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GENERAL INFORMATION

Introduction

This catalog provides you with details about NEC’s
total memory productline, which is the broadestin 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.

The catalog is divided into sections for each of our
major memory groups: ASMs, DRAM Modules, DRAMs,
XRAMs, MOS SRAMs, ECL 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.

Memory Product Overview

Application RAM EPROM Bipolar
Density Specific Module Dynamic XRAM MOS Static ECL uv 0TP ROM PROM
1K #PB10422
uPB100422
4K uPD2147A  uPB10470 uPB426
uPD2149  uPB10474
1PB100470
4PB100474
8K uPD41101
uPD41102
16K 4PDA446 uPB429
uPD449
1PD4016
uPD4311
uPD4314
64K pPD4164  4PD4168  uPD4361 wPD2764  uPD2764  uPD2364A
1PD4265 1PD4362 4PD27C64  uPD27C64  uPD2364E
1PD41416 1PD4364 uPD23C64E
1PD4464
128K uPD27128  uPD27128  1PD23128E
uPD23C128E
256K 1PD41221 uPD41256  uPD42832  nPD43256 uPD27256  uPD27C256  uPD23C256E
uPD41264 uPD41257 uPD27C256 PD27C256A
1uPD41464 uPD27C256A
512K uPD27C512
M MC-41256A4 PD411000 uPD27C1024 1PD23C1000
MC-41256A5 wPD411001
MC-411000A1 PD414256
2M MC-41256A8 1PD23C2000
MC-41256A9
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MEMORY PART NUMBER GUIDE
Monolithic
4P D 41 256 V —12

T ] | _: Speed Selection :
Package = Ceramic Flatpack

Plastic DIP

Cerdip or Ceramic DIP

Plastic Miniflat

Ceramic Leadless Chip Carrier
Plastic Leadless Chip Carrier
Plastic Small Outline J-Lead
Plastic Zig-Zag Inline Package

Il

L

<>PrrXO00O®
fl

Device Identifier (2 to 4 characters)
Product Class 10 = 10K ECL RAM

100 = 100K ECL RAM
21 = NMOS Static RAM
23 = NMOS ROM
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

L—-— Speed Selection

Number of Output Bits

Word Depth Indicator 256A = 256K Words
1000A = 1024K Words
Product Class 41 = NMOS Dynamic RAM

NEC Module

1-4
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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 uPD41264. 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 (1M
DRAMSs) 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).

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 uPD43256, 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 uPD4364, uPD4464, and uPD43256. 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 for the yPD27C256AK/G
(32K x 8 CMOS EPROM), and advanced products such
asthe uPD28C64 (8K x 8 EEPROM), OTP EPROMSs, the
uPD27C1024 (64K x 16 CMOS EPROM), and the
pPD23C2000 (128K x 16 or 256K x 8 CMOS ROM).
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Application-Specific Memory Selection Guide

Maximum Power

Access Cycle Supply Dissipation (mW)
Device Organization  Process Time (ns) Time (ns) Voltage Standby Active Package Pins
uPD41101-3 910x 8 NMO0S 27 34 +5 - 495 [4 24
uPD41101-2 27 34(R)/69(W)
4uPD41101-1 49 69
4PD41102-3 1135x 8 NMOS 21 28 +5 - 495 4 24
4#PD41102-2 21 28(R)/56(W)
4#PD41102-1 40 56
uPD41221-70 224K x 1 NMOS 55 70 +5 83 385 4 14
14PD41221-90 75 90
uPD41264-12 64K x 4 NMOS 120 Port A 220 Port A +5 66 853 [4 24

with 40 Port B 40 Port B
uPD41264-15 - 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 (mW)
Device Organization  Process Time (ns) Time (ns) Voltage Standby Active Package Pins
MC-41256A4-12 256K x 4 NMOS 120 220 +5 110 1826 AIC 2
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-411000A1-12 1M x 1 NMOS 120 220 +5 110 539 A/C 22
MC-411000A1-15 150 260 468 '

Note:

Package: A =Single Inline 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
1PD4164-10 64K x 1 NMOS 100 200 +5 28 330 C 16
1PD4164-12 120 230 303
uPD4164-15 150 260 275
1PD4164-20 200 330 248
uPD4265-20 64K x 1 CMOS 200 335 +5 2.8 193 C 16
uPD4265-25 250 410 165
uPD41256-12 256K x 1 NMOS 120 220 +5 28 457 C/LIV C=16,
uPD41256-15 150 260 385 L =18,
uPD41256-20 200 330 330 V=16
uPD41257-15 256K x 1 NMOS 150 270 +5 28 385 C/L C =16,
1PD41257-20 200 335 330 L=18
uPD41416-12 26K x 4 NMOS 120 220 +5 28 303 C 18
uPD41416-15 150 260 275
1PD41416-20 200 330 248
uPD41464-10 64K x 4 NMOS 100 200 +5 28 440 C/L 18
1PD41464-12 120 220 413
1PD41464-15 150 260 385
#PD411000-10 M x1 MNOS 100 200 +5 28 550 C/LA C=18,
#PD411000-12 120 220 495 LA =26/20
1PD411000-15 150 260 440
©PD411001-10 Mx1 NMOS 100 200 +5 28 550 C/LA C=18,
nPD411001-12 120 220 495 LA = 26/20
#PD411001-15 150 260 440
4PD414256-10 256K x 4 NMOS 100 200 +5 28 550 C/LA C =20,
1PD414256-12 120 220 495 LA =26/20
pPD414256-15 150 260 440
Note:
Package: C = Plastic DIP; L = Plastic Leaded Chip Carrier; V = Zig-zag Inline 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
uPD4168-12 8K x 8 NMOS 120 220 +5 28 358 c 28
1PD4168-15 150 260 330
1PD4168-20 200 330 303
1PD42832-10 32K x 8 CMO0S 100 160 +5 2.8 330 C/G 28
1PD42832-12 120 190 275
uPD42832-15 150 235 220
Note:

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

Maximum Power

Access Cycle Supply Dissipation (mW)
Device Organization  Process Time (ns) Time (ns) Voltage Standby Active Package Pins
uPD446-3 2Kx8 CMOS 150 150 +5 0.055* 209 C/G 24
1PD446-2 200 200 165
1PD446-1 250 250 143
uPD446 450 450 99
#PD449-3 2K x 8 CMO0S 150 150 +5 0.055* 209 C 24
1PD443-2 200 200 165
uPD449-1 250 250 143
1PD449 450 450 99
uPD2147A-25 4K x1 NMOS 25 25 +5 110 880 D 18
uPD2147A-35 35 35
uPD2147A-45 45 45
1PD2149-2 1Kx4 NMOS 35 35 +5 - 990 D 18
uPD2149-1 45 45
uPD2149 55 55
4PD4016-5 2K x 8 NMOS 120 120 +5 83 330 C 24
uPD4016-3 150 150
4PD4016-2 200 200
uPD4016-1 250 250
#PD4311-35 16K x 1 Mix-MOS 35 35 +5 1 440 C 20
uPD4311-45 45 45
uPD4311-55 55 55
uPD4314-35 4K x 4 Mix-M0S 35 35 +5 1 440 C 20
1PD4314-45 45 45
4PD4314-55 55 55
uPD4361-40 64K x 1 Mix-M0S 40 40 +5 1" 660 K 22
uPD4361-45 45 45 C/K
1uPD4361-55 55 55 C/K
1PD4361-70 70 70 C
uPD4362-45 16K x 4 Mix-M0S 45 45 +5 1 495 C 2
1PD4362-55 55 55
1PD4362-70 70 70
uPD4364-12 8K x 8 Mix-MOS 120 120 +5 11/0.55/0.055 220 -C/G 28
1PD4364-15 150 150 220
uPD4364-20 200 200 193
uPD4464-15 8Kx8 CMOS 150 150 +5 0.055/0.0055 220 C/G 28
1PD4464-20 200 200 193
uPD43256-10 32K x 8 Mix-MOS 100 100 +5 11/0.55 385 C/G 28
1PD43256-12 120 120
uPD43256-15 150 150

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
uPB10422-7 256 x 4 10K 7 5* -52 1144 D 24
uPB10422-10 10 5*
uPB10470-10 4K x 1 10K 10 6 -5.2 1144 D 18
uPB10470-15 15 8
uPB10474-8 1K x4 10K 8 5 -5.2 1144 D 24
uPB10474-10 10 6
uPB10474-15 15 8
1PB100422-7 256 x 4 100K 7 5* —45 990 B/D 24
1PB100422-10 10 5*
1PB100470-10 4K x 1 100K 10 6 —45 990 D 18
uPB100470-15 15 8
4PB100474-4.5 Kx4 100K 45 4 —45 2025 K 24
uPB100474-6 6 4 2025 B/K
uPB100474-8 8 5 990 B/D
uPB100474-10 10 6 990 B/D
uPB100474-15 15 8 990 B/D
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
Dissipation (mW)

Access Programming Supply
Device - Organization  Process Time (ns) Option- Voltage Standby Active Package Pins
uPD2764-2 8K x8 NMOS 200 uv +5 210 499 D 28
uPD2764 250 uv/oTP C/D
uPD2764-3 300 uv/oTP C/D
1PD2764-4 450 uv/oTP C/D
uPD27128-2 16K x 8 NMOS 200 uv +5 210 604 D 28
uPD27128 250 uv/oTP C/D
uPD27128-3 300 Uv/oTP : C/D
uPD27128-4 450 uv/oTpP C/D
uPD27256 32K x 8 NMOS 250 uv +5 210 604 D 28
uPD27256-3 300 .
uPD27C64-20 8Kx8 CMOS 200 uv +5 0.55 165 D 28
uPD27C64-25 250 uv/0TP C/D
4PD27C64-30 300 uv/0TP C/D
uPD27C256-15 32K x 8 CMOS 150 uv +5 0.55 165 D 28
uPD27C256-20 200 Uv/0TP C/D
uPD27C256-25 250 uv/0TP c/D
uPD27C256A-12 32Kx 8 CMOS 120 uv +5* 0.55 165 D/K 28
uPD27C256A-15 150 uv/0TP C/D/G/K  (except K=32)
1PD27C256A-20 200 uv/oTP C/D/G/K
uPD27C512-15 64K x 8 CMOS 150 uv +5* 0.55 165 D 28
uPD27C512-20 200
uPD27C512-25 250
uPD27C1024-15 64K x 16 CMOS 150 uv +5* 0.55 275 D 40
1PD27C1024-20 200
uPD27C1024-25 250

Note:

Package: C = Plastic DIP for OTP (One Time Programmable) EPROMSs; G = Piastic 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
uPD2364A-1 8Kx8 NMOS 150 150 Static 83 385 C 24
uPD2364A 200 200
uPD2364E-1 8Kx8 NMOS 200 200 Static 105 420 C 28
4PD2364E 250 250
uPD23128E 16K x 8 NMOS 250 250 Static 138 495 C 28
#PD23C64E-1 8K x 8 CMO0S 150 150 Static 0.165 165 C 28
uPD23C64E 200 200 138
uPD23C128E-1 16K x 8 CMOoS 150 150 Static 0.165 165 C 28
uPD23C128E 200 200 138
uPD23C256E-1 32K x 8 CMO0S 150 150 Static 0.165 165 C/G 28
uPD23C256E 200 200 138
uPD23C1000-1 128K x 8 CMO0S 200 200 Static 0.55 220 C 28
4PD23C1000 250 250
1PD23C2000 128K x 16 or CM0S 250 250 Static 0.55 220 C 40
256K x 8

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
1PB426-3 1Kx4 TTL 35 25 +5 826 c/D 18
uPB426-2 50 30
uPB426-1 60 40
uPB426 70 45
1PB429-3 2Kx 8 TTL 45 30 +5 880 c/D 24
uPB429-2 50 30
1PB429-1 60 40

1PB429 70 50
Note: '
Package: C = Plastic DIP; D = Ceramic DIP
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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 cannotensure 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

[0 Product development

O Wafer processing

[0 Assembly

O Electrical testing and screening
O Pre-inventory inspection

O Reliability assurance test

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 ltem Frequency
A\v4 (Wafers)
Dimension Every lot
] Incoming inspection  Resistivity Every lot
Appearance Every lot
(Masks}
Incoming inspection
C Phote lithography 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 ot
Passivation CVD thickness Every run
Water 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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Assembly Process Flow of Plastic Memories

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

Flow " Process Typical item Frequency
Y Chip
(Lead frame, solder)
% Incoming inspection
O Chip mounting Appearance Every lot
[Fine Wire)
a Incoming inspection
Wire bonding Bond strength Every shift
8 Pre-seal visual Appsarance 100% IC's
(Molding compound)
%_‘ Incoming Inspection
Moiding Appearance 100% IC’s
Thermal aging
Plating
Plating inspection Appearance Every lot
Solderability Every day
Thickness Every day
Lead cut and bending
Marking Marking permanency  Every run
To test

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 fest 100%
Burn-in 100%
2nd electrical test 100%
PDA
Pre-inventory inspection Every lot
Reliabllity assurance fest 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:

O Electrical Test — DC parameters LTPD 3%

Function test LTPD 3%
O Appearance — LTPD 3%
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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 Symhbol Method, Condition Remarks
High temperature 10050 (T = 125°C)
operating life HTOL Vpp as specified Note 1

High temperature o) 00T, = 150°C)  Note 1

storage life

High humidity Tp =85°C at 85% RH

operating life HHoL Vpp as specified Note 1

High humidity _ ko

storage life HHSL  Tp=185°C at85% RH Note 1

Pressure cooker test PCT 125°C (2.5 aim} Note 1
Broken lead is

Lead Fatigue c3 200482 considered to be
a reject
Less than 95%

. Tp = 230°C, 5 sec coverage is

Seiderabiiity o Use resin base flux  considered to be

a reject
. 260°C, 10 sec w/out

Soldering heat C6 flux — Note 2 Note 1

Temperature cycle 6 l_[gsufc :3 ;:%/:Leg g Note 1

Thermal shack g JOATSoydles g,

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.

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
continuous research and development, extensive failure
analysis and process improvements, NEC continuesto
set and maintain the highest standards of quality and
reliability.
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NIE“ : 4PD41101
, 910 x 8-BIT
NEC Electronics Inc. FIFO MEMORY
PRELIMINARY INFORMATION
Description Pin Configuration
This device is a 910-word by 8-bit first-in first-out
biport memory fabricated with the N-channel silicon Poura 1 -/ 24HDino
gate process. The device helps to create an NTSC 32::;E: :: gs::;
flicker-free television picture (noninterlace conversion) Doura ] 4 21 b
by providing intermediate storage and very high speed RECls _ 20[we
read and write operations. ASTROe £  19[ASTW
GND [ 7 E 18 Ovee
The uPD41101 can also be used as a digital delay line. rek[js 3 w[wek
The delay length is variable from 10 to 910 bits. Douts[] @ 16 [ Dina
Douts [] 10 15 [J Dins
Douts 11 14 [] Ding
Features Dourr [ 12 13F D
O 910-word x 8-bit organization 83-003653A

O FIFO (first-in first-out) biport memory

3 Suitable for NTSC, 4fgc digital television systems

O Asynchronous and simultaneous read/write
operations

O Can be used as a 1H (910-bit) delay line

[0 TTL compatible

O Three-state outputs

O Single 5 V + 10% power supply

O 24-pin, 300 mil DIP package

Performance Ranges

Read Read Write

Cycle Access Cycle
Device Time (Min) Time (Max) Time (Min)
uPD41101-3 34 ns 27 ns 34 ns
uPD41101-2 34 ns 27 ns 69 ns
#PD41101-1 69 ns 49 ns 69 ns

Pin Identification

No. Symboi Function

1-4,9-12 Doyto-Dout7 Read data outputs

5 RE Read enable input

6 RSTR Read address reset input
7 GND Ground

8 RCK Read clock input

13-16, 21-24 Dino-Din7 Write data inputs

17 WCK Write clock input

18 Vee 5V power supply

19 RSTW Write address reset input
20 WE Write enable input

Pin Functions
Dino-Din7 [Data Inputs]

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

DouTo-DouTt7 [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_ﬁ 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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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 acycle, 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 ata 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
therising edge of RCK at the beginning of acycle. 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.

Absolute Maximum Ratings

Supply voltage, Vec -15t0o+7.0V
Voltage on any input pin, V; —-15t0 +7.0V
Voltage on any output pin, Vo —15to+7.0V
Short circuit output current, lgg 20 mA
Operating temperature, Topg —20 to +70°C
Storage temperature, Tgtg —55to +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.

Block Diagram
le———RE
Read
Control RCK
| «—————RSTR
Read
Row Selectors ¢—]
8 Data Write Dual-Ported Read Data 8
Dino—DiN7 —F{ . Input Column Memory Column Output | —+—» DouTo—Dout?
Buffers Selectors Cell Array Selectors Butfers
L’ Write
Row Selectors
WE ————
Write
weK Control
RSTW ——»
83-0033398
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Figure 1. Connection for Noninterlace Conversion
RCK
Reset [Bfsc = 28.6 MHz]
RE1
RSTW ASTR RCK RE
Sounitine — 1 ow
_ 4
-7 - ’ weK we / Noninterlaced Line
- - ,J7 1 8 Data Outputs
_- -7 \\
Actual Line \\
N
i RE2
RSTW RSTR RCK RE \\
=
_______ _—
int lated Li
%
Transmitted N \ Displayed
Teen '\ wo_we -3
Imerpo}aied Line /J7
WCK
[8tsc = 14.3 MHz]
83-003638B
Recommended DC Operating Conditions DC Characteristics
Ta =—20 to +70°C Ta = —20t0 +70°C; Vo = 5.0 V £10%
Limits Test Limits Test
Parameter Symbol Min Typ Max Unit  Conditions Parameter Symbol Min Typ Max Unit Conditions
Supply Vo 45 50 55 V Write/Read loc 90 mA
voltage cycle operating
Ground G\D 0 0 o0 V current
Input leakage Iy -10 10 pA Vi =0to Vg all
L’:pﬁt voltage Vi 24 55V current other pins not
g under test=0V
input valiage Vi 15 08 v Outputleakage  lg  —10 10 wA Douris disabled;
current Vo=0to55V
. Output voltage Vo 24 V lgg=—1mA
Capacitance high
— o —_ %: f =
Ta =—20t0 +70°C; Vo = 5.0V £10%; f = 1 MHz Output voltage VoL 04V lp—2mA
Limits Test low
Parameter Symbol Min Typ Max Unit Conditions Note:
Input C 5 pF WE, RE, WCK (1) All voltages are referenced to ground.
capacitance RCK, RSTW,
RSTR, Ding-Diny
Output Co 7 pF Douto-Doutr

capacitance

Note:

(1) These parameters are sampled and not 100% tested.
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AC Characteristics
Ta =—20to +70°C; Vcc =5.0V + 10%

Limits

4#PD41101-3 4P0O41101-2 4PDA1101-1 Test
Symbol Parameter Min Max Min Max Min Max Unit Conditions
twek Write clock cycle time 3 1090 69 1090 69 1090 ns
twew WCK pulse width 14 25 25 ns
twep WCK precharge time 14 25 25 ns
tRek Read clock cycle time 34 1090 34 1090 69 1080 ns
tRew RCK pulse width 14 14 25 ns
trep 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
tox Output hold time 5 5 5 ns
toHR Output hold time after a reset cycle 5 5 5 ns (Note 7)
tz Output active time 5 27 5 27 5 49 ns (Note 4)
tHz Output disable time 5 27 5 27 5 49 ns (Note 4)
tps Data-in set-up time 14 18 18 ns
toH Data-in hold time 5 5 5 ns
trs Reset active set-up time 14 14 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 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 5 ns (Note 10)
tweN1 Write enable high delay from WCK 5 5 5 ns (Note 11)
twen2 Write enable low delay to WCK 14 20 20 ns (Note 11)
tRes Read enable set-up time 14 14 20 ns (Note 10)
tREH Read enable hold time 5 5 5 ns (Note 10)
tREN1 Read enable high detay from RCK 5 5 5 ns (Note 11)
tREN2 Read enable low delay to RCK 14 14 20 ns (Note 11)
twew Write disable puise width 0 (Note6) O (Note6) O (Note6) ms
tREW Read disable pulse width 0 (Note6) O (Note6) 0 (Note6) ms
tRsTW Write reset time 0 (Note6) O (Note6) 0 (Note6) ms
tRSTR Read reset time 0 (Note6) O (Note6) 0 (Note6) 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 3Vand 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, t} 7 = t1z.
(5) Inputtiming reference levels =1.5V.
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4PD41101

AC Characteristics (cont)

Note [cont]:

(6) twew (max) and tgew (max) must be satisfied by the next equations in 1 line cycle operation:

twew t trsTw + 910twcek <1 ms
tRew t tRgTR T 910tgck < 1 ms

(7) This parameter has meaning when tgck = taocr (max).

(8) I either tgg or tyy is less than the specified value, reset operations are not guaranteed.

(9) Ifeithertpnqortgnzislessthan the specified value, internal reset operations may extend to cycles immediately preceding or following the
period of desired reset operations.

(10) If either twgs 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 OF tRENZ) 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 (910 Bit) Delay Line

AC Input Timing Reference Waveform

Data L
Inputs 7

RSTW RSTR RCK RE

L Data

7'g Outputs

83-003639A

3.0V
o.ov

5ns

—»| |*—5ns

83-003650A

AC Output Timing Reference Waveform

o8V

83-003651A

Figure 3. Output Load for tsc, tacrs ton, and toHr

+5V

L
S 19k
<>

Dout

>
>
< 1.0kQ

p: 30 pF
Vd /I

83-003652A

Figure 4. Output Load for t;z and tyz

Dour

n

5

>
S 1.9kQ

AAA |

—i]

iwm /ISpF

83-003649A
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Timing Waveforms

Basic Timing for Noninterlace Conversion

SO S W b WY WA e S S WY
1p! [ toH
I (NI 11110 OCTI00 GC00 C 1  411 E
JWLFMWW'\J \/
' tac [ toH-»]
Dout aix j“ l V(o) N._ v V[909) 3 =!a { u v

910 Read Cycles 910 Read Cycles

- L \ . _/ \ \

Note:
1] WE=ViL.
[2] V= Valid Data.

[3] For compatibility with NTSC the WCK frequency is 14.3 MHz. RCK
cycles at twice this frequency, 28.6 MHz.

83-0036558
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Timing Waveforms (cont)

Application Timing for Noninterlace Conversion

B e W e B W

uy

LR

AN

W,

RCK
m—ea ———- R - .- i -
Dout -p‘r '\ﬁr -‘nr -‘r‘ J =Vq[0] - . -da o Yaio] A -% N y .!1[_0’1. -
(Y (R W W Ju\.l-_-h e g .q;.-xu\.l_-_
10 Read Cycles 1H i 1H 1 2H
& -"\/ G .) """"""" - '\[ \ )l' """"" -ty
R | Y Ry - R Sya. ) \]_-___---___41.- ¥
910 Write Cycles T 910 Write Cycles ————————————————=
Note:
1] WE=vy.
[2] V = Valid Data.
[3] For withNTSC the WCK y is app 14.3 MHz. RCK
cycles at twice this frequency, 26.6 MHz. .
[4] 1H=thefirst"actualline” ot 910 words. 1H' = the first 1 810 words.
See Figure 1.
(5] SeeFigure 1. DNab the line input to one of the two 4PD41101s. DoyT and

RE above output and th y RE Inputs for both devices.
The signals for one uPD41101 are drawn u solid lines; the slgnals for the second 4PD41101,
as dashed lines.
[6] Reset pulses can be applied to RSTW and RSTH at regular intervais to remove any effects due
to jitter in the system clock.
83-003656C

910-Bit Delay Line

WCK
RCK

Rs

RSTW
RSTR

T 910 Cycles tAC —»] (e-toH »]

:x' )0

L—'Acn—» L——

T o 5 8 e

m V Valid Data.
[2] 1H = the first group of 310 bits. 2H = the second group of 910 bits.

83-003657B
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Timing Waveforms (cont)

n-Bit Delay Line

2H

WCK
RCK

RSTW
RSTR

22— w

I U2 1) 28 )

__________________ .
i |
S ) ) ) £3 |9 6
WE, A " . 1HData - 2H

[1]V = Valid Data.
(2] 1H = the first group of n bits. 2H = the second group of n bits.

83-0036438

Re-Read Operation

WCK
RCK

RSTW

RS

RSTR

o YR v Y v i

[

) 0 0 0 0 1 0 53 (0 V8V

WE

Note:

[MIRE=Vy.

[2]V = Valid Data.

{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.

83-0036448
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Timing Waveforms (cont)

Dout

Read or Write Reset
je—— Reset Cycles ——
RCK
o L e f L f [
tRN2
[e— tRN1—{e— RS —>fa——1RSTW, IRSTR: tRH
RSTW 1
1RN1 tRs N tRH R
ASTR A
]t—mcn —] tac —o L— tac —] I
— I - ) d

sl [ el
toH

toH toHR

Note:
[1] WE=RE=Vj.
[2] V= Valid Data.

[3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the
firstcycle in a group of reset cycles, the read access time is defined as tacCR. In all other cycles,
tac defines the read access time.

{4} H =910 cycles.
{5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle.

83-0036458

Write Disable

IWEW

F als \

Disable Cycles

WE 7

| twEN1 twes | WEH twEN2

SO0 1 D, N D ol

Note:
(1} V= Valid Data.

83-0037238
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Timing Waveforms (cont)

Read Disable
tREW
" 7l Disable Cycles )L
tRENT | tRES | ‘RH tREN2
tHz Wz

toH

High-Z
Vin+3)

tac
r
SO ) ST ) A ) B 1

-]

Note:
[1] V=Valid Data.

83-003646B

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

wek [_\ o810 /_—\ 1-910 F N..,.m q’"""’ /_\m+1-910/_—\m+2-910/—\

|/

¢

Cycl

3

2
e

L/

N ) ) B

O

Dout V(m-3]

Vim-2] V[m-1]

1) 0 1 G ) 0 1)

Dmx v([907] Mlmo] m V[909) m vi810} m v([91t} m v[912] m v[913] m v

Note:
MRE=ViL.
[2] V = Valid Data.

83-0036588
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Timing Waveform (cont)

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

gg: ]l ~ 0-910 ’ N 1-910 ’ ).\m-1-910-l \ m-910 ’ \m+1-810’ \m+2~910m
ASTW -
RSTR
Cyel
. \
Dout y v MV[O-Q‘!O] MV(‘I-SH)] mmv[m-%@mmv[mﬂﬂl] M\I[M‘H-ﬂ

7Y

DIN x vio] m v
1 1 1 1 G W

DN XV[9071 V[908] M v(e10] W[Sﬁ] Wﬂ’]

Note:
[1]RE = Vi
[2]V = valid Data.

V[m+2-810] v

B

= B

=

v[913] v

v(908]

=

83-0036598
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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 uPD41102 can also be used as a digital delay line.
The delay length is variable from 12 to 1135 bits.

Features

0O 1135-word x 8-bit organization

O FIFO (first-in first-out) biport memory

O Suitable for PAL, 4fgc digital television systems

O Asynchronous and simultaneous read/write
operations

O Can be used as a 1H (1135-bit) delay line

O TTL compatible

0O Three-state outputs

O Single 5V £+ 10% power supply

O 24-pin, 300 mil DIP package

Performance Ranges

Read Read Write

Cycle Access Cycle
Device Time (Min} Time (Max) Time (Min)
uPD41102-3 28 ns 21ns 28 ns
©PD41102-2 28 ns 21 ns 56 ns
1PD41102-1 56 ns 40 ns 56 ns

Pin Identification

No. Symbol Function

1-4, 9-12 Douto-Dout? Read data outputs

5 RE Read enable input

6 RSTR Read address reset input
7 GND Ground

8 RCK Read clock input

13-16, 21-24 Dino-Din7 Write data inputs

17 WCK Write clock input

18 Vee 5V power supply

19 RSTW Write address reset input
20 WE Write enable input

uPD41102
1135 x 8-BIT
FIFO MEMORY
Pin Configuration
poure LJ1 N/ 24 f1bino
Doutt 2 23 [1DINY
Doutz ({3 22 [1DiN2
Douta [} 4 21 [1DINs
RE[]S s 20 (1 WE
RSTR[]s b= 19 [1RSTW
eno(d7 &  18[dvec
rekds % 17pwek
Douts [} 9 16 [ Ding
Dourts [ 10 15 [ DINs
Douts ] 11 14 [ DiNg
Dou‘na 12 13 [ OiN7
83-003636A

Pin Functions
Dino-Din7 [Data Inputs]

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

DouTo-DouTt7 [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 O.

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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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 isata 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 0 and begin
increasing again.

Block Diagram

Absolute Maximum Ratings

Supply voltage, V¢g —15t0+7.0V
Voltage on any input pin, V, ~15t0+7.0V
Voltage on any output pin, Vg ~1.5t0+7.0V
Short circuit output current, lpg 20 mA
Operating temperature, TopR —20 to +70°C
Storage temperature, Tgrg —55to +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.

|«——RE
Read
Control RCK
«————RSTR
Read
Row Selectors __I
8 Data Write Dual-Ported Read Data 8
Dino—DiN? —F>] Input Column Memory Column Output  |—/—» DoyTo—DouT?
Buffers Selectors Cell Array Selectors Butfers
Write
Row Selectors
WE —————»]
Write
wek Control
RSTW —————»]

83-0033398
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Figure 1. Connection for Noninterlace Conversion
RCK
Reset [8fsc = 35.5 MHz]
RE¢
RSTW RSTR RCK RE
Actual Lil
Danl:np:; Ig DiN Oour
. 4
-7 g weK L Noninterlaced Line
- - /J7 T 7 Data Outputs
-7 -7 \\
Actuail Line N N
AN
| " :
\
RSTW RSTR RCK RE N

Interpolated Line
Data Inputs 7 8 DN

Transmitted
Television
Picture

Dout

\
Interpolated Line

3

Displayed
Television
Picture

WCK
{afgc = 17.7 MHz]
83-0037268
Recommended DC Operating Conditions DC Characteristics
Ta=—201t0 +70°C Ta=—2010 +70°C; Voc = 5.0 V £10%
Limits Test Limits Test
Parameter Symbol Min Typ Max Unit  Conditions Parameter Symbol Min Typ Max Unit Conditions
Supply V¢ 45 50 55 V Write/Read lee 9 mA
voltage cycle operating
Ground GND 0 0 o0 Vv ourrent
Input leakage I —10 10 wA V=0to Vg all
L’}D:‘“ voltage Vin 24 55V current other pins not
g under test=0V
input voltage Vi 15 08 v Output leakage  lp  —10 10 uA Dgyris disabled;
current Vo=0t055V
Output voltage VoH 24 V lgg=—1mA
Capacitance high
=— °C: =85, cf=1
Ta = —20 to +70°C; Ve = 5.0 V £10%; f = 1 MHz Outputvolage Vo 04V lg=2mA
Limits Test low
Parameter Symbol Min Typ Max Unit  Conditions Note:
Input C 5  pF WE RE, WCK, (1) All voltages are referenced to ground.
capacitance RCK, RSTW,
RSTR, Ding-Diny
Output Co 7 pF Doyto-Doutr

capacitance

Note:
(1) These parameters are sampled and not 100% tested.
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AC Characteristics
Ta =—20t0 +70°C; Vo = 5.0V + 10%

Limits

1PD41102-3 4PD41102-2 4PDA41102-1 Test
Symbol Parameter Min  Max Min  Max Min  Max  Unit Conditions
twek Write clock cycle time 28 880 56 880 56 880 ns
twew WCK pulse width 12 20 20 ns
twep WCK precharge time 12 20 20 ns
tRek Read clock cycle time 28 880 28 880 56 880 ns
tRew RCK pulse width 12 12 20 ns
trep RCK precharge time 12 12 20 ns
tac Access time 21 21 40 ns
tACR Access time after a reset cycle 40 40 40 ns
toH Output hoid time 5 5 5 ns
toHR Output hold time after a reset cycle 5 5 5 ns (Note 7)
iz Output active time 5 21 5 21 5 40 ns (Note 4)
thz Output disable time 5 21 5 21 5 40 ns (Note 4)
tps Data-in set-up time 12 15 15 ns
toH Data-in hold time 5 5 5 ns
trs 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)
twen Write enable high delay from WCK 5 5 5 ns (Note 11)
twEN2 Write enable low delay to WCK 12 20 20 ns (Note 11)
tRes Read enable set-up time 12 12 20 ns (Note 10)
tREH Read enable hold time 5 5 5 ns (Note 10)
tREN1 Read enable high delay from RCK 5 5 5 ns ~ (Note 11)
tren? Read enable low delay to RCK 12 12 20 ns (Note 11)
twew Write disable pulse width 0 (Note6) O (Note6) 0 (Note6) ms
tREW Read disable pulse width 0 (Note6) 0 (Note6) O (Note6) ms
tRsTW Write reset time 0 (Note6) O (Note6) O (Note6) ms
trRSTR Read reset time 0 (Note6) O (Note6) O (Note6) ms
tr Transition time 3 35 3 35 3 35 ns
Note:

(1) Al voltages are referenced to ground.

