2] V = Valid Data. 

toH to HR 

[3] Read operations commence from the rising edge of ACK at the beginning of a cycle. For the 
first cycle In a group of reset cycles, the read access time Is defined as tACR· In all other cycles, 
tAC defines the read access time. 

[4] H = 1135 cycles. 

(SJ Write data Is strobed Into the device on the rising edge of WCK at the end of a cycle. 

Write Disable 

twEW 

Note: 

[1 J V = Valld Data. 

µPD41102 

II 
toH toH 

83-0037278 

83-0037238 
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Timing Waveforms (cont) 

Read Disable 

RCK 

DouT 

Note: 

[1] V =Valid Data. 

(1135-m)-Bit Delay Line, No. 1 

DouT 

DouT 

Note: 

[1JRE =VIL· 

[2] V = Valid Data. 
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Timing Waveforms (cont) 

(1135-m)-Blt Delay Line, No. 2 

WCK 
RCK 

DouT 

DouT 

Note: 

[1]RE=V1L· 

[2] V = Valid Data. 

µPD41102 

• 
83-0036488 
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NEC 
NEC Electronics Inc. 

Description 

The NEC µPD41221 is a 224,000-bit serial-access mem­
ory that uses the same technology as standard N­
channel MOS dynamic RAMs. The dynamic circuit 
technology based on the one transistor memory cell is 
combined with the double polysilicon NMOS process 
technology. 

The µPD41221 is well-suited for use as a field memory for 
television systems. The memory array, organized as 320 
rows by 700 columns, is a size that can satisfy almost all 
requirements for NTSC and PAL. Memory operation is 
based on one horizontal scanning period (1H). A serial 
read or write operation is executed on a row within 1H. 

The operation sequence within 1H is as follows: 
(1) The row location is specified by RCR (reset to row 0), 
INC ( +1 increment), or DEC (-1 decrement). 

(2) A data transfer cycle (from the row to the data regis­
ter) is selected by RAS active with WE high. 

(3) SC causes a serial write or read operation between 
the data input/ output and the data register from column 
0 to any column location up to 700. 

(4) REF (refresh control) executes internal automatic re­
fresh asynchronously with serial operation. 

(5) A data restore cycle (from the data register to the row 
selected) is selected by RAS active with WE low. 

Address pins are eliminated because serial address 
functions are built into the chip. SYN, an open-drain out­
put, is in the low-impedance state from the 608th SC cy­
cle to the beginning of the data restore cycle, allowing 
system designers to generate a horizontal sync signal. 

The µPD41221 data register stores memory data on one 
word line. A fast serial read or write is executed between 
the data input/output and the data register. During the 
serial operation, data refresh cycles for the memory ar­
ray can be performed asynchronously. 

µPD41221 
224,000·BIT 

SERIAL-ACCESS NMOS RAM 

Revision 1 

Features 

D 224,000 x 1 serial-access memory 
D Screen size memory array suitable for NTSC and 

PAL 
D +5V±10% single power supply 
D On-chip substrate bias generator 
D Two key functional blocks: 

320-row by 700-column memory array 
700-bit data register 

D Full serial operation with line pointer control 
D Variable serial cycle numbers up to column bit size 
D Input data appears on data output in serial write 

cycle 
D Dual (refresh/serial) operation 
D Refresh cycle: 320 cycles/2ms 
D Power dissipation: 

-Active: 385 mW (max) 
-Standby: 82.5 mW (max) 

D All inputs TIL-compatible 
D Three-state HCMOS-compatible output 
D Output data caused by negative SC transition is 

maintained up to next SC or RAS negative transi­
tion 

Performance Ranges 
SC 

Cycle 
Device Time 

µPD41221-70 70 ns 

µPD41221-90 90 ns 

Pin Configuration 

Access 
Time 

from SC 
55 ns 

75 ns 

Serial Read Serial Write 
Cycle Current Cycle Current 

55mA 55mA 

45mA 45mA 

83-003242A 
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Pin Identification 
No. Symbol Function 

INC Row counter increment 

DEC Row counter decrement 

RCR Row counter reset 

· Dour Data out 

5, 13 NC No connection 

SC Serial control 

GND Ground 

RAS Row address strobe 

WE Write enable 

10 D1N Data in 

11 SYN Sync acknowledge 

12 REF Refresh control 

14 Vee +5V±10% power supply 

Block Diagram 

Memory Cell Array 

700 

Data Register 

Serial Data Bus 

Serial Selector 

83-003243A 
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Absolute Maximum Ratings 
Supply voltage on Vee relative to GND, Vee -1.0to +7.0V 

Supply voltage on inputs relative to GND, v1 -1.0to +7.0V 

Supply voltage on outputs relative to GND, Vo -1.0to +7.0V 

Operating temperature, ToPR -10to +70°C 

Storage temperature, T sTG - 55 to + 125°C 

Short circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
TA= 25°C, Vee =5V, f =1 MHz 

Parameter 

Input 
capacitance 
(RAS, REF, SC, 
WE, DIN· RCR, 
TNC,m) 
Output 
capacitance 
(Dour. SYN) 

Symbol Min 

Co 

DC Characteristics 

Limits 

Typ Max 

10 

10 

Unit 

pF 

Test 
Conditions 

GND=OV 

pF GND=OV 

TA= -10to +55°C;Vce=5.0V±10%;GND=OV 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, V1L -1.0 0.8 v 
low 

Input voltage, V1H 2.4 5.5 v 
high 

Output voltage, Vol o.2Vee v loL = 20µA 
low 

Output voltage, VoH o.7Vee Vee v loH= -20µA 
high 

Input leakage -10 10 µA V1N=0Vto5.5V; 
current all other pins= o V 

Output leakage lo -10 10 µA Dour disabled, 
current Vour=OVto 5.5V 

Standby current lee1 15 mA lo=OmA(D~r. 
SYN); RAS, , 
REF, INC, DEC, 
and RCR=V1H 



t-IEC 
Power Supply Current Characteristics 
TA= -10to +55°C, Vee =5.0V±10%, GND=OV 

µPD41221-70 

Parameter Symbol Min Typ 

Data transfer cycle current lcc2 

Data restore cycle current lcc3 

REF refresh cycle current lcc4 

Serial read cycle current Ices 

Serial write cycle current lcc6 

Row counter reset cycle current Ice? 

Row counter increment cycle current Ices 

Row counter decrement cycle current lccg 

Note: 

Max 

45 

40 

40 

55 

55 

20 

20 

20 

µPD41221 

Limits 

µPD41221-90 Test 
Min Typ Max Unit Conditions 

45 mA lRc=tRc min 

40 mA tRc=tRc min 

40 mA lFc=lFc min 

45 mA tsc=tsc min 

45 mA tsc=tsc min 

20 mA Minimum timing 

20 mA Minimum timing 

20 mA Minimum timing 

(1) An initial pause of 2 ms is required after power-up, followed by any eight cycles of RAS or REF before achieving proper device operation. 

AC Characteristics 
TA= -10to +55°C,Vec=5.0V±10%,GND=OV 

Limits 

µPD41221-70 µPD41221-90 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

RAS cycle time lRc 710 710 ns 

RAS pulse width IRAS 500 2000 500 2000 ns 

RAS precharge time lRP 200 200 ns 

RAS to REF delay time lRFD 200 200 ns 

RAS to SC delay time lRSD 300 300 ns 

Read setup time before RAS low lRRS ns 

Read hold time after RAS high lRRH 20 20 ns 

REF precharge time before RAS low trnp 200 200 ns 

SC precharge time before RAS low ls RP 200 200 ns 

WE setup time before RAS low lwRS ns 

WE hold time after RAS low twRH 50 50 ns 

Output disable time from RAS low lRSZ 0 400 400 ns (Note 1) 

REF cycle time lFC 710 710 ns 

REF pulse width lREF 500 500 ns 

REF precharge time lFP 200 200 ns 

SC cycle time tsc 70 90 ns 

SC pulse width lsA 25 2000 35 2000 ns 

SC precharge time tsp 25 2000 35 2000 ns 

WE setup time before SC low twss 0 ns 

WE hold time after SC low twsH 25 35 ns 

Read setup time before SC low lRSS 0 ns 

Read hold time after SC high lRSH 20 30 ns 

Data input setup time before SC low toss ns 

Data input hold time after SC low tosH 25 35 ns 

Access time from SC lsAC 55 75 ns 

3-27 

II 



µPD41221 NEC 
AC Characteristics (cont) 
TA= -10to +55°C,Vcc=5.0V±10%,GND=OV 

Limits 

µPD41221-70 µPD41221-90 T11t 
Parameter Symbol Min Max Min Max Unit Conditions 

Output disable time from SC low tscz 40 60 ns (Note 1) 

RAS to RCR delay time IRRD 200 200 ns 

RAS to INC delay time tRID 200 200 ns 

RAS to DEC delay time IRDD 200 200 ns 

RCR pulse width tRCR 100 2000 100 2000 ns 

INC pulse width t1NC 100 2000 100 2000 ns 

DEC pulse width toEc 100 2000 100 2000 ns 

Time between RCR and INC tRIP 100 100 ns 

Time between INC and DEC t10P 100 100 ns 

Time between RCR and DEC tRDP 100 100 ns 

RCR precharge time before RAS low tRRP 100 100 ns 

INC precharge time before RAS low t1RP 100 100 ns 

DEC precharge time before RAS low toRP 100 100 ns 

SYN response time after 608th SC tsvA 200 200 ns 

SYN recovery time after RAS low tsvR 1400 1400 ns 

Refresh interval !REF ms 

RAS precharge (serial operation) IRPS ms 

Serial data output valid tsov ms 

Transition time tr 35 35 ns 

Note: 
(1) tscz and IRsz define the times at which the output achieves the open-circuit condition and are not referenced to output voltage levels. The duration 

of the output voltage level depends on the time constant of the load. See input and output timing waveforms and figures 1 and 2. 

(2) Timing measurements assume tr= 5 ns. 

(3) V1H (min) and v1L (max) are the reference levels for measuring the timing of input signals and tr. 

Figure 1. Loading Conditions Test Circuit for SYN 
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Vee 

LOK SYN--l 
J SO pf 

B3-003244A 

Figure 2. Loading Conditions Test Circuit for Dour 

Vee 

156 K 

DouT 

110 K I SOpF 
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Timing Waveforms 

Input Timing 

83-003261A 

Data Transfer Cycle 

RAS 

tRP tRFD 

IRRH 

D1N xxxxxxxxxxxxxxx 

V1H 

83-003263A 

REF Refresh Cycle 

tFP 

sc :.J CJ CJ CJ c= 
83-003265A 

Output Timing 

0.1 Vee 

0.2 Vee 

Data Restore Cycle 

RAS 

REF 

sc 

WE 

DIN 

Dour 

V1H 

RCA 

INC 

Serial Read Data Output Control 

Note: 

[1] SC count starts from location 0. 

[2] V1H [min] and V1L [max] are reference 
levels for measuring timing of Input 
signals. Also, transition times are mea­
sured between V1H and VIL· 

µPD41221 

II 

83-003264A 

\__ 

83-003269A 
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Timing Waveforms (cont) 

Serial Read and Write Cycles 

3-30 

RAS 

Note: 

(1] V1H [min] and V1L [max] are reference 
levels for measuring timing of Input 
signals. Also, transition times are mea­
sured between V1H and VIL· 

83-003266A 

NEC 

Row Counter Cycle 

RAS f l 
RCR ~ rl tRRD1~~,...------tRRP------1-

~tRIP 
iNC-i:1======~tR~l~Dr---:r::==::::~~-Jil'=t;;:;;::::;j"'-----r-----

141------tRDD------+< 
Note: 

[1] V1H [min] and V1L [max] are reference 
levels for measuring timing of Input 
signals. Also, transition times are mea­
sured between V1H and VIL· 

Sync Acknowledge 

Note: 

(1] SC count starts from location 0. 

[2] V1H [min] and V1L [max] are reference 
levels for measuring timing of Input 
signals. Also, transition times are mea­
sured between V1H and VIL· 

83-003267A 
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Timing Waveforms (cont) 

Total Timing Scheme 

"":t--------tsov--------1 

l<l.,..._------tops-------•I 

RAS . ......-+-:-~-.....;...--...i 

µPD41221 

REF~ ,,_..__+----<---+----

SC~ 
I 

SYN 

Data Transfer 01 
Data Restore 

REF Refresh 0 
SerlalWrtte 0 
Serial Read 0 
Row Counter Reset 0 
Row Counter Increment 0 
Row Counter Decrement 0 

Note: 
(1 [ In this table a "O" Indicates that the operation Is avallable using the 

timing shown above. 

0 
I 0 

0 I Q I 

0 I 0 
0 0 

83-0032708 
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NEC Electronics Inc. 

Description 
The NEC µPD41264 is a 262-144-bit Dual Port Memory 
equipped with a 64K x 4 dynamic RAM port and a 
256 x 4 serial read port. The RAM port looks exactly 
like the NEC standard 64K x 4 dynamic RAM, 
µPD41464. The serial read port is connected to an inter­
nal 1024-bit data register through a 256 x 4 serial read 
output control and makes the memory look as if it were 
organized as 256 words of 1024 bits, each of which is 
read out serially 4 bits at a time. 
The µPD41264 features full asynchronous dual access 
capability except when transferring memory cell data 
from a selected word line of the RAM array to the data 
register. To perform the data transfer, a special timing 
cycle using a transfer clock is necessary for the RAM 
port. On the other hand, the serial read port can oper­
ate without any change even during the data transfer 
period. Following the data transfer clock transition, the 
serial read output changes from an old line to a new 
line. The serial read start location on the new line is 
addressable in the data transfer cycle. 
The RAM has a write-per-bit capability in addition to 
the conventional operation modes. Out of 4 data bits, 
individually selected bits can be written. 
The µPD41264 utilizes a double poly layer, N-channel, 
silicon gate process which provides high storage cell 
density, high performance, and high reliability. 
Refresh is accomplished by performing RAS-only re­
fresh cycles or normal read or write cycles on the 256 
address combination of Ao through A7 during a 4ms 
period. An automatic internal refres.hl§_also available, 
using hidden refresh or CAS before RAS timing and on­
chip internal refresh circuitry. Note that the transfer of 
a row of data from the memory array to the data regis­
ter also refreshes that row. 

All inputs and outputs, including clocks, are TTL-compatible. 
All address lines and data-in are latched on-chip to simplify 
system design. Data-out is unlatched to allow greater sys­
tem flexibility. 
The µ,PD41264 is packaged in a 24-pin, dual-in-line, plas­
tic package and is guaranteed for operation from 0°C to 
+ 70°C. Packages are designed for insertion in mounting­
hole rows on 400-mil (10.16mm) centers. 

Features 
D Combination of three key functional blocks 

1. 64K x 4 dynamic RAM 
2. 1024-bit data register 
3. 256 x 4 serial read output control 

D Two data ports: one random access port 
one serial read port 

D Data transfer from RAM to data register 
D Fast serial read output from data register: up to 40ns 
D Dual port accessibility except data transfer 
D Address start of serial read follows data transfer 

µPD41264 
262,144•BIT 
DUAL PORT 

DYNAMIC NMOS RAM 

Revision 2 

Features (cont) 
D Possible data transfer also in parallel with serial read 

- Real time data transfer 
D Single + 5V ± 10% power supply 
D On-chip substrate bias generated 
D RAM port based on 64K x 4 specifications 

- 2 main clocks: RAS, CAS, multiplexed address 
inputs 

- Common data input and output using 3-state output 
- OE allows direct connection of 10 and address lines 

to simplify system design 
- Refresh: 256 cycles/4ms 
- Read, early write, late write, read-write/read-

modify write, RAS-only refresh, and page I.I 
mode capab..!!!!Y_ 

- CAS before RAS: automatic internal refresh using 
on-chip refresh address counter 

- GAS-controlled output allows hidden refresh 
- Write-per-bit capability regarding 410 bits 

-Write bit se~multiplexed on IOo-103 
D Activation with RAS causes data transfer 

- Same RAS cycle time as RAM operation 
- Row address inputs specify a word line transferred to 

data register 
- Column address inputs specify start location of follow­
~ serial read 

- DT low-to-high transition transfers 1024 bits of data 
on the word line to the data register, and the start 
location to serial read control 

-Serial port can either operate during real time data 
transfer or be in a standby state 

D SC performs fast serial read operation of 256 x 4 
organization 
- SOE presents serial data on S00 - S03 
- SOE allows direct connection of multiple serial outputs 

for extension of data length 
D Speed and power performance 

µPD41264·12 

RAM Port 
tRAC 120ns max 

Access Time tcAC 60ns max 

to EA 30ns max 

Cycle Time tRC 220ns min 

Serial Port 
Access Time 40ns max 
Cycle Time 40ns min 

Dissipation Power 
Both Ports Operating 853mW max 
Both Ports Standby 66mW max 

µPD41264·15 

150ns max 

75ns max 

40ns max 

270ns min 

60ns max 

sons min 

715mW max 
66mW max 

D All inputs, outputs, and clocks fully TTL-compatible 
D 3-state outputs for both random and serial access 
D Double poly layer, N-channel, silicon gate technol-

ogy 
D 24-pin plastic DIP with 400mil width 
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Pin Configuration Pin Identification 
Pin 

SC GND No. Symbol 110 

S00 S03 1 SC Input 

2,3, S00-S03 Output 22,23 

D'i'i5!' Input 

5,8, Wo-W3 Input 
19,20 IOo-103 Input/Output 

WB/WE Input 

m Input 

9-11, 
Ao-A1 Input 13-17 

so, so. 
D'i'tOi! IOE 
W0/100 W3110a 

w,1101 w 21102 

WB1WE CA8 
m Ao 

A1 A1 

A5 A2 

A4 A3 12 Vee 
Vee ._ ____ ..,,1 .A1 18 CAS Input 

21 SOE Input 

24 GND 

Block Diagram 

Vee-

GND-

Note: T.G. =Timing Generator '-------------------------i 

3-34 

NEC 

DHcrlptlon 

Serlel Control 

Serlal Reed Outputa 

Dela Tranatar/Output Enabla 

Write Salact In Wrlte·par·Blt 

Data Input• and Output• 

Wrlte·per·Blt/Wrlte Enable 

Row AddraH Strobe 

AddreH Inputs 

+ 5V Power Supply 

Column AddraH Strobe 

Sarlal Output Enable 

Ground 

Serial Read Port 

SC~ 
so. 
S02 SOE 

so, 

so. 



NEC 
Device Operation 
Overall description 
As already shown the µPD41264 consists of the RAM 
port and the serial read port. The RAM port performs 
both standard dynamic RAM operation modes and the 
data transfer operation. Al~se operations are based 
on the conventional RAS/CAS timing cycle. In the data 
transfer cycle the data in each memory cell on these­
lected word line is transferred to the corresponding 
data register through a data transfer gate at the same 
time. The serial read port shows the data of the data 
register in serial order. The RAM port and the serial 
read port can operate asynchronously, except during 
the data transfer period because the data transfer gate 
is turned on. 

Addressing 
The 262, 144-bit memory array is arranged in a 256-row 
by 1024-column matrix. Each of 4 data bits in the RAM 
port corresponds to 65,536 memory cells. Therefore, 16 
address bits are required to decode 1 memory cell location. 
Eight row address bits are set up on pins A0 through A7 and 
latched onto the chip by RAS. Then the 8 column address 
bits are set up on pins A0 through A7 and latched onto the 
chip by CAS. All addresses must be stable on or before the 
falling edges of RAS and CAS. RAS is similar to a chip 
enable. When RAS is activated, 1024 cells on the selected 
word line are sensed simultaneously. The sense amplifier 
automatically restores the data. CAS is used as a chip 
select activating the column decoder and the input and 
output buffers. Through 1 of 256 column decoders, 4 
memory cells on the word line are connected to 4 data 
buses, respectively. 
In the data transfer cycle 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data registers. Eight column address bits 
are assigned to select the 1 out of 256 serial decoders 
that corresponds to the start location of the following 
serial read cycle. 
In the serial read port, when SC is activated, 4 data bits 
in the 1024 data registers are transferred to 4 serial 
data buses, respectively, and read out. By activating 
SC repeatedly, the serial read operation starting from 
the location specified in the data transfer cycle is per­
formed within the 1024 bits in the data register. 

RAM port operation 
An operation in the RAM port begins with a negative transi­
tion of RAS. RAS and CAS have minimum pulse widths as 
specified in the timing table. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle once begun must be within specifications. 
The following functions are multiplexed pins in the RAM 
port to reduce the number of pins. 

1. DT/OE 
2. WB/WE 
3. W/IOi (i = 0, 1, 2, 3) 

OE, WE and IOi are all based on the same functional con­
cepts as in conventional RAMs. DT, WB and Wi are all 
inputs to be applied with set-up and hold times referenced 

µ.PD41264 

RAM port operation (cont) 
to the RAS negative transition in the same way as row ad­
dress inputs. The DT level determines whether a cycle is 
a RAM operation or a data transfer operation. WB affects 
only write cycles and determines whether or not the write­
per-bit capability is used. Wi specifies data bits to be writ­
ten in the write cycles with the write-per-bit capability. In the 
following explanation these multiplexed pins are described 
as, for example, DT(/OE), depending on the function then 
being used. 

To~e the µPD41264 in the random access mo~ DT 
(/OE) must be high as RAS falls. Holding DT (/OE) high 
disconnects the 1024-bit data register from the corres­
ponding 1024 digit lines of the memory array. On the 
other hand, to perform the data transfer cycle, DT (/OE) 
must be low as RAS falls. The 1024 data transfer gates 
are opened and a data transfer will occur from one of 
the memory rows to the data register. 

Read ~e- A read cycle is performed by activating a 
RAS, CAS, and OE and maintaining (WB/) WE high 
during the CAS active time. The data pin (Wi/) IOi (i = 0, 
1, 2, 3) remains in a high-impedance state until valid 
data appears at the output at access time. Device ac­
cess time, tAcc, is the longest of the following three 
calculated intervals: 

1 · tACC = tRAC 
2. tAcc = RAS to CAS delay (tRco) + tcAc 
3. tAcc = RAS to OE delay + toEA 

Access time from RAS...J.BAc• access time from CAS, tcAc• 
and access time from O~E~e device parameters. 
RAS to CAS delay and RAS to OE delay are system­
dependent timing parameters. 
The output becomes valid after the access time has 
elapsed and remains valid while both CAS and OE are low. 
CAS or OE going high returns it to a high-impedance state. 

Write fy_cle. A write cycle is performed by bringing 
(WB/)WE low du!:!!!g the RAS/CAS operation. The falling 
edge of CAS or (WB/)WE strobes data on (W/)IOi into the 
on-~ data latch. To make use of the write-per-bit capabi­
lity WB(/WE) must be low as RAS falls. In this case data 
bits to which the write operation is applied can be speci­
fied by keeping Wi(/IOi) high with set-up and hold times 
referenced to the RAS negative transition. 
For those data bits of Wi(/IOJ that are kept low as RAS falls, 
the write operation is inhibited on the chip. If WB(/WE) is 
high as RAS falls, the write-per-bit capability does not work 
and the write operation is performed for all four data bits. 

Early Write Cycle. An early write cycle is performed 
by bringing (WB/)WE low before CAS. The data is 
strobed in by CAS with set-up and hold times 
referenced to this signal. The output remains in the 
high-impedance state for the entire cycle. (DT/)OE 
must meet DT high set-up and hold times as RAS 
falls but otherwise does not affect any circuit 
operation during the CAS active period. 
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Read-Write/Read-Modify-Write [RW/RMW] Cycle. An 
RW/RMW cyc~erformed by bringing (WB/)WE low 
with RAS and CAB low. (W/)IOi shows read data at access 
time. After that, with preparation for the coming write opera­
tion, (W;l)IOi is returned to the high-impedance state by 
(DT/)Qg_going high. The data to be written is strobed in by 
(WB/)WE with set-up and hold times referenced to this 
signal. 

Late Write Cycle. This cycle shows the timing 
flexib~ of (OT /)OE which can be activated just after 
(WB/)WE falls, even when (WB/)WE is brought low 
after CAS. 
Refresh Cycle. A cycle at each of the 256 row addresses 
(A0 through A7) will refresh all storage cells. Any operation 
cycle performed in the RAM port (i.e., read, write, refresh, 
or data transfer) refreshes the 1024 bits selected by the 
RAS addresses or an on-chip refresh address counter. 

RAS-only Refresh. A cycle with RAS-only active refreshes 
the memory. CAS is maintained high during the RAS active 
period to keep (W/)IOi in the high-impedance state. This is 
the recommended refresh mode, especially when the mem­
ory system consists of multiple rows of memory devices. 
The data outputs may be OR-tied with no bus contention 
when RAS-only refresh cycles are performed. 

CAS before RAS Refresh. The µPD41264 has an internal 
refresh function. When CAS is low as RAS falls, the on-chip 
control circuitry works so that the refresh operation is per­
formed for row addresses specified by the refresh address 
counter. In this cycle the circuit operation based on CAS 
is maintained in a reset state. When the internal refresh 
operation is completed, an increment in the refresh address 
counter is automatically performed with preparation for the 
next CAS before RAS cycle. 

Hidden Refresh. A hidden refresh accomplishes a 
refresh cycle following a read cycle without disturbing 
the read data output. Once valid, the data output is 
controlled by CAS and OE. After the read cycle, CAS 
is held low while RAS goes high for precharge. A 
RAS-only cycle is then performed and the data output 
remains valid. The refresh operation itself is just the 
same as the CAS before RAS refresh. Therefore, the 
internal refresh operation is repeated with the valid 
data output. 

Page Mode Cycle. Page mode operation allows effectively 
faster memory access by keeping the same row address 
and strobing successive column addresses onto the chl.e:_ 
This is done by maintaining RAS low while successive CAS 
cycles are performed. Page mode operation allows a faster 
data transfer rate as RAS addresses are maintained inter­
nally and do not have to be reapplied. During this operation, 
read, write and RW/RMW cycles are possible. Note that 
the write-per-bit control specified in the entry write cycle 
is maintained through the following page write cycle. 
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Data Transfer Cycle. A data transfer cycle is performed 
by bringing DT (/OE) low as RAS falls. As described 
previously, 1 of the 256 rows involved in the data trans­
fer and the start location of the following serial read 
cycle in the serial read port are specified by address 
!D.£!!ts. DULQE) must be low for a specified time from 
RAS and CAS so that the data transfer condition may 
be satisfied. The DT low-to-high transition causes two 
transfer operations through the data transfer gates: 
column address buffer outputs to serial address 
counters and memo~ll data amplified on digit lines 
to the data register. RAS and CAS must be low during 
these data transfer operations to keep the transferred 
data in the RAM port. 

Serial read port operation 
The serial read port operation is used only to read out 
serially the data in the data registers starting from a 
specified location. The entire operation therefore 
follows the data transfer cycle. Data stored in the 
serial register will remain valid for a minimum of 4ms 
after the data transfer cycle. The only condition 
under which the serial read port must synchronize 
with the RAM port is when the DT(/OE) positive transi­
tion must occur within a specified period in an SC 
cycle. Except for this SC cycle, the serial read port 
can operate asynchronously with the RAM port. The 
data output will appear at SOi after an access time of 
tscA from SC high only when SOE is maintained low. 
The SC cycle which includes the DT(/OE) positive 
transition shows old data in the data register; the 
following SC cycles show new data transferred to the 
data register serially and in a looped manner. The 
serial data output is maintained until the next SC is 
activated. SOE controls the impedance of the serial 
output allowing multiplexing of more than one bank 
of µPD41264 memories into the same external cir­
cuitry. When SOE is at a low-logic level, SOi will be 
enabled and the proper data read out. When SOE is at 
a high-logic level, SOi will be disabled and be in the 
high-impedance state. 

Absolute Maximum Ratings* 
Supply Voltage on Any Pin Except Vee 
Relative to GND, VR1 

Supply Voltage on Vee Relative to GND, VR2 

-1.0Vto +7.0V 

-1.0Vto +7.0V 
Operating Temperature, T oPR 0°c to + 70°C 
Storage Temperature, T sTG - 55°C to + 125°C 
Short-circuit Output Current, los SOmA 
Power Dissipation, P0 1.SW 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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DC Characteristics 
TA= o•cto +70°c 
Recommended Operating Conditions 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Supply Voltage Vee 4.5 5.0 5.5 v 
Supply Voltage GND v 
High-level Input Voltage V1H 2.4 5.5 v 
Low-level Input Voltage V1L -1.0 0.8 v 

TA= o•cto +70°C;Ycc = s.ov ± 100/o;GND = ov 
Input/Output Electrical Characteristics 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input Leakage V1N = OV to 5.5V; 

Current l1L -10 10 µ.A all othar pins not 
under test = OV 

Output Leakage DouT (101, S01) Is 

Current loL -10 10 µ.A dlsablad; VouT 
= 0Vto5.5V 

RAM Port High-level 
VoH(Rl 2.4 Vee loH(R) = - 2mA Output Voltage 

RAM Port Low-level 
VoL(Rl 0.4 v loL(R) = 4.2mA Output Voltage 

Serial Read Port High-
VoH(S) 2.4 Vee loH(S)· = - 2mA level Output Voltage 

Serial Read Port Low· 
VoL(S) 0.4 v loL(S) = 4.2mA level Output Voltage 

Operation modes which define power supply currents for 
each port are described in the following table. 

Power Supply Current 
TA= o•cto +70°C;Yee = s.ov ± 100/o;GND = ov 

Port Symbol Operating Conditions 

RAM RW 
Read or write cycle, RAS, CAS cycling, 
tRc = tRc(mln) 

RAM STB Standby, RAS = V1H, DouT = high Impedance 

RAM ROR RAS-only refresh, RAS cycling, CAS = VIH• 
tRc = !Re (min) 

RAM PAGE 
Page mode operation, RAS = V1L, CAS cycling, 
lpc = tpc (min) 

RAM CBR 
CAS before RAS refresh, CAS low as RAS falls, 
tRc = tRc (min) 

RAM DTR 
Data transfer cycle, OT low as RAS falls, 
!Re = tRc (min) 

Serial Read STB Standby, SC = SOE = V1H 

Serial Read ACT 
Serial read cycle, SOE = V1L, SC cycling, 
lscc = lscc (min) 

TA= o•cto +70°C;Yec = s.ov ±100/o;GND = ov 

Limits 

Port µPD4f 264·f 2 µPD41264·f5 Test 
RAM Serial Read Symbol Min Typ Max Min Typ Max Unit Conditions 

RW STB lcc1 95 85 mA CD 
STB STB lcc2 12 12 mA CD 
ROR STB lcca 75 65 mA CD 
PAGE STB lcc4 65 55 mA CD 
CBR STB Ices 75 65 mA CD 
DTR STB Ices 120 100 mA CD 
RW ACT lcc1 155 130 mA CD 
STB ACT Ices 60 45 mA CD 
ROR ACT lccg 135 110 mA CD 
PAGE ACT lcc10 125 100 mA CD 
CBR ACT lcc11 135 110 mA CD 
DTR ACT lcc12 180 145 mA CD 
Note: CD No load on 10, and SO,. Except for Ice» real values depend on output loading and 

cycle rates. 

µPD41264 

Capacitance 
TA= o·c to +70°C; Yee= s.ov ± 10%; GND = OV; 
f = 1MHz 

Limits 

Parameter Symbol Min Typ Max Unit 

Input Capacitance, Addreas 
Cl(A) Inputs (Ao to A7) 

pf 

Input Capacitance, Data 
Cl(OT/OE) Transfer/Output Enable pf 

Input/Output Capacitance, 
C10(W/IO) Write Select/RAM Data 10 pf 

Input Capacitance, 
C1(WB/WE) Write-per-Bit/Write Enable pf 

Input Capacitance, 
Cl(RAS) Row AddreBB Strobe pf 

Input Capacitance, 
C1(CAS) Column Address Strobe pf 

Input Capacitance, 
C1(SOE) Serial Output Enable pf 

Output Capacitance, 
Co( so) Serial Read Output pf 

Input Capacitance, 
C1(SC) Serial Control pf 

AC Input/Output Timing Waveforms 

Input Timing 

Output Timing 

Figure 1. Output Loading, RAM Port 

.. 
10, 

Figure 2. Output Loading, Serial Read Port 

Vee 

.. 
so, 

Test 
Conditions 
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AC Characteristics CD ® 

TA = o·c to + 70°C; v cc = s.ov ± 1 Oo/o; GND = OV 
Switching Characteristics @ 

Limits 

~~ THI 
No.@ Parameter Symbol Min Max Min Max Unit Conditions 

4 Acce88 Time from RAS !RAC 120 150 ns ® 
5 Access Time from CAS lcAc 60 75 ns ® 

36 Acce88 Time from '5E loEA 30 40 ns 

40 60 ns ® 

35 50 ns ® 

30 40 ns 

30 40 ns 

30 40 ns <V 

Notes: ,~ See AC input/output timing waveforms. 
g: See Figures 1 and 2. _ 
'.r An initial pause of 100~s Is required after power-up followed by any 8 RAS 

cycles before proper device operation Is achieved. 
I No. equals a number attached to each parameter in the timing waveforms. 
2: Assumes that tRco" tRco (max). If t•co is greater than the maximum recom­

mended value given In the table, t••c will increase by the amount that t•co 
exceeds the values shown. 

l Assumes that t•co;. t•co (max). 
'7: An output disable time defines the time at which the output achieves the 

open-circuit condition and is not referenced to output voltage levels. 
l Data in the serial output register remains valid for 4 ms (min) after a data 

transfer cycle. 

AC Characteristics (Cont.) CD® 

TA = o·c to + 70°C; v cc = s.ov ± 1 Oo/o; GND = OV 
Timing Requirements @ 

Limits 

~~ THI 
No.@ Parameter Symbol Min Max Min Max Unit Condition• 

Random Read or 
Write Cycle Time 

Read·Wrlte/Read· 
Modify-Write Cycle 

3 Page Mode Cycle Time lpc 

Transition Time (rise 
and fall) 

RAS Precharge Time !RP 

RAS Pulse Width IRAS 

10 RAS Hold Time IRsH 

11 ~~~·.::i::~~~:ilme lcPN 

12 ~~:::~~=r~~1::me lcp 

13 CAS Pulse Width lcAS 

14 CAS ftold Time lcsH 

15 ~to CA§ Delay IRco 
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220 270 ns 

300 355 ns 

120 145 ns 

50 50 ns 

90 100 ns 

120 10000 150 10000 ns 

60 75 ns 

25 30 

50 60 ns 

60 10000 75 10000 ns 

120 150 ns 

25 60 30 75 ns @ 

® 

NEC 
AC Characteristics (Cont.) CD® 

TA = o·c to + 70°C; v cc = s.ov ± 1 Oo/o; GND = ov 
Timing Requirements @ 

Limits 

~~ THI 
No. @ Parameter Symbol Min Mex Min Max Unit Conditions 

24 ~~= ;,~::'ffld H7:~d 
25 :;:~~;~~~end 

26 ~~:~ ii~~mand 

31 Data In Set-up Time 

32 Data In Hold Time 

34 CAS to WE Delay 

35 RAS to WE Delay 

37 OE High to Data In 
Set-up Delay 

38 ~~e~'llr ~~1: Time 

m High to CA'S Low 
42 Precharge Time 

lwcs 

lwcH 

los 

loHR 

lcwo 

loED 

loEH 

lcsR 

43 Refresh Time Interval !REF 

44 tiT'Low Set·up Time loLs 

35 

35 

95 

100 

160 

35 

30 

10 

25 

100 

41! 

10 

n• ® 

ns 

45 ns 

ns ® 
45 ns ® 

120 ns 

120 ns 

195 ns 

40 ns 

40 ns 

10 ns 

30 

ns 

4 ms 

ns 

130 ns 

55 ns 

20 ns 

48 :~!:'6'P~::~lme lsoH ___ 10 ____ 20 ____ n_• ___ _ 

49 OE Pulse Width loE 35 40 ns 

51 ~~~~ ~11!~k lscc 

52 SC Pulse Width lscH 

53 SC Precharge Time lscL 

58 OT High Set-up Time loHs 

59 DT High Hold Time loHH 

60 ~~lg:I~~ RAS loTR 

61 ~~g~lg:I~~ CAS loyc 

62 ::p~~nactlve toes 

65 ~~:~:ri:~Blt 
Write Bit Selection 

66 Set-up Time 

lwes 

lweH 

lws 

40 50000 60 50000 ns 

10 20 

10 20 ns 

ns 

10 10 ns 

ns 

20 25 ns 

10 10 ns 

10 10 ns 

10 10 ns 

ns 

20 25 ns 

ne 
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AC Characteristics (Cont.t (j)@ 

TA = 0°c to + 70°C; V cc = s.ov ± 10%; GND = OV 
Timing Requirements @ 

Limits 

~ ~ Teet 
No.© P•r•meter Symbol llln llH llln 11•• Unit Condition• 

87 Write Bit Selection 
tWH 20 25 "' Hold Time 

88 SOE Pulse Width tsoe 15 20 ne 

89 SOE Precherge Time ._ 15 20 "' 
70 ~lt:1~0~fg~me tDTH 20 25 ns 

Notes: CD See Input/output timing waveforms. 
® See Figures 1 and 2. 
@ v," (min) and V1L (max) are reference levels for measuring timing of Input 

signals. Additionally, transition times are measured between v," and V1L· 
@ No. equals a number attached to each parameter In the timing waveforms. 
@ Operation within the tRco (max) limit ensures that t••c (max) can be met. IRco 

(max) is specified as a reference point only, If t•co Is greater than the specified 
t•co (max) limit, access time Is controlled exclusively by ICAc· 

® Either t""" or tRcH must be satisfied for a read cycle. 
([) twcs. tcw0 , and IRWo are restrictive operating parameters In read-write and 

read-modify-write cycles only. If twcs;. twcs (min), the cycle Is an early write 
cycle and the data output will remain open-circuit throughout the entire cycle. 
If tcwo;. lcwo (min) and tRwo;. IRWo (min), the cycle Is a read-write and the data 
output will contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data out (at access time and until CAS 
goes back to v,H) is Indeterminate. 

® These parameters are referenced to CAS leading edge In early write cycles 
and to (WB/) WE leading edge in delayed write or read-modify-write cycles. 

Timing Waveforms 

Read Cycle 

OTtOE 

w,no, _vo;:."'---'-'-­
VoL 

Note: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V1H and ViL· 

µPD41264 

Timing Waveforms (cont) 

Early Write Cycle 

Note: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V1H and ViL· 

Late Write Cycle 

OTtOE 

t31 
OS 

1:. 
Note: V1H (min) and V1, (max) are reference levels for measuring timing of input signals. 

Additionally. transition times are measured between V1H and V1,. 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycles 

Noto: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V 1H and ViL· 

RAS-only Refresh 

Wii1WE 

W,1101 ,..,.~~=:---------Hlgh·Z-------

Noto: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V 1H and ViL· 

CAS before RAS Refresh 

Address -----------------
Wii1WE -----------------
Df1'0E -----------------

VoH 
w,110, -v-OL------Hlgh-Z--------

Noto: V1H (min) and V1L (max) are reference levels for measuring timing of input signals 
Additionally, transition times are measured between V1H and ViL· 
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Hidden Refresh 

Address --------------''!----

W11101 Read 

VoL 

Noto: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V1H and V1L-
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Timing Waveforms (cont) 

Page Mode Read Cycle 

II 
Note1 V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Additionally, transition limes are measured between V1H and V1L. 

Page Mode Write Cycle 

Note: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Additionally, transition limes are measured between V1H and VtL· 
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Timing Waveforms (cont) 

Data Transfer Cycle (Port B Standby) Data Transfer Cycle (Port B Active) 

RAS 

CAS 

Address 

WB1WE 

OT/OE 

w110, 
YoL 

SO, _V.;;.;oH...__ _____ Hlgh-Z--------

VoL 

Note: V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V1H and ViL· 
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NEC Electronics Inc. 

Introduction 

This article introduces a new 320-row x 700-bit-field 
memory device. Originally designed for the television 
market, this device will find its way into many applica­
tions which require storing data in a raster format. 
NMOS DRAM technology, a 14-pin plastic DIP pack­
age and a unique row-pointer addressing scheme offer 
a low-cost device for smaller system size. The array 
size can be customized to meet customer applica­
tions. See figure 1. 

The television business is driven by picture quality, 
which is an important attribute in the consumer decision­
making process. High-definition television (HDTV) is 
usually direct broadcast transmission of 1125 line 
resolution. Higher picture quality can also be achieved 
by using the current NTSC standard and improving the 
image at the receiver end. It is for this market that the 
µPD41221 has immediate application. Because VCRs, 
CATV, video processing and special effects equipment 

Figure 1. µPD41221C Die Photo 

APPLICATION NOTE 32 
µPD41221 

SERIAL ACCESS MEMORY 
WITH CUSTOMIZED ARRAY SIZE 

use similar components, the µPD41221 finds many 
applications in this family of products. 

In the associated industry of teletext, system price 
keeps terminals out of the average consumer's home. 

This article shows how the frame buffer memory can 
reduce component cost and simplify system design. 
The inevitable success of this product could allow an 
inexpensive terminal (using tv as the monitor) to be 
given to the subscriber for only a monthly service 
charge. 

The personal computer business is maturing and sta-

3 
blizing and two or three companies are becoming the de 
facto standards. With standardization comes oppor-
tunities to develop add-on PC products. Playing a 
dominant role in this market are the image grabber and 
video digital signal processing option packages. The 
µPD41221 finds many and varied applications in this 
business segment. Before studying various applica-
tions, let us look at the device architecture and operation. 

83-001551A 
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Device Definition 

NEC has produced a field memory to fit most tv 
specifications (see table 1 ). This device is manufac­
tured at low cost using 256K DRAM NMOS technology. 
Produced on the same lines as the 256K DRAM, the 
storage cells are similar, while peripheral circuits differ 
from those of the standard DRAM. 

The device is line-addressable with the three signals 
INC/DEC/RCR, and therefore allows packaging in a 
14-pin dual in-line package. See figure 2. 

This serial memory operates by sequential readout of 
each bit (column) in a row. Rows correspond to scan 
lines on the tv screen. The correspondence between 
bits in the memory and points on the screen is achieved 
by analog-to-digital conversion of the composite video 
signal which has been sampled at three times the 
frequency of the subcarrier signal. Seven outputs of 
the A/D converter are then stored in the serial memory. 

Figure 2. 41221 Plnout 

INC Vee 
DEC N.C. 

RCR REF 

Dour SYN 

N.C. D1N 

sc WE 
Vss RAS 

INC Row Counter Increment 

DEC Row Counter Decrement 

RCR Row Counter Reset 

sc Serial Control 

SYN Sync Acknowledge 

REF Refresh Control 

83-001552A 

Figure 3. Block Diagram 
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As seen in table 1, the µPD41221 can meet most tv 
standards and, by minor photomask modifications, 
can be customized to any size. 

Table 1. Field Memory Specification for TV 
Standards 

Sampling Memory 
TV Standard Rate Size 

NTSC 4fsc 263 x 910 
3fsc 263 x 682 

2.5fsc 263 x 569 

PAL 4fsc 313 x 1135 
3fsc 313 x 851 

2.5fsc 313 x 709 

Internal Device Description 

Organization 

Rate 

69 ns 
93 ns 
112 ns 

56 ns 
75 ns 
90 ns 

The memory array is similar to a standard DRAM 
containing a balanced bit line, 1/2C dummy cell and 
sense amplifier. A single-transistor transfer gate allows 
the level on the bit-line pairs to flow through and be 
latched in the line buffer (see figures 3 and 4). A four­
phase dynamic shift register provides the appropriately 
timed column decode to cause a transfer from the line 
buffer to the serial data bus (read operation). The write 
operation is simply a reverse of the read, taking the 
data from the serial 1/0 and latching it in the line buffer. 

I• 700 cols 

Data 
Buffer 

DIN 

Dour 

~--------1---SYN 

83-0015538 
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Unique Serial Read and Write Function 

An initial pause of 2 ms is required after power up. After 
this pause it is recommended that 8 cycles of REF, INC, 
DEC, RCR, and RAS be performed. The total number of 
dummy cycles required is 40 cycles. 

8 x (RAS+ REF+ INC + DEC + RCR) = 40 cycles 

This requirement is invisible to the CRT user since a 
few seconds are required for the CRT to heat up. 

The timing consistent with CRT operation is broken 
down into two time zones: (1) display time and (2) 
horizontal retrace time. See figure 6. Row selection can 
occur at any time but the row-selection pulse must be 
completed 100 ns before the data-transfer cycle. The 
negative transition of RAS starts a chain of internal 
clocks which precharge the bit lines, enable the sense 
amplifiers and turn on the transfer gates allowing the 
data to flow through and be latched in the line buffer 
(figure 4). A minimum of 710 ns is required to complete 
the data transfer operation, which occurs during the 
horizontal retrace time. 

200 ns after RAS goes high, the serial clock can become 
active, beginning the serial-write, serial-read cycle for 
the display time. Refer to figure 5 for the following 
discussion of the line buffer and shift register. Data has 
been latched in the line buffer, which is actually two 
176 column buffers (column 0-351) and two 174 column 
buffers (columns 352-699). Each line buffer pair has a 
shift register which provides the column decode enable, 
transferring data to the serial 1/0 pair. The 1/0 pairs are 
connected to four differential input selectors. 1/00 and 
1/01 are tied to a serial bus which is driven from either 
the read selector or write selector. 1/02 and 1/03 are 
tied to a second set of read and write selectors. 

During a read (WE high), one enabled read selector 
receives and amplifies the differential signal and inputs 
it to the data-out buffer. WE going low initiates a write 
operation by enabling the appropriate write and read 
selector driving the serial bus and resetting the decoded 
flip-flop in the line buffer. 

Note: During a write operation the read selector is also active so 
that data also appears at data out, delayed by one serial 
access. The alternating reads and writes within the same 
operation is an unique feature not found in other DRAMs. 

Data Restore 

After 700 SC serial clock cycles, the output does not 
wrap around but switches unconditionally to a high 
state following the next SC low transition and remains 
high for any number of additional clocks (read cycle). 
For a write cycle the output follows the input. At the 
completion of the serial read or write, an internal clock 
signal, RAS1, has been active from the beginning of the 

µPD41221 

data-transfer cycle throughout the serial read/write 
cycle. Due to leakage, the level of this signal begins to 
decay and may affect stored data. For this reason it is 
recommended that a data-restore cycle be performed 
after each period of serial read/write operation. Of 
course, the data-transfer operation performs a fu II 
refresh. It is the relatively long time period of maintain­
ing RAS1 for the full scan line which creates the need 
for the data-restore cycle. 

The data-restore cycle is achieved by bringing WE and 
then RAS low 200 ns after the last SC and REF clock. 
Data restore precharges the bit line and enables the 
sense amplifier, thus restoring all 700 cells for the 
previously selected row. 

Refresh 

The REF operation is executed by an on-chip refresh 
counter which is incremented by each refresh cycle. 
Nine address bits from the counter are multiplexed and 
sent to the row-address buffer and decoder which 
enables the selected row. The row selection process 
also generates internal row clock signals, and the full 
refresh functions occurs. 

Figure 4. Basic Schematics of Sense-Amp. and 
Line Buffer 

Row Decode 

Bit 

r 
I 
I 
I 
I 
I 
I 
I 
L 

Column Decode 
from 

Shift-Register 
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Figure 5. Basic Schematics of Shift Register 

¢1~~~~~-..~~~~~~~~~~...-~~~~~~~~~-.~~~~~~~~~~ 

¢2~~~~~-+~~~~----1>--~~~~+-~~~~-.-~~~~-+~~~~--<~~~~~ 

Initial Data 
Load 

¢3~-+-+-~+-~~-+~-+-~~+-<1>-__.~~~-+-~1--~---1-+-~-+-~~---1~-+~~-+-.___...._ 
¢4~-+~~~~~_.~-+-~~-+-~~~~~+-~1>-~~~~~~~__....__...~~-1-~~~ 

Column Decode 
Enable 

ColAdd=O Col Add= 1 Col Add =2 Col Add =3 

Figure 6. µPD41221 Timing Diagram 
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Data Transfer 
Data Restore 

REF Refresh 

Serial Write 
Serial Read 

R.C.Reset 

R.C. Increment 
R.C. Decrement 

Note: 
[1] In this table a "O" Indicates that the operation is available using the timing 

shown above. 

83-0015558 
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In an interlaced or non-interlaced CRT application, all 
320 scan lines are read and restored every 16.6 or 33.3 
milliseconds (one frame time). Obviously, this violates 
the 320 cycle/2 ms requirements. The REF input (pin 
12) provides a method of supplying approximately 90 
refresh pulses per scan line (refresh cycle = 710 ns) 
thus easily providing the 320 cycles within 4 scan lines. 

One refresh scheme is simply to use a convenient clock 
(200 kHz to 1 MHz) from the system time-base genera­
tor. Gating this clock on and off with the horizontal 
synchronous pulse would ensure a REF refresh during 
the serial read/write time. Pin 12 refresh can be per­
formed during, and asynchronously with, the serial 
read/write operation. Refresh can also be performed 
during horizontal retrace but not during a data-restore 
cycle or during a data-transfer operation. 

Row Address Selection 

The INC, DEC, and RCR signals modify the row­
address counter. After incrementing, decrementing, or 
resetting the counter, the multiplexer inputs the 9 bits to 
the row-address buffer and decoder. This row selection 
can be initiated during the horizontal retrace or during 
video time, as shown in figure 6. The previous row 
address remains valid through any further video time 
and a data-restore cycle. The new row-decode and 
sense-amp operation does not begin until the falling 
edge of RAS begins the DT cycle. 

Some Application Examples 

Improved Picture Quality Through Progressive 
Scan Technique 

The NTSC 1/30-of-a-second 525-line picture frame is 
broken down into two 262 1/2-line fields displayed in 
1/60 of a second. This approach uses the current 
transmitted bandwidth but requires twice the scan rate 
in the television system. Today large tvs have spacing 
between lines and the visible line structure degrades 
picture resolution. The introduction of digital frame 
stores now makes possible the sequential or progressive 
scan technique. 

With this technique the first or odd field is stored in the 
µPD41221. After scan conversion to double the line 
rate, each line of the even field is displayed. The stored 
odd field is read out of serial memory at double the 
normal line rate and is time-sequenced after each even 
line (see figure 7). All 525 lines are scanned in se­
quence rather than interlaced. Line flicker is thus 
eliminated and there is a perceived increase in vertical 
resolution. 

µPD41221 

Sequential Scan Television 

The system in figure 8 is representative of how the 
sequential scan technique might be implemented for 
the 25-inch home tv market. A dynamic comb filter 
separates the luminescence (Y) from the color or 
chroma signal (I & Q). An A/D conversion is performed 
on each component at three times the bandwidth of 
each sampled signal. A field separator discriminates 
the odd and even fields. The odd lines are stored in two 
banks of seven J:IPD41221 chips. The even lines. can be 
displayed in real time, delayed by one horizontal time 
and scanned at twice the normal rate. 

As mentioned before, all 525 lines are displayed in 
16.67 ms, which results in 32µs per line. Displaying 700 
samples in 32 µs requires an access time of 45 ns per 

3 sample necessitating two banks of memory and a 
memory interlacing scheme shown in figure 7. The 
chroma I and Q signals can be multiplexed and only 
one bank of serial memory is required. 

Image Freeze and Transmission 

The personal computer in the automated office envi­
ronment has many purposes, not the least of which is 
intercompany communications. Electronic mail is a 
great asset to the office but the ability to transmit 
images as well as text will open exciting new markets. 
Providing a means for people to view the same object 
even though they are thousands of miles apart will have 
a major impact on productivity while reducing costly 
travel. 

Figure 7. Sequential Scan Technique 
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The diagram in figure 9 shows a freeze-frame trans­
mission option for the IBM Personal Computer. Two of 
the five 1/0 system bus card slots are utilized. Since the 
image data is transmitted over telephone lines, a 
modem and the synchronous data line adapter are 
required. The frame grabber would occupy a second 
card slot and would contain the µPD41221 devices, 
A/D and D/A converters, and the required memory 
timing and control circuits. The number of serial 
memories used is dependent on such factors as screen 
resolution, number of colors, text overlay, etc. A high­
speed line buffer is used to store one scan line of 
information. 

t\'EC 
While the tv camera analog signal is sampled and 
stored in the frame buffer it is simultaneously displayed 
on the monitor. (Displaying the frame as it is written in 
memory is possible because data-in appears at data 
out during a write cycle.) A scan line of data is 
transferred to the line buffer where it awaits a OMA 
transfer cycle. Now in system memory the data can be 
compressed prior to being transmitted over the tele­
phone lines. Once received the compressed signal is 
decompressed and displayed on the monitor. 

Flg11re 8. T.V. Employing Sequential Scan Technique with NEC's µPD41221 
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Figure 9. Image Freeze and Transmission System 

µPD41221 vs Standard DRAMs for TV 
Applications 

For tv applications the DRAM is an awkward fit. 
Achieving the higher access rates requires using three 
RAMs in parallel combined with a high-speed shift 
register. The serial-parallel and parallel-serial con­
version coupled with the complex logic and control 
circuits makes this technique a poor alternative. Inter­
leaving page-mode cycles or use of static-column 
devices also adds circuit complexity and increases 
system cost. The use of DRAMs is also likely to require 
the addition of a CRT controller and/or DRAM control­
ler. 

Memory-timing circuitry for the system shown in figure 
9 is relatively simple compared to that required using 
DRAMs. The logic diagram in figure 10 is an example of 
how the memory timing might be designed for the 
frame grabber section of the image freeze and trans­
mission system. The momentary on/off switch S1 
(write/read control) in the on position initiates the data 
transfer, serial write and data-restore cycle storing one 
frame of information. When S1 is in the off position the 
frame buffer operates in the read and refresh mode, 
continuing to update the display. 

Afterthe horizontal and vertical sync pulses are stripped 
from the composite video, these signals are used by 
flip-flops U3 and US to generate the timing for the 
µPD41221. These signals control the field memory so 
that data restore and data transfer are performed 
during the horizontal retrace period. Serial data is read 

83-0015598 

from or written to the field memory starting in the 
blanking period and continuing through the display 
period. The timing diagram for this system is shown in 
figure 11. 

The counter U4 is used to generate the basic horizontal 
scan timing. The leading edge of the HSYNC releases 
the counter U4. Counter U4 counts the 2 MHz clock 
and decoder U6 generates RAS and WE for the data 
transfer and data restore functions. Outputs of the 
74LS42 (1through4) are used forth is purpose. INC and 
RCR, which control the row addresses, are generated 
by decoder output 6. Decoder output 7 resets the 
counter, and data reading or writing begins. The SC signal 
is generated from the 3fSC clock. During the read and 
write time, the REF signal (generated by halving the 2 
MHz clock) is available to perform memory-cell refresh. 

With the momentary switch S1 in the normally off 
position, the WE signal is held high to allow the 
complete read out of the field memory. To store one 
field, WE is held low during the serial write time. This 
operation is controlled by counter US. When switch S1 
is pushed on, the memory is placed in the input mode. 
With all outputs high the counter loads on the next 
edge of the vertical sync setting QA low. QA controls 
the WE signal to set the one field write mode. 

There are no addresses to be generated, no multiplexing, 
no latches and refresh (REF) is provided by the 2 MHz 
output of U1. Using the 41221 C, the control circuitry is 
reduced to about ten standard TTL logic I Cs. This logic 
could be implemented in a gate array of about 2SO 
gates. 
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Figure 10. Memory Timing and Control Chart 
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Figure 11. System Timing 
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A Peek at the Future 

The new automated office and consumer applications 
will require the recording and transmissions of printed 
documents and photographic images. This facsimile­
type transmission will demand low cost systems. Appli­
cation-specific memories will play a major role in 
reducing the cost of these systems. 

83-0015618 

The cost advantages of NMOS DRAM mass production 
technology can now be applied to consumer products. 
In defining new devices, NEC is evaluating all operating 
parameters: speed, power, configuration and spe~ial 
on-chip circuits to best fit these new and emerging 
products. For example, field memory devices with 
capacities of 1 megabits could be used with high­
performance systems requiring four times the sampling 
rate. 
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Introduction 

This application note describes the function of NEC's 
µPD41264 dual-ported memory and illustrates a gra­
phics system that uses the µPD7220A Graphics Dis­
play Controller (GDC) and theµPD41264, operating in 
flash drawing mode. The first part describes the 
memory and the second part describes the system, 
with information on interfacing the video memory to 
the GDC and generating system timing. 

µPD41264 Video RAM 

Two real ports in a single piece of silicon is an exciting 
alternative to the use of standard memories and large 
quantities of TTL interface logic. NEC introduced the 
µPD41264 video memory at the 1985 International 
Solid State Circuit Conference (ISSCC). It combines a 
standard 64K x 4 DRAM with a high-speed 256 x 4 serial 
port. In this application, the serial port is referred to as 
port B and the random access port is referred to as 
port A. 

The µPD41264 uses a double-poly-layer N-channel 
silicon gate process to provide high density, high 
performance, and high reliability. The 24-pin 400 mil 
DIP package is made possible by multiplexing two 
functions on a single terminal (OT/OE). 

Data Transfer Operation 

The data transfer (OT) operation (figure 1) is initiated 
when OT /OE is low before RAS goes low. The operation 
begins as in a standard DRAM; RAS strobes row­
address information into the row-address buffer and 
the information is sent to the row decoder to select a 
word line. Cell data is then transferred to the bit line 
and amplified. The transfer from the memory cell to the 
data register occurs on the positive edge of OT /OE. 
1024 bits of data are sent through the enabled data 
transfer gates and into the data registers. The data 
registers then contain the new data, which is 
immediately ready for the serial port. The DRAM (port 
A) remains in tri-state during this data transfer cycle. 

In non-OT cycles, OT/OE is held high, disconnecting 
the data registers from the memory array. The data 
transfer gates are disabled or turned off, allowing both 
ports to operate asynchronously. During this time, the 
CPU can access port A while port B updates the 
display. In this mode, port A operates as a standard 
RAM device, making an OE-controlled write possible. 

APPLICATION NOTE 33 
µPD41264 VRAM 

AND µPD7220A SYSTEM 
IMPLEMENTATION 

Port B Operation 

While the OT cycle proceeds, the SC clock provides 
video clock rate timing to a serial selector which shifts 
data out each pin (800 to S03). This activity is 
independent of the RAM port except during a data­
transfer cycle. 

This is the only time interval when the RAM port and 
serial port do not work independently. The serial port 
reads out data serially from the registers starting at a 
specified location. Data appears at soi after an access 
time of tscA. referenced from the high transition of SC. 
With the speed of the SC clock, the data-valid time is 

3 short, making it difficult to latch the data into an 
external shift register. To solve this problem, the 
µPD41264 holds or latches the data until the next SC 
cycle. 

The SOE signal must be low during a serial-shift cycle. 
When this pin is high, port B is in a high-impedance 
state. The SOE pin allows you to combine multiple 
chips in parallel. 

Once the OT cycle occurs, 1024 bits of data are 
transferred from the cell array to the data register, 
which is now ready to send new data to the serial port. 
In this cycle, eight bits of column address are latched in 
the address buffer and sent to an 8-bit counter. This 
counter specifies the starting location of the serial 
selector in the data register. After setting this pointer, 
the 8-bit counter increments once for each SC clock 
cycle and wraps around like a ring counter after 256 SC 
clock cycles. This technique allows you to exchange 
new data for old "on the fly" in real time without 
interruption. 

This real time operation requires that OT and SC be 
synchronized to ensure a continuous stream of valid 
data. The rising edge of OT /OE must maintain a tsoo 
(setup time) and tsoH (hold time) with respect to the SC 
clock. This data register update timing is significant 
because it removes the restriction of waiting for the 
horizontal-blanking time before passing new pixel 
updates to the shift register. 

Write-Per-Bit Operation 

Graphics applications often require changing only 
selected pixels while surrounding pixels remain un­
changed. In a single-memory plane, when you change 
pixel data for vector generation, the only bits that 
change are the vector bits. Multiple-plane write-per-bit 
applications include changing text over a constant 
image or, in a CAD system, changing only one layer of 
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Figure 1. Timing Chart In a Data Transfer Cycle 

1------Wrile/Read------l·-----Data Transfer-----•! 

CAS 

ADDRESS 

WB/WE 

Laich 

Read Data )--..,._---j _______ ....,___., _____ -+------
W;/10; "----.1 

OT/OE \Read Data OE/ \ ____ .J, 

SC 

SO; ---+-----!~--< 

a VLSI chip. Standard DRAMs require two cycles or a 
read/modify/write cycle for th.is process. First, all four 
bits are read out; then the CPU modifies the data and 
rewrites it. 

The µPD41264 can selectively access any one or 
combination of four bits. Latch the write-per-bit (WB) 
mode by bringing WB/WE low before RAS goes low 
(figure 2). The bit selection or mask information is 
multiplexed on the common 1/0 terminal W0;100-

W3/103. If the bit selection data is a logical 1, the 
common t/0 terminal is enabled and new write data 
updates the frame buffer. A logical O inhibits the write 
and leaves the pixel unchanged. 

If you perform a read/modify/write cycle, old mask 
data remains latched as tong as RAS is held tow. In a 
non-WB mode, this pin acts as a standard write enable, 
simultaneously writing alt four bits. 

Discussions with video systems houses reveal that 
competitive pressures are driving performance im­
provement. The independent clocking of the DRAM 
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and serial port allows random access to occur simul­
taneously with shifting out video data. Asynchronous 
operation provides the CPU with almost 100% access 
to the frame buffer. Video RAMs allow the system 
designer to use his creativity to make the best use of 
the DRAM update time. 

Figure 2. Write-Per-Bit Function Timing 
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TheµPD7220A/µPD41264 
Graphics System 
Figure 3 shows a block diagram of aµPD7220A-based 
graphics system. The display memory is made up of 
four µPD41264s to form a 16-bit-wide memory plane. 
The multiplexed input and output lines are directly 
connected to the µPD7220A address/data bus. The 
data bits in the µPD41264 data register are loaded into 
the 8-bit shift register through the four serial output 
lines. The timing-controller logic generates the signals 
required to synchronize all the blocks within this 
system. 

Use of the µPD7220A 

The µPD7220A interacts with the display memory in 
display cycles and drawing cycles. (Refer to the Data 
Sheet and the Design Manual for the µPD7220A for 
detailed discussion on the use of these features and 
others mentioned later in this application note.) Display 
cycles are made up of two 2xWCLK cycles (2xWCLK is 
the input clock to theµPD7220A). A display address is 
output during the first cycle and the data is available at 
the end of the second cycle. Drawing cycles are made 

Figure 3. System Block Diagram 
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up of four2xWCLK cycles. A drawing address is output 
during the first cycle and the µPD7220A reads the data 
from the display memory in the third cycle. It modifies 
and outputs the data at the end of the fourth cycle. 

Drawing and display cycles are output in flash less and 
flash modes. In flash less mode, the drawing cycles are 
generated only during the horizontal and vertical 
blanking periods, and display cycles are performed 
during the active video time. This means that there are 
no display disturbances, but the update time is brief 
(15 - 20% of the total video time). 

Flash mode allows drawing cycles to be generated at 
all times. Display cycles are output only when no 
drawing operation is in progress, or when the drawing 
hold (DH) pin of the µPD7220A is held high for four 
2xWCLK cycles. This mode increases the update rate II 
by four or five times, but makes display interruptions 
more likely. 

The drawing hold function allows the µPD7220A to 
interface to the µPD41264 VRAMs. The µPD7220A can 
then operate in flash mode. 
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System Interface to the VRAMs 

As shown in figure 3, the 8-bit shift register input data 
lines are connected to the serial data outputs of the 
four µPD41264s. The serial output enable signals 
(SOE1 and SOE2) input to the µPD41264s become 
active one at a time. This loads the shift register twice in 
one SC cycle. The SOrS00 data bits are loaded into 
the shift register after the rising edge of the SC clock. 
The shift register is emptied before the first half of the 
cycle ends. Then, the S015-S08 data bits are loaded at 
the middle of the cycle after the falling edge of SC 
occurs. This method of memory bank switching elimi­
nates the need for an extra 8-bit shift register. Because 16 
bits overall are shifted out during an SC cycle, the value 
of the serial clock frequency is one-sixteenth of the 
pixel clock (SC= 1/16 x PCLK). 

Figure 4. Timing for Memory Cycles 
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The serial output enable (SOE) input signal enables 
the serial output buffers of the µPD41264. There is a 
delay between the time that SOE goes active and when 
the serial data bits become valid. The signal transitions 
of SOE1 and SOE2 should not coincide with the SC 
clock to prevent data contention while switching 
memory banks. If the SC clock period is too short, this 
time delay may not be tolerated, preventing memory 
bank switching. In this case, you should use an extra 
8-bit shift register. 

The falling edge of the ALE signal latches the 16-bit 
address from the µPD7220A into the tri-state latches. 
The timing diagram in figure 4 shows how the ALE 
signal is delayed to construct the RAS signal. Delaying 
the RAS signal by a few PCLK cycles generates the 
CAS signal. 
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System Operation 

This system uses three memory cycles: RAS-only 
refresh cycle, read/modify/write cycle, and data­
transfer cycle. The µPD7220A can perform the dynamic 
memory refresh if this is programmed in its RESET 
command. The lower 8-bit address lines (AD7 -ADo) of 
the µPD7220A are connected to its internal 8-bit 
refresh address counter. This counter is enabled during 
horizontal sync and its output is available on the falling 
edge of the ALE signal. Therefore, GAS and horizontal 
sync should be gated so that the GAS cycle does not 
occur during this period. A refresh cycle is accom­
plished with the row address coming from the ADr 
ADo lines during the RAS cycle. The number of refresh 
cycles depends on the width of the horizontal sync 
(programmable in the µPD7220A). 

A drawing cycle in the µPD7220A is basically an RMW 
cycle. The external logic uses the OBIN signal to 
control the data bus output direction. This signal is 
used to control the OT/OE inputs of the µPD41264s. 
When low, data is output from the memories so that the 
µPD7220A can read it. The OBIN signal also generates 
the WE (write enable) signal. This is accomplished by 
delaying OBIN by one and one-half 2xWGLK cycles 
and ORing the result with the 2xWGLK signal (see 
figure 5). 

Setting the image bit and GD bit to one increments the 
display address every other display cycle. This mode 
allows you to double the µPD7220 clock rate while 
maintaining the occurrence of display addresses as in 
normal mode, thus doubling the drawing speed. This is 
shown in figure 6. DAD represents the display address. 

A data-transfer cycle is the same as a read cycle except 
that the OT /OE input signals of theµPD41264s must be 
low before RAS occurs. The external logic should 
generate a draw hold (DH) signal to the µPD7220A 

Figure 5. Timing for Drawing Cycles 
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before generating this cycle. The DH signal must be 
high for four 2xWGLK cycles so that the µPD7220A can 
complete the current drawing cycle. After the DH 
signal goes from high to low, the µPD7220A generates 
two consecutive display cycles. The external logic can 
then use these display cycles to perform a data-transfer 
cycle. Figure 4 also shows the timing for this event. 

The rate at which data-transfer cycles occur depends 
on the mapping of the display memory. If the mapping 
is such that the screen width is equal to the actual 
width of the display memory (in µPD7220A terms, this 
is referred to as the pitch parameter), a data-transfer 
cycle is generated every 256 SGLK cycles. Depending 
on the horizontal pixel resolution, the data-transfer 
cycle could take place during a raster-scan period. If 
so, you should perform a real-time data transfer. 

If the screen width is less than the display memory 
width, generate a data transfer cycle during every 
horizontal retrace period to put data for the next 
horizontal line into the data registers of theµPD41264s. 

Conclusion 

So far, graphics systems based on the µPD7220A and 
regular dynamic memories have not been able to take 
full advantage of the µPD7220A's drawing speed; 
mainly because most systems use the µPD7220A in 
flashless drawing mode to avoid display disturbances. 
However, the advent of the µPD41264 makes it possible 
to use the flash drawing mode, increasing the drawing 
rate to four or five times the rate of systems using 
regular dynamic memories. 

The key to this increased drawing rate is the dual data 
ports integrated into the µPD41264. The µPD7220A 
can communicate with port A to update the display 
memory at the same time that port B is being used to 
update the video display. 

LJ 
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Figure 6. Image Mode and Normal Mode 
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Development of a 256K-Bit Dual-Port 
Memory for Frame Buffering with Capability of 
Uninterrupted Serial Output 

by Satoru Kobayashi, NEC Inc., Memory Technology 
Headquarters 

NEC Inc. has developed a 64K x 4-bit dual-port 
dynamic memory chip with a key design emphasis on 
its ease of use in frame buffering for bit-mapped 
displays. The commercial part number is µPD41264. 
While it is accessed randomly, the memory is capable 
of displaying data output in a serial mode at the 
maximum rate of 25 MHz. In addition to this, as basic 
features, it has three new functions. They include the 
function to internally transfer data into the data registers 
designated for serial output while performing the 
output function of the display data. To accomplish the 
intended functions and performance level, the manu­
facturing technology has been kept the same as the 
existing one, while the circuit designs were modified. 
When this memory is used, updating the displayed data 
becomes several times faster than conventional 
methods 

The advancement in semiconductor technology has 
been significant since the beginning of the 1970s. In 
the field of integrated circuitry, various types of tech­
nological innovations were made with the goal of 
higher density in integration, lower power dissipation, 
and lower costs. 

Among such innovations, most notable changes occur­
red in the MOS dynamic memory. First, with the advent 
of the 1 K-bit dynamic memory, the traditional mag­
netic core was replaced by semiconductor memory. 
Since then its capacity has been increasing by a factor 
of four every 2 to 3 years. At present the 256K-bit 
products are prevalent in the marketplace, and it 
appears as if sometime in 1985 specimens of 1 M-bit 
memory might appear. 

Product Diversification Started with 64K-Bit 
Products 

The transition has been characterized by the increase 
in chip memory capacity; about the time the 64K-bit 
products appeared, product diversification started. 
Not only did we see improvements in the basic functions 
aimed at a decrease in access time and a reduction in 
power dissipation, but we also started seeing products 
with functions making them easy to use by increasing 
the tolerances in their critical timings, new refreshing 
methods, etc. At the same time, specialized memories 

APPLICATION NOTE 34 
µPD41264 

262,144-BIT DUAL-PORT 
DYNAMIC NMOS RAM 

dedicated to specific applications started appearing 
along with the 64K-bit products.?. 11-13 

For instance, in addition to the conventional page 
mode, new high-speed access modes such as the 
nibble mode, static column mode, and ripple mode 
were introduced.3, 4, 9 Then there were peripheral 
CMOS-type dynamic RAMs that combined the CMOS 
technology in peripheral circuits for the specific pur­
pose of lowering power consumption. Moreover, to 
improve the ease of use, CAS-before-RAS refresh and 
self-refresh were introduced as additional functions 
plus functions to moderate the timing criticality in the 
areas of RAS time-out in static column mode and time­
out during write. 

Owing to these improvements in functionality and 
performance, the burden on users designing their 
systems was reduced. It should be noted, however, that 
these improvements were made with the anticipation 
of primary use as the main memory of large-scale 
mainframe computers. They were not developed for 
use in small systems, which have seen a dramatic rise 
in popularity in recent years. For this reason, they were 
not the kinds of functions that were necessarily easy to 
use from the viewpoint of small system designers. 

Demands Are Increasing for Display Memories 
To Be Used in Small Systems 

During the latter half of the 1970s, microprocessors 
began to be used in various types of electronic equip­
ment. At the same time, a demand for memories was 
created for small systems such as personal computers, 
word processors, computer terminals, work stations, 
and CAD/CAM systems. Along with the rise in pop­
ularity of microprocessors, the unit price per bit of 
dynamic RAMs came down dramatically. The falling 
prices spurred a drastic increase in the volume of 
dynamic RAMs used in small systems. As a result, the 
ratio of their use is now reversed between small and 
large systems. 

The application of RAMs in small systems can largely 
be divided into main memory and display memory. The 
main difference between small and large systems is 
that in small systems the ratio of RAMs used as display 
memories for storing character and graphic data is 
extremely large. The size of display memories per 
system ranges from several tens of kilobytes to as 
many as several megabytes, whereby the trend shows 
that the size has become equivalent to or larger than 
that of the main memory itself. It is expected that the 
demands for RAMs for display memories will continue 
to grow. There are speculations based on actual usage 
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that within 2 to 3 years as much as 30 to 40 percent of 
dynamic memories will be used for display purposes. 
Among display memories, frame buffers for bit-mapped 
displays will see a dramatic market expansion. 

As Memory Capacity Increases, Conventional 
Chips Become More Difficult To Use. 

Some aspects of the traditional standard chips render 
them difficult to use as frame buffers. Worse yet, as 
memory capacity increases from 256 kilobits to 1 
megabit, problems stemming from difficulties asso­
ciated with their use will become much more serious. 

First, in the area of x1-bit patterns, which have tradition­
ally made up the main type of RAMs, if the capacity 
increases, there will be situations in which the length of 
a word is too deep. At present, the capability for display 
resolution is generally in the range between 256 x 192 
and 1280 x 1024 pixels. For ir:istance, when a 256K-bit 
memory is used in a small-scale 256 x 192 pixel display, 
five planes can fit into one chip. It is difficult not to 
waste memory cells; the peripheral circuits tend to get 
large. Although there are specimens of x4-bit and 
x8-bit pattern memories, their main applications are for 
main memories in small systems. When they are used 
for frame buffers, and if the memory capacity require­
ment per chip is increased by a factor of four, then 
there isa tendency that this setup would spur demands 
for the word length also to be expanded by a factor of 
four. But if this is to be done, the number of pins 
needed would increase and the package size would 
become large, hence diminishing the advantage of a 
large capacity memory. 

The memory cycle time is also a problem. For instance, 
in a display of 1280 x 1024 pixels, the display data are 
sent to the CRT at a speed of about 9.3 nanoseconds 
per pixel.5 This is significantly shorter than the cycle 
time of conventional dynamic RAMs. For the purpose 
of mitigating the speed difference, the user must resort 
to a technique of taking out the data in parallel from a 
number of dynamic RAMs and converting the data into 
a serialized stream. For this, either parallel-to-serial 
conversion registers are used or a technique is used to 
enable the dynamic RAMs in a time-sliced synchroni­
zation schedule. Either way would result in bloated 
peripheral circuitry while the number of connection 
lines would increase on the printed circuit board. This, 
in turn, would become a burden during the PC board 
designing phase. As a result, even though it makes a 
large capacity memory possible, actual use in a system 
is difficult. 

The basic function of a frame buffer is to send display 
to the CRT at a designated speed. The performance 
level of a system is determined by the efficiency with 
which the processor can refresh the display data while 
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continuing this basic function. A frame buffer requires 
two access ports.10 But a conventional standard 
dynamic RAM has been characterized as being a 
single-port memory, namely, containing only one set 
each of data input/output terminals and address input 
terminals. While the display data are being output to 
the CRT, this type cannot concurrently allow the 
processor to perform the memory access. There is only 
one remedy to this: introduce the time-slicing scheme 
so as to use it as a pseudo-dual-port memory. 

There are primarily two methods of time-sliced access 
to a frame buffer. One is to permit CPU access to it only 
during the blanking phase of the display, while CPU 
access during the data display phase is restricted to 
sending display data to the CRT. This would invariably 
reduce the access efficiency of the processor to 20-30 
percent. Another method is the cycle-steal method 
wherein the timing intervals are so minutely divided as 
to allow the processor access to the memory even 
during the display phase. As compared to the first 
method, the operational efficiency is improved; how­
ever, it requires complex high-speed peripheral circuits. 

As pointed out in the foregoing, conventional standard 
dynamic RAMs are difficult to use for frame buffers. In 
principle, it is possible to assemble a large capacity 
memory into a frame buffer so long as it can function at 
a high rate of speed. Moreover, it is possible that, as 
replacements to the traditional page memory, tech­
niques will be developed to use this type of memory in 
such high-speed access modes as the nibble mode, 
static column mode, and ripple mode.5, 9 But for this 
type of memory to be used in such modes, additional 
externally attached circuits are needed between it and 
the microprocessor. If it is a single-port memory, 
building a frame buffer out of it becomes more difficult 
as its memory capacity becomes larger. 