(2) Inputpulse rise and fall times assume tt =5 ns.

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

(4) This delay is measured at & 200 mv from the steady state voitage with the load specified in figure 4. Under any conditions, t| z = tyz.
(5) Inputtiming reference levels=1.5V.
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AC Characteristic (cont)
Note [cont]:

(6) twew (max) and trgw (max) must be satisfied by the next equations in 1 line cycle operation:

twew + trsTw + 1135tywok = 1 ms
trew T trsTR + 1135tRck = 1 ms

(7) This parameter has meaning when tgck = tacr (max).

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

(9) Ifeithertgnyortgnais less than the specified vatue, internal reset operations may extend to cycles immediately preceding or following the

period of desired reset operations.

(10) If either twgs or twen (tRes OF trew) is less than the specified value, write (read) disable operations are not guaranteed.

(11) If either twent OF twen2 (tRENT OF 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

—t |

RSTW RSTR RCK

]

Data Vi 4. Data
Inputs” ’ g o Dout 78 Outputs
WCK WE
ciock 77

83-003639A

Figure 3. Output Load for tyc, tacn, ton, and tonr

+5V
——

>
:: 1.9kQ
<

Doyt ———4¢
>
>

1.0kQ 30pF
< l
&

AA

83-003652A

Figure 4. Output Load for t; 7 and ty;z

+5V
-

>
E; 1.9k

Dout ————4
>
3 10k0

] l
7

SpF

83-003649A

3.o0v

ooV
5ns «—S5ns

83-003650A

AC Output Timing Reference Waveform

20v

o8V

83-003651A
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Timing Waveforms (cont)

Basic Timing for Noninterlace Conversion

WCK:

1135 Read Cycles

>
<
RE \

e £ L1 5
tRS—>| tRH: ! e le—twcw—sje—twep—|
RSTW
AL
. los—»1 [«-toH .
VWYY n AR VA
o YOI Y N T v v
|e—tRCK —»
w U U LT
_] tacw| tRCP .
tac—»| |« toH-»]
| OH
Dour @ 1‘ * V(o] *. v vitaaf >
|«——567.5 or 1135 Write Cycies——a}e—-—— 567.5 Write Cycles 567.5 Write Cycles

{0

- 1135 Read Cycles’

% /
W

Note:
1] WE=vy.
[2] V = valid Data.

[3] For with PAL the WCK
cycles at twice this frequency, 35.5 MHz.

q Is app!

17.7 MHz. RCK

»
r\__—

83-0036408
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Timing Waveforms (cont)

Application Timing for Noninterlace Conversion

1135 Write Cycl

e F_'\/'"_L ]

U A W

e d Y

"\

=
t
s
@
&
T

RCK
r\IJ TTTAnCTTTARr T *- A= "
Dout -+ + =V1i[0] -
Y I W YR 'y
| #—————1135 Read Cycl: 1 1H
- & - ———-—-
RE j \
R | U U i, Sy |
1135 Write Cycles -! 1135 Write Cycl
Note:
(1) WE=vL.
[2] V = Valid Data.
[3] For with PAL the WCK is app 17.7 MHz. RCK

cycles at twice this frequency, 35.5 MHz.
[4] 1H=thefirst“actualline” of 1135 words. 1H’ =the first [normally] interpolated line of 1135 words.
See Figure 1.
[5] SeeFigure 1. DN above represents the scan line input{o one of the two uPD41102s. Doyt and
RE above represent the combined output and the complementary RE inputs for both devices.
The signals for one PD41102 are drawn as solid lines; the signals for the second uPD41102,
as dashed lines.
Reset pulses can be applied to RSTW and RSTR at regular intervals to remove any effects due
to jitter in the system clock.

G}

83-0036841C

1135-Bit Delay Line

e

toHR

WERE v,

4

Note:
[1] V= Valid Data.
[2] 1H = the first group of 1135 bits. 2H = the second group of 1135 bits.

83-0036428
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Timing Waveforms (cont)

n-Bit Delay Line

Note:
[1]V = Valid Data.
[2] 1H = the first group of n bits. 2H = the second group of n bits.

83-0036438

Re-Read Operation

WCK
RCK

RSTW

Dour[x XX X:X W vio] v[1]
" [T T. T T 7

Note:

M]RE=V).

[2]V = Valld Data.

[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.

83-0036448
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Timing Waveforms (cont)

Read or Write Reset
’4— Reset Cycles —7
{of
L f \_u__7l_—\_°_i[ (U (e
1 tAN2
[#+— {RN1—|¢— IRS —>re¢——IRSTW, IRSTR: tRH
RSTW A ]L
r¢—IRN1—>]e—trs— N le—trH tRN2.
ST 1 '

tacr—»] ItAc—b |‘-vl tac —+ I

oour Yo YOOE, v T ven w10
[P e bl -
toH

toH toHR

toH

Note:

[1] WE=RE=ViL

[2] V = Vaild Data.

(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=1135cycles.

[5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle.
83-0037278

Write Disable

wEw

s s \

Disable Cycles

WE 7

(WEN1 | twES | WeH | tweN2

on "R v XXK e YR RN e XY e YR

Note:
{1] V= Valld Data.

83-0037238
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Timing Waveforms (cont)

Read Disable
tREW
@
" ! \
Disable Cycles
1REN1 | tRES | tRH tREN2
RCK n n+1 n+2 [—\—1 j—\_—] n+3
tac toH tHz Lz
T
High-Z

Doutr v Vin] V[n+1]) V(n+2] Wy V[n+3]

Note:

[1] V= Valid Data.

83-003646B

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

WCK . R -1 l \ - ’ \+. _,], ~ _sj’ \
RCK } 0-1135 1-1135 )-\m1 1135. m-1135 m+1-113 m+2-11
,,
A ’
RSTR
Cycl
RSTW

Din x V(0] nggx V(1) MV[Z] m V(3]

U
R I 1 O D 1 ¢ e 1

Dout I"

D|NXV[1132] M V[1133] M V[1134] M V[1135] Mvmas] m V[1137] m v[1138] m

Note:
[1]RE = ViL.
(2] V = Valid Data.

83-0036478
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Timing Waveforms (cont)
(1135-m)-Bit Delay Line, No. 2

wek / i

wek ]l \ 0-1135 ’ \ 1-1135 )_\ 1115 ) \ m-1135 / \n+1-1135/ \m+2-1137 \
RSTW o
ASTR

Cycl

\
)

I ) ) O
Dout vim-3] vim-2] vim-1) Vim] mvlm'Imvlm'z’] Mwmimz

D|NX V[1132] M V{1133} m V[1134) m V[1135] M V{1136] m v[1137] m V(1138] W

Note:
{1JRE = V.
2]V = Valid Data.

83-0036488
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NEC Electronics Inc.

yPD41221
224,000-BIT
SERIAL-ACCESS NMOS RAM

Revision 1

Description

The NEC uPD41221 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 uPD41221is 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 aimost 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 (+1increment), or DEC (- 1decrement).

(2) Adata 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 datainput/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) Adatarestorecycle(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 uPD41221 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.

Features

224,000 x 1serial-access memory

Screen size memory array suitable for NTSC and
PAL

+5V £10% single power supply

On-chip substrate bias generator

Two key functional blocks:

320-row by 700-column memory array

700-bit data register

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

Dual (refresh/serial) operation

Refresh cycle: 320 cycles/2ms

Power dissipation:

-Active: 385 mW (max)

-Standby: 82.5 mW (max)

All inputs TTL-compatible

Three-state HCMOS-compatible output

Output data caused by negative SC transition is
maintained up to next SC or RAS negative transi-
tion

0ooo oDog oogo oo

Oooo

Performance Ranges

SC Access
Cycle Time SerialRead  Serial Write
Device Time fromSC  Cycle Current Cycle Current
uPD41221-70 70ns 55ns 55mA 55mA
uPD41221-90 90ns 75ns 45mA 45mA

Pin Configuration

-
N
o
-
<
Q
[y
EY

83-003242A
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Pin Identification Absolute Maximum Ratings
No. Symbol Function Supply voltage on Vg relative to GND, Vgg -1.0t0 +7.0V
1 INC Row counter increment Supply voitage on inputs relative to GND, V; -1.0t0 +7.0V
2 DEC Row counter decrement Supply voltage on outputs relative to GND, Vg —1.0t0 +7.0V
3 RCR Row counter reset Operating temperature, Topg -10to +70°C
4 - Dout Data out Storage temperature, Tgrg —-5510 +125°C
5,13 NC No connection Short circuit output current, lgg 50mA
6 5C Seriai control Power dissipation, Pp 1.0W
7 GND Ground Comment: Exposing the device to stresses above those listed in Abso-
8 TS Row add o tute Maximum Ratings could cause permanent damage. The device is
_ 0w adaress strepe not meant to be operated under conditions outside the limits de-
9 WE . Write enable scribed in the operational sections of the specification. Exposure to
0 D Datal absolute maximum rating conditions for extended periods may affect
N aain device reliability.
l SYN Sync acknowledge ‘
12 REF Refresh control Capacitance
Ta=25°, Voo =5V, f=1MHz
14 Voe +5V £10% power supply
Limits Tost
. Parameter Symbol  Min Max  Unit Conditions
Block Diagram y v
Input ] 10 pF. GND=0V
capacitance
p— R E (RAS, REF, SC,
REF—»| Address i H E DlN, FC'ﬁ,
Counter g. ; § |NC, TTEE)
3 . 320 Memory Cell Array 0 F GND=0V
INC 1 Row g § H g:sggittance o 1 P D=0
DEC-—] Address § § YN
ACR-»] Counter 3 (DouT. SYN)
700
o
o T DC Characteristics
syne] 9 [ oo rogister Ta= —10to +55°C; Vg = 5.0V £10%; GND=0V
Limits
O Data El Serial Data Bus - Tost
Dour Buffer Parameter Symbol Min Typ Max Unit Conditions
5 So Serecror Supply voltage Vg 45 50 55 \
83-003243A Input voltage, Vi -1.0 0.8 v
low
Input voltage, Vi 2.4 5.5 v
high ’
Output voltage, VoL 0 0.2Vge V  lgr=20uA
low
Output voltage, Voy  0.7Vgg Vee V. lgy=-20pA
high
Input leakage | -10 10 uA  Viy=0Vt05.5V;
current all other pins=0V
Output leakage g -10 10 wA  Doyr disabled,
current Vour=0Vt05.5V
Standby current lggy 15 mA  lop=0mA (Dgur.
S, S, 88
REF, INC, DEC,
and RCR=V|y
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Power Supply Current Characteristics
Ta= —10t0 +55°C, Voo =5.0V £10%, GND=0V

Limits

uPD41221-70 uPD41221-90 Tost
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions
Data transfer cycle current lcc2 45 45 mA trg=trc min
Data restore cycle current lcca 40 40 mA tre=trc Min
REF refresh cycle current Icca 40 40 mA trc=1fc min
Serial read cycle current Iccs 55 45 mA tso=tgg min
Serial write cycle current lees 55 45 mA tgg=tgg min
Row counter reset cycle current lgo7 20 20 mA Minimum timing
Row counter increment cycle current lecs 20 20 mA Minimum timing
Row counter decrement cycle current  Igcg 20 20 mA Minimum timing

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

AC Characteristics
Ta= —10t0 +55°C, Vo =5.0V +£10%, GND=0V
Limits

uPD41221-70 1PD41221-90 Test
Parameter Symbol Min Max Min Max Unit Conditions
RAS cycle time tre 710 710 ns
RAS pulse width tRAS 500 2000 500 2000 ns
RAS precharge time trp 200 200 ns
TRAS to REF delay time tRFD 200 200 ns
RAStoSC delay time trsD 300 300 ns
Read setup time before RAS low tRRS 0 0 ns
Read hold time after RAS high tRRH 20 20 ns
REF precharge time before RAS low trrp 200 200 ns
'SC precharge time before RAS low tspp 200 200 ns
WE setup time before RAS low twrs 0 0 ns
WE hold time after RAS low tWRH 50 50 ns
Output disable time from RAS low trsz 0 400 0 400 ns (Note 1)
REF cycle time tre 710 710 ns
REF pulse width tReF 500 500 ns
REF precharge time trp 200 200 ns
SC cycle time tsc 70 90 ns
SC pulse width tsa 25 2000 35 2000 ns
SC precharge time tsp 25 2000 35 2000 ns
WE setup time before SC low twss 0 0 ns
WE hold time after SC low twsH 25 35 ns
Read setup time before SC low trss 0 0 ns
Read hold time after SC high trsH 20 30 ns
Data input setup time before SC low toss 0 0 ns
Data input hold time after SC low tpsH 25 35 ns
Access time from SC tsac 55 75 ns
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AC Characteristics (cont)
Ta= —10to +55°C, Voo =50V £10%, GND=0V

Limits
1PD41221-70 1PD41221-90 Tost

Parameter Symbol Min Max Min Max Unit Conditions
Output disable time from SC low tscz 5 40 5 60 ns (Note 1)
RAS to RCR delay time tRRD 200 200 ns

RAS to INC delay time tRiD 200 200 ns

RAS to DEC delay time tRoD 200 200 ns

RCR pulse width tReR 100 2000 100 2000 ns

INC pulse width tine 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 tiop 100 100 ns

Time between RCR and DEC trop 100 100 ns

RCR precharge time before RAS low trap 100 100 ns

INC precharge time before RAS low tirp 100 100 ns

DEC precharge time before RAS low tDRP 100 100 ns

SYN response time after 608th SC tsya 200 200 ns

SYN recovery time after RAS low tsyR 0 1400 0 1400 ns

Refresh interval tReF 2 2 ms

RAS precharge (serial operation) trps 2 2 ms

Serial data output valid tsov 2 2 ms

Transition time tr 3 35 3 35 - ns

Note:
(1) tgcz and trgz 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 1and 2.

(2) Timing measurements assume tr=5ns.

(3) Vi (min)and V|_(max) are the reference levels for measuring the timing of input signals and tt.

Figure 1. Loading Conditions Test Circuit for SYN Figure 2. Loading Conditions Test Circuit for Doyt
Vee Vce
10K EE 156 K
SYN Dout +——¢
I 50 pF
1 $ 10k 50 pF
83-003244A 9 l

83-003245A

3-28



NEC

uPD41221

Timing Waveforms

Input Timing

Output Timing

24v {
[ X214
tR =5 ns —| tF=5ns

83-003261A

Data Transfer Cycle

:}_

83-003262A

0.7Vce C
0.2Vee

Data Restore Cycle

tRe

B l— ‘RFD—“1
REF T
B -—lnsn——‘

& _

—T tRRS [—— —{tRRH |-—

re—tRp —

TN

tRe

e IRAS ——>

tRp—

~— IFRP —=

AEF__/
5

‘ k— 1SRP —
_\—{ twrs

I
_g\.\] f+— tWRH—{
v \

o XKKXXRXXRXAX

R R

83-003265A

Vo RSZ
High Impedance / DOUTD ( High
Dout \
Vou
Vin v
RCR _m
RCR
iNC _/
iNC \_/
ViH
— ViH
DEC —
83-003263A DEC 83-003264A
REF Refresh Cycle Serial Read Data Output Control
. Vi "AS 1} \
RAS
4 _ 699 700 701 T
tREF Fe sC _\_/_\_J_\J
REF
- L N e N
" v _ >~ /"
s€c__/ \ / \ / \ / \ Note:

[1] SC count starts from location 0.

[2]VIK [min) and V). {max] are reference
levels for measuring timing of Input
signals. Also, transition times are mea-
sured between Vyy and VL.

83-003269A
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Timing Waveforms (cont)

Serial Read and Write Cycles Row Counter Cycle
ViH
RAS RAS __ /| ) N\
AR cn RRP
— RCR p—
REF \ /
tsc N [-tRIP— NG fe————tigp—————|
s NG [+———tiD — A Tior—]
[ sA :k‘ A ] 1
sC tsp tgp —»\ . tpec | DRP
-q [-twss —'1 I*—trss EC | fe—————thDoP————
LN o e 7//// 4 R -
N 1RSH | Note:
e [1]ViH [min] and ViL [max] are reference
- levels for measuring timing of input
o Yalid Datarin m signals. Also, transition times are mea-
tscz—> [+— sured between Vi and VL.
L 83-003267A
Valid Write Data Valid Read Data
-—'s:«:—»l
v Sync Acknowledge
IH
RCR
J)
Vi RAS bl N
iNC
_ 607 608 }_\_/____
Vin sC
BEC tsYA—] —= tsyR
Note: SYN 1t
[1]ViH [min] and V|L [max] are reference
levels for measuring timing of input Note:

signals. Also, transition times are mea-
sured between V| and V).

83-003266A

3-30

[1] SC count starts from focation 0.

(2] ViK [min] and VL [max] are reference
levels for measuring timing of input
signals. Also, transition times are mea-
sured belween Vi and V)L
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Timing Waveforms (cont)

Total Timing Scheme
tres
! | 1
s \___/ PN/ f—
eF L T
% RVAVAVAVARVAWY/ |
WE H \__/ ) \_/ ! \ /i
X
DOUY ] : > < > <
AoR ./ T
iNe 1 A ' |1 ;
NAYZ \g
SYN t \ 1 7 | 1
! |
|Data Transter [¢] ! | HE]
|Data Restore ! [e) T |
REF Refresh [¢) i O
Serlal Write [¢] | ! !
Serial Read o ! ; H
Row Counter Reset [e] | [e) [
Row Counter Increment [e) | [¢] <
Row Counter Decrement T [¢) T [e) 1 O 1
Note:
[1] In this table a “O" that the is using the
timing shown above. 83-0032708
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NEC Electronics Inc.

pPD41264
262,144-BIT
DUAL PORT
DYNAMIC NMOS RAM

Revision 2

Description

The NEC uPD41264 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,
uPD41464. 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 uPD41264 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 uPD41264 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 Ag through A7 during a 4ms
period. An automatic internal refresh is 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.

Allinputs 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 nPD41264 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
[J 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
[0 Two data ports: one random access port

one serial read port

[ Data transfer from RAM to data register
[0 Fast serial read output from data register: up to 40ns
(] Dual port accessibility except data transfer
[J Address start of serial read follows data transfer

Features (cont)

] Possible data transfer also in parallel with serial read
— Real time data transfer
[J Single +5V = 10% power supply
[1 On-chip substrate bias generated
[ 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
mode capability
— CAS before RAS: automatic internal refresh using
on-chip refresh address counter
— CAS-controlled output allows hidden refresh
— Write-per-bit capability regarding 4 10 bits
-Write bit select multiplexed on [00-103
[J 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-
ing 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
[0 SC performs fast serial read operation of 256 x 4
organization
—SOE presents serial data on SO, — SO,
- SOE allows direct connection of multiple serial outputs
for extension of data length
[ Speed and power performance

nPD41264-12 pPD41264-15

RAM Port
trac 120ns max 150ns max
Access Time  tcac 60ns max 75ns max
toea 30ns max 40ns max
Cycle Time tre 220ns min 270ns min
Serial Port
Access Time 40ns max 60ns max
Cycle Time 40ns min 60ns min

Dissipation Power
Both Ports Operating 853mW max

Both Ports Standby 66mW max

715mW_max
66mW max

O All inputs, outputs, and clocks fully TTL-compatible
[0 3-state outputs for both random and serial access
O Double poly layer, N-channel, silicon gate technol-

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

Pin Identification

Pin
1 No. Symbol Vo Description
2 1 sC Input Serial Control
3 222' 32’3 $0,-S0, Output ' Serlal Read Outputs
DT/OE[] 4 3
W0, 5 4 DT/OE Input Data Output Enable
wiod s 56  Wo-Ws Input - Wite Select In Write-per-it
WBIWE| d -+ 19,20 105-10, Input/Output Data Inputs. and Outputs
. 7 WB/WE Input Write-per-Bit/ Write Enable
° 8 RAS Input ] Row Address Strobe
12:} ;’ Ag-Ay Input Address Inputs
12 Vee + 5V Power Supply
18 CAS Input Column Address Strobe
21 SOE Input Serlal Output Enable
24 GND Ground
Block Diagram
Vee —> Dq——» w,/10,
GND—> :<—> W,/10,
[ T 'jq—»l W,/10,
Column
I I 25 Decoder
— I - I i ] : 1 - I ; | . I
Ag—> ! Sense Amp. (1024) | H
1 1 ]
ns R =
- 1
~—y g : P A
[ 1
Ay— @ : i : : ! =
[ [ ' : i
A g u| : | ; : | :
A, — § 5 : : : ! I !
’ | P P
- | ]
—] |~ — 4 — —t—d
R i T LA RAM Port
A, —>] [
I k | i | : | (1024) i G
Address '
) T 1 1 LR
L el ol
m" | I [T ) rial Read Port
ress [1] 255 Serial Decoder
g e l P

L
I

Note: T.G. = Timing

o, se{ie ]
T —
- i;lﬂsoo
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Device Operation

Overall description

As already shown the uPD41264 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. All these operations are based
on the conventional RAS/CAS timing cycle. In the data
transfer cycle the data in each memory cell on the se-
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 A, through A, and
latched onto the chip by RAS. Then the 8 co!umn address
bits are set up on pins A, through A, 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 ampilifier
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 ort begins with a negative transi-
tion of RAS. RAS and 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. WyI0,(i=10,1,2,3)
OE, WE and |0, are all based on the same functional con-
cepts as in conventuonal RAMs.DT, WB and W, are all
inputs to be applied with set-up and hold times referenced

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. W, 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_ use the uPD41264 in the random access mode, 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 Iow 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 Cycle. 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/) 10 (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 - tF{AC

2. taec = RAS to CAS delay (trep) + toac

3. tacc = RAS to OE delay + toea
Access time from RAS, tgac, access time from CAS, toac,
and access time from OE, g, are 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 Cycle. A write cycle is performed by bringing
(WB/)WE low during the RAS/CAS operation. The falling
edge of CAS or (WB/)WE strobes data on (W;/)I0; into the
on-chip 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 W,(/IO;) high with set-up and hold times
referenced to the RAS negative transition.

For those data bits of W,(/10,) that are kept low as RAS falls,
the write operation is |nh|b|ted 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 cycle is performed by bringing (WB/)WE fow
with RAS and CAS low. (W,/)IO, shows read data at access
time. After that, with preparation for the coming write opera-
tion, /)IO is returned to the high-impedance state by
(DT/OE 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
flexibility of (DT/)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
(A, through A,) will refresh all storage cells. Any operation
cycle performed in the RAM port (i.e., read, write, refresh,
or data transfer) refreshes the 1024 b|ts 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/)IO; 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 wPD41264 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 chip. _
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, 1of 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
inputs. DT (/OE) 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 memory cell 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 SO 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 outpul is maintained until the next SC is
activated. SOE controls the impedance of the serial
output allowing multiplexing of more than one bank
of uPD41264 memories into the same external cir-
cuitry. When SOE is at a low-logic level, SO; will be
enabled and the proper data read out. When SOE is at
a high-logic level, SO; will be disabled and be in the
high-impedance state.

Absolute Maximum Ratings*
Supply Voltage on Any Pin Except V¢c
Relative to GND, V4

Supply Voltage on V¢ Relative to GND, Vg,
Operating Temperature, Topr

Storage Temperature, Tstg

Short-circuit Output Current, los

Power Dissipation, Pp

*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.

-1.0Vto +7.0V

-1.0Vto +7.0V
0°Cto +70°C
—55°Cto +125°C
50mA

1.5W
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DC Characteristics
Ta = 0°Cto +70°C
Recommended Operating Conditions

Capacitance

Ta = 0°Cto +70°C; Vcc = 5.0V = 10%; GND = OV;
f=1MHz

Limits Tost _”m_"'_—_ Tost
Parameter Symbol Min Typ Max Unit o oy Parameter Symbol Min Typ Max Unit Conditions
Supply Voltage Voo 45 50 55V e (o Aderese 5 pF
Supply Voltage GND 0 v Input C Data
High-level Input Voltage Vi 2.4 55 V Transter/Output Enable Cyorrog) 6  pF
Low-level Input Voltage  V,_ -1.0 0.8 v Input/Qutput Capacitance, c 7 F
Write Select/RAM Data 10 o(w/10) ] P
= 0° o0 . = . = Input Capacitance,
Ta = 0°C to +70°C; v.cc 5.0V = 10%; GND = OV Write-per-Bit/Write Enable Cyweiwe) 8 pF
Input/Output Electrical Characteristics input Capacitance,
Row Address Strobs Cimas) 8 pF
Limits Tost
Parameter Symbol Min Typ Max Unit Conditions g&:ﬁ'ﬂ:ﬂ:ﬂfgmb o Cicas) 8 pF
Viy = 0Vt0 5.5V;
Input Leakage IN § Input Capacitance,
C:rront ¢ I -10 10 A :u:::‘:;;"‘; é“;" Serlal Output Enable Cuson) 8 PF
Output Capacitance,
Output Leakage : 10 1 A glourb('ouv‘ SO) Is Serial Read Output Coiso) 7 pF
Current oL - [ sabled; Voyr
= 0Vto5.5V input Capacitance, ¢ 8 E
Serial Control (5c) P
RAM Port High-level v 24 v v ) ~ -2mA
Output Voitage OH(R) " cc lonm = —2m,
RAM Port Low-level -
Output Voltage Voum ° 04V lom = 4.2mA AC Input/Output Timing Waveforms
Serlal Read Port High- -
level Output Voltage  VOH(S) 24 Vee v lous) = —2mA
- Input Timin
Serial Read Port Low: Vous) 0 04 v lous) = 4.2mA P g

{evel Output Voltage

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

Power Supply Current
Ta = 0°C to +70°C; Vo = 5.0V = 10%; GND = OV

Figure 1. Output Loading, RAM Port

Port Symbol Operating Conditions
Read or write cycle, RAS, CAS cycling,
RAM W
" tec = ta(min)
RAM STB RAS = Vy, Doyt = high
RAS-only refresh, RAS cycling, CAS = V,y,
RAM ROR tec = tac (min)
Page mode operation, RAS = V;;, CAS cycling,
RAM
PAGE tpe = tpc (min)
RAM CBR CAs_helore RAS refresh, CAS low as RAS falls,
trc = tre (Min)
Data transter cycle, DT low as RAS falls,
RaM PTR tre = tac (min)
Serial Read STB SC = SOE = V)
Serial Read ACT Serial read cycle, SOE = V., SCcycling,

tsce = tscc (min)

Ta = 0°Cto +70°C; Vee = 5.0V +10%; GND = OV

VCC
10,
100pF

Limits

Port 1PD41264-12 sPD41264.15 Test
RAM Serial Read Symbol Min Typ Max Min Typ Max Unit Conditions
RW STB lees 95 85 mA [©)
STB  sTB Iecz 12 12 mA @
ROR  STB leca 75 65 mA @
PAGE STB lecs 65 55 mA ® Figure 2. Output Loading, Serial Read Port
CBR STB lccs 75 65 mA [©)
DTR  STB lecs 120 100 mA [©) Vee
RW  ACT leer 155 130 mA [6]
STB  ACT [ 60 45 mA [©]
ROR  ACT [ 135 110 mA [©)
PAGE ACT lec1o 125 100 mA @ so‘—T_i
CBR ACT lect 135 110 mA @ !
DTR  ACT leciz 180 145 mA 0] 50pF
Note: @ Noload on |0, and SO, Except for Icc,, real values depend on output loading and

cycle rates.
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AC Characteristics © @ AC Characteristics (Cont.) 0o
Ta = 0°Cto +70°C; Vg = 5.0V = 10%; GND = OV Ta = 0°C to +70°C; Ve = 5.0V = 10%; GND = OV
Switching Characteristics ® Timing Requirements ®
Limits Limits
41264-12 41264.15 Tost 41264-12 41264-15
No. ® Parameter Symbol Min Max Min Max Unit Conditions No. @ Parameter Symbol Min Max Min Max Unit eondlllonl
4 Access Time trom RAS thac 120 150 ns ® Read Command Hold
hiland t, [ [} ns
§ Access Time from CAS tcac 60 75 ns ® Time after CAS High """
Write Command
36 ::::I:; :l:::::acr:gf toea 30 40 ns 25 goteup Time twes 0 [] ns @
57 tsca a0 60 ns Write Command
:m: lﬂ:n: S(: i 26 oid Time tweH 35 45 ns
erial Output Access -
55 tsoa 35 50 ns Write Command Hold
2":: ':ug:. EIE o - %7 TimeatterRASLow  'WeR i 120 ne
6 outpy aole Time torr 0 3 0 40 ns @ Write Command
o s i L pusewsn e %%
39 toez [} 30 0 4 ns @ Write Command to
'sr::;f :"9:' Disabl ?9 RAS Lead Yime fow © ® -
utpu e
50 tsoz © 3 0 4 ns @ Write Command to
TI:\. from High o 30 B Commens towe 40 a5 ns
Notes: % gzz 28;?2::’:: ;pzul timing waveforms. 31 Data in Set-up Time tos [ 0 ns ®
3 Aninitial pause of 100us is required after power-up followed by any 8 RAS 32 Data in Hold Time ton 35 a5 ns ®
cycles before proper device operation is achieved.
Z No. equals a number to each in the timing 33 I:':':r :‘T'?I&E'm tonr 95 120 ns
8 Assumes that tacp € tacp (Max). If taep is greater than the maximum recom- —
mended value given in the table, taac will increase by the amount that tecp 34 CAS to WE Delay tewn 100 120 ns @
. exceeds the values shown. 35 RAS to WE Delay tawp 160 195 ns @
& Assumes that taep > tacp (Max). 3
7 An output disable time defines the time at which the output achieves the 37 High to Data in toep s 40 ns
ircuit ion and is not to output voltage levels. Set-up Delay
) Data inthe serial output register remains valid for 4ms (min) after a data 28 OE High Hold Time t a0 a0 ne
transfer cycle. after WE Low OFH
40 Rs'n::\';r:( uA tesn 10 10 ne
. ae -up Time
AC Characteristics (Cont.) 0o 1 CASbetore RAS N "
t, 5 ns
Ta = 0°Cto +70°C; Ve = 5.0V = 10%; GND = OV Refresh Hold Time OHR
RAS High to CAS Low
Timing Requirements ® 42 pracharge Time thec [} 0 ns
Limits 43 Refresh Time Interval  tger 4 4 ms
41264.12  41264.15 Test 44 BTLowSetupTime thg 0 0 ns
No. @ Parameter Symbol Min Max Min Max Unit Conditions P E‘f.l;owAHoLl:;l"lme toom 100 130 ns
1 Random Read or 4 220 270 ns —
Write Cycle Time AC 46 D7 LowHold Time teom a0 §5 ns
2 Read-Write/Read- . a0 a5 e after CAS Low
Modity-Write Cycle AWC 47 SCHightoDT tson 1 20 ns
3 PageMode Cycle Time tec 120 145 ns :é“::’:"yw -
w Hold Time
7 I:"‘;‘f’.'::;"‘ Time (rise 3 50 3 50 ns 48 atter BT High tsom 10 » na
8 FAS Precharge Time  tne 90 100 ns 49 OE Pulse Width toe % 40 Lid
9 RAS Pulse Width tas 120 10000 150 10000 ns 51 f:;’c'z Glock tsce 40 50000 60 50000 ns
10__RAS Hold Time tasn 60 7% ns 52 SC Pulse Width tecn 10 20 ns
CAS Precharge Time
1 (non-page made) tern 25 30 ns 53 %:reh:rgsl T:n:o 5oL 10 20 ns
ow to Serial
12 (cp:: : :::::’g:';;"“ tep 50 60 ns 5% Output Set-up Delay  's00 5 5 ne
—_— Serial Output Hold
13 TAS Pulse Widin teas 60 10000 75 10000 ns 6 o e High tson 10 10 ns
14 CAS Hold Time tosn 120 150 ns 58 DT High Setup Time  tons Y ° e
15 .’mw CAS Delay thco 25 60 30 75 ns ® 59 DTHighHoldTime  ftomw 20 25 ns
— DT High to RAS
CAS High to RAS Low 60 torm 10 10 ns
16 Precharge Time terp 10 10 ns _;E::ID:I:VCTS
igh to
17 g:"’_’u:".l‘.’l::“ tasn 0 0 ns 5! High Delay tore 10 10 ns
OE to RAS Inactive
Row Address 62 ’ toes 10 10 ns
8 Hold Time than 15 20 ns vsl:'up le:'
o-per-
19 g:::'";n.rﬁ::"“ tasc 0 0 ns 64 Set-up Time twes ° ¢ ns
Write-per-Bit
Column Address 65 twan 20 25 ns
rite ection
Column Address Hold 66 . tws [] 0 ns
2! Timeafter RASLow 'R 80 100 ns Set-up Time
Read Command
22 Set-up Time tacs 0 0 ns
Read Command Hold
23 Timeatter RAS High  'A°M 20 2 ns ®
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AC Characteristics (Cont.) 9o Timing Waveforms (cont)
Ta = 0°Cto +70°C; Vg = 5.0V + 10%; GND = OV
Timing Requirements @ Early Write Cycle
Limits 0l
4126412 41264-15 Tost e
—— ——— m _—y t.2
No. ® ameter Symbol Min Max Min Max Unit Conditions nas Pt —e\
16
7 Write Bit Selection Yo 20 2 s tere ™ T 418, et 108, —
Hold Time cAS — i3
88 SOE Pulse Width tooe 3 20 s /7 teew — i
80 SOE geTime  tsop 15 20 ns e — el
DT High Hoid Time Address i
™0 attor RAS High tom 20 25 ns .{m l()i Col. X
64 - 1, 9
Notes: @ See input/output timing waveforms. o twes) 1 25"" = |dtese 20
@ See Figures1and 2. WB/WE nes 125
@ Viu(min) and V,, (max) are reference levels for measuring timing of input ﬁw’:n X
signals. Additi ition times are Viwand Vi 458 tik 130 L
@ No. equals a number to each in the timing BT/OE _n__u_sy-. s — cwL 3
® Operation within the tacp (max) limit ensures that tac {max) can be met. taco ! p— re— twick
(max) is specified as a reference point only, if tacp is greater than the specified — 188 ] twer 29
trco (Max) limit, access time is controiled exclusively by teac. — 'DS"’“ tawe
® Either tapy Of tacw Must be satisfied for a read cycle. w0
@ twes towo, 8nd tawp are restrictive operating parameters in read-write and (L] :) Write
read-modify-write Cycles only. If twcs > twcs (min), the cycle is an early write 5714108, o
cycle and the data output will remain open-circuit throughout the entire cycle. ;“
1f tewp 2 tewo (Min) and tawo > tawo (Min), the cycle is a read-write and the data tonR
output will contain data read from the selected cell. If neither of the above v
cg:‘:ig"":t's \’;‘9)‘38";:;‘:"?"':!2:(‘: the data out (at access time and until CAS Note: V,, (min) and V,, (max) are reference levels for measuring timing of input signals.
g ack to Vi) it leterminate. Additi ion times are between Vy, and V.
® 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.
Late Write Cycle
| )
RC’
—_— 4.9
Timing Waveforms RAS tnas et —]
1 ety et
FRE 13 Mt 1
Read Cycle CAS ___Jel i = t
tac 17 to'sw
AAS o tase T
tnas 15—\ Address X[ Row Col. X
128 ol H— e 118, bt | |-t 20 320, ]
S [ttt iy o R ] DA
o f— . !
cAs Hegt s WB/WE e le—13%
65
10 e il
DT/GE / t
Address Row Col. ] x
T — 20 tam _‘,‘ 138,
s e o e [ |-t 2o =1 q;g,‘..| —y
WB/WE i e | o |l 2 W0, Write
. tacs 2] toes RAN e B— | — 3L o
tons —»d H—— Y oM
e town
DT/OE 7 N N [ toEn Note: V,, (min) and V, (max) are reference levels for measuring timing of input signals.
58 a8 Additi ition times are between Vi and V).
toun T . toi—] toe 132,

v,
w/i0, v°” High-z ———————{  Read

PO S N
RAC tore ™

Note: V), (min) and V,_(max) are reference levels for measuring timing of input signals.
ith ition times are between Vy, and V..
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycles

RAS-only Refresh
)
'RC
_—
(] tnis N
| Mt —H ""a'nzc
CAs /
tl'A'N
Address Row X
— VA
WB/WE
1 58 1 58
DHS —t*> —>— toun
DT/OE /
w10, z:’: High-Z

times are between Vi, and V).
CAS before RAS Refresh
tie
_—y
AAS tads A e —oN\
] e
— tetln
€aAs / T
Address
WB/WE
DT/0E
v
w0, 7= HighZ

ot

Note: V,, (min) and V,_(max) are reference levels for measuring timing of input signais.
Additionally, ition times are between Vyqand Vy .

Note: V), (min) and V,_(max) are reference levels for measuring timing of input signals.

1.2
Awe
BAS tals
RS th—
tore ™ I
+—trCo tash
I 13
CAS __ et i— teas:
104
N csH’
10— 4 -tae
Address Row Col. X X
8, fet
1,8 .1‘7 e 'T:'nagl‘_’
WeWE e ds's
= |
lnnsj” 130, —+|
DT/OE 4 32
1657 X
WS
Vonu Lia
w0, — Read write X
v,
Ot tidn ] 1.4 | 31
ac —| [+—1tos

Note: V), (min) and V)_(max) are reference levels for measuring timing of input signais. Additionally, transition times are measured between V,, and V; .

Hidden Refresh
4.1
'RC
—
AAS N ths————"] 12 N
tfe—
CAS tctin -
Address
WB/WE
. |
DT/0E fe-toze
Vou '03591 [+
w10, Read —
VOL

Note: Vy, (min) and V) (max) are reference levels for measuring timing of input signals.

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

Page Mode Read Cycle
tads
RAS "—‘ e
1R ™™ |- et
et 15, —]
- 13 1, 13
CAS ___Je—ftci—] teis PR, s
lC‘S‘N
W — 18c - <:°2'?“ 7
Address Row Col. X 1| Col. A
1, 18 g j—t—
. et | A ot
Werne ™ ';;:c —| [t 10— 24
— | e, 1 tacs —] 1
“75“'9-.' t— 21 nes e nen
AR
36
BY/OE A 4 A 1oEa>] £
torin ™ [~ I 1 .
let-6—] [ tors ]
v, ti8s > oFF tefc—* I
W/I0, v°" High-Z - Road Road
oL j——
takc fore o 13 -’1 [+~ 162

Note: V), (min) and V,_(max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between Vy, and V.

Page Mode Write Cycle
j— tris {
RA!
M 18 3 'cfp‘% —
terer ™ ‘F_ 15 tge task l
taco 1 33, : a3
Py I s~ teas
CAsS re—1 tcen 12
19 g —tce—
tasc ™ 14 -t 20 o]
17 tsh 19 CAH
tasp—> 19— tasc ]
Address X [[Row 1[_Col. X Col. X X
taanH | Ft oty
tyids =1 — ™1 t —| bkl [
WBIWE N Ity N
Fa——t 30, ———
7 [
- el
W10, Write Write
f—t32 —] —t3h
138 - 3L e—
Note: V), (min) and V, (max) are reference levels for measuring timing of input signais. it ition times are d Vipand Vi .
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Timing Waveforms (cont)

Data Transfer Cycle (Port B Standby) Data Transfer Cycle (Port B Active)
e .
tre e
FAS I,,:; b tais .
W = o —-1 O e e R A
‘-I '—'n'csn-""'——t"‘s:—’ o le— tato ~1*—thn —*] i o
J— le——t 13—l 13 || e
CAS __/T-—-»tc‘,,‘u—-- — cas Y CTAS [N ——tcas
e |—— e 17 todh
ASR tash —
Address X |[Row ][I Col. X X Address Fow T ¢ X
tal8, —# e 18 ol
RAn Jun | Y Wl ST
WB/WE [t WB/WE et ee
[—tZA .*L ke t-t.89, s~ — W2 T+ [Tt
DT/0E y ot 1 DT/OE [ tcB 4t
e—t 5, 1
™ r-'o‘fs le—tcls, 1 ore " r—io,c
wylo, 2 High-Z You e
70 Vou 9 W0, y High-Z
[*—ts8o—] "s‘n‘n"
_ AL SOE ViL
SOE
sC
You ' 50, XXX old
SO, High-Z Vou 57 57
Vou [+——tsca—> [=——tsca —=|
tsBe 1552 —’I a
teBe {
SOE
1
tscc N tsdc tede |
sc | 153 ‘c’n.—:b ted —
[t [—1sn ) | et [ {
*tsE0™] [t [=tstm ]
VON
Ve XXX -
r'_"s%sA — 'ssc71 e ‘ﬂsg‘
‘$5¢1A
Note: V,, (min) and V,_ (max) are reference levels for measuring timing of input signals. A ly ition times are d b Vipand V..
H
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APPLICATION NOTE 32
vPD41221

SERIAL ACCESS MEMORY

WITH CUSTOMIZED ARRAY SIZE

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,
whichisan 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
uPD41221 has immediate application. Because VCRs,
CATV, video processing and special effects equipment

Figure 1. uPD41221C Die Photo

use similar components, the uPD41221 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-
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
uPD41221 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 atlow 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 screenis 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 Pinout

INC Row Counter Increment
DEC  Row Counter Decrement
RCR  Row Counter Reset

S Serlal Control

SYN Sync Acknowledge

REF Refresh Control

83-001552A

As seen in table 1, the uPD41221 can meet most tv
standards and, by minor photomask modifications,
can be customized to any size.

Table 1. Fleld Memory Specification for TV
Standards
Sampling Memory

TV Standard Rate Size Rate

NTSC dige 263 x 910 69 ns
3igg 263 x 682 93 ns
2.5t 263 x 569 112ns

PAL 4fgc 313 x 1135 56 ns
3fgc 313 x 851 75ns
25%50 313 x 709 90 ns

Internal Device Description
Organization

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
buffertothe serial data bus (read operation). The write
operation is simply a reverse of the read, taking the
data from the serial I/0 and latching itin the line buffer.

Figure 3. Block Diagram
| 700 cols i |
r 1
—_ Refresh 9
REF —| Address |—/ -1 .
Counte -
ounter ﬁ % g g
4 E a 2 Memory Cell Array §
3
INC — Row s 5_% ) § . 8
DEC —{»| Address  }—rF—n] :
RCR — Counter
t HoH o
T '_I T '_I .'_l | Transfer Gate
L Line Buffer _I
HUENTE S e S0
e Data
Rg Timing r 1 1 | Buffer —» Dout
- | Serial Data Selector l
WE —»] — 1

83-0015538
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Unique Serial Read and Write Function

Aninitial pause of 2 ms is required after power up. After
this pause itis 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). Aminimum 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 I/O pair. The I/0O pairs are
connected to four differential input selectors. I/0gand
1/04 are tied to a serial bus which is driven from either
the read selector or write selector. 1/05 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

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 full
refresh. Itis 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 bringi_n__g_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

Precharge
Bit Line

Bit B

Charge
[~ Transter
Cair Cair
2

iH

Row Decode Dummy Dummy Row

Reset = Decode
Sense Enable

I =

Precharge
— Line Buffer

/ Line Butfer

T
Line Buffer

lj Enable

Serial Data Bus

Data Out
1 ' : Butter [ POUT
Data In
*DIN

Column Decode

ro
Shift-Register
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Figure 5. Basic Schematics of Shift Register
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Figure 6. 1PD41221 Timing Diagram
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In an interlaced or non-intertaced 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
uPD41221. 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.

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
chromasignal (1 & 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 gPD41221 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 32 us per line. Displaying 700
samples in 32 us requires an access time of 45 ns per
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 I/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 4PD41221 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.

While the tv camera analog signal is sampled and
stored in the frame buffer itis 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 DMA
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.

Figure 8. T.V. Employing Sequentisl Scan Technique with NEC’s uPD41221
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Figure 9. Image Freeze and Transmission System
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uPD41221 vs Standard DRAMSs 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
DRAMSs. 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 S1is in the off position the
frame buffer operates in the read and refresh mode,
continuing to update the display.

After the horizontal and vertical sync pulses are stripped
from the composite video, these signals are used by
flip-flops U3 and U5 to generate the timing for the
uPD41221. These signals control the field memory so
that data restore and data transfer are performed
during the horizontal retrace period. Serial data is read

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
74L.842 (1through 4) are used for this 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 U5. 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 41221C, the control circuitry is
reduced to about ten standard TTL logic ICs. This logic
could be implemented in a gate array of about 250
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.

The cost advantages of NMOS DRAM mass production
technology can now be applied to consumer products.
In defining new devices, NEC isevaluating all operating
parameters: speed, power, configuration and special
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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APPLICATION NOTE 33
uPD41264 VRAM

AND ,PD7220A SYSTEM
IMPLEMENTATION

Introduction

This application note describes the function of NEC's
uPD41264 dual-ported memory and illustrates a gra-
phics system that uses the uPD7220A Graphics Dis-
play Controller (GDC) and the uPD41264, 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.

1PD41264 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
uPD41264 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 uPD41264 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 (DT/OE).

Data Transfer Operation

The data transfer (DT) operation (figure 1) is initiated
when DT/OE is fow 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 DT/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-DT cycles, DT/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.

Port B Operation

While the DT cycle proceeds, the SC clock provides
video clock rate timing to a serial selector which shifts
data out each pin (SOp to SOj3). 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 ata
specified location. Data appears at SO; 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
short, making it difficult to latch the data into an
external shift register. To solve this probiem, the
uPD41264 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 DT 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.
Inthis 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 ance for each SC clock
cycle and wraps around like aring 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 DT and SC be
synchronized to ensure a continuous stream of valid
data. The rising edge of DT/OE must maintain a tspp
(setup time) and tgpy (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
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a VLSI chip. Standard DRAMs require two cycles or a
read/modify/write cycle for this process. First, all four
bits are read out; then the CPU modifies the data and
rewrites it.

The uPD41264 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 /O terminal Wq/I0q-
W3/103. If the bit selection data is a logical 1, the
common I/0 terminal is enabled and new write data
updates the frame buffer. A logical 0 inhibits the write
and leaves the pixel unchanged.

If you perform a read/modify/write cycle, old mask
data remains latched as long as RAS is held low. In a
non-WB mode, this pin acts as a standard write enable,
simultaneously writing all 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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The uPD7220A /.PD41264
Graphics System

Figure 3 shows a biock diagram of a uPD7220A-based
graphics system. The display memory is made up of
four uPD41264s to form a 16-bit-wide memory plane.
The multiplexed input and output lines are directly
connected to the uPD7220A address/data bus. The
data bits in the uPD41264 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 uPD7220A

The uPD7220A interacts with the display memory in
display cycles and drawing cycles. (Refer to the Data
Sheet and the Design Manual for the uPD7220A 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 the uPD7220A). A display address is
outputduring the first cycle and the data is available at
the end of the second cycle. Drawing cycles are made

Figure 3. System Block Diagram

up of four 2xWCLK cycles. A drawing address is output
during the first cycle and the uPD7220A 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 flashless and
flash modes. In flashless 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 uPD7220A is held high for four
2xWCLK cycles. This mode increases the update rate
by four or five times, but makes display interruptions
more likely.

The drawing hold function allows the uPD7220A to
interface to the uPD41264 VRAMs. The uPD7220A can
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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 uPD41264s. The serial output enable signals
(SOE1 and SOE?2) input to the uPD41264s become
active one atatime. This loads the shift register twice in
one SC cycle. The SO7-SOg 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 SO5-SOg 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

The serial output enabie (SOE) input signal enables
the serial output buffers of the uPD41264. There is a
delay between the time that SOE goes active and when
the serial data bits become valid. The signai transitions
of SOE1 and SOE2 should not coincide with the SC
clock to prevent data contention while switching
memory banks. |f 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 uPD7220A into the tri-state latches.
The timing diagram in figure 4 shows how the ALE
signal is delayed to construct the RAS signal. Delaying
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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 uPD7220A can perform the dynamic
memory refresh if this is programmed in its RESET
command. The lower 8-bit address lines (AD7 - ADg) of
the uPD7220A 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, CAS and horizontal
sync should be gated so that the CAS cycle does not
occur during this period. A refresh cycle is accom-
plished with the row address coming from the AD7-
ADglines during the RAS cycle. The number of refresh
cycles depends on the width of the horizontal sync
(programmable in the uPD7220A).

A drawing cycle in the uPD7220A is basically an RMW
cycle. The external logic uses the DBIN signal to
control the data bus output direction. This signal is
used to control the DT/OE inputs of the uPD41264s.
When low, datais output from the memories so that the
uPD7220A can read it. The DBIN signal also generates
the WE (write enable) signal. This is accomplished by
delaying DBIN by one and one-half 2xWCLK cycles
and ORing the result with the 2xWCLK signal (see
figure 5).

Setting the image bit and GD bit to one increments the
display address every other display cycie. This mode
allows you to double the uPD7220 clock rate while
maintaining the occurrence of display addresses as in
normal mode, thus doubling the drawing speed. This s
shown in figure 6. DAD represents the display address.

A data-transfer cycle is the same as a read cycle except
thatthe DT/OE input signals of the uPD41264s must be
low before RAS occurs. The external logic should
generate a draw hold (DH) signal to the uPD7220A

Figure 5. Timing for Drawing Cycles

before generating this cycle. The DH signal must be
high for four 2xWCLK cycles so that the uPD7220A can
complete the current drawing cycle. After the DH
signal goes from high to low, the uPD7220A generates
two consecutive dispiay 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 uPD7220A terms, this
is referred to as the pitch parameter), a data-transfer
cycle is generated every 256 SCLK cycles. Depending
on the horizontal pixel resolution, the data-transfer
cycle could take place during a raster-scan period. If
s0, 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
horizontatl line into the data registers of the uPD41264s.

Conclusion

So far, graphics systems based on the uPD7220A and
regular dynamic memories have not been able to take
full advantage of the uPD7220A’s drawing speed;
mainly because most systems use the uPD7220A in
flashless drawing mode to avoid display disturbances.
However, the advent of the uPD41264 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 uPD41264. The uPD7220A
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.
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Figure 6. Image Mode and Normal Mode
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APPLICATION NOTE 34
xPD41264

262,144-BIT DUAL-PORT
DYNAMIC NMOS RAM

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 uPD41264.
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, iower power dissipation,
and lower costs.

Among such innovations, most notable changes occur-
red in the MOS dynamic memory. First, with the advent
of the 1K-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 1M-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

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-
uiarity 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
thatin 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.
Amongdisplay 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,inthe 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
aword 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 instance, 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
thereisatendency 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 cycletimeis also a problem. Forinstance,
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 paraliel 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 atechnique is used to
enable the dynamic RAMs in a time-sliced synchroni-
zation schedule. Either way would resuit 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 usein 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
processorto perform the memory access. Thereis 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 aframe buffer. Oneisto permit CPU access toit 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, itrequires 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 solong 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: © 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 difficuit
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 (uPD41264), 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 disptay 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
(uPD41221C)2 for television and telecommunication
applications. This product was designed as a field
memory for television and VTR applications by allowing

Basic Configuration of a Dual-Port
Dynamic Memory

Figure 1.
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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 isillustrated 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
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 (SOp-SOg3), a total of
six terminals. In addition, a data transfer control clock
(DT) forinternal 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 (Wp-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.

Table 1 summarizes the primary timing characteristics
of the uPD41264-12 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 CAS-before-RAS refresh func-
tion. The input-output signals are handled entirely at
the TTL level. In addition to the uPD41264-12, we also
provided another product (uPD41264-15) with a maxi-
mum RAS access speed of 150 ns.

Figure 3. Block Diagram of the Functional Interior

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

Table 1. uPD41264-12 Timing Characteristics

RAS access time 120 ns max
CAS 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

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

256 cycle/d4 ms

(2) In addition to RAS-only refresh, it is also furnished with the
CAS-before-RAS refresh function.
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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,
anew 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 possibleona
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 (DT). Hence, when DT is kept at
a high level during timing of the failing 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, arow address M is 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

10.24 mm

[400 Mil]

83-001589A

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), itis necessary to set up data transfer cycles
using the random port control signals. During this
period, only the random portis disabled from perform-
ing the ordinary random access function. However, as
shown in figure 6, the functioning of the serial port can
be continued withoutinterruption. 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 tgpp
and tgpy. To accomplish the real-time data transfer, we
introduced the restriction that both tgpp and tgpy be
keptabove 10 ns. As a method of meeting this require-
ment, we recommend a technique of synchronizing the
timings between the start-up of DT 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
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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 agiven 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

start the readout after the completion of internal data
transfer(s). We call this the pointer control function.

Inthe timing example of figure 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, itis 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.
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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 W/10; 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 circuitis reset each time by
means of the RAS clock. For this 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,
oneimportant 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 RAMSs 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

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 shownin figure 8.
The rectangular circuit block at the left side was added
forthischip. 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 I/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

4-bit RAMs (6 x 10 um). The cell capacity remained the
same.

Data Registers

Figure 9 illustrates the architecture of circuits from the
data I/0 terminal of the random port I/0; and the
output terminal of the serial port SO; 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

The serial port, which operates at high speed, was
placed in the periphery.

individually to each serial I/O 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.

Table 2. Processing Technology of the Dual-Port
Memory

Polycrystalline Si gate n-MOS. process

As shown infigure 9, for the data registers we adopted n-MOS channel length 17 um
dlfferentlal amplmer; .co!'mstmg of MOS tran§|stor Thickness of gate oxide

pairs. Because we minimized the burden capacity of Memory cell area 16 nm*
each bit-line, which would increase when the data Peripheral area 40 nm

registers were connected, the operational tolerances
of the sense amplifiers did not diminish.

n-MOS transistor capacitor
60 um2 6 x 10 um)
494 x 11.03 mm

Voo
Boosted level (higher than

Memory cell structure

Memory cell area

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 Vee

dynamic circuit can be used in this area. Hence the Substrate bias generator Internally provided
circuits used in the n-MOS static RAMs were adopted
without modification.

Chip dimensions

Pre-charge level of bit-line

Word-line tevel

*Converted in terms of SiOa.

Figure 9. Data Register Circuits
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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
datatransfer. 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

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, firstthe DT/OE signals are keptata
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 comparator circuitshown 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 Circult Controlling the Random Port
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column address and settles its cycle action, the circuit data transfer cycle, write-access to the random port
emits the DT enable signal. Receiving this, the DT becomes inhibited.

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

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 Invoived 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 I/0 bus, signals are sent to enable the data
registers, leaving the data registers activated before-
hand. After this, when the DT/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 DT/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
signal is also generated by means of the start-up
timing of DT/OE. Using this signal, the start-up data
are supplemented when they are sent to the |/O bus
data registers shown in figure 9.

Figure 12.

Internal Circult of the Write-per-Bit Function

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. Ifthe 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 W; according to its own timing.
The output from each mask data register controls its
own data input buffer and determines whether or notto
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 functionisa
necessity. Hence, as our response we added this write-
per-bit function.

Write Timing Enable

1

Write

Data Input Buffer Enable

Timing Mask Register Enable

'

Mask Data

To Internat 1/0 Bus

Register

{O—

Data Input

t— 100

Mask Data

-

Buffer %o

Register

{O—

Data Input

——2 101

Mask Data

|

Buffer

|—— 104

Register

D—

Data Input

——» 102

—

Mask Data
Register

;D——l

Butfer

o 02

Data Input 103

-
. [
-
[

Buffer

|—— i0s

83-0015978

3-70



NEC

©PD41264

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. Functionaily, 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

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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addressregister. Of the register outputs, A{-A7 getinto
the decoder, but Ag 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 (A" and
A¢') 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 Ag’ and Aq’ signals drive this
mechanism.

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

As seen in figure 13, the addresses of the drivers and
those ofthe 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
itthis 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
outputin 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 Serial Output Port Access
Time (T4 =25°C)
STB1 [2] Normal Mode

+7v

+6V

Pass
+5V

83-001665A

+3vV
+t0ns +10ns +20ns +30 ns +40 ns +50 ns
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registeris already set up in enable state. As aresuit, the
access time measured from the start-up timing of the
SCsignalincludes 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 longerthan 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,



NEC

vPD41264

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 (Ag’) 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 areset signal. Asa
result, Q7, Q13, 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 decoder (i) isat H,
node D; is charged via Q1 and becomes H. The
remaining 127 nodes will not get charged, since their
corresponding decoders are at L. At this time, since Ap’
is H, Q6 turns on and column 2i remains at L. In the
meantime, since Ag’ is at L, @12 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 Cyj+1 is at H. This is because Q2' is
on whereas Q3’ is off. All nodes of the other driver
circuits corresponding to Cy;4o 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-flopshownin figure 13 reverses and Ay’ of figure 15
becomes L and Ay’ becomes H. As a result, Q12 turns
on, the stray capacitance at node A, 1 is discharged,
and column 2i+1 becomes L. In the meantime, Q5'
turns off and the stray capacitance charge at node
Coi+2 goes through the OR circuit, charging node Agj12
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 abroad 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 controilers.
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. Specifications of the 320 x 200 Pixel Graphic
Display

17.88 ys—»| VSYNC
e Clock

HYSNC Clock

Note:

[1] Horizontal display time = 44.7 us [320 pixels]
Pixel rate = 44.7 48/320 = 139.7 ns [7.158 MHz]

[2] Pixels in horizontal blank = 17.88 us x 1000/139.7 ns = 128
[3] Total pixels in horizontal line = 320 + 128 = 448
{4] Pixel is derived from 2-bit P/S converter

[5] SC clock rate is one-half pixel clock rate
SC clock rate = CRTC clock rate = 3.58 MHz

83-001601A
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Figure 16 shows the display specification of the
PC-8001A. Since the horizontal display period is
44.7 us, 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 infigure 17. For each correspond-
ing RGB 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 RGB plane.

Forthe 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 17B. 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 17B.

It should be noted that the 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 bianking 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-8001A 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.

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
RGB planes, and their outputs become the video
signals. For refreshing the dual-port memories, the
CAS-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
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.

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 signais 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
CPUandthe ﬁsignal from the DT/OE signal generator.
To create the CAS timing of the CAS-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 Ainput
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 ~ Table 3. Value Settings of CRT Controller (6845)
3.58-MHz clock signal from the clock generator circuit Internal Registers

is controlled so that it is kept at a low level during the
blanking period, and then is sent out to the frame buffer

Register Register

N . 3 Number Name Setting Spec. Set Value

and the parallel-serial converter circuit.

RO Number of all 224 characters/1H 223 = DFH
For the circuit of our discussion here, to prevent the horizontal
CPU from having access to the internal data transfer characters
cycle of the dual-port memory, we adopted a method of R1 Number of horizontally 160 characters 160 = AOH
inputting the BUSRQ signals to the CPU prior to each displayed characters
cycle. The DT/OE signal generator circuit of figure 19 g2 Horizontally synchro- 180 characters 180 = 1B4H
produces this signal. nous positions
The BUSRQ signal was produced from the HSYNC  R3 Width of horizontally 15 characters 15=0FH
signal generated by the CRT controller. When this synchronous pulses
signal is input into the CPU, the CPU returns the R4 Number of all 128 rows/1V 127 =7FH
BUSAK signal. The DT/OE signal generator receives vertical characters
this signal and generates the DT signal that controls RS Total raster adjust 4 scan lines 4=04H
the internal data transfer. horizontal characters

R6 Number of vertically 100 rows 100 = 64H

The DT signal and the OE signal of the CPU access
cycle are switched around by the selector in the final - —
stage, and hence the DT/OE input signal of the dual- ™ xsat;c:éls);t?g::hro- 108 rows 108 = 6CH
port memory is created.

displayed characters

R8 Interlace mode Non-interlaced 0=00H

R9 Maximum raster 2 scan lines 1=01H
address

R10-R17 0=00H

Figure 20. Photograph of the 320 x 200 Pixel Graphic Display System Board

256K Dual-Port Memory
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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 bianking period. For
this reason, the circuit of this section was simplified.

Figure 21. CPU Access Efficiency
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Figure 22. Draw-Wait Function Timing Diagram

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 ICs. 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
input to the multipiexer ICs. 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, itshould 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
21A). If the real-time data transfer function is used
effectively, it is possible to make the efficiency 98.28
percent (figure 21B).

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, itis possible to force an interruptin the access
to frame buffers. Subsequently, the dual-port memory
can execute the internal data transfer in the next cycle.
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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 forthe CPU to access the frame buffersis 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 21B, 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 21B, 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 controlier (GDC), uPD7220A.14

Draw-Wait. The improved version of the GDC was
made into a product before the dual-port memory, but
theirdevelopment 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 terminalis 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 utilize the display address output from the GDC
as the pointer control address.
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Flashing/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 flashless mode. The flashiess 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. WIith 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 (uPD4164). By combining 16 such chipsinto
a plane, and by internally assembling three planes, we
made it possible to produce eight different 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 DT/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. I four kinds of SOE signals, each offsetin 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.