A Dual-Port Memory Solves Frame Buffering 

Of various memories used for displays, we judged that 
the most adequate solution for a memory chip to be 
used for frame buffering was a genuine dual-port 
memory. Hence, we started our development efforts 
accordingly. The results were the dual-port dynamic 
memory (µPD41264), about which we published details 
in February 1985.1, 6, 8 

As illustrated in figure 1, it is equipped with a 64K x 
4-bit random access port, and a 256 x 4-bit serial 
access port. The serial port consists of four 256-bit 
data registers, each allowing serial output at the 
maximum rate of 25 megabits/second. This serial port 
can be used as a dedicated port for sending display 
data to the CRT. When a 4-bit parallel-serial converter 
is externally attached to it, it can send display data to 
the CRT at 100 megabits/ second. 
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The random access port does not have to get involved 
in display data output to the CRT except for timing the 
internal transfer of 1024-bit data blocks from the 
memory cell arrays. Using this memory chip, there is 
no need to resort to a cycle stealing technique to 
increase the access efficiency of the processor; in fact 
it can obtain nearly 100 percent efficiency. 

In addition to the foregoing, we also devised measures 
to keep the memory cell usage efficiency rate near 100 
percent regardless of what type of pixel configuration 
the display may consist of. The design intent was to 
allow it to accommodate a wide range of uses as a 
frame buffering memory, from low-resolution to high­
resolution displays. 

Dedicated Memories Deployed As the Market 
Determines 

As for dynamic memories, we have entered a period 
when dedicated memories should be developed for a 
specific application, focusing on the functions and 
performance level it calls for so long as the market size 
is large enough. As we mentioned before, the area in 
which the memory demands will see a dramatic increase 
in the near future is display memories. We have 
classified the display memory field in figure 2. We 
divided the field into computer, television, telecom­
munications, and hybrid application groups, and 
established a basic goal of developing dedicated mem­
ories best suited to each application group. We have 
already commercialized a dedicated product 
(µPD41221 C)2 for television and telecommunication 
applications. This product was designed as a field 
memory for television and VTR applications by al lowing 

Figure 1. Basic Configuration of a Dual-Port 
Dynamic Memory 
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high-speed serial input/output cycles. Since it is spe­
cialized for applications that do not require direct data 
manipulation by the processor, no random access 
function was provided. This allowed the chip to be 
packaged as a 14-pin DIP. The dual-port memory chip 
that we are introducing as a product this time is aimed 
at the computer applications group. 

Functions Added for Frame Buffer Applications 

The functional block diagram of the dual-port memory 
that we developed as a product this time is illustrated in 
figure 3. In addition to the 64K x 4-bit dynamic RAMs, 
we added a circuit that creates a serial port. The latter 
can internally transfer in one cycle a line of 1024 data 
bits from the memory cell array to a 256 x 4-bit register. 
Interfacing with the internal data transfer are the data II 
transfer gates, which consist of 1024 transistor arrays. 
This setup makes it possible to serially output the data 
stored in the data registers by means of a selector and 
an output buffer. Its maximum output speed is 25 
megabits/second. 

Instead of shift registers, the serial-port registers were 
made of circuits that allow selective output of data from 
the data registers via a selector. Because of this design, 
it was possible to realize the pointer-control function to 
start serial output from any array address immediately 
following an internal data transfer. 

The package is a 24-pin plastic DIP (figure 4). Because 
of the serial-port circuit, the width of the chip grew. For 
this reason, a 10.2-mm (400-mil) wide package was 
required. The terminals that are provided in the package 
but missing from the conventional standard-type RAMs 
are the serial clock (SC) terminal that controls the 

Figure 2. Application Fields of Display Memories 
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serial port, the serial output enable (SOE) terminal, and 
the serial data output terminals (S00-S03), a total of 
six terminals. In addition, a data transfer control clock 
(OT) for internal data transfer to the serial ports, a write 
per bit control signal (WB), which became a necessity 
for the newly created functions, and the mask data 
input signals (Wo-W3) were added as new features. 
However, to keep the increase in pins to a minimum, 
these were piggy-backed onto the conventional signal 
terminals. 

Figure 5 shows the source current waveform. When 
two ports are active simultaneously, current is 190 mA 
maximum. When ports are idle, current is 15 mA 
maximum. 

Table 1. µPD41264-12 Timing Characteristics 

RAS access time 120 ns max 

GAS access time 60 ns max 

OE access time 35 ns max 

RAS cycle time 230 ns max 

Serial access time 40 ns max 
Serial cycle time 40 ns min 

SOE access time 35 ns max 

Refresh 256 cycle/4 ms 

Note: 

Table 1 summarizes the primary timing characteristics 
of the µPD41264-12 product. With regard to refresh 
function, it requires 256 refresh cycles in 4 ms, the 
same as conventional dynamic RAMs. Since a refresh 
address counter has been provided internally, it is 
possible to allow the GAS-before-RAS refresh func­
tion. The input-output signals are handled entirely at 
the TTL level. In addition to theµPD41264-12, we also 
provided another product (µPD41264-15) with a maxi­
mum RAS access speed of 150 ns. 

(1) The cycle time in page mode is 120 ns minimum. 

(2) In addition to RAS-only refresh, it is also furnished with the 
GAS-before-RAS refresh function. 

Figure 3. Block Diagram of the Functional Interior 
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Three Functions Added for Ease of Use 

We added three new functions to make the dual-port 
memory easy to use. One is the write-per-bit function, 
a new write mode for the random port. When this mode 
is used, of the 4-bit cells that can be selected during a 
random access mode by means of the row and column 
address specifications, it is possible to update the 
contents of any given cell in one RAS cycle. Although 
the cell is of a 4-bit pattern, write access is possible on a 
bit basis. In the areas of graphic pattern processing, 
there are times when the processor accesses the frame 
buffer(s) on bit-based units. This is a new function to 
address such demands. 

By addition of two functions we call the pointer control 
function and the real-time data transfer function, we 
made it easy to use the serial port. When the pointer 
control function is used, horizontal scrolling of dots is 
made simpler. When the real-time data transfer function 
is used, it becomes possible to stop the waste of 
memory cells by flexibly adjusting to the display pixel 
patterns. 

Serial Output Continues During Internal Data 
Transfers 

Figure 6 shows timing control during internal data 
transfer. Just like the ordinary random access cycle, 
the internal data transfer cycle also begins with a 
timing of the falling RAS signal. Which cycle the timing 
belongs to is determined by the level of the data 
transfer control clock (OT). Hence, when DT is kept at 
a high level during timing of the falling RAS signal, it 
means an ordinary random access cycle. Conversely, 
when the DT level is low, it means a data transfer cycle. 

In the example of figure 6, a row address Mis specified 
during the data transfer cycle. By means of this, the 
contents of row M are newly transferred into a data 

Figure 4. Pin Configuration, 24-Pin Plastic DIP 
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register and then output serially from the serial port. 
The actual operation of how the data in row M is read 
from the serial port is illustrated in figure 6. First, the 
DT signal is restored to a high level during the data 
transfer cycle; then data readout begins with the very 
first start-up timing of the SC clock. 

Similarly, in order to update the contents of the data 
register(s), it is necessary to set up data transfer cycles 
using the random port control signals. During this 
period, only the random port is disabled from perform­
ing the ordinary random access function. However, as 
shown in figure 6, the functioning of the serial port can 
be continued without interruption. As described above, 
we provided a function to perform the internal data 
transfer while continuing the serial output. This we 
named the real-time data transfer function. 

To accomplish the foregoing objectives, we provided 
only one timing rule between the SC signal, which is 
used by the serial port during data transfer cycles, and 
the data transfer clock, which is the signal from the 
random port side. They are shown in figure 6 as tsoo 
and tsoH· To accomplish the real-time data transfer, we 
introduced the restriction that both tsoo and tsoH be 
kept above 10 ns. As a method of meeting this require­
ment, we recommend a technique of synchronizing the 
timings between the start-up of OT during the data 
transfer cycle and the falling of SC. Since one phase 
period of SC is a minimum of 40 ns, even when the 
serial port is utilized at its maximum speed, this would 
allow a margin of about 10 ns for the start-up timing of 
DT. 

Owing to this real-time data transfer function, it is 
possible during the display to perform the internal data 
transfers needed to update the data within the data 
register(s). For this reason, it is possible to relate the 
data equal to one horizontal line to a plural number of 
lines within the memory. As a result, regardless of the 
pixel configuration of the display, it became possible to 

Figure 5. Source Current Waveform 

RAS 

CAS 

SC 

ice 

I/ _J \+--+-

' _ r'\. h ..Jk. _r r'\ r"\__JJ'"\ hb .L!!. .L:l b r-

/\, {\,. fl ] _..11 

fJ ~ rrn: 7 / 1~1 JJ 
I\ ~\ 7 rv ~ 7 1 7 
\: v [l \J \JJ 

50 ns/division 

3-63 

II 



µPD41264 

make the usage efficiency of the memories making up 
the frame buffer(s) very close to 100 percent. It should 
be noted that during a data transfer cycle, the data 
output pin of the random port turns into a high­
impedance state. 

Although it is true that by virtue of the real-time data 
transfer function, the memory assignment can be ac­
complished freely regardless of the pixel configuration 
of a given display image, it is necessary to be careful of 
the refresh of the internal data register(s). 

Because the serial port also consists of dynamic 
circuits, it is necessary to repeat the internal data 
transfers within a cycle period of 4 ms. During a vertical 
interlacing period of the display, it is always necessary 
to perform the internal data transfer prior to the 
beginning of display. 

Pointer Control Function 

As shown in figure 3, the serial readout port consists of 
the 256 x 4-bit data registers and the selector that 
serially selects and outputs their contents. Using such 
a design configuration, we made it possible to freely 
select the address of the data register from which to 

Figure 6. Internal Data Transfer Timing 
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start the readout after the completion of internal data 
transfer(s). We call this the pointer control function. 

In the timing example offigure 6, the column address N 
is specified by means of the CAS signal at the time of 
the internal data transfer. Its value determines the 
starting address of the data register. As shown in figure 
6, it is after the DT signal is restored to the higher level 
during the data transfer cycle that the data in row M 
column N is read out by the first SC clock. Using this 
function, it is relatively easy to accomplish the horizon­
tal dot scrolls. 

A serial counter governs the pointer control function as 
shown in figure 3. This 8-bit counter counts the SC 
signals, and its output becomes the address of the 
selector, thereby serially selecting the contents of the 
data registers. By furnishing this counter with a control 
preset function and by assigning a predetermined 
value to it as the column address at the time of internal 
data transfer, we enabled it to perform the aforemen­
tioned function of determining the starting address of 
the selected data register. Note that the serial address 
counter directly counts the SC signals and that its 
action is not designed to be stopped by means of a 
serial output enable SOE signal. 

Data Transfer Cycle 

Internally 

83-0015916 
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Write-per-Bit Function Timing 

The write-per-bit function is a new random access 
function by which any specific memory cell can be 
rewritten on a bit basis in one RAS cycle, even though 
its design is 4-bit based. 

Figure 7 shows the timing aspects of the write-per-bit 
function. During the falling phase of the RAS signal, if 
the WB/WE signal is high level, it is the ordinary access 
mode, the same as conventional memories. If the 
WB/WE signal level is kept low during the RAS signal 
falling phase, the access mode becomes the write-per­
bit mode. In write-per-bit mode, to determine which of 
the 4-bit data terminals is to be write-enabled, mask 
data are input to the Wj/IOi terminal during the RAS 
signal falling phase. When the level of the mask data is 
high, the terminal is write-enabled whereas when it is 
low the terminal is write-inhibited. 

The foregoing function was accomplished by furnishing 
one internal circuit to determine the level of the 
WB/WE signals during the RAS signal falling phase, 
and another to latch the determination as the mask 
data. This mask-data latch circuit is reset each time by 
means of the RAS clock. Forth is reason, it is necessary 
that the mask data be reset each time the RAS cycle 
takes place. In page mode, the mask data is set up in 
the very first RAS/CAS cycle when the mode shifts to 
page mode and the same value is retained so long as 
page mode continues. In page mode, it is not possible 
to update the mask data in each and every CAS cycle. 

New Functions and Performance at Low Cost 

When we set about developing the new memory chip, 
one important prerequisite was to keep the production 
cost as low as possible. Our market research revealed 
that no matter how outstanding the functions and 
performance, unless we keep the price at 1.2 to 1.5 
times that of the conventional standard 256K-bit RAM 
chips, the new chip would not be accepted by a large 
number of users. 

To achieve high access speed, there were efforts to 
bring in CMOS technology, which was already adopted 
in RAMs with static column mode.3 At present, however, 
we judged that the way to realize a low-cost memory 
chip is undisputedly that of NMOS circuits. Conse­
quently, we opted to adopt directly the process tech­
nology of NEC's traditional standard 256K-bit dynamic 
RAMs (see table 2). Since we can use the existing 
production line without modification, productivity can 
be kept at the same level as standard dynamic RAMs. If 
process conditions were altered, they could bring 
about factors that would raise costs, such as an 

µPD41264 

increase in the number of masks or degradation in the 
flow of production lines. Against the background of 
such constraints, we realized the functions and per­
formance of the new memory chip only by revising the 
design technology of the peripheral circuits while 
retaining the existing dynamic RAM as a core structure. 

Figure 7. Write-per-Bit Function Timing 
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Chip Layout 

The layout of the new memory chip is shown in figure 8. 
The rectangular circuit block at the left side was added 
for this chip. The remaining section is basically identical 
to the existing 64K x 4-bit dynamic RAM chip. It is 
characterized by a folding bit-line ·structure and its 
sense amplifier block was placed in the periphery. The 
row decoder, which selects bit lines, was placed in the 
center. The data registers, selector, and the serial 1/0 
bus, which together compose the serial port, had to be 
placed close to the memory cell array. 

The 1/0 bus and the row decoder of the random access 
port must be connected to the pair of bit lines connect­
ing to the sense amplifier. Moreover, the data registers 
and the selector of the serial port must also be 
connected. While giving design priority to the serial 
port, which operates at a high rate of speed, we placed 
the row decoder in the central part of the gate arrays, a 
little bit separated from the sense amplifier. The serial 
port's circuits were placed in the outer rim of the gate 
arrays adjacent to the sense amplifier. Since the high­
speed operating serial port becomes a major source of 
noise, by placing it at an outer rim we can expect to 
reduce the probability of transients. 

Since we cannot avoid an increase in the surface 
displacement of the chip, the restriction in packaging 
was particularly severe in the shorter sides of the chip 
package. To prevent an increase there, dimensions of 
the memory cells in terms of the width and length ratio 
were slightly altered from that of conventional 64K x 

Figure 8. Layout of the Dual-Port Memory Chip 
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4-bit RAMs (6x 10µm). The cell capacity remained the 
same. 

Data Registers 

Figure 9 illustrates the architecture of circuits from the 
data 1/0 terminal of the random port 1/0i and the 
output terminal of the serial port soi to the sense 
amplifiers. 

The two boxed-in sections indicate the data registers, 
which are connected to individual sense amplifiers. A 
set of 256 such circuits make up a serial output 
terminal. 

The bit-line signals, which were amplified by the sense 
amplifiers, are sent to the serial port and the random 
access port. The real-time data transfer was ac­
complished by bypassing the data registers and 
providing the relay channel to send the signals amplified 
by the sense amplifiers directly to the serial output 
terminals. 

The functioning of the random port is similar to that of 
conventional dynamic RAMs. For the serial port, the 
data registers read in data from the memory cells 
during the internal data transfer cycle and they retain 
the data until the next data transfer cycle. Next, the 
output from the data registers becomes the input to the 
differential amplifiers attached individually to each 
register. The differential amplifiers are given the enable 
state by means of output signals from their selector, 
which then sends signals to the differential amplifiers 
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connected to the serial output terminal. A set of 256 
data registers and differential amplifiers is connected 
individually to each serial 1/0 bus depicted in figure 9. 
The output signals from the selector serially cause 
them to become enabled, hence causing the data to 
appear serially from the serial output terminal. 

As shown in figure 9, for the data registers we adopted 
differential amplifiers consisting of MOS transistor 
pairs. Because we minimized the burden capacity of 
each bit-line, which would increase when the data 
registers were connected, the operational tolerances 
of the sense amplifiers did not diminish. 

For the purpose of amplifying the contents of the data 
registers selected by the selector and to send them to 
the serial output terminal, static-type differential amp­
lifiers were connected vertically. Since they operate at 
such a high speed as the maximum 25 MHz, no 
dynamic circuit can be used in this area. Hence the 
circuits used in the n..:.Mos static RAMs were adopted 
without modification. 

Figure 9. Data Register Circuits 
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The serial port, which operates at high speed, was 
placed in the periphery. 

Table 2. Processing Technology of the Dual-Port 
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Internal Data Transfer Cycle 

The area in figure 9 that required a significant amount 
of our efforts was the signal relay channel we built for 
the purpose of sending directly to the serial output 
ports the data ordinarily directed to the random port 
(see the right-hand side of the same figure). By 
bypassing the data registers, and thus taking the 
output from the sense amplifiers directly to the serial 
port, it became possible to accomplish the real-time 
data transfer. The internal data transfer begins with the 
start-up of the DT signal timing. To accomplish the 
real-time data transfer, the first data must be output 
within 10 ns of this DT start-up timing (figure 6). This 
operation cannot be done by ordinary procedures 
using the data registers. For this reason, as illustrated 
in figure 9, we furnished bypass channels, which were 
designed to output only the start-up data after the 
completion of the internal data transfer. In the bus 
architecture, as compared to ordinary access cycles, 
the contents of the memory cells are amplified, and 
they can be determined by specifying the row and 
column addresses. Although the data output terminal 
on the random port side is set to high-impedance mode 

NEC 
during internal data transfer, its operation is identical 
to the ordinary readout cycles until it reaches the 
output buffer phase. 

Figure 10 is a block diagram of the circuit to generate 
the timing signals for controlling the random port. The 
three asterisked blocks have been newly added. The 
DT/OE level comparator checks levels of the DT/OE 
signals at the time of the RAS ascent to determine 
whether the data transfer or ordinary cycle is being 
invoked. The DT timing generator creates the internal 
timing signals to be used for data transfer cycles. The 
mask register retains mask data for write-per-bit 
operation. 

Figure 11 shows timing of the main internal signals of 
the internal data transfer cycle. In order to invoke the 
data transfer cycle, first the DT /OE signals are kept at a 
low level prior to the falling RAS. Also it is necessary to 
keep the DT/OE signals at a low level for at least 90 ns 
after the falling RAS. 

The DT/OE level comparatorcircuitshown in figure 10 
detects that the DT /OE signal level is low during the 
falling RAS, and when the address buffer latches on the 

Figure 10. Block Diagram of the Timing Generator Circuit Controlllng the Random Port 
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column address and settles its cycle action, the circuit 
emits the DT enable signal. Receiving this, the DT 
timing generator is enabled. In addition, the DT/OE 
level comparator controls the OE enable signals and 
hence turns the data output terminal of the random 
port into a high-impedance state. During this internal 

data transfer cycle, write-access to the random port 
becomes inhibited. 

To actually transfer the data internally, the three types 
of internal signals that operate on the data registers are 
put under control (figure 9). The timing mechanism 
pertaining to these signals is illustrated in figure 11. 

Figure 11. Timing of the Main Signals Involved In the Internal Data Transfer Cycle 
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First, a little before the signal to enable the 1/0 bus 
amplifier, which amplifies the signal level of the random 
port's 1/0 bus, signals are sent to enable the data 
registers, leaving the data registers activated before­
hand. After this, when the OT /OE signals are started 
up, the data register precharge signals and the data 
transfer signals are generated internally. This leads to 
intake of data by the data registers from the bit-lines. In 
this manner, the internal data transfer is carried out by 
means of the start-up timing of the OT /OE signals. 

In the meantime, to accomplish the real-time data 
transfer function, it is necessary to guide the start-up 
data after data transfer through the bypass circuit as 
shown in figure 9. This is controlled by the output data 
latch signal, timing of which is shown in figure 11. This 
s.ig~al is also_J!_enerated by means of the start-up 
timing of OT/OE. Using this signal, the start-up data 
are supplemented when they are sent to the 1/0 bus 
data registers shown in figure 9. 

Figure 12. Internal Circuit of the Write-per-Bit Function 
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Write-per-Bit Circuit 

Figure 12 shows a block diagram of the internal circuit 
that accomplishes the write-per-bit function. Its oper­
ational principle is a simple one. If the WB/WE signal is 
at a low level at the time of the RAS descent, then the 
mask data registers are enabled and each of them 
latches its input signal Wi according to its own timing. 
The output from each mask data register controls its 
own data input buffer and determines whether or not to 
take in the data at the next write timing. 

Initially, we were not thinking about this function. We 
assumed that the random port should be an identical 
design to that of conventional RAMs and proceeded 
with our overall design accordingly. However, when 
we queried our users, domestic and abroad, they 
asked that a write mask capability be provided. Since 
then we have received strong requests saying that in 
graphic application fields in particular this function is a 
necessity. Hence, as our response we added th is write­
per-bit function. 
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Pointer Control Function 

Figure 13 is a block diagram of the internal circuit that 
accomplishes the pointer control function. Up to now, 
we have explained the serialized data output in terms 
of a combined functioning of the counter and a 
selector serially selecting the contents of the data 
registers. Functionally, this explanation is not wrong; 
however, in reality it is more contrived as shown in 
figure 13. 

As a matter of fact, no counter is used. The row address 
is latched to the data transfer cycle and then decoded. 
As a result, of the 256 drivers shown in figure 13, only 

µPD41264 

one is enabled and the contents of the corresponding 
data register are sent out to the serial output terminal. 
The decoder of figure 13 no longer gets involved in the 
subsequent serial operations. When the SC clock 
signal is received, the 256 drivers get serially enabled in 
a ring-register fashion and send out the data serially. 

If a selector consists of a counter and a decoder, its 
power dissipation level gets high. This is because to 
operate the decoder at the maximum speed of 25 MHz, 
a static circuit must be adopted. Let us explain figure 
13 somewhat more in detail. First, in the internal data 
transfer cycle, the row address is taken into the 

Figure 13. Block Diagram of the Pointer Control Function 
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address register; Of the register outputs, A1-A7 get into 
the decoder, but Ao only sets up staging the flip-flop for 
the next register action cycle. The two drivers are 
paired as a set and the output from the decoder enables 
only one such pair. The output of the flip-flop (Ao' and 
Ao'} further selects only one pair. 

The 256 drivers in figure 13 are joined together. When 
the SC clock signal is input, after selecting one driver 
using the decoder during the data transfer cycle, the 
drivers at the next level become enabled in a serially 
cascading manner. The Ao' and Ao' signals drive this 
mechanism. 

The flip-flopping output between Ao' and Ao' is control­
led by the toggling operation of the falling SC clock. 

As seen in figure 13, the addresses of the drivers and 
those of the data registers are offset by one for each of 
their combinations. This is because to operate them at 
a high rate of speed, the action of the selector and the 
amplification of the serial data are pipelined. By doing 
it this way, it was possible to take the access time of the 
serial port down to 25 ns in actual measurement (see 
figure 14). 

The contents of the data register corresponding to an 
enabled driver appear in the serial port. For the 
purpose of accomplishing the pointer control function, 
the row address of the data transfer is input to enable a 
specific driver. Each of the drivers is connected 
together, serially enabled by the SC signals. 

As explained previously, the flip-flop action is accom­
plished by the falling SC signals. As shown in figure 13, 
the output signal of the selector (that is, the driver's 
output in figure 13) stays more or less constant prior to 
start-up of the SC signal of the next cycle. In the circuit 
of figure 9, in the start-up timing of the SC signal, the 
differential amplifier attached to a particular data 

Figure 14. Measured Ser/al Output Port Access 
Time (TA = 25°C) 
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register is already set up in enable state. As a result, the 
access time measured from the start-up timing of the 
SC signal includes only the operational time needed to 
amplify the signals from the serial output bus shown in 
figure 9. 

Going back to figure 9, let us examine the operations of 
the section that amplifies and outputs data from the 
serial output bus. For the serial bus, a transistor or 
balancer is used as in static RAMs. This transistor 
becomes on-state when the SC signal stays at a low 
level, hence short-circuiting the two bus-lines. In order 
to speedily amplify new signals, the bus-lines need to 
be electrically charged to the same voltage beforehand. 
Simultaneously with the start-up of the SC signal, this 
transistor becomes off-state and the contents of the 
data register selected by the selector get amplified. 

With regard to the switch to change over the readout 
channels, any one of the gates is "on" during the period 
the SC signal is at a high level. Both the SC/NM and 
SC/DT signals, which drive the switch, are the signals 
generated by the SC clock. The SC/DT signal is a 
signal consisting of only the SC pulse to access the 
beginning data after the internal data transfer. By 
contrast, the SC/NM signal consists of only those 
pulses taken from the SC clock that coincide with the 
SC/DT. This means that in ordinary serial cycles, the 
contents of the data registers are sent to the differential 
amplifiers in the beginning stage of the output buffer 
while the SC signals remain at a high level. It is only 
when the beginning data is accessed that the contents 
of the bypass channel are connected to the output 
terminal. In the differential amplifiers of the beginning 
stage of the output buffer, the SC signals, which are the 
inverted SC signals, are input as the enable signals. As 
a result, while the SC signals stay at a low level and all 
the changeover switches for the readout channels are 
"off," the previously mentioned data are kept at the 
output terminal. 

Selector in the Pointer Control Function 

In the data transfer cycles, the selector circuit of figure 
13 reads in a new row address and activates the 
decoder circuit. For this reason, it takes longer than an 
ordinary selector operation. Even so, since we adopted 
the previously mentioned circuit design, we could 
leave some margin of tolerance in the selector's oper­
ation time during this phase. Because the internal 
serial 1/0 bus is shut off from the output terminal 
during this phase, unpredictable data cannot appear 
on the output terminal. 

The details of the selector, consisting of decoders and 
drivers, are in figure 15. The figure is an excerpt 
showing only a portion of the 128 decoders and 256 
drivers. 
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Figure 15. Selector Circuit Diagram 
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Let us start our explanation with operation of the 
internal data transfer cycle. Assume as given that the 
row address of this cycle causes the decoder (i) to be 
selected and that the least significant bit of the row 
address (Ao') is at a high level (H). First, when the DT 
signal of the data transfer cycle restores to H, a pulse 
with positive polarity is generated as a reset signal. As a 
result, Q7, 013, etc. turn on and all the outputs are 
reset to a low level (L). After this, when a pulse with 
positive polarity is generated as the selector enabling 
signal, because the output from the decode.r (i) is at H, 
node Di is charged via 01 and becomes H. The 
remaining 127 nodes will not get charged, since their 
corresponding decoders are at L. At this time, since Ao' 
is H, 06 turns on and column 2i remains at L. In the 
meantime, since Ao' is at L, 012 is off and column 2i+1 
becomes H. 

This means that immediately after the internal data 
transfer, only the output from driver 2i+1 becomes H. 
This amounts to the same operation explained in 
conjunction with figure 13. In figure 15, we added the 
signal levels at each of the locations during this phase. 
In this state, node C2i+1 is at H. This is because 02' is 
on whereas 03' is off. All nodes of the other driver 
circuits corresponding to C2;+2 are at L. 

When the next SC clock signal is input from this state, 
column 2i+1 becomes L and column 2i+2 in turn 
should become H. When the SC clock is input, the 
flip-flop shown in figure 13 reverses and Ao' of figure 15 
becomes Land Ao' becomes H. As a result, 012 turns 
on, the stray capacitance at node A2i+1 is discharged, 
and column 2i+1 becomes L. In the meantime, 05' 
turns off and the stray capacitance charge at node 
C2i+2 goes through the OR circuit, charging node A2i+2 
into H level and causing column 2i+2 to become H. 
Similarly, when the next SC clock signal is input, 
column 2i+2 gets into L level, and column 2i+3 
becomes H. Each time the SC clock signal is input and 
the flip-flop changes state, the output from the drivers 
changes into H in a chained series. 

CPU Access to the Frame Buffer 

In designing a frame buffer for graphic displays, the 
question of how to distribute the CPU access cycles 
and the data output cycles to the CRT becomes one of 
the keys in the system design. Typically, the conven­
tional standard product or the single-port RAM is used. 
To avoid display flickers, we must resort to either the 
method of allowing the CPU access only during the 
blanking period, or the so-called cycle-stealing method. 
Either one of them brings about limitations in the 
access efficiency for the CPU. In many systems this 
constituted the bottleneck and the speed of refreshing 
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the display data could not be increased. Moreover, 
timing their peripheral circuits would become complex. 

If our dual-port memory is used, it becomes possible to 
allow the CPU random access while display data are 
being output to the CRT. And the operational efficiency 
of the CPU is freed from the restriction of the frame 
buffer(s). Not only does the system design get sim­
plified, but also, even when the display specifications 
are changed, it is possible for the memory's peripheral 
circuits to respond to the changes more easily. 

There is a broad range of applications for the dual-port 
memory. It can be used as a general-purpose product 
for frame buffers ranging from low-resolution to high­
resolution displays. Let us introduce here three kinds 
of systems utilizing this memory. First, we will describe 
in detail a system with a display of 320 x 200 pixels. 
Next, we will introduce a section that will become the 
key to assembling frame buffers for a 640 x 456 pixel 
display using one of NEC's graphic display controllers. 
Finally, we will describe a technique to be applied to a 
high-resolution display of 1280 x 1024 pixels. 

A 320 x 200 Pixel Graphic Display System 

Our first example is a demonstration circuit applied to 
a 320 x 200 pixel color graphic display system. Using 
the dual-port memory as the frame buffer, we created a 
board to directly connect to the RGB input terminal of 
the color display for NEC's PC-8001A personal 
computer. 

Figure 16. Speclflcatlonsofthe320x200Plxe1Graphlc 
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Figure 16 shows the display specification of the 
PC-8001A. Since the horizontal display period is 
44.7 µs, in order to display 320 pixels on one scan line, 
the pixel rate is 139.7 ns. 

In the demonstration circuit design, the frame buffer to 
match such a display specification called for the map­
ping scheme shown in figure 17. For each correspond­
ing RG8 plane, a data bus for the 8-bit based CPU was 
provided. This means that in one CPU cycle, 2 bits are 
accessed in each RG8 plane. 

For the memory capacity of the frame buffer, 320 pixels 
x 200 pixels x 3 planes means 24,000 bytes are 
required. If the real-time data transfer function of the 
dual-port memory is used, the frame buffer can be 
contained within this minimum memory capacity. How­
ever, in our current configuration, we came up with the 
mapping scheme shown in figure 178. That is, we used 
two dual-port memories and the high-order 4 bits and 
low-order 4 bits of the CPU data bus were connected to 
the respective random ports. Then, we corresponded 
each horizontal scanning beam to a row of the memory. 
This resulted in an unused residue of memories as 
shown in figure 178. 

It should be noted thatthe main emphasis of this experi­
mental assembly was to verify the faster refresh speed 
of the displayed data. For this reason, our design 
specification was to make the internal data transfer 
take place only during the horizontal blanking periods 
and allowed the memory usage efficiency to stay less 
than optimum. Nevertheless, the 14K bytes of unused 
memory cells (worth 56 rows) were effectively utilized 
as part of the program area to be used by the CPU. 

Block Diagram. Figure 18 is a block diagram of the 
demonstration circuit. For the PC-8001 A color display, 
the horizontal sync signal (HSYNC) and the vertical 
sync signal (VSYNC) are synchronized with the RGB 
video output signals. Without receiving any external 
restrictions, the CPU (Z80A) executes the program 
written in the PROM. 

Although a CRT controller (6845) was used, it was 
merely a generator of the horizontal sync, vertical 
sync, and blanking signals. The timing generator and 
controller at the lower left side of figure 18 was made 
out of a standard TTL-type IC. The address output 
from the controller becomes the row address used by 
the dual-port memory when it internally transfers data. 
This address and the address sent from the CPU are 
multiplexed and applied to the address input of the 
dual-port memory, which is the frame buffer. The 
multiplexer also performs the time-slice selection for 
row and column addresses. 

µPD41264 

The frame buffer in figure 17 consists of two 256K-bit 
dual-port memories. The setup makes it possible to 
connect their random-access ports directly to the data 
bus of the CPU. If a single-port memory were used, a 
cumbersome switching circuit would be needed. The 
output from the frame buffer goes into three 2-bit 
parallel-serial converter circuits, one for each of the 
RG8 planes, and their outputs become the video 
signals. For refreshing the dual-port memories, the 
GAS-before-RAS refresh was used. This refresh is 
executed during a CPU's instruction fetch cycle. 

From the display specification of figure 16, the PIXEL 
clock that operates the parallel-serial converter circuit 
is 7.16 MHz. From this we can determine the frequency 
of the SC clock, which operates the serial port of the 
dual-port memory, to be 3.58 MHz. The frequency of 3 
the clock used in the 6845 CRT controller is identical. 
However, the timing control circuit controls the SC 
clock in such a way that it is stopped during the 
blanking period. Although there is a residual moment 

Figure 17. Memory Mapping Scheme 
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of time left during the blanking period, between com­
pletion of internal data transfer by the dual-port 
memory and the beginning of the display, this is 
because the serial port is stopped during that time 
span. For the purpose of generating the foregoing 
clocking signals, a 14.318-MHz quartz oscillator was 
used. One advantage of a system using the dual-port 
memory is the ability to select the CPU clock in­
dependent of the display specifications. However, to 
keep the circuit simple, we chose the CPU clock also to 
be at 3.58 MHz. 

Connection Diagram. A detailed connection diagram 
of our demonstration system and a photograph of its 
board are shown in figures 19 and 20. In addition to the 
CPU (Z80A), the CRT controller (6845), the PROM 
(27128), the two dual-port memories (41264s), the 
assembled unit included 25 standard TTL-type ICs. 
Table 3 summarizes the value settings given to the 
internal registers of the CRT controller. Following is a 
brief explanation for operation of the circuit shown in 
figure 19. 

NEC 
As can be surmised from figure 19, the timing control 
block of figure 18 is divided largely into four circuits: 
clock signal generator, DT/OE signal generator, SC 
clock generator, and address generation counter for 
data transfer. 

Of these, the clock signal generator produces the clock 
signals needed by each of the others from a 14.318-
MHz original clock oscillator. It provides 3.58-MHz 
clock signals to the CPU, the CRT controller, and the 
SC clock generator, while it outputs the 7.17-MHz 
PIXEL clock signals to the parallel-serial converter 
circuit. The RAS and CAS signals of the dual-port 
memory are also generated by this circuit. The RAS 
signal is created by adding the MREQ signal from the 
CPU and the OT signal from the DT /OE signal generator. 
To create the CAS timing of the GAS-before-RAS 
refresh, the M1 signal from the CPU is also input. The 
selection signal for the multiplexer circuit to select the 
row and column addresses in a time-sliced fashion is 
also generated by means of this circuit (i.e., the A input 
for each multiplexer IC). 

Figure 18. Block Diagram of the Circuit for a 320 x 200 Pixel Graphic Display 
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With regard to the generator circuit of the SC clock, the 
3.58-MHz clock signal from the clock generator circuit 
is controlled so that it is kept at a low level during the 
blanking period, and then is sent out to the frame buffer 
and the parallel-serial converter circuit. 

For the circuit of our discussion here, to prevent the 
CPU from having access to the internal data transfer 
cycle of the dual-port memory, we adopted a method of 
inputting the BUSRQ signals to the CPU prior to each 
cycle. The OT /OE signal generator circuit of figure 19 
produces this signal. 

The BUSRQ signal was produced from the HSYNC 
signal generated by the CRT controller. When this 
signal is input into the CPU, the CPU returns the 
BUSAK signal. The OT/OE signal generator receives 
this signal and generates the OT signal that controls 
the internal data transfer. 

The OT signal and the OE signal of the CPU access 
cycle are switched around by the selector in the final 
stage, and hence the OT/OE input signal of the dual­
port memory is created. 

Table 3. 

Register 
Number 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RB 

R9 

R10-R17 

NEC 
Value Settings of CRT Controller (6845) 
Internal Registers 

Register 
Name Setting Spec. Set Value 

Number of all 224 characters/1H 223 = DFH 
horizontal 
characters 

Number of horizontally 160 characters 160 = AOH 
displayed characters 

Horizontally synchro- 180 characters 180=184H 
nous positions 

Width of horizontally 15 characters 15 = OFH 
synchronous pulses 

Number of all 128 rows/1V 127 = 7FH 
vertical characters 

Total raster adjust 4 scan lines 4=04H 
horizontal characters 

Number of vertically 100 rows 100 = 64H 
displayed characters 

Vertically synchro- 108 rows 108 = 6CH 
nous positions 

Interlace mode Non-interlaced O=OOH 

Maximum raster 2 scan lines 1 =01H 
address 

O=OOH 

Figure 20. Photograph of the 320 x 200 Pixel Graphic Display System Board 
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The row address generator counter for data transfer 
creates the row address for internal data transfer of the 
dual-port memory shown in figure 19. In this experi­
ment, the row address of the memory was made to 
correspond to a horizontal scanning line of the display 
on a one-to-one basis and the data transfer cycle is 
executed during the horizontal blanking period. For 
this reason, the circuit of this section was simplified. 

Figure 21. CPU Access Efficiency 
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Figure 22. Draw-Walt Function Timing Diagram 
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The address generator circuit for the data transfer 
counts the blanking signal DE, which is output from the 
CRT controller. The row address counters are cleared 
by VSYNC and their outputs sent to the multiplexer. 

The multiplexer circuit of figure 19 selects the address 
of the dual-port memory. There are two functions 
involved. One is the function to select the row and 
column addresses in a time-sliced fashion. In this case, 
the function is controlled by an output from the clock 
signal generator circuit to the selection A input of the 
multiplexer I Cs. The other function selects the CPU's 
address bus during ordinary CPU access cycles, but 
selects the transfer address during internal data transfer 
cycles. As we explained previously in connection with 
the DT/OE signal generator circuit, the BUSAK signal 
from the CPU controls this function via the selection B 

3 input to the multiplexer I Cs. It should be noted that the 
multiplexer C1 inputs, which become the row address 
in internal data transfer cycles, are always low level in 
the demonstration circuit. If an output port is added to 
allow the CPU to control C1, it should become a simple 
task to accomplish the horizontal dot scrolling function. 

Even with our demonstration circuit, in which we tried 
to keep the peripheral circuits as simple as possible, we 
could achieve an efficiency of 93.3 percent (figure 
21 A). If the real-time data transfer function is used 
effectively, it is possible to make the efficiency 98.28 
percent (figure 21 B). 

If a signal as shown in figure 22 is input to the Draw­
Wait terminal, the next cycle always becomes a display 
cycle. Even when the GDC is executing a graphic 
drawing cycle and updating the contents of the frame 
buffers, so long as such a signal is input from the 
outside, it is possible to force an interrupt in the access 
to frame buffers. Subsequently, the dual-port memory 
can execute the internal data transfer in the next cycle. 

Display Cycle Picture Drawing Cycle Display Cycle 
to Rewrite the Contents of Frame Buffer (To stop the write-In 

activity to frame buffer] 
83-0016078 
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Access Efficiency. Let us calculate the efficiency with 
which the CPU accesses the frame buffers in our 
demonstration circuit. As shown in figure 21A, the 
circuit always executes one data transfer cycle during 
one horizontal scanning period, including the vertical 
blanking period. From the figure we derive that the time 
ratio for the CPU to access the frame buffers is 93.30%. 
This value cannot be attained by means of a conven­
tional single-port RAM. 

If we can effectively use the real-time data transfer 
function, this value can be made even higher. As shown 
in figure 21 B, if one row of the dual-port memory is 
corresponded to a display without waste, it is possible 
to reduce the number of data transfers for each frame 
to 125. If the circuit is designed so that the amount of 
time required for one cycle of data transfer is eight 
times that of the SC clock cycle, then using the 
calculation technique shown in figure 21 B, the ef­
ficiency of the CPU access becomes 98.28%. 

640 x 456 Pixel Graphic Display System 

Next, we shall introduce an application example of a 
medium resolution system with 640 x 456 pixel display 
capability. For this we used an improved version of 
NEC's graphic display controller (GDC), µPD7220A.14 

Draw-Wait. The improved version of the GDC was 
made into a product before the dual-port memory, but 
their development periods overlapped. For this reason, 
we could at least incorporate one function into the 
improved version of the GDC that would work in 
concert with the dual-port memory. This function is the 
Draw-Wait function. We provided a terminal (Draw­
Wait) for temporarily halting externally the graphic 
drawing function of the GDC during its execution. In 
order to prevent an increase in the number of terminal 
ends, we piggy-backed this function with the existing 
light-pen input terminal. When the GDC is initialized, it 
is possible to decide whether this terminal is to be used 
for the light-pen input or the Draw-Wait input. 

Referring to figure 22, when the terminal is used for the 
Draw-Wait input, an external signal is generated that is 
in sync with the GDC clock cycle and able to remain at 
a high level during at least four clock cycles. When the 
signal goes low, the GDC operates in a display cycle. 
This means that when the GDC executes a graphic 
drawing cycle and is updating the contents of the 
frame buffers, if an external signal is sent to the GDC 
(figure 22), in the next cycle the GDC halts the 
operation to update the frame buffers. It is possible to 
utilize this timing for the internal data transfer of the 
dual-port memory. In such an instance, it is also pos­
sible to uti I ize the display address output from the G DC 
as the pointer control address. 
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Flashlng/Flashless Drawing Modes. Before we intro­
duce the application example that combines the GDC 
and the dual-port memory, a brief explanation is in 
order for the graphic drawing mode of the GDC. The 
graphic drawing mode is divided into flashing mode 
and fleshless mode. The fleshless mode allows the 
graphic drawing action of the GDC only during the 
blanking period, whereas in the flashing mode graphic 
drawing can be performed even during display. Al­
though the speed for screen display update increases 
in the flashing mode, in circuits using existing single­
port RAMs as their frame buffers, the display is bound 
to incur flickering (flashing). 

If the dual-port memory is used for the frame buffers, 
even when the GDC is in the flashing mode, there is no 
flickering in the display. It becomes possible to bring 
the drawing efficiency of the GDC close to 100 percent 
while keeping the display from being corrupted by 
flickers. 

Graphic Drawing Speed. With an improved version of 
the GDC as the controller, and a circuit corresponding 
to a 640 x 456 pixel display, we examined the effect of 
improvements in aspects such as graphic drawing 
speed. The specifications of our demonstration board 
made it interchangeable with NEC's graphic memory 
board N5200 Model 05 (APC). 

The N5200 Model 05 (APC) uses a 64K x 1-bit single­
port RAM (µPD4164). By combining 16 such chips into 
a plane, and by internally assembling three planes, we 
made it possible to produce eight dif.ferent colors at a 
time. Since the memory capacity of one plane is 1 
megabit, the display area consisting of 640 x 456 pixels 
is extracted from the plane and displayed. When the 
dual-port memory is used in a configuration, its design 
architecture results in the diagram in figure 23. There, 
one plane consists of four chips. The random port can 
be directly connected to the GDC's bus. The serial port 
can be directly connected to the parallel-serial conver­
ter circuit. The OT/OE, SC, and SOE signals that 
control the dual-port memory are generated by a 
control circuit. 

For the parallel-to-serial converter circuits, we managed 
with an 8-bit circuit for each plane. This was ac­
complished by dividing the memory chips composing 
a plane into two groups, and then flip-flopping the 
serial output enable signal SOE as the input to each 
group. If four kinds of SOE signals, each offset in phase 
by 45 degrees were generated, it would also be possible 
to make the parallel-to-serial conversion circuit as a 
4-bit circuit. 
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Since the frame buffer for each plane consists of four 
chips, it is possible to store 4,096 bits (256 x 4 x 4) of 
data in the data registers within one cycle of internal 
data transfer. If memory and display were matched in 
such a way that all data in the data registers is sent to 
the CRT as display data, because there are 640 horizon­
tal pixels, internal data transfer would need to be per­
formed at an approximate rate of once per 6.4 scanning 
lines. 

µPD41264 

For the purpose of externally interrupting the graphic 
drawing operation during the period of internal data 
transfer of the dual-port memory, we used the Draw­
Wait function of the GDC. The GDC is an improved 
version and operated in flashing mode. 

The GDC is capable of independently establishing the 
virtual width of the display memory and the number of 
display pixels during one horizontal scanning period 

Figure 23. Block Diagram of the 640 x 256 Pixel Graphic Display 
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on the basis of the number of characters. There are two 
different cases for our consideration. In the first case, 
width of the memory is made larger than the number of 
horizontally displayed pixels. If this is done, horizontal 
scrolling becomes possible only by offsetting the 
addresses for the memory readout. Only the parts to be 
displayed are sent to the CRT from the contents of the 
data registers while the data transfer needs to be done 
each time a horizontal blanking period comes around. 

In the second case, the width of the memory is matched 
against the number of horizontal pixels. This allows all 
data stored in the data registers to be sent to the CRT 
as display data. During horizontal blanking periods, 
the SC clock is halted, and hence the data output is 
halted. Timing signals will als.o be generated to continue 
internal data transfer during the display period. 

By connecting the demonstration board to the N5200, 
we examined the results of improvement. In the N5200 
Model 05 (APC), we used an 8086 microprocessor as 

Figure 24. Comparison of Graphic Drawing Times 
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the CPU, with the operating speed set at 5 MHz. Here, 
the GDC was operated in the flashless mode with a 
2.5-MHz clock. Since the demonstration circuit operates 
the GDC in flashing mode, it is possible to update the 
contents of the frame buffers at a speed approximately 
four times as fast. Moreover, we set the GDC's clock at 
5 MHz. Considering all these factors, the update speed 
in our demonstration circuit should be approximately 
eight times as fast as in traditional circuits. 

Figure 24 compares processing time of a system using 
the existing N5200 and one using our demonstration 
circuit. Software to display simple lines, characters, 
and circles is based on graphic software GSX from 
Digital Research Inc. As shown in figure 24, the results 
reduced the total amount of time to only one-half or so. 
But this is because the CPU processing time for other 
than accesses to the frame buffers is very long. If we 
separate graphic drawing time from other processing 
time, the drawing time was shortened to between 1/6 
and 1/8. 
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1280 x 1024 Pixel Graphic Display System 

Finally, as an application in high-resolution display, we 
introduce an example of assembling the frame buffers 
corresponding to 1280 x 1024 pixel displays. 

In this case, one plane consists of five packets of the 
dual-port memory. In order to assemble the buffer 
memory for four planes, 20 packets of the dual-port 
memory were used and they were divided into five 
banks, from the CPU's view. Figure 25 shows this. 

For the 1280 x 1024 pixel display, it is necessary to send 
the display data at a cycle time of about 9.3 ns for each 
pixel. This means that the clock frequency cycle will be 
107 MHz. In the example of figure 25, this data output 
requirement was accomplished by means of a 4-bit 

µPD41264 

parallel-serial converter circuit for each plane. The 
EN0-EN4 symbols signify the enable signals of a 186-ns 
period, each with a phase offset. Using these signals, 
the serial port of each bank is enabled serially, hence 
loading the data in the 4-bit parallel-serial converter 
circuits. Since the serialization cycle time of the dual­
port memory is 40 ns minimum, this leaves room for 
tolerances of other related timings. This is not the case 
with the traditional single-port RAMs. 

In this design, it is possible to assemble the buffer 
memories for four planes. The parallel-to-serial con­
verter circuits forthe high-speed output of data into the 
display can be accomplished by a 4-bit circuit for each 
plane. 

Figure 25. Frame Butler for a 1280 x 1024 Pixel Graphic Display 
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Number of Product Types Will Increase 

The new dual-port memory resolves almost all the 
problems that graphic systems designers have faced 
for many years. We are convinced that the three 
functions-real-time data transfer, pointer control, 
and write-per-bit-will become standard for any dual­
port memory in first-generation frame buffers.a 

Since the initial announcement, we have received 
much feedback from users. We have requests for even 
newer design specifications pertaining to power con­
sumption, packaging, new functions, and so on. 

The serial port we introduced this time adopted a static 
circuit. There is no denying that its power consumption 
level is high. In order to reduce this level, it is necessary 
for us to investigate new circuit technologies or intro­
duction of the CMOS process. 

The package for this product is 400 mils (10.2 mm) 
wide, which makes it large in comparison with tra­
ditional RAMs. Some users expressed their strong 
desire for a 300-mil (7.6-mm) package. For this we 
would need to investigate ways to introduce the pro­
cessing technology used in the 1-megabit dynamic 
RAM, which will appear in the near future as a com­
mercial product, and to make the packaging smaller. 
The idea of containing it within a PLCC is also one of 
our subjects for future investigation. 
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As new functions, we can name the serial input 
function as the first. This makes it possible to directly 
input signals from TV cameras and scanners. We can 
also think of its applications in the communications 
field. We encountered a considerable number of re­
quests stating that even without the serial input cap­
ability, a function to simply transfer additional data 
internally from the data registers to the memory cell 
array is needed. This would make it possible to clear 
the memory quickly. It appears in the CAD/CAM field 
that this function will be a required feature. It should be 
noted that for the purpose of merely clearing the 
memory quickly, there are other techniques that should 
also be considered. In addition, we can think of 
incorporating into the chip the logical and arithmetic 
functions for data. In the current trend in graphic 
processing, the so-called raster operation function ap­
pears to be becoming standard. The arithmetic function 
we refer to corresponds to this trend. 

It is imminent that 1-megabit dynamic RAMs will be 
introduced as commercial products. It should be in 
1985 when each firm will introduce samples. This may 
spur diversification in the types of memory products. 
Not only in x4-bit configuration, but also in x8-bit and 
x16-bit configurations, we will see commercialization 
of the dual-port memory. For the purpose of increasing 
the speed of random access ports, there should be 
attempts made to adopt static column and/or ripple 
modes in such products. 
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NEC Electronics Inc. 

PRELIMINARY INFORMATON 

Description 

The MC-41256A4 is a 262, 144-word by 4-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 

The MC-41256A4 operates like four µPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Ao-A1 
during a 4 ms period. 

The Single lnline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
four µPD41256s in PLCC packages and two power 
supply decoupling capacitors. 

SIMM is a trade mark of Wang Laboratories. 

Features 

0 262, 144-word by 4-bit organization 
0 Single +5 V ± 10% power supply 
0 Standard 22-pin Single lnline Memory Module 

(SIMM) package 
D Incorporates four 256K dynamic RAMs in high-

density PLCC packaging (µPD41256L) 
0 Includes power supply decoupling capacitors 
0 Low power dissipation: 110 mW standby (max) 
0 TTL-compatible 1/0 
0 256 refresh cycles (A0-A7 are refresh address pins) 
0 Page mode capability 

Performance Ranges 

Device 

MC-41256A4-12 

MC-41256A4-15 

Max 
Access Time 

120 ns 

150 ns 

Read or Write 
Cycle Time 

220 ns 

260 ns 

Page Mode 
Cycle Time 

120 ns 

145 ns 

MC·41256A4 
262,144 x 4·BIT 

DYNAMIC NMOS RAM MODULE 

Pin Configuration 

22-Pln SIMM, MC-41256A4A 
(Glass-epoxy Substrate) 

D~ 
GNO 

21 04 

20 04 

19 m 
18 Ao 

17 A2 

@r 03 

15 03 
I 

14 As 

13 A3 

12 A1 

@J 
WE 

10 02 

9 02 
I 

8 A4 

7 As 

6 A1 

D CAS 

o, 
o, 
Vee 
As 

83-003519A 

22-Pln SIMM, MC-41256A4C 
(Ceramic Substrate) 

D~ 
GNO 

21 04 

20 04 

19 RAS 

18 Ao 

•17 A2 

@J 03 

15 03 I 
14 As 

13 A3 

12 A1 

[gJ 
WE 

10 02 

9 02 
I 

8 A4 

7 As 

D 
6 A1 

CAS 

o, 
01 

Vee 
As 

83-001926A 
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Pin Identification 
No. Symbol Function 

1, 6-8, 12-14, 17, 18 Ao-As Address inputs 

2 Vee Power supply (+5.0 V) 

3, 9, 16, 20 D1-D4 Data inputs 

4, 10, 15, 21 01-04 Data outputs 

5 GAS Column address strobe 

11 WE Write enable 

19 RAS Row address strobe 

22 GND Ground 

Block Diagram 

f .,____ Ao-Aa 

RAS 

CAS 

WE 

D1 D at--

Vee GND 

a1 

L-----...1 Ao-As 

RAS 

CAS 

WE 

D2 D Qt--

Vee GND 

a2 

.JL 
II 

Vee 

GND 
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Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, T OPR· ambient Oto +70°C 

Storage temperature, T STG -55to +85°C 

Short circuit output current, los 50mA 

Power dissipation, Po 4.0W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

t--- Ao-As 

RAS 

CAS 

WE 

D3 D al--

Vee GND 

II ,r 
Q3 

.____ Ao-As 

RAS 

CAS 

WE 

D4 D QI---, 

Vee GND 

Q4 
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Capacitance 
TA= o to +10°c, Vee= 5.0 v ± 10%, f = 1 MHz 

Parameter Symbol Min 

Input capacitance C1A 

Input capacitance C1R 

Input capacitance C1c 

Input/output capacitance Coo 

Note: 

(1) GAS= V1H to disable DouT 

DC Characteristics 
TA= o to +70°C; Vee= 5 v ±10%, GND = o v 

Parameter Symbol 

Supply voltage Vee 
Input high voltage V1H 
Input low voltage V1L 
Standby current lcc2 
Input leakage current l1L 

Data input leakage current l1L(D) 

Output leakage current loL 
Output low voltage VoL 
Output high voltage VoH 

AC Characteristics 
TA= o to +10°c; Vee= 5.0 v ±10% 

Min 

4.5 

2.4 

-1.0 

-40 

-10 

-10 

0 

2.4 

MC-41256A4-12 

Parameter Symbol Min Max 

Operating current, average lcc1 332 

Operating current, lcc3 260 
refresh mode, average 

Operating current, lcc4 180 
page mode, average 

~ating current, GAS before Ices 270 
RAS refresh mode, average 

Random read or tRc 220 
write cycle time 

Read-write cycle time tRWC 265 

Page mode cycle time tpc 120 

Refresh period tREF 4 

Access time from RAS tRAC 120 

Access time from GAS tcAC 60 

Output buffer turn-off delay to FF 30 

Transition time (rise and fall) tr 3 50 

RAS precharge time tRP 90 

RAS pulse width tRAS 120 10000 

Limits 

Typ Max 

40 

50 

50 

15 

Limits 

Typ Max 

5.0 5.5 

5.5 

0.8 

20.0 

40 

10 

10 

0.4 

Vee 

MC-41256A4-15 

Min Max 

280 

212 

140 

225 

260 

310 

145 

150 

75 

35 

50 

100 

150 10000 

Unit 

pF 

pF 

pF 

pF 

Unit 

v 
v 
v 

mA 

µA 

µA 

µA 

v 
v 

Unit 

mA 

mA 

mA 

mA 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

MC·41256A4 

Test 
Conditions 

Ao-As 

Test 
Conditions 

RAS= V1H. Dour= High-Z 

For Ao-As. RAS, GAS, WE; 
V1N = 0 to 5.5 V; other pins = 0 V 

For D1-D4; V1N = 0 to 5.5 V; 
other pins = O V 

Dour disabled, Vour =Oto 5.5 V 

lour= 4.2 mA 

lour=-5 mA 

Test 
Conditions 

RAS, GAS cycling, tRc = tRc min (Note 5) 

RAS cycling, GAS= V1H. tRc = tRc min 
(Note 5) 

RAS= VIL· GAS cycling, tpc = tpc min 
(Note 5) 

RAS cycling, GAS= VIL· tRc = tRc min 
(Note 5) 

(Note 6) 

(Note 6) 

(Note 6) 

(Notes 7, 8) 

(Notes 7, 9) 

(Note 10) 

(Note 4) 
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AC Characteristics (cont) 
TA= o to +70°C; Vee= 5.0 v ±10% 

Parameter Symbol 

RAS hold time tRSH 
CA'S pulse width tcAS 
CAS hold time tcsH 
RAS to GAS delay time tRCD 
CA'S to RAS precharge time tcRP 
CAS precharge time tcPN 
(non-page mode) 

CAS precharge time tcp 
(page mode) 

RAS precharge GAS hold time tRPC 
Row address setup time tASR 
Row address hold time tRAH 
Column address setup time tAsc 
Column address hold time tcAH 
Column address hold time tAR 
referenced to RAS' 
Read command setup time tRcs 
Read command hold time referenced tRRH 
to RAS' 
Read command hold tRCH 
time referenced to CAS 

Write command hold time twcH 
Write command hold time referenced twcR 
to RAS 

Write command pulse width twp 
Write command to RAS lead time tRWL 
Write command to CAS lead time tcwL 
Data-in setup time tos 
Data-in hold time toH 
Data-in hold time referenced to RAS to HR 
Write command setup time twcs 
CAS to WE delay tcwo 
RAS to WE delay tRWD 
~ setup time for CAS before RAS tcsR 
refresh 

CAS hold time for CAS before RAS tcHR 
refresh 

Note: 

(1) All voltages referenced to GND. 

MC-41256A4-12 MC-41256A4-15 

Min Max Min Max 

60 75 

60 10000 75 10000 

120 150 

25 60 25 75 

10 10 

25 25 

50 60 

15 15 

20 25 

80 100 

20 20 

30 40 

90 115 

20 25 

40 45 

40 45 

30 40 

90 115 

60 75 

120 150 

10 10 

30 30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Test 
Conditions 

(Note 11) 

(Note 12) 

(Note 13) 

(Note 13) 

(Note 14) 

(Note 14) 

(Note 15) 

(Note 15) 

(Note 15) 

(Note 16) 

(Note 16) 

(2) An initial pause of 100 µs is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tr= 5 ns. 

(4) VtH (min) and v1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and V1L· 

(5) lcc1, lcc3• lcc4• and Ices depend on output loading and cycle rates. Specified values were obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF (VoH = 2.0 V, VoL = 0.8 V). 
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AC Characteristics (cont) 
Note [con!]: 

MC-41256A4 

(8) Assumes that tRcD :s tRcD (max). If tRco is greater than the maximum recommended value in this table, tRAC increases by the amount 
that tRcD exceeds the value shown. 

(9) Assumes that tRcD;::::: tRco (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRco (max) limit assures that tRAC (max) can be met. tRco (max) is specified as a reference point only; if tRco is 
greater than tRcD (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twcs. tcwo. and tRwo are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs;::::: twcs (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tcwo;::::: tcwo (min) and tRwD;::::: tRwo (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, 
the condition of the data out (at access time and until CAS returns to v1H) is indeterminate. 

(16) CAS before RAS operation is specified. 

Timing Waveforms 

Read Cycle Read-Write/Read-Modify-Write Cycle • 
B3-001657A 

83-001659A 

Write Cycle (Early Write) 
RAS-Only Refresh Cycle 

83-001660A 

83-001658A 
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MC-41256A4 

Timing Waveforms (cont) 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

Page Mode Read-Write/Read-Modify-Write Cycle 

4-6 
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NEC MC·41256A4 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

V1H­
RAS V1L-

V1H-
CAS V1L-

V1H-
Address 

V1L-

WE V1H­

i------Memory Cycle----...i.o----CBR Cycle-

V1L - -...~ ....... ......._~.._,....-

CAS Before RAS Refresh Cycle 

CBR Cycle 

i---------------~IRC---------------+1 

VIH­

Rl'§ VIL-

V1H-

CAS VIL -

-----------IRAS----------+! 

-t~· ICHR=t 

DouTVoH-~~~~~~~~~~~~~~~-~~-Hl-gh_l_m_p_ed_a_nc_e ________ ~---------
VoL-

Note: 
[1] WE, Address: Don't Care. 

83-0019788 

83-0019798 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The MC-41256A5 is a 262,144-word by 5-bit NMOS 
dynamic RAM module, designed to operate from a 
sing le +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 

The MC-41256A5 operates like five µPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of A0-A7 
during a 4 ms period. 

The Single lnline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
five µPD41256s in PLCC packages and two power 
supply decoupling capacitors. 

SIMM is a trade mark of Wang Laboratories. 

Features 

D 262, 144-word by 5-bit organization 
D Single +5 V ± 10% power supply 
D Standard 24-pin Single lnline Memory Module 

(SIMM) package 
D Incorporates five 256K dynamic RAMs in high-

density PLCC packaging (µPD41256L) 
D Includes power supply decoupling capacitors 
D Low power dissipation: 138 mW standby (max) 
D TTL-compatible 1/0 
D 256 refresh cycles (A0-A7 are refresh address pins) 
D Page mode capability 

Performance Ranges 

Device 

MC-41256A5-12 

MC-41256A5-15 

Max 
Access Time 

120 ns 

150 ns 

Read or Write 
Cycle Time 

220 ns 

260 ns 

Page Mode 
Cycle Time 

120 ns 

145 ns 

MC·41256A5 
262,144 x 5·BIT 

DYNAMIC NMOS RAM MODULE 

Pin Configuration 

0 24 

23 

22 

21 

01~ ~16 

0
15 

14 

13 

12 

11 

10 

@1
9 

I 
I 

_J 

0 
Pin Identification 
No. Symbol 

1, 6-8, 12-14, 17, 18 Ao-As 

Vee 

3, 9, 16, 20, 23 D1-Ds 

4, 10, 15, 21, 24 01-05 

5 GAS 

11 WE 

19 RAS 

22 GND 

05 

05 

GNO 

04 

04 

RAS 

Ao 

A2 

03 

03 

As 

A3 

A1 

WE 
02 

02 

A4 

As 

A1 

CAS 

01 

01 

Vee 
As 

83-003206A 

Function 

Address inputs 

Power supply (+5.0 V) 

Data inputs 

Data outputs 

Column address strobe 

Write enable 

Row address strobe 

Ground 
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MC·41258A5 NEC 
Block Diagram 

I 
~ Ao-Ae ~ Ao-Ae 

RAS RAS 

CAS CAS 

WE WE 

o, D Q 1-- D3 D QI--

Vee GND Vee GND 

Q, Q3 

._____, Ao-Ae 1----1 Ao-Ae 

RAS RAS 

CAS CAS 

WE WE 

D2 D QI-- D4 D QI-----

Vee GND Vee GND 

Q2 Q4 

-1L 
-ir II 

....___ Ao-Ae 
Vee 

RAS 

GND CAS 

WE 

D5 D Q.,__, 

Vee GND 

Qs 

49·001361C 
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NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, T OPR· ambient o to +70°c 

Storage temperature, T STG -55 to +85°C 

Short circuit output current, los 50mA 

Power dissipation, Po 5.0W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= o to +10°c, Vee= 5.0 v ± 10%, f = 1 MHz 

limits 

Parameter Symbol Min Typ 

Input capacitance C1A 

Input capacitance C1R 

Input capacitance C1e 

Input/ output capacitance Coo 

Note: 

(1) GAS= v1H to disable Dour 

DC Characteristics 
TA= o to +10°c; Vee= 5 v ±10%, GND = o v 

limits 

Parameter Symbol Min Typ 

Supply voltage Vee 4.5 5.0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0 

Standby current lee2 
Input leakage current l1L -50 

Data input leakage current l1L(D) -10 

Output leakage current loL -10 

Output low voltage Vol 0 

Output high voltage VoH 2.4 

Max Unit 

45 pF 

55 pF 

55 pF 

15 pF 

Max Unit 

5.5 v 
5.5 v 
0.8 v 
25.0 mA 

50 µA 

10 µA 

10 µA 

0.4 v 
Vee v 

MC·41256A5 

Test 
Conditions 

Ao-As 

RAS, WE 

GAS 

D1-D5, 01-05 (Note 1) 

Test 
Conditions 

RAS = V1H. Dour = High-Z 

For Ao-As. RAS, GAS, WE; 
V1N = 0 to 5.5 V; other pins = 0 V 

For D1-D5; V1N = 0 to 5.5 V; 
other pins = O V 

Dour disabled, Vour = o to 5.5 V 

lour =4.2 mA 

lour=-5 mA 
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MC·41256A5 NEC 
AC Characteristics 
TA= o to +70°C; Vee= 5.0 v ±10% 

MC·41256A!l-12 MC-4125815· 15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

Operating current, average lcc1 415 350 mA RAS, CAS cycling, tRc = tRc min (Note 5) 

Operating current, lcca 325 265 mA RAS cycling, CAS = V1H. tRc = tRc min 
refresh mode, average (Note 5) 

Operating current, lcc4 225 175 mA RAS = V1L. CAS cycling, tpc = tpc min 
page mode, average (Note 5) 

~ating current, CAS before Ices 340 280 mA RAS cycling, CAS = VIL· tRc = tRc min 
refresh mode, average (Note 5) 

Random read or tRc 220 260 ns (Note 6) 
write cycle time 

Read-write cycle time tRWC 265 310 ns (Note 6) 

Page mode cycle time tpc 120 145 ns (Note 6) 

Refresh period tREF 4 4 ms 

Access time from R~S tRAC 120 150 ns (Notes 7, 8) 

Access time from CAS tcAC 60 75 ns (Notes 7, 9) 

Output buffer turn-off delay to FF 30 0 35 ns (Note 10) 

Transition time (rise and fall) tr 50 3 50 ns (Note 4) 

RAS precharge time tRP 90 100 ns 

RAS pulse width tRAS 120 10000 150 10000 ns 

RAS hold time tRSH 60 75 ns 

CAS pulse width tcAS 60 10000 75 10000 ns 

CAS hold time tcsH 120 150 ns 

RAS to CAS delay time tRCD 25 60 25 75 ns (Note 11) 

CAS to RAS precharge time tcRP 10 10 ns (Note 12) 

CAS precharge time tcPN 25 25 ns 
(non-page mode) 

CAS precharge time tcp 50 6Q ns 
(page mode) 

RAS precharge CAS hold time tRPC 0 ns 

Row address setup time tASR 0 ns 

Row address hold time tRAH 15 15 ns 

Column address setup time tAsC 0 0 ns 

Column address hold time tcAH 20 25 ns 

Column address hold time tAR 80 100 ns 
referenced to RAS 

Read command setup time tRCS 0 ns 

Read command hold time tRRH 20 20 ns (Note 13) 
referenced to RAS 

Read command hold tRCH 0 ns (Note 13) 
time referenced to CAS 

Write command hold time twcH 30 40 ns 

Write command hold time twcR 90 115 ns 
referenced to RAS 

Write command pulse width twp 20 25 ns 

Write command to RAS tRWL 40 45 ns 
lead time 
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NEC 
AC Characteristics (cont) 
TA= o to +70°c; Vee= 5.0 v ±10% 

Parameter Symbol 

Write command to CAS tcwL 
lead time 

Data-in setup time tos 
Data-in hold time toH 
Data-in hold time referenced to RAS to HR 
Write command setup time twcs 
CAS to WE delay tcwo 
RAS to WE delay tRWD 
CAS setup time for GAS" before RAS tcsR 
refresh 

"CAS hold time for CAS before RAS tcHR 
refresh 

Note: 

(1) All voltages referenced to GND. 

MC·41256A5 

MC-41256A5-12 MC-41256A5·15 Test 
Min Max Min Max Unit Conditions 

40 45 ns 

ns (Note 14) 

30 40 ns (Note 14) 

90 115 ns 

0 0 ns (Note 15) 

60 75 ns (Note 15) 

120 150 ns (Note 15) 

10 10 ns (Note 16) 

30 30 ns (Note 16) 

(2) An initial pause of 100 µsis required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

(5) lcc1. lcc3. lcc4. and Ices depend on output loading and cycle rates. Specified values were obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= 0 to +70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF (VoH = 2.0 V, VOL= 0.8 V). 

(8) Assumes that tRco ::s tRcD (max). If tRco is greater than the maximum recommended value in this table, tRAC increases by the amount 
that tRco exceeds the value shown. 

(9) Assumes that tRco 2:: tRcD (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tRco (max) limit assures that tRAC (max) can be met. tRcD (max) is specified as a reference point only; if tRcD is 
greater than tRco (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRCH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twcs. tcwo. and tRwo are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs 2:: twcs (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tcwo 2:: tcwo (min) and tRwD 2:: tRwD (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, 
the condition of the data out (at access time and until CAS returns to v1H) is indeterminate. 

(16) CAS before RAS operation is specified. 
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MC·41256A5 

Timing Waveforms 

Read Cycle 

Write Cycle (Early Write) 

4-14 

NEC 

Read-Write/Read-Modify-Write Cycle 

83-001657A 

RAS-Only Refresh Cycle 

83-001658A 



NEC 
Timing Waveforms (cont) 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

Page Mode Read-Write/Read-Modify-Write Cycle 

MC·41258A5 

83-0016616 

II 

83-0016626 

83-0016646 
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MC·41256A5 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

------'Memory Cycle----.i-CBR Cycle1------CBR Cycle 

V1H-
CAS V1L-

V1H-
Address 

V1L-

WE V1H­

V1L - ~.._"'-'~.._ ...... r-M 

VoH-
DouT ~------------~1 VoL-

CAS Before RAS Refresh Cycle 

JinV1H­

V1L-

V1H­

CAS V1L -

-{~M 

l+--------------~IRC---------------t 

-----------IRAS----------~ 

ICHR=Y 

NEC 

83-0019788 

DourVoH-__________________ H_1_gh-1m_p_ed_•_nc_e ____ --------------

VoL-

Note: 
[1) WE, Address: Don't Care. 

83-0019798 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The MC-41256A8 is a 262, 144-word by 8-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 

The MC-41256A8 operates like eightµPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of A0-A7 
during a 4 ms period. 

The Single lnline Memory Module (SIMMT") package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
eight µPD41256s in PLCC packages and eight pawer 
supply decoupling capacitors. 

SIMM is a trade mark of Wang Laboratories. 

Features 

D 262,144-word by 8-bit organization 
D Single +5V ± 10% power supply 
D Standard 30-pin Single lnline Memory Module 

(SIMM) package 
D Incorporates eight 256K dynamic RAMs in high-

density PLCC packaging (µPD41256L) 
D Includes power supply decoupling capacitors 
D Low power dissipation: 220 mW standby (max) 
D TTL-compatible 1/0 
D 256 refresh cycles (A0-A7 are refresh address pins) 
D Page mode capability 

Performance Ranges 

Device 

MC-41256A8-12 

MC-41256A8-15 

Max 
Access Time 

120 ns 

150 ns 

Read or Write 
Cycle Time 

220 ns 

260 ns 

Page Mode 
Cycle Time 

120 ns 

145 ns 

MC·41256A8 
262,144 x 8·BIT 

DYNAMIC NMOS RAM MODULE 

Pin Configurations 

30-Pln SIMM, MC-41256ABA 

30 

29 

28 

27 

[gj26 .., 
25 

24 

[gj23 22 
_J 

21 

[gj20 19 

18 

[gj:: 
15 

14 

[gj13 
12 

11 

[gj10 I 9 

8 

[gJ _J 

[gJ 3 
_J 

Vee 
NC 
NC 
iiAS 
NC 
I/Os 

NC 
1/07 

GND 
'WE 
I/Os 

NC 
NC 

As 
1/05 

A1 

A& 

1/04 

As 

A4 
1/03 

GND 

A3 

A2 

1/02 

A1 

Ao 

1/01 

CAs 
Vee 

83-001924A 
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MC·41256A8 

Pin Configurations (cont) 

30-P/n SIMM, MC-41256ABB 

0 
30 

29 

28 

27 

§ 26 

25 .J 
24 

§ 
23 

22 
.J 

21 

§ 
20 

19 
.J 18 

17 

§ 16 

15 .J 

14 

§ 13 

12 .J 
11 

§ 
10 

9 
.J 

8 

§ 
7 

6 
...J 

5 

§ 
4 

3 
...J 2 

0 
1 

4-18 

Vee 
NC 

NC 

RA'S 
NC 

l/Oe 

NC 

WE 
I/Os 

NC 

NC 

Ae 

1/05 

A1 

As 

1/04 

As 

A4 
1/03 

GND 

A3 

A2 

1102 

A1 

Ao 

1/01 

CA'S 
Vee 

NEC 
Pin Identification 
No. Symbol Function 

1, 30 Vee Power supply (+5.0 V) 

2 CAS Column address strobe 

3, 6, 10, 13 1101-l/Oa Common data inputs/outputs 
16, 20, 23, 35 

4, 5, 7, 8, 11, Ao-As Address inputs 
12, 14, 15, 17 

9, 22 GND Ground 

18, 19, 24, 26 NC No connection 
28, 29 

21 WE Write enable 

27 RAS Row address strobe 

83-001925A 



NEC MC·41256A8 

Block Diagram 

J 
~ Ao-As ~ Ao-As 

RAS RAS 

CAS eAS 

WE WE 

1101 DIN Dour 1----i 1/05 D1N Dour f--

Vee GND Vee GND 

1 
1 

~ Ao-As t--- Ao-As 

RAS RAS 

CAS eAS 

WE WE 

1/02 DIN Dour 
,__ 

I/Os D1N Dour 1-- II 
Vee GND Vee GND 

1 
1 

~ Ao-As ~ Ao-As 

RAS RAS 

CAS eAS 

WE WE 

1/03 D1N Dour I-- 1/07 D1N Dour 1--

Vee GND Vee GND 

1 
1 

~ Ao-As ~ A0-As 

RAS RAS 

CAS CAS 

-WE WE 

1/04 DIN Dour I-- I/Os DIN Dour 1--

Vee GND Vee GND 

l 
Vee l 

GND 
~ C1 • • ••~Ce 

49-001362C 
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MC·41256A8 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, T OPR· ambient Oto +70°C 

Storage temperature, T STG -55 to +85°C 

Short circuit output current, los 50 mA 

Power dissipation, Po 8.0W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= o to +70°C, Vee= 5.0 v ± 10%, f = 1 MHz 

Limits 

Parameter Symbol Min Typ 

Input capacitance C1A 

Input capacitance C1R 

Input capacitance C1e 

Input/output capacitance Coo 

Note: 

(1) CAS = V1H to disable Dour 

DC Characteristics 
TA= o to +70°c; Vee= 5 v ±10%, GND = o v 

Limits 

Parameter Symbol Min Typ 

Supply voltage Vee 4.5 5.0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0 

Standby current lee2 
Input leakage current l1L -80 

Output leakage current loL -20 

Output low voltage Vol 
Output high voltage VoH 2.4 

4-20 

Max Unit 

55 pf 

70 pf 

70 pf 

17 pf 

Max Unit 

5.5 v 
5.5 v 
0.8 v 
40.0 mA 

80 µA 

20 µA 

0.4 v 
Vee v 

NEC 

Test 
Conditions 

Ao-As 

RAS, WE 

GAS 

1101-l/Oa (Note 1) 

Test 
Conditions 

RAS = V1H. Dour = High-Z 

V1N = O to 5.5 V; other pins = O V 

Dour disabled, Vour = o to 5.5 v 
lour= 4.2 mA 

lour= -5 mA 



NEC MC·41256A8 

AC Characteristics 
TA= o to +70°C; Vee= 5.0 V ±10% 

MC-41256A8· 12 MC·41256A8-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

Operating current, average lcc1 664 560 mA RAS, GAS cycling, tRc = tRc min (Note 5) 

Operating current, 1cc3 520 425 mA RAS cycling, GAS= V1H. tRc = tRc min 
refresh mode, average (Note 5) 

Operating current, 1cc4 360 280 mA RAS= VIL· GAS cycling, tpc = tpc min 
page mode, average (Note 5) 

~ating current, GAS before Ices 545 450 mA RAS cycling, GAS= V1L. tRc = tRc min 
refresh mode, average (Note 5) 

Random read or tRc 220 260 ns (Note 6) 
write cycle time 

Page mode cycle time tpc 120 145 ns (Note 6) 

Refresh period tREF 4 ms 

Access time from RAS tRAC 120 150 ns (Notes 7, 8) 

Access time from GAS tcAC 60 75 ns (Notes 7, 9) 

Output buffer turn-off delay to FF 30 35 ns (Note 10) 

II Transition time (rise and fall) tr 50 50 ns (Note 4) 

RAS precharge time tRP 90 100 ns 

RAS pulse width tRAS 120 10000 150 10000 ns 

RAS hold time tRSH 60 75 ns 

GAS pulse width tcAS 60 10000 75 10000 ns 

GAS hold time tcsH 120 150 ns 

RAS to GAS delay time tRCD 25 60 25 75 ns (Note 11) 

GAS to RAS precharge time tcRP 10 10 ns (Note 12) 

GAS precharge time tcPN 25 25 ns 
(non-page mode) 

GAS precharge time tcp 50 60 ns 
(page mode) 
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MC·41256A8 

AC Characteristics (cont) 
TA= o to +10°c; Vee= 5.0 v ±10% 

Parameter Symbol 

RAS precharge Ci!:S hold time tRPC 

Row address setup time tASR 

Row address hold time tRAH 

Column address setup time tAsc 

Column address hold time tcAH 

Column address hold time tAR 
referenced to RAS 

Read command setup time tRcs 

Read command hold time referenced tRRH 
to RAS 

Read command hold tRCH 
time referenced to CAS 

Write command hold time twcH 

Write command hold time referenced twcR 
to RA'S 
Write command pulse width twp 

Write command to RAS lead time tRWL 

Write command to CAS lead time tcwL 

Data-in setup time tos 

Data-in hold time toH 

Data-in hold time referenced to RAS toHR 

Write command setup time twcs 

CAS setup time for CAS before RAS 
refresh 

tcsR 

CAS hold time for GAS before RAS 
refresh 

tcHR 

Note: 

(1) All voltages referenced to GND. 

MC-41258A8-12 

Min Max 

0 

15 

0 

20 

80 

20 

0 

30 

90 

20 

40 

40 

0 

30 

90 

0 

10 

30 

MC-4125&A8· 15 

Min Max 

0 

0 

15 

0 

25 

100 

20 

40 

115 

25 

45 

45 

0 

40 

115 

10 

30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEC 

Test 
Conditions 

(Note 13) 

(Note 13) 

(Note 14) 

(Note 14) 

(Note 15) 

(Note 15) 

(2) An initial pause of 100 µs is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tr= 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

(5) lcc1. lcc3. lcc4. and Ices depend on output loading and cycle rates. Specified values were obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF (VoH = 2.0 V, VoL = 0.8 V). 

(8) Assumes that tRco :5 tRco (max). If tRcD is greater than the maximum recommended value in this table, tRAC increases by the amount 
that tRco exceeds the value shown. 

(9) Assumes that tRco ~ tRco (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tRco (max) limit assures that tRAC (max) can be met. tRcD (max) is specified as a reference point only; if tRco is 
greater than tRco (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS. 

(15) CAS before RAS operation is specified. 
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NEC 
Timing Waveforms 

Read Cycle 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

Write Cycle (Early Write) 

83-001657A 

MC·41256A8 

II 

83-0016618 

83-0016628 
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MC·41258A8 NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

i.------Memory Cycle,----..i-cBR Cycl••---..i.--cBR Cycle 

V1H-
CAS V1L-

V1H-
Address 

V1L -

WE V1H­

V1L - ......,"'---...."'-....... .._ 

83-0019788 

RAS-Only Refresh Cycle 
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NEC MC·41258A8 

Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 

1.------------tRC------------t 

_VIH­
RAS V1L -

_V1H-
CAS V1L -

Note: 

-{~' 

[1) WE, Address: Don't Care. 

---------IRAS---------1 

.,,,,,~ E 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The MC-41256A9 is a 262,144-word by 9-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 Vpowersupply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 

The MC-41256A9 operates like eightµPD41256 standard 
256K DRAMs with a parity bit. Refresh is accomplished 
by performing RAS-only refresh cycles, hidden refresh 
cycles, CAS before RAS refresh cycles, or normal read 
or write cycles on the 256 address combinations of 
A0-A7 during a 4 ms period. 

The Single lnline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
nine µPD41256s in PLCC packages and nine power 
supply decoupling capacitors. 

SIMM is a trade mark of Wang Laboratories. 

Features 

D 262, 144-word by 9-bit organization 
D Single +5 V ± 10% power supply 
D Standard 30-pin Single lnline Memory Module 

(SIMM) package 
D Incorporates nine 256K dynamic RAMs in high-

density PLCC packaging (µPD41256L) 
D Includes power supply decoupling capacitors 
D Low power dissipation: 248 mW standby (max) 
D TTL-compatible 1/0 
D 256 refresh cycles (A0-A7 are refresh address pins) 
D Page mode capability 

Performance Ranges 

Device 

MC-41256A9-12 

MC-41256A9-15 

Max 
Access Time 

120 ns 

150 ns 

Read or Write 
Cycle Time 

220 ns 

260 ns 

Page Mode 
Cycle Time 

120 ns 

145 ns 

MC·41256A9 
262,144 x 9·BIT 

DYNAMIC NMOS RAM MODULE 

Pin Configurations 

30-Pln SIMM, MC-41256A9A 

30 

29 

28 

27 

20 

19 

18 

~~~ 
L__:_=.:J 15 

14 

§ 13 

12 

11 

~3 
L'.:=__:_J 

Vee 

DouT9 

I/Os 

As 

1/04 

As 

A4 

1/03 

GND 
A3 

A2 

1/02 

A1 

Ao 

1101 

CAs 
Vee 

83-001922A 
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MC·41256A9 NEC 
Pin Configurations (cont) Pin Identification 

No. Symbol Function 

1, 30 Vee Power supply (+5.0 V) 
30-Pln SIMM, MC-41256A98 

2 GAS Column address strobe 

3, 6, 10, 13, 16, 20, 1101-l/Oa Common data 
23, 25 inputs/outputs 

4, 5, 7, 8, 11, 12, 14, Ao-Aa Address inputs 
15, 17 

0 
30 Vee 

§ 29 D1N9 

28 CAS9 .J 

27 RA8 

9, 22 GND Ground 

18, 19, 24 NC No connection 
§ 26 Doure 

25 l/Oa .J 
24 NC 

21 WE Write enable 

26 Dourg Data output 9 § 23 1/07 

22 GND 
J 

21 WE 

27 RAS Row address strobe 

28 CASg Column address strobe for 
data output 9 

29 D1N g Data input 9 

§ 
20 l/Oa 

19 NC 
J 18 NC 

17 As 

§ 16 1/05 

15 A7 J 

14 A& 

§ 13 1/04 

12 As ..J 
11 A4 

CG 
10 1/03 

9 GND 
J 

8 A3 

§ 
7 A2 

6 1/02 
...J 

5 A1 

§ 
Ao 

1/01 
_J 

2 m 

0 
1 Vee 

83-001923A 
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NEC MC·41256A9 

Block Diagram 

t--- Ao-As t--- A0-As 

RAS m 
eAS eAS 

WE WE 

1/01 DIN .,,.0 I/Os 

1 
D1N .. ,.~ 

Vee ONO Vee ONO 

T 
T 

~ Ao-As ..,____...., A0-As 

RAS RAS 

eAS CA§ 

WE WE 

1/02 DIN 

~"'O 
I/Os 

1 
D1N 

~"'~ 
Vee ONO Vee ONO 

T 
T 

II 
..,__ Ao-As .,..___ A0-As 

m RAS 

CA'S ra 
WE WE 

1/03 DIN 

~"'O 
1/07 

1 
DIN .. ,.~ 

Vee ONO Vee ONO 

T 
1 

L...----1 Ao-As ~ Ao-As 

RAS m 
CA'S ra 
WE WE 

1/04 DIN 

~"'Q 
I/Os 

1 
D1N 

~"'~ Vee ONO Vee ONO 

1 
Vee 1 f c'•ruct 

r Vee ONO 
ONO ..___ Ao-As 

m 
eAS9 CA§ 

WE 

DINS DIN Dour~ 
DOUT9 

49·001364e 
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MC·41256A9 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, T OPR· ambient Oto +70°G 

Storage temperature, T srG -55 to +85°G 

Short circuit output current, los 50 mA 

Power dissipation, Po 9.0W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= o to +70°C, Vee= 5.0 V ± 10%, f = 1 MHz 

Parameter Symbol 

Input capacitance G1A 

Input capacitance G1R 

Input capacitance G1e 

Input capacitance G1e g 

Input capacitance G1N 9 

Input/output capacitance G10 

Output capacitance Gourg 

Note: 

(1) CAS = V1H to disable DouT 

(2) CASg = V1H to disable DouT 9 

DC Characteristics 

Min 

TA= o to +70°c; Vee= 5 v ±10%, GND = o v 

Parameter Symbol Min 

Supply voltage Vee 4.5 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0 

Standby current lee2 

Input leakage current l1L -90 

Input leakage current l1L 9 -10 

Output leakage current loL -20 

Output leakage current loL 9 -10 

Output low voltage VoL 0 

Output high voltage VoH 2.4 

4,.30 

Limits 

Typ 

Limits 

Typ 

5.0 

Max Unit 

60 pF 

75 pF 

70 pF 

13 pF 

17 pF 

17 pF 

12 pF 

Max Unit 

5.5 v 
5.5 v 
0.8 v 
45.0 mA 

90 µA 

10 µA 

20 µA 

10 µA 

0.4 v 
Vee v 

NEC 

Test 
Conditions 

Ao-As 

RAS, WE 

GAS 

GASg 

D1N 9 

1101-l/Oa (Note 1) 

Dour g (Note 2) 

Test 
Conditions 

RAS = V1H. Dour= High-Z 

For Ao-As. RAS, GAS, WE; 
V1N = 0 to 5.5 V; other pins = 0 V 

For GASg, D1N g; V1N = 0 to 5.5 V; 
other pins = 0 V 

For 1101-l/Os; Dour disabled, 
Vour = o to 5.5 v 

For Dour g; Dour g disabled, 
Vour = o to 5.5 v 
lour= 4.2 mA 

lour=-5 mA 



NEC MC·41256A9 

AC Characteristics 
TA= o to +10°C; Vee= 5.0 V ± 10% 

MC-4125&A9-12 MC-4125&A9-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

Operating current, average lcc1 747 630 mA FiAS, ~cycling, tRc = 
tRc min (Note 5) 

Operating current, lcc3 585 475 mA RAS cycling, CAS = V1H. 
refresh mode, average tRc = tRc min (Note 5) 

Operating current, lcc4 405 315 mA RAS= V1L. GAS cycling, 
page mode, average tpc = tpc min (Note 5) 

~ating current, CAS before Ices 610 505 mA RAS cycling, CAS =VIL· 
refresh mode, average tRc = tRc min (Note 5) 

Random read or write cycle time tRc 220 260 ns (Note 6) 

Read-write cycle time tRWC 265 310 ns (Notes 6, 17) 

Page mode cycle time tpc 120 145 ns (Note 6) 

Refresh period tREF 4 4 ms 

Access time from RAS tRAC 120 150 ns (Notes 7, 8) 

Access time from CAS tcAC 60 75 ns (Notes 7, 9) 

II Output buffer turn-off delay to FF 0 30 35 ns (Note 10) 

Transition time (rise and fall) tr 3 50 3 50 ns (Note 4) 

RAS precharge time tRP 90 100 ns 

RAS pulse width tRAS 120 10000 150 10000 ns 

RAS hold time tRSH 60 75 ns 

CAS pulse width tcAS 60 10000 75 10000 ns 

CAS hold time tcsH 120 150 ns 

RAS to CA'S delay time tRCD 25 60 25 75 ns (Note 11) 

CAS to RAS precharge time tcRP 10 10 ns (Note 12) 

CAS precharge time tcPN 25 25 ns 
(non-page mode) 

CAS precharge time (page mode) tcp 50 60 ns 

RAS precharge CAS hold time tRPC 0 ns 

Row address setup time tASR ns 

Row address hold time tRAH 15 15 ns 

Column address setup time tAsc 0 ns 

Column address hold time tcAH 20 25 ns 

Column address hold time tAR 80 100 ns 
referenced to RAS 

Read command setup time tRCS 0 ns 

Read command hold time referenced tRRH 20 20 ns (Note 13) 
to RAS 

Read command hold tRCH 0 ns (Note 13) 
time referenced to CAS 

Write command hold time twcH 30 40 ns 

Write command hold time referenced twcR 90 115 ns 
to RAS 

Write command pulse width twp 20 25 ns 

Write command to RAS lead time tRWL 40 45 ns 

Write command to CAS lead time tcwL 40 45 ns 
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MC·41256A9 

AC Characteristics {cont) 
TA= o to +70°c; Vee= 5.0 v ±10% 

Parameter Symbol 

Data-in setup time tos 
Data-in hold time toH 
Data-in hold time referenced to A.ti] to HR 
Write command setup time twcs 
GAS to WE delay tcwo 
RAS to WE delay tRWD 
GAS setup time for GAS before RAS 
refresh 

tcsR 

GAS hold time for GAS before RAS 
refresh 

tcHR 

Note: 

(1) All voltages referenced to GND. 

MC·41256A9· 12 

Min Max 

0 

30 

90 

0 

60 

120 

10 

30 

MC·41256A9·15 

Min Max 

40 

115 

0 

75 

150 

10 

30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NEC 

Test 
Conditions 

(Note 14) 

(Note 14) 

(Note 15, 17) 

(Note 15, 17) 

(Note 15, 17) 

(Note 16) 

(Note 16) 

(2) An initial pause of 100 µsis required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume IT= 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between v1H and VIL· 

(5) lcc1. lcc3. lcc4, and Ices depend on output loading and cycle rates. Specified values were obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF (VoH = 2.0 V, VoL = 0.8 V). 

(8) Assumes that tRco ~ tRco (max). If tRco is greater than the maximum recommended value in this table, tRAC increases by the amount 
that tRcD exceeds the value shown. 

(9) Assumes that tRcD 2:: tRcD (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tRco (max) limit assures that tRAC (max) can be met. tRco (max) is specified as a reference point only; if tRcD is 
greater than tRcD (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) For DouT g, twcs. tcwo. and tRwD are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs;:::: twcs (min), 
the cycle is an early write cycle and the data output will remain open circuit throughout the entire cycle. If tcwo2:: tcwo (min) and tRwo;:::: 
tRwo (min), the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above 
conditions is met, the condition of DouT g (at access time and until CASg returns to V1H) is indeterminate. 

(16) CAS before RAS operation is specified. 

(17) Read-write/read-modify-write operation can be performed only by the PLCC controlled by CASg because of its separate data input and 
output terminals. 
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NEC 
Timing Waveforms 

Read Cycle 

Write Cycle (Early Write) 

83·001657A 

83-001658A 

MC·41256A9 

Read-Write/Read-Modify-Write Cycle (Dour 9 only) 

DouT -----------1 
l'----------'r 

83·001659A 

RAS-Only Refresh Cycle 

II 
DouT ---H-1""'gh""1-.m-pe_d_a-nc_e ___________ _ 

83-001660A 
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MC·41256A9 

Timing Waveforms (cont) 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

Page Mode Read-Write/Read-Modify-Write Cycle (Dour 9 only) 
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NEC MC·41256A9 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

V1H­
RAS VJL-

VJH-
CAS VJL-

VJH-
Address 

VJL -

WE VJH­

i..------Memory Cycle,-----"'---CBR Cycle------CBR Cycle 

VJL - ..... -.~._.-."""'....u 

CAS Before RAS Refresh Cycle 

VJH­

m VJL-

_VJH-
CAS VJL _ 

-{'"' 

l+--------------~·tRC---------------+I 

!.-----------IRAS----------~ 

ICHRj; 

DourVOH--------------------H-1g_h_1m_p_ed_a_nc_e _________________ _ 
VoL-

Note: 
[1} WE", Addre11: Don't Care. 

83-0019788 

83·0019798 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The MC-411OOOA1 is a 1,048,576-word by 1-bit N MOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, sense ampli­
fiers, multiplexed address buffers, and flexible refresh 
controls provide good system operating margins. 

Separate data input and data output pins from four 
µPD41256s are controlled by individual RAS pins and 
common CAS and WE. Data pins are connected in 
parallel to provide single input and single output 
terminals. Refresh is accomplished on each of the four 
µPD41256s by performing RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or normal read or write cycles on the 256 address 
combinations of A0-A7 during a 4 ms period. 

The Single lnline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
four µPD41256s in PLCC packages and two power 
supply decoupling capacitors. 

SIMM is a trademark of Wang Laboratories. 

Features 

D 1,048,576-word by 1-bit organization 
D Single +5 V ± 10% power supply 
D Standard 22-pin Single lnline Memory Module 

(SIMM) package 
D Incorporates four 256K dynamic RAMs in high-

density PLCC packaging (µPD41256L) 
D Includes power supply decoupling capacitors 
D Low power dissipation: 11 O mW standby (max) 
D TTL-compatible 1/0 
D 256 refresh cycles (Ao-A7 are refresh address pins) 
D Page mode capability 

Performance Ranges 
Max Raad or Write 

Device Access Time Cycle Time 

MC-411000A 1-12 120 ns 220 ns 

MC-411000A 1-15 150 ns 260 ns 

Paga Mode 
Cycle Time 

120 ns 

145 ns 

MC·411000A1 
1,048,576 x 1·BIT 

DYNAMIC NMOS RAM MODULE 

Pin Configuration 

D
:~ 
20 

19 

18 

17 

J ~: 
13 

12 

[TI} 
o· 

Pin Identification 
No. Symbol 

1, 22 GND 

2, 21 Vee 
3, 9, 14, 19 RAS0-RAS3 

4 Dour 
5, 6, 10-12, Ao-Aa 
15, 16, 18, 20 

D1N 

WE 

13 CAS 

17 NC 

83·003474A 

Function 

Ground 

Power supply (+5.0 V) 

Row address strobes 

Data output 

Address inputs 

Data input 

Write enable 

Column address strobe 

No connection 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, T OPR· ambient o to +70°C 

Storage temperature, T STG -55 to +85°C 

Short circuit output current, las 50 mA 

Power dissipation, Po 1.0W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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MC·411000A1 

Block Diagram 

Capacitance 

Ao to As 

D1N 
CAS 

WE 

~ 

~ 

,... 

-,... 

+-+-I-

+-1-

'--

L--f-

'---

DouT v 

Vee o 

GND 

TA= o to +10°c, Vee= 5.0 v ± 10%, f = 1 MHz 

Parameter Symbol Min 

Input capacitance G1A 

Input capacitance G1R 

Input capacitance G1w 

Input capacitance G1e 

Output capacitance Gour 

Note: 

(1) GAS= v1H to disable Dour 

DC Characteristics 
TA= o to +10°c; Vee= 5 v ±10%, GND = o v 

Parameter Symbol Min 

Supply voltage Vee 4.5 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0 

Standby current lee2 
Input leakage current l1L -40 

lf£St leakage current, l1L (RAS) -10 
input 

Output leakage current loL -40 

Output low voltage Vol 0 

Output high voltage VoH 2.4 

4-38 

Ao to As 

RAS 

CAS 

WE 
D1N DouT 

Vee GND 

] 
Ao to As 

RAS 

CAS 

WE 
D1N DouT 

Vee GND 

F~ 

Limits 

Typ 

Limits 

Typ 

5.0 

NEC 

..__ Ao to As 
RAS2 RAS 

+-+-+- CAS 
-
WE 

I- ~ D1N DouT 1--

Vee GND 

f1ij 
'--- Ao to As 

RAS3 ~ RAS 

'--+-- CAS 

WE 
I- '---- D1N DouT .,.._ 

Vee GND 

l 
83-0034758 

Test 
Max Unit Conditions 

40 pF Ao-Aa. D1N 

15 pF RAS0-RAS3 

50 pF WE 

50 pF GAS 

50 pF Dour (Note 1) 

Test 
Max Unit Conditions 

5.5 v 
5.5 v 
0.8 v 
20.0 mA RAS= V1H. Dour= High-Z 

40 µA For Ao-Aa. D1N, GAS, WE; 
V1N = 0 to 5.5 V; other pins = 0 V 

10 µA V1N = 0 to 5.5 V; untested RAS 
pins = V1H; other pins = 0 V 

40 µA Dour disabled, Vour = o to 5.5 v 
0.4 v lour= 4.2 mA 

Vee v lour=-5 mA 



NEC MC·411000A1 

AC Characteristics 
TA= o to +70°C; Vee= 5.0 v ±10% 

Limits 

MC-41 IOOOAl-12 MC-41 IOOOAl-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 

Operating current, average lcc1 98 85 mA One RAS input and CAS cycling, tRc = tRc 
min, other three RAS inputs= V1H (Note 5) 

Operating current, lcc3 80 68 mA One RAS input cycling, CAS = VIH· tRc = tRc 
refresh mode, average min, other three RAS inputs= V1H (Note 5) 

Operating current, lcc4 60 50 mA One RAS input= VIL· CAS cycling, tpc = tpc 
page mode, average min, other three RAS inputs= V1H (Note 5) 

Operating current, CAS before Ices 83 71 mA One RAS input cycling, CAS =VIL· tRc = tRc 
RAS refresh mode, average min, other three RAS inputs= V1H (Note 5) 

Random read or tRc 220 260 ns (Note 6) 
write cycle time 

Read-write cycle time tRwc 265 310 ns (Note 6) 

Page mode cycle time tpc 120 145 ns (Note 6) 

Refresh period tREF 4 ms 

Access time from RAS tRAC 120 150 ns (Notes 7, 8) II Access time from CAS tcAC 60 75 ns (Notes 7, 9) 

Output buffer turn-off delay to FF 30 35 ns (Note 10) 

Transition time (rise and fall) tr 50 50 ns (Note 4) 

RAS precharge time tRP 90 100 ns 

RAS pulse width tRAS 120 10000 150 10000 ns 

RAS hold time tRSH 60 75 ns 

CAS pulse width tcAS 60 10000 75 10000 ns 

CAS hold time tcsH 120 150 ns 

RAS to CAS delay time tRco 25 60 25 75 ns (Note 11) 

CAS to RAS precharge time tcRP 10 10 ns (Note 12) 

CAS precharge time tcPN 25 25 ns 
(non-page mode) 

CAS precharge time tcp 50 60 ns 
(page mode) 

RAS precharge CAS hold time tRPC ns 

Row address setup time tASR ns 

Row address hold time tRAH 15 15 ns 

Column address setup time tAsc 0 0 ns 

Column address hold time tcAH 20 25 ns 

Column address hold time tAR 80 100 ns 
referenced to RAS 

Read command setup time tRcs ns 

Read command hold time tRRH 20 20 ns (Note 13) 
referenced to RAS 

Read command hold tRCH 0 ns (Note 13) 
time referenced to CAS 

Write command hold twcH 30 40 ns 
time 

Write command hold twcR 90 115 ns 
time referenced to RAS 
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MC·411000A1 

AC Characteristics (cont) 
TA= o to +70°C; Vee= 5.0 v ±10% 

Parameter Symbol 

Write command pulse twp 
width 

Write command to RAS tRWL 
lead time 

Write command to GAS tcwL 
lead time 

Data-in setup time tos 
Data-in hold time toH 
Data-in hold time toHR 
referenced to RAS 

Write command setup twcs 
time 

GAS to WE delay tcwo 
RAS to WE delay tRWD 

GAS se~time for GAS tcsR 
before refresh 

GAS hold time for GAS tcHR 
before RAS' refresh 

Note: 

(1) All voltages referenced to GND. 

Limits 

MC-41 IOOOAl-12 MC-411000Al-15 

Min Max Min Max 

20 25 

40 45 

40 45 

30 40 

90 115 

60 75 

120 150 

10 10 

30 30 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(Note 14) 

(Note 14) 

(Note 15) 

(Note 15) 

(Note 15) 

(Note 16) 

(Note 16) 

NEC 

Test 
Conditions 

(2) An initial pause of 100 µsis required after power-up, followed by any 8 RAS cycles on each RAS input before proper device operation is 
achieved. 

(3) AC measurements assume tT = 5 ns. 

(4) V1H (min) and v1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

(5) lcc1• lcc3, lcc4• and Ices depend on output loading and cycle rates. Specified values were obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pf (VoH = 2.0 V, VoL = 0.8 V). 

(8) Assumes that tRcD :5 tRcD (max). If tRcD is greater than the maximum recommended value in this table, tRAC increases by the amount that 
tRcD exceeds the value shown. 

(9) Assumes that tRco 2': tRcD (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) can be met. tRco (max) is specified as a reference point only; i.f tRcD is 
greater than tRcD (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twcs. tcwo. and tRwD are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs 2': twcs (min), the cycle is 
an early write cycle and the data output will remain open circuitthroughouttheentirecycle. lftcwo2':tcwo (min) andtRwo2':tRwD (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to v1H) is indeterminate. 

(16) CAS before RAS operation is specified. Refresh operations can be performed on all four µPD41256Ls simultaneously by the use of CAS 
before RAS refresh cycles or RAS-only refresh cycles. All other operations require that only one of the RAS0-RAS3 inputs is in the active 
state. 
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NEC MC·411000A1 

Timing Waveforms 

Read Cycle Read-Write/Read-Modify-Write Cycle 

83-001657A 

83-001659A 

Write Cycle (Early Write) 
RAS-Only Refresh Cycle 

DouT ---H..!:ig~h!!:lm-p-ed-a-nc_e ___________ _ 

DouT ---::..:::..~"--a-nee------------
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MC·411000A1 

Timing Waveforms (cont) 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

Page Mode Read-Write/Read-Modify-Write Cycle 
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NEC MC·411000A1 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

VIH­
RAS VIL-

V1H­

CAS VIL -

V1H­
Address 

VIL - ._.,...._.......,_, 

WE V1H-

i+------Memory Cycle------ceR Cycle-----. 

V1L - ...__._.._........,_._....,..__, 

VoH­
DouT VoL - -----1-m-pe .... d""a-nc-e-----<I 

CAS Before RAS Refresh Cycle 

CBR Cycle 

1+---------------IRC---------------t 

V1H­

RAS V1L-

_V1H-
CAS VIL -

-{'~· 

..-----------IRAS----------~ 

ICHR---y 

DouTVoH-__________________ H_l_gh_l_m_p_ed_a_nc_e _________________ _ 

VOL-

Note: 
[1] WE, Address: Don't Care. 

83·0019786 

83-0019796 
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Section 9 - Dynamic RAMs Page 

µPD4164 
µPD4265 
µPD41256 
µPD41257 
µPD41416 
µPD41464 
µPD411000 
µPD411001 
µPD414256 

65,536 x 1-Bit Dynamic NMOS RAM ....•..................•..........• 5-1 
65,536 x 1-Bit Dynamic CMOS RAM .....•.......•..................... 5-5 
262,144x1-Bit Dynamic NMOS RAM ................................. 5-11 
262, 144 x 1-Bit Dynamic NMOS RAM ...........•................•.•.. 5-21 
16,384 x 4-Bit Dynamic NMOS RAM •.......•...........•..•.......... 5-29 
65,536 x 4-Bit Dynamic NMOS RAM ....•......•.•......•............. 5-35 
1,048,576 x 1-Bit Dynamic NMOS RAM ....•.....•...•........•.•..... 5-43 
1,048,576 x 1-Bit Dynamic NMOS RAM ..........•................•... 5-51 
262,144 x 4-Bit pynamic NMOS RAM •.......•........•.......•....... 5-61 



NEC 
NEC Electronics Inc. 

Description 
The NEC µPD4164 is a 65,536-word by 1-bit dynamic 
N-channel MOS Random-access Memory (RAM) designed 
to operate from a single + 5V power supply. The negative­
voltage substrate bias is internally generated providing both 
automatic and transparent operation. 
The µPD4164 utilizes a three-poly, N-channel, silicon-gate 
process which provides high storage cell density, high perfor- · 
mance, and high reliability. 
The µPD4164 uses a single transistor dynamic storage cell 
and advanced dynamic circuitry throughout, including the 512 
sense amplifiers, which assure that power dissipation is mini­
mized. Refresh characteristics have been chosen to maximize 
yield at a low cost to the user while maintaining compatibility 
between dynamic RAM generations. 
The µPD4164 three-state output is controlled by CAS, inde­
pendent of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CAS low. The data-out 
pin is returned to the high impedance state by returning CAS 
to a high state. The µPD4164 hidden refresh feature allows 
CAS to be held low to maintain output data while RAS is used 
to execute RAS-only refresh cycles. 
Refresh is accomplished by performing RAS-only refresh 
cycles, hidden refresh cycles, or normal read or write cycles 
on the 128-address combinations of Ao through As during a 
2ms period. 
Multiplexed address inputs permit the µPD4164 to be pack­
aged in the standard 16-pin dual-in-line package. The 16-pin 
package provides the highest system bit densities and is com­
patible with widely available automated handling equipment. 

Features 
D 65,536x1-bit organization 
D High memory density 
D Multiplexed address inputs 
D Single + 5V power supply 
D On-chip substrate bias generator 
D Low power dissipation: 27.5mW max (standby) 

(µPD4164-10); 330mW.(active); 27.5mW (standby) 
D Three-state, TTL-compatible, nonlatched o~t 
D Read, write, read-write, read-modify-write, RAS-only 

refresh, and page mode capability 
D All inputs TTL-compatible, and low input capacitance 
D 128 refresh cycles (A0-A6 pins for refresh address) 
D eAS-controlled output allows hidden refresh 
D Available in a plastic 16-pin package 
D 4 performance ranges: 

Device Access Time R/WCycle RMW Cycle 
µPD4164-10 100ns 200ns 230ns 

µPD4164-12 120ns 230ns 245ns 

µPD4164-15 150ns 260ns 280ns 

µPD4164-20 200ns 330ns 345ns 

Pin Configuration 

Pin Identification 
Pin 

No. Symbol 

NC 

DIN 

3 WE 
4 RAS 

5-7, 
Ao-A, 9-13 

8 Yee 

µPD4164 
65,536 x 1·BIT 

DYNAMIC NMOS RAM 

Revlslon4 

83-003309A 

Function 

Noconnec:tlon 

Data input 
Write enable 

Row address strobe 

Address inputs 

+5V power supply 

14 Dour 

15 CAS 

16 GND -~~~~~-DataGrou
0

n_cl_~~~~-·ll!I .,...,..,__ .:I 
Absolute Maximum Ratings* 

Operating Temperature, T OPR 0°Cto +70°C 

Storage Temperature, T sTG (Plastic Package) 

Supply Voltages On Any Pin except V cc 

- 55°C to + 125°C 

-1Vto +7V<iJ 

Supply Voltage, V cc 

Short-circuit Output Current 

-0.5Vto +7V<iJ 

50mA 

Power Dissipation, P0 

Note: (J) Relative to GND. 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

1W 
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µPD4164 

DC Characteristics 
TA = 0°C to + 70°C CD; Yee = + 5Y ± 100/o; GND = OY 

Parameter 

Supply Voltage 

Operating Current 
Average Power 
Supply Qi!!!:atlng 
Current RAS, 
CAS Cycling; IRc = 
tRe(mln) 

Standby Current 
Power Supply 
Standby 
Current 
(RAS = V1HC• Dour 
= High-Impedance) 

Refresh Current 
Average Power 
Supply Current, 
Refresh Mode,;__ 
RAS Cycling, CAS = 
V1Hc• !Re = IRc (min) 

Page Mode Current 
Average Power 
Supply Current, 
Page Mode 
.QJ!!ratlon 
RAS= V1L; 
CASCycllng 
tpc = lpc (min) 

Input Leakage 
Current (any Input); 
V1N = OVto +5.5V; 
All Other Pins Not 
Under Test = OV 

Output Leakage 
Current Dour Is 
Disabled, Your= 
OVto +5.5V 

Output Levels High­
level Output Voltage 
(louT = 5mA) 
Low-level Output 
Voltage (louT = 
4.2mA) 

Symbol 

Vee 

GND 

Limits 

Min T'yp Max Unit 

4.5 5.0 

2.4 

2.4 

-1.0 

5.5 

5.5 

5.5 

0.8 

v 
v 

v 

v 

v 

lcc1 ::::::-::------:-

µPD4164-10 60 

5.0 mA 

µPD4164-20 35 

µPD4164-15 40 
lcc3 µPD4164-12 _____ 4_5_ mA 

µPD4164-10 45 

µPD4164-20 35 

Ice• ::::;:_:·------:-5- mA 

µPD4164-10 45 

-10 10 µA 

IO(L) -10 10 µA 

2.4 Vee V 

0.4 v 

Teat 
Conditions 

All voltages 
referenced to GND 

® 

® 

® 

Notes: CD TA is specified here for operation at frequencies to !Ac "' !Ac (min). Operation at higher 
cycle rates with reduced ambient temperatures and high power dissipation is per­
missible, however, provided AC operating parameters are met. 

@ Ice" lcc3 and lcc4 depend on output loading and cycle rates. Specified rates are obtained 
with the output open. 

Capacitance 
TA= o•cto +70°C;Ycc = +SY± 100/o; GND = OY 

Parameter 

Input Capacitance 
(A,,-A7~D1N 

!.!!i!!!lf!l!.acltance 
RAS,CAS,WE 

Output Capacitance 
D(OUT 

5-2 

Symbol 

Limits 

Min T'yp Mex Unit 

pF 

pF 

pF 

Test 
Conditions 

NEC 
AC Characteristics 
TA= 0°Cto +70°C CD; Yee= +5Y ± 100/o; GND = OY ®@ ® 

Parameter Symbol 

Random 
Read 
or Write 
Cycle Time 

Read-write 
Cycle Time 

Page Mode 
Cycle Time 

li'ansltlon 
Tlrnes(rlse 
and fall) 

RAS Hold 
Time 

CASPulse 
Width 

CASHold 
Time 

RAStoCAS 
Delay Time 

CAStoRAS 
Precharge 
Time 

CAS Pr&­
chargeTlme 

CAS 
Precharge 
Tlme(for 
page mode 
cycle only) 

RAS 
Precharge 
CASHold 
Time 

Column 

lpc 

lcAS 

tcsH 

lcPN 

lcp 

Address !Ase 
Set-up Time 

Column 
Address tcAH 
Hold Time 

Column 
Address 
Hold Time IAR 
Referenced 
to RAS 

Read 
Command !Res 
Set-up Time 

Read 
Command 
Hold Time IRRH 
Referenced 
to RAS 

Limits 

Min Max Min Mex Min Mex Min Mex Unit Notes 

330 260 230 200 ns ® 

345 280 245 230 ® 

190 145 130 110 ns ® 

200 150 120 100 ns ®CV 

100 75 60 50 ns CV® 

50 40 35 0 30 ® 

50 50 35 3 35 ns 

120 100 90 90 ns 

.2 10 .15 10 .12 10 10 µS 

100 75 60 50 ns 

10 .075 10 .06 10 .05 10 µS 

200 150 120 100 ns 

30 100 25 75 25 60 20 50 ns 

ns 

30 25 25 20 

80 60 60 50 ns 

ns 

20 15 15 10 ns 

ns 

30 25 20 15 

130 100 80 65 

ns 

25 20 20 20 ns 



NEC 
AC Characteristics (Cont.) 
Ta= O"Cto +70"C <D;Ycc = +SY± 10%; GND = OV ®@ © 

......... 
~~~~ 
Min Mu Min Mu Min Mu Min Mu Unit Nole• 

Alllld 
Command tACH 

.,. @ 
HoldTlma 

Write 
Command lwcH 55 45 35 30 .,. 
HoldTlma 

Write 
Command 
Hold Tlma lwcA 155 120 95 80 .,. 
l'lellHenclld 
to AAS 

Write 
Command twp 55 45 35 30 .,. 
Pulse Width 

55 45 40 35 .,. 

Write 

~:nd lcwL 55 45 40 35 .,. 
LaadTlma 

.,. @ 

Datil-In 
HoldTlma tDH 55 45 35 30 .,. 
Datil-In Hold 
Tlma Ref!!::_ tDHA 
encecltoAAS 

155 120 95 80 .,. 
Refresh 
Period 

Write 

m• 
Command lwcs -10 -10 -10 .,. @ 
Set-upTima 

55 45 40 40 .,. @ 

130 120 100 90 n1 @ 

Notn: <D TA is specified here for operation at frequencies to tRc "' tRc (min). Operation at higher 
cycle rates with reduced ambient temperatures and higher pcl'Nllr dissipation is permissi· 
ble, however, provided AC operating parameters are met. _ 

@ An initial pause of 100µ5 is required after pcl'Nllr-up followed by any 8 RAS cycleS before 
proper device operation is achielled. 

@ AC meesurements assume tr = 5ns. 
© V1Hc (min) or V1H (min) and V1L (max) are reference l&Yels for meesuring timing of input 

signals. Also, transition times are measured between V1Hc orV1H and V1L-
® The specifications for !Re (min) and !Awe (min) are used only to indicate cycle times at 

which proper operation over the full temperature range (TA = O'C to + 70'C) is assured. 
® Assumes that !Res :s tRco (max). If !Res is greater than the maximum recommended value 

shown in this table, !RAC will increase by the amount that ~co exceeds the values shown. 
<V Measured with a load equivalent to 2 TTL loads and 100pF. 
@ Assumes that IRCD 2: tRCD (max). 
® loFF (max) defines the time at which the output achieves the open-circuit condition and is 

not referenced to oU1put whage levels. 
®l Operation within the IRco (max) limlt ensures that !RAC (max) can be met. IRco (max) is 

specified as a reference point only. If IRco is greater than the specified IRco (max) limit, 
access time is controlled exclusiwly by lcAc· 

@ Either tRRH or IRcH must be satisfied for a read cycle. __ 
@ These parameters are referenced to CAS leading edge in early write cycles and to WRITE 

leading edge in delayed write or read-modify-write cycles. 
@ lwcs. lcwo and tRwo are restrictive operating parameters in read-write, and read-modify· 

write cycles only. If lwcs "''wcs (min), the cycle is an early write cycle and the data output 
will remain open circuit throughout the entire cycle. If lcwo "'lcwo (min) and IRwo "'tRwo 
(min), the cycle is a read-write and the data output will contain data read from the selected 
cell. If neither of the above conditions is met the condition of the data-out (at access time 
and until CAS goes back to V1H) is indeterminate. 

µPD4164 

Timing Waveforms 

Read Cycle 

Write Cycle (Early Write) 

Read-Write/Read-Modify-Write Cycles 
----tRMw-------~ 

Valid 
Data 
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µPD4164 

Timing Waveforms (Cont.) 

RAS-Only Refresh Cycle 

Hidden Refresh Cycle 

5-4 

Page Mode Read Cycle 

Addres~sv\~V\J~~~~~"-:::::-lf"<16'd.!V-"?"(m'~'O'tl~l'Ol:'70 

Col 
Addr. 

-.mJ WE 

Page Mode Write Cycle 

Addresses-/'~llw'!i::,..l"{J~tpi:Jfl--r-f\f!'J.~~l.l:Y'~.J\4~Q.AO/J~ 
Col 
Addr. 

WE 



NEC 
NEC Electronics Inc. 

Description 

The NEC µPD4265 is a 65,536-word by 1-bit dynamic 
CMOS Random Access Memory (RAM} designed to 
operate from a single +5 V power supply. The 
negative voltage substrate bias is generated internally 
providing automatic and transparent operation. 
The unique construction of the µPD4265 allows for an 
extremely low standby power device that incorporates three 
user-selected, self-refresh standby modes. The device can 
accomplish RAS-only refresh. Also, by utilizing the pin 1 
refresh function, it can perform automatic pulsed refresh or 
hidden auto pulsed refresh which makes use of the internal 
refresh address generator. 

Features 
D 65,536-word x 1-bit organization 
D High memory density: 16-pin plastic DIP 
D Single + 5V ± 10% power supply 
D Control on pin 1 for automatic and self refresh 
D Multiplexed address inputs 
D Fully TTL-compatible including clocks 
D Three-state output 
D Read, write, RMW, RAS-only refresh, page mode, latched 
~e, pulse and self-refresh capabilities 

D GAS-controlled output allows hidden refresh 
D 2 performance ranges: 

Device Power 

µ,PD4265C-20 200ns 100ns 335ns 193mW 

µ,PD4265C-25 250ns 125ns 410ns 165mW 

D Cycle time: R/W, 335ns min 
D Low power dissipation 

,..... 35mA max (operatingL_ __ 
- 1.0mA max (standby, RAS = CAS = V1H} 

- 0.5mA max (standby, RAS = CAS = V00} 

- 200µA max (self-refresh 1, TA = 0°c to + 70°C} 
- 1 OOµA max (self-refresh 2, TA = 0°C to + 45°C} 
- 50µA max (self-refresh 3, TA = 0°C to + 25°C} 

(According to Figure 1.) 
D 128 refresh cycles 

µPD4265 
65,536 x 1 ·BIT 

DYNAMIC CMOS RAM 

Revision1 

Pin Configuration 

RFSH GND 

DIN CAS 

WE DauT 

RAS As 

Ao A, 

A• A, 
A, 

Voo 

Pin Identification 
Pin 

No. Symbol Function 

RFSH Refresh 

D1N Data-in 

WE Write Enable 

4 RAS Row Address Strobe 

5-7, 
Ao-A1 Address Inputs 

9-13 

5-7, 
Ao-As Refresh Addresses 10-13 

8 Voo + 5V Power Supply 

14 DouT Data-out 

15 CAS Column Address Strobe 

16 GND Ground 

Absolute Maximum Ratings* 

Voltage on any Pin Relative to Ground, V110 -1.0Vto +7.0V 

Operating Temperature, T OPT (Ambient) 0°Cto +70°C 

Storage Temperature, T sTG (Ambient) -55°Cto +125°C 

Short-circuit Output Current, 10 s 

Power Dissipation, P0 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA= 25°C; f = 1MHz 

Limits Test 

50mA 

1W 

Parameter Symbol Min Typ Max Unit Conditions 

Address, Data-In c,, pF 

RAS, CAS, WE, RFSH c,, pF 

Output Co pF 
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µPD4265 

DC Characteristics 
TA = ooe to + 10°c; vDD = sv ± 10% 

Limit• 
Parameter Symbol Min 'l"yp 

Supply Voltage Yoo 4.5 5.0 

High-level Input Voltage V1H 2.4 

Low-level Input Voltage V1L -1.0 

V00 Supply Current 
Standby 

Standby (Output· 
enable) 

Standby 

Salt-refresh 1 
(TA = o•c to + 1o•c1 

Seit-refresh 2 
(TA= O'Cto +45'C) 

Self-relreah 3 

loos 

looe 

looe 

1009 

10010 

Input Leakaga Current li(L) 

Output Leakage Current lo(L) 

-10 

-10 

Mu Unit 

5.5 v 
5.5 v 
o.8 v 
1.0 mA 

1.0 mA 

0.5 mA 

200 µA 

100 µA 

(j) 

10 µA 

10 µA 

Teat 
Conditions 

All Voltages 
Referenced 
to Ground 

RAS = CAS = Yoo 

,!!!S = CAS = V1H; 
WE= V1H 

RAS = CAS = V1H; 
WE= V1L 

CAS = GND; 
RAS= V1H; 
WE= V00/GND 

Output Low Voltage VoL 0.4 V loL = 4.2mA 

Output High Voltage 2.4 Yoo loH = -5mA 

Note: CD According to Figure 1. 

AC Characteristics 
TA= o•cto +10°c;vDD = sv ± 10% 
Read, Write, RMW, RAS·only Refresh Cycles 

Limits 

Parameter 

4285·20 4285·25 

Symbol Min Mu Min Max Unit 

V00 Operating Current 

V00 RAS-only 
Refresh Current 

V00 Page Current 

Random Read or 
Write Cycle Time 

Read, Write Cycle Time 

Access Time from RAS 

Access Time from CAS 

Output Buller Turn-off Delay 

Transition Time 
(Rise and Fall) 

RAS Precharge Time 

RAS Pulse Width 

RAS Hold Time 

CAS Pulse Width 

CASHoldTlme 

RAS to CAS Delay Time 

CAS to RAS Precharge Time 

CAS Precharge Time, 
(Nonpage Cycles) 

RAS Precharge 
CASHoldTlme 

Row Address Sel·up Time 

Row Address Hold Time 

Column Address Set-up 
Time 

Column Address Hold Time 

1003 

lcAC 

lo FF 

lcsH 

le RP 

Read Command Set-up Time !Res 

Write Command Hold Time lwcH 

5-6 

35 30 mA 

30 25 mA 

20 17 mA 

335 410 ns 

370 465 ns 

200 250 ns 

100 125 ns 

50 60 ns 

50 60 

120 150 ns 

200 10000 250 10000 ns 

100 125 

100 10000 125 10000 ns 

200 250 ns 

30 100 35 125 ns 

30 35 ns 

ns 

20 25 

ns 

55 65 ns 

155 190 ns 

ns 

25 30 ns 

ns 

55 65 

Teat 
Conditions 

NEC 
AC Characteristics (Cont.) 
TA = o•c to + 10°c; vDD = sv ± 10% 
Read, Write, RMW, RAS-only Refresh Cycles 

Limit• 

Parameter 

4285·20 4285·25 

Symbol Min Max Min Max Unit 

Write Command Pulse Width lwp 

Write Command to 
RAS Lead Time 

Write Command to 
CAS Lead Time 

Data-In Set-up Time 

Data-In Hold Time 

Data-In Hold Time 
Referenced to RAS 
Refresh Period 

los 

WE Command Set-up Time lwcs 

CAS to WE Delay lcwo 

RAS to WE Delay IRwo 

Page Mode Cycle 

155 

55 

55 

55 

55 

155 

-10 

80 

180 

190 ns 

65 ns 

65 ns 

65 ns 

ns 

65 ns 

190 ns 

ns 

-10 

100 ns 

235 ns 

Limit• 

Parameter 

4285·20 4285-25 

Symbol Min Max Min Mu Unit 

Read or Write Cycle Time lpc 190 260 ns 

Read Modify Write Cycle Time lcPM 230 280 ns 

CAS Precharge Time lcp 80 100 ns 

RAS Pulse Width !RPM 200 10000 250 10000 ns 

CAS Pulse Width lcAS 100 10000 125 10000 ns 

Pulse Refresh Cycle (Latched Pulse Refresh) 

Parameter 

V00 Pulse Refresh Current 

Pulse Refresh Cycle Time 

RAS to RFSH Delay 

RFSH Pulse Width 

RFSH Precharge Time 

RFSH to RAS Delay 

RFSH before RAS 
Set-up Time 

RAS to RFSH Delay 
(Latched Pulse) 

RAS to RFSH Set-up 
(Latched Pulse) 

Self-refresh Cycle 

Parameter 

RAS to RFSH Delay 

RFSH Pulse Width 

RFSH to RAS Delay 

RAS Hold Time 

RAS to RFSH Set-up Time 

RFSH to CAS Delay 

RFSH to WE Delay 

RFSH to CAS Set-up Time 

RFSH to WE Set-up Time 

CAS to WE Set-up Time 

WE Pulse Width 

WE Pulse Cycle Time 

Note: CD According to Figure 1. 

Limits 

4285·20 4285·25 

Symbol Min Mu Min Mu Unit 

1001 25 20 mA 

335 410 

120 150 ns 

80 1000 80 1000 ns 

120 120 ns 

30 30 ns 

365 445 ns 

80 80 ns 

455 560 ns 

Limits 

4265·20 4285-25 

Symbol Min Max Min Max Unit 

120 150 ns 

8000 8000 ns 

365 445 ns 

8000 8000 ns 

ns 

1000 O 1000 ns 

!FWD 0 1000 O 1000 ns 

ns 

ns 

IFWcs ns 

µS 

IFWc (j) (j) µS 

Test 
Conditions 

Teat 
Condition• 

Test 
Conditions 

Test 
Conditions 



NEC µPD4265 

Figure 1. 10010 vs. tFwc vs. TA 

------------ 150µslO'C 

100µS 

SOµs 

10µS r.max 

Sµs 

4µsl70'C 

tFWC E 
1µS 

1mA SOOµA 100µA SOµA 10µA 10 20 30 40 50 60 70 
10010 T•('C) 
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µPD4265 

Timing Waveforms 

Read Cycle 

Write Cycle (Early Write) 

DouT ---:-Hi.=.gh--:--------------­
lmpedance 

Read-Write/Read-Modify-Write Cycles 

Page Mode Read-Write/Read-Modify-Write Cycles 

5-8 
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RAS-only Refresh Cycle 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 



NEC µ.PD4265 

Timing Waveforms (Cont.) 

Hidden Refresh Cycle Seff-refresh Cycle 3 

Note: <D Needs CMOS level. 

Hidden Automatic Pulse Refresh Cycle 

Pulse Refresh Cycle 

Seff-refresh Cycle 1 

Latched Pulse Refresh Cycle 

Self-refresh Cycle 2 
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t-IEC 
NEC Electronics Inc. 

Description 

The µPD41256 is a 262,144-word by 1-bit dynamic N­
channel MOS RAM designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. 

The µPD41256 offers a direct upgrade from the 64K 
µPD4164 achieving a four-fold increase in bit density at 
the board level. 

The µPD41256 utilizes double poly layer N-channel 
silicon-gate processing which provides for high storage 
cell density, high performance, and high reliability. 

The µPD41256 utilizes a single transistor dynamic stor­
age cell and advanced dynamic circuitry throughout, 
including the 1024 sense amplifiers, which ensures that 
power dissipation is minimized. 

The three-state output is controlled by CAS indepen­
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. The 
data output then is returned to the high impedance 
state by returning the CAS to the high state. The 
µPD41256 hidden refresh feature allows CAS to be held 
low to maintain output data while RAS is used to exe­
cute RAS-only refresh cycles. 

Refresh is accomplished by performing RAS-only re­
fresh cycles, hidden refresh cycles, CAS before RAS re­
fresh cycles, or normal read or write cycles on the 256 
address combinations of Ao-A7, during a 4 ms period. 

Features 

D 262,144 x 1-bit organization 
D High density packaging: DIP, PLCC, ZIP 
D Multiplexed address inputs 
D Single +5V, ±10% power supply 
D On-chip substrate bias generator 
D Low power dissipation: 28 mW standby (max) 
D Non latched output is three-state, TIL-compatible 
D All inputs TIL-compatible, and low input 

capacitance 
D 256 refresh cycles (Ao-A7 pins for refresh address) 
D Page mode operation 
D RAS-only refresh, hidden refresh, and CAS before 

RAS refresh cycles (see Note 16) 

µPD41256 
262, 144 x 1·BIT 

DYNAMIC NMOS RAM 

Performance Ranges 
Access RIW 
Time Cycle 

Device (Max) (Min) 

µPD41256-12 120ns 220ns 

µPD41256-15 150 ns 260 ns 

µPD41256-20 200ns 330ns 

Pin Configurations 

16-Pin Plastic DIP 

18-Pin Plastic Leaded Chip Carrier (PLCC) 

16 DouT 

~ 15 As 
NC ~ 14 NC 

Ao c.. 13 A3 "-

16-Pin Plastic Zig-Zag lnline Package (ZIP) 

2 Dour 
4 GND 

A1 13 
14 As 
16 Aa 

15 

Revision 1 

RMW 
Cycle 
(Min) 

265ns 

310ns 

390ns 

83-001974A 

83-001111A 

83-001975A 
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µPD41256 

Pin lndentification 

Plastic DIP 

No. Srmbol Function 

1, 5-7, 9-13 Ao~As ' Address inputs 

D1N Data input 

3 WE Write enable input 

4 RAS Row address strobe 

8 Vee +5 V power supply input 

14 Dour Data output 

15 CAS Column address strobe input 

16 GND Ground 

Plastic PLCC 

No. SJmbol Function 

1, 6-8 Ao-As Address inputs 
10-13, 15 

D1N Data input 

3 WE Write enable input 

4 RAS Row address strobe 

5, 14 NC No connection 

9 Vee +5 V power supply input 

16 Dour Data output 

17 CAS Column address strobe input 

18 GND Ground 

Block Diagram 

RAS 

CAS 

5-12 

CAS Clock 
Generator 

Plastic ZIP 

No. 

1, 5. 9-11, 
13-16 

2 

3 

4 

6 

8 

12 

Data 110 Bus 

Column Decoder 

Sense Amplifier 

Memory Array 

SJmbol 

Ao-As 

Dour 

CAS 

GND 

D1N 

WE 

RAS" 

Vee 

WE Clock 
Generator 

1'1EC 

Function 

Address inputs 

Data output 

Column address strobe input 

Ground 

Data input 

Write enable input 

Row address strobe 

+5 V power supply input 

Data·ln 
Buller 

Data·out 
Buller 

DIN 

Dour 

83-0019778 



NEC 
Absolute Maximum Ratings 
Power supply voltage, Vee -1.0Vto +7.0V 

Operating temperature, TA (ambient) Oto 70°C 

Storage temperature, Tsrn -55to 150°C 

Power dissipation, Po 1W 

Short-circuit output current, los 50mA 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Characteristics 
TA=0°Cto70°C, Vcc=5V±10%,GND=OV 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Standby supply lee2 5.0 mA RAS=V1H, 
current Dour=High 

impedance 

Input leakage ll(L) -10 10 µA V1N=OVto 5.5V, 
current all other pins not 

under test= O V 

Output leakage lo(L) -10 10 µA Dour is disabled, 
current Vour=OV 

to5.5V 

Output voltage VoL 0.4 v lour=4.2mA 
low 

Output voltage VoH 2.4 Vee v lour=-5mA 
high 

Supply voltage Vee 4.5 5.0 5.5 v 
Supply voltage GND 0 0 v 
Input voltage V1L -1.0 0.8 v 
low 

Input voltage V1H 2.4 5.5 v 
high 

µPD41256 

Capacitance 
TA=0°Cto +70°C, Vcc=5.0V±10%, f=1.0MHz 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input C11 pF Ao-As. D1N 
capacitance 

Input C12 pF RAS, CAS, WE 
capacitance 

Output Cour pF Dour 
capacitance 
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µPD41256 NEC 
AC Characteristics (Notes 2, 3, 4) 
0°C<EtTA <Et 70°C, Vcc=5V±10% (Note 1) 

Limits 

µPD41258 µPD41251 µPD41258 
-12 -15 -20 Teat 

Parameter Symbol Min Max Min Max Min Max Unit Condition• 

Operating supply current, average lcc1 83 70 60 mA RAS, GAS cycling, 
tRc=tRc min, 
(Note 5) 

Operating supply current, refresh mode, lcc3 65 55 50 mA AAS' cycling, 
average CAS=V1H• 

IRc=tRc min, 
(Note 5) 

Operating supply current, page mode lcc4 60 55 50 mA RAS=V1L• 
operation, average GAS cycling, 

tpc=tpc min, 
(Note 5) 

Random read or write cycle time IRC 220 260 330 ns (Note 6) 

Read-write cycle time IRWC 265 310 390 ns (Note 6) 

Page mode cycle time tpc 120 145 190 ns (Note 6) 

Access time from RAS IRAC 120 150 200 ns (Notes 7, 8) 

Access time from GAS le AC 60 75 100 ns (Notes 7, 9) 

Output buffer turn-off delay IQFF 30 0 35 45 ns (Note10) 

Transition time, rise and fall tr 50 3 50 50 ns (Note 4) 

RAS precharge time tRP 90 100 120 ns 

RAS pulse width IRAS 120 10,000 150 10,000 200 10,000 ns 

RAS hold time IRSH 60 75 100 ns 

GAS pulse width le AS 60 10,000 75 10,000 100 10,000 ns 

GAS hold time tcsH 120 150 200 ns 

RAS to GAS delay time IRCO 25 60 25 75 30 100 ns (Note 11) 

GAS to RAS precharge time le RP 10 10 10 ns (Note 12) 

GAS precharge time, non-page cycle lcPN 25 25 30 ns 

GAS precharge time, page cycle tcp 50 60 80 ns 

RAS precharge GAS hold time IRPC 0 0 ns 

ROW address setup time tASR 0 ns 

ROW address hold time IRAH 15 15 20 ns 

Column address setup time IASC 0 0 ns 

Column address hold time lcAH 20 25 30 ns 

Column address hold time referenced to IAR 80 100 130 ns 
RAS 

Read command setup time IRCS ns 

Read command hold time referenced to IRRH 20 20 25 ns (Note 13) 
RAS 

Read command hold time referenced to IRCH ns (Note 13) 
GAS 

Write command hold time twcH 30 40 50 ns 

Write command hold time referenced to twcR 90 115 150 ns 
RAS 

Write command pulse width twp 20 25 30 ns 
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NEC µPD41256 

AC Characteristics (Notes 2, 3, 4) (cont) 
0°CE;TA.;; 70°C, Vcc=5V±10% (Note 1) 

µPD41258 
-12 

Limits 

µPD41258 
-15 

µPD41258 
-20 Tait 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Write command to RAS lead time tRWL 40 45 55 ns 

Write command to GAS lead time tcwL 40 45 55 ns 

Data-in setup time tos 0 ns 

Data-in hold time toH 30 40 50 ns 

Data-in hold time referenced to RAS to HR 90 115 150 ns 

Refresh period tREF ms 

WE command setup time twcs ns 

GAS to WE delay tcwo 60 75 100 ns 

RAS to WE delay tRWD 120 150 200 ns 

GAS set-up time for GBR refresh tcsR 10 10 10 ns 

GAS hold time for GBR refresh tcHR 30 30 35 ns 

Notes: 
(1) All voltages referenced to GND. 

(2) An initial pause of 100 µsis required after power-up followed by any 8 RAS cycles before proper device operation Is achieved. 

(3) AC measurements assume tr= 5 ns. 

(Note 14) 

(Note14) 

(Note15) 

(Note 15) 

(Note 15) 

(Note 16) 

(Note16) 

(4) v1H (min) and v1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and V1L· 

(5) lcc1• lcc3 and lcc4 depend on output loading and cycle rates. Specified values are obtained with the output open. 

(6) The minimum specifications are used only to Indicate cycle time at which proper operation over the full temperature range (TA= 0°C to 70°C) Is 
assured. 

(7) Load= 2 TIL loads and 100 pF. 

(8) Assumes that tRcD.,; tRcD (max). If tRcD Is greater than the maximum recommended value shown in this table, !RAC will Increase by the amount 
that tRco exceeds the value shown. 

(9) Assumes that tRcD ;;i. tRco (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tRcD (max) limit insures that !RAC (max) can be met. tRcD (max) Is specified as a reference point only. If tRcD is greater than 
the specified tRco (max) limit, then access time Is controlled exclusively by tcAC· 

(12) tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or IRCH must be satisfied for a read cycle. 

(14) These parameters are referenced to CAS leading edge In early write cycles and to WE leading edge In delayed Write or Read-Modify-Write 
cycles. 

(15) twcs. tcwo. and tRwD are restrictive operating parameters In Read-Write and Read-Modify-Write cycles only. If twcs ;;i. twcs (min), the cycle Is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tcwo ;;i. tcwo (min) and tRwD ;;i. tRwD (min), the 
cycle Is a Read-Write and the data output will contain data read from the selected cell. If nlther of the above conditions are met, the condition of 
the data out (at access time and until CAS goes back to V1H) Is Indeterminate. 

(16) P process code products do not have the CAS-Before-RAS Refresh feature. DIP products with process codes Lor F and PLCC products with 
process code E have the CBR feature. On DIP products with process code P, the external address Inputs are required In Hidden Refresh cycles 
and the address timing must satisfy tAsR and tRAH• which are specified with respect to the RAS falling edge. 
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µPD41256 NEC 
Timing Waveforms 

Read Cycle Read· Write I Read-Modify· Write Cycle 

83-001659A 

Write Cycle (Early Write) 
"RAS-Only" Refresh Cycle 

Dour ---H-i~gh=l=m-pe_d_a-nc-e-----------~ 

83-001660A 

Dour ---.,.;;:!-"'~"'-:-an_ce ___________ _ 

83-001658A 
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NEC µPD41256 

Timing Waveforms (cont) 

Page Mode Read Cycle 

83-0011!61B 

Page Mode Write Cycle (Early Write) 

II 
83-0011362B 

Hidden Refresh Cycle (Process Code P) (Note 16) 

Memory Cycle Refresh Cycle Refresh Cycle 

83-0016638 
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µPD41256 NEC 
Timing Waveforms (cont) 

Page Mode Read· Write/ Read-Modify. Write Cycle 

83-0016648 

Hidden Refresh Cycle (Process Code L, F, E) (Note 16) 

------Memory Cycle----.....i.o----'CBR Cycle- CBR Cycle 

V1H-
RAS V1L-

V1H-
CAS V1L-

V1H-
Address 

V1L-

WE 
V1H-

V1L-

VoH-
Dour 

VOL-

83-0019788 
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NEC 
Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle (Process Code L, F, E) (Note 16) 

mV1H­

V1L-

-------------IRC-------------.j 

---------IRAS.--------~ 

ICHR=Y 

µPD41256 

DourVoH-----------------H-lg_h_lm_pe_d•_n_ce ______________ ~ 
VOL-

Note: 
[1] WE, Address: Don't Care. 

83·0019798 
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NEC 
NEC Electronics Inc. 

Description 

The NECµPD41257 is a 262,144-word by 1-bitdynamic 
N-channel MOS random-access memory (RAM) de­
signed to operate from a single +5 V power supply. The 
negative voltage substrate bias is automatically gen­
erated internally. 

The µPD41257 utilizes double polylayer N-channel 
silicon gate processing which provides for high storage 
cell density, high performance, and high reliability. 

The device also utilizes a single transistor dynamic 
storage cell and advanced dynamic circuitry through­
out, including the 1024 sense amplifiers, which ensures 

µPD41257 
262, 144 x 1-BIT 

DYNAMIC NMOS RAM 

Revision 1 

Pin Configurations 

Plastic DIP 

83-003271A 

that power dissipation is minimized. Plastic Leaded Chip Carrier (PLCC) 

The three-state output is controlled by CAS inde­
pendently of RAS. The device is capable of nibble 
mode operation on either read or write cycles by 
cycling CAS. 

Refresh is accomplished by utilizing a CAS before RAS 
cycle that will enable the internal generation of the 
refresh address. Refresh can also be accomplished 
using RAS-only refresh, hidden refresh, or normal read 
or write cycles on the 256 address combinations of 
Ao-A7, during a 4 ms period. 

Features 

D 262, 144-word x 1-bit organization 
D High density plastic DIP and PLCC packaging 
D Multiplexed address inputs 
D Single +5 V ± 10% power supply 
D Nibble mode on read or write or read-modify-write 

cycles 
D CAS before RAS internal address refresh mode 
D Low power dissipation: 

-28 mW max (standby) 
-385 mW max (active, tRc = 270 ns) 

D Non-latched output, three-state, TTL-compatible 
D All inputs TTL-compatible, and low input 

capacitance 
D 256-cycle, 4 ms refresh (A0-A7 pins for refresh 

address) 

Performance Ranges 

Device Access Time R/WCycle RMWCycle 

µPD41257-15 150 ns 270 ns 310 ns 

µPD41257-20 200 ns 335 ns 390 ns 

16 DouT .... 
15 As 

NC ~ 14 NC c 
Ao a. 13 A3 "-

83-003272A 

Pin Identification 

Plastic DIP 
No. Symbol Function 

1, 5-7, 9-13 A0-Aa Address inputs 

2 D1N Data input 

3 WE Write enable 

4 RAS Row address strobe 

8 Vee Power supply (+5.0 V) 

14 Dour Data output 

15 GAS Column address strobe 

16 Vss Ground 
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µPD41257 

Pin Identification (cont) 

PLCC 
No. Symbol 

1, 6-8, 10-13, 15 Ao-Aa 

D1N 

3 WE 

4 RAS 

5, 14 NC 

9 Vee 

16 Dour 

17 GAS 

18 Vss 

Block Diagram 

A, . 
I A2 • l Ao o fi ii! 

A• • :i ~ A, • 

As • 

A7 • 

As 

5-22 

Function 

Address inputs 

Data input 

Write enable 

Row address strobe 

No connection 

Power supply (+5.0 V) 

Data output 

Column address strobe 

Ground 

I 
I 

CASClock 
Generator 

NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to v55 -1.0 to +7.0 V 

Operating temperature, TA o to +70°c 

Storage temperature, T STG -55 to +150°C 

Short-circuit output current 50 mA 

Power Dissipation, Po 1W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= o to +70°C; Vee= +s.o v ±10% 

Parameter Symbol 

Input C11 
capacitance 

Input C12 
capacitance 

Output 
capacitance 

Co 

WE Clock 
Generator 

Datal/OBus 

Column Decoder 

Sense Ampllller 

256x1024 
Memory Array 

Limits 

Min Typ Max 

I 
it 
H 

Unit 

pF 

pF 

pF 

Data-In 
Buffer 

Data-out 
Buffer 

Test 
Conditions 

RAS, GAS, WE 

Dour 

DIN 

Dour 



NEC µPD41257 

DC Characteristics 
TA= o to t70°C; Vee= 5.0 v ± 10%; v 88 = o v 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Power supply standby current lee2 mA RAS = V1H. Dour = high impedance 

Input leakage current l1(L) -10 10 µA Any input V1N = 0 V to Vee. all other pins 
not under test = 0 V 

Output leakage current lo(L) -10 10 µA Dour is disabled, Vour = o to 5.5 V 

Output high (logic 1) voltage VoH 2.4 Vee v lour = -5 mA 

Output low (logic 0) voltage Vol 0 0.4 v lour = 4.2 mA 

Supply voltage Vee 4.5 5.0 5.5 v 
Vss v 

Input high (logic 1) voltage, V1H 2.4 5.5 v 
all inputs 

Input low (logic 0) voltage, V1L -1.0 0.8 v 
all inputs 

AC Characteristics 
TA= o to +70°C; Vee= 5.0 v ± 10% 

Limits 

µPD41257-15 µPD41257-20 
Test 

Parameter Symbol Min Max Min Max Unit Conditions II Standard Operation 

Average power supply ICC1 70 60 mA RAS, CAS cycling, tRe = tRe min 
operating current (Note 5) 

Average power supply lee3 60 55 mA RAS cycling, CAS = V1H. tRe = tRe min 
current, refresh mode (Note 5) 

Random read or write tRc 270 335 ns (Note 6) 
cycle time 

Read-write cycle time tRwc 310 390 ns (Note 6) 

Access time from RAS tRAC 150 200 ns (Notes 7, 8) 

Access time from CAS tcAC 75 100 ns (Notes 7, 9) 

Output buffer turn-off to FF 40 50 ns (Note 10) 
delay 

Transition time tr 35 3 50 ns (Note 4) 
(rise and fall) 

RAS precharge time tRP 100 120 ns 

RAS pulse width tRAS 150 10,000 200 10,000 ns 

RAS hold time tRSH 75 100 ns 

GAS pulse width teAS 75 10,000 100 10,000 ns 

GAS hold time tesH 150 200 ns 

RAS to GAS delay time tRCD 30 75 35 100 ns (Note 11) 

CAS to RAS precharge tcRP 0 ns (Note 12) 
time 

GAS precharge time tcPN 30 35 ns 

RAS precharge CAS tRPC ns 
hold time 

Row address set-up tASR ns 
time 
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µPD41257 NEC 
AC Characteristics (cont) 
TA= o to +10°c; Vee= s.o v ± 10% 

Limits 

µPD41257-15 µPD41257-2D 
Test 

Parameter. Symbol Min Max Min Max Unit Conditions 

Row address hold tRAH 20 25 ns 
time 

Column address set-up tASC 0 ns 
time 

Column address hold tcAH 45 55 ns 
time 

Column address hold tAR 120 155 ns 
time referenced to RAS 

Read command set-up tRcs ns 
time 

Read command hold tRRH 20 25 ns (Note 13) 
time referenced to RAS 

Read command hold tRCH 0 ns (Note 13) 
time referenced to GAS 

Write command hold twcH 45 55 ns 
time 

Write command hold twcR 120 155 ns 
time referenced to RAS 

Write command pulse twp 45 55 ns 
width 

Write command to RAS tRWL 45 55 ns 
lead time 

Write command to GAS tcwL 45 55 ns 
lead time 

Data-in set-up time tos 0 0 ns (Note 14) 

Data-in hold time toH 45 55 ns (Note 14) 

Data-in hold time toHR 120 155 ns 
referenced to RAS 

Refresh period tREF 4 4 ms 

WE command set-up twcs 0 ns (Note 15) 
time 

GAS to WE delay tcwo 75 100 ns (Note 15) 

RAS to WE delay tRWD 150 200 ns (Note 15) 

Nibble Mode Operation 

Average power supply Ices 27 27 mA RAS = V1L. GAS cycling, tNc = tNc min 
current, nibble mode (Note 5) 
operation 

Nibble mode cycle time tNc 70 100 ns (Note 6) 

Nibble mode access time tNAC 35 50 ns (Note 7) 

Nibble mode precharge tNP 25 40 ns 
time 

Nibble mode WE pulse tNWP 30 40 ns 
width 

Nibble mode GAS pulse tNAS 35 50 ns 
width 
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NEC µPD41257 

AC Characteristics (cont) 
TA= o to +10°c; Vee= 5.0 v ± 10% 

Parameter Symbol 

Nibble mode RAS hold tNRSH 
time 

Nibble mode CAS to tNcwo 
WE delay 

Nibble mode WE to tNCWL 
CAS lead time 

CAS Before RAS Refresh Operation 

limits 

µPD41257-15 

Min Max 

35 

35 

35 

µPD41257-20 

Min Max 

50 

50 

50 

Unit 

ns 

ns 

ns 

Test 
Conditions 

Average ~er supp.!l.._ lcC4 
current, CAB before RAS 

60 55 mA RAS cycling, CAS = V1L. tRc = tRc min 
(Note 5) 

refresh mode 

CAS se!:!!!! time for CAS 
before RAS refresh 

CAS hold time for CAS 
before RAS refresh 

Note: 

tcsR 

tcHR 

10 10 ns 

30 30 ns 

(1) An initial pause of 100 µs is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(2) AC measurements assume tT = 5 ns. 

(3) v1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

(4) All voltages referenced to Vss· 

(5) lee1. lee3. lee4. and leee depend on output loading and cycle rates. Specified values are obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load = 2 TTL loads and 100 pF. 

(8) Assumes that tReo :5 tReo (max). If tReo is greater than the maximum recommended value in this table, tRAe increases by the amount that 
tReo exceeds the value shown. 

(9) Assumes that tReo 2: tReo (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tReo (max) limit assures that tRAe (max) can be met. tReo (max) is specified as a reference point only; if tReo is 
greater than tReo (max), access time is controlled exclusively by teAe· 

(12) The teRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tReH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twes. tewo. and tRwo are restrictive operating parameters in read-write/read-modify-write cycles only. If twes 2: twes (min), the cycle is 
an early write cycle and the data output pin will remain open circuit throughout the entire cycle. If tewo 2: tewo (min) and tRwo 2: tRwo 
(min), the cycle is a read-write cycle and the data output pin will contain data read from the selected cell. If neither of the above conditions· 
is met, the condition of the data output pins(at access time and until CAS returns to ViH) is indeterminate. 
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µPD41257 ftiEC 
Timing Waveforms 

Read Cycle RAS-Only Refresh Cycle 

Nibble Mode Read Cycle 

Write Cycle (Early Write) 

Yalld Yalld Yalld Yalld 

Nibble Mode Write Cycle 

DouT ____ Hi..._gh~-------------
lmpedance 

Read-Write/Read-Modify-Write Cycles 
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~EC µPD41257 

Timing Waveforms (cont) 

Nibble Mode Read-Modify-Write Cycle CAS Before RAS Refresh Cycle 

Hidden Refresh Cycle 

------Memory Cycle, ____ ...., ___ CBR Cycle>------CBR Cycle 

m V1H-
V1L-

V1H-
CAS V1L-

V1H-
Address 

V1L-

WE 
V1H-

V1L-

YOH-
Dour 

VOL-

83-0019788 
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NEC 
NEC Electronics Inc. 

Description 

The µPD41416 is a 16,384-word by 4-bit dynamic N­
channel MOS RAM designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is internally generated; its operation is both automatic 
and transparent. The µPD41416 utilizes a double­
polylayer, N-channel, silicon gate process which pro­
vides high storage cell density, high performance, and 
high reliability. 

The µPD41416 uses a single transistor dynamic storage 
cell and advanced dynamic circuitry throughout, ensur­
ing minimum power dissipation. Refresh is accom­
plished by performing RAS-only refresh cycles, hidden 
refresh cycles, or normal read or write cycles on the 128 
address combinations of Ao-A6 during the refresh per­
iod of 2 milliseconds. 

Multiplexed address inputs permit the µPD41416 to be 
packaged in a standard 18-pin dual-in-line package for 
high system bit density. 

Features 

D 16,384-word x 4-bit organization 
D Single +5 V power supply ± 10% 

µPD41416 
16,384 x 4-BIT 

DYNAMIC NMOS RAM 

Revision 2 

Pin Configuration 

83-001775A 

Pin Identification 
No. Symbol Function 

OE Output enable 

2-3, 15, 17 I /01-I I 04 Data input I output 

WE Write enable 

RAS Row address strobe 

6-8, 10-14 Ao-A7 Address inputs: 
Ao-As= Column address inputs 
Ao-A5 =Refresh address 
Ao-A7= Row address inputs 

Vee +5 V power supply 

D Standard 18-pin plastic package 16 GAS Column address strobe 

GND Ground 
D CAS, OE or early write mode to control Dour buffer -18 __________________ _ 

impedance 
D Low power dissipation, 

-Active (tRc = min): 303 mW 
-Standby: 28 mW 

D Read, write, read-write, read-modify-write. RAS-only 
refresh, hidden refresh, and page mode capabilities 

D 128 refresh cycles during 2 ms period 

Performance Ranges 
Device tcAC to EA 

µPD41416-12 120 ns 60 ns 30ns 

µPD41416-15 150 ns 75 ns 40 ns 

µPD41416-20 200 ns 100 ns 50 ns 
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µPD41416 

Block Diagram 

RAS Clock 
Generator 

CAI ------------.i 

Ao-

Ai-

A2-

I A3-

"4- iii! 

" As-
::I 

As-

A1-

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

Storage temperature, T STG 

Short-circuit output current, los 

Power dissipation, Po 

CASClock 
Generator 

-1.0Vto +7.0V 

- 55°C to 125°C 

50mA 

1.0W 

Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
TA =0°Cto +70°C, Vcc=5.0V±10%; f = 1.0MHz 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input C11 pF 
capacitance, 
address inputs 

Input C12 pF 
capacitance, 
strobe inputs 

Input/ output C110 pF 
capacitance, 
data ports 

5-30 

WE Clock 
Generator 

OE Clock 
Generator 

Data 110 Bua 

Column Decoder 

Sense Ampllller 

128 x 512 
Memory Array 

DC Characteristics 
TA= 0°c to + 70°C 

Parameter Symbol Min 

Supply voltage, Vee 4.5 
high 

Supply voltage, GND 
low 

Standby supply lee2 
current 

Input leakage l1(L) -10 
current 

Output leakage lo(L) -10 
current 

Output voltage, Vol 
low 

Output voltage, VoH 2.4 
high 

Input voltage, V1L -1.0 
low 

Input voltage, V1H 2.4 
high 

Data-In 
Buller 

Data-out 
Buller 

Limits 

Typ Max 

5.0 5.5 

5.0 

10 

10 

0.4 

0.8 

5.5 

NEC 

83-0017766 

Test 
Unit Conditions 

v 

v 

mA RAS=V1H, 
Dour=High 
impedance 

µA OV~VIN~Vee, 
all other pins not 
undertest=OV 

µA Dour is disabled, 
OV~VouT~ 
+5.5V 

v lour=4.2mA 

v lour= -2mA 

v 

v 



NEC µPD41416 

AC Characteristics (Notes 2, 3, 4) 
TA=0°Cto +70°C, Vcc=5.0V±10% (Note1) 

Limits 

µPD41416-12 µPD41416-15 µPD41416-20 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operating supply current, average ICC1 55 50 45 mA RAS, CAS cycling, 
tRc=tRc min, (Note 5) 

Operating supply current, refresh mode, lcc3 45 40 35 mA RAS cycling, 
average CAS=V1H· tRc=tRc 

min, (Note 5) 

Operating supply current, page mode lcc4 45 40 35 mA RAS=V1L· 
operation, average CAS cycling, tpc=tpc 

min, (Note 5) 

Random read or write cycle time tRc 220 260 330 ns (Note 6) 

Read-write cycle time tRwc 300 355 445 ns (Note 6) 

Page mode cycle time tpc 120 145 180 ns (Note 6) 

Access time from RAS tRAC 120 150 200 ns (Notes 7, 8) 

Access time from CAS tcAC 60 75 100 ns (Notes 7, 9) 

Output turn-off delay from CAS to FF 30 40 50 ns (Note 10) 

Transition time, rise and fall tr 50 50 50 ns (Note 4) 

RAS precharge time tRP 90 100 120 ns 

RAS pulse width tRAS 120 10,000 150 10,000 200 10,000 ns 

II RAS hold time tRSH 60 75 100 ns 

CAS pulse width tcAS 60 10,000 75 10,000 100 10,000 ns 

CAS hold time tcsH 120 150 200 ns 

RAS to CAS delay time tRCD 25 60 25 75 30 100 ns (Note 11) 

CAS to RAS precharge time tcRP 0 ns (Note 12) 

GAS precharge time, non-page cycle tcPN 25 25 30 ns 

CAS precharge time, page cycle tcp 50 60 70 ns 

RAS precharge, CAS hold time tRPC 0 ns 

Row address setup time tASR ns 

Row address hold time tRAH 15 15 20 ns 

Column address setup time tASC 0 0 ns 

Column address hold time tcAH 20 25 30 ns 

Column address hold time referenced to tAR 80 100 130 ns 
RAS 

Read command setup time tRcs ns 

Read command hold time referenced to 1RRH 20 20 20 ns (Note 13) 
RAS 

Read command hold time referenced to tRCH ns (Note 13) 
CAS 

Write command hold time twCH 35 45 55 ns 

Write command hold time referenced to twcR 95 120 155 ns 
RAS 

Write command pulse width twp 35 45 55 ns 

Write command to RAS lead time tRWL 40 45 55 ns 

Write command to GAS lead time tcwL 40 45 55 ns 

Data-in setup time tos 0 0 0 ns (Note 14) 
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AC Characteristics (Notes 2, 3, 4) (cont) 
TA=0°Cto +70°C, Vcc=5.0V±10% (Note1) 

Limits 

µPD41418-12 µPD41418-15 µPD41418-20 

Parameter Symbol Min Max Min Max Min Max Unit 

Data-in hold time loH 35 45 55 ns 

Data-in hold time referenced to RAS toHR 95 120 155 ns 

Refresh period !REF ms 

WE command setup time twcs ns 

GAS to WE delay tcwo 95 120 155 ns 

RAS to WE delay IRWD 155 195 255 ns 

Access time from OE to EA 30 40 50 ns 

Data delay time torn 30 40 50 ns 

OE command hold time IQEH 0 ns 

Output turn-off delay from OE IQEZ 30 40 50 ns 

Notes: 
(1) All voltages referenced to GND. 