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 ofthe 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 also 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

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
5MHz. 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.

5
uPD7220
+
CPU = Other CPU processing time [seconds] 1PD4164
Draw = Drawing time [seconds]
4
uPD7220 Draw
- 25
3 uPDA164
] uPD7220 uPD7220
€ + +
2 uPD4164 1PD41264
& Draw
1.26 uPD7220 Draw
2 I S p— - 0.3 |
#PD41264
Draw 0.2
Draw
1.83
_— — _— CPU - CcPU -
1 uPD7220 cpU CcPU 19 19
+ 16 1.64
uPD41264 .
Draw 0.23
CPU CPU
0.37 0.37
0
22 06 29 18 44 22
Seconds Seconds
Draw a Line Draw a Character Draw a Circle
83-0016098

3-82



NEC

yPD41264

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

parallel-serial converter circuit for each plane. The
ENg-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 notthe 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 for the high-speed output of datainto the
display can be accomplished by a 4-bit circuit for each
plane.

Figure 25. Frame Buffer 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.6

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, itis 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.

3-84

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 celi
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 arequired 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

MC-41256A4
262,144 x 4-BIT
DYNAMIC NMOS RAM MODULE

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 uPD41256 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 Ag-A7
during a 4 ms period.

The Single Inline Memory Module (SIMM™) package
reduces system cost, enhances reliability, and reduces
the size and weight of a system. The SIMM includes
four uPD41256s 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 Inline Memory Module
(SIMM) package

O Incorporates four 256K dynamic RAMs in high-
density PLCC packaging (uPD41256L)

O Includes power supply decoupling capacitors

O Low power dissipation: 110 mW standby (max)

O TTL-compatible I/0

[ 256 refresh cycles (Ag-A7 are refresh address pins)

O Page mode capability

Performance Ranges

Max Read or Write  Page Mode
Device Access Time Gycle Time Cycle Time
MC-41256A4-12 120 ns 220 ns 120 ns
MC-41256A4-15 150 ns 260 ns 145 ns

Pin Configuration

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

83-003519A

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

83-001926A

4-1
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Pin Identification

Absolute Maximum Ratings

No. Symhbol Function Voltage on any pin relative to GND —1.0to +7.0V
1,6-8, 12-14,17,18 Ag-Ag Address inputs Operating temperature, Topg, ambient 010 +70°C
2 Voo Power supply (+5.0V) Storage temperature, Tgrg —55 to +85°C
3,9,16, 20 D1-Dy Data inputs Short circuit output current, lgg 50 mA
4101521 0104 Data outputs Power dissipation, Pp 40w
3 EA_S Column address strobe C t: Exposing the device to stresses above those listed in
11 WE Write enable Absolute Maximum Ratings could cause permanent damage. The
19 RAS Row address strobe Qev'ice is nqt me?nt to be ope'rated undver conditipns outﬁide'the

limits described in the operational sections of this specification.
22 GND Ground Exposure to absolute maximum rating conditions for extended

Block Diagram

periods may affect device reliability.
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Capacitance
Ta =010 +70°C, Vo = 5.0 V £+ 10%, f = 1 MHz

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cia 40 pF Ag-Ag
Input capacitance Cir 50 pF RAS, WE
Input capacitance Cic 50 pF CAS
Input/output capacitance Cpa 15 pF D1-Dy4, Q4-Q4 (Note 1)
Note:
(1) CAS = V|4 to disable Doyt
DC Characteristics
Ta =010 +70°C; Voc =5V £10%, GND =0V

Limits T!.;st
Parameter Symbol Min Typ Max Unit Conditions
Supply voltage Vee 45 5.0 55 v
Input high voltage ViH 24 55 v
Input low voltage ViL -1.0 0.8 N
Standby current lec2 200 mA RAS =V}, Doyt = High-Z
Input leakage current I —40 40 uh For Ag-Ag, RAS, CAS, WE;

ViN=01055V; other pins=0V
Data input leakage current Iy -10 10 A For D1-Dg; Viy=0t0 55V;
other pins =0V
Output leakage current loL -10 10 A Doyr disabled, Voyr =0t0 55V
Output low voltage VoL 0 0.4 v lout=4.2mA
Output high voltage Vou 24 Voo v lout=—5mA
AC Characteristics
Ta =0t0 +70°C; Vo = 5.0 V +10%
MC-41256A4-12 MC-41256A4-15 Test

Parameter Symbol Min Max Min Max Unit Conditions
Operating current, average Iect 332 280 mA  RAS, CAS cycling, trg = trc min (Note 5)
Operating current, loca 260 212 mA RAS cycling, TAS = Vi, trg = tag min
refresh mode, average ' (Note 5)
Operating current, locs 180 140 mA  RAS =V, CAS cycling, tpg = tpg min
page mode, average {Note 5)
Operating current, CAS before  Iggs 270 225 mA  RAS cycling, CAS = Vj, trg = trg min
RAS refresh mode, average (Note 5)
Random read or tre 220 260 ns (Note 6)
write cycle time
Read-write cycle time tRwe 265 310 ns (Note 6)
Page mode cycle time tpe 120 145 ns (Note 6)
Refresh period tREF 4 4 ms
Access time from RAS traG 120 150 ns (Notes 7, 8)
Access time from CAS teac 60 75 ns (Notes 7, 9)
Output buffer turn-off delay toFF 0 30 0 35 ns (Note 10)
Transition time (rise and fall) t 3 50 3 50 ns (Note 4)
RAS precharge time trp %0 100 ns
RAS pulse width tRAS 120 10000 150 10000 ns
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AC Characteristics (cont)

Ta=010+70°C; Voo = 5.0V £10%

MC-41256A4-12

MC-41256A4-15

Test
Parameter Symbol Min Max Min Max Unit Conditions
RAS hold time tRsH 60 75 ns
CAS pulse width tcas 60 10000 75 10000 ns
CAS hold time tesH 120 150 ns
RAS to CAS delay time tReD 25 60 25 75 ns (Note 11)
CAS to RAS precharge time tcrp 10 10 ns (Note 12)
CAS precharge time tepn 25 25 ns
(non-page mode)
CAS precharge time top 50 60 ns
(page mode)
RAS precharge CAS hold time tReC 0 0 ns
Row address setup time tasR 0 0 ns
Row address hold time 1RAH 15 15 ns
Column address setup time tasc 0 0 ns
Column address hold time toan 20 25 ns
Column address hold time taR 80 100 ns
referenced to
Read command setup time tres 0 0 ns
?ea(:\ command hold time referenced tRRH 20 20 ns (Note 13)
0
fime roeranced fo GRS ok ’ ’ " flore
Write command hold time tweH 30 40 ns
Write command hold time referenced twer 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 towL 40 45 ns
Data-in setup time tps 0 0 ns (Note 14)
Data-in hold time tpH 30 40 ns (Note 14)
Data-in hold time referenced to RAS {DHR 90 115 ns
Write command setup time twes 0 0 ns (Note 15)
CAS to WE delay towp 60 75 ns (Note 15)
RAS to WE delay tawp 120 150 ns (Note 15)
CAS setup time for CAS before RAS tcsh 10 10 ns (Note 16)
refresh
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 16)

refresh

Note:
(1) All voltages referenced to GND.

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

(3) AC measurements assume tT =5 ns.

(4) Vj4(min) and V|_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V,yand V.

(5) lcct: loca lcca and Igcs 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

(To=01to0+70°C) is assured.

(7) Load =2 TTL (=1 mA, +4 mA) loads and 100 pF (Vou = 2.0V, Vo = 0.8 V),
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AC Characteristics (cont)

Note [cont]:

(8) Assumes that trcp =< tggp (max). If tggp is greater than the maximum recommended value in this table, trac increases by the amount
that tggp exceeds the value shown.

MC-41256A4

(9) Assumes that tgcp = trcp (Max).
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo or Vo .

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. tggp (max) is specified as a reference point only; if tggp is
greater than tggp (max), access time is controlled exclusively by tcac.

(12) The tgrp requirement should be applicable for RAS/CAS cycles preceded by any cycle.
(13) Either trry Or tgcH 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, tcwp, and tgwp 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 tocwp = tcwp (min) and tgwp = trwp (mMin),
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 V|y) is indeterminate.

(16) CAS before RAS operation is specified.
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Timing Waveforms (cont)
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Page Mode Write Cycle (Early Write)
'Nla
AAS —1 - taw
'_cﬂ" l*lesn T - 7 thsh tap
1, 1.
RCD: cas > [*+—tcas [ teas
s e N i/—‘ I
tagn| T T'CA«-; tor [ tcan N tean
M Jtasc_ ‘asc ™1 ASC’ -
Address 3
Row/] 1 ﬁ-COI. Add. 1 T[Col.Add. ! Col. Add.
Add. | 55 L twen '—'ﬁr :—ycu tyes e —mitycyy
7)) 2
tw twe e Htwe> 4 )‘":.}wp"'
tos] > L OH ‘5;] o] ns" ton-e]
e topm—> Valid Valid Valid
Data Data Data
830016628
Page Mode Read-Write/Read-Modify-Write Cycle
tras
tCSH
BAS le—tan—>] ., trsk
+—tcre tep g [L(
. t tcas [ tcas teas "
Cas tRAH J‘T K z 7 Z
[+ tean L tean H tean =1 | tern
tasae 4 || asc tasc { taso > [#—
Address V N
Row ol. Add. Col. Add. 777" T *Col. Add.
Add. tawo > fe—towe —}|  |{=towp>| [« towL —| | |[*tewo>| [« towL |
WE t Y I 7
tv«:s—@ e -+ e b L 4 twe = tacs > |4 letwpsd
tos o] |L¥1oHm tnos| tys ) Litton™ tos-»] J trp—
Din /,’W | [ —
” rton
le-tcac g:':;’ leteac—»] ‘é:':: e teac=Nvatid ‘
?ﬂg—h‘mc = [ torr = [*torr Data —> l+tore
D —
our Impedance S L—?——
830016648
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MC-41256A4

Timing Waveforms (cont)
Hidden Refresh Cycle
y Cycl CBR Cycl CBR Cycl
tRe. trRC. Oac
1R tRp tRAS: [~—1RAS tRp
ViH — AR \ [ r
RAS yy S‘ , \ \
BB, RSH ! HR
o tRCS: tcas: te-tcPN
VIH—
CAs ViL — \\ Iy ,/
[ tcaH
tash-e| o tA500! le-
ViH— Row } Col. .
Address \ Add Add K
tRcs |‘—— tRRH
= VIH— ? / N
we ViL — / // W P
tcac
[ !
tRAC: tOFF [«
VoH — High 2 Valid
Pout VoL Impedance ) Data ,>
83-001978B
CAS Before RAS Refresh Cycle
R
viL - \ ,/ N \
[+——trPC
tcsR—]
[e———tCHR——]
Vis —
2 ViL - ] \
Dout VOH — High impedance
VoL —
Note:
[1] WE, Address: Don't Care.
83-0019798
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NEC MC-41256A5

: 262,144 x 5-BIT
NEC Electronics Inc. DYNAMIC NMOS RAM MODULE
PRELIMINARY INFORMATION

Description Pin Configuration

The MC-41256A5 is a 262,144-word by 5-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-41256A5 operates like five uPD41256 standard
256K DRAMSs. 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 Ag-A7
during a 4 ms period.

The Single Inline Memory Module (SIMM™) package
reduces system cost, enhances reliability, and reduces
the size and weight of a system. The SIMM includes
five uPD41256s in PLCC packages and two power
supply decoupling capacitors.

SIMM is a trade mark of Wang Laboratories.

- MW hA oo N B

Feafures

O 262,144-word by 5-bit organization

O Single +5V + 10% power supply 83-003208A

O Standard 24-pin Single Inline Memory Module
(SIMM) package

O Incorporates five 256K dynamic RAMs in high-

Pin Identification

density PLCC packaging (uPD41256L) No. Symbol Function
O Includes power supply decoupling capacitors 1,6-8, 12-14,17, 18 Ag-Ag Address inputs
[ Low power dissipation: 138 mW standby (max) 2 Vec Power supply (+5.0 V)

O TTL-compatible I/0

O 256 refresh cycles (Ag-A7 are refresh address pins) 5% 16.20.23 D1-Ds Data inputs
O Page mode capability 4,10,15,21,24 04-05 Data outputs

5 CAS Column address strobe
Performance Ranges 1 WE Write onable
Device Acce’::xﬂme “E::.Z’:Y’.ﬁ'e" 532&'?335 9 RAS Row address strobe
MC-41256A5-12 120 s 220 s 120 ns z GND Ground
MC-41256A5-15 150 ns 260 ns 145 ns
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Block Diagram
Ag-Ag
mas—
Cas
WE
Ao-Ag Ao-Ag
{rrs RAS
CAS CAS
WE WE
Dy D Q D3 D Q
Vee GND Vee GND
Q4 l Q3
Ag-Ag Ag-Ag
L irAs —{RAS
CAS CAS
WE WE
D2 2] Q Dy D Q
Vee GND Vee GND
Q2 Qq
als i
Ag-Ag
ve¢ ——— s
———*ms
GND CAS
WE
Ds [+] [}
Vee GND
Qs
49-001361C
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MC-41256AS5
Absolute Maximum Ratings
Voltage on any pin relative to GND —10to+7.0V
Operating temperature, Topg, ambient 0to +70°C
Storage temperature, Tg1g —55to +85°C
Short circuit output current, lpg 50 mA
Power dissipation, Pp 50W
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 =010 +70°C, Vg = 5.0V £ 10%, f = 1 MHz
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cia 45 pF Ag-Ag
Input capacitance Cir 55 pF RAS, WE
Input capacitance Cic 55 pF CAS
Input/output capacitance Cpa 15 pF D4-Ds, 04-05 (Note 1)
Note:
(1) CAS = V| to disable Doyt
DC Characteristics
Tao =010 +70°C; Voc =5V +£10%, GND =0V
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Supply voltage Vee 45 5.0 55 v
Input high voltage ViH 24 55 v
Input low voitage ViL —1.0 0.8 v
Standby current lcc2 25.0 mA RAS = Vi, Doyt = High-Z
Input leakage current I -50 50 uA For Ag-Ag, RAS, CAS, WE;
’ Viy =010 5.5 V; other pins =0V
Data input leakage current IiL(p) -10 10 uA For D4-Ds; V.,6= 0to55V;
other pins =0V
Output leakage current loL -10 10 uA Doyr disabled, Voyr=0t0 5.5V
Output low voltage VoL 0 0.4 v lour=4.2mA
Output high voltage VoH 24 Vee v lour =—5mA




MC-41256A5 NEC

AC Characteristics
Ta =010+470°C; Voo =5.0V £10%

MC-41256A5-12 MC-41256A5-15 Test
Parameter Symbol Min Max Min Max Unit Gonditions
Operating current, average leot 415 350 mA RAS, CAS cycling, trc = tgg min (Note 5)
Operating current, lcca 325 265 mA  RAS cycling, CAS = Vi, trg = tpg min
refresh mode, average (Note 5)
Operating current, Iccs 225 175 mA  RAS =V, CAS cycling, tpg = tpg min
page mode, average (Note 5)
g%%rating current, CAS before  ggs 340 280 mA  RAS cycling, TAS = Vj, tpc = tpg min
refresh mode, average (Note 5)
Random read or tre 220 260 ns (Note 6)
write cycle time
Read-write cycle time tRwe 265 310 ns (Note 6)
Page mode cycle time tre 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)
Output buffer turn-off delay torF 0 30 0 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 toas 60 10000 75 10000 ns
CAS hold time tCsH 120 150 ns
RAS to CAS delay time tReD % 60 2% 75 ns (Note 11)
CAS to RAS precharge time toRp 10 10 ns (Note 12)
CAS precharge time tePN 2% ) ns
(non-page mode)
CAS precharge time tep 50 60 ns
(page mode)
RAS precharge CAS hold time  tpg 0 0 ns
Row address setup time tasr 0 0 ns
Row address hold time fRAH 15 15 ns
Cofumn 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 tres 0 0 ns
Read command hold time tRRK 20 20 ns (Note 13)
referenced to RAS
Read command hold__ tRcH 0 0 ns (Note 13)
time referenced to CAS
Write command hold time tweH 30 40 ns
Write command hold time twer 90 115 ns
réferenced to RAS :
Write command pulse width  typ 20 25 ns
Write command to RAS tRwL 40 45 ns
lead time

4-12



NEC MC-41256A5

AC Characteristics (cont)
Ta =010 +70°C; Vcc = 5.0 V £10%

MC-41256A5-12 MC-41256A5-15 Test
Parameter Symbol Min Max Min Max Unit Conditions
Write command to CAS towL 40 45 ns
lead time
Data-in setup time tpg 0 0 ns (Note 14)
Data-in hold time tpH 30 40 ns (Note 14)
Data-in hold time referenced to RAS tDHR 90 115 ns
Write command setup time twes 0 0 ns (Note 15)
CAS to WE delay towp 60 75 ns (Note 15)
RAS to WE delay tawD 120 150 ns (Note 15)
CAS setup time for CAS before RAS tosr 10 10 ns (Note 16)
refresh
CAS hold time for CAS before RAS tcur 30 30 ns (Note 16)
refresh
Note:

(1) Al voltages referenced to GND.
(2) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved.
(3) AC measurements assume tt =5 ns.

(4) V)n (min) and V| (max) are reference levels for measuring timing of input signals. Transition times are measured between V|yand V| .
(6) lcc1: lcca lcca and Iges depend on output loading and cycle rates. Specified values were obtained with the output open.

(8) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range
(TA =010 +70°C) is assured.

(7) Load=2TTL (—1 mA, +4 mA) loads and 100 pF (Voy =20V, Vo =0.8 V).

(8) Assumes thattrcp = trcp (max). If tgop is greater than the maximum recommended value in this table, tgac increases by the amount
that tgop exceeds the value shown.

(9) Assumes that tgop = trop (max).
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo or VoL.

(11) Operation within the tgop (max) limit assures that tgac (max) can be met. trgp (max) is specified as a reference point only; if trep is
greater than tgop (max), access time is controlled exclusively by tcac.

(12) The tocrp requirement should be applicable for RAS/CAS cycles preceded by any cycle.
(13) Either tgrH Or tgc 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 ot WE for delayed write or
read-modify-write cycles.

(15) twcs: towps and trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twcg 2 twgs (min), the cycleis
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp 2 towp (min) and tawp = trwp (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 V|y) is indeterminate.

(16) CAS before RAS operation is specified.
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NEC

Timing Waveforms
Read Cycle Read-Write/Read-Modify-Write Cycle
RAS fan _ Y . RAs terel] “" ,'"“ Tasn ;-.tnp—>
O tean A oo oo )
oA j] n e ::::'5" + 'cwn—j_ CAS _/ [[taan N . }..
'AS:P RT‘;&? oo il’sleH Q%L_ tcan cap
Adross | il e Address / J) 1K
% thc umn Ac A:: tacs e HE‘CWD'——’
S Addross W 22222227 NColumn 1.,
WE N AH| Address
‘wAcL' torr Dy
Dour - High Valid Data }-
B3001657A Pour High impedance Valid Data
83-001656A
Wrlte Cycle (Early Write) _
RAS-Only Refresh Cycle
[ — _tﬁiﬂ!""———d t —
A e — ta — - trag———>{le—tap
i S — v F—torn—] RS H 'y
CASJ il o toas™ ™1 j a\_ cre APC
tasn *_grf___'::ﬁ'_ E'K§___}'t,.,.0_t N_/
Address 'RAH
Row I'.w_t:g] _‘_Vﬁn:l Column Address 777777 22222222 7770% %
w /7. . o
we out High Impedance
Dy 2 Vaiid D%ﬁ:j ’ oo
tonn
Dour :l'gh
- 83-001658A
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N E C MC-41256A5

Timing Waveforms (cont)

Page Mode Read Cycle
.Klb
[e—taq—n]
AAS - AR
tere L=Tosn s I o] @'nhj :
| F+taco: ettoas—= ﬁ le—tcas gy [ tons teen
&As 7 [ i
tasn tcan fcan tcan
i-l- tasc tasct k'_ tasc L -
Address LN ’3:
R ‘Col. Add. "t Col. g 1,
Add.| L~ [ _-Ih "CE Add. ‘nm-’l I:_acn
wE ' ®Z
teac teac: feteac
fe———tpac —— torr ~ tore tore
D High r F
our Impedance
830016618
Page Mode Write Cycle (Early Write)
taa
I
tore | S lcsn—tT .1
1 e ]
CAS _f [|tran e Jd'
t, T *tean™ cP
22l | tasc tasc
Address {_:
x: twes F;E‘LI,::: twes
WE 7
twel twe = wp
tos] 7| b on 108] |1
o 222K 1\ 11
torm —si~Valid Valid Valid
Data Data Data
830016628
Page Mode Read-Write/Read-Modify-Write Cycle
taas
.CSH N
RAS TNt .
—DI ttore tep i tap
treo toas Jq [ tcas—|,__, teas
o8 S e e )
™ toan R tean —H toan | tern
tasns] - | > tasc tasc H—=f tasc i
o B i, 77
Row \. Add. I Add. 777 *Col. Add.
Add. tawo: towL tewn | f<— tow —] i =
e — . 777, 7.
thos e n . twp [ | tmes e wi
" tos ! ﬂ.“’::"'] tres| tyg _m:'n:’] °e tos-s| J:—— ‘nYu.——J
On ~ X7
‘DN’
la-toac»y  Valid ltoacs] yalid |« teac-+{\valid
[e—— taac: Data [+ tore Data_,| fe-torr Data —* |=torr
b High
our Impedance t———-—?—_—J__}_’
830016648
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Timing Waveforms (cont)

Hidden Refresh Cycle
y Cycle CBR Cycl CBR Cycle———-s|
RA! 1R te—tRAS: RAS RP
S N / \ ‘ N
toRp = [t eHR——
RCS tcAS [e-tcPN:
s 0 \ ,/_i\
1ASR-s e t:;;‘ e b )
e W7 770 Rnen MR i W00 0000000 0000000
tres tRRH R
wow_zzzzd | K000
CAC
RAC: o tOFF|e—
Dour \o T N
o 83-0019788
CAS Before RAS Refresh Cycle
i “I'I": : :/ thp \
_ [——tcHR—
S / \
Dour VoH — High Impedance
VoL —
Note:

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

83-001979B
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NEC

NEC Electronics Inc.
PRELIMINARY INFORMATION

MC-41256A8
262,144 x 8-BIT
DYNAMIC NMOS RAM MODULE

Description

The MC-41256A8 is a 262,144-word by 8-bit NMOS
dynamic RAM module, designed to operate from a
single +5V 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 eight uPD41256 standard
256K DRAMSs. 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 Ag-Az
during a 4 ms period.

The Single Inline Memory Module (SIMM™) package
reduces system cost, enhances reliability, and reduces
the size and weight of a system. The SIMM includes
eight uPD41256s in PLCC packages and eight power
supply decoupling capacitors.

SIMM is a trade mark of Wang Laboratories.

Features

O 262,144-word by 8-bit organization

01 Single +5V + 10% power supply

O Standard 30-pin Single Inline Memory Module
(SIMM) package

O Incorporates eight 256K dynamic RAMs in high-
density PLCC packaging (uPD41256L)

[ Includes power supply decoupling capacitors

O Low power dissipation: 220 mW standby (max)

O TTL-compatible I/0

[0 256 refresh cycles (Ag-A7 are refresh address pins)

O Page mode capability

Performance Ranges

Max Read or Write Page Mode
Device Access Time Cycle Time Gycle Time
MC-41256A8-12 120 ns 220 ns 120 ns
MC-41256A8-15 150 ns 260 ns 145 ns

Pin Configurations

30-Pin SIMM, MC-41256A8A

r

[

LJ
1

| 22 GND
i WE

20 iI0g
A 19 NC
L—d |1 NC
17 Ag

-—A 16 V05
[ p—— 15 A7
14 Ag

—a 13 1104
L_J 12 As

Afrair

Fypr et

Jifrafjrd
®

r
|
L

83-001924A
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NEC

Pin Configurations (cont)

30-Pin SIMM, MC-41256A8B

- [alin} rA
[ [ [
[ o [
[Ep) Ld La

r==-°
Lo—d
r=-"

r==a
Leod

i

r==m
L_—d

r—=A
Le-d

O

i

83-001925A
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Pin Identification

No. Symbol Function

1,30 Vee Power supply (5.0 V)
2 CAS Column address strobe
3,6,10,13 1/04-1/0g Common data inputs/outputs
16, 20, 23, 35

4,578 11, Ag-Ag Address inputs

12, 14, 15,17

9,2 GND Ground

18, 19, 24, 26 NC No connection

28,29

21 WE Write enable

27 RAS Row address strobe




MC-41256A8

Block Diagram

Ag-Ag
RAS—] l
CAS l
WE
Ag-Ag Ao-Ag
RAS RAS
CAS CAS
WE
1101 DIN Dout W05 DIN Dour
Vee GND Vee GND
Ag-Ag Ag-Ag
RAS FAS
CAS CAS
WE WE
1102 DIN Dout 110g DN Dout
Vee GND Vee GND
Ag-Ag Ag-Ag
RAS RAS
CAs CAS
WE WE
103 DIN Dout noz DIN bour
Vee GND Vee GND
Ap-Ag Ao-Ag
RAS RAS
CAS CAS
WE : WwE
1/04 DIN Dout 1/0g Din Dout
Vee GND Vee GND
Vee
% Cieo o o0 % Cs
GND
49-001362C
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Absolute Maximum Ratings

Voltage on any pin relative to GND —10to +7.0V
Operating temperature, Topr, ambient 0to +70°C
Storage temperature, Tgtg —5510 4+85°C
Short circuit output current, lgg 50 mA
Power dissipation, Pp 80w

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=010+70°C, Vg =5.0 V + 10%, f = 1 MHz

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cia 55 pF Ag-Ag
Input capacitance Cir 70 pF RAS, WE
Input capacitance Cic 70 pF CAS
Input/output capacitance Cpa 17 pF 1/04-1/0g (Note 1)
Note:
(1) CAS =V} to disable Doyt
DC Characteristics
Ta=010+70°C; Vog =5V £10%, GND =0V

Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Supply voltage Vee 4.5 5.0 55 v
Input high voltage ViH 24 55 v
Input low voltage ViL -1.0 0.8 v
Standby current Iceo 40.0 mA RAS = Vi, Doyt = High-Z
Input leakage current I -80 80 uA Vin=01055V; other pins =0V
Output leakage current loL ~20 20 LA Doyr disabled, Voyr =0t0 5.5V
Output low voltage VoL 0 04 v lout = 4.2 mA
Output high voltage VoH 2.4 Vee v four = -5 mA
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MC-41256A8

AC Characteristics
Ta =010 +70°C; Vo =5.0 V £10%

MC-41256A8-12 MC-41256A8-15 Test
Parameter Symbol Min Max Min Max Unit Gonditions
Operating current, average Iect 664 560 mA RAS, TAS cycling, tag = tgg min (Note 5)
Operating current, lecs 520 425 mA RAS cycling, CAS = Vi, trg = trg Min
refresh mode, average (Note 5)
Operating current, Icca 360 280 mA RAS = V), CAS cycling, tpg = tpg min
page mode, average (Note 5)
OJ;egrating current, CAS before  Igcs 545 450 mA RAS cycling, CAS = Vi, trg = trg min
RAS refresh mode, average (Note 5)
Random read or tRo 220 260 ns (Note 6)
write cycle time
Page mode cycle time tpg 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 teac 60 75 ns (Notes 7,9)
Output buffer turn-off delay torF 0 30 0 35 ns (Note 10)
Transition time (rise and fall)  t1 3 50 3 50 ns (Note 4)
RAS precharge time trp 90 100 ns
RAS pulse width tpas 120 10000 150 10000 ns
RAS hold time tRSH 60 75 ns
CAS pulse width tcas 60 10000 75 10000 ns
CAS hold time tesH 120 150 ns
RAS to CAS delay time treD 25 60 2% 75 ns (Note 11)
CAS to RAS precharge time tcRP 10 10 ns (Note 12)
CAS precharge time tepy 25 25 ns
(non-page mode)
CAS precharge time tcp 50 60 ns

(page mode)
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AC Characteristics (cont)
Ta =010 +70°C; Vg =5.0V +10%

MC-41256A8-12 MG-41256A8-15 Test
Parameter Symbol Min Max Min Max Unit Conditions
RAS precharge CAS hold time tRpc 0 0 ns
Row address setup time tASR 0 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 tRes 0 0 ns
5:?3\ command hold time referenced tRRH 20 20 ns (Note 13)
Read command hold tReH 0 0 ns (Note 13)
time referenced to CAS
Write command hold time tweH 30 40 ns
Write command hold time referenced twer 90 115 ns
to RA!
Write command pulse width twe 20 25 ns
Write command to RAS lead time tRwWL 40 45 ns
Write command to CAS lead time towL 40 45 ns
Data-in setup time tos 0 0 ns (Note 14}
Data-in hold time toH 30 40 ns (Note 14)
Data-in hold time referenced to RAS {DHR 90 115 ns
Write command setup time twes 0 0 ns
CAS setup time for CAS before RAS tesr 10 10 ns (Note 15)
refresh
CAS hold time for CAS before RAS toHR 30 30 ns (Note 15)
refresh
Note:

(1) All voltages referenced to GND.

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

(8) AC measurements assume tt =5 ns.

(4) Vi (min) and V) _ (max) are reference levels for measuring timing of input signals. Transition times are measured between Vjyand V.

(5) lect lcea: lecar and Iges 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=0to+70°C) is assured.

(7) Load=2TTL (—1 mA, +4 mA) loads and 100 pF (Von = 2.0 V, Vo = 0.8 V).

(8) Assumes that tacp =trcp (max). If trgp is greater than the maximum recommended value in this table, tgac increases by the amount

that tgop exceeds the value shown.
(9) Assumes that tgcp = tgop (Mmax).

(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo or V.

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. tgop (max) is specified as a reference point only; if tgep is

greater than tgep (max), access time is controlled exclusively by toac.