(2) An initial pause of 100µs is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tr= 5 ns. 

NEC 

Test 
Conditions 

(Note 14) 

(Note 10) 

(4) v1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and Vil· 

(5) lcc1• lcc3 and lcc4 depend on output loading and cycle rates. Specified values are obtained with the outputs open. 

(6) The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range (TA= 0°C to 70°C) is 
assured. 

(7) Load = 2 TTL loads and 100 pF. 

(8) Assumes that tRcD.;;; tRcD (max). If tRco is greater than the maximum recommended value shown in this table, tRAC will increase by the amount 
that tRco exceeds the value shown. 

(9) Assumes that tRcD ~ tRco (max). 

(10) toFF (max) and toEz (max) define the time at which the output achieves the open circuit condition and are not referenced to VoH or Vol· 

(11) Operation within the tRcD (max) limit insures that tRAC (max) can be met. tRcD (max) is specified as a reference point only. If tRcD is greater than 
the specified tRcD (max) limit, then access time is controlled exclusively by tcAC· 

(12) tcRP requirement should be applicable for RAS, CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-modify-write cycles. 
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Timing Waveforms 

Read Cycle 

83-001777A 

Write Cycle (Early Write) 

83-001778A 

Read-Write I Read-Modify· Write Cycle 

83-001779A 

µPD41416 

OE-Controlled Write Cycle 

83-001780A 

"RAS-Only" Refresh Cycle 

tASR ~ ~PC 

~....w)lll/lf /fl///j///JJl)I 11////J// 
(Ao-A.) 

110 -------~-------
Notes: 

WE = Don't Care. 

A7 = V1H or VIL· 

Hidden Refresh Cycle 

83-001781A 

83-001782A 
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µPD41416 NEC 
Timing Waveforms (cont) 

Page Mode Read Cycle Page Mode Write Cycle (Early Write) 

Page Mode Read· Write/ Read-Modify· Write Cycle 

Valid Valid Valid Valid 
Data-Out Data-In Data-Out Data-In 

83-0017858 

5-34 



NEC 
NEC Electronics Inc. 

Description 

The µPD41464 is a 65,536-word by 4-bit dynamic N­
channel MOS random access memory (RAM) designed 
to operate from a single +5 V power supply. The nega-
tive voltage substrate bias is generated internally; its 
operation is automatic and transparent. The µPD41464 
utilizes double polylayer N-channel silicon gate pro-
cessing which provides high storage cell density, high 
performance, and high reliability. The device alsQ uses 
a single transistor dynamic storage cell and advanced 
dynamic circuitry throughout, ensuring minimum 
power dissipation. 

The three-state 1/0 is controlled by CAS independently 

µPD41464 
65,536 x 4-BIT 

DYNAMIC NMOS RAM 

Revision 1 

Pin Configurations 

18-PlnDIP 

83-001968A 

of RAS. After a valid read or hidden refresh cycle, data 18-Pln PLCC 
is held on the 1/0 by holding CAS low. The data 1/0 is 
returned to the high-impedance state by returning 
CAS high. TheµPD41464 hidden refresh feature allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 

Refresh is accomplished by using CAS before RAS 
cycles, enabling the internal generation of the refresh 
address. Refresh can also be accomplished by using 
RAS-only refresh or normal read or write cycles on the 
256 address combinations of Ao-A7 during the 4 ms 
refresh period. 

Features 

0 65,536-word by 4-bit organization 
D Single +5 V ± 10% power supply 
0 Standard 18-pin DIP and PLCC packages 
D CAS before RAS internal address refresh mode 
0 Multiplexed address inputs 
D On-chip substrate bias generator 
0 Low power dissipation: 

- 28 mW (standby) 
- 440 mW (active, tRc = tRc min) 

0 Non-latched TTL-compatible 1/0 
0 Low input capacitance 
0 256 refresh cycles during 4 ms period 

Performance Ranges 
Device •aac •cac 
µPD41464-10 100 ns 50 ns 25 ns 80 mA 

µPD41464-12 120 ns 60 ns 30 ns 75 mA 

µPD41464-15 150 ns 75 ns 40 ns 70 mA 

g1~ ~ g 

i 
RAS lit 14 Ao 

Q 
As ~ 13 A1 

83-001969A 

Pin Identification 
No. Symbol Function 

OE Output enable 

2, 3, 15, 17 1101-1/04 Data 1/0 

4 WE Write enable 

5 RAS Row address strobe 

6-8, 10-14 Ao-A7 Address inputs 

9 Vee Power supply 

16 CAS Column address strobe 

18 GND Ground 
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Block Diagram 

CASClock 
Gener8tor 

Ao 
A, . 

l ~ J A, . m 
A, . :e i i I A• . I As . 
Ae . 
A7 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to +7.0V 

Operating temperature, T OPR o to +70°C 

Storage temperature, Tsrn -55 to +125°C 

Short circuit output current, los 50mA 

Power dissipation, Po 1W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for exten.ded 
periods may affect device reliability. 

Capacitance 
TA=25°C,f=1 MHz 

Parameter 

Input capacitance 

Input capacitance 

Input/output capacitance 
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Limits 

Symbol Min Typ 

C11 

C12 

Co 

OE 

Datal/OBus 

Column Decoder 

Sense Amplifier 

256x1024 
MemoryArrfl't 

Max 

5· 

8 

7 

WE Clock 
~tor 

OE Clock 
Generator 

Unit 

pF 

pF 

pF 

NEC 

Data-in 
Buffer 

OatlM>u1 
Buffer 

·Test 
Conditions 

l/Oo 

83-0030156 



NEC µPD41484 

DC Characteristics 
TA= o to +70°C; Vee= 5.0 v ±10% 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Supply voltage Vee 4.5 5.0 5.5 v Referenced to GND 

Input high voltage V1H 2.4 5.5 v Referenced to GND 

Input low voltage V1L -1.0 0.8 v Referenced to GND 

Standby current lcc2 5.0 mA RAS = GAS = V1H 

Input leakage current l1(L) -10 10 µA V1N = 0 to 5.5 V, all other pins not 
under test= 0 V 

Output leakage current IQ(L) -10 10 µA 110 is High-Z, V110 = 0 to 5.5 V 

Output low voltage Vol 0.4 v loL = 4.2 mA 

Output high voltage VoH 2.4 Vee v loH =-5 mA 

AC Characteristics 
TA= o to +10°c; Vee= 5.0 v ±10% 

µPD41464-10 µPD41464-12 µPD41464-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operating current, average lcc1 80 75 70 mA RAS, GAS cycling, tRc = tRc min 
(Note 5) 

Operating current, lcc3 65 60 55 mA RAS cycling, GAS= V1H. tRc = tRc min 
refresh mode, average (Note 5) 

II Operating current, lcc4 55 50 45 mA RAS= VIL· GAS cycling, tpc = tpc min 
page mode, average (Note 5) 

Operati!!.9.._current, GAS Ices 70 65 60 mA RAS cycling, GAS = V1L. tRc = tRc min 
before RAS refresh mode, (Note 5) 
average 

Random read or tRc 200 220 260 ns (Note 6) 
write cycle time 

Read-write cycle time tRwc 270 300 355 ns (Note 6) 

Page mode cycle time tpc 100 120 145 ns (Note 6) 

Refresh period tREF 4 4 4 ms 

Access time from RAS tRAC 100 120 150 ns (Notes 7, 8) 

Access time from GAS tcAC 50 60 75 ns (Notes 7, 9) 

Output buffer turn-off to FF 25 30 0 40 ns (Note 10) 
delay 

Transition time (rise tr 3 50 50 3 50 ns (Note 3) 
and fall) 

RAS precharge time tRP 90 90 100 ns 

RAS pulse width tRAS 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 50 60 75 ns 

GAS pulse width tcAs 50 10000 60 10000 75 10000 ns 

GAS hold time tcsH 100 120 150 ns 

RAS to GAS delay time tRCD 20 50 25 60 25 75 ns (Note 11) 

GAS to RAS precharge tcRP 10 10 10 ns (Note 12) 
time 

GAS precharge time, tcPN 25 25 25 ns 
non-page cycle 

GAS precharge time, tcp 40 50 60 ns 
page cycle 
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µPD41464 NEC 
AC Characteristics (cont) 
TA= o to +70°C; Vee= 5.0 v ±10% 

µPD41464·10 µPD414&4·12 µPD4I4&4·15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 

RAS precharge CAS tRPC 0 ns 
hold time 

Row address setup time tASR 0 0 ns 

Row address hold time tRAH 10 15 15 ns 

Column address setup tAsC 0 ns 
time 

Column address hold 
time 

tcAH 15 20 25 ns 

Column address hold 
time referenced to RAS 

tAR 65 80 100 ns 

Read command setup 
time 

tRcs ns 

Read command hold 
time referenced to RAS 

tRRH 10 10 10 ns (Note 13) 

Read command hold 
time referenced to CAS 

tRCH 0 ns (Note 13) 

Write command hold twcH 25 30 40 ns 
time 

Write command hold 
time referenced to RAS 

twcR 75 90 115 ns 

Write command pulse twp 15 20 25 ns 
width 

Write command to RAS tRWL 35 40 45 ns 
lead time 

Write command to CAS tcwL 35 40 45 ns 
lead time 

Data-in setup time tos 0 ns (Note 14) 

Data-in hold time toH 25 30 40 ns (Note 14) 

Data-in hold time to HR 75 90 115 ns 
referenced to RAS 

Write command setup twcs ns (Note 15) 
time 

RAS to WE delay tRWD 130 155 195 ns (Note 15) 

CAS to WE delay tcwo 80 95 120 ns (Note 15) 

Access time from OE to EA 25 30 40 ns 

Data delay time to ED 25 30 40 ns 

OE command hold time to EH 0 0 ns 

OutplJ!jurn-off delay toEZ 25 0 30 40 ns 
from OE 

OE to RAS inactive setup to ES 10 10 10 ns 
time 

CAS setup time for 
CAS before RAS refresh 

tcsR 10 10 10 ns 

CAS hold time for CAS tcHR 20 25 30 ns 
before RAS refresh 
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Note: 

(1) An initial pause of 100 µs ("RAS Inactive) is required after power-up, followed by any 8 f!lAS cycles, before proper device operation Is 
achieved. 

(2) AC measurements assume tr = 5 ns. 

(3) V1H (min) and V1L (max) are reference levels for measuring timing of Input signals. 

(4) All voltages referenced to GND. 

(5) lcc1, lcc3, lcc4, and Ices depend on output loading and cycle rates. Specified values are obtained with the output open. For lot code K of 
µPD41464-15, tRc min must be 270 ns and lcc3 = 60 mA. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= 0 to +70°C) is assured. For lot code K of µPD41464-15, tRc min must be 270 ns. 

(7) Load= 2 TTL loads and 100 pF. 

(8) Assumes that tRco :5 tRco (max). If tRco Is greaterthan the maximum recommended value in this table, tRAC increases by the amount that 
tRco exceeds the value shown. 

(9) Assumes that tRco 2: tRco (max). 

(10) to FF (max) and toEz (max) define the time at which the outputs achieve the open circuit condition and are not referenced to VoH or VOL. 

(11) Operation within the tRco (max) limit assures that tRAC (max) can be met. tRco (max) is specified as a reference point only; if tRco is 
greater than tRco (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twcs. tcwo. and tRwo are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs 2: twcs (min), the cycle is 
an early write cycle and the data 1/0 pins will remain high impedance throughout the entire cycle. If tcwo 2: tcwo (min) and tRwo 2: tRwo 
(min), the cycle is a read-write cycle and the data 1/0 pins will contain data read from the selected cells. If neither of the above conditions is 
met, the condition of the data 1/0 pins (at access time and until CAS returns to V1H) is indeterminate. 

Timing Waveforms 

Read Cycle Write Cycle (Early Write) 

83-003016A 
83-003018A 
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Timing Waveforms (cont) 

OE-Controlled Write Cycle 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

5-40 

B3-003017A 

'NEC 

Read-Write/Read-Modify-Write Cycle 

toeo 
B3-003019A 

63-0030208 

63-0030218 



NEC µPD41484 

Timing Waveforms (cont} 

Page Mode Read-Write/Read-Modify-Write Cycle 

Valld Valld Valld Valld 
Data-out Data-In Data-out Data-In 

83-0030226 

RAS-Only Refresh Cycle CAS Before RAS Refresh Cycle 

I Re 

IRAS 
RAS 

CAS~ tCHAj' 

Addresses Don't Care 

WE Don't Care 

Don't Care 
OE Don't Care 

110, 
High 
Impedance 

110, 
Hi h 
Impedance 83-003025A 

83-003023A 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

1+--------MemoryCycle•----------

1+-------IRASi-----+1 

ICRP 
14-----IAR----1 

AddreHes 

WE 
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NEC 
NEC Electronics Inc~ 
PRELIMINARY INFORMATION 

Description 

The µPD411000 is a page mode version 1,048,576-word 
by 1-bit dynamic N-channel MOS random access 
memory (RAM). It is designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. The µPD411000 
utilizes advanced double-level polycide technology. 
The use of trench capacitors minimizes silicon area 
while providing high storage cell density, high per­
formance, and high reliability. The device uses a single 
transistor dynamic storage cell and advanced dynamic 
circuitry throughout, ensuring minimum power 
dissipation. 

The three-state output is controlled by CAS indepen­
dently of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to the high-impedance 
state by returning CAS high. Hidden refresh allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 

Refresh may be accomplished by using a CAS before 
RAS cycle, enabling the internal generation of the 
refresh address. Refresh can also be accomplished by 
using RAS-only refresh or by a normal read or write 
cycle on the 512 address combinations of A0-A8 during 
the 8 ms refresh period. 

Features 

D 1,048,576-word by 1-bit organization 
D Page mode operation 
D High density 18-pin plastic DIP (µPD411000C) 

or 26/20-pin plastic SOJ (µPD411000LA) 
D Single +5 V ±10% power supply 
D CAS before RAS internal address refresh mode 
D Low power dissipation: 

- 28 mW standby (max) 
D Multiplexed address inputs 
D On-chip substrate bias generator 
D Non-latched TTL-compatible three-state output 
D Low input capacitance 
D TTL-compatible inputs 
D 512 refresh cycles during 8 ms period 

Performance Ranges 
Row Access R/W RMW Page Mode 

Device Time(Max) Cycle (Min) Cycle (Min) Cycle (Min) 

µPD411000-10 100 ns 200 ns 270 ns 100 ns 

µPD411000-12 120 ns 220 ns 300 ns 120 ns 

µPD411000-15 150 ns 260 ns 355 ns 145 ns 

µPD411000 
1,048,576x1·BIT 

DYNAMIC NMOS RAM 

Pin Configurations 

18-Pln Plastic DIP 

83-003234A 

26120-Pln SOJ 

26 GND 
J----2.-sL Dour 

NC 

NC 

24 CAS 

23 NC 

22 Ag 

18 As 

17 Ar 

16 As 

15 As 

,_ ___ 14-1 A4 

83-003518A 

Pin Identification 

Plastic DIP 

No. Symbol Function 

D1N Data input 

WE Write enable 

RAS Row address strobe 

NC No connection 

5-8, 10-15 Ao-Ag Address inputs 

9 Vee Power supply 

16 GAS Column address strobe 

17 Dour Data output 

18 GND Ground 
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Pin Identification (cont) 

Plastic SOJ 
No. Symbol 

D1N 

2 WE 

3 RAS 
4, 5, 23 NC 

6-8, 19-21 

9-12, 14-18, 22 Ao-Ag 

13 Vee 
24 GAS 

25 Dour 

26 GND 

Block Diagram 

RAS Clock 
Generator 

Function 

Data input 

Write enable 

Row address strobe 

No connection 

No external lead 

Address inputs 

Power supply 

Column address strobe 

Data output 

Ground 

CAS Clock 
Generator 

CAS~+-~~~~-1-~---~~~_.. 

------~ 

Data 1/0 Bui 

Column Decoder 

Sense Amplifier 

Memory Array 
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WE Clock 
Generator 

Data-In 
Buffer 

Data·out 
Buffer 
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NEC µPD411000 

Absolute Maximum Ratings DC Characteristics 
Voltage on any pin relative to GND -1.0 to +7.0 V 

TA= o to +10°c; Vee= 5 v ± 10% 

Operating temperature, T OPR Oto +70°C 
Limits Test 

Storage temperature, T srG -55 to +125°C 
Parameter Symbol Min Typ Max Unit Conditions 

Short circuit output current 50 mA 
Supply voltage Vee 4.5 5.0 5.5 v Referenced to GND 

Power dissipation, Po 1W 
Input high V1H 2.4 5.5 v Referenced to GND 
voltage 

Comment: Exposing the device to stresses above those listed in Input low V1L -1.0 0.8 v Referenced to GND 
Absolute Maximum Ratings could cause permanent damage. The voltage 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. Standby current lee2 5.0 mA RAS =V1H. 
Exposure to absolute maximum rating conditions for extended Dour= Hi-Z 
periods may affect device reliability. 

Input leakage l1(L) -10 10 µA V1N = 0 to 5.5 V, 

Capacitance 
current all other pins not 

under test= 0 V 
TA= 25°C, f = 1 MHz 

Output leakage lo(L) -10 10 µA Dour is disabled, 
Test current Vour-= fl to 5.5 v Parameter Symbol Max Unit Conditions 

Input capacitance C11 5 pF Address, D1N Output low Vol 0 0.4 v loL = 4.2 mA 

Input capacitance C12 pF RAS, GAS, WE voltage 

Output capacitance Co pF Dour Ouput high VoH 2.4 Vee v loH =-5 mA 
voltage 
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µPD411000 NEC 
AC Characteristics 
TA= o to +70°c; Vee= 5.0 v ± 10% 

Limits 

µPD41 IOOO·IO µPD411000·12 µPD411000·115 
Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operating current, average lcc1 100 90 80 mA RAS, CAS cycling, tRc = tRc min (Note 5) 

Operating current, 'RAS-only lcc3 85 75 65 mA RAS cycling, CAS = V1H. tRc = tRc min 
refresh mode, average (Note 5) 

Operating current, page mode lcc4 85 75 65 mA RAS= VIL· CAS cycling, tpc = tpc min 
operation, average (Note 5) 

~ating current, CAS before Ices 90 80 70 mA RAS cycling, CAS before RAS, 
refresh mode, average tRc = tRc min (Note 5) 

Random read or write tRc 200 220 260 ns (Note 6) 
cycle time 

Read-write cycle time tRwc 270 300 355 ns (Note 6) 

Access time from RAS tRAC 100 120 150 ns (Notes 7, 8) 

Access time from CAS tcAc 50 60 75 ns (Notes 7, 9) 

Output buffer turn-off delay to FF 25 30 0 40 ns (Note 10) 

Transition time (rise and fall) tr 50 50 3 50 ns (Note 4) 

RAS precharge time tRP 90 90 100 ns 

RAS pulse width tRAS 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 50 60 75 ns 

CAS pulse width tcAs 50 10000 60 10000 75 10000 ns 

CAS hold time tcsH 100 120 150 ns 

RAS to CAS delay time tRco 20 50 25 60 25 75 ns (Note 11) 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS precharge time, tcPN 20 25 30 ns 
non-page cycle 

RAS precharge CAS hold time tRPC 0 ns 

Row address setup time IASR 0 ns 

Row address hold time tRAH 10 15 15 ns 

Column address setup time tASC 0 0 0 ns 

Column address hold time tcAH 15 20 25 ns 

Column address hold time tAR 65 80 100 ns 
referenced to RAS 

Read command setup time tRcs 0 ns 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

Read command hold time tRCH 0 ns (Note 13) 
referenced to CAS 

Write command hold twcH 25 30 40 ns 
time 

Write command hold twcR 75 90 115 ns 
time referenced to RAS 

Write command pulse width twp 15 20 25 ns 

Write command to tRWL 35 40 45 ns 
RAS lead time 

Write command to GAS lead tcwL 35 40 45 ns 
time 
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AC Characteristics (cont) 
TA= o to +70°c; v00 = 5.0 v ± 10% 

Limits 

µPD41 IOOO·IO µPD411000·12 µPD4110DD·15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Data-in setup time tos ns (Note 14) 

Data-in hold time toH 25 30 40 ns (Note 14) 

Data-in hold time referenced to HR 75 90 115 ns 
to RAS 

Write command setup time twcs ns (Note 15) 

RAS to WE delay tRWD 100 120 150 ns (Note 15) 

GAS to WE delay tcwo 50 60 75 ns (Note 15) 

GAS setup time for GAS 
before RAS refresh 

tcsR 10 10 10 ns 

GAS hold time for GAS tcHR 20 25 30 ns 
before RAS refresh 

Page cycle time tpc 100 120 145 ns (Note 6) 

GAS precharge time, page tcp 40 50 60 ns 
cycle 

Refresh period tREF ms Addresses Ao-As 

Note: 

(1) All voltages referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tr= 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and V1L· 

(5) 1001. lcc3. lcC4• and Ices depend on output loading and cycle rates. Specified values are obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL loads and 100 pF. 

(8) Assumes thattRcD :5tRco (max). If tRcD is greaterthan the maximum recommended value in this table, tRAC increases by the amount that 
tRco exceeds the value shown. 

(9) Assumes that tRco 2: tRcD (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tRco (max) limit assures that tRAC (max) can be met. tRcD (max) is specified as a reference point only; if tRcD is 
greater than tRcD (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tR9H must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge ofWE for delayed write 
or read-modify-write cycles. 

(15) twcs. tcwo. and tRwD are restrictive operating parameters in read-write/read-modify-write cycles only. If twos;::::: twcs (min), the cycle is 
an early write cycle and the data output wi II remain open circuit throughout the entire cycle. If tcwo 2: tcwo (min) and tRwD 2: tRwD (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to V1H) is indeterminate. 
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Timing Waveforms 

Read Cycle 

Write Cycle (Early Write) 
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83-001657A 

83-001658A 

t-IEC 

Read-Write/Read-Modify-Write Cycle 

83-001659A 

RAS-Only Refresh Cycle 

DouT ~~~"-=""--~~~~~~~~~~~~~~ 
High Impedance 
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NEC µPD411000 

Timing Waveforms (cont} 

Hidden Refresh Cycle 

------Memory Cycle--------,CBR Cycle,------CBR Cycle 

VrH-
CAS V1L-

V1H-
Address 

V1L-

WE V1H-V1L - ....., _____ _ 

VoH-
Dour ----~~--~~--~<1 

VoL-

83·0019788 

CAS before RAS Refresh Cycle 

--------------~tRc----------------

-----------tRAS-----------i 

-{-_ V1H -

CAS VrL -

tcHR=t 

Note: 
[1] WE, Addren: Don't Care. 

83-0019798 
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Timing Waveforms (cont) 

Page Mode Read Cycle 

Page Mode Write Cycle (Early Write) 

Page Mode Read-Write/Read-Modify-Write Cycle 
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NEC 
NEC Electronics Inc. 

PRELIMINARY INFORMATION 

Description 

The µPD411001 is a nibble mode version 1,048,576-
word by 1-bit dynamic N-channel MOS random access 
memory (RAM). It is designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. The µPD411001 
utilizes advanced double-level polycide technology. 
The use of trench capacitors minimizes silicon area 
while providing high storage cell density, high perfor­
mance, and high reliability. The device uses a single 
transistor dynamic storage cell and advanced dy­
namic circuitry throughout, ensuring minimum power 
dissipation. 

The three-state output is controlled by CAS in­
dependently of RAS. After a valid read or read-modify­
write cycle, data is held on the output by holding CAS 
low. The data output is returned to the high-impedance 
state by returning CAS high. Hidden refresh allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 

Refresh may be accomplished by using a CAS before 
RAS cycle, enabling the internal generation of the 
refresh address. Refresh can also be accomplished by 
using RAS-only refresh or by normal read or write 
cycles on the 512 address combinations of A0-A8 
during the 8 ms refresh period. 

Features 

D 1,048,576-word by 1-bit organization 
D Single +5 V ± 10% power supply 
D Nibble mode operation 
D High density 18-pin plastic DIP (µPD411001C) or 

26/20-pin SOJ (µPD411001 LA) 
D Low power dissipation: 

- 28 mW standby (max) 
D CAS before RAS internal address refresh mode 
D Multiplexed address inputs 
D On-chip substrate bias generator 
D Non-latched TTL-compatible three-state output 
D Low input capacitance 
D TTL-compatible inputs 
D 512 refresh cycles during 8 ms period 

Performance Ranges 
Nibble Mode 

Row Access Read/Write BMW Access Time 
Device Tlme(max) Cycle (min) Cycle (min) (max) 

µPD411001-10 100 ns 200 ns 270 ns 25 ns 

µPD411001-12 120 ns 220 ns 300 ns 30 ns 

µPD411001-15 150 ns 260 ns 355 ns 35 ns 

µPD411001 
1,048,576 x 1-BIT 

DYNAMIC NMOS RAM 

Pin Configurations 

18-Pin Plastic DIP 

83-003237A 

26120-Pin Plastic SOJ 

D1N 1 26 GND 
WE _.t-2---2-sLDour 

RAS 3 24 CAS 

NC 23 NC 

NC 22 Ag 

Ao 9 18 As 

A1 10 17 A1 

A2 11 16 A6 

AJ 12 15 As 

Vee 13 14 A4 

83-003520A 

Pin Identification 

Plastic DIP 

No. Symbol Function 

1 D1N Data input 

2 WE Write enable 

3 RAS Row address strobe 

4 NC No connection 

5-8, 10-15 Ao-Ag Address inputs 

9 Vee Power supply 

16 GAS Column address strobe 

17 Dour Data output 

18 GND Ground 
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µPD411001 

Pin Identification (cont) 

Plastic SOJ 

No. Symbol 

1,2,24,25 1/0, -1/04 

3 WE 

4 RAS 

5 NC 

6-8,19-21 

9-12,14-18,22 Ao-Ag 

13 Vee 
22 OE 

23 GAS 

26 GND 

Block Diagram 

Function 

Data 1/0 

Write enable 

Row address strobe 

No connection 

No external lead 

Address inputs 

Power supply 

Output enable 

Column address strobe 

Ground 

RAS Clock 
Generator 

CAS~--~~~~--+~~~~~~--

CAS Clock 
Generator 

NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to +7.0V 

Operating temperature, T OPR Oto +70°C 

Storage temperature, T sTG -55 to +125°C 

Short circuit output current 50 mA 

Power dissipation, Po 1W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

.__ _____ _, 

Data 1/0 Bus 

Column Decoder 

Sense Ampllfler 

Memory Array 
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Data·ln 
Buffer 

Data-out 
Buffer 

DIN 

Dour 
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NEC µPD411001 

DC Characteristics Capacitance 
TA= o to +70°C; Vee= 5 v ± 10% TA= 25°C, f = 1 MHz 

Limits Test Test 

Parameter Symbol Min Typ Max Unit Conditions 
Parameter Symbol Max Unit Conditions 

Supply voltage Vee 4.5 5.0 5.5 v Referenced to GND 
Input capacitance C11 5 pF Address, D1N 

Input capacitance C12 8 pF RAS, GAS, WE 
Input high V1H 2.4 5.5 v Referenced to GND 
voltage Output capacitance Co 7 pF Dour 

Input low V1L -1.0 0.8 v Referenced to GND 
voltage 

Standby current lee2 5.0 mA RAS= V1H. 
Dour= Hi-Z 

Input leakage l1(L) -10 10 µA V1N = 0 to 5.5 V, 
current all other pins not 

under test = 0 V 

Output leakage lo(L) -10 10 µA Dour is disabled, 
current Vour = o to 5.5 v 
Output low Vol 0.4 v loL = 4.2 mA 
voltage 

Output high VoH 2.4 Vee v loH =-5 mA 
voltage 

AC Characteristics 

II TA= o to +70°C; Vee= 5.0 v ± 10% 

Limits 

µPD411001-10 µPD411001-12 µPD411001-15 
Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operating current, average lee1 100 90 80 mA RAS, GAS cycling, tRe = tRe min (Note 5) 

Operating current, RAS-only lee3 85 75 65 mA RAS cycling, GAS = V1H. tRe = tRe min 
refresh mode, average (Note 5) 

Operating current, nibble mode lee5 40 35 30 mA RAS= VIL· GAS cycling, tNe = tNe min 
operation, average (Note 5) 

Operating current, CAS before lee6 90 80 70 mA RAS cycling, GAS before RAS, 
liAS refresh mode, average tRe = tRe min (Note 5) 

Random read or write tRe 200 220 260 ns (Note 6) 
cycle time 

Read-write cycle time tRwe 270 300 355 ns (Note 6) 

Access time from RAS tRAe 100 120 150 ns (Notes 7, 8) 

Access time from GAS, teAe 50 60 75 ns (Notes 7, 9) 
non-nibble cycle 

Access time from GAS, tNAe 25 30 35 ns (Note 7) 
nibble mode cycle 

Output buffer turn-off delay to FF 25 0 30 0 40 ns (Note 10) 

Transition time (rise and fall) tr 50 3 50 50 ns (Note 4) 

RAS precharge time tRP 90 90 100 ns 

RAS pulse width tRAS 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 50 60 75 ns 

RAS hold time (nibble mode) tNRSH 25 30 35 ns 

m pulse width, non-nibble teAS 50 10000 60 10000 75 10000 ns 
mode 

GAS hold time tesH 100 120 150 ns 
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µPD411001 NEC 
AC Characteristics (cont) 
TA= o to +70°C; Vee= 5.0 v ± 10% 

Limits 

µPD41 IDDl-ID µPD41 IDDl-12 µPD411001-15 
Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

RAS to GAS' delay time tRCD 20 50 25 60 25 75 ns (Note 11) 

GAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

GAS precharge time tNP 20 25 30 ns 

RAS precharge CAS hold time tRPC 0 ns 

Row address setup time IASR 0 ns 

Row address hold time tRAH 10 15 15 ns 

Column address setup time tAsc ns 

Column address hold time tcAH 15 20 25 ns 

Column address hold time tAR 65 80 100 ns 
referenced to RAS 
Read command setup time tRCS ns 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

Read command hold time tRCH ns (Note 13) 
referenced to CAS 

Write command hold twcH 25 30 40 ns 
time 

Write command hold twcR 75 90 115 ns 
time referenced to RAS 

Write command pulse width twp 15 20 25 ns 

Write command to tRWL 35 40 45 ns 
iu;:s lead time 

Write command to GAS lead tcwL 35 40 45 ns 
time, non-nibble cycle 

Write command to GAS lead tNCWL 25 30 35 ns 
time, nibble mode cycle 

Data-in setup time tos ns (Note 14) 

Data-in hold time toH 25 30 40 ns (Note 14) 

Data-in hold time referenced to HR 75 90 115 ns 
to RAS 
Write command setup time twcs ns (Note 15) 

RAS to WE delay tRWD 100 120 150 ns (Note 15) 

CAS to WE delay, tcwo 50 60 75 ns (Note 15) 
non-nibble cycle 

CAS to WE delay, tNCWD 25 30 35 ns (Note 15) 
nibble mode cycle 

CAS se~time for CAS tcsR 10 10 10 ns 
before RA refresh 
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NEC µPD411001 

AC Characteristics (cont) 
TA= o to +70°C; Vee= s.o v ± 10% 

Parameter 

CAS hold time for CAS 
before RAS refresh 

Nibble mode cycle time 

CAS pulse width, nibble 
mode cycle 

Refresh period 

Note: 

Symbol 

tcHR 

(1) All voltages referenced to GND. 

Limits 

µPD411DD1-1D µPD411DD1·12 µPD411DD1·15 

Min Max Min Max Min Max 

20 25 30 

55 65 75 

25 10000 30 10000 35 10000 

Unit 

ns 

ns (Note 6) 

ns 

Test 
Conditions 

ms Addresses Ao-Aa 

(2) An initial pause of 100 µsis required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring timing of input signals. Transition times are measured between V1H and VIL· 

(5) lee1• lec3• lee5• and leee depend on output loading and cycle rates. Specified values are obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL loads and 100 pF. 

(8) Assumes that tReo :'.StReD (max). If tReD is greaterthan the maximum recommended value in this table, tRAe increases by the amount that 
tReD exceeds the value shown. 

(9) Assumes that tReo 2: tReD (max). 

(10) toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or VoL· 

(11) Operation within the tReD (max) limit assures that tRAe (max) can be met. tReo (max) is specified as a reference point only; if tReD is 
greater than tReo (max), access time is controlled exclusively by teAe· 

(12) The teRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tReH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twcs. tRWD• tewo. and tNewo are restrictive operating parameters in read-write/read-modify-write and nibble mode read-write/read­
modify-write cycles only. If twes 2: twes (min), the cycle is an early write or nibble mode early write cycle and the data output will remain 
open circuit throughout the entire cycle. lftewo 2:tewo (min) and tRwo2:tRwD (min), the cycle is a read-write cycle and the data output 
will contain data read from the selected cell. If tNewo 2: tNewo (min), the cycle is a nibble mode read-write cycle and the data output will 
contain data read from the selected cell. If none of the above conditions are met, the condition of the data output pin (at access time and 
until CAS returns to v1H) is indeterminate. 
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µPD411001 

Timing Waveforms 

Read Cycle 

Write Cycle (Early Write) 

5-56 

83-003365A 

83·003367A 

NEC 

Read-Write/Read-Modify-Write Cycle 

83-001659A 

RAS-Only Refresh Cycle 

DouT --"""'"".=.:"'----------------High Impedance 
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ttiEC µPD411001 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

V1H­
RAS V1L-

V1H-
CAS V1L-

V1H-
Address 

V1L -

WE V1H-

i------,Memory Cycle,-----i----CBR Cycle---'i+---CBR Cycle 

V1L - _____ ....,.....-

VOH-
DOUT ~~~~~~---~~~~~~1 

VOL-

CAS before RAS Refresh Cycle 

_V1H­
RAS V1L -

_V1H-
CAS V1L -

Note: 

-{"~ 

[1] WE, Address: Don't Care. 

i---------------~IRc---------------i 

t+-----------IRAS-----------... 

ICHR=Y 

83-0033868 

83-0019798 
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µPD411001 

Timing Waveforms (cont) 

Nibble Mode Read Cycle 
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Address ViH -
V1L-

WE V1H­
V1L- ........... _....., 

NEC 
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NEC 
Timing Waveforms (cont) 

Nibble Mode Write Cycle (Early Write) 

- V1H­
RAS V1L-

-YIH­
CAS V1L-

V1H­
Address ViL _ 

- V1H­

'-------------IRAS------------+! 

µPD411001 

WE V1L-'.l.i.l.l.l.'.i./.t./.J.~~..j...~~~-4-''.l..i..(.J..(.-4\1-~-41'.l.l..u.J.~+--'1'.l.l.l..i.l.:.L.fli++----'11"'"-'-'~.l..l.l...l..l..tJ.1...l..I.."'-

83-0032406 
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NEC 
Timing Waveforms (cont) 

Nibble Mode Read-Write/Read-Modify-Write Cycle 
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_ V1H­
CAS V1L-

V1H­
Address 

V1L-

NEC 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The µPD414256 is a 262,144-word by 4-bit dynamic 
N-channel MOS random access memory (RAM) de­
signed to operate from a single +5 V power supply. The 
negative voltage substrate bias is generated internally; 
its operation is automatic and transparent. The 
µPD414256 utilizes advanced double-level polycide 
technology. The use of trench capacitors minimizes 
silicon area while providing high storage cell density, 
high performance, and high reliability. The device uses 
advanced dynamic circuity throughout, ensuring min­
imum power dissipation. 

The three-state 1/0 pins are controlled by CAS in­
dependently of RAS. After a valid read or read-modify­
write cycle, data is held on the 1/0 pins by holding CAS 
low. The data 1/0 pins are returned to the high-imped­
ance state by returning CAS high. The µPD414256 
hidden refresh feature allows CAS to be held low to 
maintain output data while RAS is used to execute 
RAS-only refresh cycles. 

Refresh is accomplished by using a CAS before RAS 
cycle, enabling the internal generation of the refresh 
address. Refresh can also be accomplished by using 
RAS-only refresh or a normal read or write cycle on the 
512 address combination of A0-A8 during the 8 ms 
refresh period. 

Features 

D 262, 144-word by 4-bit organization 
D Page mode operation 
D High density 20-pin plastic DIP (µPD414256C) 

or 26/20-pin plastic SOJ (µPD414256LA) 
D ~le +5 V ±10% power supply 
D CAS before RAS internal address refresh mode 
D Low power dissipation: 

- 28 mW standby (max) 
D Multiplexed address inputs 
D On-chip substrate bias generator 
D Non-latched TTL-compatible 1/0 
D Low input capacitance 
D TTL-compatible inputs 
D 512 refresh cycles during 8 ms period 

Performance Ranges 
Row Access R/W RMW 

Device Time (Max) Cycle (Min) Cycle (Min) 

µPD414256-10 100 ns 200 ns 270 ns 

µPD414256-12 120 ns 220 ns 300 ns 

µPD414256-15 150 ns 260 ns 355 ns 

OE Access 
Time (Max) 

25 ns 

30 ns 

40 ns 

µPD414256 
262,144 x 4-BIT 

DYNAMIC NM'OS RAM 

Pin Configurations 

20-Pin Plastic DIP 

83-003258A 

26120-Pln SOJ 

1/01 :::::J----2-6C GND 
1/01 25 1/03 

WE 24 1104 

RAS 23 CAS 

22 OE 

18 As 

17 A1 

16 As 

15 As 

14 A4 

83-003259A 

Pin Identification 

Plastic DIP 

No. Symbol Function 

1, 2, 18, 19 1/01-1/04 Data 1/0 

3 WE Write enable 

4 RAS Row address strobe 

5 NC No connection 

6-9, 11-15 Ao-Aa Address inputs 

10 Vee Power supply 

16 OE Output enable 

17 CAS Column address strobe 

20 GND Ground 
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µPD414256 

Pin Identification (cont) 

Plastic SOJ 

No. Symbol 

1, 2, 24, 25 1101-1104 

3 WE 

4 RAS 

5 NC 

6-8, 19-21 

9-12, 14-18 Ao-As 

13 Vee 
22 OE 

23 CAS 

26 GND 

Block Diagram 

RAS Clock 
Generator 

Function 

Data 1/0 

Write enable 

Row address strobe 

No connection 

No external lead 

Address inputs 

Power supply 

Output enable 

Column address strobe 

Ground 

CAS Clock 
Generator 

CAS~t-~~~~-+-~~~~~ 

5-62 

Internal 
Refresh 
Clock 

Ao-Aa-4-

-------

Data 1/0 Bus 

Column Decoder 

Sense Amplifier 

512 x 2048 
Memory Array 

W'E Clock 
Generator 

OE Clock 
Generator 

Data-In 
Buller 

NEC 

83-0032606 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, T OPR Oto +70°C 

Storage temperature, T STG -55 to +125°C 

Short circuit output current 50mA 

Power dissipation, Po 1W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA=25°C,f=1 MHz 

Parameter Symbol 

Input capacitance C11 
Input capacitance C12 
Input/output Co 
capacitance 

Max 

5 

8 

7 

Teat 
Unit Conditions 

pF Address 

pF RAS, CAS, WE, OE 

pF Input/output 

µPD414256 

DC Characteristics 
TA= o to +70°C; Vee= 5 v ± 10% 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Supply voltage Vee 4.5 5.0 5.5 v Referenced to GND 

Input high V1H 2.4 5.5 v Referenced to GND 
voltage 

Input low V1L -1.0 0.8 v Referenced to GND 
voltage 

Standby current lee2 5.0 mA RAS= CAS = V1H 

Input leakage l1(L) -10 10 µA V1N 0 to 5.5 V, 
current all other pins not 

under test = 0 V 

Output leakage lo(L) -10 10 µA 110 = High-Z, 
current V110 = 0 to 5.5 V 

Output low Vol 0 0.4 v loL = 4.2 mA 
voltage 

Output high VoH 2.4 Vee v loH =-5 mA 
voltage 
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µPD414256 NEC 
AC Characteristics 
TA= o to +70°C; Vee= 5.0 v ± 10% 

limits 

µPD414256· 10 µPD41425&-12 µPD414256-15 
Tests 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operatir:ig current, average lcc1 100 90 90 mA RAS, CAS cycling, tRc = tRc min (Note 5) 

Operating current, refresh lccJ 85 75 65 mA RAS cycling, CAS = VIH· tRc = tRc min 
mode, average (Note 5) 

Operating current, page mode, lcc4 85 75 65 mA RAS =VIL· CAS cycling, tpc = tpc min 
average (Note 5) 

Operating current, CAS before Ices 90 80 70 mA RAS cycling, CAS =VIL· tRc = tRc min 
RAS refresh mode, average (Note 5) 

Random read or write tRc 200 220 260 ns (Note 6) 
cycle time, 

Read-write cycle time tRWC 270 300 355 ns (Note 6) 

Page mode cycle time tpc 100 120 145 ns (Note 6) 

Refresh period tREF 8 8 ms 

Access time from RAS tRAC 100 120 150 ns (Notes 7, 8) 

Access time from CAS tcAC 50 60 75 ns (Notes 7, 9) 

Output buffer t~rn-off delay to FF 0 25 0 30 0 40 ns (Note 10) 

Transition time (rise and fall) tr 3 50 3 50 3 50 ns (Note 4) 

RAS precharge time tRP 90 90 100 ns 

RAS pulse width tRAS 100 10000 120 10000 150 10000 ns 

RAS hold time tRSH 50 60 75 ns 

CAS pulse width tcAS 50 10000 60 10000 75 10000 ns 

GAS hold time tcsH 100 120 150 ns 

RAS to CAS delay time tRco 20 50 25 60 25 75 ns (Note 11) 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS precharge time, tcPN 20 25 30 ns 
non-page cycle 

CAS precharge lime, page mode tcp 40 50 60 ns 

RAS precharge CAS hold time tRPC 0 0 0 ns 

Row address setup time lASR 0 0 0 ns 

Row address hold time tRAH 10 15 15 ns 

Column address setup time tAsc 0 0 0 ns 

Column address hold time tcAH 15 20 25 ns 

Column address hold time tAR 65 80 100 ns 
referenced to RAS 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 

Write command hold twcH 25 30 40 ns 
time 

Write command hold twcR 75 90 115 ns 
time referenced to RAS 

Write command pulse width twp 15 20 25 ns 
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NEC µPD414256 

AC Characteristics {cont) 
TA= o to +10°c; Vee= 5.0 v ± 10% 

Parameter Symbol 

Write command to tRWL 
RAS lead time 

Write command to CAS lead tcwL 
time 

Data-in setup time tas 

Data-in hold time taH 

Data-in hold time referenced taHR 
to RAS 

Write command setup time twcs 

RAS to WE delay tRWD 

CAS to WE delay tcwo 

Access time from OE to EA 

Data delay time to ED 

OE command hold time to EH 

Output turn-off toEZ 
delay from OE 
OE to RAS inactive to ES 
setup time 

CAS setup time for CAS tcsR 
before RAS refresh 

CAS hold time for CAS tcHR 
before RAS refresh 

Note: 

Limits 

µPD414258-1D µPD414258-12 µPD414258-15 

Min Max Min Max Min Max 

35 40 45 

35 40 45 

0 0 0 

25 30 40 

75 90 115 

0 0 

130 155 195 

80 95 120 

25 30 40 

25 30 40 

0 0 0 

0 25 0 30 0 40 

10 10 10 

10 10 10 

20 25 30 

Unit 

ns 

ns 

ns (Note 14) 

ns (Note 14) 

ns 

ns (Note 15) 

ns (Note 15) 

ns (Note 15) 

ns 

ns 

ns 

ns (Note 10) 

ns 

ns 

ns 

Test 
Conditions 

(1) An initial pause of 100 µs is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(2) AC measurements assume tT = 5 ns. 

(3) v1H (min) and v1L (max) are reference levels for measuring timing of input signals. Transition times are measured between VtH and VtL· 

(4) All voltages referenced to GND. 

(5) lcc1, lcc3• lcc4• and Ices depend on output loading and cycle rates. Specified values are obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. 

(7) Load= 2 TTL loads and 100 pf. 

(8) Assumes that tRco :5 tRco (max). If tRco is greaterthan the maximum recommended value in this table, tRAC increases by the amount that 
tRco exceeds the value shown. 

(9) Assumes that tRco 2:: tRco (max). 

(10) to FF (max) and toez (max) define the time at which the outputs achieve the open circuit condition and are not referenced to VoH or VoL· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) can be met. tRco (max) is specified as a reference point only; if tRco is 
greater than tRco (max), access time is controlled exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twcs. tcwo. and tRwo are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs 2:'.twcs (min), the cycle is 
an early write cycle and the data 1/0 pins will remain open circuit throughout the entire cycle. If tcwo 2:: tcwo (min) and tRwo 2:: tRwo 
(min), the cycle is a read-write cycle and the data 1/0 pins will contain data read from the selected cells. If neither of the above conditions is 
met, the condition of the data 1/0 pins (at access time and until CAS returns to V1H) is indeterminate. 
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µPD414258 

Timing Waveforms 

Read Cycle 

OE-Controlled Write Cycle 

Page Mode Read Cycle 
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83-003515A 

83-003017A 

NEC 

Write Cycle (Early Write) 

83-003018A 

Read-Write/Read-Modify-Write Cycle 

1010 
83-003019A 

83-0030208 



NEC µPD414256 

Timing Waveforms (cont) 

Page Mode Write Cycle (Early Write) 

83-0030218 

Page Mode Read-Write/Read-Modify-Write Cycle 

t,, 
-----------tRAS•-----------·11+-i 

Valld Valid Valid Valid 
Date-out Date-In Date-out Date-In 

83-0030228 

RAS-Only Refresh Cycle CAS before RAS Refresh Cycle 

!Re 

IRAS 
RAS 

CAS -i lcsR 

tcHR::t 

Addreue1 Don't Care 

WE Don't Care 

Don't Care 
OE Don't Care 

110, 
High 
Impedance HI h 

110, Impedance 
83-003025A 

83-003023A 
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µPD414258 NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

i+--------Memory Cycle, _______ ...,.,___Ret:'.~nJcle ____ Ret~~!~nycle 

----------IRC 

14--------IRA,s------.i 

ICRP 
i.----IAR----1 

1101 

83-0030268 
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Section 8 - XRAMS Page 

µPD4168 8,192 x 8-Bit NMOS XRAM ............................................ 6-1 
µPD42832 32, 768 x 8-Bit CMOS XRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-9 
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NEC 
NEC Electronics Inc. 

Description 

The NECµPD4168 isan8,192word by8-bit NMOSXRAM 
designed to operate from a single +5 V power supply. 
The NEC µPD4168 ls termed an XRAM because it incor­
porates some of the best features of both SRAMs (Non­
multiplexed addresses, simple interface requirements) 
and DRAMs (the one-transistor core cell provides high 
density at low cost). The negative voltage substrate bias 
is internally generated and provides automatic and 
transparent operation. 

The incorporation of an internal refresh address counter 
and refresh multiplexer allows the user to select one of 
three refresh modes. The self -refresh mode provides 
transparent refresh without system overhead. Internal 
latches for address, data, and chip select allow for use 
in systems incorporating multiplexed address/data 
buses. 

Features 

D 8,192 words by 8-bit organization 
D Single +5V±10% power supply 
D On-chip substrate bias generator 
D Fast access times 
D Low power dissipation: 

28 mW max-Standby 
19 mW max-Self refresh 

D TIL-compatible 
D 28-pin SRAM/ROM/EPROM compatible package 
D Built-in refresh multiplexer and refresh address 

oou~~ · 
D Power-down self -refresh mode 
D Automatic precharge allows cycle time to be inde­

pendent of system skews 
D Latched address, CS, and OE functions allow use 

on multiplexed address/data bus 
D Read, early write, late write, external refresh, pulse 

refresh, and self-refresh cycles 

Performance Ranges 
Device tcEA to EA tc lcc1 
µPD4168C-12 120ns 45 ns 220 ns 65mA 

µPD4168C-15 150ns 55 ns 260 ns 60mA 

µPD4168C-20 200ns 70 ns 330ns 55mA 

Pin Configuration 

Pin Identification 
No. Symbol 

RFSH 

2-10, 21, Ao-A12 
23-25 

11-13, 15-19 I /Oo-1 /07 

14 GND 

20 CE 

22 OE 

26 cs 
27 WE 

28 Vee 

Pin Functions 

RFSH (Refresh Input) 

µPD4168 
8,192 x 8·BIT 
NMOSXAAM 

cs 

A,, 

1/07 

110. 

1/05 

1/04 

Function 

Internal refresh 

Address inputs 

Data in /out 

Ground 

Chip enable 

Output enable 

Chip select 

Write enable 

+5 V power supply 

Revision 1 

83-003222A 

A built-in refresh control circuit enables this input. Two 
refresh modes are available: pulse refresh, using the 
RFSH input as a clock input, and power-down self· 
refresh, using the RFSH input as logic level input. RFSH 
is high (inactive) during normal read and write cycles. 

Ao-A12 (Address Inputs) 

The µPD4168requires13 address inputs to select a word 
of data. Because these address inputs are internally .. 
read onto the chip at the falling edge of a CE clock 
pulse, the CE clock determines their address setup and 
hold times. Inputs Ao-As perform external refresh. 

6-1 



µPD4188 

II Oo-1107 (Data Inputs I Outputs) 

Common 1/0 pins require WE and OE to control data. 
The CE clock and WE determine the data setup and hold 
times (tosc. toHc. tosw. toHw) for these pins during a 
memory write cycle; O"E determines the access time 
(toeA) during a read cycle. 

GND (Ground) 

All voltages are referenced to GND. 

CE (Chip Enable) 

The chip enable clock initiates read/write cycles and 
external refresh cycles. It allows addresses, CS, and 
(during an early write cycle) data inputs to be internally 
read onto the chip. 

OE (Output Enable) 

OE controls the output timing for l/Oo-1107. Access 
time (tceA. toeA) is determined by the CE clock or by the 
OE input, according to OE input timing. 

µPD4188 Functional Modes 
Modt iHi ff cs WE 

Read cycle H C' H H 

Early write H C' H L 

Late Write H C' H C' 

External refresh H C' H H 

H C' L x 
Pulse refresh C' H x x 

C' C' H H 

C' C' H H 

C' C' H 

C' C' H C' 

Power down self-refresh H x x 
Standby H H x x 
H=V1H• L=V1L• C' =negativeedgeofclockpulse, X=V1HorV1L 

Note: 
(1) Depends on previous cycle 

6-2 

OE 

H 

H 

H 

x 
x 
H 

H 

H 

x 
x 

NEC 
CS (Chip Select) 

When CS is high (active) while the CE clock is enabled, 
the µPD4168 can perform read/write operations. If CS is 
latched low (inactive) while the CE clock is enabled, 
l!Oo-1107 remain in the high-impedance state, regard­
less of the status of WE and OE. 

WE (Write Enable) 

WE controls read/write operations. WE input timing de­
termines whether a write cycle is an early write or a late 
write. 

Vee (Power Supply) 

+5 V power supply. 

110 Comments 

Data out OE: low logic level or clock pulse 

Data in 

Data in 

High-Z 

High-Z Standby 

High-Z 

High-Z After external refresh cycle 

(Note1) After read cycle 

Data in After early write cycle 

Data in After late write cycle 

High-Z 

High-Z 



NEC 
Block Diagram 

A, 

A, 

A, 

A, 

A, 

A, 

A,, 

A,, 

Row 
Address 
Butters 

Column 
Address 
Bullet's 

v •• 
Generator 

Row 
Qecoder 

Row 
Qecoder 

Row 
Qecoder 

Row 
Qecoder 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

Operating temperature, ToPR 

Storage temperature, T STG 

Short circuit output current, los 

Power dissipation, Po 

Oscillator 

-1.0to +7.0V 

Oto +70°C 

- 55 to + 125°C 

50mA 

1W 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Refresh 
Controtter 

64 x 256 Memory Arr"'! 

l/OBus 

Column Decoder 

256 Sense Amps 

Column Decoder 

llOBus 

64 x 256 Memory Arr"'! 

64 x 256 Memory Arr"'! 

llOBus 

Column Decoder 

256 Sense Amps 

CoiumnOecodef' 

l/OBus 

64 x 256 Memory Arr"'! 

DC Characteristics 
TA=Oto +70°C;Vcc=5V±10% 

Umltl 

Parameter Symbol Min TJp 
Supply voltage Vee 4.5 5.0 

lriput voltage, V1L -1.0 
low 

Input voltage, V1H 
high 

Output voltage, Vol 
low 

2.4 

cs 

Internal 
Clock 
Generator 

Max 

5.5 

0.8 

5.5 

0.4 

110 
Buffer 

Unit 

v 
v 

µPD4168 

83-0032238 

1"t 
Condition• 

Referenced to GND 

Referenced to GND 

V Referenced to GND 
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µPD4168 NEC 
DC Characteristics (cont) Capacitance 

Umlts TA=Oto +70°C, Vcc=5.0V±10% 
1'11t Umlts Plrameter Symbol Min Typ Mil Unit Condition• 1'111 

Parameter Symbol Min Typ MIX Unit Conditions 
Output voltage, VoH 2.4 Vee v loH=-1mA 
high Input C1 10 pF f=1MHz 

Average Vee ICC1 65 mA te=220ns 
capacitance 

supply current, 60 mA te=260ns 
Data 1/0 C110 10 pF f=1MHz 

active capacitance 
55 mA te=330 ns 

Standby current lee2 mA CE;;ii:VIH min, 
RFSH ;;ii: V1H min 

Self-refresh lee3 3.5 mA RFSH ~ V1L max 
average current 

Input leakage l1(L) -10 10 µA V1N=O to 5.5 V; 
current others=OV 

Output leakage IQ(L) -10 10 µA Vour=O to 5.5 V; 
current Dour= High-Z 

AC Characteristics 
TA =Oto +70°C, Vcc=5V ±10% 

Limits 

µPD4118-12 µPD4188-15 µPD4188-20 Tiit 
Parameter Symbol Min MIX Min Mii Min Mil Unit Conditions 

Average Vee supply current, active lee1 65 60 55 mA te=te (min) 

Read, write, or refresh cycle time te 220 260 330 ns 

Access time from CE teEA 120 150 200 ns (Note 5) 

Data off time from CE teEz 30 35 45 ns (Note6) 

Access time from OE to EA 45 55 70 ns (Note5) 

Data off time from at toEZ 30 35 45 ns (Note6) 

CE pulse width teE 120 10000 150 10000 200 10000 ns 

CE precharge time tp 90 100 120 ns 

Address setup time to cr tAse 0 0 ns 

Address hold time from cr tAHe 35 45 55 ns 

CS setup time to CE tese 0 0 ns 

CS hold time from CE teHe 35 45 55 ns 

Data setup time to CE, early write tose -10 -10 -10 ns 

Data hold time from CE, early write to He 90 100 120 ns 

Data setup time to WE, late write tosw 0 0 ns 

Data hold time from WE; late write toHW 50 60 70 ns 

WE setup time to CE, early write twse -30 -30 -30 ns (Note?) 

WE hold time from CE, early write twHe 90 100 125 ns 

WE pulse duration two 60 70 90 ns 

CE hold time from WE, late write teHW 90 105 135 ns 

WE setup time to CE, read cycle tRes 0 0 0 ns 

WE hold time from CE, read cycle tReH 0 0 0 ns 

Ct hold time from OE, read cycle tcHo 45 55 70 ns 

OE setup time to CE, write cycle to ES 0 0 0 ns 

OE hold time from CE, write cycle to EH 0 ns 
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~EC µPD4168 

AC Characteristics (cont) 
TA=Oto +70°C, Vcc=5V±10% 

µPD4188-12 
Parameter Symbol Min Max 

cr delay to "'RFS"Fl, pulse refresh le RD 50 

RFSH pulse width, pulse refresh tRDP 50 4000 

RFSH recovery time, pulse refresh IRPR 90 

RFSH pulse width, self refresh tRDS 40 

RFSH recovery time, self refresh IRSR 2 

CE hold time from RFSH, self refresh tesH 40 

CE setup time to RFSH, self refresh tess 35 

Transition time, rise and fall tr 3 50 

Refresh period !REF 2 

RFSH precharge time tRP 90 

OE lead time to refresh cycle to EL 170 

WE lead time to refresh cycle twEL 170 

RFSH setup time to CE !Re 280 

Note: 
(1) Al I voltages referenced to G ND (0 V). 

Limits 

µPD4188-15 

Min Max 

65 

65 4000 

100 

40 

40 

40 

50 

100 

210 

210 

320 

µPD4188-20 

Min Max 

80 

80 4000 

120 

40 

2 

40 

50 

50 

2 

120 

260 

260 

410 

Unit 

ns 

ns 

ns 

µS 

µS 

µS 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

Test 
Conditions 

(Note 8) 

(Note4) 

(2) An initial pause of 2 ms is required after power up, followed by any 8 CE cycles and 64 RFSH cycles before proper device operation is achieved. 
Read, write, and external refresh cycles may be used as CE dummy cycles for initialization. The 64 refresh dummy cycles can be performed before 
or after the 8 CE dummy cycles. Both dummy cycles must be within AC parameters. See figure 1, below. 

(3) AC measurements assume tr= 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring input signal timing. Transition times are measured between V1H and ViL· 

(5) Load= 2 TIL loads and 50 pF. 

(6) tcEZ (max) and toEZ (max) define the time at which the output achieves the open circuit condition and are not referenced to VoH or Vol· 

(7) twsc~ twsc (min), the cycle is a late write cycle. 

(8) A power down self-refresh cycle is initiated when the RFSH input is active low for a period of 40/.ls. The refresh interval is about 15.6/.ls. 

Figure 1. Power-up Dummy Cycles 

64 cycles 

Vee ~··1 y· 

_/ LJlf~ 
8 cycles 

f 1 LflfW 
B3-003693A 
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µPD4188 NEC 
Timing Waveforms 

Read Cycle Early Write Cycle 

83-003225A 83-oo3226A 

Late Write Cycle External Refresh Cycle 

110 --------.,-~peda-H-;lg_hnce _________ _ 

83-oo3226A 

Pulse Refresh Cycle after Read Cycle Complete Pulse Refresh Cycle after Early Write Cycle Complete 

RFSH RFSH 

CE CE 

Address Address 

cs cs 

WE WE 

OE oe 

110 110 

83-003229A 

83-003230A 
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t-IEC 
Timing Waveforms (cont) 

Pulse Refresh Cycle after Late Write Cycle Complete 

Address 

cs 

110 

83-003231A 

Power-down Seit Refresh 

83·003233A 

Pulse Refresh Cycle after External 
Refresh Cycle Complete 

RFSH 

CE 

Addren 

WE 

OE 

High 
110 

Impedance 

µPD4188 

83-Q03232A 
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NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The NEC µPD42832 is a 32,768-word by B·bit CMOS 
XRAM, designed to operate from a single +5V power 
supply. The NEC µPD42832 is termed an XRAM because 
it incorporates some of the best features of both 
SRAMs (non-multiplexed addresses, simple interface 
requirements) and DRAMs (the one-transistor core cell 
provides high density at low cost). Advanced circuitry, 
including sense amplifiers, provides wide operating 
margins and low power dissipation while maintaining 
high performance. 

The incorporation of an internal refresh address 
counter and refresh multiplexer allows selection of 
one of three refresh modes. The self-refresh mode 
provides transparent refresh without system overhead. 

The pulse refresh mode utilizes the internal refresh 
address counter; external refresh cycles use the 256 
address combinations of Ao-A7. 

Features 

D 32,768-word by 8-bit organization 
D Single +s V ±10% power supply 
D TTL/CMOS-compatible 
D Low power diS>sipation: 

1.0 mA (standby, CE= OE/RFSH = V1H) 
0.5 mA (standby, CE= OE/RFSH = Voo) 
100 µA (self-refresh, µPD42832-L) 

D Available cycle types: 
Memory cycles: read, write, read/modify/write 
Refresh cycles: external refresh, pulse refresh, 
self-refresh 

D 28-pin ROM-compatible plastic DIP (µPD42832C) 
D 28-pin plastic miniflat package (µPD42832G) 

Performance Ranges 

Access Cycle 
Power Supply 

Device Time Time Active Standby 

µPD42832-10 100 ns 160 ns 60 mA 0.5 mA 

µPD42832-12 120 ns 190 ns 50 mA 0.5 mA 

µPD42832-15 150 ns 235 ns 40 mA 0.5 mA 

Pin Configuration 

As 

A4 

Ao 

l/Oo 

Pin Identification 
No. 

µPD42832 
32,768 x 8·BIT 

CMOSXRAM 

1/07 

I/Os 

1/05 

1/04 

83·001762A 

Symbol Function 

1-10, 21, 23-26 Ao·A14 Address inputs 

11-13, 15-19 I I Oo·I I 07 Data inputs/outputs 

14 GND Ground 

20 CI Chip enable 

22 OE/RFSH Output enable/Refresh 

27 WE Write enable 

28 Voo +5 V power supply 

Absolute Maximum Ratings 
Voltage on any pin (except Voo) -1.0 V to +7.0 V 

Supply voltage, Voo -1.0 V to +7.0 V 

Short circuit output current, lo 50 mA 

Power dissipation, Po 1W 

Operating temperature, T QPR 0°C to +70°C 

Storage temperature, T STG -55°C to +125°C 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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µPD42832 

Block Diagram 

Refresh 
Addre11 
Counter 

DC Characteristics 
TA= o to +10°c; v00 = 5.0 v ± 10% 

Limits 

Parameter Symbol Min Typ 

Supply voltage Voo 4.5 5.0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0 

Standby current 1002 

Standby current 1002 

Self refresh 1003 

Input leakage 11 (L) -10 
current 

1/0 leakage lo (L) -10 
current 

Output high VoH 2.4 
voltage 

Output low Vol 0 
voltage 

Note: 

Max 

5.5 

5.5 

0.8 

1.0 

0.5 

(1) 

10 

10 

Voo 

0.4 

Vee 
Generator 

Unit 

v 
v 
v 

mA 

mA 

mA 

µA 

µA 

v 

v 

Oscillator 

Test 
Conditions 

CE= OE/RFSH 
=V1H 
CE= OE/RFSH 
=Voo 

OE/RFSH = 0 V, 
CE=Voo 

v1~ = o to 5.5 v, 
a other pins not 
under test = 0 V 

1/0 = High-Z, 
Vour = o to 5.5 v 
loH =-1.0 mA 

loL = 4.0 mA 

(1) µPD42832C-10/12/15, µPD42832G-10/12/15: I 003 = 1.5 mA; 

µPD42832C-1 OL/12L/15L, µPD42832G-1 OL/12L/15L: 
1003 = 0.1 mA; 
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Capacitance 
TA=25°C,f=1 MHz 

Limits 

Parameter Symbol Min Typ Max Unit 

1/0 capacitance C110 10 pF 

Input capacitance C1 7 pF 

Truth Table 
Mode CE WE OE/Rf SH 1/0 PIN 

Standby High x High High-Z 

Refresh High x Low High-Z 

Read Low High Low Dour 

External refresh Low High High High-Z 

Write Low Low High D1N 



t\'EC µPD42832 

AC Characteristics 
TA= 0°c to +10°c; Voo = 5.0 v ±10% 

µPD42832-10 µPD42832-12 µPD42832-15 

Parameter Symbol Min Max Min Max Min Max Unit 

Operating current(1) 1001 60 50 40 mA 

Refresh current(2) 1004 60 50 40 mA 

Pulse refresh current(3) loos 60 50 40 mA 

Random read or write cycle time tRc 160 190 235 ns 

CE access time tcEA 100 120 150 ns 

Chip disable to output in high-Z tcHz 0 30 0 35 0 40 ns 

OE access time to EA 30 35 40 ns 

Output disable to output in high-Z to Hz 0 30 0 35 0 40 ns 

CE to output in low-Z tcLZ 10 10 10 ns 

OE to output in low-Z toLZ 5 5 5 ns 

Transition time (rise and fall) tr 3 50 3 50 3 50 ns 

CE precharge time tp 50 60 75 ns 

CE pulse width tcE 100 10000 120 10000 150 10000 ns 

Address setup time before CE low tASC 0 0 0 ns 

Address hold time after CE low tAHC 25 30 40 ns 

OE hold time after CE low toHC 0 0 ns 

OE setup time before CE low tosc 10 10 10 ns 

B!ad command setup time before tRcs 0 0 0 ns 
CE low 

Read command hold time after tRCH 0 0 0 ns II CE high 

Write command hold time after CE low twcH 70 85 105 ns 

Write command pulse width twp 70 85 105 ns 

Write command to CE lead time tcwL 70 85 105 ns 

Data setup time before WE high tosw 60 75 95 ns 

Data hold time after WE high toHW 0 0 ns 

Data setup time before CE high tosc 60 75 95 ns 

Data hold time after CE high to He 0 0 ns 

WE to output in high-Z twHZ 30 0 35 0 40 ns 

Output active from end of write twLZ 10 10 10 ns 

Read/Write cycle time tRwc 250 295 365 ns 

CE to RFSH delay time tRFD 50 60 75 ns 

RFSH pulse width in pulse refresh tFAP 80 1000 80 1000 80 1000 ns 

RFSH precharge time tFP 30 30 30 ns 

Pulse refresh cycle time tFc 160 190 235 ns 

RFSH to CE setup time after pulse tFCE 190 225 275 ns 
refresh 

RFSH to CE delay time after pulse tFSR 80 95 115 ns 
refresh 

RFSH pulse width in self refresh tFAS 8000 8000 8000 ns 

RFSH to CE delay after self refresh tFRs 190 225 275 ns 

Refresh period tREF 4 4 4 ms 

Note: (1) tRc = tRc (min); lo= O mA (2) tRc = tRc (min); OE/RFSH =WE= V1H (3) tFc = tFc (min); CE= V1H 
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µPD42832 NEC 
Timing Waveforms 

Read Cycle External Refresh Cycle 

.------IRc--------<~• 

Address 

83-001767A 

Pulse Refresh Cycle 
83-001764A 

Write Cycle 

IRFD --IFC- -IFCE-

14-------IRC-----•I 

83-001768A 

Self Refresh Cycle 

IFRS 

83-001769A 

D1N ----------<I 

83-001765A 
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~EC µPD42832 

Timing Waveform (cont) 

Read/Modify/Write Cycle 

Address 

-tosw--+- -10Hw+-+--•1 

-tosc-+----1 

-toeA-

D1N -------+----+----------+--+---<! 

II 
IOLZ- --IWHZ-+ 

IQHZ-

1-+------ICEA-----PI 

83-0017668 
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MOS STATIC RAMs NEC 

Section 7 - MOS Static RAM Page 

µPD446 2,048 x 8-Bit Static CMOS RAM ....................................... 7-1 
µPD449 2,048 x 8-Bit Static CMOS RAM ....................................... 7-5 
µPD2147A 4,096 x 1-Bit Static NMOS RAM ....................................... 7-9 
µPD2149 1,024 x 4-Bit Static NMOS RAM ...................................... 7-13 
µPD4016 2,048 x 8-Bit Static NMOS RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17 
µPD4311 16,384 x 1-Bit Static MIX-MOS RAM .................................. 7-21 
µPD4314 4,096 x 4-Bit Static MIX-MOS RAM ................................... 7-25 
µPD4361 65,536 x 1-Bit Static MIX-MOS RAM ........•......................... 7-29 
µPD4362 16,384 x 4-Bit Static MIX-MOS RAM .................................. 7-35 
µPD4364 8,192 x 8-Bit Static MIX-MOS RAM ................................... 7-39 
µPD4464 8,192 x 8-Bit Static CMOS RAM ...................................... 7-45 
µPD43256 32,768 x 8-Bit Static MIX-MOS RAM .................................. 7-51 
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NEC 
NEC Electronics Inc. 

Description 

The µPD446 is a high-speed, low-power, 2048-word by 8-
bit static CMOS RAM fabricated with advanced silicon­
gate CMOS technology. A unique circuitry technique 
makes the µPD446 a very low operating power device 
which requires no clock or refreshing to operate. Mini­
mum standby power current is drawn by this device 
when CS equals Vee independently of the other input 
levels. Data retention is guaranteed at a power supply 
voltage as low as 2 V. 

The µPD446 has a standard 24-pin dual-in-line package 
and is plug-in compatible with 16K EPROMs. 

The µPD446 is also packaged in a miniflat package pro­
viding high density application. 

Features 

0 Single +5 V supply 
D Fully static operation- no clock or refreshing 

required 
D TIL compatible- all inputs and outputs 
D Common 1/0 using three-state output 
D OE eliminates need for external bus buffers 
D Max access/min cycle times down to 150 ns 
D Low power dissipation 

- Active: 38 mA max 
- Standby: 10µA max 

D Data retention voltage: 2V min 
D Operating temperature range: - 40°C to +85°C 
D Standard 24-pin plastic package 

(µPD446C) 
D Plug-in compatible with 16K EPROMs (µPD446C) 
D Miniflat package for high density application 

(µPD446G) 
D L version 

Standby current 1.0 µA max at 60°C 
for battery backup operation 

µPD446 
2,048 x 8·BIT 

STATIC CMOS RAM 

Revlslon3 

Pin Configuration 

Ae 

Ag 

A4 W! 
A3 ~ 

A1 

Ao 

1101 1/07 

1/02 I/Os 

1/05 

1/04 

83·001639A 

Pin Identification 
No. Symbol Function 

1-8, 19, Ao-A10 Address input 
22, 23 

9-11, 13-17 I /01-I /Os Data input I output 

18 cs Chip select 

20 a·:: Output enable 

21 WE Write enable 

24 Vee Power ( +5V) 

12 GNO GND 

Performance Ranges 

Access Cycle 
Power Supply (Max) Time Time 

Device (Max) (Min) Active 

µPD446C-3, 446G-15 150ns 150 ns 38mA 

µPD446C-2, 446G-20 200 ns 200 ns 30mA 

µPD446C-1, 446G-25 250 ns 250 ns 26mA 

µPD446C,. 446G-45 450ns 450 ns 18mA 

Note: 
(1) µPD446C-L/-1L/-2L/-3L, µPD446G-45L/25L/20L/15L 

TA= 25°C, 0.2µA 
TA=60°C, tOµA 
TA=85°C, 10µA 

µPD446C/-1/-2/-3, µPD446G-45/25/20/15 
TA= 25°C, 1.0µA 
TA= 60°C, 5.0 µA 
TA =85°C, 10µA 

Standby 

(Note 1) 

(Note 1) 

(Note 1) 

(Note 1) 
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µPD446 

Block Diagram 

A4 
As 
Ae 
A1 
Ae 
Ag 

A1o 

Cell Array 
128Rows 

128Columns 

Absolute Maximum Ratings 
Power supply voltage, Vee 

Input voltage, V1N 

Output voltage, Your 

Operating temperature, ToPR 

Storage temperature, T STG 

83-001640A 

7.0V 

-0.3toVcc +0.3V 

-0.3toVcc +0.3V 

-40 to 85°C 

-55to125°C 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de· 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
TA =25°C, f=1 MHz 

Parameter Symbol 

Input C1N 
capacitance 

Input/ output C110 
capacitance 

7-2 

Min 

Limits Test 
Typ Max Unit Conditions 

pF V1N=OV 

pF V11o=OV 

NEC 
Recommended DC Operating Conditions 
TA= -40to +85°C 

Limits 

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 

Input voltage low V1L -0.3 

Input voltage high V1H 2.2 

DC Characteristics 
TA= -40to85°C, Vcc=5V±10% 

Limits 

Parameter Symbol Min Typ 

Input leakage lu 
current 

5.0 5.5 v 
0.8 v 

Vee +0.3 v 

T11t 
Max Unit Conditions 

I /0 leakage 
current 

µA V11o=OVtoVcc 

Operating lccA1 
supply current 

Operating lccA2 
supply current 

Standby supply Ices 
current 

Output voltage VoL 
low 

Output voltage VoH 
high 

Notes: 

(1) (1) 

10 

0.02 (2) 

0.4 

2.4 

CS=V1H or 
DE=V1H or 
WE=V1L 

mA CS=V1L· 
l11o=OV min 
cycle 

mA CS=V1L· 
l11o=OV DC 
current 

µA CS=Vcc-0.2V, 
V1N=OVtoVcc 

v loL =2.0mA 

V loH=-1.0mA 

(1) µPD446C-3/3L, µPD446G-15/15L: 25 mA typ, 38 mA max 
µPD446C-2/2L, µPD446G-20/20L: 20 mA typ, 30 mA max 
µPD446C-1/1L, µPD446G-25/25L: 18mA typ, 26mA max 
µPD446C/-L, µPD446G-45/ 45L: 12 mA typ, 18 mA max 

(2) µPD446C-L/-1L/-2L/-3L. µPD446G-45L/25L/20L/15L 
TA= 25°C, 0.2µA 
TA= 60°C, 1.0µA 
TA=85°C, 10µA 

µPD446C/-1/-2/-3, µPD446G-45/25/20/15 
TA=25°C, 1.0µA 
TA= 60°C, 5.0 µA 
TA=85°C, 10µA 



t\'EC µPD448 

AC Characteristics 
TA= -40to85°C, Vcc=5V±10% 

11PD448C-3 11PD448C-2 11PD448C-1 11PD448C 
11PD448G0 15 11PD448G·20 11PD448G·25 11PD448G·45 

Parameter Symbol Min Max Min Max Min Max Min Max Unit 

Read Cycle 

Read cycle time tRc 150 200 250 450 ns 

Address access time tAA 150 200 250 450 ns 

Chip select access time tAcs 150 200 250 450 ns 

Output enable to output valid toE 75 100 120 150 ns 

Output hold from address change toH 15 15 15 15 ns 

Chip select to output in Lo-Z tcLz 10 10 10 10 ns 

Output enable to output in Lo-Z tau 5 5 ns 

Chip deselect to output in Hi-Z tcHZ 50 60 80 100 ns 

Output disable to output in Hi-Z to Hz 50 60 80 100 ns 

Write Cycle 

Write cycle time twc 150 200 250 450 ns 

Chip select to end of write tcw 120 150 180 210 ns 

Address valid to end of write tAw 120. 150 180 210 ns 

Address setup time tAs 0 0 0 0 ns 

Write pulse width twp 90 120 150 180 ns 

Write recovery time twR 0 0 0 ns 

Data valid to end of write tow 50 60 80 100 ns 

Data hold time toH 0 ns 

Write enable to output in Hi-Z twHZ 50 60 80 100 ns 

Output active from end of write tow 10 10 10 10 ns 

AC Test Conditions Timing Waveforms II Input pulse levels 0.8to2.2V 

Input pulse rise and fall time 10ns 
Read Cycle No. 1 

Timing reference levels 1.5V 

Output load 1 TTL +100pF Address 

OE 
Truth Table 

cs OE WE MODE 110 •cc DoUT 

H x x Not selected Hi-Z Standby Notes: 

H H Not selected Hi-Z Active (1) WE Is high for read cycles. 