(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle.
(13) Either tggp O tgcH 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 MC-41256A8

Timing Waveforms

Read Cycle Write Cycle (Early Write)
AAS fan > AAS N ."‘Jﬂ E— N
flon 1, —HT 4, ;:';c’”_,l ‘ taco e o }‘—R:c—p:i
m_/ qJ'ﬂ " teas— K. a§_f i (. 'cas'ﬁ/ ;
b | Tl [ty el g [
Address . Address
Rekiross| tncs eress o Ao | fcs| [wer S,
'amc"—L' torr tos—>| e -1,
Dour Tmpedance Valid Data Dy Valid Data
8300574 tonm
Dour _High
Impedance
83001658A
Page Mode Read Cycle
B

s

Page Mode Write Cycle (Early Write)

as N ten—
tere Htesn 1
'ﬂ .CAS
cas _f [[taan

tasn _F Toan™ toe |1

= |-~ 1 tasc
Address ﬂ; : >~ g
Row/ t,cq :‘E:t::: twes

1
Add. ﬂ
WE 72/
twenl we T ltwesl W
i) ha PH "—’;l ketpu >4 Ds‘l leton
Din %% o m K
l— topp —=1~ Valid Valid Valid
Data Data Data

830016628
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Timing Waveforms (cont)

Hidden Refresh Cycle

Ve y Cycl CBR C, [ CBR P’ le-

tRe. tRe. RC:

tRAS: RP le—1RAS: tRAS tRp
mus T N y N/
RAS y __ , J
N tRSH: [#——tCHR~—
o tRes tcas l-tcen
o VIH — V
AS vy N

monl L asoul o [158"
Address :?::M :::‘: ool W/////// ;:
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RAS-Only Refresh Cycle
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle

RC

1R
RAS:

"
RP

Vit — le———tcHR——
AS / .\
ViL —

VOH — High Impedan
pour YOH gh Impedance

VoL —

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

83-0019798
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N EC MC-41256A9

. 262,144 x 9-BIT
NEC Electronics Inc. DYNAMIC NMOS RAM MODULE
PRELIMINARY INFORMATION

Description Pin Configurations

The MC-41256A9 is a 262,144-word by 9-bit NMOS
dynamic RAM module, designed to operate from a
single +5V power supply. Advanced dynamic circuitry,
including a single-transistor storage cell, 1024 sense
amplifiers per data output, muitiplexed address buffers,
and flexible refresh controls provide good system
operating margins.

The MC-41256A89 operates like eight zPD41256 standard
256K DRAMSs 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
Ag-A7 during a 4 ms period.

30-Pin SIMM, MC-41256A9A

The Single Inline Memory Module (SIMM™) package
reduces system cost, enhances reliability, and reduces
the size and weight of a system. The SIMM includes
nine uPD41256s in PLCC packages and nine power
supply decoupling capacitors.

SIMM is a trade mark of Wang Laboratories.

Features

00 262,144-word by 9-bit organization

1 Single +5 V £ 10% power supply

O Standard 30-pin Single Inline Memory Module
(SIMM) package

O Incorporates nine 256K dynamic RAMs in high-
density PLCC packaging (uPD41256L)

O Includes power supply decoupling capacitors 83-001922A

O Low power dissipation: 248 mW standby (max)

O TTL-compatible I/0

O 256 refresh cycles (Ag-A7 are refresh address pins)

0O Page mode capability

Performance Ranges

Max Read or Write Page Mode
Device Access Time Cycle Time Cycle Time
MC-41256A9-12 120 ns 220 ns 120 ns
MC-41256A9-15 150 ns 260 ns 145 ns
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Pin Configurations (cont) Pin Identification
No. Symbol Function
30-Pin SIMM, MC-41256A9B T3 Voo Fower suply (150 V)
2 CAS Column address strobe
3,6, 10, 13, 16, 20, 1/04-1/0g Common data
23,25 inputs/outputs
4,5,7,8, 11,12, 14, Ag-Ag Address inputs
15,17
9,22 GND Ground
18,19, 24 NC No connection
21 WE Write enable
26 Doutg Data output 9
27 RAS Row address strobe
28 CASq Column address strobe for
data output 9
29 Ding Data input 9

S EEEEEEER

83-001923A

4-28



E MC-41256A9

Block Diagram

Ag-Ag
RAS —J |
CAS
Ag-Ag Ag-Ag
[ p——
RAS RAS
cAs CAs
WE WE
1101 Din Dout 1/0s Y] Doutr
Vee GND Vee GND
Ag-Ag Ag-Ag
RAS RAS
[+ CAS
WE WE
1102 DIN Dour /08 DIN Dour
Vee GND Vec GND
Ag-Ag Ag-Ag
FAS RAS
[ Cas
WE WE
1103 DIN Dout 1107 DIN Dout
Vee GND Vee GND
___T T
Ag-Ag Ap-Ag
RAS RAS
CAS TAs
WE WE
1104 DN Dout T——- 1708 DN Dour
Vee GND Vee GND
Vee
== CithruCo
J Veo GND
aNp
Ao-Ag
RAS
CAS,y CAs
WE
DiNg et D1y Dour —]
Douts
49-001364C
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Absolute Maximum Ratings

Voltage on-any pin relative to GND —1.0to+7.0V
Operating temperature, Topg, ambient 0to +70°C
Storage temperature, Tgtg -55 to +85°C
Short circuit output current, lps 50 mA
Power dissipation, Pp 90w

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 =010 +70°C, Voc =5.0 V £ 10%, = 1 MHz
Limits Test

Parameter Symbol Min Typ Max Unit Conditions

Input capacitance Cia 60 pF Ag-Ag

Input capacitance Cir 75 pF RAS, WE

Input capacitance Cic 70 pF CAS

Input capacitance Cicg 13 PF CASq

Input capacitance Cing 17 pF Ding

Input/output capacitance Cio 17 pF 1704-1/0g (Note 1)

Output capacitance Coutg 12 pF Doy ¢ (Note 2)

Note:

(1) CAS = V)4 to disable Doyt

(2) CTSg = V) to disable Doyt 9

DC Characteristics

Ta =010 +70°C; Voc =5V +10%, GND =0V

Limits Test

Parameter Symbol Min Typ Max Unit Conditions

Supply voltage Voo 45 5.0 55 v

Input high voltage VIH 24 55 v

Input low voltage ViL -1.0 0.8 v

Standby current Icc2 45.0 mA RAS = Vi, Doyt = High-Z

Input leakage current n -90 90 uh For Ag-Ag, RAS, CAS, WE;
Vin=01055V; other pins=0V

Input leakage current Lo -10 10 A For ﬁég, DiNg VIN=0t055V;
other pins =0V

Output leakage current loL —20 20 uA For 1/04-1/0g; Doy disabled,
Vour=01t055V

- Output leakage current loLg —-10 10 uA For Dourt g; Dour 9 disabled,

Vour=01t055V

Output low voltage VoL~ 0 0.4 v loyr=4.2 mA

Output high voltage VoH 24 Vee v lour=—-5mA
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AC Characteristics
Ta =010 +70°C; Voo = 5.0V = 10%

MC-41256A9-12 MC-41256A9-15 Test
Parameter Symbol Min Max Min Max Unit Conditions
Operating current, average lect 747 630 mA  RAS, CAS cycling, tag =
tgc min (Note 5)
Operating current, Icca 585 475 mA  RAS cycling, CAS =V},
refresh mode, average tre = tre min (Note 5)
Operating current, Icca 405 315 mA  RAS =V, TAS cycling,
page mode, average tpc = tpg min (Note 5)
Operating current, CAS before Iecs 610 505 mA  RAS cycling, CAS = vy,
RAS refresh mode, average tre = trg min (Note 5)
Random read or write cycle time tre 220 260 ns (Note 6)
Read-write cycle time trwe 265 310 ns (Notes 6, 17)
Page mode cycle time tpe 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 toac 60 75 ns (Notes 7, 9)
Output buffer turn-off delay torF 0 30 0 35 ns (Note 10)
Transition time (rise and fall) tr 3 50 3 50 ns (Note 4)
RAS precharge time tpp 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 tReo 25 60 25 75 ns  (Note11)
CAS to RAS precharge time tcrp 10 10 ns  (Note 12)
CAS precharge time PN 25 25 ns
(non-page mode)
CAS precharge time (page mode) tcp 50 60 ns
RAS precharge CAS hold time trpg 0 0 ns
Row address setup time tasr 0 0 ns
Row address hold time TRAH 15 15 ns
Column address setup time tasc 0 0 ns
Column address hold time toan 20 25 ns
Column address hold time taR 80 100 ns
referenced to RAS
Read command setup time tReS 0 0 ns
Read command hold time referenced tRRH 20 20 ns (Note 13)
to RAS
Read command hotd tRCH 0 0 ns (Note 13)
time referenced to CAS
Write command hold time tweH 30 40 ns
Write command hold time referenced twer 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 towt 40 45 ns
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AC Characteristics (cont)
Ta =010 +70°C; Voc =5.0 V £10%

MC-41256A9-12 MC-41256A9-15 Test
Parameter Symbol Min Max Min Max Unit Conditions
Data-in setup time tps 0 0 ns (Note 14)
Data-in hold time toH 30 40 ns (Note 14)
Data-in hold time referenced to RAS tDHR 90 115 ns
Write command setup time twes 0 0 ns (Note 15, 17)
CAS to WE delay town 60 75 ns (Note 15, 17)
RAS to WE delay tRwD 120 150 ns (Note 15, 17)
CAS setup time for CAS before RAS tcsh 10 10 ns (Note 16)
refresh
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 16)
refresh
Note:

(1) Allvoltages referenced to GND.

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

(3) AC measurements assume tt =5 ns.

(4) Vyp (min) and V| (max) are reference levels for measuring timing of input signals. Transition times are measured between V|, and V) .
(5) lcc1 lcca lcca and Igcs 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 =0to +70°C) is assured.

(7) Load =2 TTL (=1 mA, +4 mA) loads and 100 pF (Voq =20V, Vo =0.8 V).

(8) Assumes that tgep < tgrcp (Mmax). If tgep is greater than the maximum recommended value in this table, tgac increases by the amount
that tgop exceeds the value shown.

(9) Assumes that tgop = trop (Max).
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo or Vo

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. trcp (max) is specified as a reference point only; if trgp is
greater than tgcp (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 tgcy 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 Doyt twes: towp, and tryp are restrictive operating parameters in read-write/read-modify-write cycles only. Htyweg = twgs (min),
thecycle is an earty write cycle and the data output will remain open circuit throughout the entire cycle. If tcwp = tcwp (min) and tpywp =
trwp (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 Doyt g (at access time and until CASg returns to V|y) 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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Timing Waveforms

Read Cycle Read-Write/Read-Modify-Write Cycle (Doyr ¢ only)
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Timing Waveforms (cont)

Page Mode Read Cycle
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Timing Waveforms (cont)

Hidden Refresh Cycle
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CAS Before RAS Refresh Cycle
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NEC

NEC Electronics Inc.
PRELIMINARY INFORMATION

MC-411000A1
DYNAMIC NMOS RAM MODULE

Description

The MC-411000A1 is a 1,048,576-word by 1-bit NMOS
dynamic RAM module, designed to operate from a
single +5V 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
uPD41256s 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
uPD41256s by performing RAS-only refresh cycles,
hidden refresh cycles, CAS before RAS refresh cycies,
or normal read or write cycles on the 256 address
combinations of Ag-A; during a 4 ms period.

The Single Inline Memory Module (SIMM™) package
reduces system cost, enhances reliability, and reduces
the size and weight of a system. The SIMM includes
four uPD41256s in PLCC packages and two power
supply decoupling capacitors.

SIMM is a trademark of Wang Laboratories.

Features

O 1,048,576-word by 1-bit organization

O Single +5 V = 10% power supply

O Standard 22-pin Single Inline Memory Module
(SIMM) package

O Incorporates four 256K dynamic RAMs in high-
density PLCC packaging (uPD41256L)

O Includes power supply decoupling capacitors

O Low power dissipation: 110 mW standby (max)

O TTL-compatible 1/0

[J 256 refresh cycles (Ag-A7 are refresh address pins)

[J ‘Page mode capability

Performance Ranges

Max Read or Write  Page Mode
Device Access Time  Cycle Time Cycle Time
MC-411000A1-12 120 ns 220 ns 120 ns
MC-411000A1-15 150 ns 260 ns 145 ns

Pin Configuration

83-003474A

Pin Identification

No. Symbol Funection

1,22 GND Ground

2,21 Vee Power supply (+5.0 V)
3,9,14,19 RAS-RAS3 Row address strobes
4 Dout Data output

5,6, 10-12, Ag-Ag Address inputs

15, 16, 18, 20

7 Din Data input

8 WE Write enable

13 CAS Column address strobe
17 NC No connection

Absolute Maximum Ratings

Voltage on any pin relative to GND -1.0t0+7.0V
Operating temperature, Topr, ambient 0to +70°C
Storage temperature, Tg1g —55t0 +85°C
Short circuit output current, lgg 50 mA
Power dissipation, Pp 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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Block Diagram

Ag to Ag O
Din ©
CAS o
WE o
—1 Ao to Ag —] Ao to Ag
RAS, RAS RAS; o AAS
CAS CAS
WE WE
[__ Din Dout [ —1—1 Din Dout [
Vo GND Voc GND
—] Ao to Ag LAotoAg
RAS; o RAS RAS; O- RAS
CAS CAS
WE WE
—10n Dout [—4 —1Din Dour 1
Vce GND Vcc GND
Dour
1
Vee o
GND o
83-0034758
Capacitance
Ta =010 +70°C, Vo =5.0 V £ 10%, f = 1 MHz
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cia 40 pF Ag-Ag, Din
Input capacitance Cir 15 pF RAS(-RAS3
Input capacitance Cw 50 pF WE
Input capacitance Cig 50 pF CAS
Output capacitance Cout 50 pF Doyt (Note 1)
Note:
(1) CAS = V) to disable Doyt
DC Characteristics
Tao=01t0+70°C; V=5V £10%, GND=0V
Limits Test
Parameter Symbol Min Typ Max Uniit Conditions
Supply voltage Vee 45 5.0 5.5 v
Input high voltage Vi 24 55 v
Input low voltage ViL -1.0 0.8 v
Standby current lec2 200 mA RAS = Vi, Doyt = High-Z
Input leakage current i —40 40 y For Ag-Ag, Dy, CAS, WE;
Viy=0105.5V; other pins =0V
%t leakage current, L (RAS) —10 10 uA Viy =010 55 V; untested RAS
input pins = V}y; other pins =0V
Output leakage current loL —40 40 uA Doyt disabled, Voyr=01t055V
Output low voltage VoL 0 04 v loyt = 4.2 mA
Output high voltage VoH 24 Vee \ loyr = —-5mA
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MC-411000A1
AC Characteristics
Tp =010 +70°C; Vo = 5.0 V £10%
Limits
MC-411000A1-12 MC-411000A1-15 Test

Parameter Symbol Min Max Min Max Unit Conditions
Operating current, average lect 98 85 mA One RAS input and CAS cycling, tae = te

min, other three RAS inputs = Vjy (Note 5)
Operating current, leca 80 68 mA One RAS input cycling, CAS = Vi, tae = tre
refresh mode, average min, other three RAS inputs = V| (Note 5)
Operating current, Icca 60 50 mA One RAS input =Vy, CAS cycling, tpg = tpg
page mode, average min, other three RAS inputs = V| (Note 5)
Operating current, CAS before  Iggs 83 il mA One RAS input cycling, CAS = V), tg = tae
RAS refresh mode, average min, other three RAS inputs = V| (Note 5)
Random read or tRe 220 260 ns (Note 6)
write cycle time
Read-write cycle time trwe 265 310 ns (Note 6)
Page mode cycle time tpc 120 145 ns (Note 6)
Refresh period REE 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)
Output buffer turn-off delay torF 0 30 0 35 ns (Note 10)
Transition time (rise and fall)  ty 3 50 3 50 ns (Note 4)
RAS precharge time tgp 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 tesH 120 150 ns
RAS to CAS delay time trRcD 25 60 25 75 ns (Note 11)
CAS to RAS precharge time tcrp 10 10 ns (Note 12)
CAS precharge time tepn 25 25 ns
(non-page mode)
CAS precharge time tep 50 60 ns
{page mode)
RAS precharge CAS hold time  tgpg 0 0 ns
Row address setup time tASR 0 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 tRes 0 0 ns
Read command hold time . . tRRH 20 20 ns (Note 13)
referenced to RAS
Read command hold tReH 0 0 ns (Note 13)
time referenced to CAS
Write command hold tweH 30 40 ns
time
Write command hold__ twer 90 115 ns

time referenced to RAS
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AC Characteristics (cont)
Ta=01t0+70°C; Vg =5.0V £10%

Limits

MC-411000A1-12 MC-411000A1-15 Test
Parameter Symbol Min Max Min Max Unit Gonditions
Write command pulse twp 20 25 ns
width
Write command to RAS tRwL 40 45 ns
lead time
Write command to CAS towL 40 45 ns
lead time
Data-in setup time tps 0 0 ns (Note 14)
Data-in hold time toH 30 40 ns (Note 14)
Data-in hold time_ tpHR 90 115 ns
referenced to RAS
Write command setup twes 0 0 ns (Note 15)
time
CAS to WE delay towd 60 75 ns (Note 15)
RAS to WE delay tRwo 120 150 ns (Note 15)
CAS seWAggtlme for CAS tesr 10 10 ns (Note 16)
before refresh
CAS hold time for CAS tCHR 30 30 ns (Note 16)
before RAS refresh
Note:

(1) All voltages referenced to GND.

(2) An initial pause of 100 us is 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) V)4 (min) and V| (max) are reference levels for measuring timing of input signals. Transition times are measured between V4 and V| .
(5) lcets feea lccs and Igcs 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=0to +70°C) is assured.

(7) Load =2TTL (—1 mA, +4 mA) loads and 100 pF (Voq =2.0V, Vg =0.8V).

(8) Assumesthattpcp=trcp (max). If trcp is greater than the maximum recommended valuein this table, tgac increases by the amount that
trcp exceeds the value shown.

(9) Assumes that tgcp = tgrep (Mmax).
(10) tofFr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Von or Vg .

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if trep is
greater than tggp (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 tgry or tgcH 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, tcwp, and tgwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twcg = twcs (min), the cycle is
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tocwp = tcwp (min) and tgwp = trwp (mMin),
the cycleis 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 V)y) is indeterminate.

(16) CAS before RAS operation is specified. Refresh operations can be performed on all four uPD41256Ls simultaneously by the use of CAS
before RAS refresh cycles or RAS-only refresh cycles. All other operations require that only one of the RASO-RAS3 inputs is in the active
state.
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Timing Waveforms

Read Cycle Read-Write/Read-ModIfy-Write Cycle
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Timing Waveforms (cont)

Page Mode Read Cycle
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CAS j_' Tan AS r AS I T “3
™ tcan™ P |1
‘Asn“_ L ;:A"'Asc 1l tean tascel tcan
Address E“ d -
we 7270 ||| VTl 7
twel L) ‘WP wp™l I i
oo P bion 58]t o [he,
DIN gzzz:
le—tonn Valid Valid Valid
Data Data Data
830016628
Page Mode Read-Write/Read-Modify-Write Cycle
- thas
_ 1 CSH t
RAS N s sk ’L
—-1 t-tene 5 tep . . tre
o, teas F cas — teas
CAs " 5 ’1 ’T\:
e = Q—QCA" — tCAN - 'CAN — ‘CPN
‘Asag F | >irgtase tascr—>i1 'AS,E:"‘,
Address 7
g. Add. . Add. //;' T “Col. Add.
::: ; tawo <—‘cwn.—'| , towo | fe—tewL —»| , tewo ™| [+ tew =]
WE 1, VY N_ W
thcs o t'z:‘:l— - __]‘"h::”lr ‘nc's’j ’--— <‘WP'>|
tos 1= RCS| tpg H="DH tos | = RT"'_.
17 O 4 R
on
Lt Valid to Valid 4 I
hm:—’w-’( Oata__| 10:; ‘cﬂ Data_ |=tore rere \D,:" —> [+ torr
Dour —HIEN {
our Impedance S ;_—?__
830016648
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NEC MC-411000A1

Timing Waveforms (cont)

Hidden Refresh Cycle
v Cyel CBR Cych CBR Cycl
tRe tRC. tRC:
tRA trRp tRAS [~—1RAS tRP
VIH — AR —\ — r
RS vy _ N / \ \

tCRP-
I‘ o tRCS: tcas [+tCPN
_ VIH— \
TAS y, _ \
tRAH
" [ tcaH
tASR-+| te— [1ASC] |

ViH — Row Col.
Address viL— / ﬂ Add Add

32 A

oL

" . 7 Nz

tcac

tRAC tOFF vl
pour "N High Valid j}
VoL - impedance Data n p

83-001978B

CAS Before RAS Refresh Cycle

RC

1

tcsr
[—tCHR—=
ViH — /
CAS
Vi, -

VoH — High Impedance

Note:
(1) WE, Address: Don't Care.

83-001979B
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DYNAMIC RAMs
Section S — Dynamic RAMs Page
©PD4164 65,536 x 1-Bit Dynamic NMOSRAM ........oooviiiiiiiiiiinniiinenn.., 5-1
4PD4265 65,536 x 1-Bit Dynamic CMOS RAM ........covviviinnnnnnieieeernnnen, 5-5
4PD41256 262,144 x 1-Bit Dynamic NMOS RAM .......c.cooevviinnnnnieeieennnnns 5-11
uPD41257 262,144 x 1-Bit Dynamic NMOS RAM .........ccovviviinninnieeeinnns 5-21
1PD41416 16,384 x 4-Bit Dynamic NMOS RAM ...........uuruuiniiiiiinnernnnnns 5-29
uPD41464 65,536 x 4-Bit Dynamic NMOSRAM .........cociviiiiiiiinininininns. 5-35
1#PD411000 1,048,576 x 1-Bit Dynamic NMOS RAM .........cceviiinninnineniinnns 5-43
uPD411001 1,048,576 x 1-Bit Dynamic NMOS RAM ..........ccovvvunnnnninnnnnnns 5-51
1PD414256 262,144 x 4-Bit Dynamic NMOS RAM ........cccviiiivviiiniineenennns 5-61



NEC uposies
. 65,536 x 1-BIT
NEC Electronics Inc. DYNAMIC NMOS RAM
Revision4
Description Pin Configuration
The NEC nPD4164 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 wPD4164 utilizes a three-poly, N-channel, silicon-gate
process which provides high storage cell density, high perfor-
mance, and high reliability.
The nPD4164 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  Pin Identification
yield at a low cost to the user while maintaining compatibility Pin
between dynamic RAM generations. No. Symbol Function
The wPD4164 three-state output is controlled by CAS, inde- 1 NC N
pendent of RAS. After a valid read or read-modify-write cycle, 2 O Data input
data is held on the output by holding CAS low. The data-out 3 wE_ Write enablo
pin is returned to the high impedance state by returning CAS 4 RAS Row adchoss strobe
to & high state. The .PD4164 hidden refresh feature allows on Ag-A, Adaress inputs
CAS to be held low to maintain output data while RAS is used s Veo 5V power supply
to execute RAS-only refresh cycles. 1 Dour Data output
Refresh is accomplished by performing RAS-only refresh L) Cas Column address strobe
cycles, hidden refresh cycles, or normal read or write cycles . GND __Ground
on the 128-address combinations of A, through A during a
2ms period. Absolute Maximum Ratings*
Multiplexed address inputs permit the uPD4164 to be pack- Operating T Torn 0°Cto +70°C
aged in the standard 16-pin dual-in-line package. The 16-pin Storage Temperature, Tsre _(Plastic Package) 55°Cto +125°C
package provides the highest system bit densities and is com- — —
patible with widely avaitable automated handling equipment. Supply Voltages On Any Pin except Vee ~1to +7VO
Supply Voltage, Vcc —-0.5Vto +7VO®
Features Short-circuit Qutput Current 50mA
Power Dissipation, Pp w

[0 65,536 x 1-bit organization

[J High memory density

[J Multiplexed address inputs

[0 Single + 5V power supply

[J On-chip substrate bias generator

[ Low power dissipation: 27.5mW max (standby)
(nPD4164-10); 330mW.(active); 27.5mW (standby)

[ Three-state, TTL-compatible, nonlatched output

O Read, write, read-write, read-modify-write, RAS-only
refresh, and page mode capability

[ Allinputs TTL-compatible, and low input capacitance

[J 128 refresh cycles (Ay—Ag pins for refresh address)

[0 CAS-controlled output allows hidden refresh

O Available in a plastic 16-pin package

[J 4 performance ranges:

Device Access Time R/W Cycle RMW Cycle
»PD4164-10 100ns 200ns 230ns
wPD4164-12 120ns 230ns 245ns
wPD4164-15 150ns 260ns 280ns
wPD4164-20 200ns 330ns 345ns

Note: (D 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.
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5-2

DC Characteristics AC Characteristics
Ta = 0°Cto +70°C ©; Ve = +5V = 10%; GND = OV Ta=0Cto +70°C D;Vee = +5V £ 10%;GND =0VQ@ @ @
Limits Tost Limits
Parameter Symbol Min Typ Max Unit Conditions 4164-20 4164-15  4164-12  4164-10
Vee 45 50 55 v Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Supply Voltage
GND 0 0 0 Random
- All voltages Read
High-lovel Input olt 24 55V referencedto GND  orWrite 'AC 33 260 0 200 m®
age, (RAS, CAS, WE) - Cycle Time
High-level Input Read-write
Voltage, All Inputs V) 24 55 V tawe 345 280 245 230 ns ®
excel wﬁ-s' :I/de"dﬂme
N ge Mode
Low-lm;::\lg‘l:m Ve _10 08 v CycleTime  '¢ 190 145 130 110 ns ®
- Access Time
2mg Currm PD4164-20 a5 from RS tRac 200 150 120 100 ns ®Q
Supply Operating 1PD4164-15 50 Access Time
g:_s q'? IAS.. leer oPDATBLT2 = ) trom CAS  toac 100 75 60 s0 nn O®
rcling; =
ttmin) WPDA164-10 o e e tors o 0 0 4w o 0 m ®
Standby Current Transition
Power Supply Times (rise  tr 3 s 3 5 3 3 3 3B n @
Standby \ 50 mA and fall)
Gurrent o RAS Pre-
(RAS = Vi, Doyr [ 120 1
= High-impedance) charge Time ‘A" 00 ° % ne
Refresh Current P s RAS Pulse 2 10 45 10 42 10 4 10
e “ I -
Supply Current, [ RAS Hold
%_-1‘_;;& Mode__ lecs | pDar6a-12 s ™ ® Time thsn 100 s 60 50 ne
cling, = =
Vinc: tac = tac (min) 1PD4164-10 i ﬁ,‘,‘;:“'” teas 1 10075 10 06 10 05 10 ps
Page Mode Current e
CAS Hold
Average Power PD41 35 t 200 150 120 100 ns
. .Supply Current, HPDM:::: o Time CSH
p Mode L 04-15 RAS to CAS
%Em'm Icca PDiEAT2 w ™ @ Delay Time . thCD 30 10 25 75 25 60 20 50 ns @
‘ CLASCYY::‘I';»Q WPD4164.10 ) SRR , )
tec = tpg (min) Tinp rge crp 0 o ns
Input Leakage =2
Current (any Input); Cas e me tePN 30 2 25 20 ns
Vi =0Vio +55V; Iy, -10 10 uA ge
All Other Pins Not CAS
Under Test = 0V Precharge
o Loal Time (for tep 80 60 60 50 ns
Current Douy is 1 10 10 pA Srete ooy
Disabled, Vo7 = o(L) - L .clc_ only)
OVto +5.5V RAS
Output Levels High- Froghar®  tapc 0 1) o o ns
fevel Output Voltage Time
(loyr = SmA) Vou 24 Vee V
Low-level Output V, 0 0.4 v Row Address
Voltage (loy = oL Set-up Time tasn 0 0 0 0 ns
42mA) Row Address '
Notes: D T,is specified here for operation at frequencies 10 tgc = tgc (min). Operation at higher Hold Time  'RaH 2 ® 1 * s
cycle rates with reduced ambient temperatures and high power dissipationis per- Column
missible, however, provided AC operating parameters are met. Address tasc 0 0 0 0 ns
@ lecy loes and |eca depend on output Ioading and cycle rates. Specified rates are obtained Set-up Time
with the output open.
Column
Address tean 30 25 20 15 ns
- Hold Time
Capacitance Catamm
Ta = 0°Cto +70°C; Vo = +5V = 10%; GND = OV Address
HoldTime  taq 130 100 80 65 ns
Limits Test Referenced
to RAS
Parameter Symbol Min Typ Max Unit Conditions Read
input Capacitance Command [ 0 0 ] ns
(Ag—A7) Diy Cn i Set-up Time nes
Input Capacitance Read
RAS, CAS, WE Ce PF Py
Output Capacitance n HoldTime  tapy 25 20 20 20 s @
Brovm ° ° toRAS




wPD4164

AC Characteristics (Cont.) Timing Waveforms
Ta=0Cto +70°C O;Vege = +5V £ 10%; GND =0V @ @
Limits Read Cycle
4164-20 416415  4164-12  4164-10 tae
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes tans
Read RAS ———[*——tan—*]
Command  tacy 0 [ 0 0 nm @ N N
Hold Time tesn le—top
Write . tac thsn 1:;:1
Command  tycy 55 a8 35 30 ns ° teas |
Hold Time cas : ar; e
Write RAH te—tcen
Command : tasn tasc toan
Hold Time  twcp 185 120 ) 80 ns F e
toRAS X)i ! 1
Row Column
Write [ ,..r =t
Command  typ 55 45 35 30 e  hddress | Acs Address I
Pulse Width we LLLMLLLF ANANNY
Write —teac"ltpau-+| b
Command 55 ta — f—torr
to RAS taw d “ % ne Dour Open .
Lead Time Valid
Write Data
Command  towe 5 s “® 3 ns
Loed Time Write Cycle (Early Write)
Data-in e
Set-up Time tos 0 0 0 o n @ — trag ———
Data-in tan
Hold Time o4 55 a5 35 E ] n @ N N
fe—t—tasu tae
Data-in Hold tosH {
Time Refer-_ thyn 155 120 9% 80 ns taco toas —] tepp+|
enced to RAS s r l
Refresh
Period trer 2 2 2 2 ms . \ - oo
'RAH
Write tasn asc tcan Column
Command tycs  —10 -10 -10 1) “ ® (R el "o < Address
Set-up Time N —
CASto T
WEDelay 'owo 55 4 40 L] nn @ Row towi——]
o Address 1! twen
WeDoay lowo 130 120 100 [ n ® . twp
Notes: D T, is specified here for operation at frequencies to lpc = tac (min). Operation at higher we m': ;;;;;;;;
cycle rates with reduced ambient temperatures and higher power dissipation is permissi- tawi:
ble, however, provided AC operating parameters are met. . twer Tt5s
0] Aninitialpgusad1opp§ismqmadafwrpmver-upblmedbymyBRASm/desbeiore - [+ [=ton:
@ B monsrenats oty = o0, on XXRXKAXN XXX KX RXHKEX
@ Vi (min) or Vyyy (min) and Vy_ (max) are reference levels for measuring timing of input fa———toup——— Valid
signals. Also, transition times are measured between Vi, of V), and V. Data
® The specifications for tac (min) and tayc (min) are used only to indicate cycle times at Dour Open.
which proper ion over the full range (T, = 0°Cto +70°C) is assured.
® Assumes that tacs = tacp (Max). ftacs is greater than the maximum recommended value
shown in this table, trac will increase by the amount that ¢ exceeds the values shown.
@ Measured with a load equivalant to 2 TTL. loads and 100pf Read-Write/Read-Modity-Write Cycles
Assumes that tacp = trep (Max). (-
® torr (max) defines the time at which the output achieves the open-circuit condition and is .
not referenced to output voltage levels. RAS N A
® Operation within the tgcp (max) limit ensures that tuac (max) can be met. taco (max) is AR —— "
specified as a reference point only. If ixcp is greater than the specified tacp (max) limit, " 4
access time is controtied exclusively by teac. RSH L
@ Either taay OF tacy Must be satisfied jor a read cycle. tesn tenm
@ These parameters are referenced to CAS leading edge in early write cycles and to WRITE e [+—taco teas: el
leading edge in delayed write or read-modify-write Cycles. Cas
® twcs, towo and trwp are restrictive operating paramelers in read-write, and read-modify-
write cycles only. If tycg Ztwes (min), the cycle is an early write cycle and the data output y tran tas tean| Column
will remain open circuit throughout the entire cycle. If towp = tewp (Min) and tawp = tawp ASR - [*—>1 Address
(min), the cycle is a read-write and the data output will contain data read from the selected Addresses -
cell. If neither of the above conditions is met the condition of the data-out (at access time 4
and until CAS goes back to V) is indeterminate. Row L — [e-tew =
Address | tacs e tewn ot~
WE /. [l N
L“‘ teac—| twr — l‘*‘orr




wPD4164

Timing Waveforms (Cont.)

RAS-only Refresh Cycle
' o
AS i |e——1taas— —=||~ N
L 'n '" 'ﬂ?
tasn| 1, teas tep toas [*tcas tepp —|
R e o
Addresses Row Address } tean Toan' | [=Tican Col
| tasc tasc 14— [ tasc - Addr.
TAS - - 0
kt
. — Rpc cac teac toacs|
our Open: g RAC torr torr 7 tare
Open—ad~ | \ 1
kA L
. t,
' ¢ |.T| ncs t
Hidden Refresh Cycle S = %
1,
Rc
Memory Cycle-»{
letaas=| [« trp =]
AAS ~— — Page Mode Write Cycle
.NII5
RAS le—tan—]

e tae
'wco':_ Pe tons: ’—:‘-|

|
cas torp

Col
| —H Addr.

twew

n—‘cwr’| .

‘vvr I
o—-[ tawe
[+tow
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NEC
. 65,536 x 1-BIT
NEC Electronics Inc. DYNAMIC CMOS RAM
L4
Revision 1
Description Pin Configuration
The NEC uPD4265 is a 65,536-word by 1-bit dynamic 61 GND
CMOS Random Access Memory (RAM) designed to 150 TAS
operate from a single +5 V power supply. The WE §“ Dour
negative voltage substrate bias is generated internally A D e %
providing automatic and transparent operation. °0°g :f :’
The unique construction of the wPD4265 allows for an 1o A;
extremely low standby power device that incorporates three 9l A,
user-selected, self-refresh standby modes. The device can
accomplish RAS-only refresh. Also, by utilizing the pin 1 L
refresh function, it can perform automatic pulsed refresh or Pin Identification
hidden auto pulsed refresh which makes use of the internal Pin
refresh address generator. No.  Symbol Function
1 RFSH Refresh
Features 2 D Data-in
O 65,536-word x 1-bit organization L = e
{J High memory density: 16-pin plastic DIP =
0 Single +5V + 10% power supply 913 oA Aadress Inputs
[ Control on pin 1 for automatic and self refresh 5T A Fefresh Addresses
0J Multiplexed address inputs 0:3 m P ——
O Fully TTL-compatible including clocks T et
L] Three-state output 15 Tas Column Address Strobe
O] Read, write, RMW, RAS-only refresh, page mode, latched 1 GND Ground

pulse, pulse and self-refresh capabilities
[0 CAS-controlled output allows hidden refresh
U] 2 performance ranges:

Device trac tcac tre Power
nPD4265C-20 200ns 100ns 335ns 193mwW
pPD4265C-25 250ns 125ns 410ns 165mwW

U Cycle time: R/W, 335ns min
O Low power dissipation

— 35mA max (operating)

1.0mA max (standby, RAS = CAS = V)

0.5mA max (standby, RAS = CAS = Vp)
— 200pA max (self-refresh 1, T, = 0°Cto +70°C)
— 100pA max (self-refresh 2, T, = 0°Cto +45°C)
- 50nA max (self-refresh 3, T, = 0°Cto +25°C)

(According to Figure 1.)
[ 128 refresh cycles

Absolute Maximum Ratings*

Voltage on any Pin Relative to Ground, Vyo ~1.0Vto +7.0V
Operating Temperature, Topy (Ambient) 0°Cto +70°C
Storage Temperature, Tsys (Ambient) -55°Cto +125°C
Short-circuit Output Current, log 50mA

Power Dissipation, Pp 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. Expo-
sure to absolute maximum rating conditions for
extended periods may affect device reliability.

Capacitance
Ta = 25°C; f = 1MHz
— Umits Test
Parameter Symbol Min Typ Max Unit Conditions
Address, Data-in Cy 5 pF
RAS, CAS,WE,RFSH  C; 8 pF
Output Co 7 pF
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1PD4265

DC Characteristics AC Characteristics (Cont.)
Ta = 0°C to +70°C; Vpp = 5V = 10% Ta = 0°Cto +70°C; Vpp = 5V + 10%
Limits Tos Read, Write, RMW, RAS-only Refresh Cycles
Parameter Symbol Min Typ Max Unit  Conditions Limits
Supply Voitage Voo 45 50 55 \4 All Voltages 4265-20  4265-25 Test
High-leve! Input Voltage V) 24 5.5 v Referenced Parameter Symbol Min Max Min Max Unit Conditions
Low-level Input Voltage V. -1.0 08 v  'oGround Write C. HolaTime | s 50 -
Voo Supply Current \ 10 mA RAS=CAS-v Referenced to RAS WeR
Standby ooz : " Write C Pulse Width typ 55 65 ns
Standby (Output- —
.Mmy,) P Ioos 10 mA RAS=Vy %‘&:ﬂ";ﬁ: to tawe 55 65 ns
Standby ™ 05 mA RAS =CAS =V Wrlte Command to . 5 o
Self-refresh 1 \ 200 A CAS Lead Time ewt 5 ns
(Ty=0Cto +70°C) 2% a Data-in Set-up Time tos 0 0 ns
Self-refresh 2 Data-in Hold Time 4 55 65 ns
(Tp = 0°Cto +45°C) 009 100 A o4
_— Data-in Hold Time 1 155 190 ne
CAS Referenced to RAS OHA
Self-refresh 3 lopto ® RAS = Vi
WE = Vpp/GND Refresh Period trer 2 2 ns
Input Leakage Current Iy, -10 10 LA WE Command Set-up Time _ tycs -1 -10 ns
Output Leakage Current loq, ~10 10 pA CAS "’!E Delay tewo 80 100 ns
Output Low Voltage Vo [] 04 Vg =42mA RAS to WE Delay tawo 180 235 ns
Output High Voltage Vou 2.4 Voo loy = —5mA Page Mode Cycle
Note: @ According to Figure 1. Tiite
. 426520 426525 Test
Ac characteHShes Parameter Symbol Min Max Min Max Unit Conditions
Ta = 0°Cto +70°C; Vpp = 5V = 10% Read or Write Cycle Time toc 190 260 ns
Read, Write, RMW, RAS-only Refresh Cycles Read Modify Write Cycle Time tcpm 230 280 ns
T S:E ge Time tep 80 100 ns
RAS Pulse Width tapm 200 10000 250 10000 ns
126320 128525 Tost CAS Pulse Width t 100 10000 125 10000 ns
Parameter Symbol Min Max Min Max Unit vse CAS
Vpp Operating Current [ 35 30 mA Pulse Refresh Cycle (Latched Pulse Refresh)
Vpp RAS-only
Refresh Current fooa 30 25 mA Limits
Vop Page Current [ 20 17 mA 426520 426525 Tost
Parameter Symbol Min Max Min Max Unit Conditions
Random Read or ) 398 410 ns
Write Cycle Time Ac Vpp Pulse Refresh Current lpp7 25 20 mA
Read, Write Cycle Time tawe 370 465 ns Pulse Refresh Cycle Time trc 335 410 ns
Access Time from RAS thac 200 250 ns RAS to RFSH Delay tarp 120 150 ns
Access Time from CAS teac 100 125 ns RFSH Pulse Width tras 80 1000 80 1000 ns
Output Buffer Turn-off Delay  tore 0 50 o 60 ns RFSH Precharge Time tep 120 120 ns
T::nsitm ":I‘lvlv'w t a3 50 3 60 ns RFSH to RAS Delay trsp 30 30 ns
(Rise and Fall) RFSH before RAS ' 285 s e
RAS Precharge Time the 120 150 ns Set-up Time FBR
—_— —_—
RAS Pulse Width thas 200 10000 250 10000 ns RAS to RFSH Delay
=— (Latched Pulse) tero 80 i ns
RAS Hold Time tash 100 125 ns
— RAS to RFSH Set-up
CAS Pulse Width teas 100 10000 125 10000 ns (Latched Pulse) tres 455 560 ns
CAS Hold Time [ 200 250 ns
RAS to CAS Delay Time taco 30 100 35 125 ns Self-refresh Cycle
CAS to RAS Time  tcpp 0 0 ns Limits
&Aosn:afeg(;h;;%;ll)ﬂw, teon 30 35 ns 4265-20 4265-25 Test
= Parameter Symbol Min Max Min Max Unit Conditions
RAS Precharge b 0 ——
CAS Hold Time RPC ns RAS to RFSH Delay taro 120 150 ns
Row Address Set-up Time tasn 0 0 ns RFSH Pulse Width tras 8000 8000 ns
Row Address Hold Time tRaH 20 25 ns RFSH to RAS Delay trrs 365 445 ns
Column Address Set-up RAS Hold Time teru 8000 8000 ns
tasc [ [ ns e
Time AAS to RFSH Set-up Time tasr 0 0 ns
Column Address Hold Time  tcan 55 65 ns RFSH to CAS Delay teco 0 1000 0 1000 ns
Column Address Hold Time RFSH to WE Dela ! 0 1000 0 1000 ns
Referenced to RAS tan 155 190 ns QrSnlo Bk Poly o
Toad © SetupTime ¢ 0 P - RFSH to CAS Set-up Time trcs 0 0 ns
Pen Com ora :’1 ACs RFSH to WE Set-up Time tews 0 ) ns
Reforenced to HAS . tann 25 30 ns CAS to WE Set-up Time trwes 0 [] ns
Read Command Hold Time 0 o ns WE Pulse Width trwe 1 1 o
Referenced to CAS RCH WE Pulse Cycle Time tewe [0) O s
Write Command Hold Time  tycy 55 65 ns Note: @ According to Figure 1.




wPD4265

Figure 1. Ippyg vS. trwc vS. Ty

1501:8/301A 150us/0°C
100us +
50ps 1+
30..5/50uA 30,.5/25°C
lppio Mmax
10us + Ta max
BuSM00A 81.5/45°C
Sus 4+
4118/200uA 4,s/70°C
trwe
] 1us | l l ] L
imA 5001.A 100p.A S0pA 10.A 0 10 20 30 40 50 60 70
lopto Ta(°C)




nPD4265

NEC

Timing Waveforms
Read Cycle RAS-only Refresh Cycle
. tac t S
AS 'RC Iy
RAS 1, AAS taas jﬂ np_q\_
terp Toom [ tae —={ tere tapc
t+— tacp trsu jo—tepn—=] | n—
Cas tasr K [ leas A LN CAS __/ tran X/
- %
taan | _t:ff__ toan 5"
Addresses Col. Addr. W7 7777777774V /77777771 Address
rhm tc Row
Addr. 'Rcs‘l l‘“ | Dour l'l‘I'Lgh Address
/1 T . 1/ pocancs
1,
o High RAC — rtw Page Mode Read Cycle
our Impedance M
t,
Write Cycle (Early Write) et U
t T‘acn I +—tcen
RS —— s oS Pé ~
‘AR 'RP 'ASR
tenr| tosu ul
[+ taco :NSH—’ teen Addresses 1A
O S = e = o Sl
than 5| ‘A:;"{‘* tean WE | [
Addresses » Col Addr b toac—T] '°|:-Ft —» betorr = letopr
Row twes Y o High thac cac l‘"cuc
Address ' : OUT “Impedance
WE ;;7777 7)[ twe L
et Page Mode Write Cycle (Early Write)
ow 7777777714 vaia o K7777777 77777777777 ) ‘
le—— town o P RAS JC:K
Dour High RAS tepe| TG T pp—— 7Y
Impedance ——T e tec RsH
; - e S ke A
Read-Write/Read-Modify-Write Cycles E fan
tashl r_-v fa-tcan tepn
ik— tean
tawe —
times N s
RAS tcppl tan N C mr -l ?°" r. L"wcs twes [l “Col. Addr.
I e " we ZZZINS el 722277777,
T, S E ”7‘ & :wcn = :wcn f3
CAS tr=Ttwe Mwp 1 twe
qa lpan tasc N Column o] b tosten] tou tosterd ketoy o
e Address D Valid Data ValidData Valid Data
Addresses 7 s 77 7/ tonn
Row, tawo "t':m.:
Add. | tacs] towo [ tawL ™
we 7 )
'DS__ ton
ow 777N 7777772 /l[///////kamm
) teac Valid Data —| tore
Doyr 18 s
out Impedance Val
Page Mode Read-Write/Read-Modify-Write Cycles
taas
RAS —y}e—tan—+|
tenp. L tesn tep tap
! toas—= teas——{ teas—+
5 7 —
QAS: tean tean [
e tasc tasc tasc
Addresses i TN T 1/////44/) 1,
:::r. -an?»ﬁ:'él_, f—tows —>] mr_ [+ tcw. —| %L towo, jo-tow |
WE 7 : % L town /4{/ Z I-P;c;u s ',,cﬂ L_ '" T‘!] e
nes+ b iz2] o, tos ™| [Tton tos| [Elontm T
ow 7777777777 vaiavata) 777777 A7 72 Velidnata Em [ 02X 717777777
}"tc‘c’ £ tetcac
H;h—-—'mc———F =]} tore > [~torr — [ tore
Dour Tmpedance ! S S
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NEC upoazes

Timing Waveforms (Cont.)
Hidden Refresh Cycle Self-refresh Cycle 3

Memory Cycle Refresh Cycle _, Refresh Cycle {

- : — s O
RAS 3 c—l“r thas r—ﬂ—ﬂ taas m RFSH —— Fas te—{ ters

(

tﬁcs-—‘
o ks
WE ________)r ‘el

‘—(':‘Rc'—'@—"ﬂ:—" — tec o~ tron ——>
R = —

terp 4 rrp i — tprs — ] tep tesn

RAS —Y*tous

J'sli | taco trsn tors _ teen [*— trco > [+ tnsr
e =X S oo |
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NEC

NEC Electronics Inc.

Description

The uPD41256 is a 262,144-word by 1-bit dynamic N-
channel MOS RAM designed to operate from a single
+5V power supply. The negative voltage substrate bias
is automatically generated internally.

The uPD41256 offers a direct upgrade from the 64K
uPD4164 achieving a four-fold increase in bit density at
the board level.

The uPD41256 utilizes double poly layer N-channel
silicon-gate processing which provides for high storage
cell density, high performance, and high reliability.

The uPD41256 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
uPD41256 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 Ag-Az, during a 4 ms period.

Features

262,144 x 1-bit organization

High density packaging: DIP, PLCC, ZIP
Multiplexed address inputs

Single +5V, £10% power supply

On-chip substrate bias generator

Low power dissipation: 28 mW standby (max)
Nonlatched output is three-state, TTL-compatible
All inputs TTL-compatible, and low input
capacitance

256 refresh cycles (Ag-A7 pins for refresh address)
Page mode operation .
RAS-only refresh, hidden refresh, and CAS before
RAS refresh cycles (see Note 16)

Oo00c Ooboooodo

uPD41256
262,144 x 1-BIT
DYNAMIC NMOS RAM
Revision 1
Performance Ranges
Access RIW RMW
Time Cycle Cycle
Device {Max) (Min) {Min)
uPD41256-12 120ns 220ns 265ns
uPD41256-15 150ns 260ns 310ns
uPD41256-20 200ns 330ns 390ns

Pin Configurations

16-Pin Plastic DIP

83001974

18-Pin Plastic Leaded Chip Carrier (PLCC)

gm
288

[1Dour
[1 As

NC
[1 A3

b

N o o sw
#PD41256

83-001111A

16-Pin Plastic Zig-Zag Inline Package (ZIP)

Ag 11
g i 2 1] Dout
cis ::: 4] GND
ek, & sfom
(.. X sI]Ras
Acfi9 a -
- 3 100[]1A2
afIn b
- 12 ] Vee
A7f113 '}
ks 14 ] As
4 F 16 ] A2

830019754
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Pin Indentification

Plastic DIP

Plastic ZIP
No, Symbol Function No. Symbol Function
1,5-7,9-13  Ag-Ag - Address inputs 1,5,9-1, Ag-Ag Address inputs
2 Diy Data input 13-1§
3 WE Write enable input 2 @_T _Dataoutput
1 RS Row address strobe 3 CAS Column address strobe input
8 Voe +5V power supply input 4 GND Ground
14 Dout Data output 6 % Data input
15 CAS Column address strobe input 7 We Writs enable input
% GND Ground 8 RAS Row address strobe
12 Vee +5V power supply input
Plastic PLCC
No. Symbol Function
1,6-8 Ag-Ag Address inputs
10-13, 15
2 Diy Data input
3 WE Write enable input
4 RAS Row address strobe
5, 14 NC No connection
9 Vee +5V power supply input
16 Doyt Data output
17 CAS Column address strobe input
18 GND Ground
Block Diagram
RAS ———— i
RAS Clock
Generator
| CAS Clock
Generator
CAS — WE Clock
TAS betore RAS | — Generator
WE ————p}
Im:mal
Refresh Data-l .
clf* Data /O Bus ;"".’.:l ow
Refresh Column Decoder —]_,
‘é::’:':: Data-out |+ Dour
Sense Amplifier Buffer
l E — —
AINE :
A&N-—’/—-’ i a § Memory Array
3 £ z
p-] <
— = 83-0019778
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uPD41256
Absolute Maximum Ratings Capacitance
Power supply voltage, Ve 10V +7.0V Ta=0°Cto +70°C, Vg =5.0V£10%, f =1.0MHz
Operating temperature, Ty (ambient) 0to70°C _ﬂ'—_ Test
Storage temperature, Tsrg -5510150°C Parameter Symbol MWin Ty Max Unt Conditions
Power dissipation, Py W lcggl;tcitance Cit 5  pF  Ag-Ag, Dy
Short-circuit output current, lpg 50mA Input Ci2 3 pF RAS, CAS, WE
Comment: Exposing the device to stresses above those listed in Abso- Capacitance
lute Maximum Ratings could cause permanent damage. The deviceis ~ Output Cout 7 pF Dour
not meant to be operated under conditions outside the limits de- capacitance

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°Ct070°C,Vcc=5V +£10%,GND =0V
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Standby supply lgco 50 mA RAS=Vjy
current Doyt =High
impedance
Input leakage Iy -10 10 pA  Viy=0Vto 5.5V,
current all other pins not
under test=0V
Output leakage lo(L) -10 10 pA Doy is disabled,
current Vour=0V
to5.5V
Output voitage Vo 0 0.4 Vo lgyt=4.2mA
low
Output voltage  Vou 2.4 Vee V. loyr=-5mA
high

Supply voltage  Vgg 45 50 55 v

Supply voltage  GND 0 0 0 v

Input voltage V. -1.0 08 v
low
Inputvoltage ~ Viy 2.4 5.5 v
high
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AC Characteristics (Notes 2, 3, 4)
0°C< TA< 70°C, Voo =5V +10% (Note 1)

Limits
uPD41256 1PD41256 uPD41256
-12 15 -20 Test

Parameter Symbol Min Max Min Max Min Max Unit Conditions

Operating supply current, average loct 83 70 60 mA RAS, TAS cycling,
tre=trg min,
{Note 5)

Operating supply current, refresh mode, g3 65 55 50 mA RAS cycling,

average CAS =V,
tre=trg min,
(Note 5)

Operating supply current, page mode  locs 60 55 50 mA  RAS=V,

operation, average CAS cycling,
tpo=tpg Min,
(Note 5)

Random read or write cycle time tre 220 260 330 ns (Note 6)

Read-write cycle time tawe 265 310 390 ns (Note 6)

Page mode cycle time tpe 120 145 190 ns (Note 6)

Access time from RAS tRAC 120 150 200 ns (Notes 7, 8)

Access time from CAS toac 60 75 100 ns (Notes 7, 9)

Output buffer turn-off delay torF 0 30 0 35 0 45 ns (Note 10)

Transition time, rise and fall tr 3 50 3 50 3 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

RAS hold time tRsH 60 75 100 ns

CAS pulse width toas 60 10,000 75 10,000 100 10,000 ns

CAS hold time tosH 120 150 200 ns

RAS to CAS delay time tRCD 2 60 25 75 30 100 ns (Note 11)

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

CAS precharge time, non-page cycle  tcpy 25 25 30 ns

CAS precharge time, page cycle top 50 60 80 ns

RAS precharge CAS hold time tapc 0 0 0 ns

ROW address setup time tAsR 0 0 0 ns

ROW address hold time tRAH 15 15 20 ns

Column address setup time tasc 0 0 0 ns

Column address hold time tcaH 20 25 30 ns

Column address hold time referenced to  tag 80 100 130 ns

RAS

Read command setup time tres 0 0 0 ns

Read command hold time referenced to  tagy 20 20 25 ns (Note 13)

RAS

Read command hod time referencedto  tacy 0 0 0 ns (Note 13)

CAS

Write command hold time tweH 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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AC Characteristics (Notes 2, 3, 4) (cont)
0°C< TA< 70°C, Vg =5V +10% (Note 1)

Limits
uPD41256 uPD41256 uPD41256
-12 -15 -20 Tost

Parameter Symbol Min Max Min Max Min Max Unit Conditions
Write command to RAS lead time tRWL 40 45 55 ns

Write command to CAS lead time towL 40 45 55 ns

ata-in setup time tps 0 0 0 ns (Note 14)
Data-in hold time oH 30 40 50 ns (Note 14)
Data-in hold time referenced to RAS 1OHR 90 115 150 ns

Refresh period tReF 4 4 4 ms

WE command setup time twes 0 0 0 ns (Note 15)
CAS to WE delay town 60 75 100 ns (Note 15)
RAS to WE delay tRwD 120 150 200 ns (Note 15)
CAS set-up time for CBR refresh tosr 10 10 10 ns (Note 16)

CAS hold time for CBR refresh {CHR 30 30 35 ns (Note 16)

Notes:
(1) Allvoltages referenced to GND.

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

(3) AC measurements assume ty=5ns,

(4) V|y (min) and V|_(max) are reference levels for measuring timing of input signals. Transition times are measured between Vi and V|
(8 locy loes and Iccq 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=2TTL loads and 100 pF.

(8) Assumes that trop < trep (max). i trop Is greater than the maximum recommended value shown in this table, tgac will increase by the amount
that tgcp exceeds the value shown.

(9) Assumes that trcp > trep (Max).
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo or Vg .

(11) Operation within the tggp (max) limit insures that tgac (Max) can be met. trop (Max) is specified as a reference point only. If tagp is greater than
the specified tggp (Max) limit, then access time Is controlied exclusively by tcac.

(12) tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle.
(13) Either tggy or troH 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) twess towp: and trwp are restrictive operating parameters in Read-Write and Read-Modify-Write cycles only. If tywgg = twgs (min), the cycle is
an early write cycle and the data output will remain open circuit throughout the entire cycle. If toywp > towp (Min) and trwp = trwp (Min), the
cycle is a Read-Write and the data output wlll contain data read from the selected cell. If nither of the above conditions are met, the condlition of
the data out (at access time and untll CAS goes back to V|n) Is Indeterminate.

(16) P process code products do not have the CAS-Before-RAS Refresh feature. DIP products with process codes L or F and PLCC products with
process code E have the CBR feature. On DIP products with process cods P, the external address inputs are required in Hidden Refresh cycles
and the address timing must satisfy tagg and tran, which are specified with respect to the RAS falling edge.
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Timing Waveforms
Read Cycle Bead- Write/Read-Modify-Write Cycle
'NL 'KWD
: .Fl AS ry ,RAS =
__ le——tan RAS A e
" it -~ tre __{ lgpe ";__' 0 tash lnp-»\-
| R [~—!aco : [—tepn . Reo ] O tea:
CAS T teas ™™ CAS J tran,
CA j N tray \ R_ i‘f'n ‘:_’1 gia‘cL toan tere [

tasn tasc tean
o

Address

@ t ‘Cotumn tack)
Address| "Rcs Address
WE
wi e toac—] RRH
trac —-'7 torr
High

Dour impedance

83.001657A

Write Cycle (Early Write)

1y
N 'RwDY}
towo

\ Column t
Address e

Valid Data
Valid Data

torr

83-001659A

trp—»t

Rco Rsh [—teon—
N

teas™ ™ s j
tasr ‘ﬁﬂ"_ foan
Address %i 9 ~

Row twes twen

Column
Address

twe
ton—

Dy Valid Data
o ——

Dour Impedance

“RAS-Only” Refresh Cycle

RAS

terp

L<—'m=

| tapc

4——‘

cas / tasn
T tean
Address 7777/77)) K277/
Row

Add.

N/

D,
our High Impedance

83-001660A

83001858
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Timing Waveforms (cont)

Page Mode Read Cycle
830016618
Page Mode Write Cycle (Early Write)
A} trsn t'»j
tcas | '—'cu% [+ teas = |
"’cAﬁ"}II‘:' tean
tasc tasc =
re 7z
o ] v Q ;:".':'j
I~ Valid Valid Valid
Data Data Data
Hidden Refresh Cycle (Process Code P) (Note 16)
[«——Memory Cycle ——»«—Refresh Cycle Cycle:
tae tae the—=
le——tpag —| [a-tpp > 1+ thag > e trag>] [+ tap>]
o ST o ol B s
£ e tace tors l%ﬂ\_
830016638
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Timing Waveforms (cont)

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

- taa:
oy o .
RAS [ an L A
-4
+—tcrp ter . tap
Reo teas e fe—tca teas
CAS _q‘um Y g /
™ [*tean -+ tean 1 toan —H | teen
tasam|i4- —»4— tasc asc H—> tasc o 4
Address N2 7, '&
How NCol. Add. ol. Add. o Col. Add.
Add.[*] awo > f«—tewL —>|| ||« town > [e—tow. — | |[*towo| [*~towL—>]
LY 7 gy W o7
tacs e -+ twp H twe [« tacs>{ 14— twe]
fog ol _piz'on™] tocs) to %‘y tos o] W= trwe
D - [N /1%
1 q 1 1 45 ion
le-tcac —»] ‘é:’:: le-tcac—»] ‘é:l(l: fe-teac-» valid
Yigh trac—"| —=| [« tore —> F%FF Data —>| |«torr
D,
© Impedance ‘———}_——i ;__2__

830016648

Hidden Refresh Cycle (Process Code L, F, E) (Note 16)

Address

Dout

Memory Cyck CBR Cycl CBR Cycl
tRC. tRC. R
tRA Rp [e—tRAS: [——1tRAS tRP
VIH — \ AR N — r X
viL— Y / \ \ \
7 1
RSH: CHR:
tCRP-
.n\.a .\ona .vrn
ViH — /
ViL — \ bPY 7
[~>{tRAH *
e+l tCAH
tash—] o [tasce] |«
N
ViH — Row ) (' Col. b
viL — Add Add A C
R
tRCS Io—— tRRH
VIH — / v &
viL — 4 5
tcac
tRAC tOFF| o—v‘
N
VoH — High J Valld R
VoL — Impedance R Data __ ,>
S

83-0019788
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle (Process Code L, F,E) (Note 16)

RC

tCSR

1
RP

%
CHR
ViL — /

VoH — High Impedance

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

83-0019798
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N EC . uPD41257
_ 262,144 x 1-BIT
NEC Electronics Inc. DYNAMIC NMOS RAM

Revision 1

Description Pin Configurations

The NEC uPD41257 is a 262,144-word by 1-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 automatically gen-
erated internally.

Plastic DIP

The uPD41257 utilizes double polylayer N-channel
silicon gate processing which provides for high storage
cell density, high performance, and high reliability.

uPD41257

The device also utilizes a single transistor dynamic
storage cell and advanced dynamic circuitry through- E-00senA
out, including the 1024 sense amplifiers, which ensures
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 &z
mode operation on either read or write cycles by
cycling CAS.

GND
CAs

[1bout
[1 Ae
[AINC
[1 A3

Fu

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
Ag-A7, during a 4 ms period.