(2) Device Is continuously selected, CS= VIL· 
H Read Dour Active 83.CJ01641A 

x Write D1N Active 

7-3 
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Timing Waveforms (cont) 

Read Cycle No. 2 

Notes: 

(1) WE Is high for read cycles. 

(2) Address valid prior to or coincident with CS transition low. 
83-001642A 

Write Cycle No. 1 

Notes: 

(1) WE must be high during all address transitions. 

(2) A write occurs during the overlap of a low CS and a low WE. 

(3) twR Is measured from the earlier of CS or WE going high to the end of write cycle. 

(4) If Iha CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain In a high Impedance state. 

83-001643A 

Write Cycle No. 2 

Notes: 

(1) WE must be high during all address transitions. 

(2) A write occurs during the overlap of a low CS and a low WE. 
(3) twR Is measured from the earlier of CS or WE going high to the end of write cycle. 

(4) If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain In a high Impedance state. 

(5) OE ls continuously low. 
83-001644A 
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NEC 
Low Vee Data Retention Characteristics 
TA= -40to85°C 

Umlts 

Parameter Symbol Min Typ MIX Unit 
Test 

Condition• 

Data retention VccoR 2.0· 
supply voltage 

Data retention lccoR 
supply current 

Chip deselection tcoR 
to data retention 
mode 

Operation tR 
recovery time 

Note: 

0 

0.01 (1) 

v V1N=OVtoVcc. 
CS=Vcc 

µA V1N=OVtoVcc. 

ns 

ns 

CS=Vcc. 
Vcc=3.0V 

(1) l'PD446C-L/-1L/-2L/-3L, uPD446G-45L/25L/20L/15L 
TA= 25°C, 0.2"A 
TA=60°C, 1.0"A 
TA=85°C, 1o"A 

l'P0446C/-1 /-2/-3, l'PD446G-45/25/20/15 
TA= 25°C, 1.0l'A 
TA=60°C,5.0"A 
TA=85°C, 10"A 

Low V cc Data Retention 

.~~~==L~--t CS e~~~ 
Yee 

GND --------------------------------

83-001670A 
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NEC Electronics Inc. 

Description 

The µPD449 is a high-speed, low-power, 2048-word by 8-
bit static CMOS RAM fabricated with advanced silicon­
gate CMOS technology. A unique circuitry technique 
makes the µPD449 a very low operating power device 
which requires no clock or refreshing to operate. Since 
the device has two chip enable inputs, it is suited for 
battery backup applications. Minimum standby power 
current is drawn by this device when CE1 or CE2 equals 
Vee independently of the other input levels. Data reten­
tion is guaranteed at a power supply voltage as low as 
2V. 

The µPD449 has a standard 24-pin dual-in-line package 
and is plug-in compatible with 16K EPROMs. 

Features 

D Single +5 V supply 
D Fully static operation - no clock or refreshing 

required 
D TTL compatible - all inputs and outputs 
D Common 1/0 using three-state output 
D Two chip enable inputs for battery backup 

application 
D Max access/min cycle times down to 150 ns 
D Low power dissipation, 

- Active: 38 mA max 
- Standby: 10 µA max 

D Data retention voltage: 2 V min 
D Operating temperature range: - 40 to +85°C 
D Standard 24-pin plastic package 
D Plug-in compatible with 16K EPROMs 
D L version 

Standby current 1.0 µA max at 60°C 
for battery backup operation 

Pin Configuration 

Pin Identification 
No. Symbol 

1-8, 19, Ao-A10 
22, 23 

9-11, 13-17 I /01-I /Oa 

20, 18 CE1. CE2 

21 WE 

24 Vee 

12 GND 

µPD449 
2,048 x S·BIT 

STATIC CMOS RAM 

Revision4 

83-001645A 

Function 

Address input 

Data input/ output 

Chip enable input 

Write enable input 

Power ( +5V) 

GND 

Performance Ranges 

Device 

µPD449C-3 

µPD449C-2 

µPD449C-1 

µPD449C 

Note: 
(1) µPD449C-L/-1L/-2L/-3L 

TA= 25°C, 0.2µA 
TA=60°C, 1.0µA 
TA"" 85°C, 10 µA 

µPD449C/-1/-2/-3 
TA= 25°C, 1.0 µA 
TA =60°C, 5.0µA 
TA=85°C, 10µA 

Access 
Time 
(Max) 

150 ns 

200 ns 

250 ns 

450 ns 

Cycle 
Time 
(Min) 

150 ns 

200 ns 

250 ns 

450 ns 

Power Supply (Max) 

Active Standby 

38mA (Note 1) 

30mA (Note1) 

26mA (Note 1) 

18mA (Note 1) 
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Block Diagram 

1101 -----1------+----t 

• • • 
I/Os -----1----4>---l----t 

Absolute Maximum Ratings 
Power supply voltage, Vee 

Input voltage, V1N 

Output voltage, Vour 

Operating temperature, ToPR 

Storage temperature, T STG 

Row 
Decoder 

Input 
Data 

Control 

7.0V 

-0.3 to Vee+ 0.3 v 
-0.3 to Vee+ 0.3 V 

-40to +85°C 

- 55 to + 125°C 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
TA=25°C, f=1 MHz 

Parameter Symbol 

Input C1N 
capacitance 

Input/output C110 
capacitance 

7-6 

Min 

Limits Test 
Typ Max Unit Conditions 

6 pF V1N=OV 

8 pF V11o=OV 

Cell Array 
128 Rows 

128 Colui:nns 

Output 
Data 

Control 

NEC 

83-0016468 

Recommended DC Operating Conditions 
TA= -40to +85°C 

Limits 

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage low V1L -0.3 0.8 v 
Input voltage high V1H 2.2 Vee +0.3 v 

Truth Table 

CE1 CE2 WE MODE 110 Ice 
x H x Not selected Hi·Z Standby 

H x x Not selected Hi·Z Standby 

H Read Dour Active 

Write D1N Active 

AC Test Conditions 
Input pulse levels 0.8to 2.2 V 

Input pulse rise and fall time 10 ns 

Timing reference levels 1.5V 

Output load 1 TIL +100pF 



NEC µPD449 

DC Characteristics DC Characteristics (cont) 
TA= -40to +85°C, Vcc=5V±10% TA= -40to +85°C, Vcc=5V±10% 

Limits 
T11t Limits 

T11t 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

Input leakage lu ,..A V1N=OV to Vee Output voltage Vol 0.4 v loL=2.0mA 
current low 

I /0 leakage ILQ µA V11o=OVtoVee. Output voltage VoH 2.4 v loH=-1.0mA 
current CE1 or'IT2=V1H high 

orWE=V1L 
Notes: 

Operating leeA1 (1) (1) mA CE1 andCE2=V1L· (1) µPD449C-3/3L, 25 mA typ, 38 mA max 
supply current 1110 = 0, min µPD449C-2/2L, 20 mA typ, 30 mA max 

cycle µPD449C-1/1L, 18 mA typ, 26 mA max 

Operating lecA2 10 mA CE1 and CE2 =VIL· 
µPD449C/-L, 12 mA typ, 18 mA max 

supply current 1110 = 0 DC 
(2) µPD449C-L/-1L/-2L/-3L 

current TA= 25°C, 0.2µA max 
TA= 60°C, 1.0µA max 

Standby supply Isa 0.02 (2) µA f.E.1 or TA= 85°C, 10 µA max 
current CE2;;,:Vee-0.2V, µPD449C/-1/-2/-3 

other 'CE input~ TA= 25°C, 1.0µA max 
0.2Vor;;,:vee TA =60°C, 5.0µA max 
-0.2V, V1N=OV TA= 85°C, 10 µA max 
to Vee 

AC Characteristics 
TA= -40to +85°C, Vcc=5V±10% 

1JPD449-3 1JPD449-2 1JPD449-1 1JPD449 
Parameter Symbol Min Max Min Max Min Max Min Max Unit 

Read Cycle 

Read cycle time I Re 150 200 250 450 ns 

Address access time IA 150 200 250 450 ns 

Ch!P enable (CE1) to output valid teo1 150 200 250 450 ns 

Chip enable (CE2) to output valid teo2 150 200 250 450 ns 

II Output hold from address change toH 15 15 15 15 ns 

Chip enable (CE1) to output in Lo-Z tLZ1 5 5 ns 

Chip enable (CE2) to output in Lo-Z ILZ2 ns 

Chip enable (CE1) to output in Hi-Z tHZ1 50 60 80 100 ns 

Chip enable (CE2) to output in Hi-Z tHZ2 50 60 80 100 ns 

Write Cycle 

Write cycle time twe 150 200 250 450 ns 

Chip enable (CE1) to end of write tew1 120 150 180 210 ns 

Chip enable (CE2) to end of write tcW2 120 150 180 210 ns 

Address setup time tAw 0 0 ns 

Write pulse width twp 90 120 150 180 ns 

Write recovery time twR 0 0 ns 

Data valid to end of write tow 50 60 80 100 ns 

Data hold time toH ns 

Write enable to output in Hi-Z twz 50 60 80 100 ns 

Output active from end of write tow 10 10 10 10 ns 
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Timing Waveforms 

Read Cycle (Address Access) 

~i...>-----IRc----~ 

A"OA -----1--IA--~~· 
-tco1-

Dour ---------«. 

Write Cycle (Address Access) 

-twc-

twz ....- +--+tow 

7-8 
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NEC 
Low Vee Data Retention Characteristics 
TA= -40to +85°C 

Parameter Symbol 

Data retention VeeoR 
supply voltage 

Data retention leeoR 
supply current 

Chip deselection teoR 
to data retention 
mode 

Operation tR 
recovery time 

Note: 

Min 

2.0 

(1) µPD449C-L/-1L/-2L/-3L 
TA= 25°C, 0.2µA max 
TA= 60°C, 1.0µA max 
TA= 85°C, 10 µA max 

µPD449C/-1/-2/-3 
TA= 25°C, 1.0µA max 
TA= 60°C, 5.0 µA max 
TA =85°C, 10µA max 

Limits 

Typ 

0.01 

Data Retention Timing Chart 

eE1 or eE2(V1L) 

Test 
Max Unit Conditions 

v V1N=OVtoVee. 
'C'E1 or'C'E2=Vee 

(1) µA V1N=OVtoVee. 
C'E10~2=Vee. 
other CE In-
put=OVor Vee. 
V1N=OVtoVee. 
Vee=3.0V 

ns 

ns 

GND - - - - - - - - - - - - - - - _____ _ 

83-001649A 
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NEC Electronics Inc. 

Description 
The µPD2147A is a 4096-bit static Random Access Memory 
organized as 4096 words by 1 bit, using a scaled MOS tech­
nology. It uses a uniquely innovative design approach which 
provides the ease-of-use features associated with non­
clocked static memories and the reduced standby power dis­
sipation associated with clocked static memories. To the user 
this means low standby power dissipation without the need for 
clocks, address setup and hold times, nor reduced data rates 
due to cycle times that are longer than access times. 
CS controls the power-down feature. In less than a cycle time 
after CS goes high - deselecting the µPD214 7 A - the part 
automatically reduces its power requirements and remains in 
this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great 
as 85% in larger systems, where the majority of devices are 
deselected. 
The µPD2147A is placed in an 18-pin cerdip package config­
ured with the industry standard 2147 pinout. It is directly TTL 
compatible in all respects: input, output, and a single + 5V 
supply. The data is read out nondestructively and has the 
same polarity as the input data. A data input and a separate 
three-state output are used. 
Features 
D Pinout, Function, and Power Compatible to Industry 

Standard 214 7 
D Scaled MOS Technology 
D Completely Static Memory - No Clock or Timing 

Strobe Required 
D Equal Access and Cycle Times 
D Single + 5V Supply 
D Direct Performance Upgrade for 2147 
D Automatic Power-Down 
D High Density 18-Pin Package 
D Directly TTL Compatible - All Input and Output 
D Separate Data Input and Output 
D Three-State Output 
D 3 performance ranges: 

Device Max Supply Current 

Access Time Active Standby 

µPD2147A-25 25ns 160mA 20mA 

µPD2147A-35 35 ns 160mA 20mA 

µPD2147A-45 45 ns 160mA 20mA 

Truth Table 
cs WE Mode Output Power 

H x Not Selected HighZ Standby 

L L Write HighZ Active 

L H Read DouT Active 

Pin Configuration 

Pin Identification 

Pin 

µPD2147A 
4,096x 1·BIT 

STATIC NMOS RAM 

Revision 1 

Function 
No. Symbol 

1-6, 17-12 A0-A11 ----------~dress I~~~ 
7 DouT Data Output __ a___________ WE ----------writeenable-

9 __ _ 
10 

11 

18 

Block Diag;am 

Ao-,__..___, 

A,_,,A..__, 

GND 

cs 
_ DIN 

Vee 

Ground 

_____ C_h~iP. Select 
Data Input _ 

Memory Array 
64 Rows 

64eolumns 

Power (+SV) 

-Vee 

-GND 

7-9 

II 



µPD2147A 

Absolute Maximum Ratings* 

Operating Temperature -10"Cto +85°C 

Storage Temperature - 65°C to + 150"C 

Voltage on Any Pin -3.SVto +7V<D 
DC Output Current 20mA 

Power Dissipation 1.2W 
Note: <D wrth respect to ground 

*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause permanent 
damage. T~e device is not meant to be operated under con­
ditions outside the limits described in the operational sections 
of this specification. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

DC and Operating Characteristics 
TA= 0°Cto +70°C;Ycc =+SY± 10%<D 

Limits 

P•r•meter Symbol Min Typ® M•x Unit 

Input Load 
Current (All ILi 0.01 10 µA 
Input Pins) 

Output Leakage 
I Lo 0.01 10 µA 

Current 

Operating Current Ice 
120 150 mA 

160 mA 

Standby Current lse 12 20 mA 

Peak Power-On 
lpo® 25 50 mA 

Current 

Input Low 
VIL - 3.0 0.8 

Voltage 

Input High 
V1H 2.0 6.0 

Voltage 

Output Low 
VoL 0.4 v 

Voltage 

Output High 
VoH 2.4 v 

Voltage 

Output Short 
los ±130 mA Circuit Current 

Test 
Conditions 

Vee = Max, V1N = GND to 
Vee 

C§' = V1H• Vee = Max, 
VouT = GND to Vee 

T0 = 25'C ~==V~~x, 
T0 = o•c Output Open 

~c == v~~n to Max, 

~c == L~:,t~0 V.j~c ~rMln, 
V1H Min 

loL = BmA 

loH = - 4.0mA 

VouT = GNDtoVcc 

Notes: <D The operating ambient temperature range is guaranteed with transverse air llow 
exceeding 400 linear feet per minute. 

® Typical limits are V cc = SV, T 8 =.... + 25'C, and specified loading. 
@ A pull-up resistor to Vee on the CS input is required to keep the device deselected; 

otherwise, power-on current approaches Ice active. 

7-10 

NEC 
AC Test Conditions 

Input Pulse Levels GNDto3.0V 

Input Rise and Fall Times Sns 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 1 

Capacitance 
TA= 2s°C; f = 1.0 MHz<D 

Limits 
Test 

hr•meter Symbol Min Typ M•x Unit Conditions 

Input Capacitance C1N pf VIN= OV 

Output Capacitance CouT pf VoUT = OV 

Note: <D This parameter is sampled and not 100% tested. 

Figure 1. Loading Conditions Test Circuit 

Vee 

Figure 2. Input Pulse Test Circuit 

Vee 

30pf 
(Including 
Scope and Jig) 

5pf 



NEC 
AC Characteristics 
Read Cycle 
TA= 0°Cto +70°C;Ycc =+SY± 100/o,unlessotherwise 
noted. 

Limits 

µPD2147A·25 µPD2147A·35 µPD2147A-45 
Teat 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Read Cycle Time IRc<D 25 35 45 ns 

Address 
Acceas Time !AA 25 35 45 ns 

Chip Select 
IAcs 25 35 45 ns Access Time 

Output Hold From 
loH ns Address Change 

Chip Select to 
ILZ® ns @ 

Output In Low Z 

Chip Deselectlon to 
!Hz® 20 30 30 ns @ 

Output In High Z 

Chip Selection to 
Power-Up Time lpu ns 

Chip Selection to 
lpo 20 20 20 Power-Down Time 

Timing Waveforms 

Read Cycle No. 1 ®® 

=§ 
tRC l-Address 1AA~ 

loH--

Data Out Previous Data Valid :::::;;D:;;:at:;;a::va:;;u:;;d::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::= 

Read Cycle No. 2 ®CV 

-.r-14-------IRc-------i.. 

cs E-tACS-----tHZ 
High Data Out High Impedance Data Valid r ........ ...,,. _________ ,lmpedance 

,_lpo-L 

50% ~ V lcc----
S~~ply lse 50% 
Current 

Notes: 
<D All Read Cycle timings are referenced from the last valid address to the first transitioning 

address. 
® At any given temperature and voltage condition, tHz max is less than tLZ min, both for a given 

device and from device to device. 
@ Transition is measured ± 200mV from steady state voltage with specified loading in Figure 2. 
© ~sition is measured at Vol + 200mV and VoH - 200mV with specified loading in Figure 2. 
® WE is high for Read Cycles. _ 
® Device is continuously selected, CS = V1i.-_ 

\!) Addresses valid prior to or coincident with CS transition low. 

µPD2147A 

Write Cycle 

Limits 

µPD2147A-25 µPD2147A·35 µPD2147A-45 
Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Write Cycle Time® lwc 25 35 45 ns 

Chip Selection to 
End of Write lcw 25 35 45 

Address Valid to 
!Aw 25 35 45 ns End of Write 

Address Setup Time !As ns 

Write Pulse Width lwp 20 20 25 ns 

Write Recovery Time lwR ns 

Data Valid to 
low 20 20 25 ns 

End of Write 

Data Hold Time loH 10 10 10 ns 

Write Enabled to 
Output In High Z lwz 15 20 25 @ 

Output Active From 
End of Write low ns @ 

Write Cycle No. 1 (WE Controlled)® 

1-------~twc--------1 

Detain 

Data Undefined 

Write Cycle No. 2 (CS Controlled) ® 

i.--------lwc-------+1 

Notes: 
<D If Cs goes high simultaneously with WE high, the output remains in a high impedance state. 
® All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
@Transition is measured at Vol +200mVand VoH -200mVwith specified loading in Figure2. 
@ Transition is measured ± 200mV from steady state 110ltage with specified loading in Figure 2. 
® CS or WE must be high during address transitions. 
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NEC 
NEC Electronics Inc. 

Description 

The µPD2149 is a 4096-bit static Random Access 
Memory organized as 1024 words by 4 bits. Using a 
scaled NMOS technology, it incorporates an innovative 
design approach which provides the ease-of-use 
features associated with non-clocked static memories. 

The µPD2149 is encapsulated in an 18-pin ceramic 
package configured with the industry standard pinout. 
It is directly TTL compatible in all respects: inputs, 
outputs, and a single +5 V supply. The data is read out 
non-destructively and has the same polarity as the 
input data. 

Features 

D Completely static memory - no clock or timing 
strobe required 

D Equal access and cycle times, faster chip select 
access 

D Single +s v supply 
D High density 18-pin package 
D Directly TTL compatible - all inputs and outputs 
D Common input and output 
D Three-state outputs 
D Power dissipation: 180 mA max 

Performance Ranges 

Address Access CS Access 
Device Time(Max) Time(Max) 

µPD2149-2 35 ns 15 ns 

µPD2149-1 45 ns 20 ns 

µPD2149 55 ns 25 ns 

µPD2149 
1,024 x 4·Bit 

STATIC NMOS RAM 

Pin Configuration 

GND 

Pin Identification 
No. Symbol 

1-7, 15-17 Ao-Ag 

8 cs 
9 GND 

10 WE 

11-14 1/01-1104 

18 Vee 

Block Diagram 

Address 
Buller 

1101----....----t 
1102 ---......,f-----i 
1103 -----+-lf-----i 
1/04 --+-t-+-lf-----i 

Row 
Decoder 

Input 
Data 

Control 

Output 
Data 

Control 

Vee 
A1 

As 

Ag 

110, 

1102 

1103 

Revision 1 

83-003558A 

Function 

Address inputs 

Chip select input 

Ground 

Write enable input 

Data input/output 

+5 V Power supply 

Memory Cell 
Array 

64 Rows 
64Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buller 

83-003559 
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µPD2149 

Absolute Maximum Ratings 
Operating temperature, ToPR -10 to +85°C 

Storage temperature, T STG -65 to +150.°C 

Voltage on any pin -1.5 to +7.0 V 

DC output current 20mA 

Power dissipation, Po 1.2 w 
Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
TA= Oto70°C; Vee= +s v ± 10% 

limits Test 
Parameter Symbol Min Max Unit Conditions 

Input leakage lu +10 µA V1N = GND to Vee 
current 

Output leakage I Lo +50 µA CS= VIH· 
current VouT = GND to 4.5 v 
Power supply Ice 180 mA V1N =Vee. 
current 110 =open 

Input low V1L 0.8 v 
voltage 

Input high V1H 2.1 Vee v 
voltage 

Output low Vol 0.4 v loL = 8 mA 
voltage 

Output high VoH 2.4 v loH = -4 mA 
voltage 

Output short los ±200 mA Vour = GND to Vee 
circuit current 

Note 

(1) The operating temperature range is guaranteed with transverse 
air flow exceeding 400 feet per minute. 
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Capacitance 
TA = 25 °C, f = 1 MHz 

limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input C1N 
capacitance 

5 pF V1N = 0 V 

Data output· Coour 7 pF Voour = o v 
capacitance 

Note 

(1) These parameters are sampled and not 100% tested. 



NEC 
AC Characteristics 
TA= o to 70°C; Vee= +5 v ± 10% 

Parameter 

Read Cycle 

Read cycle time 

Access time 

Chip selection to output valid 

Chip selection to output active 

Output high-Z from deselection 

Output hold from address change 

Write Cycle 

Write cycle time 

Chip selection to end of write 

Address valid to end of write 

Address setup time 

Write pulse width 

Write recovery time 

Data valid to end of write 

Data hold time 

Write enabled to output in high-Z 

Output active from end of write 

Notes: 

(1) AC test conditions: 

Symbol 

tRc 

tA 

tco 

tcx 

torn 

toH 

twc 

tcw 

tAw 

tAs 

twp 

twR 

tow 

toH 

twz 

tow 

Input pulse levels= GND to 3.0 V, 
Input pulse rise and fall times= 5 ns, 

Limits 

µPD2149-2 µPD2149-1 

Min Max Min Max 

35 45 

35 45 

15 20 

5 5 

10 15 

5 

35 45 

30 40 

30 40 

0 

30 35 

5 

20 20 

5 

10 15 

Timing reference levels= 1.5 V. See figures 1 and 2 for output load. 

µPD2149 

Min Max 

55 

55 

25 

5 

20 

5 

55 

50 

50 

40 

20 

20 

0 

(2) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 

(3) Transition is measured at VoL + 200 mV and VoH - 200 mV with loading shown in figure 2. 

(4) Transition is measured ±200 mV from steady state voltage with loading shown in figure 2. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µPD2149 

Test 
Conditions 

(Note 4) 

(Note 3) 

(Note 3) 

(Note 4) 

Figure 1. Output Load Figure 2. Output Load for tcx. toTD. twz, and tow 

sv 

480Q 

Dour------... 

J30pF* 

...._ __ .. 
i 

255Q 

*Including Scope and Jig 

Truth Table 
Cs W£ Mode 

H x Not selected 

H Read 

L Write 

83-001546A 

1/0 

Hi-Z 

DouT 
Hi-Z 

sv 

~ 480Q 

Dour------... 

~ 1 255Q * SpF* 

'------1 

*Including Scope and Jig '* 
83-001547A 
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µPD2149 

Timing Waveforms 

Read Cycle No. 1 (Address Access) 

~-·=t=-... -IRC-=*-
Dour Date Valld 

Note: 

[1] WE 11 held high tor reed cycle. 

[2] Device II conllnuou1ly aelected, (!I = VIL· 
83·003560A 

Read Cycle No. 2 (Chip Select Access) 

Nolt1: 
(1 J WE 11 held high tor reed cycle. 
[2] Addre11 velld prior to or coincident with C!i tran1lt1on low. 

83-003890A 
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NEC 

Write Cycle No. 1 (WE Controlled) 

Note: 
[1] CS or WE must be high during addre11 tran1lllon. 

[2] II CS goes high 1lmultaneou1ly with WE high, the output• remain In a 
high-Impedance state. 

83-001837A 

Write Cycle No. 2 (CS Controlled) 

Note: [1] CS or WE must be high during addre11 translllon. 

83-001549A 



t-IEC 
NEC Electronics Inc. 

Description 
The µPD4016 is a 16,384-bit static Random-access Memory 
device organized as 2,048 words by 8 bits. Using a scaled 
NMOS technology, its design provides the ease-of-use fea­
tures associated with nonclocked static memories. The 
µPD4016 has a three-state output and offers a standby mode 
with an attendant 75% savings in power consumption. It fea­
tures equal access and cycle times and provides an output 
enable function that eliminates the need for external bus buff­
ers. The µPD4016 is packaged in a 600-mil-wide standard 
24-pin dual-in-line package which is plug-compatible with 
16K EPROMS. 

Features 
D Scaled NMOS technology 
D Completely static memory: no clock, no refresh 
D Equal access and cycle times 
D Single + 5V power supply 
D Automatic power-down 
D All inputs and outputs directly TTL-compatible 
D Common 1/0 capability 
D OE eliminates need for external bus buffers 
D Three-state outputs 
0 Plug-compatible with 16K 5V EPROMS (600 mil) 
D Low power dissipation in standby mode 
D Available in a standard 24-pin dual-in-line package 

( 600-mil width ) 
D 4 performance ranges: 

R/W Power Supply 
Device Access Cycle Active Standby 

Time Time 

µ.PD4016C-1 250ns 250ns 60mA 15mA 

µ.PD4016C-2 200ns 200ns 60mA 15mA 

µ.PD4016C-3 150ns 150ns 60mA 15mA 

µ.PD4016C-5 120ns 120ns 60mA 15mA 

µPD4016 
2,048 x 8·BIT 

STATIC NMOS RAM 

Revlslon3 

Pin Configuration 

A, 

Ao 

A, 

A• 

A, 

A2 

A, 

Ao 

110, 

1102 

110, 

GND 

Pin Identification 
Pin 

No. Symbol 

1-8, 
Ao-A10 22, 23 

9-11, 
1/01-1/08 13-17 

12 GND 

18 cs 
20 OE 

21 WE 

24 Vee 

Truth Table 
CS OE WE Mode 

H X X Not Selected 

H Read 

H Write 

Write 

1/0 

Hlgh·Z 

Dour 

D1N 

D1N 

Absolute Maximum Ratings* 

A,o 

cs 
110. 

110, 

110. 

1/05 

110. 

Description 

Address Inputs 

Data Input/Output 

Ground 

Chip Select 

Output Enable 

Write Enable 

+ 5V Power Supply 

Power 

Standby 

Active 

Active 

Active 

Temperature Under Bias -10°c to +ss·c 
Storage Temperature, T sT - ss·c to + 12s0c 
Voltage on any Pin with Respect to Ground -1.5Vto +7V 

DC Output Current, 10 20mA 

Power Dissipation, P0 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

1W 
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µPD4016 

Block Diagram 

7-18 

Row 
Select 

Input 
Data 

Control 

Memory Array 
128Rows 

128Columns 

NEC 



NEC 
Capacitance CD 

TA= 2s0c; f = 1MHz 

Umlts 

Parameter Symbol Min fvp Max Unit 

Input Capacitance pf 

110 Capacitance pf 

Note: CD This parameter is sampled and not 100% tested. 

DC Characteristics 
TA= 0°Cto +70°C;Vcc = sv ± 100/o 

Umits 

Parameter Symbol Min fvp Max Unit 

Input Leakage Current ILi 10 µA 

Output Laakage 
I Lo 10 µA 

Current 

Operating Current Ice 60 mA 

Standby Current lse 15 mA 

Input Low Voltage VIL -1.5 0.8 v 

Input High Voltage V1H 2.0 6.0 v 
Output Low Voltage Vol 0.4 v 

Output High Voltage VoH 2.4 v 

Output Short-circuit 
los 70 mA 

Current 

Note: CD Input pulse levels: o.av to 2.2v 
Input rise and lall times: 10ns 
Input timing reference levels: 1.5V 
Output timing reference levels: 1.5V 

Figure 1. Loading Conditions Test Circuit 

5V 

1Kl! 

Test 
Conditions 

Test 
Conditions CD 

Vee= Max 
V1N = GND to Vee 

Vee= Max; CS= V1H 
VouT = GND to Vee 

Vee = Max; CS = VIL 
(outputs open) 

~=Minto Max; 
= V1H 

loL = 4mA 

loH = 1mA 

VouT = GNDtoVcc 

670!! 100pf I (Including Scope and Jig) 

Figure 2. Input Pulse Test Circuit 

5V 

µPD4016 

AC Characteristics 
TA = o•c to + 70°C; Vee = sv ± 100/o 

Read Cycle 

Limits© 

~~~~ 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Read Cycle 
!Re 120 150 200 250 ns ® Time 

Address 
tAA 120 

Access Time 
150 200 250 ns 

Chip Select 
tAcs 120 150 200 250 @ 

Access Time 

Output Hold 
from Address toH 10 10 10 10 ns 
Change 

Chip Selection 
©® to Output tLZ 10 10 10 10 ns 

in Low-Z 

Chip 
Deselectlon 

tHz 45 50 60 BO ns ©® 
to Output 
in Hlgh-Z 

Output Enable 
to Output toE 50 70 90 110 ns 
Valid 

Output Enable 
©® to Output loLZ 10 10 10 10 

In Low-Z 

Output Disable 
©® to Output toHZ 45 50 60 80 ns 

In Hlgh-Z 

Chip Selection 
® to Power-up lpu 

Time 

Chip 
Deselectlon 

tpo 60 70 90 110 ns ® 
to Power-down 
Time 

Write Cycle 

UmitsCD 

~~~~ 

II Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 

Write Cycle 
lwc 120 150 200 250 

Time 
---~----

Chip Selection 
to End of tcw 90 120 160 200 ns 
Write 

-·--~-----~-

Address Valid 
to End of !Aw 80 90 120 150 
Write 

~.;:;ess Set-up tAs 

Write Pulse 
lwp 70 80 100 130 ns ® 

Width 

Write Recovery 
twR 10 10 10 10 

Time 

Data Valid to 
low 45 50 60 80 

End of Write 

Data Hold 
loH Time 

Write Enabled 
to Output lwz 45 50 60 80 ns ®0 
In High-Z 

Output Active 
®0 from End low 10 10 10 10 

of Write 

Notes: (j) See Part No. 1 Package Width table below. 
® All read cycle timings are referenced from the last valid address to the first transi-

lion address. 
@ Address valid prior to or coincident with CS transition low. 
© Transition is measured ± 200mV from steady-state voltage with specified load of 

Figure 1. 
® This parameter is sampled and not 100% tested. 
® If CS and OE are both low before write enabled, twp ~ lwz + low· 
0 Transition is measured ± 200mV from steady-state voltage with specified load of 

Figure2 
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µPD4016 

Timing Waveforms 

Write Cycle No. 1 (WE Controlled) 

Address 
--Jl~-------------.../1~--~ 

Data-In 
------+----'1'------+-.JJ\.---1---~ 

lwz low loH 
Data-out Data Undefined --------J 

Write Cycle No. 2 (CS Controlled) 

1+------lwc-------' 
Address 

--Ji~------------J~---~ 

High Impedance 

7-20 

NEC 

Read Cycle No. 1 <D ® @ 

-==1,_~'----IRc-=*~ 
~i..~---IAA----1 

Data-out ____ '_oH-=1-....j._x-xx--ir--------

Read Cycle No. 2 <D @ © 

1+-------IRc-------

lpu I ~'Po--1 

::: -------*.,...~-v.----------·--50-·1.L 

Read Cycle No. 3 <D @ 

Notes: <D We is high for read cycles. _ 
@ Device is continuously selected, CS = ViL· 
@OE=V1L· _ 
© Address valid prior to or coincident withCS transition low. 



NEC 
NEC Electronics Inc. 

Description 
The µPD4311 is a high-speed, low-power, 16,384-word by 
1-bit static MIX-MOS RAM fabricated with a short­
channel, silicon-gate MIX-MOS technology. The 
µPD4311 is a low standby power device using N-channel 
memory cells with polysilicon resistors. Additionally, an 
excellent circuitry technique achieves very high speed 
and low operating power. The µPD4311 requires no clock 
or refreshing to operate. 

The µPD4311 is fully compatible with the µPD2167. It is 
packaged in a 20-pin plastic DIP with the standard 2167 
pinout (µPD4311C) and a 20-pin Cerdip package 
(µPD4311D). 

Features 
O Single +5 V supply 
D Fully static operation - no clock or refreshing 

required 
O TTL-compatible - all inputs and outputs 
D Separated data input and output 
D Three-state output 
D Standard 300 mil plastic DIP and Cerdip 
D Compatible with µPD2167 

Performance Ranges 

Access 
Power Supply (Max) 

Device Time Active Standby 

µPD4311C/D-35 35 ns 80 2 mA 

µPD4311C/D-45 45 ns 80 2 mA 

µPD4311C/D-55 55 ns 80 2 mA 

µPD4311 
16,384 x 1·BIT 

STATIC MIX·MOS RAM 

Pin Configuration 

83-001545A 

Pin Identification 
No. Symbol Function 

1-7, Ao-A13 Address input 
13-19 

12 D1N Data input 

8 Dour Data output 

11 cs Chip select 

9 WE Write enable 

20 Vee +5 V power supply 

10 Vss Ground 

Block Diagram 

Ao 
Ai 
A2 Memory Cell 

Aa Array 
128Rows 

A11 128Columns 
A12 

Ai3 

DIN Dour 

83-001544A 
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µPD431t 

Absolute Maximum Ratings 
Power supply voltage, Vee 

Input voltage, V1N 

Output voltage, Vour 

Operating temperature, ToPR 

Storage temperature, T sTG: 
-µPD4311C 
-µPD4311D 

Power dissipation, Po 

Note: (1) V1N = - 3.0 V min for 20 ns pulse. 

-0.5Vto +7.0V 

-0.5V[1]to +7.0V 

-0.5Vto +7.0V 

Oto 70°C 

-55to 125°C 
-65to150°C 

1.0W 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA=25°C, f=1MHz[Note1] 

IJmbol Min 
Input capacitance c1N 

Data output Coour 
capacitance 

Umlta Test 
TJp Max Unit Conditions 

6 pF Voour=OV 

Note: (1) This parameter Is sampled and not 100% tested. 

7-22 

NEC 
Recommended DC Operating Conditions 
TA=Oto +70°C 

Umlta 
Parameter lflltbol Min TJp 1111 Unit 
Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage low V1L -0.5[1] 0.8 v 

Input voltage high V1H 2.2 6.0 v 

Note: (1) v1L = - 3.0 V min for 20 ns pulse. 

DC Characteristics 
TA=O°Cto70°C, Vcc=5V±10% 

Umlta Test 
Parameter Symbol Min TJp 1111 Unit Condition• 
Input leakage lu -2 2 µA V1N=OVtoVcc. 
current Vcc=Max 

Output leakage ILQ -2 µA Vour=OVto 
current Vee. CS=V1H· 

Vee= Max 

Operating supply Ice 80 mA CS=V1L· 
current loour=OmA 

Standby supply lss 15 mA CS=V1H 
current 

Standby supply ls01 mA CS=Vcc-o.2v, 
current V1N<0.2Vor 

>Vcc-o.2v 

Output voltage Vol 0.4 v loL=8.0mA 
low 

Output voltage VoH 2.4 v loH= -4.0mA 
high 



NEC 
AC Characteristics [Note 1] 
TA=0°Cto70°C, Vcc=5V±10% 

Limits 

µPD4311-35 µPD4311-45 µPD4311-55 

Parameter Symbol Min Max Min Max Min Max Unit 

Read Cycle 

Read cycle time tRc 35 45 55 ns 

Address access time tAA 35 45 55 ns 

Chip select access time tACS 35 45 55 ns 

Output hold from address change toH 5 ns 

Chip select to output in Lo-Z tLZ 5 ns 

Chip deselect to output in Hi-Z tHz 20 0 25 0 30 ns 

Chip select to power-up time tpu 0 ns 

Chip deselect to power-down time tpo 0 35 40 45 ns 

Write Cycle 

Write cycle time twc 35 45 55 ns 

Chip select to end of write tcw 35 40 45 ns 

Address valid to end of write tAw 35 40 45 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 25 30 35 ns 

Write recovery time twR 0 0 0 ns 

Data valid to end of write tow 20 25 25 ns 

Data hold time toH 0 0 ns 

Write enable to output in Hi-Z twz 0 20 25 30 ns 

Output active from end of write tow 0 ns 

Notes: [1] AC test conditions: 
Input pulse levels= GND to3.0V 
Input pulse rise and fall times= 5 ns 
Timing reference levels= 1.5 V. See figures 1 an.d 2 for output load. 

[2] All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
[3] Transition is measured ±200 mV from steady state voltage with loading shown in figure 2. 
(4] Transition is measured at Vol +200 mV and VoH - 200 mV with loading shown in figure 2. 

Truth Table 
Ci WE MODE 110 Ice 
H x Not selected Hi-Z Standby 

L H Read Dour Active 

L Write Hi-Z Active 

Figure 1. Output Load Figure 2. Output Load for tHz, tu, twz, tow 

5V SV 

;. 
~ 4802 4802 

Dour Dour------.-. 

> 2552 :::;:30pF* ~ 2552 ~5pF* 

'-------1 

*Including Scope and Jig '=E:' *Including Scope and Jig -=E:' 
83-001546A 

µPD4311 

Test 
Conditions 

[Note 2] 

[Note3] 

[Note4] 

[Note 2] 

[Note4] 

[Note3] 

83-001547A 
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µPD4311 

Timing Waveforms 

Read Cycle No. 1 (Address Access) 

Notes: [1] WE la held high for read cycle. 
[2] Device 11 contlnuoualy selected, CS + VIL· 

Read Cycle No.2 (Chip Select Access) 

Vee 
Supply 
Current-----

Notea: (1] WE I• held high for read cycle. 
(2] Addre11 valld prior to or coincident with CS tranalllon low. 

7-24 

83·001836A 

83·001548A 

NEC 
Timing Waveforms (cont) 

Write Cycle No. 1 (WE Controlled) 

Note: [1 J CS or WE must be high during addre11 transition. 

Write Cycle No. 2 (CS Controlled) 

83·001637A 

~I 
Dour BJJ}%£%'~-Hl-..gh·Z ___ _ 

Note: [1] CS or WE must be high during address transition. 

83-001549A 



NEC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 
The µPD4314 is a high-speed, low-power, 4,096-word 
by 4-bit static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS technology. The 
µPD4314 is a low standby power device using 
N-channel memory cells with polysilicon resistors. Ad· 
ditionally, a unique circuitry technique achieves very 
high speed and low operating power. The µPD4314 re­
quires no clock or refreshing to operate. 

The µPD4314 is packaged in a standard 20-pin plastic 
DIP. 

Features 
D Single +5 V supply 
D Fully static operation - no clock or refreshing 

required 
D TIL compatible-all inputs and outputs 
D Common 1/0 using three-state output 
D Standard 300 mil 20-pin plastic DIP 

Performance Ranges 

Acce11 Cycle Power Supply (Max) Time Time 
Device (Max) (Min) Active Standby 

µPD4314C-35 35 ns 35 ns 80 mA 2mA 

µPD4314C-45 45 ns 45ns 80 mA 2mA 

µPD4314C-55 55 ns 55 ns 80 mA 2mA 

µPD4314 
4,096 x 4·BIT 

STATIC MIX·MOS RAM 

Pin Configuration 

Pin Identification 
No. Symbol 

1-8, 16-19 Ao-A11 

12-15 1101-1104 

9 

11 

20 

10 

Block Diagram 

Address 
Buffer 

cs 
WE 

Vee 
Vss 

1/01 ----....-i---i 
1102 ---..-+--+----! 
1103 ---.-t-t-T-----1 
1/04 ----<.-+--t-t-T-----1 

Row 
Decoder 

Input 
Data 

Control 

Output 
Data 

Control 

Revision 1 

83-001770A 

Function 

Address input 

Data input/output 

Chip select input 

Write enable input 

+5 V Power supply 

Ground 

Memory Cell 
Array 

128 Rows 
128 Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buffer 

83-001771A 
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µPD4314 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5Vto +7.0V 

Input voltage, V1N -0.5V[1]to +7.0V 

Output voltage, Vour -0.5V[1]to +7.0V 

Operating temperature, ToPR o to 70°C 

Storage temperature, T STG -55to125°C 

Power dissipation, Po 1.0W 

Note: [1] v1N = - 3.0 V for 20 ns max pulse 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Recommended DC Operating Conditions 
TA=Oto +70°C 

Limits 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage low V1L -0.5[1] 0.8 v 

Input voltage high V1H 2.2 Vee +0.3 v 

Note: [1] V1L = - 3.0 V for 20 ns max pulse 

NEC 
DC Characteristics 
TA =0°Cto 70°C, Vcc=5V±10% 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input leakage lu -2 µA V1N=OVtoVcc. 
current Vcc=Max 

Output leakage ILQ -2 µA ~ur= o v to Vee. 
current CS=V1H. 

Vee= Max 

Operating supply Ice 60 80 mA CS=VtL· 
current loour=OmA 

Standby supply lss 6 20 mA CS=V1H 
current 

Standby supply lss1 mA cs= Vcc-0.2 v, 
current V1N ~ 0.2Vor 

~Vcc-o.2v 

Output voltage Vol 0.4 v loL=8.0mA 
low 

Output voltage VoH 2.4 v loH="'."'4.0mA 
high 

Capacitance 
TA= 25°C, f = 1 MHz [Note 1] 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input C1N pF V1N=OV 
capacitance 

Data output Coour pF Voour=OV 
capacitance 

Note: [1] This parameter is sampled and not 100% tested. 

AC Characteristics [Note 1) 
TA=0°Cto70°C, Vcc=5V±10% 

Parameter Symbol 

Read Cycle 

Read cycle time tRc 

Address access time IAA 

Chip select access time IACS 

Output hold from address change toH 

Chip select to output in Lo-Z tLz 

Chip deselect to output in Hi-Z !Hz 

Chip select to power-up time tpu 

Chip deselect to power-down time tpo 

Note: [1] AC test conditions: 
Input pulse levels= GND to 3.0 V, 
Input pulse rise and fall times= 5 ns, 

Limits 

µPD4314-35 µPD4314-45 

Min Max Min Max 

35 45 

35 45 

35 45 

20 25 

35 45 

Timing reference levels= 1.5 V. See figures 1 and 2 for output load. 

µPD4314-55 

Min Max 

55 

55 

55 

30 

55 

[2] All read and write cycle timings are from the last valid address to the first transitioning address. 
[3] Transition is measured at VoL +200 mV and VoH - 200 mV with loading shown in figure 2. 
[4] Transition is measured ±200 mV from steady state voltage with loading shown in figure 2. 

7-26 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test 
Conditions 

[Note 2) 

[Note 4) 

[Note3] 



t\'EC 
AC Characteristics [Note 1] (cont) 
TA=0°Cto70°C, Vcc=5V±10% 

Limits 

µPD4314-35 µPD4314-45 µPD4314-55 

Parameter Symbol 

Write Cycle 

Write cycle time twc 

Chip select to end of write tcw 
Address valid to end of write tAw 
Address setup time tAs 

Write pulse width twp 

Write recovery time twR 
Data valid to end of write tow 
Data hold time toH 
Write enable to output in Hi-Z twz 
Output active from end of write tow 
Note: (1) AC test conditions: 

Input pulse levels= GND to 3.0V, 
Input pulse rise and fall times= 5 ns, 

Min Max Min 

35 45 

35 40 

35 40 

0 

30 40 

0 0 

20 25 

0 

20 0 

0 

Timing reference levels= 1.5 V. See figures 1 and 2 for output load. 

Max Min Max 

55 

45 

45 

0 

50 

0 

30 

0 

25 0 30 

0 

(2) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
(3) Transition is measured at Vol +200 mV and VoH - 200 mV with loading shown in figure 2. 
(4) Transition is measured ± 200 mV from steady state voltage with loading shown in figure 2. 

Figure 1. Output Load Truth Table 
cs WE MODE 

5V 
H x Not selected 

480Q 
H Read 

Write 
Dour------.... 

: 255Q *30pF* 
~ 

'------1 
*Including Scope and Jig ~ 

83·001546A 

Figure 2. Output Load for tHz, tLz, twz, and tow 

5V 

480Q 

5pF* 

*Including Scope and Jig -::-

83-001547A 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

110 

Hi-Z 

Dour 
Hi-Z 

µPD4314 

Test 
Conditions 

[Note 2] 

[Note3] 

[Note4] 

Ice 
Standby 

Active 

Active 
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µPD4314 

Timing Waveforms 

Read Cycle No. 1 (Address Access) 

---{-tRe-*-

Address 1 :_.....__t_OH ___ _ 

~------

Dour 

Note: 

[1] WE is held high for read cycle. 

[2] Device is continuously selected, CS = VIL· 

Read Cycle No. 2 (Chip Select Access) 

High·Z 
Dour ----+----!Cl 

Vee 
Supply 
Current -----

Notes: 

[1] WE Is held high for read cycle. 
[2] Address valid prior to or coincident with CS transition low. 

7-28 

Data Valid 

83-001636A 

83·001548A 

t-IEC 

Write Cycle No. 1 (WE Controlled) 

Note: 

[ 1] CS or WE must be high during address transition. 

[21 If CS goes high simultaneously with WE high, the outputs remain in a 
high-impedance state. 

83-001637A 

Write Cycle No. 2 (CS Controlled) 

~I 
Dour BJ;mn"E~-Hig_h·z __ _ 

Note: [1] CS or WE must be high during address transition. 

83-001549A 



NEC 
NEC Electronics Inc. 

Description 

The µPD4361 is a high-speed, low-power, 65,536-
words by 1-bit static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS process. It is a 
low standby power device using CMOS peripheral 
circuits and N-channel memory cells with polysilicon 
resistors. Additionally, a unique circuitry technique 
achieves very high speed and low operating power. 
The uPD4361 requires no clock or refreshing to operate. 

The µPD4361 is packaged in a 300 mil wide 22-pin plastic 
DIP (µPD4361C) and a 290 mil x 490 mil 22-pin ceramic 
lead less chip carrier (µPD4361K). The µPD4361 has two 
types of access times, address and chip select. In addi­
tion, the µPD4361C-L features a low-power data reten­
tion mode. 

Features 

D 65,536 x 1-bit organization 
D Single +5 V supply 
D Fully static operation-no clock or refreshing 

required 
D All inputs and outputs TTL-compatible 
D Separated data input and output 
D Three-state output 
D MIX-MOS process 
D Data retention current of 50µA max on the 

µPD4361C-L 
D Standard 300 mil 22-pin plastic DIP and 290 mil x 

490 mil ceramic LCC 
D Standard JEDEC pin configurations 

Performance Ranges 

Access 
Power Supply (Max) 

Device Time Active Standby 

µPD4361-40 (1) 40 ns 120 mA 2 mA 

µPD4361-45 45 ns 120 mA 2 mA 

µPD4361-55 55 ns 120 mA 2 mA 

µPD4361-70 (2) 70 ns 120 mA 2 mA 

Note: 

(1) µPD4361K only. 

(2) µPD4361C·70/70L only. 

µPD4361 
65,536 x 1 ·BIT 

STATIC MIX-MOS RAM 

Revision 1 

Pin Configurations 

22-Pin Plastic DIP 

83-002660A 

22-Pin Ceramic L CC 

A1 Ao Vee A1s 

A2 A14 

A3 A13 

A4 Ai2 

As A11 

As A10 

A1 Ag 

DouT As 

WE GND CS D1N 

83-002659A 

Pin Identification 
No. Symbol Function 

1-8, 14-21 Ao-A15 Address inputs 

9 DouT Three-state data output 

10 WE Write enable 

11 GND Ground 

12 cs Chip select 

13 D1N Data input 

22 Vee Power supply 
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µPD4361 

Block Diagram 

Truth Table 
cs WE 

H x 
L H 

Mode 

Memory Cell 
Array 

256 Rows x 
256 Columns 

Output 

Not selected High-Z 

Read Dour 

Write High-Z 

DC Characteristics 
TA= 0°c to +70°C; Vee= 5 v ±10% 

83-002662A 

•cc 
Standby 

Active 

Active 

Absolute Maximum Ratings 
Supply voltage, Vee 

Voltage on any pin, V1N 

Operating temperature, T OPR 

Storage temperature, T STG 

Power dissipation, Po 

Note: 

(1) -3.0 V for 20 ns pulse 

(2) T OPR for 4361 K = -10 to +85 °C 

(3) Tsrn for4361K =-65 to +150°C 

NEC 

-0.5 to 7.0 V 

-0.5 to 7.0 V (1) 

o to +70°C (2) 

-55 to +125°C (3) 

1.0W 

Comment: Exposing the device to stresses above those listed in 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= 25°C; f = 1 MHz (1) 

Parameter Symbol 

Input capacitance 

110 capacitance Coour 

Note: 

Limits 

Min Typ Max Unit 

5 pF 

7 pF 

(1) This parameter is sampled and not 100% tested. 

Test 
Conditions 

V1N = 0 V 

Voour = o v 

Limits 

µP04361 C/C-L 

Parameter Symbol Min Typ Max 

Supply voltage Vee 4.5 5.0 5.5 

Input low voltage V1L -0.5(1) 0.8 

Input high voltage V1H 2.2 6.0 

Input leakage current lu -2 2 

Output leakage current ILO -2 

Operating supply current Ice 120 

Standby supply current Isa 20 
---·-····---·························· 

lss1 

Output low voltage Vol 0.4 

Output high voltage VoH 2.4 

Note: 

(1) -3.0 V for 20 ns pulse 

7-30 

µPD4361K 

Min Typ Max Unit 

4.5 5.0 5.5 v 
-0.5 (1) 0.8 v 

2.2 6.0 v 
-2 2 µA 

-2 2 µA 

120 mA 

20 mA 
.............................................. 

mA 

0.4 v 
2.4 v 

Test 
Conditions 

V1N = o V to Vee. Vee= max 

Vour = o v to Vee: cs= V1H. 
Vee= max 

cs = V1L. loour = o mA 

CS= V1H 
-····························-----------------··············· 

cs= Vee - 0.2 V, V1N < 0.2 v 
or> Vee - 0.2 V 

loL = 8.0 mA 

loH =-4.0 mA 



NEC µPD4361 

AC Characteristics (Note 1) 
TA= 0°c to +70°C; Vee= 5 v ±10% 

Limits 

µPD4361-40(2) µPD4361-45 µPD4361-55 µPD4361-70(3) 

Parameter Symbol Min Max Min Max Min Max Min Max Unit 

Read Cycle 

Read cycle time tRc (4) 40 45 55 70 ns 

Address access time tAA 40 45 55 70 ns 

Chip select access time tAcs 40 45 55 70 ns 

Output hold from address change toH 5 5 5 ns 

Chip select to output in Low-Z tLz (6) 5 5 ns 

Chip deselect to output in High-Z tHz(5) 0 22 0 25 0 30 30 ns 

Chip select to power-up time tpu 0 0 0 ns 

Chip deselect to power-down time tpo 0 27 0 30 0 40 0 40 ns 

Write Cycle 

Write cycle time twc (4) 40 45 55 70 ns 

Chip selection to end of write tcw 37 40 50 60 ns 

Address valid to end of write tAW 37 40 50 60 ns 

Address setup time tAs 0 0 ns 

Write pulse width twp 23 25 30 40 ns 

Write recovery time twR 0 0 ns 

Data valid to end of write tow 23 25 25 30 ns 

Data hold time toH 0 0 0 0 ns 

Write enabled to output in High-Z twz (5) 22 0 25 25 0 30 ns 

Output active from end of write tow(6) 0 0 ns 

Note: 

(1) AC test conditions: Input pulse levels= GND to 3.0 V; Input pulse rise and fall times= 5 ns; Timing reference levels= 1.5 V; see figures 1 and 
2 for output load. 

II (2) Available for µPD4361 K only. 

(3) Available for µPD4361C or µPD4361C-L only. 

(4) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 

(5) Transition is measured at VOL+ 200 mV and VoH - 200 mV with loading shown in figure 2. 
(6) Transition is measured ±200 mV from steady state voltage with loading shown in figure 2. 

Figure 1. Output Load Figure 2. Output Load for tLz, tHz, twz, tow 

5V sv 

: 480Q 480Q 

~ 

Dour Dour---..-----. 

~ 255Q *30pF* 
~ 

255Q SpF* 

*Including Scope and Jig * *Including Scope and Jig '=' 
83-001546A 83·001547A 
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µPD4381 

Timing Waveforms 

Read Cycle No. 1 (Address Access) 

--4-tRe-*-
Address ---1'=---t-OH ___ _ 

-------
Dour 

Note: 

[1 J WE Is held high for read cycle. 
[2) Device Is continuously selected, ~ = VIL· 

Read Cycle No. 2 (Chip Select Access) 

Vee 
Supply 
Current ____ _,, 

Data Valid 

Note: [1 J WE Is held high lor reed cycle. 
[2) Addre11 valid prior to or coincident with CS transition low. 

7-32 

83·001636A 

63-001548A 

NEC 

Write Cycle No. 1 (WE Controlled) 

Note: 
[1) Cs or WE must be high during address transition. 
[2) II Cs goes high simultaneously with WE high, the outputs remain In a 

high-Impedance state. 
83-001637A 

Write Cycle No. 2 (CS Controlled) 

Note: [1) CS or WE must be high during addre11 transition. 

83-001549A 



NEC 
Low Vee Data Retention Characteristics (Note 1) 
TA= 0°C to 70°C 

Parameter 

Data retention supply voltage 

Data retention supply current 

Chip deselect to data retention 
time 

Operation recovery time 

Note: 

(1) For µPD4361C-L only. 

Data Retention 

Limits 

Symbol Min Typ Max Unit 

VeeDR 2.0 5.5 v 

leeoR 50 µA 

teoR ns 

ns 

teoR------Data Retention Mode--t+--IR 

Vee 4.:~-------.1 

CS 2:: Vee -o.2v 
VIL 

GND - - ------------------------------
83-002661A 

µPD4361 

Test Conditions 

cs;::: Vee - 0.2 V, V1N;::: Vee - 0.2 v or 0 v :5 V1N :5 0.2 v 

Vee= 3.0 V, cs;::: Vee - 0.2 V, V1N;::: Vee - 0.2 v or 
0 V :5 V1N :5 0.2 V 
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t\'EC 
NEC Electronics Inc. 

Description 

The µPD4362 is a high-speed, low-power, 16,384-
words by 4-bits static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS process. It is a 
low standby power device using N-channel memory 
cells with polysilicon resistors. Additionally, a unique 
circuitry technique achieves very high speed and low 
operating power. The µPD4362 requires no clock or 
refreshing to operate. 

The µPD4362 is packaged in a standard 22-pin plastic 
DIP. 

Features 

D Single +5 V supply 
D Fully static operation - no clock or refresh required 
D All inputs and outputs TTL-compatible 
D Common 1/0 capability 
D Standard 300 mil 22-pin plastic DIP 

Performance Ranges 
Power Supply (Max) 

Device Access Time Active Standby 

µPD4362C-45 45 ns 90 mA 2 mA 

µPD4362C-55 55 ns 90mA 2 mA 

µPD4362C-70 70 ns 90 mA 2 mA 

Absolute Maximum Ratings 
Supply voltage, Vee -0.5 to 7.0 V 

All input and ouput voltages, V1N -0.5 (1) to 7.0 V 

Operating temperature, T OPR 

Storage temperature, T sTG -55°C to +125°C 

Power dissipation, Po 1.0 w 
Note: (1) v1N = -3.0 V for 20 ns pulse 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

µPD4362 
16,384 x 4·BIT 

STATIC MIX-MOS RAM 

Pin Configuration 

Ao Vee 
A1 A13 

A2 A12 

Aa A11 

A4 A1o 

As Ag 

As 1104 

A1 1103 

As 1/02 

cs 1/01 
Vss ._ ____ VIE 

83-001571A 

Pin Identification 
No. Symbol Function 

1-9, 17-21 Ao-A13 Address input 

13-16 1101-1/04 Data input/output 

10 cs 
12 WE 

22 Vee 

11 Vss 

Block Diagram 

1/01------..... 
l/02----4-.J.---f 
1/03 --.-!--+--1----f 

1/04 --+-4-4-4-.J.---f 

Chip select 

Write enable 

Power supply 

Ground 

Memory Cell 
Array 

256Rows 
256Columns 

Sense/Switch 

83-001570A 
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µPD4362 

Recommended DC Operating Conditions 
TA= 0°c to 10°c 

Limits 

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input low voltage -0.5(1) 0.8 v 
Input high voltage 2.2 Vee+ 0.3 v 
Note: (1) V1L = -3.0 V for 20 ns pulse 

Capacitance 
TA = 25 °C; f = 1 MHz (1) 

Limits 

Parameter Symbol Min Typ Max Unit 
Test 

Conditions 

Input capacitance 

1/0 capacitance Coour 7 pF Voour = o v 
Note: (1) This parameter is sampled and not 100% tested. 

DC Characteristics 
TA= 0°C to +70°C; Vee= 5 V ± 10% 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input leakage lu -2 2 µA V1N = O - Vee: 
current Vee= MAX 

Output leakage 
current 

Operating 
supply current 

Standby 
supply current 

Output low 
voltage 

Output high 
voltage 

Truth Table 
CS WE 

H x 
H 

7-36 

-2 

Ice 

2 µA ~ur=O-Vcc: 
CS= V1H. 
Vee= MAX 

90 mA CS = VIL· 
loour = o mA 

20 mA CS= V1H Isa 

lss1 
····················· ·2····-~·A·····cs ~-ii~-~-~·a:2·v;· 

Vol 0.4 v 

VoH 2.4 v 

Mode 1/0 

Not selected High-Z 

Read Dour 

Write High-Z 

V1N < 0.2 Vor 
>Vee -0.2 v 
loL = 8.0 mA 

loH =-4.0 mA 

Ice 
Standby 

Active 

Active 

NEC 
AC Characteristics 
TA= 0°c to +10°c; Vee= 5 v ± 10% 

Limits 

4362-45 4362-55 4362-70 

Parameter Symbol Min Max Min Max Min Max · Unit 

Read Cycle 

Read cycle time 

Address access 
time 

Chip select 
access time 

tRc (2) 45 

Output hold from toH 
address change 

55 

45 

45 

Chip selection to tLz (3) 5 5 
output in low-Z 

55 

55 

Chip deselection to tHz (4) 25 O 25 
output in high-Z 

Chip selection 
to power-up time 

Chip deselection 
to power-down 
time 

Write Cycle 

Write cycle time 

Chip selection to 
end of write 

Address valid 
to end of write 

Address set-up 
time 

Write pulse width 

Write recovery 
time 

Data valid to 
end of write 

Data hold time 

Write enabled to 
output in high-Z 

Output active 
from end of write 

tpu o 0 

tpo o 45 0 55 

twc (2) 45 55 

tcw 40 50 

50 

0 

twp 40 50 

twR 0 0 

tow 20 25 

toH 0 0 

twz (4) 20 25 

tow (3) 0 

70 ns 

70 ns 

70 ns 

ns 

ns 

30 ns 

ns 

55 ns 

70 ns 

60 ns 

60 ns 

ns 

60 ns 

ns 

30 ns 

ns 

0 30 ns 

0 ns 

Note: (1) AC test conditions: input pulse levels= GND to 3.0 V; 
input pulse rise and fall times= 5 ns; timing reference 
levels = 1.5 V; see figures 1 and 2 for output load. 

(2) All read cycle timings are referenced from the last valid 
address to the first transitioning address. 

(3) Transition is measured ±200 mV from steady state 
voltage with loading shown in figure 2. 

(4) Transition is measured at Vol+ 200 mV and 
VoH - 200 mV with loading shown in figure 2. 



NEC 
Figure 1. Output Load 

5V 

480Q 

Dour----+----

255Q 30pF" 

"Including Scope and Jig ':" 

83-001546A 

Figure 2. Output Load for tHz, tLz, twz, and tow 

5V 

~ 
480Q 

Dour 

~ 
255Q ::::=spF" 

•including Scope and Jig "* 
Timing Waveforms 

Read Cycle No. 1 (Address Access) 

Notes: [1] WE Is held high for read cycle. 
[2] Device is continuously selected, CS + VIL· 

Read Cycle No. 2 (Chip Select Access) 

Vee 
Supply 

Current -----' 

Notes: [1] WE Is held high for read cycle. 
[2] Address valid prior to or coincident with CS transition low. 

83-001547A 

83-001636A 

83-001548A 

µPD4362 

Timing Waveforms (cont) 

Write Cycle No. 1 (WE Controlled) 

Note: [1] CS or WE must be high during address transition. 

83-001637A 

Write Cycle No. 2 (CS Controlled) 

~-----~twc------::z1,,---~ 

--· --1-tAS ----twR t----
cs 

WE II 
Note: [1] CS or WE must be high during address transition. 

83-001549A 
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NEC 
NEC Electronics Inc. 

Description 

The µPD4364 is a high-speed, low-power, 8,192-word by 
8-bit static MIX-MOS RAM fabricated with advanced 
silicon-gate MIX-MOS technology. The µPD4364 is a low 
standby power device using CMOS peripheral circuits 
and N-channel memory cells with polysilicon resistors. 
Furthermore, a unique circuitry technique makes the 
µPD4364 a very low operating power device which re­
quires no clock or refreshing to operate. 

Two chip enable inputs are provided for battery back­
up application, and an output enable input is included 
for easy interface. Data retention is guaranteed at a 
power supply voltage as low as 2 V (µPD4364-12L/15L/ 
20L and µPD4364-12LL/15LL/20LL). 

The µPD4364 is packaged in standard 28-pin DIP and 
miniflat packages and is plug-in compatible with 2764-
type EPROMs. 

Features 

D Single +5 V power supply 
D Fully static operation - no clock or refreshing 

required 
D TTL compatible - all inputs and outputs 
D Common 110 using three-state output 
D Output enable and two chip enable inputs for easy 

application 
D Data retention voltage 

- µPD4364-12L/15L/20L: 2 V min 
- µPD4364-12LL/15LL/20LL: 2V min 

D Standard 28-pin plastic DIP (µPD4364C) 
D 28-pin miniflat (SOP) package (µPD4364G) 
D Plug-in compatible with 2764-type EPROMs 

Performan~e Ranges 

Access 
Time 

Device (Max) 

µPD4364-12I12L/ 12LL 120 ns 

µPD4364-15I15L I 15LL 150 ns 

µPD4364-20 I 20L I 20LL 200 ns 

Note: 
(1) µPD4364-12/15/20: 2 mA max; 

µPD4364-12L/15L/20L: 100 µA max; 
µPD4364-12LL/15LL/20LL: 50µA max 

Cycle 
Time 
(Mil!) 

120 ns 

150 ns 

200 ns 

Power Supply (Max) 

Active Standby 

40 mA (Note 1) 

40 mA (Note 1) 

35 mA (Note 1) 

µPD4364 
8, 192 x 8-BIT 

STATIC MIX-MOS RAM 

Revision 1 

Pin Configuration 

Pin Identification 
No. Symbol 

1 NC 

2-10, 21, Ao-A12 
23-25 

11-13, 15-19 I I 01-I I Og 

14 GND 

20 CE1 

22 OE 

26 CE2 

27 WE 

28 Vee 

Vee 
WE 
CE2 

Ae 

Ag 

An 

OE 

A10 

1/07 

I/Os 

1/05 

1/04 

Function 

No connection 

Address input 

Data input I output 

Ground 

Chip enable input, 
active low 

Output enable input 

Chip enable input, 
active high 

Write enable input 

+5.V Power supply 

83-001753A 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5V(1)to +7.0V 

Input voltage, V1N -0.5V(1)toVee +0.5V 

Output voltage, Vour -0.5V (1) to Vee +0.5V 

Operating temperature, ToPR o to 70°C 

Storage temperature, T STG -55to125°C 

Power dissipation, Po 1.0W 

Note: 
(1) - 3.0 V min (Pulse width 50 ns max) 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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µPD4364 

Block Diagram 

A5 
Ae 
A7 
Ae 
Ae 

A10 
A11 
A12 

l/f1 
l/Oe --.i----t 

C!1 
CE2 

5E 
WE _____ ..._,,, 

Capacitance 
TA= 25°C, f =to MHz 

Parameter Symbol 

Input C1N 
capacitance 

Input/ output C110 
capacitance 

Min 

83-001754A 

Limits 
Test 

Typ Max Unit Conditions 

pF V1N=OV 

8 pF V11o=OV 

Recommended DC Operating Conditions 
TA =Oto +70°C 

Limits 

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage low V1L -0.3(1) 0.8 v 
Input voltage high Vitt 2.2 Vee+ 0.5 v 
Note: 
(1) - 3.0 V min (Pulse width 50 ns max) 

7-40 

NEC 
DC Characteristics 
TA =0°Cto 70°C, Vcc=5V ±10% 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

In put leakage lu µA V1N=OVtoVee 
current 

Output leakage ILQ µA V11o=OVtoVee 
current C'E1=V1H or 

QE.2=V1L or 
OE=V1H or 
WE=V1L 

Operating leeA1 (1) mA CE1=V1L• 
supply current CE2=V1H· 

1110 =O, 
Min cycle 

Operating leeA2 15 mA CE1=V1L• 
supply current CE2=V1H, 

1110=0, 
DC current 

Standby supply lss (2) mA CE1=V1tt or 
current CE2=V1L 

Standby supply lss1 (3) mA CE1 ~ Vee-0.2V 
current CE2 ~ Vee-0.2 v 
Standby supply lss2 (3) mA CE2~0.2V 
current 

Output voltage VoL 0.4 v loL=2.1mA 
low 

Output voltage VoH 2.4 v lott=-1.0mA 
high 

Notes: 
(1) µPD4364-12/12L/12LL: 40 mA max; 20mA typ 

µPD4364-15/15L/15LL: 40 mA max; 18 mA typ 
µPD4364-20/20L/20LL: 35 mA max; 14 mA typ 

(2) µPD4364-12/15/20: 5mA max 
µPD4364-12L/15L/ 20L: 3 mA max 
µPD4364-12LL/15LL/20LL: 3mA max 

(3) µPD4364-12/15/20: 2 mA max, 20µA typ 
µPD4364-12L/15L/20L: 100µA max, 2µA typ 
µPD4364-12LL/15LL/20LL: 50µA max, 2µA typ 



NEC µPD4364 

AC Characteristics 
TA=0°Cto70°C, Vcc=5V±10% 

Limits 

µPD4384 µPD4384 µPD4384 
-12112Ll12LL -15115Ll15LL -20120Ll20LL Test 

Parameter Symbol Min Max Min Max Min Max Unit Condltlons(1) 

Raad Cycle 

Read cycle time tRc 120 150 200 ns 

Address access time tAA 120 150 200 ns 

CE1 access time tco1 120 150 200 ns 

CE2 access time tco2 120 150 200 ns 

Ouiput enable to output valid toe 60 70 100 ns 

Output hold from address change toH 10 15 15 ns 

Chip enable (CE1) to output in Lo·Z tLz1 10 15 15 ns 

Chip enable (CE2) to output in Lo·Z tLZ2 10 15 15 ns 

Output enable to output in Lo·Z toLZ ns 

Chip enable (CE1) to output in Hi·Z tHz1 40 50 100 ns 

Chip enable (CE2) to output in Hi·Z tHz2 40 50 100 ns 

Output enable to output in Hi·Z to HZ 40 50 80 ns 

Write Cycle 

Write cycle time twc 120 150 200 ns 

Chip enable (CE1) to end of write tcw1 85 100 180 ns 

Chip enable (CE2) to end of write tcw2 85 100 180 ns 

Address valid to end of write tAw 85 100 180 ns 

Address setup time tAs 0 ns 

Write pulse width twp 70 90 140 ns 

Write recovery time twR ns 

Data valid to end of write tow 50 60 80 ns II Data hold time toH 0 ns 

Write enable to output in Hi·Z twHz 40 50 100 ns 

Output active from end of write tow 10 10 ns 

Note: 
(1) Input pulse levels: 0.8 V to 2.4 V 

Input pulse rise and fall times: 5 ns 
Timing reference levels: 1.5 V 
Output load: 1 TTL gate and CL= 100 pF 

Truth Table 
Ci1 CE2 OE WE MODE 110 Ice 
H x x x Not selected Hi·Z Standby 

x L x x Not selected Hi·Z Standby 

H H H Dour disabled Hi·Z Active 

H L H Read Dour Active 

H x L Write D1N Active 
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µPD4364 

Timing Waveforms 

Read Cycle No. 1 (Address Access) (Notes 1, 2) 

Addren 

•----IAA----• 

-•oH-

DouT Previous Date Valid Date Valid 

Notes: 
(1) Wfls high for read cycle. 
(2) Device Is continuously selected, CE, =OE= V1L, C~ = V1H· 

83-001755A 

Read Cycle No. 2 (Chip Enable Access) (Notes 1, 2) 

Addren 

Notes: 

1+-----IRc-----1 

IAA­
-tco1-

(1) WE Is high tor read cycle. 
(2) Address valid prior to or coincident with CE, transition low, C~ 

transition high. 
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NEC 

Write Cycle No. 1 (WE Controlled) (Notes 1, 2, 3) 

Hlgh·Z 
DOUT Data Undefined 

-•ow 
Notes: 
(1) ~~~curs during the overlap of a low CE, and a high C~ and a 

(2) CE, or WE (or C~) must be high (low) during address transition. 
(3) If OE la high, 1/0 pins remain In a high Impedance state. 

83-001757A 



NEC µPD4364 

Timing Waveforms (cont) 

Write Cycle No. 2 (CE1 Controlled) (Notes 1, 2) Write Cycle No. 3 (CE2 Controlled)(Notes 1, 2) 

CE2 CE2 

WE WE 

DrN 

D1N 

Hlgh-Z Do UT 
Hlgh-Z 

DouT 

Notes: 

(1) ~occurs during the overlap of a •-CEi and a high C~ and a 

(2) CEi or WE (or C~) must be high (low) during addl988 transition. 
83-001758A 

Notes: 

(1) ~~occurs during the overlap of a •-CEi and a high C~ and a 

(2) ~or Wf (or C~) must be high (I-) during address transition. 
83-001759A 

II 
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µPD4384 

Low Vee Data Retention 
Characteristics (Note 1) 
TA=0°Cto70°C 

Umltl 

Pll'lmtttr Symbol Min Typ Max 

Data retention VccOR1 2.0 5.5 
supply voltage 

Data retention VccDR2 2.0 5.5 
supply voltage 

Data retention lcCDR1 (2) 
supply current 

Data retention lccoR2 (2) 
supply current 

Chip deselect to tcoR 0 
data retention 
time 

Operation tR tRc 
recovery time 

Notes: 
(1) For µPD4364-12L/12LL, µPD4364-15L/15LL, 

µPD4364-20L/20LL only 

Test 
Unit Conditions 

v CE1;i;Vcc-0.2V 
CE2 ;i; Vcc-0.2V 

v CE241;0.2V 

µA Vcc=3.0V 
'C'E'1 ;i; Vcc-o.2v 
CE2;i;Vcc-0.2V 

µA Vcc=3.ov 
CE241;0.2V 

ns 

ns 

(2) µPD4364-12L/15L/20L: 50µA max; 15µA (0 to 40°C) 
µPD4364-12LL/15LL/20LL: 20µA max; 5µA(Oto40°C) 
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Data Retention (CE1 Controlled) (Note 1) 

Ci1 <=:Vcc-o.2v 

GND - - - - - - - - - - - - - - - - - - - - --

Note: 

(1) CE:zmustbeequ11toorhlgh1rthanYcc -0.2V, 
the other Inputs (Addr88ses, OE, WE, I/Os) 
can be In a high Impedance state. 

Data Retention (CE2 Controlled)(Note 1) 

Vee 
4.5V ------

CE2so.2 v 

~1760A 

~D-----------------------

Note: 
(1) The other Inputs (Addresses, CEi, OE, WE, I/Os) 

can be In a high Impedance state. 
83·001761A 



NEC 
NEC Electronics Inc. 

Description 
The µPD4464 is a high-speed, low-power, 8,192-word by 
8-bit static CMOS RAM fabricated with advanced 
silicon-gate CMOS technology. The µPD4464 is a very 
low standby power device using full CMOS memory 
cells with 6 transistors. Furthermore, a unique circuitry 
technique makes the µPD4464 a very low operating 
power device which requires no clock or refreshing to 
operate. 

Two chip enable inputs are provided for battery backup 
application, and an output enable input is included for 
easy interface. Data retention is guaranteed at a power 
supply voltage as low as 2 V. 

The µPD4464 is packaged in a standard 28-pin DIP and 
miniflat package and is plug-in compatible with 2764-
type EPROMs. 

Features 
D Single +5 V power supply 
D Fully static operation - no clock or refreshing 

required 
D TIL compatible- all inputs and outputs 
D Common 1/0 using three-state output 
D Output enable and two chip enable inputs for easy 

application 
D Data retention voltage: 2V min 
D Standard 28-pin plastic DIP (µPD4464C) 
D 28-pin miniflat (SOP) package (µPD4464G) 
D Plug-in compatible with 2764-type EPROMs 
D Operating temperature range: - 40°C to 85°C 

Performance Ranges 

Access Cycle Power Supply (Max) Time Time 
Device (Max) (Min) Active Standby 

µPD4464-15 150ns 150ns 40mA 10µA[1] 

µPD4464-20 200ns 200ns 35mA 10µA[1] 

Note: (1) µPD4464-15L/20L: 1.0µA max (-40°C to 60°C) 
0.2µA max (- 40°C to 25°C) 

Capacitance 
TA= 25°C, f = 1.0 MHz 

Parameter Symbol 

Input C1N 
capacitance 

Input/output C1;0 
capacitance 

Limits 
Min Typ 

Test 
Max Unit Conditions 

6 pF V1N=OV 

pF V1;o=OV 

µPD4464 
8,192 x 8-BIT 

STATIC CMOS RAM 

Pin Configuration 

NC 

A12 

Vee 
WE 
CE2 

Aa 
Ag 

A11 

~ 

A1o 

"CE'1 
l/Oa 

1/07 

I/Os 

1/05 

Revision 1 

GND 1/04 _____ _. 

83-001669A 

Pin Identification 
No Symbol function 

NC No connection 

2-10, 21, 25-27 Ao-A12 Address input 

11-13, 15-19 1101-1/0a Data input/output 

14 GND Ground 

20 CE1 Chip enable active low 

22 OE Output enable 

26 CE2 Chip enable active high 

27 WE Write enable 

28 Vee +5 V power supply 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5 V (1) to +7.0 V 

Input voltage, V1N -0.5 v (1) to Vee+ 0.5 v 
Output voltage, VouT -0.5 V (1) to Vee+ 0.5 V 

Operating temperature, T QPR -40 to 85°C 

Storage temperature, T srn -55 to 125°C 

Power dissipation, Po 1.0 w 
Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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µPD4464 

Block Diagram 

As----­
A&-----

A7 ----­
Aa ----­
Ag-----

A10 ----. 

A11 ----­
A12 -----

Row 
Decoder 

1101 ------+-------... • • • • • 
l/Oa 

Input 
Data 

Control 

Recommended DC Operating Conditions 
TA= -40°Cto85°C 

Limits 
Parameter Symbol Min Typ 

Supply voltage Vee 4.5 5.0 

Input voltage low V1L -0.3[1) 

Input voltage high V1H 2.2 

Note: (1] - 3.0 V min (Pulse width 50 ns max) 

DC Characteristics 

Limits 
Parameter Symbol Min Typ Max 

Input leakage I u 1 
current 

I /O leakage 
current 

Max Unit 

5.5 v 
0.8 v 

Vee +0.5 v 

Test 
Unit Conditions 

µA V11o=OVtoVee 
CE1=V1H or 
CE2=V1L or 
DE=ViH or 
WE=V1L 

Operating leeA1 [1) mA CE1=V1L· 
supply current 

7-46 

CE2=V1H. 
1110=0, 
Min Cycle 

Mem:s'l ~:!:rray 
32 x 8 Column• 

Sen1e/Swltch 

Column Decoder 

Output 
Data 

Control 

DC Characteristics (cont) 
TA= -40°Cto85°C, Vcc=5V±10% 

Limits 

Parameter Symbol Min Typ 

Operating supply leeA2 
current 

Standby supply lees1 0.02 
current 

Standby supply lees2 0.02 
current 

Output voltage Vol 
low 

Output voltage VoH 2.4 
high 

Notes: (1] i'PD4464-15/15L: 40 mA max 
µPD4464-20/20L: 35 mA max 

Max 

15 

10[2) 

10[2) 

0.4 

NEC 

83--0016506 

Test 
Unit Conditions 

mA CE1=V1L· 
CE2=V1H• 
1110=0 
(DC current) 

µA CE1;;i.Vee-0.2V 
CE2;;i.Vee-0.2V 

µA CE2.,.; 0.2V 

v loL=2.1mA 

v loH= -1.0mA 

(2) µPD4464-15L/20L: toµA max (- 40°C to 60°C) 
0.2µA max (-40°C to 25°C) 



NEC 
AC Characteristics 
TA= -40°Cto85°C, Vcc=5V±10% 

Limits 

µPD4464 µPD4464 

Parameter 

-15 -20 Test 
Symbol Min Max Min Max Unit Condltlons[1] 

Read Cycle 

Read cycle time 200 ns 

Address access time tAA 150 200 ns 

CE1 access time tco1 150 200 ns 

CE2 access time tco2 150 200 ns 

Output enable to toE 75 100 ns 
output valid 

Output hold from toH 10 10 ns 
address change 

Chip enable (CE1) to tLZ1 10 10 ns 
output in Low-Z 

Chip enable (CE2) to tLZ2 10 10 ns 
output in Low-Z 

Output enable to toLz ns 
output in Low-Z 

Chip enable (CE1) to tHz1 75 100 ns 
output in High-Z 

Chip enable (CE2) to tHz2 75 100 ns 
output in High-Z 

Output enable to toHz 60 80 ns 
output in High-Z 

Write Cycle 

Write cycle time twc 150 200 ns 

Chip enable (CE1) to tcw1 130 180 ns 
end of write 

Chip enable (CE2) to tcw2 130 180 ns 
end of write 

Address valid to end tAw 130 180 ns 
of write 

Address setup time !As o ns 

Write pulse width twp 100 140 ns 

Write recovery time twR 5 5 ns 

Data valid to end of tow 70 80 ns 
write 

Data hold time toH ns 

Write enable to output twHz 75 100 ns 
in High-Z 

Output active from 
end of write 

tow 10 10 

Note: [1] In put pulse levels: 0.8 V to 2.4 V 
Input pulse rise and fall times: 5 ns 
Timing reference levels: 1.5 V 
Output load: 1 TTL gate and CL= 100 pF 

ns 

µPD4464 

Truth Table 
OE WE MODE 110 

H X x X Not selected Hi-Z 

x x X Not selected Hi-Z 

H H H Dour disabled Hi-Z 

H H Read Dour 

H x Write D1N 

Timing Waveforms 

Read Cycle No. 1 (Address Access) 

'------tRc----.i 

Address 

Note: 

[1] WE is high for read cycle. 
[2] Device is continuously selected: CE1 =OE= V1L, 

CE2 = YIH· 

Read Cycle No. 2 (Chip Enable Access) 

Note: 

(1] WE is high for read cycle. 

•cc 
Standby 

Standby 

Active 

Active 

Active 

83-001651A 

(2] Address valid prior to or coincident with CE1 transition 
low and CE2 transition high. 

83-001652A 
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µPD4464 

Timing Waveforms (cont) 

Write Cycle No. 1 (WE Controlled) 

Note: 

[1] A write occurs during a low m and the overlap of a 
low CE1 and a high CE2. 

[2] CE1 or WE must be high or CE2 must be low during 
address transition. 

[3] If OE Is high, 1/0 pins remain In a hlgh·lmpedance state. 

83-001653A 

Write Cycle No. 2 (CE1 Controlled) 

Hlgh-Z 
Dour -----------"'----------~ 

Note: 

[1] A write occurs during a low WE and the overlap of a low 
~1 and a high CE2. 

[2] Cl1 or WE must be high or CE2 must be low during address 
transition. 

83-001654A 
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Write Cycle No. 3 (CE2 Controlled) 

----twc----"'4 

DIN _____ _ 

Dour _______ H_lg~h·_Z _______ __ 

Note: 

[1] A write occurs during a low WE and the overlap of a low 
CE1 and a high CE2. 

[2] CE1 or WE must be high or CE2 must be low during 
address transition. 

83-001655A 

Low Vee Data Retention Characteristics 
TA= -40°Cto85°C 

Parameter Symbol 

Data retention VccDR1 
supply voltage 

Data retention VccDR2 
supply voltage 

Data retention lccoR1 
supply current 

Data retention lccoR2 
supply current 

Chip deselect to tcoR 
data retention 
time 

Operation 
recovery time 

Min 

2.0 

2.0 

Limits 
Typ Max 

5.5 

5.5 

0.01 10(1) 

0.01 10(1) 

Unit 

v 

v 

µA 

Test 
Conditions 

~1 ~Vcc-o.2v 
CE2 ~ Vcc-0.2V 

~c=3.0V 
CE1~Vcc-0.2V 
CE2~Vcc-0.2V 

µA Vcc=3.0V 
CE2~ 0.2V 

ns 

ns 

Note: [1] µPD4464-15L/20L: 1.0µA max (- 40°C to 60°C) 
0.2µA max (-40°C to 25°C) 



NEC 
Timing Waveforms (cont) 

Data Retention (CE1 Controlled) 

CE1 [V1Ll 

GND -----------------------

Note: 

[1 J CE2 must be equal to or higher than Vee - 0.2 V. The other 
Inputs [Addresses, OE, WE, I/Os] can be In a high· 
Impedance state. 

83·001667A 

µPD4464 

Data Retention (CE2 Controlled) 

GND -------------------------

Note: 

[1] The Inputs [Addresses, CE1, OE, WE, I/Os] can be In a 
high-Impedance state. 

83-001668A 
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NEC 
NEC Electronics Inc. 

Description 
The µPD43256 is a high-speed, low-power, 32,768-word 
by 8-bit static MIX-MOS RAM fabricated with advanced 
silicon-gate MIX-MOS technology. The µPD43256 is a 
low standby power device using n-channel memory 
cells with polysilicon resistors. Furthermore, a novel cir­
cuitry technique makes the µPD43256 a high-speed and 
low operating power device which requires no clock or 
refreshing to operate. 

Minimum standby power is drawn by this device when 
CS is at a high level, independently of the other inputs' 
levels. 

Data retention is guaranteed at a power supply voltage 
as low as 2 V (µPD43256-10L/12L/15L). 

The µPD43256C is packaged in a standard 28-pin plastic 
dual-in-line package. 

The µPD43256G is packaged in a standard 28-pin plastic 
min if lat (SOP) package. 

Features 
D Single +5 V supply 
D Fully static operation - no clock or refreshing 

required 
D TIL-compatible- all inputs and outputs 
D Common 110 using three-state output 
D One Chip Select and one Output Enable input for 

easy application 
D Data retention voltage 

- µPD43256-10L/12L/15L: 2V min 
D Standard 28-pin plastic DIP and min if lat (SOP) 

packaoes 

Performance Ranges 
Access 

Device 

µPD43256-10 

µPD43256-12 

µPD43256-15 

µPD43256-10L 

µPD43256-12L 

µPD43256-15L 

Capacitance 
TA=25°C, f=1MHz 

Time 

100ns 

120ns 

150ns 

100ns 

120ns 

150ns 

Cycle 
Time 

100ns 

120ns 

150ns 

100ns 

120 ns 

150ns 

Limits 

Power Supply (Max) 
Active Standby 

70mA 2mA 

70mA 2mA 

70mA 2mA 

70mA 100µA 

70mA 100µA 

70mA 100µA 

Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance C1N 

Input/output C110 8 
capacitance 

µPD43258 
32, 788 x 8-BIT 

STATIC MIX-MOS RAM 

Pin Configuration 

Pin Identification Table 
No. Symbol 

1-10, 21, 23-26 

11-13, 15-19 

14 GND 

20 cs 
22 OE 

27 WE 

28 Vee 

Block Diagram 

Revislon1 

A1o 

~ 

I/Os 

1/0, 

Function 

Address input 

83-001401A 

Data input/output 

Ground 

Chip select 

Ouput enable 

Write enable 

Power (+5 V) 

83-001402A 
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µPD43256 NEC 
Absolute Maximum Ratings AC Characteristics 
Power supply voltage, Vee -0.5[1] to 7.0V TA= o to 70oC, Vee= 5 V ±10% 

Input voltage, V1N -0.5[1JtoVee +0.5V 
µPD432H µPD432H µPD432H 

·10/10L ·12/12L ·1111SL 
Output voltage, V11 o -0.5[1JtoVee +0.5V Par1mettr Symbol Min Mill Min Mill Min Mill Unit 
Operating temperature, ToPR o to 70°C Raad Cycle 
Storage temperature, T STG -55to 125°C Read cycle time tRe 100 120 150 ns 
Power dissipation, Po 1.0W Address access tAA 100 120 150 ns 

Note: [1] -3.0Vmln(pulsewldth50ns) time 

Comment: Exposing the device to stresses above those listed in Chip select access tAes 100 120 150 ns 
Absolute Maximum Ratings could cause permanent damage. The time 
device is not meant to be operated under conditions outside the Output enable to toE 50 60 70 ns 
limits described in the operational sections of this specification. output valid 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. Output hold from toH 10 10 10 ns 

address change 

Recommended DC Operating Conditions Chip select to teLZ 10 10 10 ns 
TA=0to70oC output in Lo-Z 

Umlts Output enable to toLZ 5 ns 

Pll'lmettr srmbol Min TJp Mill Unit output in Lo-Z 

Supply voltage Vee 4.5 5.0 5.5 v Chip select to teHz 35 40 50 ns 

Input low voltage V1L -0.3[1] 0.8 v output in Hi-Z 

Input high voltage 2.2 
Output enable to to Hz 35 40 50 ns 

V1H Vee +0.5 v output in Hi-Z 
Note: [1] - 3.0 V min (pulse width 50 ns) Write Cycle 

DC Characteristics 
Write cycle time twe 100 120 150 ns 

TA=Oto70°C, Vec=5V±10% Chip select to end tew 80 85 100 ns 
of write 

Umltl Teat Address valid to tAw 80 85 100 ns Par1meter srmbol Min TJp Mill Unit Condition• end of write 
Input leakage lu µA V1N=Ot0Vee 
current Address setup time tAs 0 ns 

I /0 leakage ILQ µA V11o=Ot0Vee Write pulse width twp 70 70 90 ns 

current ~""V1Hor Write recovery time twR 5 5 ns 
OE""V1H or Data valid to end tow 40 50 60 ns 
WE~VIL of write 

Operating supply leeA Note1 70 mA CS~VIL· Min 
current Cycle 1110=0 

Data hold time toH 0 0 0 ns 

Write enable to 
Standby supply lss Note 2 mA CS""V1H 

twHZ 35 40 50 ns 

current 
output in Hi-Z 

Standby supply lss1 Note3 Note3 mA CS""Vee-0.2V 
Output active from tow 10 10 10 ns 

current 
end of write 

Output low Vol 0.4 v loL =2.1 mA 
voltage AC Test Conditions 
Output high VoH 2.4 v loH=-1.0mA Input pulse levels 0.8to2.2V 
voltage Input pulse rise and fall time 5ns 

Notes: [1] µPD43256-10/10L: 35mA typ 
µPD43256-12/12L: 30mA typ 

Timing reference levels 1.5V 

µPD43256-15/15L: 25mA typ 
[2] µPD43256-10/12/15: 5 mA max Truth Table 

µPD43256-10L/12L/15L: 3 mA max cs OE WE MODE 110 lcc [3] µPD43256-10/12/15: 20 µA typ, 2 mA max 
µPD43256-10L/12L/15L: 2,..A typ, 100,..A max H x x Not selected Hi-Z Standby 

H H Not selected Hi·Z Active 

H Read Dour Active 

x Write D1N. Active 
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t\'EC 
AC Test Circuits 

•1ncludlng scope and jig. 
83-001403A 

Timing Waveforms 

Read Cycle No. 1 (Address Access) (Notes 1, 2) 

*----
Read Cycle No. 2 (Chip Select Access) (Notes 1, 3) 

Address--~---_-_-_ -_tRc-====~*,_____ 
~i""'--------tAA-----

Notes: 

[1 J WE Is high tor read cycle. 
[2] Device Is continuously selected, 

CS=OE=V•L· 
[3) Address valld prior to or coincident with 

CS transition low. 

µPD43256 

83-0036618 

II 

83-0014048 
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µPD43256 

Timing Waveforms (Cont) 

Write Cycle No. 1 (WE Controlled) (Notes 1, 2, 3) 

Write Cycle No. 2 (CS Controlled) (Notes 1, 2) 

Addl'llSS 

i.-------tAw-------<M 
------tcw----~...._-....,.______ 1~--_;, ___ _ 

7-54 

F
. tr>W 

D1N ------------' Data lnValld 

Dour 

Notes: 
[1 J A write oecurs during the overlap of a low 

C'l and a low WI!. 
[2] C'I or WI! must be high during addre .. 

transition. 
[31 II OE la high, 1/0 pins remain In a hlgh­

lmpadanca state. 
[4) During this period, 1/0 pins are In the 

output state, therefore Input signals of 
opposite phase to the outputs must not be 
applled. 

High-Impedance 

""X= 

83-0036608 

83-0014058 



NEC 
tow Vee Data Retention Characteristics 
TA= o to 70°C for µPD43256-10L/12L/15L 

Parameter 
Data retention 
supply voltage 

Data retention 
supply current 

Chip deselection 
to data retention 
mode 

Operation 
recovery time 

Symbol Min 

VccoR 2.0 

lccoR 

tcoR 

tR tRc 

Umlta Test 
Typ ••• Unit Condition• 

5.5 v CS;;i.Vcc-0.2V 

50 µA Vcc=3.0V, 
"C"S;;i.Vcc-o.2v 

ns 

ns 

µPD43258 

Data Retention Timing Chart 

Vee 

cs V1L 

GND----------~-------~-------

Note: 1. The other Inputs (Addresses, OE, WE, I/Os) can be In a high· 
Impedance state. 

83-001406A 

II 
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ECLAAMs NEC 

Section 8 - ECL RAMs Page 

µPB10422 256 x 4-Bit 10K EGL RAM ..............•........•..................... 8-1 
µPB10470 4,096 x 1-Bit 10K EGL RAM . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 8-5 
µPB10474 1,024 x 4-Bit 10K EGL RAM .........................................•. 8-9 
µPB100422 256 x 4-Bit 100K EGL RAM ..........................•..............• 8-13 
µPB100470 4,096 x 1-Bit 100K EGL RAM ......................................... 8-17 
µPB100474 1,024 x 4-Bit 100K EGL RAM •........................................ 8-21 

8-B 



NEC 
NEC Electronics Inc. 

Description 
The NEC µPB10422 is a very high speed EGL 10K 
interface RAM. It is organized as 256 words by 4 bits 
with non-inverted open emitter outputs and low power 
consumption. Two fast access time versions are 
available: 7 ns max. (µPB10422-7) and 10 ns max. 
(µPB10422-10). TheµPB10422 is available in a 400 mil 
24-pin ceramic DIP. 

Features 
D 256 word x 4-bit organization 
D EGL 10K interface 
D Non-inverted open emitter output 
D Fast access times 
D Low power consumption 
D Available in a 24-pin ceramic DIP 

Performance Ranges 
Access Supply 

Device Package Time (Max) Currellt (Min) 

µPB10422-7 24-pin ceramic DIP 7 ns -220 mA 

µPB10422-10 24-pin ceramic DIP 10 ns -220 mA 

Pin Configuration 

Pin Identification 
No. Symbol 

VeeA 
2, 4, 21, 23 D01-D04 

3, 5, 20, 22 BS1-BS4 

6, 7, 18, 19 Dl1-Dl4 

8 WE 

9-11, 13-17 Ao-A7 

12 Vee 
24 Vee 

Block Diagram 

µPB10422 
258 x 4·BIT 

10KECLRAM 

Revision 1 

83-003220A 

Function 

Power supply (output devices) 

Data outputs 

Block select inputs 

Data inputs 

Write enable 

Addresses 

Power supply 

Power supply (current switches and 
bias driver) 

As 

Memory Cell Array 
256 Words >< 4 Bits 

Block 1 Block 2 Block 3 Block 4 

i$1 Dl1 D01 BS2 Dl2 D02 BS3 Dl3 D03 BS4 Dl4 D04 

83-003215A 
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µPB10422 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee 

Input voltage, V1N 

Output current, lour 

Storage temperature, T STG 
Under bias, T STG (bias) 

+0.5 to -7.0 V 

+0.5 V to VEE 

+0.1 to -30 mA 

-65 to +150°C 
-55 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
TA= 0 to 75°C, VEE= -5.2 V, output load= 50 0 to -2 V 

Limits 

Parameter Symbol Min 

Output voltage, high VoH -1000 

-960 

-900 

Output voltage, low Vol -1870 

-1850 

-1830 

Output threshold voltage, high Vo He -1020 

-980 

-920 

Output threshold voltage, low Vole 

Input voltage, high V1H -1145 

-1105 

-1045 

Input voltage, low V1l -1870 

-1850 

-1830 

Input current, high l1H 

Input current, low l1l 0.5 

-50 

Supply current IEE -220 

Note: 

~EC 

Test 
Max Unit Conditions 

-840 mV V1N = V1H max or V1l min, TA= 0°C 

-810 mV V1N = V1H max or Vil min, TA= 25°C 

-720 mV V1N = V1H max or Vil min, TA = 75 °C 

-1665 mV V1N = V1H max or Vil min, TA = 0 °C 

-1650 mV V1N = V1H max or V1l min, TA= 25°C 

-1625 mV V1N = V1H max or Vil min, TA= 75°C 

mV V1N = V1H min or Vil max, TA=:= 0°C 

mV V1N = V1H min or Vil max, TA= 25°C 

mV V1N = V1H min or Vil max, TA= 75°C 

-1645 mV V1N = V1H min or Vil max, TA = 0 °C 

-1630 mV V1N = V1H min or Vil max, TA= 25°C 

-1605 mV V1N = V1H min or Vil max, TA= 75°C 

-840 mV For all inputs, TA = 0 °C 

-810 mV For all inputs, TA = 25 °C 

-720 mV For all inputs, TA= 75°C 

-1490 mV For all inputs, TA = 0 °C 

-1475 mV For all inputs, TA = 25 °C 

-1450 mV For all inputs, TA = 75 °C 

220 µA V1N = V1H max 

170 µA BS1-BS4, V1N = V1l min 

µA All others, V1N = Vil min 

mA All inputs and outputs open 

(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 
greater than 2.0 mis. 
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NEC 
Capacitance 

Limits 

µPBI0422-7 µPBI 0422-10 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input capacitance C1N 4 4 pF 

Output capacitance Gour 5 5 pF 

AC Characteristics 
TA= 0 to 75°C, VEE= -5.2 v ± 5% 

Limits 

µPBI0422-7 µPB10422-10 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Read Mode 

Block select tABS ns 
access time 

Block select tRBS 5 ns 
recovery time 

Address access tAA 7 10 ns 
time 

Write Mode 

Write pulse tw 5 ns 
width 

Data setup twso 2 ns 
time 

Data hold twHD 2 ns 
time 

Address setup twsA ns 
time 

Address hold twHA 2 ns 
time 

Block select twsss 2 ns 
setup time 

Block select twHBS 2 ns 
hold time 

Write disable tws 5 5 ns 
time 

Write recovery twR 6 9 ns 
time 

Output Rise and Fall Times 

Output rise tR 2 ns 
time 

Output fall tf ns 
time 

Note: 

(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium established with a transverse air flow main­
tained at greater than 2.0 m/s. 

(2) All timing measurements are referenced to 50% input levels. 

µPB10422 

Timing Waveforms 

Read Mode 

85~-z: ~""1. -
Dour A 

Address 

Dour 

83-003218A 

Write Mode 

83-003219A 

II 
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µP810422 

Figure 1. Loading Conditions Test Circuit 

8-4 

Vcc(GND) VccA (GND) 

Device 
Under 
Test 

Dour 

RL 
50 ll 

-2.0 v 

CL I30pF 

83-003221A 

Figure 2. Input Pulse 

-0.9V~O% 
20% 

-1.7V 

IR IF 
Note: IR = IF = 2.5 ns (typ). 

NEC 

83-003217A 



NEC 
NEC Electronics Inc. 

Description 

The NEC µPB10470 is a very high-speed ECL 100 Kinter­
face Random-access Memory. The device is organized 
as 4 K words by 1 bit, with an open emitter output (non in­
verted), and low power consumption. Two fast access 
time versions are available: 10ns max (µPB10470-10) and 
15ns max (µPB10470-15). 

The µPB100470 is available in a hermetic, 300mil, 18-
lead DIP. 

Features 

D 4K-word x 1-bit organization 
D ECL 100K interface 
D Open emitter output (non inverted) 
D Fast access times 
D Low power consumption 
D Available in 18-lead, 300mil, DIP and LCC 
D 2 performance ranges: 

Device Package 

µ.PB10470·10 DIP 

µ.PB10470-15 DIP 

Block Diagram 

Ao 
A, 

A, 
A, 

A,o 
A,, 

Access 
Time 

10ns max 

15ns max 

Power 
Consumption 

1.2W max 

1.2Wmax 

Pin Configuration 

Pin Identification 
Pin 

No. Symbol 

2-8, 
10-14 

15 

16 

17 

18 

Dour 

WE 

cs 

Vee 

µPB10470 
4,096 x 1 ·BIT 
10KECLAAM 

Revision1 

83-003691A 

Function 

Data Output 

Addresses 

Power Supply 

Write Enable 

Chip Enable 

Data Input 

Power Supply 

Absolute Maximum Ratings* 

Supply Voltage, Vee to Vee +0.SVto -7.0V 

Input Voltage, V1N +0.5Vto Vee 

Output Current, louT +0.1mA to -30mA 

Storage Temperature, T sTG -65°C to + 1so0 c 
Under Bias, T STG (Bias) - 55°C to + 125°C 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
Limits 

10470·10 10470·15 Test 

Parameter Symbol Min Typ Max Min 'fyp Max Unit Conditions 

Input Capacitance C1N 

Output 
Capacitance Cour 

4 pF 

pF 
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µ.PB10470 

DC Characteristics <D 
TA= 0°C to + 75°C; v EE= - 5.2V; Output Load= son to - 2V 

Limits 

P•r•meter Symbol T al'CI Min Typ Mmx Unit Test Condltlone 

Output 
Voltage 

Output 
Threshold 
Voltage 

Input 
Voltage 

Input 
Current 

VoHc 

VoLc 

0 -1000 -840 

+25 -960 -810 

+75 -900 -720 

0 -1870 -1665 

+ 25 -_1_8_50 ___ -_1_6_50 

+ 75 -1830 -1625 

0 -1020 ___ _ 

+25 -980 
·----

+75 -920 

0 -1645 

+25 -1630 

+75 -1605 

0 -1145 ____ -_84_0 

+25 -1105 ___ -_81_0 ~~:~::1~~~ 1~:,~11 
+75 -1045 -720 mV _ln_pu_ts_. ___ _ 

0 -1870 -1490 Guaranteed Input 
+ 25 - 1850 -1475 voltage low for all 

Inputs. 
+75 -1830 -1450 

220 

__ 0._5 ____ 17_0 µA 

-50 

Supply 
Current Oto +75 -220 mA All Inputs and 

outputs are open. 

Note: CD The device under test (OUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 

AC Characteristics CD 
TA= o•cto +75°C;VEE = -5.2V±50/o 

Read Mode 

Limits 

10470·10 10470·15 

P•r•meter Symbol Min Typ M•x Min Typ M•x 

Chip Select 
!ACS AcceBB Time 

Chip Select 
!Res Recovery Time 

Address AcceBB 
IAA 10 15 Time 

Write Mode 

Limits 

10470·10 10410-i5 

P•r•meter Symbol Min Typ M•x Min Typ M•x 

Write Pulse Width lw 10 15 

Data Set-up Time lwso 
Data Hold Time lwHD 
AddreBB Set·up 

lwsA Time 

AddreBB Hold 
lwHA Time 

Chip Select 
lwscs Set·up Time 

Chip Select 
lwHCS Hold Time 

Write Dlaeble 
tws Time 

Write Recovery 
lwR 10 10 Time 

Test 
Unit Conditions 

ns 

ns 

na 

Teat 
Unit Conditions 

ns 

na 

ns 

na 

ns 

ns 

na 

ns 

ns 

Note1 CD The device under test (OUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 
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NEC 
AC Characteristics (Cont.) <D 
TA= o•cto +1s0c;v •• = -s.2V±50/o 

Output Rise and Fall Times 

Limits 

10470·10 10470·15 

P•r•meter Symbol Min Typ M•x Min Typ Mmx 
Test 

Unit Conditions 

Rise Time tR ns 

Fall Time IF ns 

Note1 CD The device under test (OUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 

Truth Table 
Input 

cs WE D1N Output Mode 

H x x L Not Selected 

L Write O 

L Write 1 

H x Dour Read 

Note: X =Don't care. 

Figure 1. Loading Conditions Test Circuit 

Vee (GND) 

Note: RL = 50!!; CL = 30pF. 

Figure 2. Input Pulse Test Circuit 

Note: tR =. t, = 2.5ns (typ). 



NEC µPB10470 

Timing Waveforms 

Read Mode Write Mode 

cs~ 
DouT~ 

Address~ 
DouT 50% 

II 
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NEC 
NEC Electronics Inc. 

Description 

The NEC µPB10474 is a very high speed ECL 10k 
interface random access memory (RAM). It is organ­
ized as 1,024 words by 4 bits with non-inverted open 
emitter outputs and low power consumption. Three 
access time versions are available: 8 ns max. 
(µPB10474-8), 10 ns max. (µPB10474-10), and 15 ns 
max. (µPB10474-15). The µP810474 is available in a 
hermetic, 400 mil, 24-pin DIP. 

Features 

D 1,024 word x 4-bit organization 
D ECL 10k interface 
D Non-inverted open emitter outputs 
D Fast access times 
D Low power consumption 
D Available in a 24-pin 400 mil DIP (µPB10474D) 

Performance Ranges 
Access Supply 

Device Package Tlme(Max) Current (Min) 

µPB10474-8 24-pin DIP 8 ns -220 mA 

µPB10474-10 24-pin DIP 10 ns -220 mA 

µPB10474-15 24-pin DIP 15 ns -220 mA 

Pin Configuration 

µPB10474 
1,024 x 4·BIT 
10KECLRAM 

Vee 
002 

001 

014 

Dl3 

Dl2 

Dl1 

cs 
WE 
Ag 

Aa 

Revision 1 

Vee A1 ..._ ___ _ 
Pin Identification 
No. Symbol 

VeeA 
2, 3, 22, 23 D01-D04 

4-9, 11, 13-15 Ao-Ag 

10 NC 

12 VEE 

16 WE 

17 cs 
18-21 Dl1-Dl4 

24 Vee 

Block Diagram 

X·Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

83·003333A 

Function 

Power supply (output devices) 

Data outputs 

Addresses 

No connection 

Power supply 

Write enable 

Chip select 

Data inputs 

Power supply (current switches and 
bias driver) 

Memory Cell Array 
64 x 16 x 14 

Sense Switch 

Y·Decoder/Drlver 

As A1 Aa Ag 

D01 
Output 

D02 Data 
Control D03 
Circuit 

D04 

83·003334A 
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µPB10474 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee +0.5 to -7.0 V 

Input voltage, V1N +0.5 V to VEE 

Output current, lour +0.1 to -30 mA 

Storage temperature, T STG -65 to +150°C 
Under bias, T STG(bias) -55 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

DC Characteristics 
TA= 0 to 75°C, VEE= -5.2 V, output load= 50 0 to -2 V 

limits 

Parameter Symbol Min Typ 

Output voltage, high VoH -1000 

VoH -960 

VoH -900 

Output voltage, low Vol -1870 

Vol -1850 

Vol -1830 

Output threshold voltage, high VoHe -1020 

VoHe -980 

VoHe -920 

Output threshold voltage, low Vole 

Vole 

Vole 

Input voltage, high V1H -1145 

V1H -1105 

V1H -1045 

Input voltage, low V1l -1870 

V1l -1850 

V1l -1830 

Input current, high l1H 

Input current, low l1l 0.5 

l1l -50 

Supply current IEE -220 

Note: 

NEC 
Capacitance 

limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance C1N 4 pF f = 1 MHz 

Output capacitance Cour 5 pF f= 1 MHz 

Test 
Max Unit Conditions 

-840 mV V1N = V1H max or Vil min, TA= 0°c 

-810 mV V1N = V1H max or Vil min, TA= 25°C 

-720 mV V1N = V1H max or Vil min, TA= 75 °C 

-1665 mV V1N = V1H max or Vil min, TA= 0°C 

-1650 mV V1N = V1H max or Vil min, TA= 25°C 

-1625 mV V1N = V1H max or Vil min, TA= 75°C 

mV V1N = V1H min or Vil max, TA= 0°C 

mV V1N = V1H min or V1l max, TA= 25°C 

mV V1N = V1H min or Vil max, TA= 75°C 

-1645 mV V1N = V1H min or Vil max, TA= 0°C 

-1630 mV V1N = V1H min or V1L max, TA= 25 °C 

-1605 mV V1N = V1H min or V1l max, TA = 75 °C 

-840 mV For all inputs, TA= 0°C 

-810 mV For all inputs, TA = 25 °C 

-720 mV For all inputs, TA= 75°C 

-1490 mV For all inputs, TA= 0°C 

-1475 mV For all inputs, TA= 25°C 

-1450 mV For all inputs, TA = 75 °C 

220 µA V1N = V1H max 

170 µA For CS; V1N = V1L min 

µA For all others; V1N = Vil min 

mA All inputs and outputs open 

(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 
greater than 2.0 mis. 
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NEC µPB10474 

AC Characteristics 
TA= 0 to 75°C, VEE= -5.2 V ± 5%, output load= 50 Cl to -2 V 

limits 

µPB10474-8 µPB10474-10 µPB10474-15 

Parameter Symbol Min TVP Max Min Typ Max Min Typ Max Unit 

Read Mode 

Chip select access time tACS 5 6 8 ns 

Chip select recovery time tRcs 5 6 8 ns 

Address access time tAA 8 10 15 ns 

Write Mode 

Write pulse width tw 6 10 15 ns 

Data setup time twso 2 2 ns 

Data hold time twHD 2 2 ns 

Address setup time twsA 3 3 ns 

Address hold time twHA 2 2 ns 

Chip select setup time twscs 2 ns 

Chip select hold time twHCS 2 2 ns 

Write disable time tws 5 6 8 ns 

Write recovery time twR 8 10 10 ns 

Output Rise and Fall Times 

Output rise time tR 2 2 ns 

Output fall time tF 2 2 ns 

Note: 

(1) The device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse airflow maintained at 
greater than 2.0 mis. 

Figure 1. Loading Conditions Test Circuit 

Vcc(GND) VccA(GND) 

r0.01 µF 

Truth Table 
Input 

cs WE 

H x 
L L 

L L 

H 

Device 
Under 
Test 

VEE 

D1N 

x 

H 

x 

DO 

-2.0 v 

83·003335A 

Output Mode 

L Not Selected 

Write 0 

L Write 1 

Dour Read 

Figure 2. Input Pulse 

-0.9V~O% 
20% 

-1.7 v 

IR IF 

Note: IR = IF = 2.5 ns (lyp). 

83·003336A 
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µPB10474 

Timing Waveforms 

Read Mode 

Md~---~5.-.-Yo---
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NEC 
NEC Electronics Inc. 

Description 

The NEC µPB100422 is a very high speed ECL 100k 
interface RAM. It is organized as 256 words by 4 bits 
with a non-inverted open emitter output and low power 
consumption. Two fast access time versions are 
available: 7 ns max. (µPB100422-7) and 10 ns max. 
(µPB100422-10). The µPB100422 is available in a 400 
mil 24-pin ceramic DIP or a 24-pin ceramic flatpack. 

Features 

D 256 word x 4-bit organization 
D ECL 100k interface 
D Non-inverted open emitter output 
D Fast access times 
D Low power consumption 
D Available in a 24-pin 400 mil DIP or a 24-pin flatpack 

Performance Ranges 
Access Supply 

Device Package Tlme(Max) Current (Min) 

µPB100422D-7 24-pin DIP 7 ns -220 mA 

µPB1004228-7 24-pin flat 7 ns -220 mA 

µPB100422D-10 24-pin DIP 10 ns -220 mA 

µPB100422B-10 24-pin flat 10 ns -220 mA 

µPB100422 
256 x 4·BIT 

100K ECL RAM 

Revision 1 

Pin Configurations 

24-P/n DIP 

83-003213A 

24-P/n Flatpack 

w c-. ,... 0 w ,.... co 
<<< ><< 

_,.,__,1 
24 19 

18 

µPB100422 

6 13 
7 12 

83-003214A 
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µPB100422 

Pin Identification 

Ceramic DIP 
No. Symbol 

1, 12, 13, 24 Dl1·Dl4 

2, 4, 9, 11 BS1·BS4 

3, 5, 8, 10 D01·D04 

6 Vee 

7 VeeA 
14 WE 

15-17, 19-23 AfJ·A7 
18 VEE 

Ceramic Flatpack 

No. Symbol 

1, 2, 18-20, Ao·A7 
22-24 

3, 4, 15, 16 Dl1·Dl4 

5, 7, 12, 14 BS1·BS4 

6, 8, 11, 13 D01·D04 

9 Vee 

10 VecA 
17 WE 

21 VEE 

8-14 

Function 

Data inputs 

Block select inputs 

Data outputs 

Power supply (current switches and bias 
driver) 

Power supply (output devices) 

Write enable 

Addresses 

Power supply 

Function 

Addresses 

Data inputs 

Block select inputs 

Data outputs 

Power supply (current switches and bias 
driver) 

Power supply (output devices) 

Write enable 

Power supply 

Block Diagram 

As 

Ao 

Aa 

NEC 

Ae 

Memory Cell Array 
258 Words " 4 Bits 

Block 1 Block 2 Block 3 Block 4 

iSi 011 001 BS2 012 002 BS3 013 003 BS4 014 004 

83-003215A 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee 

Input voltage, V1N 

Output current, lour 

Storage temperature, T STG 
Under bias, T STG(blas) 

+0.5 to -7.0 V 

+0.5 V to VEE 

+0.1 to -30 mA 

-65 to +150°C 
-55 to +125°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described In the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
Limits 

µPB100422·7 µPB100422·10 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input capacitance 4 4 pF 

Output capacitance Cour 5 5 pF 



NEC µPB100422 

DC Characteristics 
TA= o to 85°C, Vee= -4.5 v, output load= 50 n to -2 v 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Output voltage, high VoH -1025 -880 mv V1N = V1H max or V1L min 

Output voltage, low VoL -1810 -1620 mV V1N = V1H max or V1L min 

Output threshold voltage, high VoHC -1035 mV V1N = V1H min or V1L max 

Output threshold voltage, low VoLc -1610 mV V1N = V1H min or V1L max 

Input voltage, high V1H -1165 -880 mV For all inputs 

Input voltage, low V1L -1810 -1475 mv For all inputs 

Input current, high l1H 220 µA V1N = V1H max 

Input current, low l1L 0.5 170 µA BS1-BS4, V1N = V1L min 

l1L -50 µA All others, V1N = V1L min 

Supply current IEE -220 mA All inputs and outputs open 

Note: 

(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 
greater than 2.0 m/s. 

AC Characteristics 
TA= o to 85°C, Vee= -4.5 v ± 5% 

Limits Limits 

µPB100422·7 µPB 100422· 10 µPB100422·7 µPB100422·10 

Parameter Symbol Min Typ Max Min Typ Max Unit Parameter Symbol Min Typ Max Min Typ Max Unit 

Read Mode Output Rise and Fall Times 

Block select tABS ns Output rise time tR ns 
access time Output fall time tF 2 ns 
Block select tRBS ns 
recovery time Note: 

Address access tAA 7 10 ns (1) Device under test is mounted in a test socket and measured at a 

time thermal equilibrium established with a transverse airflow maintained 
at greater than 2.0 m/s. 

Write Mode 
(2) All timing measurements are referenced to 50% input levels. 

Write pulse tw 6 ns 
width 

Data setup twso 2 ns 
time 

Data hold twHD 2 ns 
time 

Address setup twsA 2 ns 
time 

Address hold twHA 2 ns 
time 

Block select twses 2 ns 
setup time 

Block select twHBS 2 ns 
hold time 

Write disable tws ns 
time 

Write recovery twR 6 9 ns 
time 
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µPB100422 

Figure 1. Loading Conditions Test Circuit 

Vcc(GND) VccA(GND) 

Device 
Under 
Test 

Dour 

RL 
50 II 

-2.0 v 

Figure 2. Input Pulse 

8-16 

-0.9V~O% 
20% 

-1.7 v 

IR IF 
Note: IR = IF = 2.5 ns (typ). 

CL r30pF 

83·003216A 

83-003217A 

NEC 
Timing Waveforms 

Read Mode 

as~-~= ~~ .. -i. -
Dour .J 

Address 

Dour 

83-003218A 

Write Mode 
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fttlEC 
NEC Electronics Inc. 

Description 

The NEC µPB100470 is a very high-speed ECL 100 Kinter­
face Random-access Memory with full voltage and 
temperature compensation. The device is organized as 
4 K words by 1 bit, with an open emitter output (nonin­
verted), and low power consumption. Two fast access 
time versions are available: 10ns max (µPB100470-10) 
and 15ns max (µPB100470-15). 

The µPB100470 is available in a hermetic, 300mil, 18-
lead DIP. 

Features 

D 4K-word x 1-bit organization 
D ECL 100K interface with full voltage and 

temperature compensation 
D Open emitter output (noninverted) 
D Fast access times 
D Low power consumption 
D Available in 18-lead, 300mil, DIP and LCC 
D 4 performance ranges: 

Device Package 
Access 

Time 
Power 

Consumption 
µPB100470·10 DIP 10ns max 1W max 
µPB100470·15 DIP 15ns max 1Wmax 

Block Diagram 

Pin Configuration 

Pin Identification 

No. 

2-8, 
10-14 

15 

16 

17 

18 

Pin 

Srmbol 

DoUT 

WE 

cs 

Vee 

µPB100470 
4,096. x 1 ·BIT 

100KECLRAM 

Vee 

l>iN 
cs 
WE 
A10 

An 

Ag 

Aa 
A1 

Function 

Data Output 

Addreaaea 

Power Supply 

Write Enable 

Chip Select 

Data Input 

Power Supply 

Revlslon1 

63-003692A 

Absolute Maximum Ratings* 

Supply Voltage, VEE to V cc + 0.5V to - 7.0V 
Input Voltage, V1N +0.5Vto Vee 
Output Current, louT +0.1mAto -30mA 
Storage Temperature, T STG - 65°C to + 150°C 

Under Bias, T sTo (Bias) - ss•c to + 12s•c 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
Limits 