Features 83-003272A

O 262,144-word x 1-bit organization . e .
O High density plastic DIP and PLCC packaging Pin Identification
O Multiplexed address inputs
O Single +5 V £ 10% power supply Plastic DIP
O Nibble mode on read or write or read-modify-write No. Symbol Function
cycles e 1,57,9-13 Ag-Ag Address inputs
O CAS before HAS internal address refresh mode 2 Dy Data input
O Low power dissipation: — -
—28 mW max (standby) 3 E Write enable
—385 mW max (active, trg = 270 ns) 4 RAS Row address strobe
O Non-latched output, three-state, TTL-compatible 8 Vee Power supply (+5.0 V)
0O All |nputs TTL-compatible, and low input " Dour Data output
capacitance —
0O 256-cycle, 4 ms refresh (Ag-A7 pins for refresh 5 CAS Column address strobe
address) 16 Vsg Ground

Performance Ranges

Device Access Time R/W Cycle RMW Cycle
uPD41257-15 150 ns 270 ns 310 ns
1PD41257-20 200 ns 335ns 390 ns
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Pin Identification (cont)

Absolute Maximum Ratings

Voltage on any pin relative to Vgg —-1.0to+7.0V
PLCC -
Operating temperature, Tp 01to +70°C
No. Symbol Function
- Storage temperature, Tg7g —55 to +150°C
1,6-8, 10-13, 15 Ag-Ag Address inputs —
- Short-circuit output current 50 mA
2 Din Data input - ——
= - Power Dissipation, Pp 1w
3 WE Write enable
== C t: Exposing the device to stresses above those listed in
4 RAS Row address strobe Absolute Maximum Ratings could cause permanent damage. The
5,14 NC No connection device is not meant to be operated under conditions outside the
9 v P v (150 V limits described in the operational sections of this specification.
cc ower supply (+5.0 V) Exposure to absolute maximum rating conditions for extended
16 Dout Data output periods may affect device reliability.
17 CAS Column address strobe .
. v Sround Capacitance
! ss roun Ta =010 +70°C; Voo = +5.0 V £10%
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input Ciy 5 pF Ag-Ag, DIy
capacitance
Input Ci2 8 pF  RAS CAS WE
capacitance
Output Co 7 pF Dourt
capacitance
Block Diagram
RAS ——>1 FAS Clock
Generator
F CAS Clock
_ Generator
CAS . WE Clock
Generator
l CAS before RAS WE —
Internal
Refresh
Clock
l.|  Datain b
7 Buffer N
Retreah Data 10 Bus N %
Counter §
Column Decoder § g
. Data-out LD,
Sense Amplifier Buffer out
— —
Ay
Al o
A, o i § §
256 x 1024
As e £ Mm):orylmay
Ace | 3 §
As o
Ag o
A o
Ag ._J
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uPD41257
DC Characteristics
Ta =010 +70°C; Voo =5.0 V £ 10%; Vgg =0V
Limits Test
Parameter Symbaol Min Typ Max Unit Conditions
Power supply standby current lec2 5 mA RAS = Vin, Dout = high impedance
Input leakage current [T =10 10 uA Any input Viy =0V to Vg, all other pins
not under test =0V

Output leakage current lo(L) -10 10 LA Doyt is disabled, Voyr = 0 to 55 V
Output high (logic 1) voltage VoH 24 Voo v lour = =5 mA
Output low (logic 0) voltage VoL 0 04 v lout = 42 mA
Supply voltage Vee 45 5.0 55 v

Vss 0 0 0 v
Input high (logic 1) voltage, VIH 24 55 v
alt inputs
Input low (logic 0) voltage, ViL -1.0 0.8 \
all inputs
AC Characteristics
Ta =010 +70°C; Vo =5.0 V £ 10%

Limits
4#PD41257-15 uPD41257-20 Test

Parameter Symbol Min Max Min Max Unit Conditions
Standard Operation
Average power supply g 70 60 mA RAS, CAS cycling, trg = trg min
operating current (Note 5)
Average power supply lecs 60 55 mA RAS cycling, CAS = Vy, tag = tg min
current, refresh mode (Note 5)
Random read or write tre 270 335 ns (Note 6)
cycle time
Read-write cycle time trwe 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 torF 0 40 0 50 ns (Note 10)
delay
Transition time tr 3 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
CAS pulse width tcas 75 10,000 100 10,000 ns
CAS hold time tosH 150 200 ns
RAS to CAS delay time tRCD 30 75 35 100 ns (Note 11)
CAS to RAS precharge tcrp 0 0 ns (Note 12)
time
CAS precharge time tcpN 30 35 ns
RAS precharge CAS trpe 0 0 ns
hold time
Row address set-up tASR 0 0 ns
time
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AC Characteristics (cont)
Ta =010 +70°C; Vog =5.0V + 10%

Limits

#PD41257-15 uPD41257-20 Test
Parameter Symbol Min Max Min Max Unit Conditions
Row address hold tRAH 20 25 ns
time
Column address set-up tasc 0 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 tres 0 0 ns
time
Read command hold__ tRAH 20 25 ns (Note 13)
time referenced to RAS
Read command hold tRCH 0 0 ns (Note 13)
time referenced to CAS
Write command hold tweH 45 55 ns
time
Write command hold__ twer 120 155 ns
time referenced to RAS
Write command pulse twp 45 55 ns
width
Write command to RAS  trw 45 55 ns
lead time
Write command to CAS  tow,. 45 55 ns
lead time
Data-in set-up time tps 0 0 ns (Note 14)
Data-in hold time toH 45 55 ns (Note 14)
Data-in hold time_ tpHR 120 155 ns
referenced to RAS
Refresh period tReF 4 4 ms
WE command set-up twes 0 0 ns (Note 15)
time
CAS to WE delay towp 75 100 ns (Note 15)
RAS to WE delay tRwD 150 200 ns {Note 15)
Nibbfe Mode Operation
Average power supply Iccs 27 27 mA RAS = Vi, CAS cycling, tyg = tyg min
current, nibble mode (Note 5)
operation
Nibble mode cycle time tne 70 100 ns (Note 6)
Nibble mode access time  tyac 35 50 ns (Note 7)
Nibble mode precharge tnp 25 40 ns
time
Nibble mode WE pulse tnwe 30 40 ns
width
Nibble mode CAS pulse  tyas 35 50 ns
width
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AC Characteristics (cont)
Tao=010+70°C; Vcc =5.0V £ 10%

Limits

uPDA1257-15 4PD41257-20 Test
Parameter Symbol Min Max Min Max Unit Conditions
Nibble mode RAS hold tNRSH 35 50 ns
time
Nibble mode CAS to tnewD 35 50 ns
WE delay
Nibble mode WE to tnowL 35 50 ns
CAS lead time
CAS Before RAS Refresh Operation
Average s%wer suppl Icca 60 55 mA RAS cycling, CAS = Vj, trg = tpc min
current, CAS before RA! (Note 5)
refresh mode
CAS set-up time for CAS  tcsp 10 10 ns
before RAS refresh
CAS hold time for CAS tuR 30 30 ns

before RAS refresh

Note:

(1) Aninitial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved.

(2) AC measurements assume ty =5 ns.

(3) Vjn (min) and V(. (max) are reference levels for measuring timing of input signals. Transition times are measured between V|yand V), .
(4) All voltages referenced to Vgg.

(5) lcct, loeas lcca. and Igce 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=0to +70°C) is assured.

(7) Load =2 TTL loads and 100 pF.

(8) Assumesthattycp<tgrcp (max). iftrcp is greater than the maximum recommended value in this table, tgac increases by the amount that
trcp exceeds the value shown.

(9) Assumes that tggp = tggp (Max).
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vou or Vor.

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. tggp (Max) is specified as a reference point only; if tgop is
greater than tgcp (max), access time is controlled exclusively by tcac.

(12) The tepp requirement should be applicable for RAS/CAS cycles preceded by any cycle.
(13) Either tar Or tgcy 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, towp, and trwp are restrictive operating parameters in read-write/read-modify-write cycles only. if tycs = twes (min), the cycle is
an early write cycle and the data output pin will remain open circuit throughout the entire cycle. If towp = tewp (min) and trwp = trRwp
(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 V) is indeterminate.
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Timing Waveforms

Read Cycle RAS-Only Refresh Cycle
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e t csh fa—tap —»| teap d "LPC’I
— e taco : ‘——tcm—.{ s - 4
s T —7,
tasn tagcl | loan P—’f
g Address
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Timing Waveforms (cont)
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NEC uPD41416
_ 16,384 x 4-BIT
NEC Electronics Inc. DYNAMIC NMOS RAM

Revision 2

Description Pin Configuration

The uPD41416 is a 16,384-word by 4-bit dynamic N-
channel MOS RAM designed to operate from a single
+5V power supply. The negative voltage substrate bias
is internally generated; its operation is both automatic
and transparent. The uPD41416 utilizes a double-
polylayer, N-channel, silicon gate process which pro-
vides high storage cell density, high performance, and
high reliability.

©
2
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The uPD41416 uses a single transistor dynamic storage 830017757
cell and advanced dynamic circuitry throughout, ensur-
ing minimum power dissipation. Refresh is accom-
plished by performing RAS-only refresh cycles, hidden

Pin identification

refresh cycles, or normal read or write cycles on the 128 No- s_"‘"”r ‘ Function
address combinations of Ag~Ag during the refresh per- 1 OE Output enable
iod of 2 milliseconds. 2-3,15,17  1/04-1/04 Data input /output
Multiplexed address inputs permit the uPD41416 to be 4 WE Write enable
packaged in a standard 18-pin dual-in-line package for 5 RAS Row address strobe
high system bit density. 6-8,10-1  Ag-A7 Adaress inputs:

Ag-As =Column address inputs
Features Ag-Ag=Refresh address

Ag-A7=Row address inputs

0 16,384-word x 4-bit organization

J Single +5V power supply *10% 9 Voo +5V power supply
(J Standard 18-pin plastic package 16 CAS Column address strobe
O CAS, OE or early write mode to control Doyt buffer 18 GND Ground

impedance
O Low power dissipation,
—Active (tgc = min): 303 mW
—Standby: 28 mW
D Read, write, read-write, read-modify-write. RAS-only
refresh, hidden refresh, and page mode capabilities
O 128 refresh cycles during 2ms period

Performance Ranges

Device tRac teac toea
uPD41416-12 120ns 60ns 30ns
uPD41416-15 150 ns 75ns 40ns
uPD41416-20 200ns 100 ns 50 ns
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uPD41416
Block Diagram
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83-001776B
Absolute Maximum Ratings DC Characteristics
= Of
Voltage on any pin relative to GND -1.0Vto +7.0V Ta=0%Cto +70°C
Storage temperature, Tgrg -55°C to 125°C Limits Test
Short-circult output ourren, Iog SOmA Parameter Symbol Min Typ Max Unit Conditions
Vv 45 50 5. v
Power dissipation, Pp 1.0W ﬁ%’?‘ply voltage. Ve 5
Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is l%lx)ply voltage, GND 0 0 0 v
not meant to be operated under conditions outside the limits de- —
scribed in the operational sections of the specification. Exposure to Standby supply lgg2 50 mA RAS=V,
absolute maximum rating conditions for extended periods may affect current Dgyr=High
device reliability. impedance
Capacitance lcn?»fet:akage o -0 b gllvofhzrmpisv ot
Ul
Ta=0°Cto +70°C, Ve =5.0V£10%; f = 1.0MHz under test=0V
Limits Test Output leakage Iy  —10 10 uA Doyt is disabled,
Parameter  Symbol Min Typ Max Unit  Conditions current °+‘é<5\\50UT<
Input c 5 F -
ca%acitance, il p Output voltage, VoL 0 0.4 Vo lgyr=4.2mA
address inputs low
Input Cio 8 pF Output voltage,  Vou 2.4 vV lgyt=-2mA
capacitance, high
strobe inputs Input voltage, Vi -1.0 0.8 )
Input/output ~ Cy,q 7 pF low
capacitance, Input voltage,  Viy 2.4 55 V
data ports high
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AC Characteristics (Notes 2, 3, 4)
Ta=0°Cto +70°C, Voo =5.0V £10% (Note 1)

Limits
uPD41416-12 uPD41416-15 1PD41416-20 Test

Parameter Symbol Min Max Min Max Min Max Unit Conditions

Operating supply current, average loct 55 50 45 mA RAS, CAS cycling,
tac=trc min, (Note 5)

Operating supply current, refresh mode, lgcs 45 40 35 mA E cycling,

average CAS=V|4, tae=1re
min, (Note 5)

Operating supply current, page mode loca 45 40 35 mA RAS ViL

operation, average TAS cycling, tpg=tpg
min, (Note 5)

Random read or write cycle time tro 220 260 330 ns (Note 6)

Read-write cycle time tawe 300 355 445 ns (Note 6)

Page mode cycle time tg 120 145 180 ns (Note 6)

Access time from RAS trac 120 150 200 ns (Notes 7, 8)

Access time from CAS toac 60 75 100 ns (Notes 7, 9)

Output turn-off delay from CAS torF 0 30 0 40 0 50 ns (Note 10)

Transition time, rise and fall tr 3 50 3 50 3 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

RAS hold time tRsH 80 75 100 ns

CAS pulse width toas 60 10,000 75 10,000 100 10,000 ns

CAS hold time tosH 120 150 200 ns

RAS to CAS delay time treD 25 60 25 75 30 100 ns (Note 11)

CAS to RAS precharge time Icap 0 0 0 ns (Note 12)

CAS precharge time, non-page cycle tcpN 25 25 30 ns

CAS precharge time, page cycle tep 50 80 70 ns

RAS precharge, CAS hold time trPC 0 0 0 ns

Row address setup time tASR 0 0 0 ns

Row address hold time tRAH 15 15 20 ns

Column address setup time tasc 0 0 0 ns

Column address hold time tcAH 20 25 30 ns

Column address hold time referenced to  tag 80 100 130 ns

RAS

Read command setup time trcs 0 0 0 ns

Read command hold time referencedto  tgpy 20 20 20 ns (Note 13)

RAS

Read command hold time referenced to  tpcy 0 0 0 ns (Note 13)

CAS

Write command hold time tweH 35 45 55 ns

Write command hold time referenced to  twer 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 CAS lead time towL 40 45 55 ns

Data-in setup time tps 0 0 0 ns (Note 14)
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AC Characteristics (Notes 2, 3, 4) (cont)
To=0°Cto +70°C, Vog =5.0V £10% (Note 1)

Limits
1PD41416-12 uPD41416-15 uPD41416-20 Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Data-in hold time tDH 35 45 55 ns (Note 14)
Data-in hold time referenced to RAS tpHR 95 120 155 ns
Refresh period tRer 2 2 2 ms
WE command setup time twes 0 0 0 ns
CAS to WE delay tewd 9% 120 155 ns
RAS to WE delay tRwD 185 195 255 ns
Access time from OE toea 30 40 50 ns
Data delay time toeD 30 40 50 ns
OE command hold time toeH 0 0 0 ns
Output turn-off delay from OF toez 0 30 0 40 0 50 ns (Note 10)
Notes:
(1) Allvoltages referenced to GND.
(2) Aninitial pause of 100us is required after power-up foliowed by any Sﬁ»?écycles before proper device operation is achieved.
(3) AC measurements assume tr=5ns.
(4) V4 (min)and V|_(max) are reference levels for measuring timing of input signals. Transition times are measured between Vy and V.
(5) lcct locs and Iccs 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 (Ty = 0°C to 70°C} is
assured.
(7) Load=2TTL loads and 100 pF.
(8) Assumes that tpcp < treop (Max). If taep is greater than the maximum recommended value shown in this table, tgac will increase by the amount
that tgcp exceeds the value shown.
(9) Assumes that trgp > trop (Max).

(10) torr (Max) and togz (max) define the time at which the output achieves the open circuit condition and are not referenced to Vo or Vo

(11) Operation within the tgop (Max) limit insures that tgac (max) can be met. tgep (Max) is specified as a reference point only. If tggp is greater than
the specified tggp (max) limit, then access time is controlled exclusively by tcac.

(12) togp requirement should be applicable for RAS, CAS cycles preceded by any cycle.
(13) Eithertggy Of trcn Must be satisfied for a read cycle.
(14) These parameters are referenced to CAS leading edge in early write cycles and toWE leading edge in delayed write or read-modify-write cycles.
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Timing Waveforms
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Timing Waveforms (cont)
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NEC Electronics Inc.

©xPD41464
65,536 x 4-BIT
DYNAMIC NMOS RAM

Revision 1

Description

The uPD41464 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 uPD41464
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 I/0 is controlied by CAS independently
of RAS. After a valid read or hidden refresh cycle, data
is held on the 1/0 by holding CAS low. The data I/O is
returned to the high-impedance state by returning
CAS high. The uPD41464 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 Ag-A7 during the 4 ms
refresh period.

Features

O 65,536-word by 4-bit organization
O Single +5 V £ 10% power supply
O Standard 18-pin DIP and PLCC packages
O CAS before RAS internal address refresh mode
O Multiplexed address inputs
0O On-chip substrate bias generator
O Low power dissipation:
— 28 mW (standby)
— 440 mW (active, trg = tgc min)
O Non-latched TTL-compatible I/O
O Low input capacitance
O 256 refresh cycles during 4 ms period

Performance Ranges

Pin Configurations

18-Pin DIP

Device tRac tcac toea loc

uPD41464-10 100 ns 50 ns 25ns 80 mA
uPD41464-12 120 ns 60 ns 30ns 75 mA
uPD41464-15 150 ns 75ns 40 ns 70 mA

83-001968A

18-PinPLCC

[[[«7}

023 18 [1CAS
wegjs 3 spuos
msds & wpa
adse & npa
As 7 127 A2
mgagans
3822
>
83-001969A
Pin identification
No. Symbol Function
1 3 Output enable
2,3,15,17 11011104 Data 1/0
4 WE Write enable
5 RAS Row address strobe
6-8, 10-14 Ag-A7 Address inputs
9 Vee Power supply
16 CAS Column address strobe
18 GND Ground
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Block Diagram
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A o
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T — 83-0030158
Absolute Maximum Ratings
Voltage on any pin relative to GND -1.0to+7.0V
Operating temperature, Topg 0to +70°C
Storage temperature, Tsyg . -551t0 +125°C
Short circuit output current, lgg 50 mA
Power dissipation, Pp 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=1MHz
‘ Limits ‘ “Test
Parameter Symbol Min Typ Max . Unit Conditions
Input capacitance Ch 5 pF Ag-A7
Input capacitance Ci 8 pF RAS, CAS, WE, OF
Input/output capacitance Co 7 pF 1701-1/04
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uPD41464
DC Characteristics
Ta =010 +70°C; Vgg = 5.0 V £10%
Limits Test

Parameter Symbol Min Typ Max Unit Conditions
Supply voltage Vee 45 5.0 55 v Referenced to GND
Input high voltage Viy 2.4 55 v Referenced to GND
Input low voltage ViL -1.0 08 v Referenced to GND
Standby current loco 5.0 mA RAS=CAS =V
Input leakage current ) -10 10 LA ViIN=0t05.5V, all other pins not

under test=0V
Output leakage current lo() -10 10 pA 1/0 is High-Z, Vjjg=0t0 5.5V
Output low voltage VoL 0 04 v loL =42 mA
Output high voltage Vou 24 Vee v lo=-5mA
AC Characteristics
Ta =010 +70°C; Vg =5.0 V £10%

+PDA41464-10 4PDA41464-12 4PD41464-15 Test

Parameter Symbol Min Max Min Max Min Max Unit Conditions
Operating current, average Igcy 80 75 70 mA  RAS, CAS cycling, trc = tag min

(Note 5)
Operating current, loca 65 60 55 mA  RAS cycling, CAS = Vi, trg = tac min
refresh mode, average (Note 5)
Operating current, lgca 55 50 45 mA  RAS =V, CAS cycling, tpg = tpg min
page mode, average (Note 5)
Operating current, CAS lecs 70 65 60 mA  RAS cycling, CAS = Vi, trg = tac min
before RAS refresh mode, (Note 5)
average
Random read or tre 200 220 260 ns (Note 6)
write cycle time
Read-write cycle time tRwe 270 300 355 ns  (Note6)
Page mode cycle time tpg 100 120 145 ns  (Note6)
Refresh period tREF 4 4 4 ms
Access time from RAS tRAC 100 120 150 ns  (Notes7,8)
Access time from CAS teAC 50 60 75 ns  (Notes7,9)
Output buffer turn-off torF 0 25 0 30 0 40 ns  (Note 10)
delay
Transition time (rise tr 3 50 3 50 3 50 ns  (Note3)
and fally
RAS precharge time tRp 90 D] 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 tesy 100 120 150 ns
RAS to CAS delay time tReD 20 50 25 60 25 75 ns  (Note 11)
CAS to RAS precharge tcrp 10 10 10 ns  (Note 12)
time
CAS precharge time, toen 25 25 25 ns
non-page cycle
CAS precharge time, top 40 50 60 ns
page cycie
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AC Characteristics (cont)

Ta =010 +70°C; Vgc =5.0 V +10%

4PD41464-10

uPD41464-12

#PD41464-15

Test
Parameter Symbhol Min Max Min Max Min Max Unit GConditions
RAS precharge CAS tRpg 0 0 0 ns
hold time
Row address setup time  tagp 0 0 0 ns
Row address hold time tRAH 10 15 15 ns
Column address setup tasc 0 0 0 ns
time
Column address hold tcaH 15 20 25 ns
time
Column address hold taR 65 80 100 ns
time referenced to RAS
Read command setup trcs 0 0 0 ns
time
Read command hold _ tRRH 10 10 10 ns (Note 13)
time referenced to RAS
Read command hold _ tRoH 0 0 0 ns (Note 13)
time referenced to CAS
Write command hold tweH 25 30 40 ns
time
Write command hold _ twer 75 90 115 ns
time referenced to RAS
Write command pulse twp 15 20 25 ns
width
Write command to RAS  tawL 35 40 45 ns
lead time
Write command to CAS ~ towL 35 40 45 ns
lead time
Data-in setup time tps 0 0 0 ns (Note 14)
Data-in hold time tpH 25 30 40 ns (Note 14)
Data-in hold time_ tpHR 75 90 115 ns
referenced to RAS
Write command setup twes 0 0 0 ns {Note 15)
time
RAS to WE delay tRwD 130 155 195 ns (Note 15)
CAS to WE delay towd 80 95 120 ns (Note 15)
Access time from OF toEA 25 30 40 ns
Data delay time toep 25 30 40 ns
OE command hold time t0EH 0 0 0 ns
Output turn-off delay toEz 0 25 0 30 0 40 ns
from OE
OE to RAS inactive setup  tpgs 10 10 10 ns
time
CAS setup time for tcsR 10 10 10 ns
CAS before RAS refresh
CAS hold time for CAS ~ tcup 20 25 30 ns

before RAS refresh

5-38



NEC

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

AC measurements assume tt =5 ns,

yPD41464

2
(3) ViH (min) and V| (max) are reference ievels for measuring timing of input signals.
(4) All voltages referenced to GND,

(5) lcc1 loes Icca andigcs depend on output loading and cycle rates. Specified values are obtained with the output open. For ot code K of
uPD41464-15, tac min must be 270 ns and Igca = 60 mA.

The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range
(Ta =0to +70°C) Is assured. For ot code K of uPD41464-15, tgc min must be 270 ns.

(7) Load =2 TTL loads and 100 pF.

(8) Assumesthattrecp <trcp (max). iftrep Is greater than the maximum recommended value in this table, trac increases by the amount that
trcp exceeds the value shown.

(9) Assumes that tgop = trep (max).
(10) torr (max) and togz (max) define the time at which the outputs achieve the open circuit condition and are not referenced to Vou or VoL.

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. trep (max) is specified as a reference point only; if tacp is
greater than tgop (Mmax), access time is controlled exclusively by tcac.

(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle.
(13) Either tggy Of tagy 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, tewp. and trwp are restrictive operating parameters in read-write/read-modify-write cycles only. Hf twcs = tweg (min), the cycle is
an early write cycle and the data I/0 pins will remain high impedance throughout the entire cycle. If towp = towp (min) and trwp = trRwp
(min), the cycle is a read-write cycle and the data I/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 V) is indeterminate.

(6)

Timing Waveforms
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Timing Waveforms (cont)
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Page Mode Write Cycle (Early Write)
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Timing Waveforms (cont)

Page Mode Read-Write/Read-Modify-Write Cycle
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Timing Waveforms (cont)

Hidden Refresh Cycle
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NEC Electronics Inc.
PRELIMINARY INFORMATION

©PD411000
1,048,576 x 1-BIT
DYNAMIC NMOS RAM

Description

The uPD411000 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
+5V power supply. The negative voitage substrate bias
is automatically generated internally. The uPD411000
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 asingle
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 R_A_S-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 ITS—only refresh or by a normal read or write
cycle on the 512 address combinations of Ag-Ag during
the 8 ms refresh period.

Features

0 1,048,576-word by 1-bit organization

O Page mode operation

O High density 18-pin plastic DIP (uPD411000C)
or 26/20-pin plastic SOJ (uPD411000LA)

[ Single +5 V +10% power supply

O CAS before RAS internal address refresh mode

O Low power dissipation:
— 28 mW standby (max)

O Multiplexed address inputs

O On-chip substrate bias generator

[J Non-latched TTL-compatibie three-state output

[J Low input capacitance

O TTL-compatible inputs

[0 512 refresh cycles during 8 ms period

Performance Ranges

Row Access R/W RMW Page Mode
Device Time (Max) Cycle (Min) Cycle (Min) Cycle (Min)
©PD411000-10 100 ns 200 ns 270 ns 100 ns
#PD411000-12 120 ns 220 ns 300 ns 120 ns
1PD411000-15 150 ns 260 ns 355 ns 145 ns

Pin Configurations

18-Pin Plastic DIP

DINC] 1
WE(]2
RAsS[]3

=3
NCc(]a 28

8
A5 I

[=]
AMOs Y

83-003234A

26/20-Pin SOJ

oin (1 26 '] GND
WE [J2 25 [ Dout
RAS [}3 24 1 CAS
NC E] 4 23 {INC
NC 5 22 Ag
2
g
g
g
s T BRA
A o 17 1 A7
A 11 16 [1 Ag
A3 5 12 15 As
Vee [J 18 1417 Ay
83-003518A
Pin Identification
Plastic DIP
No. Symbol Function
1 Din Data input
2 WE Write enable
3 RAS Row address strobe
4 NC No connection
5-8, 10-15 Ag-Ag Address inputs
9 Vee Power supply
16 CAS Column address strobe
17 Dout Data output
18 GND Ground
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Pin Identification (cont)

Plastic SOJ
No. Symbol Function
1 Din Data input
2 WE Write enable
3 RAS Row address strobe
4,523 NC No connection
6-8, 19-21 - No external lead
9-12, 14-18, 22 "Ag-Ag Address inputs
13 Vee Power supply
24 CAS Column address strobe
25 Doyt Data output
26 GND Ground
Block Diagram
RAS RAS Clock
Generator
| CAS Clock
Generator
CAs — - WE Clock
CAS before RAS Generator
WE——»
lm’ma': Datad
Refres| ata-in * DIN
Clock Data 110 Bus Buffer
v
Refresh Column Decoder |
éd:r:':: Data-out |- Dour
° Sense Amplitier Buffer
I_L> —  — ,
-] .
w JIFNE g
Ag-Ag—y—l é :> 2 2 Memory Array
HIME F
e N 83-0032358
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Absolute Maximum Ratings DC Characteristics

Tp= °C;Vgg =5V
Voltage on any pin relative to GND —1.0to+7.0V A =010 +70°C Voo =5V + 10%
Operating temperature, Topr 0to +70°C _ Lmits Test
Storage temperature, Tsrg 55 t0 1125°C Parameter Symbol Min Typ Max Unit Conditions
Short circuit outpat current OmA Supply voltage Vec 45 50 55 V  Referenced to GND

Input high v 4 55 V  Referenced to GND
Power dissipation, Py W tage w2
Comment: Exposing the device to stresses above those listed in input low =T 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 lcc2 50 mA RAS=Vj,
Exposure to absolute maximum rating conditions for extended Doyt = Hi-Z
periods may affect device reliability. Input leakage II(L) 10 10 wA Viy=0t055V,

current all other pins not
fﬁg?%iff?ﬁﬁz under test=0V

AT  P=
Toot Output leakage loy -—10 10  pA Doyris disabled,

Parameter Symbol  Max  Unit Conditions current Vour =010 55V
Input capacitance Ciy 5 pF Address, Dy Output low Vo O 04 Vg =42mA
Input capacitance Cip 8 pF RAS, CAS, WE voltage
Output capacitance  Cp 7 PF Dout 0“5“1 high Vo 24 Ve V loh=-5mA

voltage
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uPD411000
AC Characteristics
Ta=01t0+70°C; Voc = 5.0V £ 10%
Limits
uPD411000-10 ,PD411000-12 .PD411000-15 Yest
Parameter Symbol Min Max Min Max Min  Mex Unit Conditions
Operating current, average loct 100 90 80 mA  RAS, CAS cycling, tag = tag min (Note 5)
Operating current, RAS-only  Igca 85 75 65 mA  RAS cycling, CAS = Vi, trg = tag min
refresh mode, average (Note 5)
Operating current, page mode  Iggs 85 75 65 mA  RAS = V), CAS cycling, tpg = tpg min
operation, average (Note 5)
Operating current, CAS before  Iggg 90 80 70 mA  RAS cycling, CAS befors RAS,
refresh mode, average tre = tre min (Note 5)
Random read or write tre 200 220 260 ns  (Note6)
cycle time
Read-write cycle time tawe 270 300 355 ns  (Note6)
Access time from RAS tRAG 100 120 150 ns (Notes7,8)
Access time from CAS tcac 50 60 75 ns  (Notes7,9)
Output buffer turn-off delay torr 0 25 0 30 0 40 ns  (Note 10)
Transition time (rise and fall)  tr 3 50 3 50 3 50 ns  (Noted)
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 toas 50 10000 60 10000 75 10000  ns
CAS hold time tosH 100 120 150 ns
RAS to CAS delay time treD 20 5 25 60 25 75 ns  (Note11)
CAS to RAS precharge time tcrp 10 10 10 ns  (Note 12)
CAS precharge time, topn 2 25 30 ns
non-page cycle
RAS precharge CAS hold time  tgpg 0 0 0 ns
Row address setup time tASR 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 teAH 15 20 25 ns
Column address hold time taR 65 80 100 ns
referenced to RAS
Read command setup time tRes 0 0 0 ns
Read command hold time tRRH 10 10 10 ns  (Note 13)
referenced to RAS
Read command hold time tReH 0 0 0 ns  (Note 13)
referenced to CAS
Write command hold tweH 25 30 40 ns
time
Write command hold _ twer 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 CAS lead  tow 35 40 45 ns

time
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AC Characteristics (cont)
Ta=0t0+70°C; Vo =56.0V £ 10%

Limits

uPD411000-10 PD411000-12 »PD411000-15 Test
Parameter Symbol Min Max Min Max Min Max Unit Condlitions
Data-in setup time tps 0 0 0 ns  (Note 14)
Data-in hold time tpH 25 30 40 ns  (Note 14)
Data-in hold time referenced tDHR 75 90 115 ns
to RAS
Write command setup time twes 0 0 0 ns  (Note 15)
RAS to WE delay tRWD 100 120 150 ns  (Note 15)
CAS to WE delay town 50 60 75 ns  (Note 15)
CAS setup time for CAS tesR 10 10 10 ns
before RAS refresh
CAS hold time for CAS toHR 20 25 30 ns
before RAS refresh
Page cycle time tpe 100 120 145 ns  (Note6)
CAS precharge time, page top 40 50 60 ns
cycle
Refresh period tReF 8 8 8 ms  Addresses Ag-Ag
Note:

(1) All voltages referenced to GND.
(2) Aninitial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved.

(3) AC measurements assume tt =5 ns.
(4) Vin (min) and V| _(max) are reference levels for measuring timing of input signals. Transition times are measured between V iy and V.
(5) lccts lcea lccas and lgce 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=0to+70°C) is assured.

Load =2 TTL loads and 100 pF.

Assumes thattgcp Strcp (Mmax). Iftgop is greater than the maximum recommended value in this table, tr o increases by the amount that
tRcp exceeds the value shown.

=3

(9) Assumes that tggp = trgp (max).
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vou or Vo

(11) Operation within the tgop (max) limit assures that tgac (max) can be met. tgop (max) is specified as a reference point only; if trgp is
greater than tggp (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 tggH 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. tewp, and trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twcg = twcs (min), the cycle is
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp 2 tcwp (min) and tgwp = trwp (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 V|y) is indeterminate.
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Timing Waveforms

Read-Write/Read-Modify-Write Cycle

Read Cycle
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We tra
teac I
trac———= — t—tow
Dour High Valld Data J-
d
830016574
Write Cycle (Early Write)
t,
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m tc ‘AR’ - <
AP 1 [(
troo e e o
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s T o /o
tasr 'iiT toan
b s
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WE we
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fos—+ ke 1oy
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D,
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Timing Waveforms (cont)

Hidden Refresh Cycle

y Cycl CBR Cycl CBR Cycl

tRe. tR tRC.