P•r•m•t•r Srmbol 
100470·10 100470·15 Teat 

Min 1)p Max Min 1)p Mex Unit Conditions 

Input Capacitance C1N 

Output 
Capacitance 

4 pF 

pF 
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µ,PB100470 

DC Characteristics <D 
Ta=0°C to +85°C; V••= -4.SV; 
Output Load= 50!1 to - 2V 

Limits 

Parameter Srmbol Tal'CI Min T)p 

Output VoH Oto +85 -1025 
Voltage VoL Oto +85 -1810 

Output VoHC Oto +85 -1035 
Three hold 
Voltage VoLc Oto +85 

V1H Oto +85 -1165 
Input 
Voltage 

VIL Oto +85 -1810 

l1H Oto +85 
Input 0.5 
Current l1L Oto +85 

-50 

MH Unit Test Condition• 

-880 
mV v,N = V1HA or V1La 

-1620 

-1610 
mV v,N = V1Ha or V1La 

Guaranteed Input 
- 880 voltage high for all 

mV Inputs. 
Guaranteed Input 

-1475 voltage low for all 
Inputs. 

~~~~~t IEE Oto +85 -220 mA :~t~!t~t:!n:pen. 
Nolet <D The device under test (OUT) is mounted in a test socket and is measured at a 

thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 

AC Characteristics <D 
Ta= 0°Cto +85°C;VH = -4.5V ± 5% 
Read Mode 

Limits 

f00470·f0 f00470·f5 

Parameter Srmbol Min TrP Max Min T)p Max 

Chip Select 
lacs Acce88 Time 

Chip Select 
tAcs Recovery Time 

AddreH AcceH 
tAA 10 15 

Time 

Write Mode 

Limits 

f00470·f0 f00470·f5 

Parameter Srmbol Min TrP Max Min TrP MH' 

Write Pulse Width tw 10 15 

Data Set·up Time twso 
Data Hold Time twHD 
Addre88 Set-up 

lwSA Time 

Addresa Hold 
IWHA Time 

Chip Select 
lwscs Set-up Time 

Chip Select 
lwHCS Hold Time 

WrlteDlsable 
lws Time 

Write Recovery 
lwR 10 10 

Time 

Test 
Unit Conditions 

ns 

ns 

na 

Test 
Unit Conditions 

ns 

ns 

n• 

ns 

ns 

ns 

ns 

ns 

Nole: <D The device under test (OUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 
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NEC 
AC Characteristics (Cont.) <D 
Ta= 0°Cto +85°C;VH = -4.5V ± 5% 

Output Rise and Fall Times 

Limits 

f00470·f0 100470·15 

Parameter Srmbol Min TrP MH Min TrP MH 

Rise Time 

Test 
Unit Conditions 

ns 

Fall Time IF ns 

Nole: <D The device under test (OUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 

Truth Table 
Input 

cs WE D1N Output Mode 

H x x L Not Selected 

L WrlteO 

Wrlte1 

H x Dour Read 

Note: X=Oon't care. 

Figure 1. Loading Conditions Test Circuit 

Vcc(GND) 

Note: RL = 50!!; CL = 30pF. 

Figure 2. Input Pulse Test Circuit 

Note: tR = '• = 2.Sns (typ). 



t\'EC µPB100470 

Timing Waveforms 

Read Mode 

Address~ 
DouT 50% 

8-19 



p.PB100470 NEC 

8-20 



NEC 
NEC Electronics Inc. 

Description 

NEC's µPB100474 is a very high-speed ECL 100K 
interface random access memory. The µPB100474 is 
organized as 1 K words by 4 bits with open emitter 
outputs (non-inverted). It is available in a her­
metic DIP (µPB100474D), leadless chip carrier 
(LCC) (µPB100474K), or ceramic flatpack package 
(µPB100474B) version. 

Features 

D 1 K-word bx 4-bit organization 
D ECL 1 OOK interface 
D Full voltage and temperature compensation 
D Open emitter outputs (non-inverted) 
D Fast access times 
D Available in DIP, LCC, and flatpack versions 

Performance Ranges 
Access Supply 

Device Packages Time(Max) Current (Min) 

µPB100474-4.5 K 

µPB100474-6 B/K 

µPB100474-8 B/D 

µPB100474-10 B/D 

µPB100474-15 B/D 

Block Diagram 

Ao o--------l 

A, o--------< 

A2 o------1 

A, o------1 

A• v--------t 

A,o-------1. 

Dl,0----1 

Dl2 0--------< 

Dl,0-----1 

Dl.0----1 

4.5 ns 

6 ns 

8 ns 

10 ns 

15 ns 

-450 mA 

-450 mA 

-220 mA 

-220 mA 

-220 mA 

DO, 

oo. 
oo, 

oo. 

83-003564A 

Pin Configurations 

24-Pln Ceramic DIP 

24-Pin Ceramic LCC 

Ag As A1 Vee 

.J 
16L1-5J 14 13 

WE J 17 

cs J 18 

µPB100474 
1,024 x 4-BIT 

100K ECLRAM 

Revision1 

83-003561A 

As NC As 

L11J1Q 
L 

12 
9[ A4 

a[ A3 

01, J 19 µPB100474 1[ A2 

012 J 20 6 [ A1 

013 J21 1 5 [ Ao n 

22,2:, 24 II 2 3 4 , ,..., ,-, ,-, r 

83-003562A 
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µPB100474 

Pin Configurations (cont) 

24-Pln Ceramic Flatpack 

,..., 

-= 24 19 
1 18 

µPB100474 

87 1i
3 

83·003583A 

Pin Identification 

Ceramic DIP 

No. Symbol Function 

1-3, 24 Dl1·Dl4 Data inputs 
4, 5, 8, 9 D01·D04 Data outputs 

6 Vee Power supply (current switches and 
bias driver) 

7 VeeA Power supply (output devices) 
10-15, 17, 
19-21 

Ao· Ag Addresses 

16 NC No connection 
18 VEE Power supply 
22 WE Write enable 
23 cs Chip select 

8-22 

NEC 
Pin Identification (cont) 

Ceramic LCC 

No. Symbol Function 

Vee Power supply (current switches 
and bias driver) 

2 VeeA Power supply (output devices) 
3, 4, 23, 24 D01·D04 Data outputs 

5-10, 12, 14-16 Ao· Ag Addresses 

11 NC No connection 

13 VEE Power supply 
17 WE Write enable 

18 cs Chip select 
19-22 Dl1·Dl4 Data inputs 

Ceramic Flatpack 

No. Symbol Function 

WE" Write enable 

TIS Chip select 
3-6 Dl1·Dl4 Data inputs 

7, 8, 11, 12 D01·D04 Data outputs 

9 Vee Power supply (current switches 
and bias driver) 

10 VeeA Power supply (output devices) 

13-18, 20, 22-24 Ao· Ag Addresses 

19 NC No connection 

21 VEE Power supply 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee 

Input voltage, V1N 

Output current, lour 

Storage temperature, T STG 
Under bias, T STG (Bias) 

+0.5 to -7.0 V 

+0.5 V to VEE 

+0.1 to -30 mA 

-65 to +150°C 
-55 to +125°C 

Comment: Exposing the device to stresses above those listed In 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be op19rated under conditions outside the 
limits described In the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



NEC 
DC Characteristics 
TA= 0 to +85°C; VEE= -4.5 V; Output load= 50 n to -2 V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Output voltage VoH -1025 -880 mV V1N = V1H max 
high or V1L min 

Output voltage Vol -1810 -1620 mV V1N = V1H max 
low or V1L min 

Output threshold VoHC -1035 mV V1N = V1H min 
voltage high or V1L max 

Output threshold Vo LC -1610 mV V1N = V1H min or 
voltage low V1L max 

Input voltage V1H -1165 -880 mV Guaranteed 
high input voltage 

high for all 
inputs 

Input voltage V1L -1810 -1475 mV Guaranteed 
low input voltage 

low for all 
inputs 

Input current l1H 220 µA V1N = V1H max 
high 

Input current low l1L 0.5 170 µA cs, 
V1N = V1L min 

-50 µA Others, 
V1N = V1L min 

Supply current IEE -450 -360 mA tAA = 4.5/6 ns, 
all inputs and 
outputs open 
(Note 2) 

-220 -160 mA tAA = 8/10/15 ns, 
all inputs and 
outputs open 
(Note 2) 

Note: 

(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 

(2) For the µPB100474-4.5/6, take measures to reduce the thermal 
resistance and to keep the junction temperature less than 90°C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 

Truth Table 
Input 

cs WE DIN Output Mode 

H x x L Not selected 

L WriteO 

L H Write1 

L H x Dour Read 

Note: 

X = Don't care. 

µPB100474 

Capacitance 
Limits 

Parameter Symbol Min Typ Max Unit 

Input C1N 4 pF 
capacitance 

Output Gour 5 pF 
capacitance 

Figure 1. Loading Conditions Test Circuit 

Vee [GND] VeeA [GND] 

Device 
Under Test 

J 0.0
1 

µF VEE -2.0 V 

Note: 

RL = 50 Cl; 
For -B/10/15, CL= 30 pf; for - 4.5/6, CL= 5 pf. 

Figure 2. Input Pulse 

-0.9V 

-1.7V 

Note: 

11] IR 0
' IF= 2.0 ns 

DO 

Test 
Conditions 

83-003565A 

83-003566A 
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µPB100474 NEC 
AC Characteristics 
TA= 0 to +85°C; VEE= -4.5 V ±5%; Output load= 50 0 to -2 V 

Limits 

µPB100474-4.5 µPB100474-6 µPB100474-8 µPB100474-10 µPB100474-15 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit 

Read Mode 

Chip select access time 4 4 ns 

Chip select recovery time 4 4 ns 

Address access time 4.5 6 8 10 15 ns 

Write Mode 

Write pulse width tw 4.5 6 6 10 15 ns 

Data setup time twso 2 ns 

Data hold time twHD 2 ns 

Address setup time twsA 3 3 ns 

Address hold time twHA 2 ns 

Chip select setup time twscs 2 ns 

Chip select hold time twHCS 2 ns 

Write disable time tws 4 4 5 6 ns 

Write recovery time twR 4.5 6 8 10 10 ns 

Rise and Fall Times 

Output rise time 2 2 ns 

Output fall time 2 2 2 ns 

Note: 

(1) The device under test (OUT) is mounted in a test socket and is measured at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/sec. 

(2) For the µP8100474-4.5/6, take measures to reduce the thermal resistance and to keep the junction temperature less than 90°C. Forced 
air and appropriate fins on the substrate on which the package is mounted, or on the package itself, are recommended. The thermal 
resistance of the junction to the case (bottom side) of an LCC or flatpack package is less than 10°C/W. 

(3) See figures 1 and 2 for loading conditions and input pulse timing. For the µP8100474-4.5/6, CL= 5 pF. For the µPB100474-8/10/15, 
CL =30 pF. 

Timing Waveforms 

Read Mode Write Mode 

Address 

DO 

DI 

'"~• ==t~--so_% __ 1A_A _____ t _____ _ 

DO X._s_O'J_, ----- DO 

83-003567A 83-003568A 
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UV and OTP EPROMs NEC 

Section 9 - UV and OTP EPROMa Page 

µPD2764 8,192 x 8-Bit NMOS UV/OTP EPROM .................................. 9-1 
µPD27128 16,384 x 8-Bit NMOS UV/OTP EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 9-5 
µPD27256 32,768 x 8-Bit NMOS UV EPROM ..................................... 9-9 
µPD27C64 8, 192 x 8-Bit CMOS UV/OTP EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-13 
µPD27C256 32,768 x 8-Bit CMOS UV/OTP EPROM ............................... 9-19 
µPD27C256A 32, 768 x 8-Bit CMOS UV /OTP EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-23 
µPD27C512 65,536 x 8-Bit CMOS UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-29 
µPD27C1024 65,536 x 16-Bit CMOS UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-35 
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NEC 
NEC Electronics Inc. 

Description 
The µPD2764 is a 65,536-bit (8,192 x 8-bit) electrically pro­
grammable read-only memory (EPROM). It operates from a 
single + 5V supply making it ideal for microprocessor appli­
cations. It features an output enable control and offers a 
standby mode with reduction in power consumption. 
A distinctive feature of the µPD2764 is a separate output 
enable control (OE) in addition to the chip enable control 
(CE). The OE control eliminates bus contention in multiple­
bus microprocessor systems. The µPD2764 features con­
ventional, simple one-pulse programming controlled by TTL­
level signals as well as a high-speed programming mode. 
Total programming time for all 65,536 bits is 420 seconds 
for conventional mode, and typically 60 to 120 seconds for 
the high-speed mode. 
The µPD2764 is available in a cerdip package with a quartz 
window as an ultraviolet (UV), erasable EPROM, or in a 
plastic package as a one-time-programmable (OTP), non­
erasable EPROM. 

Features 
D Ultraviolet erasable and electrically programmable 
D Access time-200ns max 
D Low power dissipation: 80mA max (active) 

25mA max (standby) 
D High-speed programming mode 

(typical program time 60s to 120s) 
D Programmable with single pulse 

(total program time 420s) 
D Industry standard pinout (JEDEC approved) 
D 4 performance ranges 

Device Mex Access Time 
Mex Vee Supply Cumtnt 

µPD2764-2 200ns 

µPD2764<D 250ns 

µPD2764-3<D 300ns 

µPD2764-4<D 450ns 

Note: <D Available as either UV or OTP. 

Block Diagram 

VeeO-­

GNDO--­

v •• o---

Ao-A12 !-Address __ 

Inputs -

Output Enable 
Chip Enable and 
Program Logic 

y. 
Decoder 

x­
Decoder 

Active Standby 

80mA 

80mA 

80mA 

80mA 

Data Outputs/Inputs 
Oo-01 

lnput!Output Buffers 

Y-Gating 

65,536-bit 
Cell Matrix 

25mA 

25mA 

25mA 

25mA 

Pin Configuration 

v •• 
A,2 

A, 

Ao 

A, 

A. 

A, 

A, 

A, 

Ao 

Oo 

01 

02 

GND 

Pin Identification 
Ao-A12 

OE 

Oo-07 
CE 

PGM 

NC 

Mode Selection 
Pins CE 

Mode (20) 

Read V1L 

Standby V1H 

Program V1L 

Program Verify V1L 

Program Inhibit V1H 

Note: X can be either VrL or V1H. 

µPD2764 
8, 192 x S·BIT 

NMOS UV/OTP EPROM 

OE PGM Vpp 
(22) (27) (1) 

V1L V1H Vee 

Vee 

V1H V1L Vpp 

V1L V1H Vpp 

x x Vpp 

Vee 

iiGM 
NC 

Ao 

Ao 

A,, 

ae 
A,o 

CE 
o, 
o. 
Os 

o. 
o, 

Vee 
(28) 

Vee 

Vee 

Vee 

Vee 

Vee 

Revision 1 

Addresses 

Output Enable 

Data Outputs 

Chip Enable 

Program 

No Connect 

Outputs 
(11-13, 15-19) 

DoUT 

HighZ 

DouT 

HlghZ 

Absolute Maximum Ratings* 
Operating Temperature -10°c to +so•c 

Storage Temperature -&s0c to +12s0c 

Output Voltage -0.&V to +6.5V 

Input Voltage -0.&V to +6.5V 

Supply Voltage Vee -0.&V to +6.5V 

Supply Voltage VPP .-o.&v to +22V 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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µPD2764 

DC Characteristics 
Read Mode and Standby Mode 
Ta= O"C to+ 7D°C; Yee= +5V ± 5%; Vpp =Vee 

Limits 

P•r•metet' Symbol Min Trp MH Unit Test Conditions 

Output High Voltage VOH 2.4 v IOH = -400,..A 

Output L- Voltage VoL 0.45 v loL = 2.1mA 

Input High Voltage V1H 2.0 Vee+ 1 v 
Input L- Voltage V1L -0.1 0.8 v 
Output Leakage Cunent ILo 10 ,.A Your= 5.25V 

Input leakage Current lu 10 ,.A V1N = 5.25V 

Vee Standby lcci 25 mA CE= V1H 

Cunent Active lcc2 BO mA OE=CE=V1L 

Vpp 
IPP1 15 mA Vpp = 5.25V 

Current 

Note: Vpp may be connected directly to Vee except during programming. 

Program, Program Verify, and Program Inhibit Modes 
Ta= 25°C ± 5°C; Vee*= +5V ± 5%; Vpp = + 21V ± 0.5V 

Umffs 

P•r•metet' Symbol Min Trp Mex Unit Test Conditions 

Input High Voltage YIH 2.0 Vee+ 1 v 
Input Low Voltage V1L -0.1 0.8 v 
Input Leakage Current lu 10 ,.A 

Output High Voltage YOH 2.4 v loH = -400,..A 

Output L- Voltage VoL o.45 v loL = 2.1mA 

Vee Current lcc2 100 mA 

VppCurrent lpp 30 mA CE= PGM = V1L 

·vcc ~ 6V "' 5% for high-speed programming. 

AC Characteristics 
Read Mode and Standby Mode 
Ta= O°C to +70°C; Vee= +5V ± 5% 

2784-2 ~~~ Test 

P8r•metet' Symbol Min M•x Min Max Min Max Mfn Max Unit Conditions 

Address to 
Output tACC 200 250 
Deley 

CE to Output tee 200 250 Delay 

OE/VpptO 
Data Output toe 70 100 
Delay 

OE/Vppto 
Data Output toF 60 0 85 0 
float Delay 

Address to 
OutputHold tOH 
Time 

Note: <V Available as either UV or OTP. 

Test Conditions-
Output Load: 1TTL gate and CL = 100pF 
Input Rise and Fall Times: 20ns 
Input Pulse Levels: O.BV to 2.2V 
Timing Measurement Reference Levels: 

Inputs: 1.0V and 2.0V 
Outputs: O.BV and 2.0V 

9-2 

300 450 ns CE= OE= V1L 

300 450 ns OE=V1L 

120 120 ns CE=V1L 

105 0 105 ns CE= V1L 

ns CE ='OE= V1L 

NEC 
Program, Program Verify, and Program Inhibit Modes 
Ta= 25°C ± 5°C; Vee*= +5V ± 5%; Vpp = +21V ± 0.5V 

Umlts ----- Symbol Min T}fp Max 

Address Setup Time tu 
OE Setup Time toes 
Data Setup Time tos 
Address Hold Time lAH 
CE Setup Time tees 

Data Hold Time loH 

Chip Enable to Output 
tDf 

FloatDelay 
130 

Data Valid from OE toe 150 

Program PulM Width* IPW 45 50 55 

Vpp Setup Time tvs 
'Vee = 6V ± 5% and tPW = 1 ms ± 5% for high-speed programming. 

Capacitance 
Ta= 25°C; f= 1MHz 

Umits 

Unit Test Conditions ,.. ,.. 
,.. Input Pulse Levels 

= O.BV to 2.2V ,.. 
Input Timing ,.. Reference Level = 
1.0V and 2.0V ,.. 
Output Timing 

ns Reference Level = 
O.BVand 2V 

ns Input Rise and Fall 
Times: 20ns 

ms ,.. 

P•rametet' Symbol Min Typ MH Unit Test Conditions 

Input Capacitance pF V1N = ov 
Output Capacitance Cour 14 pF Your= OV 

Function 
The µPD2764 operates from a single + SV power supply 
making it ideal for microprocessor applications. 
The µPD2764 features a standby mode which reduces the 
power dissipation. 

Operation 
The five operation modes of t~e µPD2764 are listed in Ta­
ble 1. In the read mode the only power·supply required is a 
+5V supply. During programming all inputs are TTL levels 
except for Vpp which rises from Vee level to 21V. 

Read Mode 
When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toE from the falling edge 
of OE and tAcc after setting the address. 

Standby Mode 
The µPD2764 is placed in a standby mode with the applica­
tion of a high (1) level TTL signal to the CE input. In this 
mode the o~uts are in a high impedance state, indepen­
dent of the OE input. The active power dissipation is also re­
duced. 

Programming Modes 
The µPD2764 can be programmed in two ways: (1) conven­
tional programming mode, and (2) high-speed programming 
mode. In.the conventional mode, basically a 50ms PGM 
pulse is applied to each bit location. The high-speed pro­
gramming mode is similar to the Intelligent Programming Al­
gorithm™, in which up to fifteen 1 ms PGM pulses are ap­
plied to each bit location, followed by an additional 4ms 
PGM pulse for each number of 1 ms pulse applied before. 
The high-speed programming mode reduces the program­
ming time to 60s to 120s typical. 

TM : Intelligent Programming Algorithm is a registered trademark of Intel Corporation. 



tt/EC 
Conventional Programming Mode 
Programming begins with erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered 
by programming a low (0) level TTL signal into the chosen 
bit location. 
The µPD2764 is placed in the programming mode by apply­
ing a low (0) level TTL signal to the CE and PGM inputs with 
Vpp at +21V. The data to be programmed is applied to the 
output pins in 8-bit parallel form at TTL levels. 
Any location can be programmed at any time, either individ­
ually, sequentially, or at random. 
When multiple µPD2764s are connected in parallel except 
for CE, individual µPD2764s can be programmed by apply­
ing a low (0) level TTL pulse to the PGM input of the desired 
µPD2764 to be programmed. 
Programming of multiple µPD2764s in parallel with the 
same data is easily accomplished. All the like inputs are tied 
together and ~rammed by applying a low (0) level TTL 
pulse to the PGM inputs. 
High-speed Programming Mode 
In this mode, programming begins by addressing the first lo­
cation, and applying valid data to the eight output pins (a 
low level TTL signal, 0, into the chosen bit location). 
Vee is then raised to 6V ± 0.25V followed by Vpp raised to 
21 V ± 0.5V. A PGM pulse of 1 ms ± 5% is then applied in 
the same manner as described in the program mode timing 
diagram. The bit is then verified and a program/no program 
decision is made. If the bit is not programmed, another 1 ms 
PGM pulse is applied, to a maximum of fifteen times. If the 
bit gets programmed within fifteen efforts, another pulse of 
4ms for each effort is applied and the next address is ap­
plied. If the bit does not get programmed in fifteen 1 ms ef­
forts, another PGM pulse of 60ms is applied and the bit veri­
fied. If the bit is not programmed at this stage, the device 
would be rejected as a program failure. If the bit is pro­
grammed, the next address is applied until all addresses are 
complete. 
At this stage, Vee and VPP pins are lowered to 5V ± 5% and 
all bytes are then verified again for programming. 

Program Verify Mode 
A verify should be performed on the programmed bits to de­
termine that the data was correctly £1:9grammed. The pro­
gram verify can be performed with CE and OE at low (0) 
levels and PGM at a high (1) level. 

Programming Inhibit Mode 
Programming multiple µPD2764s in parallel with differe~ 
data is easier with the program inhibit mode. Except for CE 
(or PGM) all like inputs (including OE) of the parallel 
µPD2764s may be common. Programming is accom~hed 
~plying a low (0) TTL-level prowam pulse to th~ CE and 
PGM inputs with VPP at +21V. A high (1) level applied to 
the CE (or PGM) of the other µPD2764 will inhibit it from 
being programmed. 

µ.PD2764 

Output Disable 

The data outputs of two or more µPD2764s may be wire­
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the se­
lected µPD2764s should be disabled by raising the CE 
input to a TTL high. OE input should be made common to 
all devices and connected to the read line from the system 
control bus. These connections offer the lowest average 
power consumption. 

Erasure Mode 
Erasure of the µPD2764 programmed data can be attained 
when exposed to light with wavelengths shorter than ap­
proximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluores­
cent lighting could erase the µPD2764. Consequently, if the 
µPD2764 is to be exposed to these types of lighting condi­
tions for long periods of time, its window should be masked 
to prevent unintentional erasure. Opaque labels are supplied 
with every device. 
The recommended erasure procedure for the µPD2764 
is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15W-sec/cm2

. The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000µW/cm2 power 
rating. 
During erasure, the µPD2764 should be placed within 1 
inch of the lamp tubes. If the lamps have filters on the tubes, 
the filters should be removed before erasure. 

Timing Waveforms 

Read Mode 

~: ~r--Ad_dres_-~~~~ 
1.__tce~I 

oe --+----. 

---+ toe --- ---+ 13) +--

IAc~<D low• -

Oo-1 CD VattdOutput 
High Impedance - - - , 

Notes: CDOE may be delayed up to tAcc - toE after the falling edge of CE 
for read mode without impact on tAcc. 

® toF is specified from OE or CE, whichever occurs first. 

Program Mode 

V1H -.,,J.,...-----1-------1',r--
AddreSSeS v,L _J1<--'-'=..:..:..:..-'----11------,:-:--rr'--

Data 

VPP ~:: 
- V1H 
CE v,L 

PGM ~:: ----.. - loe 

-; lpw :- toes Max 
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NEC 
NEC Electronics Inc. 

Description 
The µPD27128 is a 131,072-bit (16,384 x 8) electrically 
programmable read-only memory (EPROM). It operates 
from a single +5V supply making it ideal for microprocessor 
applications. It features an output enable control and offers 
a standby mode with reduction in power consumption. 
A distinctive feature of the µPD27128 is a separate output 
enable control (OE) in addition to the chip enable control 
(CE). The OE control eliminates bus contention in multiple­
bus microprocessor systems. The µPD27128 features con­
ventional, simple one-pulse programming controlled by TIL­
level signals as well as a high-speed programming mode. 
Total programming time for all 131,072 bits is 820 seconds 
for the conventional mode, and typically 120 seconds for the 
high-speed mode. 
The µPD27128 is available in a cerdip package as an ultra­
violet (UV), erasable EPROM, or in a plastic package as a 
one-time-programmable (OTP), non-erasable EPROM. 

Features 
D Ultraviolet erasable and electrically programmable 
D Access time-200ns max 
D Low power dissipation: 100mA max active current 

25mA max standby current 
D High-speed programming mode 

(typical program time 120s) 
D Programmable with single pulse 

(total program time 820s) 
D Industry standard pinout (JEDEC approved) 
D 4 performance ranges 

Device Max Access Time 
Max Vee Supply Current 

µPD27128-2 200ns 

µPD27128<D 250ns 

µPD27128-3<D 300ns 

µPD27128-4<D 450ns 

Note: CD Available as either UV or OTP. 

Block Diagram 

VccO--­

GNDO--­

v •• o---

[
-

Ao-A13 -
Address ==: 
Inputs -

Output Enable 
Chip Enable and 
Program Logic 

y. 
Decoder 

X· 
Decoder 

Active Standby 

100mA 25mA 

100mA 

100mA 

100mA 

Data Outputs/Inputs 
o,-o, 

Input/Output Buffers 

Y-Gatlng 

131,072-blt 
Cell Matrix 

25mA 

25mA 

25mA 

Pin Configuration 

Pin Identification 
Ao-A13 

OE 

Oo-01 

CE 

PGM 

Mode Selection 
CE 

µPD27128 
16,384 x 8·BIT 

NMOS UV/OTP EPROM 

Revision 1 

Addresses 

Output Enable 

Data Outputs 

Chip Enable 

Program 

Of PQM Vpp Vee Output• ~In• 
Mod 1201 1221 (271 111 1281 111-13, 15-191 

Read VtL VtL VtH Vee Vee Dour 

Standby V1H Vee Vee HlghZ 

Program V1L VtH VtL Vpp Vee DtN 

Program Verify VtL VtL VtH Vpp Vee Dour 

Program Inhibit VtH Vpp Vee HlghZ 

High Speed Programming VtL VtH V1L Vpp Vee DtN 

Note: X can be either V1L or V1H. 

Absolute Maximum Ratings* 
Operating Temperature -10°c to +so0c 
Storage Temperature -65°C to +125°C 

Output Voltage -0.6V to 7.0V 

Input Voltage -0.6V to 7.0V 

Supply Voltage Vee -0.6V to 7.0V 

Supply Voltage Vpp -0.6V to +22V 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA = 25°C; f = 1 MHz 

Limit• 

Parameter Symbol Min Typ Mex Unit THt Condition• 

Input Capacitance pF 

Output Capacitance Cour 14 pF Vour = OV 
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µPD27128 

DC Characteristics 
Read Mode and Standby Mode 
TA= 0°C to+ 70°C; Yee= +5V ± 5%; Vpp =Yee 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

OutpUt High VoHage VoH 2.4 v loH = -400µA 

Output Low Voltage VOL 0.45 v loL = 2.1mA 

Input High Voltage V1H 2.0 Vee+ 1 v 

Input Low Voltage V1L -0.1 0.8 

Output Leakage Current ILO 10 µA Vour = 5.25V 

Input Leakage Current lu 10 µA V1N = 5.25V 

Vee Standby lcc1 25 mA CE=V1H 

Current Active lcc2 60 100 mA OE= CE= V1L 

Vpp 
Current IPP1 15 mA Vpp = 5.25V 

Program, Program Verify, and Program Inhibit Modes 
TA= 25°C ± 5°C; Yee CD= +5V ± 5%; Vpp = + 21V ± 0.5V 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input High Voltage V1H 2.0 Vee+ 1 v 
Input Low Voltage V1L -0.1 0.8 

Input Leakage Current lu 10 

""' V1N = V1L or V1H 

Output High VoHage VoH 2.4 IOH = -400µA 

Output Low VoHage VoL 0.45 v loL= 2.1mA 

Vee 
Program 

lcc1 25mA CE= V1H 
Current 

Inhibit 

Program 
lcc2 100mA Verify 

Program IPP2 30mA CE= PGM = V1L 

Vpp Program 
IPP3 15mA CE=V1L 

Current Verify PGM =V1H 

Program lpp4 15mA CE= V1H Inhibit 

Note: (j) Vee = 6V ;: 0.25V for high-speed programming. 

AC Characteristics 
Read Mode and Standby Mode 
TA= o·c to +70°C; Vee= +5V ± 5%; Vpp =Yee 

Limits 

27128·2 27128CD 27128·3<D 

Parameter Symbol Min Max Min Mall 

Address to 
Output IACC 200 
Delay 

CE to Output 
Ice 200 Delay 

Output En· 
able to Out· toe 75 
put Delay 

Output En· 
able High to 

IDF 60 0 Output De-
lay 

Address to 
Output Hold loH 
Time 

Note: (j) Available as either UV or OTP. 

Test Conditions­
Output Load: See Fig. 1. 

250 

250 

100 

85 

Input Rise and Fall Times: 20ns 

Min 

Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Levels: 

Inputs: O.BV and 2.0V 
Outputs: O.BV and 2.0V 

9-6 

Max 

300 

300 

120 

105 

27128-4CD 
Test 

Min Max Unit Conditions 

CE=OE= 450 ns 
V1L 

450 ns OE= V1L 

150 ns CE=V1L 

0 130 ns CE= V1L 

CE=OE= ns 
V1L 

NEC 
AC Characteristics (Cont.) 
Program, Program Verify, and Program Inhibit Modes 
TA= 25°C ± 5°C; Yee= +5V ± 50/o; Vpp = +21V ± 0.5V 

Limits 

Parameter Symbol Min Typ Max Unit 

Address Setup Time IAS µS 

OE Setup Time IOES µs 

Data Setup Time tos µS 

Address Hold Time IAH µs 

CE Setup Time Ices µs 

Data Hold Time IOH µS 

Chip Enable to Output 
loF Float Delay 

ns 130 

Data Valid from OE toe 150 

Program Pulse Wldlh<D lpw 45 50 55 ms 

Vpp Setup Time tvs µs 

Note: <DVcc = 6V ;: 0.25V and tPw = 1 ms ;: 5% for high-speed programming. 

Test Conditions-
Input Pulse Levels = 0.45V to 2.4V 
Input Timing Reference Level = o.av and 2.0V 
Output Timing Reference Level = o.av and 2V 
Input Rise and Fall Times: 20ns 

Figure 1. Loading Conditions Test Circuit 

Function 

1.3V 
;i 

* .> > 3.3K!l 
DouT ;> 

µPD27128 0------4~----0 OUT ! CL= 100pF 

Test Conditions 

Input Pulse Levels 
= 0.45V to 2.4V 
Input Timing 
Reference Level = 
o.av and 2.ov 
Output Timing 
Reference Level = 
o.av and 2v 
Input Rise and Fall 
Times: 20ns 

The µPD27128 operates from a single +5V power supply 
making it ideal for microprocessor applications. 
The µPD27128 features a standby mode which reduces the 
power dissipation. 

Operation 
The .six operation modes of the µPD27128 are listed in Ta­
ble 1. In the read mode the only power supply required is a 
+5V supply. During programming all inputs are TIL levels 
except for Vpp which rises from Vee level to 21V. 
Read Mode 
When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toE from the falling edge 
of OE and tAee after setting the address. 
Standby Mode 
The µPD27128 is placed in a standby mode with the appli­
cation of a high (1) level TIL signal to the CE input. In this 
mode the o~uts are in a high impedance state, indepen­
dent of the OE input. The active power dissipation is also re­
duced. 
Programming Modes 
The µPD27128 can be programmed in two ways: (1) con­
ventional programming mode, and (2) high-speed program­
ming mode. In the conventional mode, basically a 50ms 
PGM pulse is applied to each bit location. The high-speed 



t\'EC 
programming mode is similar to the Intelligent Programming 
Algorithm TM, in which up to fifteen 1 ms PGM pulses are ap­
plied to each bit location, followed by an additional 4ms 
PGM pulse for each number of 1 ms pulses applied before. 
The high-speed programming mode reduces the program­
ming time to 120s typical. 
Conventional Programming Mode 
Programming begins with erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered 
by programming a low (0) level TTL signal into the chosen 
bit location. 
The µPD27128 is placed in the programming mode by ap­
plying a low (0) level TTL signal to the CE and PGM with Vpp 
at +21V. The data to be programmed is applied to the out­
put pins in 8-bit parallel form at TTL levels. 
Any location can be programmed at any time, either individ­
ually, sequentially, or at random. 
When multiple µPD27128s are connected in parallel except 
for CE, individual µPD27128s can be ~ammed by ap­
plying a low (0) level TTL pulse to the PGM input of the de­
sired µPD27128 to be programmed. 
Programming of multiple µPD27128s in parallel with the 
same data is easily accomplished. All the like inputs are tied 
together and-2!:Q9rammed by applying a low (O) level TTL 
pulse to the PGM inputs. 
High-speed Programming Mode 
In this mode, programming begins by addressing the first lo­
cation, and valid data appearing at the eight output pins (a 
low level TTL signal, 0, into the chosen bit location). 
Vee is then raised to 6V ± 0.25V followed by VPP raised to 
21 V ± 0.5V. A PGM pulse of 1 ms ± 5% is then applied in 
the same manner as described in the program mode timing 
diagram. The bit is then verified and a program/no program 
decision is made. If the bit is not programmed, another 1 ms 
PGM pulse is applied, to a maximum of fifteen times. If the 
bit gets programmed within fifteen efforts, another pulse of 
4ms for each effort is applied and the next address is ap­
plied. If the bit does not get programmed in fifteen 1 ms ef­
forts, another PGM pulse of 60ms is applied and the bit veri­
fied. If the bit is not programmed at this stage, the device 
would be rejected as a program fail!Jre. If the bit is pro­
grammed, the next address is applied until all addresses are 
complete. 
At this stage, Vee and VPP pins are lowered to 5V ± 5% and 
all bytes are then verified again for programming. This algo­
rithm is compatible with that of the µPD2764. 
Program Verify Mode 
A verify should be performed on the programmed bits to de­
termine that the data was correctly _E!'.Qgrammed. The pro­
gram verify can be performed with CE and OE at low (0) 
levels and PGM at a high (1) level. 
Programming Inhibit Mode 
Programming multiple µPD27128s in parallel with different 
data is easier with the program inhibit mode. Except for CE 
(or PGM), all like inputs (including OE) of the parallel 
µPD27128s may be common. Programming is acco~shed 
~plying a low (0) TTL-level program pulse to the CE (or 
PGM) input with Vpp at +21V. A high (1) level applied to 

µPD27128 

the CE (or PGM) of the other µPD27128s will inhibit it from 
being programmed. 
Output Disable 
The data outputs of two or more µPD27128s may be wire­
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the se­
lected µPD27128 should be disabled by raising the CE 
input to a TTL high. OE input should be made common to 
all devices and connected to the read line from the system 
control bus. These connections offer the lowest average 
power consumption. 
Erasure Mode 
Erasure of the µPD27128 programmed data can be at­
tained when exposed to light with wavelengths shorter than 
approximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluores­
cent lighting could erase the µPD27128. Consequently, if 
the µPD27128 is to be exposed to these types of lighting 
conditions for long periods of time, its window should be 
masked to prevent unintentional erasure. Opaque labels are 
supplied with every device. 
The recommended erasure procedure for the µPD27128 
is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15W-sec/cm2

• The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000µW/cm2 power 
rating. 
During erasure, the µPD27128 should be placed within 1 
inch of the lamp tubes. If the lamps have filters on the tubes, 
the filters should be removed before erasure. 

Timing Waveforms 

Read Mode 

Notes: CD OE may be delayed up to tAcc - toe after the falling edge of 
CE for read mode without impact on tAcc. 

@ toF is specified from OE or CE, whichever occurs first. 

Program Mode 

~~.J.-----~---o.~ 
Add- Vol___.,,._~___;..;.....__~-~-·'--

v v .. 
PP Vee 

lSr v .. ----'--'----.LI 
v,. 
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NEC Electronics Inc. 

Description 
The µPD27256 is a 262, 144-bit electrically programma-
ble read-only memory utilizing NMOS double-polysilicon 
technology. The device is organized as 32K words by 8 bits 
and operates from a single + 5V ± 5% power supply. All in­
puts and outputs are TTL-compatible. The µPD27256 has 
single location programming, three-state outputs and is 
pin-compatible with the 27C256 EPROM. It is available as a 
28-pin DIP. 
The µPD27256 is available in a cerdip package with a 
quartz window as an ultraviolet (UV), erasable EPROM. 

Features 
D 32K by 8 organization 
D Ultraviolet erasable and electrically programmable 
D Access time - 200ns max 
D Single location programming 
D High-speed programming mode 
D Low power dissipation: 100mA max (active) 

25mA max (standby) 
D Input/output TTL-compatible for reading and 

programming 
D Single + 5V ± 5% power supply 
D Three-state outputs 
D Pin-compatible with µPD27C256 EPROM 
D NMOS double-polysilicon technology 
0 28-pin DIP 
D 3 performance ranges: 

Device Access Time 
Power Supply 

µPD27256 250ns 

µPD27256-3 300ns 

Block Diagram 

Yee 0---­
GNDO---­
v •• o----

EE-

OE-

______ 
Output Enable, 
Chip Enable, and 
Program Logic 

'----------' 

l-._____Y-Decoder 

Ao-A14 -
Address -
Inputs -

l
- X-Deeoder 

"----------' 

Active Standby 

100mA 25mA 

100mA 

Data Outputs 
0 0-07 

Output Buffers 

Y-Gatlng 

262, 144-bit 
Cell Matrix 

25mA 

Pin Configuration 

Pin Identification 
Pin 

No. Symbol 

Vpp 

2-10, 21, 
Ao-A14 23-27 

11-13, 
Oo-07 15-19 

14 GND 

20 CE 

22 'OE 
28 Vee 

Mode Selection 
Pins CE 

Mode (20) 

Read V1L 

Standby V1H 

Program V1L 
Program Verify VIL 

Program Inhibit V1H 

Note: X can be either V1, or ViH· 

OE 
1221 

V1L 

x 
V1H 

VIL 

µPD27256 
32, 768 x 8·BIT 

NMOS UV EPROM 

Revision2 

Description 

Program Voltage 

Address Inputs 

Data Outputs 

Ground 

Chip Enable 

Output Enable 

+ 5V ± 5% Power Supply 

Vpp Yee Outputs 
(11 (281 (11-13, 15-19) 

Vee Vee DouT 

Vee Vee High-Z 

Vpp Vee D1N 

Vpp Vee DouT 

Vpp Vee High-Z 
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µPD27256 

Absolute Maximum Ratings* 

Operating Temperature, T oPR -10°c to + ao·c 
Storage Temperature, T sTG - ss•c to + 12s0 c 
Output Voltage, VoH - 0.6V to V cc + 6.5V 

Input Voltage, V1H - 0.6V to V cc + 6.5V 

Supply Voltage, V cc -0.6Vto +7V 

Supply Voltage, Vpp - 0.6V to + 22V 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance G) 

TA= 2s°C;f = 1MHz 

Parameter Symbol 

Input Capacitance c,N 

Output Capacitance CouT 

Limits 

Min Typ 

4 

Note: CD This parameter is sampled periodically 

DC Characteristics 

Max Unit Test Conditions 

pF VIN= OV 

14 pF VouT = OV 

TA= o•c to +70°C; Yee= +5V ±5%; Vpp =Yee 
Read and Standby Modes 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output High Voltage VoH 2.4 v loH = -400µA 

Output Low Voltage Vol 0.45 v loL = 2.1mA 

Input High Voltage V1H 2.0 Vcc+1 v 

Input Low Voltage VIL -0.1 0.8 v 

Output Leakage 
ILO 10 µA OE= V11j; 

Current VouT = Oto Vee 

Input Leakage 
lu 10 µA V1N =Oto Vee Current 

lcc1 25 mA CE= v,H 
Vee Current (standby) 

lcc2 100 mA CE = V1dactive) 

Vpp Current lpp1 15 mA Vpp = 5.25V 

NEC 
AC Characteristics 
TA= 0°Cto +70°C;Yee =+SY± 5%;Vpp =Yee 

Read and Standby Modes 
Limits 

27256 

Parameter Symbol Min Max 

Address to 
IACC 250 Output Delay 

CE to Output 
Ice 250 Delay 

Output Enable 
1 to Output Delay OE 

100 

Output Enable 
High to Output loF 85 
Float 

Address to 
loH Output Hold 

Notes: CD Oulput load: see Figure 1. 
Input rise and fall limes: 20ns. 
Input pulse levels: 0.45V to 2.4V. 

27256-3 

Min Max 

300 

300 

120 

105 

Tfft 
Unit Conditions (j) 

ns C(=QE=V1L 

ns Cf=V1L 

ns CE=V1L 

Cf=V1L 

CE=V1L 

Input and outpul liming measurement reference levels: O.BV and 2.0V. 

TA= 2s0c ± s•c; Yee= +&v ± o.2sv; Vpp = 21v ± o.sv 

Program, Program Verify, and Program Inhibit Modes CD @ 

Parameter 

Address Set-up Time 

Data Set-up Time 

Data Hold Time 

Address Hold Time 

Chip Enable to 
Output Float Delay 

Vee = Set-up Time 

Program Pulse Width 

CE Set-up Time 

OE Set-up Time 

OE Hold Time @ 

OE Recovery Time @ 

Symbol 

I As 

los 

loH 

IAH 

loF 

•vs 

IPW 

Ices 

loes 

loeH 

toR 

Limits 

Min °'VP Max Unit 

2 µS 

µS 

µS 

µS 

130 

µS 

0.95 1.05 ms 

µS 

µS 

µS 

µS 

CE to Output Valid ® t0v µs 

Test Conditions 

Input pulse levels 
= 0.45V to 2.4V 
Input and output 
timing reference 
levels = o.av and 
2.0V 
Input rise and fall 
times= 20ns 

Notes: <D V1H (min) and V1L (max) are reference levels for measuring timing of input signals. 
Transition times are measured between V1H and ViL· 
@ Vee must be applied simultaneously or before Vpp and removed after Vpp. 
® These parameters are sampled periodically. 

Figure 1. Loading Conditions Test Circuit 

1.3V 
TA= 2s0 c ± s•c; Yee= &V ± o.2sv; Vpp = +21V ± o.sv o 
Program, Program Verify, and Program Inhibit Modes * 

Limits 

Parameter Symbol Min Typ 

Input High Voltage V1H 2.0 

Input Low Voltage VIL -0.1 

Input Leakage Current lu 

Output High Voltage VoH 2.4 

Output Low Voltage Vol 

Vee Current lcc2 

Vpp Current lpP2 

9-10 

Max Unit 

Vcc+1 v 

0.8 v 

10 µA 

v 

0.45 v 

100 mA 

30 mA 

Test Conditions 

VIN = VIL or V1H 

VoH = -400µA 

loL = 2.1mA 

°£[= V1L; 
OE= v,H 

$ 3.3KU 
Dour ;> 

µPD27256 OUT t CL= 100pF 



NEC 
Programming Operation 

High Speed Programming Mode 

Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by program­
ming a low level (0) TTL signal into the chosen bit 
location. 

Address the first location and apply valid data at the 8 
output pins. Raise Vee to +6 V ±.25 V; then raise Vpp 
to +21 V ±.5 V. Apply a 1 ms (±5%) program pulse to 
CE as shown in the programming mode timing 
waveform. The bit is verified and the program/no­
program decision is made. If the bit is not programmed, 
apply another 1 ms pulse to CE up to a maximum of 20 
times. If the bit is programmed within 20 tries, apply an 
additional overprogram pulse of (1 x number of 
tries) ms and input the next address. If the bit is not 
programmed in 20 tries, reject the device as a program 
failure. 

After all bits are programmed, lower both Vee and Vpp 
to +5 V ±5% and verify all data again. 

Programming Inhibit Mode 

Use the programing inhibit mode to program multiple 
µPD27256s connected in parallel. All like inputs (except 
CE, but including OE) may be common. Program 
individual devices by applying a low level (0) TTL pulse 
to the CE input of the µPD27256 to be programmed. 
Applying a high level (1) to the CE input of the other 
devices prevents them from being programmed. 

Program Verify Mode 

Perform verification on the programmed data to deter­
mine that the data was correctly programmed. The 
program verification can be performed with the CE and 
OE at low levels (0). 

Erasure 

Erase data on theµPD27256 by exposing it to light with 
a wavelength shorter than 400 nm. Exposure to direct 
sunlight or fluorescent light could also erase the data. 
Consequently, mask the window to prevent unin­
tentional erasure by ultraviolet rays. 

Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time.) 

An ultraviolet lamp rated at 12,000 µW/cm2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the µPD27256 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 

µPD27256 

Timing Waveforms 

Read Mode 

A0-A14 __ __,1,,__ ___ A=d=dre=s=se;.;;..s-"Va=lid'-----"I"----

C"E---+-~1 

loe 
CD 

Notes: CD OE may be delayed up to !Ace-toe after the falling edge of CE for read mode 
without impact on !Ace· _ _ 
® toF is specified from OE or CE, whichever occurs first. 

Program Mode 
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NEC Electronics Inc. 

Descr,ptlon 

The µPD27C64 is a 65,536-bit (8,192 x 8-bit) electrically 
programmable read-only memory (EPROM). It operates 
from a single +5 V power supply making it ideal for 
microprocessor applications. It is fabricated using an 
advanced CMOS process which saves substantial 
power in operating and standby modes. 

A distinctive feature of the µPD27C64 is an output 
enable (OE) separate from the chip enable (CE). The 
OE control eliminates bus contention in multiple-bus 
microprocessor systems. The µPD27C64 features fast, 
simple, one-pulse programming controlled by TTL­
level signals. A high-speed programming mode is also 
available. 

The µPD27C64 is available in a cerdip package with a 
quartz window as an ultraviolet (UV), erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP), non-erasable EPROM. 

Features 

D Ultraviolet erasable and electrically programmable 
D Low supply current: 

- 30 mA (max) active current 
-100 µA (max) standby current 

D High-speed programming mode 
D Single location programming 
D Programmable with single pulse (total program-

ming time is 420 sec in standard mode) 
D Input/output TTL-compatible 
D Single +5 V power supply 
D Low power dissipation: 

-33mW/MHz (max) operating 
- 550 µW (max) standby 

D µPD2764-compatible 
D 28-pin DIP 

Performance Ranges 

Aoo111 Power Supply (Max) Time 
Dtvlo• (Max) Active Standby 

1-1PD27C64-20 200ns 30mA 100,..A 

1-1PD27C64-25(1) 250ns 30mA 1001-1A 

1-1PD27C64-30(1) 300ns 30mA 1001-1A 

Note: 
(1) Available as either UV or OTP. 

µPD27C64 
8,192 x 8·BIT 

CMOS UV/OTP EPAOM 

Revision 1 

Pin Configuration 

A12 

Pin Identification 
No. Symbol 

Vpp 

2-10, 21, Ao-A12 
23-25 

11-13, 15-19 DOo-007 

14 GND 

20 CE 

22 ot 
26 NC 

27 PGM 

28 Vee 

Block Diagram 

VccO--­

GNDO--­

v •• o--

Vee 

NC 

Ae 

Ae 

A11 

~ 

A1o 

CE 

DO a 

004 

Function 

Program voltage 

Address inputs 

Data inputs I outputs 

Ground 

Chip enable 

Output enable 

No connection 

Program 

+5 V power supply 

Dita Output11lnput1 
DOo·D07 

Output Enable 
Chip Enable ind 
Program Logic 

y. 
Decoder 

X· 
Decoder 

83-003078A 
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µPD27C64 

Absolute Maximum Ratings 
Power supply voltage, Vee 

Input voltage, V1N 

Output voltage, Vour 

Operating temperature, T OPR 

Storage temperature, T STG 

Program voltage, Vpp 

-0.3 V to +7.0 V 

-0.3VtoVee +0.3V 

-0.31/toVee +0.3V 

-10°c to +80°C 

- 65°C to + 125°C 

-0.3Vto +22V 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

Capacitance 
TA =25°C, f=1 MHz 

Parameter Symbol 

Input C1N 
capacitance 

Output Cour 
capacitance 

Min 

DC Characteristics 

Limits 

Typ 

Read and Standby Modes 

Max Unit 

pF 

12 pF 

TA=0°Cto +70°C, Vee= +5V±10%, Vpp=Vee 

Limits 

Parameter Symbol Min Typ Max Unit 

Output voltage, VoH 2.4 v 
high 

Output voltage, Vol 0.45 v 
low 

Input voltage, V1H 2.0 Vee+0.3 v 
high 

In put voltage, V1l -0.3 0.8 v 
low 

Output leakage ILO 10 µA 
current 

Input leakage lu 10 µA 
current 

Operating leeA1 10 mA 
supply current 

Operating leeA2 30 mA 
supply current 

Standby supply lees1 mA 
current 

Standby supply lees2 100 µA 
current 

Program voltage lpp1 100 µA 
current 

9-14 

Test 
Conditions 

V1N=OV 

Vour=OV 

Test 
Conditions 

loH= -400µA 

lol =2.1 mA 

OE=V1H. 
Vour=OVtoVee 

V1N=OVtoVee 

CE= VIL· 
V1N=V1H 

f=5 MHz, 
lour':'OmA 

CE=V1H 

CE=Vee. V1N=OV 
to Vee 

Vpp=Vee ±0.6V 

NEC 
Standard Programming, Program Verify, and Program 
Inhibit Modes 
TA= 25°C±5°C, Vee= +5V ±10%, Vpp= +21V ±0.5V 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Output voltage, VoH 2.4 v loH = -400µA 
high 

Output voltage, Vol 0.45 v lol = 2.1 mA 
low 

Input voltage, V1H 2.0 Vee+0.3 v 
high 

In put voltage, V1l -0.3 0.8 v 
low 

In put leakage lu 10 µA V1N =Vil or V1H 
current 

Operating lee2 30 mA 
supply current 

Program voltage lpp 30 mA CE=PGM=V1L 
current 

High-Speed Programming Mode 
TA=25°C±5°C, Vee= +6V±0.25V, Vpp= +21V±0.5V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Output voltage, VoH 2.4 v loH= -400µA 
high 

Output voltage, Vol 0.45 v lol=2.1mA 
low 

Input voltage, V1H 2.0 Vee+1 v 
high 

Input voltage, V1l -0.1 0.8 v 
low 

Input leakage lu 10 µA V1N =Vil or V1H 
current 

Operating lee2 30 mA 
supply current 

Program voltage lpp 30 mA C.E=PGM =V1l 
current 



NEC µPD27C64 

AC Characteristics 

Read and Standby Modes 
TA=0°Cto +70°C,Vee= +5V±10%,Vpp=Vee 

Limits 

µPD27C64-20 µPD27C64-25(1) µPD27C64-30(1) Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditlons(2) 

Address to output delay tAcc 200 250 300 ns CE=OE=V1L 

CE to output delay ICE 200 250 300 ns OE= V1L 

OE low to data output delay toE 10 75 10 100 10 120 ns CE=V1L 

OE high to data output float delay toF 60 0 85 105 ns CE=V1L 

Address to output hold time toH ns CE= OE= V1L 

Note: 
(1) Available in either UV or OTP. 

(2) Output load: see Loading Conditions Test Circuit. Input rise and fall times: 20 ns. Input pulse levels: 0.45 V to 2.4 V. Timing measurement reference 
levels: 

Inputs: 0.8 V and 2.0 V 
Outputs: 0.8 V and 2.0 V. 

Standard Programming, Program Verify, and Program 
Inhibit Modes 
TA=25°C±5°C, Vee= +5V±10%, Vpp= +21V±0.5V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Address setup !As µS (Notes 1, 2, 3) 
time 

Data setup time tos µS (Notes 1, 2, 3) 

Address hold tAH µS (Notes 1, 2, 3) 
time 

Data hold time toH µS (Notes 1, 2, 3) 

Output enable to toF 130 ns (Notes 1, 2, 3) 
output float 
delay 

Program supply tvs µs (Notes 1, 2, 3) 
setup time 

Program pulse tpw 20 50 55 ms (Notes 1, 2, 3) 
width 

CE setup time tcES µS (Notes 1, 2, 3) 

OE setup time to ES µS (Notes 1, 2, 3) 

OE to data toE 150 ns (Notes 1, 2, 3) 
utilization delay 

Note: 
(1) Input pulse levels: v1 = 0.45 V to 2.4 V. 

(2) Input and output timing reference levels= 0.8 V and 2.0 V. 

(3) Input rise and fall times= 20 ns. 

High-Speed Programming Mode 
TA= 25°C ±5°C, Vee= +6 v ±0.25 v, Vpp = +21 v ±0.5 v 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Address setup !AS µS (Notes 1, 2) 
time 

Data setup time tos µs (Notes 1, 2) 

Address hold tAH µS (Notes 1, 2) 
time 

Data hold time loH µS (Notes 1, 2) 

Chip enable to loF 130 ns (Notes 1, 2) 
output float 
delay 

Supply current tvcs µS (Notes 1, 2) 
setup time 

Program setup tvps µS (Notes 1, 2) 
time 

Initial program tpw 0.95 1.05 ms (Notes 1, 2) 
pulse width 

Additional topw 3.8 63 ms (Notes 1, 2) 
program pulse 
range 

CE setup time le ES µS (Notes 1, 2) 

OE setup time lo ES µS (Notes 1, 2) 

OE data utiliza- loE 150 ns (Notes 1, 2) 
tion delay 

Note: 
(1) Input pulse levels: v1=0.45 V to 2.4 V. 

(2) Input and output timing reference levels= 0.8 V and 2.0 V. 
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µPD27C64 

Figure 1. Loading Conditions Test Circuit 

1.3V 

9 

+ 
~ 3.3KH 

DouT ? 
µPD27C64 " -o OUT ! CL= 100pF 

83-003080A 

Timing Waveforms 

Read Mode 

Addresses Valid 

Note: 

1. OE may be delayed up to l•cc·loe after the falling edge of CE for read mode 
without impact on '•cc· 

2. lo, Is specified from OE or CE, whichever occurs first. 

Programming Mode 

A.,·A,, Address N 

Data-in 
I As Stable Data-out 

Address N Address N 

DO,-DO, 
High 

Impedance 

los loH 

v •• v •• 
Yee 
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IAH 

loF 
max 
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High-Speed Programming Mode 

DO,-DO, 

v •• 
Vpp Vee 

Vcc+1 
Vee Vee 

Note: 

~EC 

1. If a read is performed within the l•cc range, the OE input lead time trom CE 
fall lime is l•cc·lo• [max]. 

2. 10 , represents the lime from the rise of OE or CE, whichever rises to V,H first. 

3. Connect Vee before v •• and disconnect after v ••. 
83-003083A 

Truth Table 
Mode CE OE PGM Vpp Vee Outputs 

Read V1L V1L V1H +5V +5V Data output 

Standby V1H x x +5V +5V High impedance 

Standard program V1L x V1L Vpp +5V Data input 

Program verify V1L V1L V1H Vpp +5V Data output 

Program inhibit V1H x x Vpp +5V High impedance 

High-speed V1L x V1L Vpp +6V Data input 
programming 

Note: 
(1) X can be either v1L or ViH· (V1H =TTL-level high input voltage, 

V1L =TTL-level low input voltage) 

Function 

The µPD27C64 uses a single standard +5 V power sup­
ply (µPD8086, µPD8085, µPD8088). Furthermore, all the 
input/output terminals are TIL-level so that the total 
system can be simplified. For programming purposes, 
an additional +21 V power supply is required. 

The µPD27C64 does not require any complex program­
ming devices. Programming can be done while chips 
are mounted on a system board. A single TIL-level pulse 
(pulse duration 50 ms) is used to program any single ad­
dress. 

The µPD27C64 features a standby mode which reduces 
the power dissipation from the maximum active power 
dissipation of 165 mW to a maximum standby power dis­
sipation of 550 µW. This results in a power savings of 
over 99% with no increase in access time. 



NEC 
Erasure 

Data written on the µPD27C64 can be erased by light 
with a wavelength shorter than 400 nm. If it is exposed 
to direct sunlight or fluorescent light, programmed data 
may be erased. Therefore, in order to protect the pro­
grammed data, mask the window to prevent erasing by 
ultraviolet rays. 

Data on the µPD27C64 is usually erased by 254 nm ultra­
violet rays. The lighting level required to completely 
erase written data is 15 W-sec/cm2 (min) (ultraviolet ray 
intensity x exposure time). 

An ultraviolet lamp of 12,000µW/cm2 will take approxi­
mately 15 to 20 minutes. The distance between the lamp 
and µPD27C64 should be within 2.5 cm. The filter on the 
ultraviolet lamp should be removed for this operation. 
The program protect seal should also be removed from 
the window of the µPD27C64. 

Operation 

The six operation modes of the µPD27C64 are listed in 
the truth table. Vee should be set to +5 V for each 
Read, Standby, Standard programming, Program verify, 
or Program inhibit mode. Vee should be set to +6 V for 
the High-speed Programming mode. Control terminals 
CE, OE, PGM, and Vpp should be set according to the 
data in this table. 

Read Mode 

When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toE from the falling 
edge of OE and tAee after setting the address. 

Standby Mode 

The µPD27C64 is placed in a standby mode with the ap­
plication of a high (1) level TTL signal to the CE input. In 
this mode the outputs are in a high-impedance state, in­
dependent of the OE input. The active power dissipation 
is reduced from 165 mW to 550 µW. 

Programming Modes 

The µPD27C64 can be programmed in two ways: (1) 
standard programming mode, and (2) high-speed pro­
gramming mode. In the standard mode, basically a 
50 ms PGM pulse is applied to each bit location. The 
high-speed programming mode is similar to the Intelli­
gent Programming Algorithm® in which up to fifteen 
1 ms PGM pulses are applied to each bit location, fol­
lowed by an additional PGM pulse, of which the width is 
4 ms for each number of 1 ms pulses applied before. The 
high-speed programming mode reduces the program­
ming time to typically 60sto120 s. 

µPD27C64 

Standard Programming Mode 

Programming begins by erasing all data and conse­
quently having all bits in the high (1) level state. Data is 
then entered by programming a low (0) level TTL signal 
into the chosen bit location. 

The µPD27C64 is placed in the programming mode by 
applying a low (0) TTL-level program pulse to the CE and 
PGM inputs with Vpp at +21 V. The data to be pro­
grammed is applied to the output pins in 8-bit parallel 
form at TTL levels. 

Any location can be programmed at any time, either in­
dividually, sequentially, or at random. 

When multiple µPD27C64s are connected in parallel ex­
cept for CE, individual µPD27C64s can be programmed 
by applying a low (0) level TTL pulse to the PGM input of 
the desired µPD27C64 to be programmed. 

Programming of multiple µPD27C64s in parallel with the 
same data is easily accomplished. All the like inputs are 
tied together and programmed by applying a low (0) level 
TTL pulse to the PGM inputs. 

High-speed Programming Mode 

In this mode, programming begins by addressing the 
first location, and applying valid data to the eight output 
pins (a low-level TTL signal, 0, into the chosen bit loca­
tion). 

Vee is then raised to6V ±0.25 V followed by Vpp raised 
to 21 V ±0.5 V. A PGM pulse of 1 ms ±5% is then input in 
the same manner as described in the programming 
mode timing diagram. The bit is then verified and a 
program/no-program decision is made. If the bit is not 
yet programmed, another 1 ms PGM pulse is input, to a 
maximum of fifteen times. If the bit is programmed 
within fifteen efforts, another pulse of 4 ms for each ef­
fort is input and the next address is input. If the bit does 
not program within fifteen 1 ms efforts, another PGM 
pulse of 60 ms is input and the bit verified. If the bit is 
not programmed at this stage, the device would be re­
jected as a program failure. If the bit is programmed, the 
next address is input until all addresses are complete. 

At this stage, Vee and Vpp pins are lowered to 5 V ±5% 
and all bytes are then verified again for programming. 

® Intelligent Programming Algorithm is a registered trademark of Intel 
Corporation. 
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Program Inhibit Mode 

Programming multiple µPD27C64s in parallel with dif­
ferent data is easier with the programming inhibit mode. 
Except for CE (or PGM) all like inputs (including OE) of 
the parallel µPD27C64s may be common. Programming 
is accomplished by applying a low (0) TTL-level program 
pulse to the CE and PGM inputs with Vpp at +21 V. A 
high (1) level applied to the CE (or PGM) of the other 
µPD27C64 will inhibit it from being programmed. 

Program Verify Mode 

A verify should be performed on the programmed bits to 
determine that the data was correctly programmed. The 
program verify can be performed with CE and OE at low 
(0) levels and PGM at a high (1) level. 

9-18 

NEC 
Output Disable 

The data outputs of two or more µPD27C64s may be 
wire-ORed together to the same data bus. In order to 
prevent bus contention problems between devices, all 
but the selected µPD27C64s should be disabled by rais­
ing the CE input to a TTL high. OE input should be made 
common to all devices and connected to the read line 
from the system control bus. These connections offer 
the lowest average power consumption. 



NEC 
NEC Electronics Inc. 

Description 
The µPD27C256 is a 262,144-bit ultraviolet erasable and 
electrically programmable read-only memory utilizing 
CMOS double-polysilicon technology. The device is or­
ganized as 32K words by 8 bits and operates from a sin­
gle +5 V power supply. All inputs and outputs are 
TTL-compatible. The µPD27C256 has single location 
programming, three-state outputs and is pin· 
compatible with the 27256 EPROM. It is available as a 
28-pin DIP. 

The µPD27C256 is available in a cerdip package with a 
quartz window as an ultraviolet (UV) erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP), non-erasable EPROM. 

The µPD27C256 has a Vpp of 21 V. 

Features 
D 32K-word by 8-bit organization 
D Ultraviolet erasable and electrically programmable 
D Single location programming 
D High-speed programming mode 
D Low power dissipation: 

165 mW (active) 
550 µW (standby) 

D Input/output TTL-compatible for reading and 
programming 

D Single +5 V power supply 
D J EDEC vendor identification mode 
D Three-state outputs 
D Pin-compatible with µPD27256 EPROM 
D CMOS double-polysilicon technology 
D 28-pin DIP 

Performance Ranges 

Access 
Power Supply (Max) Time 

Device (Max) Active Standby 

µPD27C256-15 150ns 30mA 100µA 

µPD27C256-20[1] 200 ns 30mA 100µA 

µPD27C256-25[1] 250ns 30mA 100µA 

µPD27C256 
32, 768 x S·BIT 

CMOS UV I OTP EPROM 

Pin Configuration 

Pin Identification 
No. Symbol 

Vpp 

2-10, 21, Ao-A14 
23-27 

11-13, 15-19 Oo-07 

14 GND 

20 CE 

22 OE 

28 Vee 

Block Diagram 

Vee o---­
GND 0---­
Vpp 0----

CE - Output Enable, 

Ao-A14 
Address 

Chip Enable, and 
OE - Program Logic 

Y-Decoder 

Revision 1 

83-001730A 

Function 

Program voltage 

Address inputs 

Data outputs 

Ground 

Chip enable 

Output enable 

+5 V power supply 

Data Outputs 
Oo-01 

I 

Output Buffers 

Y-Gating 

Note: [1] Available as either UV or OTP. OTP version is preliminary. Inputs 

X-Decoder 262, 144-bit 
Cell Matrix 

83-001731A 
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Absolute Maximum Ratings 
Power supply voltage, Vee -0.6Vto +7.0V 

Input voltage, V1N[1] -0.6VtoVcc +0.6V 

Output voltage, Vour -0.6VtoVcc +0.6V 

Operating temperature, ToPR -10°C to 80°C 

Storage temperature, T STG - 65°C to 125°C 

Program voltage, Vpp -0.6Vto +22V 

ID read voltage on pin 24, V10 -0.6Vto +13.5V 

Note: [1] V1N = - 3.0V min for 20ns pulse. 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= 25°C, f = 1 MHz [Note 1] 

Llmlt1 T11t 
Parameter Symbol Min Typ Max Unit Condition• 
Input capacitance C1N 6 

Output Cour 12 pF Vour=OV 
capacitance 

Note: [1] This parameter Is sampled and not 100% tested. 
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DC Characteristics 

Read and Standby Modes 
TA= 0°c to +70°C, Vee= +5 v ±10%(1); Vpp =Vee 

Llmlt1 Teat 
Parameter Symbol Min Typ Max Unit Condition• 
Output voltage, VoH 2.4 v loH= -400µA 
high 

Output voltage, Vol 0.45 v lol=2.1mA 
low 

Input voltage, V1H 2.0 Vcc+0.3 v 
high 

Input voltage, low Vil -0.3 0.8 v 
Output leakage llo 10 µA OE=V1H• 
current Vour=OV to 

Vee 
Input leakage ILi 10 µA V1N=OVtoVcc 
current 

Operating supply lcCA1 30 mA CE=Vll• 
current V1N=V1H 
Operating supply lccA2 30 mA 5 MHz, 
current lour=OmA 

Standby supply lss1 mA CE=V1H 
current 

Standby supply lss2 100 µA CE=Vcc 
current 

Program voltage lpp1 100 µA Vpp=Vcc 
current 

Note: [1] For µPD27C256-15: Vee= 5 V ±5% 

Program, Program Verify, and Program Inhibit Modes 
TA= 25°C t5°C, Vee= +6 v ±0.25 v, Vpp = +21 v ±0.5 v 

Llmlt1 Teat 
Parameter Symbol Min Typ Max Unit Condition• 
Output voltage, VoH 2.4 v loH= -400µA 
high 

Output voltage, Vol 0.45 v lol =2.1 mA 
low 

Input voltage, V1H 2.0 Vcc+0.3 v 
high 

Input voltage, low Vil -0.3 0.8 v 
ID read voltage V10 11.5 12.5 v 
Input leakage ILi 10 µA V1N =Vil or V1H 
current 

Operating supply Ice 30 mA 
current 

Program voltage lpp2 30 mA £§=Vil• 
current OE=V1H 



NEC 
AC Characteristics 

Read and Standby Modes 
TA= 0°c to +70°c, Vee= +s v ±10%(3); Vpp =Vee 

Parameter Symbol 

Address to output delay tAee 
CE to output delay teE 

OE low to data output delay toE 

OE high to data output float delay toF 

Address to output hold time toH 
Notes: (1) Available In either UV or OTP. 

(2) Output load: see figure 1. 
Input rise and fall times: 20 ns. 
Input pulse levels: 0.45 V to 2.4 V. 
Timing measurement reference levels: 

Inputs: 0.8 V and 2.0 V 
Outputs: 0.8 V and 2.0 V. 

(3) For µPD27C256-15: V cc = 5 V ± 5 % 

µPD27C258-15 

Min Max 

150 

150 

75 

60 

Program, Program Verify, and Program Inhibit Modes 
TA= 2s 0 c ±s 0 c, Vee= +6 v ±0.25 v, Vpp = +21 v ±o.s v 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Address setup tAs 2 /AS [Notes 2, 3, 4] 
time 

Data setup time tos /AS [Notes 2, 3, 4] 

Address hold time tAH /AS [Notes 2, 3, 4] 

Data hold time toH /AS [Notes 2, 3, 4] 

Chip enable to toF 130 ns [Notes 2, 3, 4] 
output float delay 

Supply current tvs /AS [Notes 2, 3, 4] 
setup time 

Program pulse tpw 0.95 1.05 ms [Notes 2, 3, 4] 
width 

CE setup time teES /AS [Notes 2, 3, 4] 

OE setup time to ES /AS [Notes 2, 3, 4] 

OE hold time[1] to EH /AS [Notes 2, 3, 4] 

OE recovery toR /AS [Notes 2, 3, 4] 
time[1] 

CE to output tov µS [Notes 2, 3, 4] 
valid 

Notes: (1) toEH + toR ;::: so µs. 
(2) Input pulse levels= 0.45 V to 2.4 V. 
(3) Input and output timing reference levels= 0.8 V and 2.0 V. 
(4) Input rise and fall times= 20 ns. 

µPD27C258 

Limits 

µPD27C258-20[1] µPD27C258-25[1] Test 
Min Max Min Max Unit Condltlons[2] 

200 250 ns CE=OE=V1L 

200 250 ns CE=V1L 

75 100 ns CE=V1L 

60 85 ns CE=V1L 

ns CE= OE= V1L 

Figure 1. Loading Conditions Test Circuit 

1.3 v 

3.3 kn 

µPD27C256 Out 

I CL=100pF 

83-001732A 

Truth Table 
CE OE A9 Vpp Vee Outputs 

Mode (20) (22) (24) (11 (28) (11-13, 15-19) 

Read V1L V1L x Vee Vee Dour 

Standby V1H x x Vee Vee Hi-Z II Program V1L V1H x Vpp Vee D1N 

Program verify V1L V1L x Vpp Vee Dour 

Program inhibit V1H x x Vpp Vee Hi-Z 

ID read V1L V1L V10 Vee Vee Dour 

Note: (1) X can be either V1L or V1H· 
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Programming Operation 

High Speed Programming Mode 

Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enterdata by programming 
a low level (0) TIL signal into the chosen bit location. 

Address the first location and apply valid data at the 
8 output pins. Raise Vee to +6 V ± 0.25 V; then raise 
Vpp to +21 V ±0.5 V. Apply a 1 ms ( ±5%) program pulse 
to CE as shown in the programming mode timing 
waveform. The bit is verified and the program/ 
no-program decision is made. If the bit is not pro­
grammed, apply another 1 ms pulse to CE up to a 
maximum of 20 times. If the bit is programmed within 
20 tries, apply an additional overprogram pulse of 
(1 x number of tries) ms anq input the next address. If 
the bit is not programmed in 20 tries, reject the device as 
a program failure. 

After all bits are programmed, lower both Vee and Vpp 
to +5 V ±5% and verify all data again. 

Programming Inhibit Mode 

Use the programming inhibit mode to program multiple 
µPD27C256s connected in parallel. All like inputs (ex­
cept CE, but including OE) may be common. Program in­
dividual devices by applying a low level (0) TIL pulse to 
the CE input of the µPD?7C256 to be programmed. Ap­
plying a high level (1) to the CE input of the other devices 
prevents them from being programmed. 

Program Verify Mode 

Perform verification on the programmed data to deter­
mine that the data was correctly programmed. The pro­
gram verification can be performed with the CE and OE 
at low levels (0). 

Erasure 

Erase data on the µPD27C256 by exposing it to light with 
a wavelength shorter than 400 nm. Exposure to direct 
sunlight or fluorescent light could also erase the data. 
Consequently, mask the window to prevent uninten­
tional erasure by ultraviolet rays. 

Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to com­
pletely erase written data (ultraviolet ray intensity x ex­
posure time). 

An ultraviolet lamp rated at 12,000µW/cm2 takes ap­
proximately 15 to 20 minutes to complete erasure. Place 
the µPD27C256 within 2.5 cm of the lamp tubes. Remove 
any filter on the lamp. 
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Timing Waveforms 

Read Mode 

Note: 

NEC 

tACC- toH-

toF 
[2] 

[1] OE may be delayed up to tAcc-toE after the falling edge of eE for read 
mode without Impact on IACC· 

[2] toF Is specified from OE or CE whichever occurs first. 

83-001733A 

Program Mode 

Addresses 
V1L 

Data 

toF 

Vpp 
Vpp 

Vee 
- tov 

tpw 

CE 

ICES 

OE 

83-001734A 
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NEC Electronics Inc. 

Description 

The µPD27C256A is a 262,144-bit ultraviolet erasable 
and electrically programmable read-only memory utiliz­
ing CMOS double-polysilicon technology. The device 
is organized as 32K words by 8 bits and operates from 
a single +5 V power supply. All inputs and outputs are 
TIL-compatible. The µPD27C256A has single loca­
tion programming, three-state outputs and is pin­
compatible with the 27256 EPROM. It is available as a 
28-pin DIP. 

The µPD27C256A is available in a cerdip package with 
a quartz window as an ultraviolet (UV) erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP) non-erasable EPROM. High density surface 
mount packages are available for both UV and OTP 
versions. 

The µPD27C256A has a program voltage (Vpp) of 12.5 V. 

Features 

D 32K-word by 8-bit organization 
D Ultraviolet erasable and electrically programmable 
D Single location programming 
D High-speed programming mode 
0 Low power dissipation, 

-Active: 165 mW 
-Standby: 550 µW 

D Input/output TIL-compatible for reading and 
programming 

D Single +5V±10% powersupply 
D JEDEC vendor identification mode 
D Three-state outputs 
D Pin-compatible with µPD27256 EPROM 
D CMOS double-polysilicon technology 
D 28-pin DIP, plastic miniflat, or32-pin ceramic 

LCC packages 

Performance Ranges 

Access Power SupplJ (Max) Time 
Device (llu) Active StandbJ 

µPD27C256A-12 120ns 30mA 100µA 

µPD27C256A-15(1) 150ns 30mA 100µA 

µPD27C256A-20(1) 200ns 30mA 100µA 

Note: 
(1) Available as either UV or OTP. OTP version is preliminary. 

µPD27C258A 
32, 788 x 8·BIT 

CMOS UVIOTP EPROM 

Pin Configuration 

28-Pln DIP, Plastic Min/flat 

83-001735A 

32-Pln Ceramic Leadless Chip Carrier (LCC) 

83-002713A 
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Pin Identification 

DIP and Plastic Min/flat 

No. Symbol 

Vpp 

2-10, 21, Ao-A14 
23-27 

11-13, 15-19 Oo-07 

14 GND 

20 CE 

22 OE 

28 Vee 

Ceramic LCC 

No. Symbol 

1, 12, 17, 26 NC 

2 Vpp 

3-11, 24, 27-31 Ao-A14 

13-15, 18-22 Oo-07 

16 GND 

23 CE 

25 OE 

32 Vee 

Block Diagram 

Vee o---
GND 0---
Vpp 0--

CE- Output Enable, 
Chip Enable, and 

OE- Program Logic 

-- Y·Decoder 

Ao·A14 
Address 
Inputs --- X·Decoder -

9-24 

Function 

Program voltage 

Address inputs 

Data outputs 

Ground 

Chip enable 

Output enable 

+5V±10% power supply 

Function 

No connection 

Program voltage 

Address inputs 

Data outputs 

Ground 

Chip enable 

Output enable 

NEC 
Absolute Maximum Ratings 
Power supply voltage, Vee -0.6Vto +7.0V 

Input voltage, V1N(1) -0.6VtoVee +0.6V 

Output voltage, Vour -0.6VtoVee +0.6V 

Operating temperature, ToPR -10°C to 80°C 

Storage temperature, T STG - 65°C to 125°C 

Program voltage, Vpp -0.6Vto +13.0V 

ID read voltage on pin 24, V10 -0.6Vto +13.5V 

Note: 
(1) V1N= -3.0Vmlnfor20nspulse. 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant .to be operated under conditions outside the limits de· 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. · 

Capacitance 
TA= 25°C, f = 1 MHz (Note 1) 

Limits 
Teat 

Parameter Symbol Min Typ Max Unit Conditions 

Input C1N pF V1N=OV 
capacitance 

Output Gour 12 pF Vour=OV 
capacitance 

+5 V ±10% power supply Note: 

Data Outputs 
Oo-01 

I 

Output Buffers 

Y·Gatlng 

262,144-blt 
Cell Matrix 

(1) This parameter is sampled and not 100% tested. 
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DC Characteristics 

Read and Standby Modes Program, Program Verify, and Program Inhibit Modes 
TA= o to +70°c, Vee= +5 v ±10%, Vpp =Vee TA= 25°C ± 5°C, Vee= +s v ±0.25 v, Vpp = +12.5 v ±o.3 v 

Limits Test 
Limits 

Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 

Output voltage, VoH 2.4 v loH= -400µA Output voltage, VoH 2.4 loH= -400µA 
high high 

Output voltage, Vol 0.45 v lol =2.1 mA Output voltage, Vol 0.45 v lol=2.1mA 
low low 

Input voltage, V1H 2.0 Vcc+0.3 v Input voltage, V1H 2.0 Vcc+0.3 v 
high high 

Input voltage, V1l -0.3 0.8 v Input voltage, V1l -0.3 0.8 v 
low low 

Output leakage ILQ 10 µA OE=V1H· ID read voltage V10 11.5 12.5 v 
current Vour=O v to Vee Input leakage lu 10 µA V1N =Vil or V1H 
Input leakage lu 10 µA V1N=OVtoVcc current 
current 

Operating lccA1 30 mA CE=Vll· 
Operating Ice 30 mA 
supply current 

supply current V1N=V1H Program voltage lpp2 30 mA CE=V1l· 
Operating lccA2 30 mA 5MHz, current OE=V1H 
supply current lour=OmA 

Standby supply lss1 mA CE=V1H 
current 

Standby supply lss2 100 µA CE=Vcc 
current 

Program voltage lpp1 100 µA Vpp=Vcc 
current 

AC Characteristics 

Read and Standby Modes 
TA= o to +70°C, Vee= +5 v ±10%, Vpp =Vee 

Limits 

µPD27C256A-12 µPD27C256A-15(1) µPD27C256A-20(1) Test 
Parameter Symbol 

Address to output delay 

CE to output delay 

OE low to data output delay toE 

OE high to data output float delay 

Address to output hold time toH 
Notes: 
(1) Available in either UV or OTP. 

(2) Output load: see figure 1. 
Input rise and fall times: 20 ns. 
Input pulse levels: 0.45 V to 2.4 V. 
Timing measurement reference levels: 

Inputs: 0.8 V and 2.0 V 
Outputs: 0.8 V and 2.0 V. 

Min Max Min 

120 

120 

60 

50 

Max Min Max Unit Condltlons(2) 

150 200 ns CE=OE=V1l 

150 200 ns CE=V1l 

75 75 ns CE=V1l 

60 60 ns CE=V1l 

ns CE= OE= Vil 
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µPD27C256A 

AC Characteristics (cont) 

Program, Program Verify, and Program Inhibit Modes 
TA= 25°c ± 5°C, Vee= +s v ±0.25 v, Vpp = +12.5 v ±o.3 v 

Limits 
Test 

Parameter Symbol Min Typ Max Unit Conditions 

Address setup tAs µs (Notes 1, 2, 3) 
time 

Data setup time tos µS (Notes 1, 2, 3) 

Address hold tAH µS (Notes 1, 2, 3) 
time 

Data hold time toH µS (Notes 1, 2, 3) 

Output enable to toF 130 ns (Notes 1, 2, 3) 
output float 
delay 

Vpp setup time tvps µS (Notes 1, 2, 3) 

Program pulse !PW 0.95 1.05 ms (Notes 1, 2, 3) 
width 

Vee setup time tves µS 

OE setup time lo ES µS (Notes 1, 2, 3) 

Overprogram topw 0.95 21 ms 
pulse width 

Data valid from loE 150 ns 
OE 

Notes: 
(1) Input pulse levels= 0.45 V to 2.4 V. 

(2) Input and output timing refere11ce levels= O.BV and 2.0V. 

(3) Input rise and fall times= 20 ns. 

Figure 1. Loading Conditions Test Circuit 

9-26 

1.3V 
( 

i 

3.3kQ 

µPD27C256A 0 Dour _1' Out 

! CL=100pF 

83-001736A 

Truth Table 
Cl lSI A9 Ypp 

Mode (20) (22) (24) '(1) 

Read V1L V1L x Vee 

Standby V1H x x Vee 

Program V1L V1H x Vpp 

Program verify V1H V1L x Vpp 

Program inhibit V1H V1H x Vpp 

ID read V1L V1L Vm Vee 

Note: 
(1) X can be either V1L or V1H· 

Programming Operation 

High Speed Programming Mode 

NEC 

Yee Outputs 
(28) (11-13, 15-19) 

Vee Dour 

Vee Hi-Z 

Vee D1N 

Vee Dour 

Vee Hi-Z 

Vee Dour 

Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by programming 
a low level (0) TIL signal into the chosen bit location. 

Address the first location and apply valid data at the 
8 output pins. Raise Vee to +6 V ± 0.25 V; then raise 
Vpp to +12.5V±0.3V. Apply a 1ms (±5%) program 
pulse to CE as shown in the programming mode timing 
waveform. The bit is verified and the program/ 
no-program decision is made. If the bit is not pro­
grammed, apply another 1 ms pulse to CE up to a 
maximum of 25 times. If the bit is programmed within 
25 tries, apply an additional overprogram pulse of 
(3 x number of tries) ms and input the next address. If 
the bit is not programmed in 25 tries, reject the device as 
a program failure. 

After all bits are programmed, lower both Vee and Vpp 
to +5 V ±10% and verify all data again. 

Programming Inhibit Mode 

Use the programming inhibit mode to program multiple 
µPD27C256As connected in parallel. All like inputs (ex­
cept CE, but including OE) may be common. Program in· 
dividual devices by applying a low level (0) TIL pulse to 
the CE input of the µPD27C256A to be programmed. Ap­
plying a high level (1) to the CE input of the other devices 
prevents them from being programmed. 

Program Verify Mode 

Perform verification on the programmed data to de­
termine that the data was correctly programmed. The 
program verification can be performed with OE at a 
low level (0). To perform verification on multiple 
~D27C256As connected in parallel, with a common 
OE input applied to all devices, first reduce Vpp to 
Vee. Then the normal read mode can be used with a low 
level (0) applied to the CE input of the device to be veri­
fied. A high level (1) is applied to the CE input of all other 
devices. 



NEC 
Erasure 

Erase data on the µPD27C256A by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to di­
rect sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent unin­
tentional erasure by ultraviolet rays. 

Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15W-sec/cm2 (min) is required to com­
pletely erase written data (ultraviolet ray intensity x ex­
posure time). 

An ultraviolet lamp rated at 12,000 µWI cm2 takes ap­
proximately 15 to 20 minutes to complete erasure. Place 
the µPD27C256A within 2.5cm of the lamp tubes. Re­
move any filter on the lamp. 

Timing Waveforms 

Read Mode 

Ao-A14 

Note: 

µPD27C256A 

Addresses Valid 

tee-

toe 
[1) 

•Ace- IOH-

[1) OE may be delayed up to IAcc·toe after the falling edge of CE for read 
mode without Impact on IACC· 

[2) toF Is specified from OE or CE whichever occurs first. 

83-001733A 

Program Mode 

Ao-A14 

Oo-01 

Vpp 

Vcc+1 

Vee 
Vee 

V1H 
CE 

V1L 

topw toes 

V1H 

OE 
V1L 

83-001737A 
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t\'EC 
NEC Electronics Inc. 
PRELIMINARY INFORMATION 

Description 

The µPD27C512 is a 524,288-bit ultraviolet erasable 
and electrically programmable ROM using an advanced 
CMOS process that produces a substantial power 
saving. The device is organized as 64K words by 8 bits 
and operates from a single +s V power supply. All 
inputs and outputs are TTL-compatible. The device is 
available in a 28-pin cerdip package with a quartz 
window. 

Features 

D 64K x 8-bit organization 
0 Ultraviolet erasable and electrically programmable 
D High speed programming mode 
D Low power dissipation: 

- 30 mA max (active) 
-100 µA max (standby) 

D TTL-compatible inputs and outputs 
D Single +s V power supply 
D Three-state outputs 
D Advanced CMOS technology 
D 28-pin DIP 

Performance Ranges 
Power Supply 

Device Acce11Tlme Active Standby 

µPD27C512D-15 150 ns 30 mA 100µA 
µPD27C512D-20 200 ns 30mA 100µA 
µPD27C512D-25 250 ns 30mA 100µA 

Absolute Maximum Ratings 
Operating temperature, T OPR -10 to +80° C 

Storage temperature, T STG -65 to +125 C 

Output voltage, Vo -0.6 to +7 V 

Input voltage, V1 -0.6 to +7 V 

Input voltage, Ag -0.6 to +13.5 V 

Supply voltage, Vee -0.6 to +7 V 

Supply voltage, Vpp -0.6 to +13.5 v 
Comment: Exposing the device to stresses above those listed in 
AbsoMe Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Pin Configuration 

Pin Identification 
No. Symbol 

1-10, 21, 23-27 Ao-A15 

11-13, 15-19 Oo-07 

14 GND 

20 CE 

22 OE/Vpp 

28 Vee 

Block Diagram 

VccO-­
GNDO---

µPD27C512 
85,538 x 8·BIT 

CMOS UV EPROM 

49·001321A 

Function 

Address inputs 

Data outputs 

Ground 

Chip enable 

Output enable/program voltage 

Power supply 

Data Outputs 
Oo-07 

OE IV pp Output Enable/Vpp 

ce Chip Enable 

Ao 

Y Decoder 

As 
Ae 

X Decoder 

A15 

524,288-blt 
(1,024 x 512) 

Memory Array 

49·001322A 
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µPD27C512 NEC 
Mode Selection Capacitance 
Mode CE OE/Vpp •cc Outputs TA =25°C, f= 1 MHz 

Read V1L V1L +5V Dour 
limits Test 

Output disable V1L V1H +5V High-Z Parameter Symbol Min Typ Max Unit Conditions 

Standby V1H x +5V High-Z 
Input C1N1 4 6 pF V1=0V 
capacitance 

C1N2 12 20 pF OE/Vpp, V1 = 0 V 
Program V1L Vpp +6V D1N 

Output Cour 8 12 pF Vo=OV 
Program verify V1L V1L +6V Dour capacitance 

Program inhibit V1H x +6V High-Z 

Note: 

X can be V1L or V1H· 

DC Characteristics 
Read and Standby Modes 
TA= Oto +70°C, Vee= s v ± 10% 

limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input high voltage V1H 2.0 Vee+ 0.3 v 
Input low voltage V1L -0.3 0.8 v 
Output high voltage VoH1 2.4 v loH =-400µA 

VoH2 Vee -0.7 v loH = -100µA 
Output low voltage Vol 0.45 v loL = 2.1 mA 
Output leakage current ILO 10 µA Vo= 0 to Vee. OE =V1H 
Input leakage current lu 10 µA V1 = o to Vee 

Vee current lccA1 30 mA CE =VIL· V1 = V1H 
(active) lccA2 30 mA f = 5 MHz, lour = o mA 

Vee current lccs1 mA CE= V1H 
(standby) lccs2 100 µA CE =Vee. v, = o to Vee 

Programming Modes 
TA= 25 ± 5°C, Vee= 6.0 v ± .25 V, Vpp = 12.5 v ±0.3 v 

limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input high voltage V1H 2.0 Vee+ 0.3 v 
Input low voltage V1L -0.3 0.8 v 
Input leakage current lu 10 µA V1 = V1L or V1H 
Output high voltage VoH 2.4 v loH =-400µA 

Output low voltage Vol 0.45 v loL =2.1 mA 
Vpp current lpp 30 mA CE= VIL· OE/Vpp = V1H 

Vee current Ice 30 mA 
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NEC 
AC Characteristics 
Read and Standby Modes 
TA= o to +10°c, Vee= 5v±10% 

Parameter 

Address to output delay 

CE to output delay 

OE/Vpp to output delay 

OE/Vpp high to output float 

Output hold from address, CE, 
or OE, whichever transition 
occurs first 

Note: 

µPD27C512-15 

Symbol Min Max 

tACC 150 

tcE 150 

toE 75 

toF 60 

toH 0 

Limits 

µPD27C512-20 µPD27C512-25 

Min Max Min Max 

200 250 

200 250 

75 100 

60 85 

Unit 

ns 

ns 

ns 

ns 

ns 

µPD27C512 

Test 
Conditions 

CE = OE/Vpp = V1L 

OE/Vpp = V1L 

CE= V1L 

CE= OE/Vpp = V1L 

(1) Output load: see figure 1. Input rise and fall times :5 20 ns. Input pulse levels: 0.45 V and 2.4 V. Timing measurement reference levels: 
Inputs= 0.8 V and 2.0 V 
Outputs = 0.8 V and 2.0 V 

Programming Modes 
TA= 25 ± 5°C, Vee= 6.0 v ± .25 V, Vpp = 12.5 v ±0.3 v 

Parameter Symbol Min 

Address setup time tAs 
OE setup time to ES 2 

Data setup time tos 2 

Address hold time tAH 2 

Data hold time toH 2 

CE to output float time toF 0 

Vee setup time tvcs 2 

Initial program tpw 0.95 
pulse width 

Overprogram pulse width topw 2.85 

CE to output delay tov 

OE/Vpp hold time to EH 2 

OE/Vpp recovery time tvR 2 

OE/Vpp rise time tPRT 50 

Note: 

(1) toEH + tvR;:::: 50 µs 

Figure 1. Loading Conditions Test Circuit 

1.3V 

µPD27C512 

49-001323A 

Limits 

Typ 

1.0 

Max Unit 

µS 

µS 

µS 

µS 

µS 

Test 
Conditions 

130 ns 

µS 

1.05 ms 

78.75 ms 

µS OE/Vpp = V1L 

µS (Note 1) 

µs (Note 1) 

ns 
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µPD27C512 

Timing Waveforms 

Read Mode 

Programming Mode 

9-32 

Iott 

Data Valid 
Hlgh-Z 

Nole: 

[1) OE/Vpp may be delayed up to tAee·toe alter the falling edge of CE for read cycles without 
affecting tAee-

[2) toF Is specified from OE/Vpp or CE, whichever occurs first. 

Yee+1 

Vee 
Vee 

Vpp 
OE!Vpp 

Note: 
[1) Vee must be applied before or simultaneously with OE/Vpp and removed after or 

simultaneously with OE/Vpp. 

[2) Vpp must not be greater than +13 V, Including overshoot. 

NEC 

49·0013248 
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NEC 
Programming Operation 

High-speed Programming Mode 

Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by pro­
gramming a low level (0) TTL signal into the chosen bit 
location. 

Address the first location and apply valid data at the 8 
output pins. Raise Vee to +6 V ± .25 V; then raise 
OE/Vpp to +12.5 V ± 0.3 V. Apply a 1 ms (± 5%) 
program pulse to CE as shown in the programming 
mode timing waveform. The bit is verified and the 
program/no-program decision is made. If the bit is not 
programmed, apply another 1 ms pulse to CE up to a 
maximum of 25 times. If the bit is programmed within 25 
tries, apply an additional overprogram pulse of (3 x 
number of tries) ms and input the next address. If the 
bit is not programmed in 25 tries, reject the device as a 
program failure. 

Programming Inhibit Mode 

Use the programming inhibit mode to program multiple 
µPD27C512s connected in parallel. All like inputs 
(except CE, but including OE/Vpp) may be common. 
Program individual devices by applying a low level (0) 
TTL pulse to the CE input of the µPD27C512 to be 
programmed. Applying a high level (1) to the CE input 
of the other devices prevents them from being 
programmed. 

µPD27C512 

Program Verify Mode 

Perform verification on the programmed bits to 
determine that the data was correctly programmed. 
The program verification can be performed with CE 
and OE/Vpp at low levels (0). 

Erasure 

Erase data on the µPD27C512 by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent 
unintentional erasure by ultraviolet rays. 

Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time). 

An ultraviolet lamp rated at 12,000 µW/cm2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the µPD27C512 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 
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NEC 
NEC Electronics Inc. 

PRELIMINARY INFORMATION 

Description 

The µPD27C1024 is a 1,048,576-bit ultraviolet erasable 
and electrically programmable ROM using an advanced 
CMOS process that produces a substantial power 
saving. The device is organized as 64K words by 16 bits 
and operates from a single +5 V ± 10% power supply. 
All inputs and outputs are TTL-compatible. The device 
is available in a 40-pin cerdip package with a quartz 
window. 

Features 

D 64K x 16-bit organization 
D Ultraviolet erasable and electrically programmable 
D Very high speed programming mode 
D Low power dissipation: 

- 50 mA max (active) 
- 100 µA max (standby) 

D TTL-compatible inputs and outputs 
D Single +5 V ± 10% power supply 
D Three-state outputs 
D Advanced CMOS technology 
D 40-pin DIP 

Performance Ranges 
Power Supply (max) 

Device Access Time Active Standby 

µPD27C1024D-15 150 ns 50mA 100µA 

µPD27C1024D-20 200 ns 50mA 100µA 

µPD27C1024D-25 250 ns 50mA 100µA 

µPD27C1024 
65,536 x 16·BIT 

CMOS UV EPROM 

Pin Configuration 

49-001335A 

Pin Identification 
No. Symbol Function 

Vpp Program voltage 

2 CE Chip enable 

3-10, 12-19 Oo-015 Data outputs 

11, 30 GND Ground 

20 OE Output enable 

21-29, 31-37 Ao-A15 Address inputs 

38 NC No connection 

39 PGM Program 

40 Vee Power supply 
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µPD27C1024 

Block Diagram 

A15 

VccO--­
GNDO-­

Vpp0--

Mode Selection 

Data Outputs 
Oo-015 

Output Buffers 

Y·Gatlng 

1,048,576-blt 
(1024x1024) 

Memory Array 

Mode Cl OE PGM Vpp Vee 

Read V1L V1L V1H +5V +5V 

Output disable V1L V1H x +5V +5V 

Standby V1H x x +5V +5V 

Program V1L V1H V1L +12.5V +6V 

Program verify V1L V1L V1H +12.5V +6V 

Program inhibit V1H x x +12.5V +6V 

Note: 

X can be V1L or V1H· 

DC Characteristics 
Read and Standby Modes 
TA= o to +10°c, Vee= 5 V ± 10%, Vpp =Vee 

Parameter Symbol Min 

Input high voltage V1H 2.0 

Input low voltage V1L -0.3 

Output high voltage VoH1 2.4 

49·001336A 

Outputs 

Dour 
High-Z 

High-Z 

D1N 

Dour 

High-Z 

VoH2 Vee - 0.7 
Output low voltage VoL 
Output leakage current I Lo 
Input leakage current lu 
Vpp current lpp 

Vee current leeA1 
(active) lecA2 
Vee current lccs1 
(standby) lees2 

9-36 
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Absolute Maximum Ratings 
Operating temperature, T OPR -10 to +ao 0 c 
Storage temperature, T srG -65 to +125°C 

Output voltage, Vo -0.6 to +7 V 

Input voltage, V1 -0.6to +7 V 

Input voltage, Ag -0.6 to +13.5 V 

Supply voltage, Vee -0.6 to +7 V 

Supply voltage, Vpp -0.6 to +13.5 V 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA=25°C,f=1 MHz 

Parameter Symbol 

Input C1N 
capacitance 

Output Cour 
capacitance 

Limits 

Typ Max 

Vee+ 0.3 
0.8 

0.45 

10 

10 

100 

30 

50 

1 

100 

Min 

Limits Test 
Typ Max Unit Conditions 

4 6 pF V1 =OV 

8 12 pF Vo=OV 

Test 
Unit Conditions 

v 
v 
v loH = -400µA 

v loH =-100µA 
v loL = 2.1 mA 

µA Vo= 0 to Vee. OE= V1H 
µA V1 = o to Vee 
µA Vpp =Vee 
mA CE =VIL· V1 = V1H 
mA f = 5 MHz, lour= O mA 
mA CE= V1H 
µA CE= Vee. v1 = o to Vee 



NEC 
DC Characteristics (cont) 

Programming Modes 
TA= 2s 0 c ± s 0 c, Vee= 6.0 V ± .2s V, Vpp = 12.s V ± 0.3 v 

Parameter 

Input high voltage 

Input low voltage 

Input leakage current 

Output high voltage 

Output low voltage 

Vpp current 

Vee current 

AC Characteristics 
Read and Standby Modes 

Symbol 

V1H 

V1L 
lu 

VoH 

VoL 
lpp 

Ice 

TA= o to +10°c, Vee= s v ± 10%, Vpp =Vee 

Min 

2.0 

-0.3 

2.4 

Limits 

Typ Max Unit 

Vee+ o.3 v 
0.8 v 
10 µA 

v 
0.45 v 
100 µA 

30 mA 

Limits 

µPD27C1024·15 µPD27C1024·20 µPD27C1024·25 

Parameter 

Address to output delay 

ce· to output delay 

OE to output delay 

TIE' high to output float 

Output hold from address, CE, 
or O!, whichever transition 
occurs first 

Note: 

Symbol Min 

tcE 

toE 

toF 

toH 0 

Max Min Max Min Max 

150 200 250 

150 200 250 

75 75 100 

60 60 85 

0 

Unit 

ns 

ns 

ns 

ns 

ns 

µPD27C1024 

Test 
Conditions 

V1 = V1L or V1H 
loH =-400µA 

loL = 2.1 mA 

CE= PGM = V1L 

Test 
Conditions 

OE= V1L 

CE= V1L 

CE= OE= V1L 

(1) Output load: see figure 1. Input rise and fall times S 20 ns. Input pulse levels: 0.4S V and 2.4 V. Timing measurement reference levels: 
Inputs= 0.8 V and 2.0 V 
Outputs = 0.8 V and 2.0 V 

Programming Modes 
TA= 2s 0 c ± s 0 c, Vee= 6.0 v ± .2s v, Vpp = 12.5 v ±o.3 v 

Parameter Symbol Min 

Address setup time tAs 2 

OE setup time to ES 2 

Data setup time tos 
Address hold time tAH 
Data hold time toH 2 

OE to output float time toF 0 

Vpp setup time tvps 
Vee setup time tvcs 
Initial program tpw .095 
pulse width 

Overprogram pulse width topw 0.38 

CE setup time tcEs 
OE' to output delay toE 

Limits Test 
Typ Max Unit Conditions 

µS 

µS 

µS 

µS 

µS 

130 ns 

µS 

µS 

0.1 0.105 ms 

0.42 ms 

µS 

150 ns 
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µPD27C1024 

Figure 1. Loading Conditions Test Circuit 

1.3V 

µPD27C1024 r CL= 100pF 

49-001337A 

Timing Waveforms 

Read Mode 

toH 

Data Valid 
Hlgh·Z 

Note: 
[1] OE may be delayed up to tAcc-toE after the lalllng edge of CE for read cycles without 

affecting tAcC. 
[2] toF Is specified from OE or~. whichever occurs first. 
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NEC µPD27C1024 

Timing Waveforms {cont) 

Programming Mode 

Vpp 

Vee 

V1H 

CE 
V1L 

V1H 

PGM 

V1L 

Note: 
(1] Vee must be applied before or simultaneously with Vpp and removed alter or 

simultaneously with Vpp. 

[2] Vpp must not be greater than +13 V, Including overshoot. 

Programming Operation 

Very High-speed Programming Mode 

Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by pro­
gramming a low level (0) TTL signal into the chosen bit 
location. 

Address the first location and apply valid data at the 16 
output pins. Raise V cc to +6 V ± .25 V; then raise V PP to 
+12.5V±0.3V.Applya0.1 ms (±5%) program pulse to 
PGM as shown in the programming mode timing 
waveform. The bit is verified and the program/no­
program decision is made. If the bit is not programmed, 
applyanother0.1 ms pulse to PGM up toa maximum of 
10 times. If the bit is programmed within 10 tries, apply 
an additional overprogram pulse of (0.4 x number of 
tries) ms. If the bit is not programmed in 10 tries, apply 
another pulse of 4 ms. If the bit is not programmed at 
this stage, reject the device as a program failure. If the 
bit is programmed, input the next address and repeat 
the programming procedure until all addresses are 
programmed. 

49·0013398 

Programming Inhibit Mode 

Use the programming inhibit mode to program multiple 
µPD27C1024s connected in parallel. All like inputs 
(except CE or PGM, but including OE) may be common. 
Program individual devices by applying a low level (0) 
TTL pulse to the CE input of the µPD27C1024 to be 
programmed. Applying a high level (1) to the CE or 
PGM input of the other devices prevents them from 
being programmed. 

Program Verify Mode 

Perform verification on the programmed bits to deter­
mine that the data was correctly programmed. The 
program verification can be performed with CE and OE 
at low levels (0) and PGM at a high level (1). 
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Erasure 

Erase data on the µPD27C1024 by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent 
unintentional erasure by ultraviolet rays. 

Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time). 

An ultraviolet lamp rated at 12,000 µW/cm2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the µPD27C1024 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 
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MASK-PROGRAMMABLE ROMs NEC 

10-B 

Section 1 O - Mask-Programmable ROMs Page 

µPD2364A 
µPD2364E 
µPD23128E 
µPD23C64E 
µPD23C128E 
µPD23C256E 
µPD23C1000 
µPD23C2000 

8,192 x 8-Bit Mask-Programmable NMOS ROM ....................... 10-1 
8, 192 x 8-Bit Mask-Programmable NMOS ROM . . . . . . . . . . . . . . . . . . . . . . . 10-3 
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NEC 
NEC Electronics Inc. 

Description 
The µPD2364A is a 65,536-bit Read-only Memory utilizing 
NMOS silicon gate technology. The device is static in oper­
ation, organized as 8, 192 words by 8 bits and operates from 
a single + 5V ± 10% power supply. The µPD2364A has 
three-state outputs. All inputs and outputs are fully TTL­
compatible. The Output Enable/Chip Enable pin is mask­
programmable and can be specified by selecting 1, O or 
don't-care data and standby mode. The µPD2364A is 
available in a plastic (µPD2364AC) 24-pin DIP. Pinout is 
compatible with Mostek MK36000~ 
® = Registered trademark. 

Features 
D 8,192-word by 8-bit organization 
D 1/0 TTL-compatible 
D Three-state outputs 
D Single + 5V ± 10% power supply 
D Mask-programmable OE/CE 
D 24-pin plastic DIP 
D 2 performance ranges: 

Device Access Time 

µPD2364A 200ns 

µPD2364A-1 150ns 

Block Diagram 

Power Supply 

Active Standby 

70mA 15mA 

70mA 15mA 

0 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 

A,2 

Ao 

A, 

A• 

Aa 

A• 

As 

As 

A, 

As 

Ao 

A,o 

A,, 

t! 

~ 
m 

i 
~ 
~ 

8,192 x 8 
Memory Cell 
Matrix 

E u 

OE/CE 

µPD2364A 
8,192 x S·BIT 

MASK-PROGRAMMABLE 
NMOSROM 

Revision 1 

Pin Configuration 

Pin Identification 
Pin 

No. Symbol 

1-8, 18-19, 
Ao-A12 21-23 

9-11, 
Oo-01 13-17 

12 GND 

20 OE/CE 

24 Yee 

Description 

Address Inputs 

Three-state Data Outputs 

Ground 

Mask-programmable Output 
Enable/Chip Enable CD 
+ 5V ± 10% Power Supply 

Note: CD Pin 20 may be mask-programmed as an OE or a CE function. If it is defined as OE, 
!!J:!lay be specified as active high (1), active low (0), or don't-care (X). If it is defined as 
CE, it will be active low (O) and a high (1) for standby mode. 
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µPD2364A 

Absolute Maximum Ratings* 
Supply Voltage, V cc -0.5Vto +7V 
Input Voltage, V1 -0.5Vto +7V 
Output Voltage, V 0 - 0.5V to + 7V 
Operating Temperature, T oPR -10°c to + 70°C 
Storage Temperature, T sTo - &s•c to + 1so•c 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA= -1o•cto +70°C;Ycc =+IV :t 100/o 

Llmlt1 Teat 
Poromotor Symbol Min 'fyp Mox Unit Condltlona 

Input C1p1clt1nco c, 10 pf f = 1MHz 

Output C1p1clt1nce Co 15 pf f = 1MHz 

DC Characteristics 
TA= -1o•cto +70°C;Vcc = +sv :t 100/o 

Llmlt1 Teat 
Poro motor Symbol Min 'fyp MH Unit Condition• 

Input High Voltage V1H +2.0 Vee+ v 1.0 

Input Low Voltage V1L -0.5 +o.a v 

Output High Voltage VoH +2.4 loH = -400µ.A 

Output Low Voltage VoL +0.4 loL = +2.1mA 

Input L11k1g1 
ILIH +10 µ.A v, =Vee Current High 

Input L11k1go 
ILIL -10 µ.A v, = ov Current Low 

Output L11k1g1 
ILOH +10 µ.A V0 = Vee (chip 

Current High de1111ctod) 

Output L11k1g1 
ILOL -10 µ.A V0 = OV (chip 

Current Low dHelected) 

lee2 40 70 mA CE= V1L 
Power Supply Current lcc1<D 8 15 mA CE= V1H 

(1t1ndby mode} 

Noto1 (i) OE/CE = CE. 
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NEC 
AC Characteristics 
TA= -10°Cto +70°C;Vcc = +sv :t 10% 

Poromotor Symbol 

ACCH8 Tim• tACc 
Chip En1bl1 

lc!<D ACCOH Timi 

OE Output 
le!® On Time 

Notoo1 (i) OE/CE = CE. 
®OE/CE= OE. 

Limit• 

µ.PD2314A µ.PD2314A·f 

Min MH Min MH Unit 

200 150 n1 

200 150 nl 

10 100 10 100 n1 

90 90 n1 

Timing Waveform 

Ao-A,. 

OE/~ 

Oo-~ 

Te•t 
Condition• 



NEC 
NEC Electronics Inc. 

Description 
The µPD2364E is a 65,536-bit Read-only Memory utilizing 
NMOS silicon gate technology. The device is static in opera­
tion, organized as 8,192 words by 8 bits and operates from a 
single + 5V power supply. The device has three-state outputs 
and all inputs and outputs are fully TTL-compatible. The chip 
select pins are mask-programmable and can be specified by 
selecting 1, 0, and Don't-care data. Pinout is compatible with 
2764 EPROMs. 

Features 
D All inputs and outputs are fully TTL-compatible 
D Three-state outputs for direct bus compatibility 
D Single + 5V ± 5% power supply 
D Three mask-programmable chip selects 
D 2 performance ranges: 

Power Supply 
Device Access Time 

Active Standby 

µPD2364E 250ns 
µPD2364E-1 200ns 

Block Diagram 

Memory 
Cell Matrix 
(32,768 x8) 

80mA 20mA 
BOmA 20mA 

'5 OE, 
... ~ 
~~ -oE, 
om -oE, 

µPD2364E 
8, 192 x B·BIT 

MASK-PROGRAMMABLE 
NMOSROM 

Revlslon2 

Pin Configuration 

NC 

A, 

A. 
A, 

Ao 

A, 

Ao 
Oo 

o, 

Pin Identification 
Pin 

No. Symbol 

NC 

2-10,21, 
Ao-A12 23-25 

11-13, 
Oo-07 15-19 

14 GND 

20 CE 

22, 26-27 OE1-0E3 

28 Yee 

Vee (+SY) 

OE1 

OE, 

Ae 
Ao 

A,, 

OEo 

CE 
01 

o. 
o, 

o. 

Function 

No Connection. 

Address Inputs. 

Three-state Data Outputs. 

Ground. 

Chip Enable. 

Mask-programmable Chip Selects. 

Single + SV Power Supply. 
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µPD2364E 

Absolute Maximum Ratings* 

Supply Voltage, V cc 

Input Voltage, V1 

Output Voltage, Vo 

Operating Temperature, T OPR 

Storage Temperature, T sTG 

-0.5Vto +7V 

-0.5Vto +7V 

-0.5Vto +7V 

- 10°C to + 70°C 

-65°C to + 150°C 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA= -10°Cto +70°C 

Limits 

µPD2364E µPD2364E·1 Test 

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 

Input Capacitance C1 

Output 
Capacitance Co 

DC Characteristics 

10 

15 

TA= -10°Cto +70°C;Vcc = +sv ± So/o 
Limits 

Parameter Symbol Min Typ Max 

10 pf f = 1MHz 

15 pf f = 1MHz 

Unit Test Conditions 

input High Voltage V1H +2.1 Vee+ 1.0 v 
Input Low Voltage V1L -0.5 +0.7 v 
Output High Voltage VoH +2.4 v loH = -400µ~-
Output Low Voltage VoL +0.4 loL = +2.1mA 

Input Leakage Current 
IL1H +10 µA V1 =Vee High 

Input Leakage Current 
luL -10 µA V1 = OV Low 

Output Leakage Current 
ILOH +10 µA Vo =Vee, chip 

High deselected 

Output Leakage Current 
ILOL -10 µA Vo= OV, chip 

Low deselected 

Supply Voltage Current lcc1 45 80 mA CE= V1L 

Supply Voltage Current lcc2 12 20 mA CE = V1H, standby 
mode 

AC Characteristics 
TA= -10°Cto +70°C;Vcc = +5 ± So/o 

Limits 

µ,PD2364E µ,PD2364E·1 
Test 

Unit Conditions<D Parameter Symbol Min Typ Max Min Typ Max 

Access Time tACC 250 200 ns 

Chip Enable 
tee 250 200 Access Time ns 

OE1toOE3 
toe 10 110 10 100 Output On Time ns 

Output Hold 
toH Time ns 

Output Disable 
toF 100 90 Time ns 

Notes: <D Input rise and fall times (tR, tF): 20ns 
Timing reference levels: Input and Output voltages = O.BV and 2.0V 
Load = 1 TTL + 100 pf 
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Timing Waveform 

Definitions 
Access Time, tAcc 

NEC 

Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 
Output Hold Delay, toH 
Output hold delay is the minimum time after an address 
change that the previous data remains valid. 
Chip Enable Access Time, tcE 
The maximum time between application of a valid chip enable 
input and the corresponding valid outputs. 
Output Enable Time, toE 
Output enable time is the maximum delay between chip 
selects becoming true and output data becoming valid. 
Output Disable Time, toF 
Output disable time is the delay between chip selects or chip 
enable becoming false and output stages going to the high 
impedance state. toF is specified as CE or OE, whichever 
comes first. 

Custom Programming Instructions 
Bit pattern submittal options 
The customer's unique bit pattern can be submitted in sev­
eral convenient methods that are easy for the ROM cus­
tomer, and readily verifiable for accuracy. The bit pattern can 
be delivered to NEC contained within: 
1. One programmed 2764 EPROM 
2. Two programmed 2732 EPROMs 
Bit pattern verification 
For customer verification of the submitted bit pattern, several 
alternatives are also available. The following are those found 
to be most expeditious. 

Customer Pattern 
Submitted Via 

1. One programmed 
2764EPROM 

2. Two programmed 
2732EPROMs 

Verification Routine 
Customer sends NEC one additional 
erased 2764. NEC programs the spare 
2764 with the data from the programmed 
2764, and returns it to the customer for 
verification. 

Customer sends NEC two additional 
erased 2732s. NEC programs the spare 
2732s with the data from the programmed 
EPROMs and returns them to the cus­
tomer for verification. 



NEC 
NEC Electronics Inc. 

Description 
The µPD23128E is a fully static 131,072-bit Read-only Mem­
ory, utilizing MOS N-channel silicon gate technology. The 
device is organized as 16,384 words by 8 bits and operates 
from a single+ SV power supply. All inputs and outputs are 
fully TTL-compatible.The device has two programmable out­
put enables that allow memory expansion without the use of 
external logic. Programming is accomplished during the fabri­
cation process. Pinout is compatible with 27128 EPROMs. 

Features 
D Fast access time: 250ns max 
D All inputs and outputs fully TTL-compatible 
D Three-state outputs for direct bus compatibility 
D Single + SV ± 10% power supply 
D Fully static operation 
D Two programmable output enables for memory expansion 
D Low-power standby mode 

Block Diagram 

Ao 

A, 

A• 

A, 

A• 

As 

A& 

A, 

Aa 

Ag 

A,o 

A,, 

A,2 

A,, 

16,384 x8-
Memory Cell Matrix 

µPD23128E 
16,384 x S·BIT 

MASK-PROGRAMMABLE 
NMOSROM 

Revision 1 

Pin Configuration 

NC 

o, 
02 

GND 

Pin Identification 
Pin 

No. Symbol 

NC 

2-10,21, Ao-A,, 23-26 

11-13, 
Oo-01 15-19 

14 GND 

20 CE 

22, 27 OE,, OE2 

28 Vee 

Vee 

OE, 

A,, 
Aa 
Ao 

A,, 

CE 
o, 
o. 
Os 

o. 
o. 

Function 

No Connection. 

Address Inputs. 

Three-state Data Outputs. 

Ground. 

Chip Enable. 

Output Enables. 

Single + 5V Power Supply. 

10-5 



µPD23128E 

Absolute Maximum Ratings* 

Supply Voltage, V cc -0.SVto +7V 
Input Voltage, V1 -0.SVto +7V 
Output Voltage, V 0 -0.SVto +7V 
Operating Temperature, T OPT -10°c to+ 70°C 
Storage Temperature, T sTG - 65°C to + 1 so0 c 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC Characteristics 
TA= -10°Cto +70°C;Ycc = +5V ± 10% 

Limits Test 
Parameter Symbol Min T!fp Max Unit Conditions 

Input High Voltage VIH +2.0 Vee + 1.0 

Input Low Voltage VIL -0.5 +0.7 v 

Output High Voltage VoH +2.4 v loH = -400µA 

Output Low Voltage VoL +0.4 v loL = +3.2mA 

Input Leakage 
ILIH +10 µA v, =Vee High Current 

Input Leakage 
ILIL -10 µA V1 = OV 

Low Current 

Output Leakage 
ILOH +10 µA V0 = Vee• Chip 

High Current deselected 

Output Leakage 
ILOL -10 µA Vo= OV, Chip 

Low Current deselected 

lcc1 50 90 mA cE = v,L 
Power Supply Current 

lcc2 13 25 mA CE= VIH• 
Standby mode 

AC Characteristics 
TA = -10°c to + 70°C; V cc = + 5V ± 100/o 

Limits 

Parameter Symbol Min T!fp Max Unit Test Conditions 

Address to Output 
Access Time tACc 250 ns 

Chip Enable Access 
Time tee 250 ns 

Output Enable Access 
Time toe 10 100 ns 

Output Hold Time toH 0 ns 

Output Disable Time loF 100 ns 
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Timing Waveform 

Definitions 
Access Time, tAcc 

NEC 

Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 
Chip Enable Access Time, tee 
The minimum time between application of a valid chip enable 
input and the corresponding valid outputs. 

Output Enable Access Time, toe 
The minimum time between application of valid output enable 
inputs and the corresponding valid outputs. 

Output Hold Time, toH 
Output hold time is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, toF 
Output disable time is the delay between chip selects becom­
ing false and output stages going to the high impedance state. 



NEC 
NEC Electronics Inc. 

Description 
The µPD23C64E is a 65,536-bit Read-only Memory util­
izing CMOS silicon gate technology. The device is static 
in operation, organized as 8,192 words by 8 bits andhas 
three-state outputs. All inputs and outputs are fully TTL­
compatible. The output enable pins are mask-programmable 
and can be specified by selecting 1, O, or don't-care data 
(see Table 1). The µPD23C64E is packaged in a plastic 
(µPD23C64EC) 28-pin DIP. Pinout is compatible with 
µPD2764 EPROMs. 

Features 
D 8,192-word x 8-bit organization 
D 1/0 TTL-compatible 
D Three-state outputs 
D Single + 2.5V to + 6.0V power supply 
D CMOS process technology 
D Fully static operation 
D Pinout compatible with µPD2764 EPROMs 
D Plastic 28-pin DIP available 
D 2 performance ranges: 

Device Access Time 
Power Supply 

µPD23C64E 200ns 

µPD23C64E-1 150ns 

Block Diagram 

Active 

Memory 
Cell Matrix 
(8192 x 8) 

25mA 

30mA 

Standby 

30µA 

30µA 

OE, 

µPD23C64E 
8, 192 x S·BIT 

MASK-PROGRAMMABLE 
CMOS ROM 

Revision 1 

Pin Configuration 

NC 

A,2 

Ar 

As 

A, 

A• 

A, 

A• 

A, 

Ao 

o, 
02 

(OV)GND 

Pin Identification 
Pin 

No. Symbol 

NC 

2-10, 21, 
Ao-A12 23-25 

11-13, 
Oo-01 15-19 

14 GND 

20 CE 

22, 26-27 OE1-0E3 

28 Vee 

Vee 

OE, 

OE2 

As 

Ao 

A,, 

OE3 

CE 

01 

o. 
Os 

o. 
o, 

Description 

No Connection 

Address Inputs 

Data Outputs 

Ground 

Chip Enable 

Output Enables CD 
Single+ 2.5V to + 6.0V power supply 

Note: CD The active levels of OE1, OE2 and OE3 input can be specified by the values given in 
Table 1. 

Table 1. OE1-0E3 Active Level Specifications 

OE1 

x x 
Note: CD X = Don't-care. 
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µPD23C64E 

Absolute Maximum Ratings* 
Supply Voltage, Vee -0.3Vto +7V 

_ln~p_u_t_¥_o_lt_ag~e_,_V~1 ___________ -_0_._3_V_to_Vcc + 0.3V 
_O_u~tp~u_t_V_o_lt_a=g_e,~V_0~ __________ -_0.3V to Vee + 0.3V 
Operating Temperature, T oPR -10°c to + 10°c 

Storage Temperature, T sTG - 65°C to + 150°C 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA= -10°Cto +70°C;Ycc = +2.5Vto&.OV 

Limits 

P•r•meter Symbol Min T)p Mex 

Input Capacitance C1 10 

Output Capacitance Co 15 

DC Characteristics 

Unit 

pF 

pF 

Test 
Conditions 

f = 1MHz 

I= 1MHz 

TA= -10°Cto +70°C;Ycc = +5.0V ± 10o/o 

Limits Test 
P•r•m•tar Symbol Min T)p Max Unit Conditions 

Input High 
VIH 2.1 Vee 

Voltage +0.3 

Input Low 
VIL -0.3 0.8 Voltage 

Output High 
VOH 2.4 loH = -400µA Voltage 

Output Low 
VoL 0.4 loL = +3.2mA Voltage 

Input Leakage 
luH 10 µA v, =Vee Current High 

Input Leakage 
ILIL -10 µA v, = ov Current Low 

Output 
Vo =Vee Leakage ILoH 10 µA 

Current High (chip deselected) 

Output 
V0 = OV Leakage ILOL -10 µA 

Current Low (chip deselected) 

13 25 mA 23C64E 
lcc1 

16 30 mA ce = v,L 23C64E-1 
Power Supply 

•cc2 0.2 1.5 mA CE= V1H (standby mode) Current 

•cc 3 0.2 30 µA ~=Vee -o.2v 
(standby mode) 
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DC Characteristics (Cont.) 
TA= -10°Cto +70°C;Ycc = +2.5V + e.ov 

Limits Test 
P•r•metar Symbol Min T)p Max Unit Conditions 

Input High 
V1H 

0.7 Vee v Voltage x Vee + 0.3 

Input Low 
VIL -0.3 0.18 

Voltage x Vee 
Output High 

VoH 
0.75 

v IOH = -400µA Voltage x v 

Output Low 
VoL 0.45 v loL = +400µA Voltage 

Input 
Leakage luH 10 µA v, =Vee 
Current High 

Input 
Leakage luL -10 µA V1 = OV 
Currant Low 

Output 
Vo= Vee Leakage ILOH 10 µA 

Current High (chip deselected) 

Output 
Vo= OV Leakage ILOL -10 µA 

Current Low (chip deselected) 

10 mA Vee= +3.0V±10% 
23

C
64

E 
7 18 mA Vee= +5.0V±10% lcc 1 
3.5 10 mA Vee= +3.0V±10% 23C64E·1 

Power Supply 20 mA Vee= +5.0V±10% 
Current 

0.1 30 µA Vee= +3.0V±10%f! =Vee 
-0.2V •cc3 

0.2 30 µA Vee =+5.0V±10% (•!-:dci:,y 

AC Characteristics 
Ta= -10°Cto +70°C;Vcc = +5.0V ± 10o/o 

Llmlla 

23C84E 23C84E·f 

P•r•meter Symbol Min T)p Ma• Min T)p M•• 

Access Time !Ace 200 150 

Chip Enable tc. 200 150 AcceasTlme 

~~!:~~~~~:le loE 10 100 10 100 

Output 
iOH Hold Time 

Output 
!Of 90 90 Disable Time 

Nota1 <D Input voltage, IA, IF = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Load = 1 TTL + 100pF. 

AC Characteristics (Cont.) 
TA= -10°Cto +70°C;Ycc = +2.5Vto +6.0V 

Limits 

23C841! 23C841!·1 

P•r•metar Symbol Min T)p Max Min Trp Ma• 

Accesa Time !Ace 600 450 

Chip Enable 
lee 600 450 Access Time 

~~!:~~~~~:I• loe 300 300 

Output 
loH Hold Time 

Output 
loF 250 250 Disable Time 

Test 
Unit Condltlons<D 

na 

ns 

ns 

ns 

Test 
Unit Conditlons<D 

ns 

ns 

ns 

Note: <D Input and output voltage timing reference levels - 0.18Vcc and 0.7Vcc; 
Load = 150pF. 



NEC 
Timing Waveform 

OE,-OE3 

o.-o, 

µPD23C64E 

Definitions 
Access Time, tAcc 

Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 
Chip Enable Access Time, tee 
The minimum time between application of a valid chip enable 
input and the corresponding valid outputs. 
Output Enable Access Time, toe 
The minimum time between application of a valid output 
enable input and the corresponding valid outputs. 
Output Hold Delay, toH 
Output hold delay is the minimum time after an address 
change that the previous data remains valid. 
Output Disable Time, toF 
Output disable time is the delay between chip selects 
becoming false and output stages going to the high 
impedance state. 
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NEC 
NEC Electronics Inc. 

Description 
The µPD23C128E is a 131,072-bit Read-only Memory 
utilizing CMOS silicon gate technology. The device is 
static in operation, organized as 16,384 words by 8 bits, 
and has three-state outputs. All inputs and outputs are 
fully TTL-compatible. The output enable pins are mask­
programmable and can be specified by selecting 1, 0, or 
Don't-care data (see Table 1). The µPD23C128E is pack­
aged in a plastic (µPD23C128EC) 28-pin DIP. Pinout is 
compatible with µPD27128 EPROMs. 

Features 
D 16,384-word x 8-bit organization 
D 1/0 TTL-compatible 
D Three-state outputs 
D Single + 2.SV to + 6.0V power supply 
D Plastic 28-pin DIP 
D 2 performance ranges: 

Device Access Time ___ P...;;o_w_e_r_S_u.._P._Pl..;:;Y __ 
Active Standby 

µPD23C128E 200ns 
µPD23C128E-1 150ns 

Block Diagram 

Ao 

A, 

A• 

A,o-

A,2 

A,, 

25mA 30µA 
30mA 30µA 

Cell 
Matrix 
(16,384 x 8) 

h 
.!:~ 
w" om 

OE, 

OE 2 

µPD23C128E 
16,384 x 8·BIT 

MASK·PROGRAMMABLE 
CMOS ROM 

Revision1 

Pin Configuration 

NC Yoo 

A,2 OE, 

A, A,a 

Aa Aa 

As Ao 

A• A,, 

Aa OE2 

A2 

A, EE 
Ao o, 

o. 
o, 05 

o. o. 
GND o. 

Pin Identification 
Pin 

No. Symbol Description 

1 NC No Connection 
2-10, 

Ao-A13 21, 23-26 
Address Inputs 

11-13, 
Oo-01 15-19 

Data Outputs 

14 GND Ground 

20 CE Chip Enable 

22, 2'7 OE2,0E1 (j) Output Enablas 

28 Yoo + 2.5Y to + 6.0Y Power Supply 

Note: <D Active level inputs are specified in Table 1. 

Table 1. OE Input Active Level 
Specifications 

OE2 

Note: x = Don't care. 

Absolute Maximum Ratings* 

Operating Temperature, T oPR -10°c to + 10°c 
Storage Temperature, T sTG -65°C to + 1so0 c 
Supply Voltage, V00 -0.3Vto +7V 
Input Voltage, V1 - 0.3V to V 00 + 0.3V 
Output Voltage, V0 -0.3Vto V00 +0.3V 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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µPD23C128E 

Capacitance 
TA= -10°Cto +70°C;Ycc = +2.5Vto +6.0V 

Limits Test 
Peremeter Symbol Min Typ Mex Unit Conditions 

Input Capacitance 10 pf f = 1MHz 

Output Capacltence 15 pf f = 1MHz 

DC Characteristics 
TA= -10°Cto +70°C;V0 o = +s.ov ± 10% 

Limits Test 
Peremeter Symbol Min Typ Mex Unit Conditions 

Input High 
V1H 2.2 Voo+0.3 Voltage 

Input Low 
VIL -0.3 0.8 v Voltage 

Output High 
VoH 2.4 v loH = -400µA Voltage 

Output Low 
VoL 0.4 v loL = +3.2mA Voltage 

Input Leakage 
ILIH 10 µA V1 = Voo Current High 

Input Leakage 
ILIL -10 µA V1 = OV Current Low 

g~:~:~tL~~~age ILOH 10 µA V0 = V00 (Chip deselected) 

g~:~eu~t L~:!age ILOL -10 µA V0 = OV (Chip deselected) 

13 25 mA 
Ce=V1L 

µPD23C128E 
1001 

16 30 mA µPD23C128E·1 
Power Supply 

1002 0.2 1.5 mA CE= V1H (Standby mode) Current 

1003 0.2 30 µA CE = V00 - 0.2V 
(Standby mode) 

TA= -10°Cto +70°C;V00 = +2.5Vto +6.0V 

Limits Teat 
Pere meter Symbol Min Typ Mex Unit Condition a 

Input High 
V1H 

0.7 
Voo +0.3 V Voltage XVoo 

Input Low 
V1L -0.3 0.18 v 

Voltage XVoo 

Output High 
VoH 

0.75 v loH = -400µA 
Voltage XVoo 

Output Low 
VoL 0.45 v loL = +400µA Voltage 

Input 
Leakage ILIH 10 µA V1 = Voo 
Current High 

Input 
Leakage ILIL -10 µA V1 = OV 
Current Low 

Output 
Leakage ILoH 10 µA V0 = V00 (Chip deselected) 
Current High 

Output 
Leakage ILOL -10 µA V0 = OV (Chip deselected) 
Current Low 

10 mA V00 = +3.0V±10% 

18 mA V00 = +5.0V±10% 
µPD23C128E 

Power 1001 
3.5 10 mA Voo= + 3.0±l-0% µPD23C128E·1 Supply 

20 Current mA V00 = +5.0V±10% 

1003 
0.1 30 µA V00 = +3.0V±10% CE= V00 -0.2V 

0.2 30 µA Yoo= +5.0V±10% (Standby mode) 
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AC Characteristics 
TA= -1o•c to +70°C; Yoo= +5.0V±100/o 

Limits 

23Cf28E 23Cf28E·f 

Peremeter Symbol Min Typ Mex Min Typ Mex 

Acce88Tlme IAcC 200 150 

Chip Enable 
tee 200 150 

AcceBS Time 

OE1, OE2 
Output toe 10 100 10 100 
On Time 

Output 
toH Hold Time 

Output 
ID!' 90 90 DIHble Time 

Note: G) Input voltage, tR, IF = 20ns; 
Input and output timing reference levels = O.BV and 2.0V; 
Output load = 1 TTL + 100pF. 

AC Characteristics (Cont.) 
TA= -10°Cto +70°C;Yoo = +2.5Vto +6.0V 

Limits 

23Cf28E 23Cf28E·f 

Peremeter Symbol Min Typ Mex Min Typ Mex 

Access Time tACC 600 450 

Chip Enable 
tee 600 450 

AcceSB Time 

OE1, OE2 
Output toe 300 300 
On Time 

Output 
toH Hold Time 

Output 
toF 250 250 

Disable Time 

Unit 

ns 

na 

ns 

na 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

Note: G) Input and output timing reference levels = 0.18V00 and 0.7V00; 
Output load = 1 SOpF. 

Timing Waveform 

Note: G) loF Is specified from OE or CE whichever occurs first. 

Teat 
Condition• 

G) 

Teat 
Condition a 

G) 



NEC 
NEC Electronics Inc. 

Description 
The µPD23C256E is a 262,144-bit Read-only Memory 
utilizing CMOS silicon gate technology. The device is 
static in operation, organized as 32, 768 words by 8 bits, 
and has three-state outputs. All inputs and outputs are 
fully TTL-compatible. The Output Enable pin is mask­
programmable and can be specified by selecting 1, O, or 
don't-care data. The µPD23C256E is packaged in a 28-
pin plastic (µPD23C256EC) DIP and a 28-pin miniflat 
package (µPD23C256EG). Pinout is compatible with 
µPD27256 EPROMs. 

Features 
D 32, 768-word by 8-bit organization 
D 1/0 TTL-compatible 
D Three-state output 
D Single + 2.SV to + 6.0V power supply 
D Available in plastic DIP and miniflat packages 
D Low power consumption 

- Active: 40mA max 
- Standby: 30µ.A max 

D 2 performance ranges: 

Device Access Time ___ P_o_w_e_r_S_u.._P._Pl .... Y __ 
Active Standby 

µPD23C256E 200ns 

µPD23C256E-1 150ns 

Block Diagram 

25mA 30µA 

30mA 30µA 

Memory 
Cell Matrix 
(32,768 x 8) :; 

~i 
w :I 
0111 

OE 

µPD23C256E 
32, 768 x 8·BIT 

MAS~PROGRAMMABLE 
CMOS ROM 

Revislon1 

Pin Configuration 

Pin Identification 
Pin 

No. Symbol Description 

NC No Connection 

2-10, 
Ao-A14 21, 23-27 

Address Inputs 

11-13, 
Oo-~ 15-19 

Data Outputs 

14 GND Ground 

20 CE Chip Enable 

22 OE Output Enable (j) 

28 Vee Slngle +2.SVto +6.0V Power Supply 

Note: (j) The active level of the OE input is specified by O, 1, or x where x equals 
don't·care data. 
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µPD23C256E 

Absolute Maximum Ratings* 
Supply Voltage, Vee -0.3Vto +7V 
Input Voltage, V1 -0.3VtoVee +0.3V 
Output Voltage, Vo -0.3VtoVee +0.3V 
Operating Temperature, T oPR -10°c to + 70°C 
Storage Temperature, T STG - 65°C to + 150°C 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo-
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA= -10°cto +10°c 

Symbol 

Input Capacitance 

Output Capacitance 

DC Characteristics 

Limit a 

Min Typ 
Teat 

Max Unit Conditions 

10 pf f = 1MHz 

15 pf f = 1MHz 

TA= -10°Cto +10°c; Vee= +5.0V ± 10o/o 

Limits Teat 
Parameter Symbol Min Typ Max Unit Conditions 

Input High 
V1H 2.2 Yee +0.3 v Voltage 

Input Low 
Vil -0.3 0.8 v Voltage 

Output High 
VoH 2.4 v loH = -400µA Voltage 

Output Low 
Vol 0.4 v lol = +3.2mA Voltage 

Input Leakage 
ILIH 10 µA Y1 = Yee Current High 

Input Leakage 
ILll -10 µA v, = ov Current Low 

g~::'~tl~~i;:ge llOH 10 µA Vo =Yee (Chip deselected) 

g~::i~tL~:~age rlOl -10 µA V0 = OV {Chip deselected) 

14 25 mA 
CE=Y1l 

µPD23C256E 
lcc1 

17 30 mA µPD23C256E·1 
Power Supply 

lcc2 0.2 1.5 mA CE= V1H (Standby mode) Current 

lcc3 0.2 30 µA CE= Yee - 0.2V 
(Standby mode) 
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DC Characteristics (Cont.) 
TA= -10°Cto +70°c; Vee= +2.5Vto +6.0V 

Limit a 

Parameter Symbol Min Typ Max Unit Teat Conditions 

Input High 
v,~ 

0.7 II Yee v Voltage Yee +0.3V 

Input Low -0.3 0.55 v Yee= 2.5Vto4.5V 
Voltage Vil -0.3 0.8 Yee= 4.5Vto6.0V 

Output High 
VoH 

0.75 v loH = -400µA Voltage Yee 

Output Low 
Vol 0.45 v lol = +400µA Voltage 

Input 
Leakage lllH 10 µA v, = Yee 
Current High 

Input 
Leakage ILll -10 µA v, = ov 
Current Low 

Output 
Leakage llOH 10 µA Vo =Yee {Chip deselected) 
Current High 

Output 
Leakage llOl -10 µA V0 = OV (Chip deaelected) 
Current Low 

10 mA Yee= +3.0V:t:10% µPD23C256E 
6 18 mA Vcc=+5.0V:t:10% 

Power 3.5 10 mA Vee= +3.0V:t:10% µPD23C256E·1 Supply lcc1 
Current 20 mA Yee= +5.0V:t:10% 

lcc3 
0.1 30 µA Yee= +3.0V:t:10% CE= V00 -0.2V 
0.2 30 µA Vcc=+5.0V:t:10% (Standby mode) 

AC Characte,istics 
TA= -10°Cto +10°C;Vee = +5.0V±10o/o 

Limit a 

ll3C2HE ll3C25H·1 
Teat 

Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit Q) 

Acce11Tlme tAcc 200 150 ne 

Chip Enable 
Ice 200 150 na Acce11Tlme 

~~!:~~~~!:le loe 10 100 10 100 na 

Output 
loH ns Hold Time 

Output 
~ 90 90 ns @ 

Disable Time 

Notea: Q) Input voltage, IA, IF = 20ns; 
Input and output timing reference levels = Q.8V and 2.0V; 
Load= 1TTL + 100~ 

@ loF is specified from CE or OE, whichever occurs first. 

AC Characteristics (Cont.) 
TA= -10°cto +70°c; Yee= +2.5Vto +6.0V 

Limits 

23C25H 23C25H·1 Test 
Conditions 

Parameter Symbol Min Typ Max Min Typ Ma.11 Unit <D 
AcceHTlme tAcc 650 500 na 

Chip Enable 
Ice 650 500 ns AcceHTlme 

~~!:~~~~!:le loe 300 300 ns 

Output 
loH na Hold Time 

Output 
tDF 250 250 na @ 

Disable Time 

Notea1 <D Input and output timing reference levels = V1L and V1H; 
Load= 150pF. _ 

@ loF is specified from CE or OE, whichever occurs first. 



NEC 
Timing Waveform 

Note: <D loF is specified from OE or CE, whichever occurs first. 

µPD23C256E 

Definitions 
Access Time, tAcc 
Access time is the maximum time between the application 
of a valid address and the corresponding valid data out. 
Chip Enable Access Time, tcE 
The maximum time between application of a valid chip 
enable input and the corresponding valid outputs. 
Output Enable Access Time, t0 E 
The maximum time between application of a valid output 
enable input and the corresponding valid outputs. 
Output Hold Time, t0 H 

Output hold time is the minimum time after an address 
change that the previous data remains valid. 
Output Disable Time, t0 F 

Output disable time is the delay between chip selects 
becoming false and output stages going to the high-im­
pedance state. t0 F is specified from CE or OE, whichever 
occurs first. 
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NEC 
NEC Electronics Inc. 

Description 

The µPD23C1000 is a 1,048,576-bit ROM utilizing 
CMOS silicon gate technology. The device is static in 
operation and organized as 131,072 words by 8 bits. 
The device has three-state outputs and all inputs and 
outputs are fully TTL-compatible. The µPD23C1000 is 
available in a plastic (µPD23C1000C) 28-pin DIP. 

Features 
D 131,072 words by 8-bit organization 
D Fast access time 
D TTL-compatible inputs and outputs 
D Three-state outputs 
D Single +5 V power supply 
D CMOS process technology 
D Fully static operation 
D Low power dissipation: 220 mW (active) 

550 µW (standby) 

Performance Ranges 

Access Time 
Power Supply (Max) 

Device (Max) Active Standby 

µPD23C1000C-1 200 ns 40 mA 100µA 

µPD23C1000C 250 ns 40 mA 100µA 

Absolute Maximum Ratings 
Supply voltage, Vee -0.3 to +7 V 

Input voltage, V1 -0.3 v to Vee+ 0.3 v 
Output voltage, Vo -0.3 V to Vee+ 0.3 V 

Operating temperature, T OPR -10 to +70°C 

Storage temperature, T STG -65 to +150°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 
TA= 2s 0 c 

Limits 
Test 

Parameter Symbol Min Typ Max Units Conditions 

Input capacitance C1 10 pF f=1 MHz 

Output capacitance Co 15 pF f = 1 MHz 

µPD23C1000 
131,072 x S·BIT 

MASK-PROGRAMMABLE 
CMOS ROM 

Pin Configuration 

Pin Identification 
No. 

1-10, 21-27 

11-13, 15-19 

14 

20 

28 

Block Diagram 

Ao 
A1 

A2 

Aa 

A4-

A5 

As­
A7 

As­
Ag­

A1o 

A11-

Symbol 

GND 

CE 

Vee 

83·001973A 

Function 

Address inputs 

Data outputs 

Ground 

Chip enable 

+5 V power supply 

Memory Cell Matrix 
131072 x 8 
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µPD23C1000 NEC 
DC Characteristics AC Characteristics (Note 1 ) 
TA= -10°c to +70°C, Vee= +s.o v ± 10% TA= -10°c to +10°c, Vee= +s.o v ±10% 

Limits Test µPD23C1000·1 µPD23C1000 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Max Min Max Unit 

Input high V1H 2.2 Vee v Address access time tAee 200 250 ns 
voltage +0.3 Chip enable teE 200 250 ns 
Input low V1L -0.3 0.8 v access time 
voltage Output hold time toH 0 0 ns 
Output high VoH 2.4 v loH = -400µA Output disable time toF 0 60 0 60 ns voltage 

Output low Vol 0.4 v loL = +3.2 mA Note: 

voltage (1) AC test conditions: Input voltage rise and fall times·= 20 ns; 

Input leakage luH 10 µA V1 =Vee timing reference levels: inputs and outputs = 0.8 V and 2.0 V; 

current high output load= 1TTL+100 pF 

Input leakage luL -10 µA V1=0V Timing Waveform 
current low 

Output leakage ILOH 10 µA Vo= Vee. 
current high Chip deselected Ao-A1s Address Valid 

Output leakage ILOL -10 µA Vo= 0 V, 
current low Chip deselected -tAcc-

Power supply ICC1 40 mA CE= V1L 
'CE current 

Power supply lee2 l.5 mA CE= V1H. 
current Standby mode 

Power supply lce3 100 µA CE= Vee -0.2 v. Oo-07 

current Standby mode 
High Impedance 
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NEC Electronics Inc. 

Description 

The µPD23C2000 is a 2,097,152-bit ROM utilizing 
CMOS silicon gate technology. The device is static in 
operation and the organization is mask-programmable 
(word mode: 131,072 words by 16 bits; or byte mode: 
262,144 words by 8 bits). The device has three-state 
outputs and all inputs and outputs are fully TTL­
compatible. The Output Enable pin is mask-program­
mable and can be specified by selecting "1", "O" and 
"Don't Care" data. The µPD23C2000 is available in a 
plastic (µPD23C2000C) 40-pin DIP. 

Features 

D Programmable word organization 
131,072 words by 16 bits (Word mode) 
262,144 words by 8 bits (Byte mode) 

D Fast access time: 250 ns 
D TTL-compatible inputs and outputs 
D Three-state outputs 
D Single +5 V power supply 
D CMOS process technology 
D Fully static operation 
D Low power dissipation: 220 mW (active) 

550 µW (standby) 

Performance Range 

Device 

µPD23C2000 

Access Time 
(Max) 

250 ns 

Power Supply (Max) 

Active Standby 

40 mA 100 µA 

Absolute Maximum Ratings 
Supply voltage, Vee -0.3 V to +7 V 

Input voltage, V1 -0.3 V to Vee +0.3 V 

Output voltage, v0 -0.3 V to Vee +0.3 V 

Operating temperature, T OPR -10°c to +70°C 

Storage temperature, T STG -65°C to +150°C 

Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

µPD23C2000 
2,097,152-BIT 

MASK-PROGRAMMABLE 
CMOS ROM 

Pin Configuration 

Pin Identification 
No. Symbol 

1, 31 NC 

2·9, 32-40 Ao-A15 

10 CE 

11, 30 GND 

12 OE 

13-20, 22-28 Oo-014 

21 Vee 

29 015/A.1 

Capacitance 

Parameter Symbol Min 

Input C1 
capacitance 

Output Co 
capacitance 

Limits 

Typ 

Function 

No connection 

Address inputs 

Chip enable 

Ground 

Output enable 

Outputs 

+5 V power supply 

Output 15 (word mode)/LSB 
address (byte mode) 

Test 
Max Unit Conditions 

10 pF f= 1 MHz 

15 pF f= 1 MHz 
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µPD23C2000 

Block Diagram 

Ao 

A1 

A2 

A3 

A4 

As 

As ~ 
A1 CD 

Aa l 
Ag e l A1o ~ 

A11 ~ x 
A12 

A13 

A14 

A1s 

A16 

DC Characteristics 
TA= -10°c to +10°c. Vee= +s.o v ± 10% 

Limits 

Parameter Symbol Min Typ Max 

Input high V1H 2.2 Vee 
voltage +0.3 

Input low V1L -0.3 0.8 
voltage 

Output high VoH 2.4 
voltage 

Output low Vol 0.4 
voltage 

Input leakage luH 10 
current high 

Input leakage ILIL -10 
current low 

Output leakage ILOH 10 
current high 

Output leakage ILOL -10 
current low 

Power supply lee1 40 
current 

Power supply lee2 1.5 
current 

Power supply 1ee3 100 
current 

10-20 

Test 
Unit Conditions 

v 

v 

v loH =-400µA 

v loL = +3.2 mA 

µA V1 =Vee 

µA V1 =OV 

µA Vo= Vee, 
Chip deselected 

µA Vo= 0 V, 
Chip deselected 

mA CE= V1L 

mA CE= V1H, 
Standby mode 

µA CE =Vee-
0.2 V, Standby 
mode 

NEC 

Memory Cell 
Matrix 

262144 x8 
131072x16 

A-1 

OE 

AC Characteristics (Note 1) 
TA= -10°c to +10°c. Vee= +s.o V ± 10% 

Parameter Symbol Min 

Address access time tAee 

Chip enable access time teE 

Output enable access time toE 10 

Output hold time toH 0 

Output disable time toF 

Note: 

Limits 

Typ Max Unit 

250 ns 

250 ns 

110 ns 

ns 

70 ns 

(1) AC test conditions: Input voltage rise and fall times= 20 ns; 
timing reference levels: inputs and outputs = 0.8 V and 2.0 V; 
output load= 1TTL+100 pF 
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Timing Waveform 

Ao-A16 
A-1 

Note 

Address Valid 

---•Ace---

(1) IOF is specified from OE or CE, whichever occurs first. 

µPD23C2000 

m 
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BIPOLAR TTL PROMs NEC 

Section 11 - Bipolar TTL PAOMs Page 

µPB426 1,024 x 4-Bit Bipolar TTL PROM ..................................... 11-1 
µPB429 2,048 x 8-Bit Bipolar TTL PROM ..................................... 11-5 
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NEC 
NEC Electronics Inc. 

Description 
The µPB426 is a high-speed, electrically programmable, 
fully decoded 4096-bit TTL read-only memory. On-chip 
address decoding, two chip-select inputs and three-state 
outputs allow easy expansion of memory capacity. The 
µPB426 is fabricated with logic level zero (low); logic level 
one (high) can be electrically programmed into the selected 
bit locations. The same address inputs are used for both 
programming and reading. 

Features 
D A.l.M. (Avalanche Induced Migration), Shorted-junction 

technology 
D ± 10% V cc Operation 
D Two Chip Select inputs for memory expansion 
D Three-state outputs (µPB426) 
D Cerdip and plastic 18-lead dual in-line packages 
D Fast programming time: 200 µs/bit typ. 
D Compatible with: HM-7643, 82S137 types and 

equivalent devices 
D 4 performance ranges: 

Device Address Access Time Power Supply 
µPB426 

µPB426-1 

µPB426-2 

µPB426-3 

Block Diagram 

4096-bit 
(64 x 64) 

Memory Cells 
Array 

70ns 150mA 

60ns 150mA 

sons 150mA 

35ns 150mA 

0, 

0, 

Pin Configuration 

Pin Identification 

Vee 

GND 

Operation 
Programming 

µPB426 
1,024 x 4·BIT 

BIPOLAR TTL PROM 

Revision 1 

Address Inputs 

Data Outputs 

Chip Selects 

Power(+SV) 

Ground 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the ten address inputs in 
TTL levels. Either or both of the two chip select inputs 
must be at a logic one (high). Secondly, a train of high­
current programming pulses is applied to the desired 
output. After the sensed voltage indicates that the 
selected bit is in the logic one state, an additional 
pulse train is applied, then stopped. 

Reading 
To read the memory, both of the two chip select inputs 
should be held at logic zero (low). The outputs then corre­
spond to the data programmed in the selected words. 
When either or both of the two chip select inputs are at 
logic one (high), all the ouputs will be floating. 

11-1 



µPB426 

Absolute Maximum Ratings* 

Operating Temperature - 25°c to + 75°C 

Storage Temperature - &5°C to + 150°c 

All Output Voltages - 0.5 to + 5.5 Volts 

All Input Voltages - 0.5 to + 5.5 Volts 

Supply Voltage Vee - 0.5 to + 7.0 Volts 

Output Currents 50mA 

*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma­
nent damage. The device is not meant to be operated 
under conditions 0L1tside the limits described in the opera­
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 

Capacitance 
T ... = 2S"C, t = 1 MHz, Yee = s.oY, Y1N = 2.SY 
Charactarlstlcs Symbol Min. 

Input Capacitance 

Output Capacitance Cour 

DC Characteristics 
TA= o·c to + 75°C, Yee = 4.SOY to s.SOY 

Limits 
Unit Parameter Symbol 

Min. fyp. MH. 

Input High Voltage VIH 2.0 v 
Input Low Voltage VIL 0.8 v 
Input High Current l1H 40 µA 

Input Low Current -Ill 0.5 mA 

Output Low Voltage Vol 0.45 v 
Output Leakage Current loFF1 40 µA 

Output Leakage Current -10FF2 40 µA 

Input Clamp Voltage -Vic 1.2 v 

Power Supply Current Ice 100 150 mA 

Output High Voltage VoH 2.4 

Output Short Circuit 
-lsc 15 60 mA Current 

AC Characteristics 
TA= o·c to + 75°C, Yee = 4.SOY to 5.SOY 

Parameter Symbol µPB428·3 µPB428·2 µPB428·1 

Max. Unit 

pf 

10 pf 

Test Conditions 

V1 = 6.5V, Vee = 5.5V 

V1 = 0.4V, Vee = 5.5V 

loL = 16mA, Vee= 4.5V 

V0 = 5.5V, Vee= 5,5V 

V0 = 0.4V, Vee = 5.5V 

11 = -18mA,Vee = 4.5V 

All Inputs Grounded, 
Vee = 5.5V 

loH = -2.4mA 

V0 = OV 

µPB428 Unit Test 
Min. Max. Min. Max. Min. Max. Min. Max. Conditions 

Address 
Access Time tAA 35 50 60 70 

Chip Select 
Access Time tAcs 25 30 40 45 

Chip Select 
DlsableTlme locs 25 30 40 45 

Notes: <D Output Load: See Figure 1. 
@ Input Waveform: a.av for low level and 3.aV for high level, less than 

1ans for both rise and fall times. 
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® Measurement References: 1.SV for both inputs and outputs. 
© CL in Figure 1 includes jig and probe stray capacitances. 
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Figure 1. Loading Conditions Test Circuit 
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Programming Specification 
You must rigorously observe this specification in order to 
program the NEC Bipolar PROMS correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 
A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word 
to be programmed has reached the desired state. Either 
or both of the two chip enable inputs must be at a logic 
one (high). 

Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure­
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition 
is satisfied, then that bit location is in the logic one 
(high) state. 
Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 µsand then the location is sensed before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 µs apart with no intervening program­
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense 
current is terminated. 

Characteristic 

Ambient Temperature 

Programming pulse 
Amplitude 
Clamp voltage 
Ramp rate (both In rise 
and In fall) 
Pulse width 

Duty cycle 

Sense current 
Amplitude 
Clamp voltage 
Ramp rate 

Sense current Interruption before 
and alter address change 

Programming Vee 

Maximum sensed voltage 
for programmed one 

Delay from tralllng edge of 
programming pulse before 
sensing output voltage 

Limit 

25 ± 5 

200 ± 5% 
28+0%-2% 

70 max. 
7.5 ± 5% 

70%mln. 

20 ± 0.5 
28+0%-2% 
70max. 

10 min. 

5.0+5%-0% 

7.0 ± 0.1 

0.7mln. 

Unit 

·c 

mA 
v 

V/µs 

Notes 

µs 15V point/ 
150ll load. 

mA 
v 
V/µs 15V point/ 

150ll load. 

µS 

v 

v 

µS 
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Figure 2. Typical Output Voltage Waveform 

Addit~ Train_ ••• 28V Clamp 
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-·· ··200 mA Program Pulse 
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-- ··- 20 mA Sensing (Before Pl 
7.~Sµs ::::::;~',70VR f 
10 ,., I -.., , · '· 

O 1-···10 µs ',,' 20 mA Sensing (After Pl 
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µPB426 

Qualified Programming Equipment 
Approved Peraon•llty 

M•nuf•cturer Model No. Module Socket Ad•ptor• 

Data 110 
Issaquah, WA 5, 7, 9, 17, 19, 29A 919·1555 715·1305·5 

Data 110 Unlpak II Family Code Plnout Code 
Issaquah, WA (950·0059·03C) 72 05 

Minato Electronics 
Tokyo, Japan 1850/1870 7SP·4XXN 5SA·18P20 

Kontron 
Redwood City, CA MPP·80S MOD 18C SA4 
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ttiEC 
NEC Electronics Inc. 

Description 
The µPB429 is a high-speed, electrically programmable, 
fully decoded 16384-bit TTL read-only memory. 
On-chip address decoding, three chip-select inputs and 
three-state outputs allow easy expansion of memory 
capacity. The µPB429 is fabricated with logic level zero 
(low); logic level one (high) can be electrically programmed 
into the selected bit locations. The same address inputs 
are used for both programming and reading. 

Features 
D A.l.M. (Avalanche Induced Migration), Shorted-junction 

technology 
D ± 10% V cc Operation 
D Three Chip Select inputs for memory expansion 
D Three-state outputs (µPB429) 
D Cerdip and plastic 24-lead dual in-line packages 
D Fast programming time: 10 sec. max for all 16K bits 
D Replaces: 82S191, HM76161, 3636 and 

equivalent devices 
D 4 performance ranges: 

Device Address Access Time Power Supply 

µPB429 70ns 160mA 

µPB429-1 &Ons 160mA 

~µP_B_4_2_9-_2~~~~~~~5_0n_s~~~~~160mA 
µPB429-3 45ns 1 &0mA 

Block Diagram 

16.384-blt 
(128x128) 

Memory Cells 
Array 

o, 

o. 

Pin Configuration 

Pin Identification 

Vee 

GND 

Operation 
Programming 

µPB429 
2,048 x 8-BIT 

BIPOLAR TTL PROM 

Revlsion1 

Address Inputs 

Data Outputs 

Chip Selects 

Power(+SV) 

Ground 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the eleven address inputs in 
TTL levels. Disenable the memory by proper application of 
logic levels on the chip selects. Secondly, a train of high-
current programming pulses is applied to the desired 
output. After the sensed voltage indicates that the selected 
bit is in the logic one state, an additional pulse train is 
applied, then stopped. 

o, Reading 
To read the memory, enable the device (i.e.; CS1 = 0, 
CS2 = CS3 = 1 ). The outputs then correspond to the data 

o, programmed in the selected words. When the chip is 
deselected, all the ouputs will be floating. 
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µPB429 

Absolute Maximum Ratings* 

Operating Temperature - 25°C to + 75°C 

Storage Temperature - 65°C to + 150°C 

All Output Voltages - 0.5 to + 5.5 Volts 

All Input Voltages - 0.5 to + 5.5 Volts 

Supply Voltage Vee - 0.5 to + 7.0 Volts 

Output Currents 50mA 

*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo­
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Capacitance 
TA= 25°C, f = 1 MHz, Yee = S.OY, Y,N = 2.5Y 
Ch•r•cterlstlcs Symbol Min. M•x. Unit 

Input Capacitance pf 

Output Capacl18nce 10 pf 

DC Characteristics 
TA= 0°C to + 75°C, Yee = 4.50Y to 5.50Y 

P8ram•ter Symbol 
Limits 

Min. 'f'tp. M•x. 
Unit Test Conditions 

Input High Voltage VtH 2.0 v 
Input Low Voltage VIL 0.8 v 
Input High Current l1H 40 µA V1 = 5.5V, Vee = 5.5V 

Input Low Current -l1L 0.25 mA V1 = 0.4V, Vee = 5.5V 

Output Low Voltage VoL 0.45 v loL = 16 mA, Vee = 4.5V 

Output Leakage Current loFF1 40 µA V0 = 5.5V, Vee= 5.5V 

Output Leakage Current -10FF2 40 µA V0 = 0.4V, Vee = 5.5V 

Input Clamp Voltage -Vic 1.2 v 11 = -18mA, Vee = 4.5V 

Power Supply Current Ice 100 160 mA All Inputs Grounded, 
Vee= 5.5V 

Output High Voltage VoH 2.4 v loH = -2.4 mA 

Output Short Circuit 
-lsc 20 70 mA Vo= OV Current 

AC Characteristics 
TA= o·c to + 75°C, Yee = 4.50Y to 5.SOY 

P•r•meter Symbol µP8429·3 µP8429·2 µP8429·1 µP8429 Unit 

Min. M•x. Min. M•x. Min. M•x. Min. M•x. 
Test 

Conditions 

Address 
Access Time !AA 45 50 60 70 ns 

Chip Select 
Access Time IAcs 30 30 40 50 ns 

Chip Select 
Dlnble Time toes 30 30 40 50 ns 

Notes: <D Output Load: See Figure 1. 
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@ Input Waveform: O.OV for low level and 3.0V for high level, less than 
10ns for both rise and fall limes. 

@ Measurement References: 1.5V for both inputs and outputs. 
© CL in Figure 1 includes jig and probe stray capacitances. 
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NEC 
Figure 1. Loading Conditions Test Circuit 
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~ 
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-~ 
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Programming Specification 
You must rigorously observe this specification in order to 
program the NEC Bipolar PROMS correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 
A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word to 
be programmed has reached the desired state. Disenable 
the memory by proper application of logic levels in the three 
chip selects. 
Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure­
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition 
is satisfied, then that bit location is in the logic one 
(high) state. 

Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 µsand then the· location is sensed ,before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 µs apart with no intervening program­
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense 
current is terminated. 

Ch•r•cterlstlc 

Ambient Temperature 

Programming pulse 
Amplltude 
Clamp voltage 
Ramp rate (both In rise 
and In fall) 
Pulse width 

Dutycyele 

Sense current 
Amplitude 
Clamp vol18ge 
Ramp rate 

Sense current Interruption before 
and alter address change 

Programming Vee 

Maximum sensed voltage 
for programmed one 

Delay from trailing edge of 
programming pulse before 
sensing output voltage 

Limit 

25 ± 5 

200 ± 5% 
28+0%-2% 

70max. 
7.5 ± 5% 

70"/omln. 

20 ± 0.5 
28+0%-2% 
70max. 

10min. 

5.0+5%-0% 

7.0 ± 0.1 

0.7mln. 

Unit Notes 

•c 

mA 
v 

V/µs 
µS 

mA 
v 
V/µs 

µS 

v 

v 

µS 

15V point/ 
150!11oad. 

15V point/ 
15011 load. 



NEC 
Figure 2. Typical Output Voltage Waveform 
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Qualified Programming Equipment 
Approved Personalltr 

Manufecturer Model No. Module 

Data 110 
Issaquah, WA 5, 7, 9, 17, 19, 29A 919·1555 

Data 110 Unlpak II Famlly Code 
IHaquah,WA (950·0059·03C) 72 

Minato Electronics 1850/1870 7SP·4XXN 
Tokyo, Japan 

Kontron MPP-805 MOD 18C 
Redwood City, CA 

µPB429 

Socket Adaptors 

715·1628·2 

Plnout Code 
21 

5SA·24P74 

SA22 
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PACKAGING INFORMATION NEC 

Section 12 - Packaging Information Page 

Package/Device Cross Reference ............................................ ; ........ 12-1 
14 Pin Plastic DIP (400 mil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-3 
16 Pin Plastic DIP (300 mil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-3 
16 Pin Plastic DIP (300 mil, Semiwide Body) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-4 
16 Pin Plastic DIP (300 mil, Wide Body) ..................................... 12-4 
16 Pin Plastic ZIP ......................................................... 12-5 
18 Pin Plastic DIP (300 mil) ................................................ 12-5 
18 Pin Plastic DIP (300 mil, Semiwide Body) ................................ 12-6 
18 Pin Plastic DIP (300 mil, Wide Body) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-6 
18 Pin Plastic Leadless Chip Carrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-7 
18 Pin Ceramic DIP (300 mil) ............................................... 12-7 
18 Pin Cerdip (300 mil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-8 
20 Pin Plastic DIP (300 mil) ................................................ 12-8 
20 Pin Plastic DIP (300 mil, Wide Body) ..................................... 12-9 
22 Pin Plastic DIP (300 mil, Wide Body) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-9 
22 Pin Ceramic Leadless Chip Carrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-10 
22 Pin SIMM, MC-41256A4A (Glass-epoxy Substrate) . . . . . . . . . . . . . . . . . . . . . . . 12-10 
22 Pin SIMM, MC-411000A1A (Glass-epoxy Substrate) ...................... 12-11 
22 Pin SIMM, MC-41256A4C (Ceramic Substrate) ........................... 12-11 
22 Pin SIMM, MC-411000A1C (Ceramic Substrate) . . . . . . . . . . . . . . . . . . . . . . . . . . 12-12 
24 Pin Plastic DIP (300 mil) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. • 12-12 
24 Pin Plastic DIP (400 mil) ............................................... 12-13 
24 Pin Plastic DIP (600 mil) ............................................... 12-13 
24 Pin Ceramic DIP (400 mil) .............................................. 12-14 
24 Pin Cerdip (600 mil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-14 
24 Pin Ceramic Flatpack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-15 
24 Pin Plastic Miniflat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 12-15 
24 Pin Ceramic Leadless Chip Carrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-16 
24 Pin SIMM, MC-41256A5A (Glass-epoxy Substrate) .....................•• 12-16 
24 Pin SIMM, MC-41256A5C (Ceramic Substrate) .................•......... 12-17 
26/20 Pin Plastic SOJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 12-17 
28 Pin Plastic DIP (600 mil) ............................................... 12-18 
28 Pin Cerdip (600 mil) . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-18 
28 Pin Cerdip (600 mil, Wide Body) ........................................ 12-19 
28 Pin Plastic Miniflat . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . • . . . • . . . . 12-19 
30 Pin SIMM, MC-41256A8A (Glass-epoxy Substrate) .............•..•••.... 12-20 
30 Pin SIMM, MC-41256A9A (Glass-epoxy Substrate) ................•...... 12-20 
30 Pin SIMM, MC-41256A8B (Glass-epoxy Substrate) . . . . . . • . . . . . . • . . • • . . • • • 12-21 
30 Pin SIMM, MC-41256A9B (Glass-epoxy Substrate) .............•...•..... 12-21 
32 Pin Ceramic Leadless Chip Carrier ..................................... 12-22 
40 Pin Plastic DIP (600 mil) ............................................... 12-22 
40 Pin Cerdip (600 mil, Wide Body) ........................•.•.•.••....•... 12-2~ 
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NEC PACKAGING INFORMATION 

Package/Device Cross Reference 

Package Device Package Device 

14-Pin Plastic DIP µPD41221C 22-Pin SIMM, MC-411000A1A MC-411000A 1 A 

16-Pin Plastic DIP µPD4164C (Glass-epoxy Substrate) 

µPD4265C 22-Pin SIMM, MC-41256A4C MC-41256A4C 

16-Pin Plastic DIP µPD41256C (Ceramic Substrate) 

(300 mil, Semiwide Body) (Process Code F) 22-Pin SIMM, MC-411000A1C MC-411000A 1 C 

16-Pin Plastic DIP µPD41256C (Ceramic Substrate) 

(300 mil, Wide Body) (Process Codes 24-Pin Plastic DIP µPD41101C 
P and L) (300 mil) µPD41102C 

µPD41257C 
24-Pin Plastic DIP µPD41264C 

16-Pin Plastic Zig-Zag µPD41256V (400 mil) 
lnline Package 

18-Pin Plastic DIP µPD41416C 
µPB426C 

24-Pin Plastic DIP µPD446C 
(600 mil) µPD449C 

µPD4016C 

18-Pin Plastic DIP µPD41464C 
(300 mil, Semiwide Body) (Process Codes 

µPD2364AC 
µPB429C 

Land F) 24-Pin Ceramic DIP µPB10422D 

18-Pin Plastic DIP µPD41464C 
(300 mil, Wide Body) (Process Code K) 

µPD411000C 

(400mil) µPB10474D 
µPB100422D 
µPB100474D 

µPD411001C 24-Pin Cerdip (600 mil) µPB429D 

18-Pln Plastic Leadless µPD41256L 
Chip Carrier µPD41257L 

µPD41464L 

24-Pin Ceramic Flatpack µPB100422B 
µPB100474B 

18-Pin Ceramic DIP µPB10470D 
24-Pin Plastic Miniflat µPD446G 

(300 mil) µPB100470D 24-Pin Ceramic LCC µPB100474K 

18-Pin Cerdip (300 mil) µPD2147AD 24-Pin SIMM, MC-41256ASA MC-41256A5A 
µPD2149D 
µPB426D 

(Glass-epoxy Substrate) 

20-Pin Plastic DIP µPD4311C 
(300 mil) µPD4314C 

24-Pin SIMM, MC-41256A5C MC-41256A5C 
(Ceramic Substrate) 

20-Pin Plastic DIP µPD414256C 
(300 mil, Wide Body) 

26/20-Pin Plastic SOJ µPD411000LA 
µPD411001 LA 
µPD414256LA 

22-Pin Plastic DIP µPD4361C 
(300 mil, Wide Body) µPD4362C 

28-Pin Plastic DIP µPD4168C 
(600 mil) µPD42832C 

22-Pin Ceramic LCC µPD4361K 
µPD4364C 
µPD4464C 

22-Pin SIMM, MC-41256A4A MC-41256A4A 
(Glass-epoxy Substrate) 

µPD43256C 
µPD2764C 
µPD27128C 
µPD27C64C 
µPD27C256C ml 
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PACKAGING INFORMATION 

Package/Device Cross Reference (cont) 

Package 

28-Pin Plastic DIP 
(600 mil) (cont) 

28-Pin Cerdip (600 mil) 

28-Pin Cerdip 
(600 mil, Wide Body) 

28-Pin Plastic Miniflat 

12-2 

Device 

µPD27C256AC 
µPD2364EC 
µPD23128EC 
µPD23C64EC 
µPD23C128EC 
µPD23C256EC 
µPD23C1000C 

µPD2764D 
µPD27128D 
µPD27C64D 

µPD27256D 
µPD27C256D 
µPD27C256AD 
µPD27C512D 

µPD42832G 
µPD4364G 
µPD4464G 
µPD43256G 
µPD27C256AG 
µPD23C256AG 

NEC 

Package Device 

30-Pin SIMM, MC-41256A8A MC-41256A8A 
(Glass-epoxy Substrate) 

30-Pin SIMM, MC-41256A9A MC-41256A9A 
(Glass-epoxy Substrate) 

30-Pin SIMM, MC-41256A8B MC-41256A8B 
(Glass-epoxy Substrate) 

30-Pin SIMM, MC-41256A9B MC-41256A9B 
(Glass-epoxy Substrate) 

32-Pin Ceramic LCC µPD27C256AK 

40-Pin Plastic DIP µPD23C2000C 
(600 mil) 

40-Pin Cerdip µPD27C1024D 
(600 mil, Wide Body) 



NEC PACKAGING INFORMATION 

14-Pln Plastic DIP (400 mil) 

14 

Item Miiiimeters Inches 

A 20.32 max .800max 

8 2.54max .100max 

c 2.54 [TP] .100 [TP] 

D .50 ±.10 .020:::: 

15.24 .800 

F 1.2mln .047mln 

G 3.2±.3 .126± .012 

H .51 min .020mln A "I 
I 4.31 max .170max 

J 5.08 max .200max 

10.16 [TP] .400 [TP] 

8.6 .339 

M .25 ::~~ .010:::: 

No tea: 
[1] Each lead centerline 11 located within .25 

mm (.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of lead• when formed 
parallel. 8 M 0-15° 

83-oo3576B 

16-Pln Plas_tlc DIP (300 mil) 

16 
Item Millimeters Inches 

A 20.32 max .800max 

1.27 max .050max 

c 2.54 [TP] .100 [TP] 

D .50± .10 .020:::: 

17.78 .700 

F 1.2mln .047 min 

G 3.5 ± .03 .138 ± .012 

H .51 min .020 min 
A 

4.31 max .170max 

5.08max .200 max 

K 7.62 [TP] .300 [TP] 

6.4 .252 

M .25 ::~: .010:::: 

N 1.0mln .039mln 

Notes: 
[1] Each lead centerline 11 located within .25 

mm [.010 Inch] of Ill true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed c parallel. 

83-()()35848 
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PACKAGING INFORMATION NEC 
16-Pln Plastic DIP (300 mil, Semlwlde Body) 

Item Mllllmetera Inches 

A 20.32 max .800 max 

B 1.27 max .050 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020 ~:~~: 
17.78 .700 

F 1.2mln .047 min 

G 3.2±.3 .126 ± .012 

H .51 min .020mln 

4.31 max .170 max 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

6.7 .264 

M .25 ~:~~ .010 ~:~~: 
N 1.0mln .039 min 

Notes: 
[1] Each lead centerllne Is located within .25 

mm (.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

16 

·~ 
~===19J AJ 

c --/~ y 
M 0-15° 

16-Pln Plastic DIP (300 mil, Wide Body) 

18 

Item Mllllmetera Inches 

A 20.32max .800 max 

B 1.27max .050 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020~:~ 
17.78 .700 

F 1.2mln .047mln 

G 3.2±.3 .128 ± .012 

H .51 min .020 min N 

4.31 max .170max 

5.08max .200max 

K 7.62 [TP] .300 [TP] 

7.4 .291 

M .25 ~:~: .010~:= 
N 1.0mln .039 min 

Note: 
[1] Each lead centerline la located within .25 

mm [.010 Inch] of Its true position [TP] at - \¥" 
maximum materlal condition. 0-15° 

(2] Item "K" to center of leads when formed 
parallel. 
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NEC PACKAGING INFORMATION 

16-P/n Plastic ZIP 

A 

• 1 

Item Mllllmeters Inches 0 
A 21.59 max .850 max 

B 1.27 max .050 max H 

c 1.27 [TP] .050 [TP] I 

D .50±.10 .020 ~:~: 1 16 

19.05 .750 

F 3.5±.3 .138 ± .012 

G .9mln .035 min 

H 6.6 .260 

I 8.3 max .327 max 

2.54 [TP] .100[TP] 

K 2.8±.2 .110±.008 

.25 ~:~~ .010 ~:~~: 

G 

H I------; !---->-

I I I 
F 

u \J 

~~Du 
u ,______._ 

1--e - j+-C 

E 

J 
Notes: 
[1) Each lead centerline Is located within .12 

mm [.005 Inch] of Its true position [TP] at 
maximum material condition. 

83-0035856 

18-Pln Plastic DIP (300 mil) 

18 10 

Item Miiiimeters Inches 

A 22.86 max .900 max 

B 1.27 max .050 max 

c 2.54 [TP) .100 [TP] 

D .50±.10 .020 ~:~~: 
20.32 .800 

F 1.2mln .047mln 

G 3.5±.3 .138± .012 A 

H .51 min .020mln N 
4.31 max .170 max 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

6.4 .252 

M .25 ~:~~ .010 ~:~~: 
N 1.0mln .039mln 

Notes: 
[1) Each lead centerline ls located within .25 

mm [.010 Inch) of Its true position [TP] at 
maximum material condition. 

[2) llem ""K" to center of leads when formed 
parallel. 

83-0036308 



PACKAGING INFORMATION 

18-Pln Plastic DIP (300 m//J Sem/w/de Body) 

Item Mllllmeters Inches 

A 22.88mu .900mex 

B 1.27mu .OSOmex 

c 2.54 [TP] .100[TP] 

D .50±.10 .020 ~:::: 
20.32 .800 

1.2mln .047mln 

G 3.2±.3 .128 ± .012 

H .51 min .020mln 

I 4.31 mex .170 mex 

5.08mex .200mu 
K 7.82 [TP] .300 [TP] 

8.7 .284 

M .25 ~::: .010 ~::: J 
N 1.0 min .039 min 

Notes: 

[1} Eech leed centerllne 11 locetad within .25 
mm [.010 Inch} of Its true position [TPJ et 
mexlmum meterl•I condition. 

[2] Item "K" to center of le•d• when formed B 
perellel. 

18-Pln Plastic DIP (300 m//J Wide Body) 

18 

Item Miiiimeters Inches 

A 22.88mex .900mex 

a 1.27 max .OSOmax 

c 2.54 [TPJ .100 [TPJ 

D .50±.10 .020~:= 
20.32 .800 

1.2mln .047mln 

G 3.2±.3 .126±.012 

H .51 min .020 min 

4.31max .170 mex 

5.08max .200 max 

K 7.82 [TPJ .300 [TPJ 

7.35 .289 

M .25 ~::: .010~::: 

Notes: 
[1 J Eech lead centerline Is located within .25 

mm (.010 Inch} of Its true position [TP] at 
maximum material condition. 

[2] Item "K" to center ot leads when formed a 
parallel. 
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NEC PACKAGING INFORMATION 

18-Pln Plastic Leadless Chip Carrier 

A 

Item Miiiimeters Inches 

A 13.4 ± .20 .528 ± .008 

B 3.71 ± .15 .146 ± .006 18 

c 1.27 .050 

0 + 
D .40±.10 .016 ± .004 

K 

12.5 .492 

.60 .024 

G .8mln .031 min 

H 2.40 ± .20 .094 ± .008 

2.6 .102 

3.50 ± .20 .138 ± .008 

K 8.30 ± .20 .327 ± .008 

7.40 .291 

M .20 ::~~ .008 ::~: 
N 1.80 ± .20 .071 ± .008 

0 .70 .028 H 
--------------------

p 11.68 ± .20 .460 ± .008 
~--------------------·-

Q 6.6 ± .20 .260 ± .008 

Q 

83·0035818 

18-Pln Ceramic DIP (300 mil) 

Item Miiiimeters Inches 

A 25.40 max 1.ooom1x 

B 2.54max .100max 

c 2.54 [TP] .100[TP] 

D .46± .05 .018±.002 

E 20.32 .800 

F 1.25mln .049mln 

G 3.5±.3 .138 ± .012 
K 

H .51 min .020mln 

I 2.90 .114 

J 4.57max .180mu 

K 7.82 [TP] .300 [TP] 

L 7.32 .288 

M .25±.05 .010:::: 

Notes: 

[1] Each IHd e1nt1rllne la located within .25 
mm [.010 Inch] of Its true position [TP] et 
maximum m1terlal condition. 

(2] Item '"K" to center of le1d• when formed o-1s 0 

p1r11111. 

83-<>036288 
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PACKAGING INFORMATION NEC 
18-Pln Cerdlp (300 mil) 

18 10 

Item Mllllmetera lnChH 

22.88 max .900max 

8 1.27 max .050 max 

c 2.54 [TPJ .100 [TPJ 

.48 ± .05 .018± .002 

20.32 .800 

F 1.42mln .055 min 

G 3.5±.3 .138± .012 

.51 min .020 min 
.. I 

3.95 .158 

5.08 max .200 max 

7.82 [TPJ .300 [TPJ 

8.80 .280 

M .25 ± .05 .010 ~:~~: 
.89mln .035 min 

NotH: 

[1J Each lead centerline la located within .25 
mm [.010 Inch] of Ila true position [TPJ at 
maximum m1terl1I condition. 

(2) Item "K" to center of le1d1 when formed 
parallel. 

63-0036298 

20-Pln Plastic DIP (300 mil) 

20 11 

Item Mllllmetera Inches 

A 25.40 max 1.000 max 

B 1.27 max .oso max 

c 2.54 [TP) .100 [TP) 

D .so± .10 .020 ::~~: 
22.88 .900 

F 1.1 min .043 min 

G 3.5 ± .30 .138 ± .012 

H .51 min .020mln A 
... I 

4.31 max .170 max N 

5.08 max .200 max 

K 7.82 [TP) .300 [TP] 

8.4 .252 

M .25 ~:~~ .010 ~:~~: 
N .9mln .035 min 

Note: 

(1 J Each lead centerline la located within .25 
mm [.010 Inch) of Ila true position [TPJ at 
maximum materlal condition. 

[2) Item "K" to center of leads when formed 
p1r1llet. 

-IL_ 
M 

63-0014918 
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NEC 
20-Pln Plastic DIP (300 mil, Wide Body) 

20 

Item MUHmetera lnchH 

A 25.40max 1.ooom1x 

a 1.27mex .050m1x 

c 2.54 [TPJ .100[TP] 

0 .50±.10 .020:::: 

22.88 .900 

F 1.2 min .047 min 

G 3.2±.3 .128 ± .012 

H .51 min .020 min 

4.31 mix .170 max 

S.08m1x .2oom1x 

K 7.82 [TPJ .300 [TPJ 

L 7.25 .285 

M .25 ::~: .010:::: 

No tea: 
(1 J Each lead centerllne la located within .25 I 

mm [.010 Inch} of Ila true position [TP] 11 

I m1xlmum mat1rlal condition. 
[2} Item "K" to center of 181dt when formed 

P1r•llel. 

t 
22-Pln Plastic DIP (300 mil, Wide Body) 

Item Mllllmetera Inch•• 

A 30.48max 1.200m1x 

a 2.54 mix .100 mix 

c 2.54 [TPJ .100 [TPJ 

D .50 ±.10 .020:::: 

25.40 1.000 

1.2mln .047 min 

G 3.20±.30 .128± .012 

H .51 min .020mln 

4.31 mu .170 mu 

5.08 mix .2oom1x 

K 7.82 [TPJ .300 [TP] 

7.40 .281 

M .25 ::~: .010:::: 

N .Bmln .035mln 

Note: 
[1} Eich 181d centerllne la located within .25 

mm [.010 Inch} of lte true position [TPJ 11 
m1xlmum m1terl1I condition. 

[2} llem "K" lo center of l81dl when formed 
p1r1llel. 

A 

PACKAGING INFORMATION 

11 

.. I 
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83-0038286 
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PACKAGING INFORMATION NEC 
22-Pln Ceramic LCC 

J ~ I~ 11 D D D D D D 
I A 

Item Miiiimeters Inches 

A 12.45 ± .35 .490 ± .014 B 

B 1.14 .045 

c 2.29 .090 

D .64 .025 

7.37 ± .35 .290 ± .014 

F 1.27 .050 

G 2.26 max .089 max 

H 1.40 .055 

7.62 .300 

3.81 .150 

.3 rad .012 rad 

.2 rad .008 rad 

~I 

83·0035786 

22-Pln SIMM, MC-41256A4A (Glass-epoxy Substrate) 

1 ~ 

Item Miiiimeters Inches 

'C:S c::s EJnC::S' 
I. . I 

A 
A 56.52 2.225 

B 11.43 max .450 max 

c 2.54 .100 

D .45 .018 

5.30 max .209max 

.25 .010 

G 4.00 .157 

83-0032056 
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t\'EC PACKAGING INFORMATION 

22-Pln SIMM, MC-411000A1A (Glass-epoxy Substrate) 

Item Mllllmeters Inches 

A 61.0 2.40 

B 10.92 max .430max 

c 2.54 .100 

D .45 .018 

E 5.30 max .209 max 

F .25 .010 

G 4.00 .157 

22-Pln SIMM, MC-41256A4C (Ceramic Substrate) 

Item Mii ii meters 

A 56.52 

B 9.70max 

c 2-54 

D .45 

E 5.08 max 

F .25 

G 4.00 

Inches 

2.225 

.382max 

.100 

.018 

.200 max 

.010 

.157 

1 ~ ·=c:::rc::::J C::S"C:::S I I. .I 
A 

83-0034776 

83-0032046 
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PACKAGING INFORMATION 

22-Pln SIMM, MC-411000A1C (Ceramic Substrate) 

1 ~ 

Item Mllllmeters Inches 

1 c::sr rc::::J" c::sn nc:s 1 

I. . I 
A 

A 61.0 2.40 

B 9.7 max .382max 

c 2.54 .100 

D .45 .018 

E 5.0Bmax .200mex 

F .25 .010 

G 4.00 .157 

24-Pln Plastic DIP (300 mil) 

Item Miiiimeters Inches 

A 33.02 max 1.300 max 

B 2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D .50 ± .10 .020 ~:~~: 
E 27.94 1.100 

F 1.2mln .047 min 

G 3.50 ± 0.3 .138 ± .012 

~ H : : ij ~ : : : H.1 
A 

H 0.51 min .020 min 

4.31 max .170 max 
N 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

L 6.4 .252 

M .25 ~:~~ .010 ~:~~~ 
N 1.0mln .039 min 

Notes: 

I IITT• :!!G 
-#-[1] Each lead centerline Is located within .25 

mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

B c M 

[2] Item "K" to center of leads when formed 
parallel. 

12-12 
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NEC PACKAGING INFORMATION 

24-P/n Plastic DIP (400 mil) 

24 13 

Item Mllllmeters Inches 

A 30.48 max 1.200 max 

B 1.27 max .050 max 

c 2.54 [TP] .100 [TP] 

D .50 ± .10 .020 ::~~: 
27.94 1.100 

F 1.2mln .047 min 

G 3.2 ± 0.3 .126 ± .012 

H .51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K 10.16 [TP] .400 [TP] 

8.6 .339 

M .25 ::~~ .010 ::~g: 

Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] al 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

83-0036278 

24-Pln Plastic DIP (600 mil) 

24 13 

Item Miiiimeters Inches 

A 33.02 max 1.300 max 

B 2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020 ::gg: 
27.94 1.100 

F 1.2 min .047 min 

G 3.5 ± 0.3 .138 ± .012 

H .51 min .020 min 

4.31 max .170 max A 

121 . 
5.72 max .226 max 

15.24 [TP] .600 [TP] 

13.2 .520 

M .25 ::~~ .010 ::gg: 
Notes: 

J [1] Each lead centerline Is located within .25 
mm [.010 inch] of Its true position [TP] at 
maximum material condition. 

[2] llem "K" to center of leads when formed 
parallel. 

B 

83-0019508 

12-13 ~ 



PACKAGING INFORMATION NEC 
24-Pln Ceramic DIP (400 mil) 

Item Miii i meters Inches 

A 33.02 max 1.300 max 

2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D .46± .05 .018 ± .002 

E 27.94 1.100 

1.25mln .049 min 

G 3.5±.3 .138 ± .012 K 

H .51 min .020 min 

I 2.74 .108 

4.57 max .180 max 

N ,. L 

·1 l 
10.18 [TP] .400 [TP] I 
10.0 .394 

M .25±.05 .010 ~::: I 
\ 

N 1.0mln .039mln 

Notes: ~v 
[1] Each lead centertlne la located within .25 o-1s 0 

mm [.010 Inch] of Ila true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

83-0035496 

24-Pln Cerdlp (600 mil) 

24 13 

Item Miiiimeters Inches 

A 33.02max 1.300 max 

B 2.54max .100max 

c 2.54 [TP] .100 [TP] 

D .50 ± .010 .020~:= 
27.94 1.100 

F 1.2mln .047mln 

G 3.0±.3 .118±.012 

H .51 min .020mln 

I 3.80 .150 

5.08 max .200 max 

K 15.24 [TP] .800 [TP] 

L 13.21 .520 

M .25± .05 .010~::: 
Notes: 
[1] Each lead centerline Is located within .25 

mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. M 

83-0036336 

12-14 



NEC PACKAGING INFORMATION 

24-Pln Ceramic Flatpack 

1· 
H ., 

24 
:=1 

Item Miiiimeters Inches 

A 2.6 max .102 max I 
B 9.5 .374 L c .13 .005 

D .5 .020 r 
E 6.9 .272 

F 2.0 .079 

G 6.9 .350 

H 8.9 .350 

.43 .017 

6.35 .250 

K 1.27 .050 

c 
,. 

• 1 

L I I :=p r1. .1 1. .1 G D 

83-0035838 

24-Pin Plastic Mlniflat 

24 13 

Item Miiiimeters Inches 

A 16.51 max .650 max 

B 1.27 max .050 max 

c 1.27 [TP] .050 [TP] 

D .40±.10 .016 ::gg: 
1 +.2 

. -.1 .004 ::gg: 
F 2.5 max .099 max 

G 2.00 .079 

H 12.2 ± .3 .480 ::g~~ 
8.4 .331 

1.9 .075 

K .15 ::~: .006 ::gg: 
.9± .2 .035 ::gg: 

Note1: 
[1] Each lead centerline la located within .12 

mm [.005 Inch] of Ila true poelllon [TP] at 
maximum matarlal condition. 

83-0027016 



PACKAGING INFORMATION NEC 
24-Pln Ceramic LCC 

~ n n n n n ~ 
I• A •I 

c 

Item Mllllmeters lnchff 

A 8.51 .335 

B .89 .035 

c 5.14 .202 

D .84 .025 

E 5.08 .200 

F 1.27 .050 

G 1.78 .089 

H 8.51 ,335 

83-0035828 

24-Pln SIMM, MC-41256A5A (Glass-epoxy Substrate) 

24 

I~ 
jij- -~- rG j(i 

:I A 
Item Mllllmeter1 lnche1 

A 88.80 2.70 

B 11.40 max .449 max 

c 2.54 .100 

D .45 .018 

E 5.30 max .209 max 

F .25 .010 

G 4.00 .157 

--H- -l ~ 
D C 

83-0032098 
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NEC PACKAGING INFORMATION 

24-Pln SIMM, MC-412S6ASC (Ceramic Substrate) 

24 

Item Mllllmele1'8 lnchH 

l~-___.jIT __ __.m • ru __ irr __ !I 
A 11.80 2.70 

B ll.70max .382max 

c 2.114 .100 

D AS .018 

5.08max .200max 

F .25 .010 

Q 4.00 .157 

83-0032088 

26120-Pln Plastic SOJ 

28 14 

Item Mllllmelel'8 lnche1 

A 17.35 ± .25 .883 ± .010 J K 
B 1.08±.15 .043± .008 

c 1.27 .050 

D .40±.10 .018± .004 

0 15.24 .800 

F .80 .024 

1. Q .8mln .031 min 1 

H 2.4±.2 .084± .008 A 
3.5±.2 .138 ± .008 

7.57 .298 

K 8.47± .2 .333± .008 

8.73± .2 .285± .008 

M .20 ::~: .oo8::g: 

N .07 .028 

0 .85 rad .033 rad 

83·00383SB 
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PACKAGING INFORMATION 

28-Pln Plastic DIP (600 mil) 

Item Mllllmeteni Inches 

A 38.10 max 1.500 max 

ii 2.54max .100 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020~:~ 
33.02 1.300 

1.2mln .047mln 

G 3.8±.30 .142 ± .012 

H .51 min .020mln 

4.31 max .170 max 

5.72max .228max 

15.24 [TP] .800 [TP] 

13.20 .520 

M 25 +.10 
• -.05 .010~:~ 

Note1: 

[1] Each lead canterllne Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum materlal condition. 

[2] Item "K" to center of leads when formed 
parallel. 

28-Pln Cerdlp (600 mil) 

Item Miii i meters Inches 

A 38.10max 1.500 max 

2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020 ~ :~~: 
33.02 1.300 

1.2mln .047 min 

G 3.5±.3 .138 ± .012 

.51 min .020 min 

3.80 .150 

5.08 max .200 max 

15.24 [TP] .600 [TP] 

13.21 .520 

M .25 ± .05 .010~:~~ 
7.62 dla .300 dla 

Notes: 
[1] Each lead centerline Is located within .25 

mm [.010 Inch] of Its true position [TP] al 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

12-18 
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NEC PACKAGING INFORMATION 

28-Pln Cerdlp (600 mil, Wide Body) 

28 15 

Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020 ~ :~~: 
33.02 1.300 

F 1.2mln .047 min 

G 3.5±.3 .138± .012 

H .51 min .020 min 

3.80 .150 

5.08 max .200 max 

K 15.24 [TP] .600 [TP] 

L 14.66 .577 

M .25± .05 .010 ~:~~~ 
N 8.89 dla .350 dla 

Notes: 
(1] Each lead centerline Is located within .25 

mm (.010 Inch] of Its true position (TP] at 
maximum material condition. 

[2] Item "K" to center of leads when formed 
parallel. 

83-0017958 

28-Pln Plastic Min/flat 

Item Mill I meters Inches 28 15 

A 19.05 max .750 max 

B 1.27 max .050 max 

c 1.27 [TP] .050 [TP] 

D .40±.10 .016 ~:~~: 
16.51 .650 

1 +.2 
. -.1 .004 ~:~~: 

G 2.5 max .099 max 

H 2.00 .079 

11.8±.3 :c~:: A ~ 

====·15+=-:~~===·0°=<=~~~= 1~~1=:Ff· dA==!===~ 
M .7±.2 .028~:~~: ~ ~~ T r ~ ~ 

Nole: B C D M 

(1] Each lead centerline Is located within .12 ~ 

8.4 

K 1.7 

mm (.005 Inch] of Its true position [TP] at 
maximum material condition. 

83-0016766 



PACKAGING INFORMATION NEC 
30-Pln SIMM, MC-41256ABA (Glass-epoxy Substrate) 

Item Millimeters Inches 

A 78.90 3.106 

B 18.00 max .709 max 

c 2.54 .100 

D .45 .018 

E 5.30 max .209 max 

F .25 .010 

G 4.00 .157 

H 16.76 .660 ]· 
~ 

DDDDDDDD 
~~ ~I-

D C 

30-Pln SIMM, MC-41256A9A (Glass-epoxy Substrate) 

Item Miiiimeters 

A 78.90 

B 18.00 max 

c 2.54 

D .45 

E 5.30 max 

F .25 

G 4.00 

H 16.76 

12-20 

Inches 

3.106 

.709 max 

.100 

.018 

.209 max 

.010 

.157 

.660 

I t:JEfEJEJaESES55 I 
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NEC PACKAGING INFORMATION 

30-Pln SIMM. MC-41256A8B (Glass-epoxy Substrate) 

Item MUii meters Inches 

A 88.90 3.500 

B 16.80 max .661 max 

i. LJLJLJLJL?LJLJLJ .i 
c 2.54 .100 

D 1.78 .070 

5.08 max .200 max 

1.27± .08 .050 ± .0032 

G 10.16 .400 

H 6.35 .250 

82.10 3.232 

3.175 dla .125 dla 
£~QQQaQQgngM}fil ~ 

--1~ ~~ --1~ 
D C F 

83·0032108 

30-Pln SIMM, MC-41256A9B (Glass-epoxy Substrate) 

Item Miiiimeters Inches 

A 88.90 3.500 

B 16.80 max .661 max 

c 2.54 .100 

D 1.78 .070 

5.08 max .200 max 

F 1.27 ± .08 .050 ± .0032 

G 10.16 .400 

H 6.35 .250 

82.10 3.232 

3.175 dla .125 dia 

12-21 



PACKAGING INFORMATION 

32-Pln Ceramic LCC 

Item Miiiimeters Inches 

A 13.97 ± 0.20 .55± .008 

B 1.9 .075 

c 1.27 .050 

D .64±.1 .025±.004 

E 10.16 .400 

F 1.9 .075 

G 1.02 .040 

H 2.17 .085 

3.0 max .12omax 

11.43±.15 .450±.006 

K 7.62 .300 

L 1.27 ± .15 .050±.006 

M 7.11 di• .280 dla 

40-Pln Plastic DIP (600 mil) 

Item Miiiimeters Inches 

A 53.34max 2.100 max 

B 2.54max .100max 

c 2.54[TP] .100(TP] 

D .50±.10 .020::~ 
E 48.26 1.900 

F 1.2mln .047mln 

G 3.6±.3 .142 ± .012 

H .51 min .020 min 

4.31 max .170max 

5.72 max .226max 

K 15.24 (TP] .600 (TP] 

L 13.2 .520 

M .25 =:~~ .010:::: 

Notes: 
[1] Each lead centerline Is located within .25 

mm [.010 Inch] of 111 true position (TP] at 
maximum material condition. 

[2] llem "K" to center of leads when formed 
parallel. 

12-22 
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NEC PACKAGING INFORMATION 

40-Pln Cerdlp (600 mil, Wide Body) 

Item Miiiimeters Inches 

A 53.34max 2.100 max 

B 2.54max .100 max 

c 2.54 [TP] .100 [TP] 

D .50±.10 .020~::: 
48.26 1.900 

1.2mln .047 min 

G 3.5± .3 .138± .012 

H .51 min .020 min 

3.80 .150 

5.08max .200 max 

K 15.24 [TP] .600 [TPJ 

14.66 .577 

M .25± .05 .010~::~ 
N 8.89 dla .350 dla 

Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 

[2] llem "K" to center of leads when formed 
parallel. 

~f¥J I.!: ~c~ j~ --//.._ 
M 

·1 

o -1s 0 

83-0036318 
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