1RAS: trp [e—1Ras: tRAS: |-—|RP—*
— ‘ur\
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83-0019788
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N

CAS before RAS Refresh Cycle

1
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Timing Waveforms (cont)

Page Mode Read Cycle
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Page Mode Write Cycle (Early Write)
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wc : 4PD411001
_ 1,048,576 x 1-BIT
NEC Electronics Inc. DYNAMIC NMOS RAM
PRELIMINARY INFORMATION
Description Pin Configurations
The uPD411001 is a nibble mode version 1,048,576~ . .
word by 1-bit dynamic N-channel MOS random access 18-Pin Piastic DIP
memory (RAM). It is designed to operate from a single
+5 V power supply. The negative voltage substrate bias bngs N 1e sl
is automatically generated internally. The uPD411001 Weg2 17 Dour
e . RAS[] 3 16 [ CAS
utilizes advanced double-level polycide technology. neds B 1sPae
The use of trench capacitors minimizes silicon area mOs 5T 1uPpas
while providing high storage cell density, high perfor- mdse & upa
mance, and high reliability. The device uses a single A2ld7 12[1 A
transistor dynamic storage cell and advanced dy- v:zE : " g‘:
namic circuitry throughout, ensuring minimum power
dissipation. 830032374
The three-state output is controlled by CAS in- Di .
dependently of RAS. After avalid read or read-modify-  20/20-Pin Plastic SOJ
write cycle, data is held on the output by holding CAS
low. The data output is returned to the high-impedance o g 26 [1aND
state by returning CAS high. Hidden refresh allows WE32 25 [1bour
CAS to be held low to maintain output data while RAS o E : i gz:s
is used to execute RAS-only refresh cycles. neds 20 A
Refresh may be accomplished by using a CAS before §
RAS cycle, enabling the internal generation of the 3
refresh address. Refresh can also be accomplished by A9 * efas
using RAS-only refresh or by normal read or write A 10 17 A7
cycles on the 512 address combinations of Ag-Ag A Qn 161 As
during the 8 ms refresh period = b o] =
: vee O] 13 140 Ag
Features —
[0 1,048,576-word by 1-bit organization Pin Identification
O Single +5 V + 10% power supply
03 Nibble mode operation Plastic DIP
O High density 18-pin plastic DIP (uPD411001C) or
26/20-pin SOJ (uPD411001LA) No. Symbol Function
O Low power dissipation: 1 Diy Data input
— 28 mW standby (max) 2 WE Write enable
O CAS_ before RAS mtelrnal address refresh mode 3 TS Row address strobe
0O Multiplexed address inputs :
O On-chip substrate bias generator 4 NC No connection
3 Non-latched TTL-compatible three-state output 5-8, 10-15 Ag-Ag Address inputs
0O Low input capacitance 9 Voo Power supply
8 TTL-compatible lnput§ . 16 CAS Column address strobe
0O 512 refresh cycles during 8 ms period
17 Dout Data output
Performance Ranges 18 GND Ground
Nibble Mode
Row Access Read/Write RMW Access Time
Device Time (max) Cycle (min} Cycle (min) {max)
#PD411001-10 100 ns 200 ns 270 ns 25ns
uPD411001-12 120 ns 220 ns 300 ns 30ns
#PD411001-15 150 ns 260 ns 355 ns 35ns
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Pin Identification (cont)

Absolute Maximum Ratings

Plastic SOJ Voltage on any pin relative to GND -1.0to +7.0V
astic "
Operating temperature, Topg 0to +70°C
No. Symhol Function Storage temperature, TsTg —55 to +125°C
122425 % —1/04 S:ta /0 = Short circuit output current 50 mA
3 rite enable
Power dissipation, P, 1w
4 RAS Row address strobe P D
- C t: Exposing the device to stresses above those listed in
5 NC No connection Absolute Maximum Ratings could cause permanent damage. The
6-8,19-21 - No external lead device is not meant to be operated under conditions outside the
y R N T limits described in the operational sections of this specification.
H12 U182 Arhy Address inputs Exposure to absolute maximum rating conditions for extended
13 Vee Power supply periods may affect device reliability.
22 OE Output enable
23 CAS Column address strobe
26 GND Ground

AAS Clock
Generator

CAS before RAS

Internal
Refresh
Clock

}

Refresh
Address
Counter

B

Ao-Ag—@/—b

Multiplexer

l

Address Buffer

Row Decoder

CAS Clock
WE Clock
Generator
WE
Data-in
Data 110 Bus Butter [+ DI
5
Column Decoder %g
=
Sense Amplifier E 3
3] Data-out
z5 Butfer —= Dour
-
Memory Array
83-0032388
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DC Characteristics Capacitance
Ta =010 +70°C; Vog =5V + 10% TA=25°C, f=1MHz
Limits Test ) Test
Parameter Symbol Min Typ Max Unit Conditions lParameter - 8ycmlml Max l!nFlt Az:ndllions
Supply voltage Voo 45 50 55V ReferencedtoGND  Putcapacitance I S P ress. Dv_
, Input capacitance Ci2 8  pF  RAS,CAS,WE

Input high ViR 24 55 V  Referenced to GND -
voltage Output capacitance Cp 7 pF Dour
Input low Vi 1.0 0.8 V  Referenced to GND
voltage
Standby current g2 50 mA RAS=Vp,

Doyt = Hi-Z
Input leakage ey —10 10 wpA Vy=0to55V,
current all other pins not

under test=0V
Output leakage loy —10 10 wA Doy is disabled,
current Vour=0to 55V
Output low VoL 0 04 V lg.=42mA
voltage
Output high Voy 24 Ve V. logy=-5mA
voltage

AC Characteristics
Ta =010 +70°C; Vg = 5.0 V £ 10%

Limits

uPD411001-10  ,PD411001-12 ,PD411001-15 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Operating current, average Iect 100 90 80 mA  RAS, CAS cycling, tgg = trg min (Note 5)
Operating current, RAS-only  Igga 85 75 65 mA  RAS cycling, CAS = Vi, trg = tpg min
refresh mode, average (Note 5)
Operating current, nibble mode lggs 40 35 30 mA  RAS =V, CAS cycling, tye = tng min
operation, average (Note 5)
Operating current, CAS before  Iggg 90 80 70 mA  RAS cycling, CAS before RAS,
RAS refresh mode, average tre = trg 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 tRAC 100 120 150 ns  (Notes7,8)
Access time from CAS, teac 50 60 75 ns  (Notes7,9)
non-nibble cycle
Access time from CAS, tNAC 25 30 35 ns  (Note7)
nibble mode cycle
Output buffer turn-off delay torF 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 tpp %0 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)  tygsH 25 30 35 ns
CAS pulse width, non-nibble toas 50 10000 60 10000 75 10000 ns
mode
TAS hold time tosh 100 120 150 ns
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AC Characteristics (cont)
Ta=0t0+70°C; Vg =5.0V £ 10%

Limits

4PD411001-10 ,PDA11001-12 .PD411001-13 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
RAS to CAS delay time taco 20 5 25 60 25 75 ns  (Note 11)
CAS to RAS precharge time tcRp 10 10 10 ns  (Note 12)
CAS precharge time tnp 20 25 30 ns
RAS precharge CAS hold time  tgpg 0 0 0 ns
Row address setup time tASR 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 toAH 15 20 25 ns
Column address hold time tAR 65 80 100 ns
referenced to R
Read command setup time tRes 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 tweH 25 30 40 ns
time
Write command hold twer 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 CAS lead towL 35 40 45 ns
time, non-nibble cycle
Write command to CAS lead tNGWL 25 30 35 ns
time, nibble mode cycle
Data-in setup time tps 0 0 0 ns  (Note 14)
Data-in hold time tpH 25 30 40 ns  (Note 14)
Data-in hold time referenced {DHR 75 90 115 ns
to
Write command setup time twes 0 0 0 ns  (Note 15)
RAS to WE delay tRwD 100 120 150 ns  (Note 15)
CAS to WE delay, towp 50 60 75 ns  (Note 15)
non-nibble cycle
CAS to WE delay, tnewD 25 30 35 ns  (Note 15)
nibbie mode cycle
CAS setup time for CAS tesr 10 10 10 ns

before RAS retresh

5-54



NEC 4PDA11001

AC Characteristics (cont)

Ta =010 +70°C; Vgc =5.0V £ 10%
Limits

4PD411001-10 »PD411001-12 4PD411001-15 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
CAS hold time for CAS tCHR 20 25 30 ns
before RAS refresh
Nibble mode cycle time tne 55 65 75 ns  (Note 6)
CAS pulse width, nibble tNAS 25 10000 30 10000 35 10000 ns
mode cycle
Refresh period tREF 8 8 8 ms  Addresses Ag-Ag
Note:

)
(2)
®3)
(4)
()
(6)

@)
®)

©

All voltages referenced to GND.

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

AC measurements assume tt = 5 ns.

ViH (min) and V| (max) are reference levels for measuring timing of input signals. Transition times are measured between V| and Vy; .
lcc1: lccar lccs: and Igee depend on output loading and cycle rates. Specified values are obtained with the output open.

The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range
(Ta =0to +70°C) is assured.

Load =2 TTL loads and 100 pF.

Assumes thattgcp <tgrcp (max). Iftggp is greater than the maximum recommended value in this table, tgac increases by the amount that
trep exceeds the value shown.

Assumes that tgcp = trep (Max).

(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo or VoL.

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. tgop (Max) is specified as a reference point only; if tggp is

greater than tgcp (max), access time is controlied exclusively by tcac.

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

(13) Either tgrp Or trcH must be satisfied for a read cycle.
(14) These parameters are referenced to the leading edge of CAS for earty write cycles and to the leading edge of WE for delayed write or

read-modify-write cycles.

(15) twcs, trwp: towp. and tyowp are restrictive operating parameters in read-write/read-modify-write and nibble mode read-write/read-

modify-write cycles only. If tycg = twgs (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. If towp = tocwp (Min) and tgywp = trwo (Min), the cycle is a read-write cycle and the data output
will contain data read from the selected cell. If tyowp = tnowp (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 V) is indeterminate.
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Timing Waveforms

Read Cycle Read-Write/Read-Modify-Write Cycle
P I . - — L
RAS b : N FAS tonelt- - = tosn —
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CAS _/ _'_‘RAH i 1\_ S T; &R_ALI t Y tcrp e
tasn tASC%_ toan _A'SWR ned e -
Address Address m X
Ry ‘Column tacy ROW. ~ ‘_\_W‘VR'WD'_’
Address| tncs Address WE / \Column
WE R e Address  '°°
L — t“w Ow 7270027227777 { 7
Dour ,mp’:-g-:m Valid Data 4 Valid Data 1
B83-001850A
Write Cycle (Early Write)
RAS-Only Refresh Cycle
e = - I e
reo tas f—twe—>] tomn M tape
A __f | (tran cas i LN i
tasr ‘Asck foan TAS } tasn T\_/
= ¥ taan
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Fow = Fﬁi -'-"'Q'j Colurmn address 7777/ K272
wE e Dour haa
e lm‘;o"* High Impedance oo
Dinv Valid Data
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Doy ——High
impedance
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Timing Waveforms (cont)

Hidden Refresh Cycle
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CAS before RAS Refresh Cycle
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CAS Vi \
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Note:
[1] WE, Address: Don’t Care.
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Timing Waveforms (cont)

Nibble Mode Read Cycle
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Timing Waveforms (cont)

Nibble Mode Write Cycle (Early Write)
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Timing Waveforms (cont)

Nibble Mode Read-Write/Read-Modify-Write Cycle
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NEC Electronics Inc.
PRELIMINARY INFORMATION

Description

The uPD414256 is a 262,144-word by 4-bit dynamic
N-channel MOS random access memory (RAM) de-
signed to operate from asingle +5 V power supply. The
negative voltage substrate bias is generated internally;
its operation is automatic and transparent. The
puPD414256 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 I/O pins are controlled by CAS in-
dependently of RAS. After a valid read or read-modify-
write cycle, data is held on the I/0 pins by holding CAS
low. The data I/O pins are returned to the high-imped-
ance state by returning CAS high. The uPD414256
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 Ag-Ag during the 8 ms
refresh period.

Features

[0 262,144-word by 4-bit organization

[0 Page mode operation

O High density 20-pin plastic DIP (uPD414256C)
or 26/20-pin plastic SOJ (uPD414256LA)

O Single +5 V £10% power supply

O CAS before RAS internal address refresh mode

O Low power dissipation:
— 28 mW standby (max)

[0 Multiplexed address inputs

O On-chip substrate bias generator

O Non-latched TTL-compatible I/0O

O Low input capacitance

O TTL-compatible inputs

O 512 refresh cycles during 8 ms period

Performance Ranges

Row Access R/W RMW OE Access
Device Time (Max) Cycle (Min) Gycle (Min) Time (Max)
1PD414256-10 100 ns 200 ns 270 ns 25ns
1PD414256-12 120 ns 220 ns 300 ns 30 ns
uPD414256-15 150 ns 260 ns 355 ns 40 ns

uPD414256
262,144 x 4-BIT
DYNAMIC NMOS RAM
Pin Configurations
20-Pin Plastic DIP
11 \ 2 I JGND
1102[] 2 1911103
WE[]3 18 J1/04
RAS[]4 e vp CAS
Nc[]s g 1e[QoE
mds & 15PAs
a7 % upha
A2(]8 130 As
Az[]9 12[7] As
VecCf10 1[0 As
' 83-003258A
26/20-Pin SOJ
1701 1 26 [1 GND
1701 [ 2 2517 1/03
WE[]3 24 /04
RAS [ 4 23 1 CAS
NC[]s 221 GE
¢
g
amrs T 1pas
A1 Q10 17[J A7
A2 11 16 [] As
A3 []12 15 [] As
Vee [ 13 1417 A
83-003259A
Pin Identification
Plastic DIP
No. Symbol Function
1,2,18,19 1/04-1/04 Data I/0
3 WE Write enable
4 RAS Row address strobe
5 NC No connection
6-9, 11-15 Ag-Ag Address inputs
10 Vee Power supply
16 OE Output enable
17 CAS Column address strobe
20 GND Ground
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Pin Identification (cont)

Plastic SOJ
No. Symbol Function
1,2,24,25 1104-1/04 Data /0
3 WE Write enable
4 RAS Row address strobe
5 NC No connection
6-8, 19-21 — No external iead
9-12, 14-18 Ag-Ag Address inputs
13 Ve Power supply
2 (i3 Output enable
23 CAS Column address strobe
26 GND Ground
Block Diagram
RRS RAS Clock
Generator
CAS Clock
Generator
CAS — WE Clock
CAS before RAS Generator
WE
OF Clock u
Generator
OE——»] Data-in
Internal )— Buffer
Refresh
CIka. Data 1/O Bus 1101 to 1104
Refresh Column Decoder D;::'-'::tl
Address
Counter Sense Amplifier
Ag-Ag —f—» R E
et [ s 1 a8,
i 2 g
E £
3
o v_ 83-0032608
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Absolute Maximum Ratings DC Characteristics
Ty = °C: =
Voltage on any pin relative to GND —-1.0to+7.0V A =010 +70°C; Voo =5V £ 10%
Operating temperature, Topg 0to +70°C _ Umits Test
Typ M it diti
Storage temperature, Tgrg —55t0 +125°C ;'"Tm'l't s:/mm ’:'; 5': 5'; "\'; ™ Con . ':m;ND
Short circuit output current 50 mA I upp ;VO age Vcc 2'4 . 5'5 v Referenced to T
Power dissipation, Pp W vnoplga:g;gh H : : eferenced to
Comment: Exposing the device to stresses above those listed in 1 ] Referenced to GND
Absolute Maximum Ratings could cause permanent damage. The m;’;&:w Vi 0 08 v eferenced to G
device is not meant to be operated under conditions outside the ——a———
limits described in the operational sections of this specification.  Standby current  Igca 50 mA RAS=CAS=Vj
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability. Input leakage gy -0 10 wA VpOto 5.§ v,
current all other pins not
Capacitance under test=0V
Ta=25°C,f=1MHz Output leakage loy —10 10 wA 1/0=High-Z,
oot current Vijg=0t055V
Parameter Symbol  Max  Unit Conditions Output low VoL 0 04 V lg.=42mA
Input capacitance Gy 5  pF  Address voltage
Input capacitance Cpp 8 pF RAS, CAS, WE, OE eglttpaugtehlgh Vo 24 Vog V lgn=-5mA
Input/output Cp 7 pF Input/output
capacitance
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AC Characteristics

Ta =010 +70°C; Vo = 5.0 V & 10%

Limits
uPD414256-10 ,PDA14256-12 uPD414256-15 Tests

Parameter Symbol Min Max Min Max Min Max Unit Conditions
Operating current, average Iect 100 90 90 mA  RAS, TAS cycling, tgg = tag min (Note 5)
Operating current, refresh Igcs 85 75 65 mA  RAS cycling, CAS = Vj, tgg = tpg min
mode, average (Note 5) _
Operating current, page mode,  lgcq 85 75 65 mA  RAS = V), CAS cycling, tpg = tpg min
average ) (Note 5)

Operating current, CAS before  Igcs 90 80 70 mA  RAS cycling, TAS = V), tgg = tpg min
RAS refresh mode, average (Note 5)

Random read or write tre 200 220 260 ns  (Note6)

cycle time |

Read-write cycle time trwe 270 300 355 ns -~ (Note 6)

Page mode cycle time tpg 100 120 145 ns (Note 6)

Refresh period trer 8 8 -8 ms

Access time from RAS tRAG 100 120 150 ns (Notes7,8)

Access time from CAS teac 50 60 75 ns  (Notes7,9)

Output buffer turn-off delay torF 0 25 0 30 0 40 ns  (Note 10)

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

RAS precharge time tpp %0 90 100 ns

RAS puise 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 tosH 100 120 150 ns

RAS to CAS delay time tgcp 20 50 25 60 25 75 ns  (Note11)

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

CAS precharge time, tepn 20 25 30 ns

non-page cycle

CAS precharge time, page mode tcp 40 50 60 ns

RAS precharge CAS hold time  tppg 0 0 0 ns

Row address setup time tASR 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 held time taR 65 80 100 ns

referenced to RAS

Read command setup time tres 0 0 0 ns

Read command hold time tRRH 10 10 10 ns  (Note 13)

referenced to RAS

Read command hold time tReH 0 0 0 ns  (Note 13)

referenced to CAS

Write command hold tweH 25 30 40 ns

time

Write command hold twer 75 90 115 ns

time referenced to RAS

Write command pulse width twp 15 20 25 ns
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AC Characteristics (cont)
Ta =010 +70°C; Voe = 5.0 V & 10%

Limits

4#PD414256-10 ,PDA14256-12 ,PD414256-15 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Write command to tRwL 35 40 45 ns
RAS lead time
Write command to CAS lead  toyL 35 40 45 ns
time
Data-in setup time tps 0 0 0 ns  (Note 14)
Data-in hold time toH 25 30 40 ns  (Note 14)
Data-in hold time referenced tpHR 75 90 115 ns
to RAS
Write command setup time twes 0 0 0 ns  (Note 15)
RAS to WE delay tRwo 130 155 195 ns (Note 15)
CAS to WE delay tewn 80 95 120 ns  (Note 15)
Access time from OF toea 25 0 40 ns
Data delay time toEp 25 30 40 ns
OE command hold time togH 0 0 0 ns
Output turn-off toez 0 25 0 30 0 40 ns  (Note 10)
delay from OE
OE to RAS inactive toes 10 10 10 ns
setup time
CAS setup time for CAS tesr 10 10 10 ns
before RAS refresh .
TAS hold time for CAS tcHR 20 25 30 ns
before RAS refresh
Note:

(1) An initial pause of 100 us 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) V4 (min) and V) _(max) are reference levels for measuring timing of input signals. Transition times are measured between V) and V), .
(4) All voltages referenced to GND.

(5) lcc1: lcca Icca, and Iccs 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 =010 +70°C) is assured.

(7) Load =2 TTL loads and 100 pF.

(8) Assumes thattgpcp =trcp (max). If tgcp is greater than the maximum recommended value in this table, trac increases by the amount that
tRcD exceeds the value shown.

(9) Assumes that tggp = trgp (max).
(10) torr (max) and togz (max) define the time at which the outputs achieve the open circuit condition and are notreferenced to Vo or Vo .

(11) Operation within the tgcp (max) limit assures that tgac (max) can be met. tgcp (max) is specified as a reference point only; if tggp is
greater than tgcp (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 tgry or tagy 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. tcwp. and tgwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twcs = twcs (min), the cycleis
an early write cycle and the data 1/0 pins will remain open circuit throughout the entire cycle. If tcwp = tcwp (min) and tgwp = trwp
(min), the cycle is a read-write cycle and the data I/0 pins will contain data read from the selected cells. If neither of the above conditions is
met, the condition of the data I/0 pins (at access time and until CAS returns to V|y) is indeterminate.
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Timing Waveforms

Read Cycle Write Cycle (Early Write)
, bd D T teas b
'Al——':: RAS AR " <
RAS foap tesn trp—s
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p— = bz " A I‘_tc""_'lk_ CAs J tran N k
TAS < W hen
_/tA“ [~ taa toan 53 !“c-‘ le—l toan
Addrossos g e Addresses o -~
i
Row the iggress Fw—ca. BN g::‘lur':s"l
. WE we
WE [ = R —
OE
te—torr twen M
110y Write
1/0 : los —] fo— l"on:l
0EZ ‘DNR
S 00as1oA 83-003018A
OE-Controlled Write Cycie Read-Write/Read-Modify-Write Cycle
tre tawe
RAS _‘i o tras tnp——\___ mAS A e . R_
— T - Trow t e
F—Trco— o N |
[T S my— o
Lﬁ"i"— tasc tean
Hrtasn| —»| [s—>
ZX Addresses ﬂ’ VT A
Row: o] - - e .:n.-’
Address| ‘acs: <\— L1 — | R, L.
e twp >
W Z/77777F | Cotumn
oF ) _—
leac bet—nd —»)  re-torz | beton
1/0, = Read write J0//////7777
fora—> |+ tos
t
83-003017A - 830030194
Page Mode Read Cycle
i % )
RAS .. Ras e toe :I\
_.‘ “—_'ncnﬁ tee tasn
Cas .(.PN—‘ teas feto s\t tcas
s e 50
Addresses LN %, KN X m
::: taan toan g::i gdd 1 [+ taen
WE = [4-tasc
tacs — thch = [+-thcs tron
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oF N /Al" o
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Timing Waveforms (cont)

uPD414256

Page Mode Write Cycle (Early Write)
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Page Mode Read-Write/Read-Modify-Write Cycle
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we 77 Sy Y
— .'c‘c twe g
toea: « )
‘OF forn ton toro "ﬂt.
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RAS-Only Refresh Cycle CAS before RAS Refresh Cycle
N thas e | tap I 1, " ol
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. l-'_" q; [T tesn le—tapc
as Pl N/ s N lewsy i
Addresses 777/} 2772220070070 Addresses Don't Care
Row,
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Timing Waveforms (cont)

Hidden Refresh Cycle
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XRAMs
Section 6 — XRAMS Page
uPD4168 8,192 x B-Bit NMOS XRAM . .ettuiiiiietitririinieeeernnneeeerennnnnens 6-1
uPD42832 32,768 X 8-Bit CMOS XRAM ...\t tetiriiiereereiininererennionnes 6-9



8,192 x 8-BIT
NEC Electronics Inc. NMOS XRAM
Revision 1
Description Pin Conflguration
The NEC uPD4168 is an 8,192 word by 8-bit NMOS XRAM
designed to operate from a single +5V power supply. 1
The NEC uPD4168 is termed an XRAM because it incor- :
porates some of the best features of both SRAMs (Non- N
multiplexed addresses, simple interface requirements) s
and DRAMs (the one-transistor core cell provides high 6
density at low cost). The negative voltage substrate bias 7
is internally generated and provides automatic and 8
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 2o coveazh
in systems incorporating multiplexed address/data
buses. Pin identification
No. Symbol Function
Features 1 RF_S.H Internal refresh
0O 8,192 words by 8-bit organization 2-10, 21, Ag-App Address inputs
O Single +5V £10% power supply 23-25
O On-chip substrate bias generator 11-13,15-19  |/0g-1/07 Data in /out
[0 Fast access times
O Low power dissipation: i ﬂm G"_)und
28 mW max-Standby 2 e Chip enzble
19 mW max-Self refresh 22 OE Output enable
gL.coénF?Aaat;II:OM /EPROM bl k 26 i Clip s
-pin compatible package =
Built-in refresh multiplexer and refresh address & WE Wrts enable
counter ' 28 Vee +5V power supply

Power-down self-refresh mode

Automatic precharge allows cycle time to be inde-
pendent of system skews

Latched address, CS, and OE functions allow use

on multiplexed address/data bus

Read, early write, late write, external refresh, pulse
refresh, and self-refresh cycles

O O oo gooa

Performance Ranges

Device tcEa toEA tc lgct
uPD4168C~12 120ns 45ns 220ns 65mA
uPD4168C-15 150 ns 55ns 260 ns 60mA
uPD4168C-20 200 ns 70ns 330ns 55mA

Pin Functions
RFSH (Refresh Input)

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.

Ag-A12 (Address Inputs)

The uPD4168 requires 13 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 Ag-Ag perform external refresh.
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1/0g-1/07 (Data Inputs/Outputs)

Common 1/O pins require WE and OE to control data.
The CE clock and WE determine the data setup and hold

times (tpsc, toHC, tosw: toHw) for these pins during a
memory write cycle; OE determines the access time
(toea) during a read cycle.

GND (Ground)
All voltages are referenced to GND.

CS (Chip Select)

When CS is high (active) while the CE clock is enabled,
the uPD4168 can perform read/write operations. If CS is
latched low (inactive) while the CE clock is enabled,

1/0g-1/07 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

(1) Depends on previous cycle

CE (Chip Enable) write.
T e evancss e ond Voo (Power Supph)
(during an early write cycle) data inputs to be internally +5V power supply.
read onto the chip. )
'OE (Output Enable)
OE controls the output timing for 1/0g-~1/07. Access
time (tcEA, toEa) is determined by the CE clock or by the
OE input, according to OE input timing.
1PD4168 Functional Modes
WMode RFSN  CE  ©8  WE  OF 10 Comments
Read cycle H c’ H H L Data out OE: low logic level or clock pulse
Early write H c H. L H Data in
Late Write H c H c H Data in
External refresh H c’ H H H High-Z
H c’ L X X High-z Standby
Pulse refresh c’ H X X X High-2
¢’ c’ H H H High-Z After external refresh cycle
c ¢ H H L (Note 1) After read cycle
c c H L H Datain After early write cycle
) ¢ c H c H Datain After late write cycle
Power down self-refresh L H X X X High-Z
Standby H H X X X High-Z
H=Vyy, L=V, C' =negative edge of clock pulse, X=V, or Vy_
Note:
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uPD4168
Block Diagram
AFSH G cs W O
Refresh Internal
B i o] o e B B
A Row vo 10,
o _——\ D o 64 x 256 Memory Array Butfer
A,
. 1 |
Row 1O Bus |
Ay Addres: R —
A M": - A Column Decoder 1o
A [ 256 Sense Amps. [ |
As —— — | Column Decoder 10,
110 Bus ——— l l
A | . EO D.“cwod,, 64 x 256 Memory Array ——— 1o,
- n T
Ay — Column Row
.~ Address :> 5 64.x 256 Memory Array J—— —— vo,
A
A, J 110 Bus. 1 —[ J
— 11
) Column Decoder ]
[ 256 Sense Amps ] 1
Column Decoder
— ” ] | 10,
VO Bus .
ﬁ Row 64 x 256 Memory Array o,
83-0032238
Absolute Maximum Ratings DC Characteristics
Voltage on any pin relative to GND oo +70v  A=010 +70°C Vo =5V £10%
Operating temperature, Topr 0to +70°C* Limits Test
Storage temperature, Tsrg —55t0 +125°C Parameter ASymbol Nin_Trp Max Unit Cond
Shor circult output currert, log 50mA Supply voitage "~ Vg 45 50 55 V  Referenced to GND
Power dissipation, Pp W :nput voltage, V)L -1.0 0.8 V- Referenced to GND
: ow
Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is :]r:p;n voltage, Vi 24 55 V' Referanced to GND
not meant to be operated under conditions outside the limits de- 9
scribed in the operational sections of the specification. Exposure to Output voltage, VoL 0 0.4 V lgL=2mA
absolute maximum rating conditions for extended periods may affect low

device reliability.

6-3




uPD4168 NE C

DC Characteristics (cont) Capacitance
Limits - Ta=0to +70°C, Vo =50V +10%
Parsmeter  Symbol Min Typ Max Unit  Conditions __ Lmits Tost
Outputvoltage, Vor 74 Voo V lon=—1mA Parameter Symbol Min Typ Max Unit Conditions
high Input c 10 pF f=1MHz
AverageVeg  lect 85 mA 1c=220ns capacitance
:ggely current, 80 mA tg=260ns E:;aaéi{a%ce Cizo 10 pF f=1MHz
55 mA t;=330ns

Standby current lggo 5  mA CE>Vjymin,

RFSH2V)y min
Self-refresh  Igca 35 mA RFSH<V) max
average current .
Input leakage (L) -10 10 wA  Viy=0t05.5V;
current others=0V
Output leakage 1oy  —10 10 WA Voyr=0105.5V;
current Doyt="High-Z
AC Characteristics
Ta=0to +70°C, Voo =5V £10%

Limits

uPD4168-12 uPD4168-15 1PD4168-20 Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Average Vg supply current, active lect 65 60 55 mA to=t¢ (min)
Read, write, or refresh cycle time tc 220 260 330 ns
Access time from CE toea 120 150 200 ns (Note 5)
Data off time from CE toez 30 35 45 ns (Note 6)
Access time from O toea 45 ‘ 55 70 ns (Note 5)
Data off time from 0 toez 30 35 45 ns (Note 6)
CE pulse width tce 120 10000 150 10000 200 10000 ns
CE precharge time tp 0 100 20 ns
Address setup time to CE tasc 0 0 0 ns
Address hold time from CE tanc 35 45 55 ns
CS setup time to CE tosc 0 0 0 . ns
CS hold time from CE toHe 35 45 55 ns
Data setup time to CE, early write tosc =10 -10 -10 ns
Data hold time from CE, early write tpHe 90 . 100 120 ns
Data setup time to WE, late write tosw 0 0 0 ns
Data hold time from WE, late write toHw 50 60 70 ns
'WE setup time to CE, early write twsc -30 -30 -30 ~ns (Note 7)
'WE hold time from CE, early write twHe 90 100 125 ns ‘
WE pulse duration twp 60 70 % ns
CE hold time from WE, late write toHw 90 105 135 , ns
WE setup time to CE, read cycle tres 0 0 0 ns
WE hold time from CE, read cycle tRCH 0 0 0 ns
CE hold time from O, read cycle teHo 45 55 70 ns
OE setup time to CE, write cycle toEs 0 0 0 ns
OF hold time from CE, write cycle toeH 0 0 0 ns
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AC Characteristics (cont)
Ta=0to +70°C, Voo =5V £10%

Limits

4PD4168-12 4PD4168-15 1uPD4168-20 Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions
CE delay to RFSH, puise refresh tcrRD 50 65 80 ns
RFSH pulse width, pulse refresh trop 50 4000 65 4000 80 4000 ns
RFSH recovery time, pulse refresh tRPR 90 100 120 ns .
RFSH pulse width, self refresh tRDS 40 40 40 us (Note 8)
RFSH recovery time, self refresh tRsR 2 2 2 us
CE hold time from RFSH, self refresh  tgs 40 40 40 us
CE setup time to RFSH, self refresh tcss 35 40 50 ns
Transition time, rise and fall tr 3 50 3 50 3 50 ns (Note 4)
Refresh period tReF 2 2 2 ms
RFSH precharge time trp 90 100 120 ns
OE lead time o refresh cycle toeL 170 210 260 ns
WE lead time to refresh cycle tweL 170 210 260 ns
RFSH setup time to CE the 280 320 410 ns
Note:

(1) Alivoitages referenced to GND (0 V).

(2) Aninitial pause of 2ms 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 tt=5ns.

4 Viy (min)and V)L (max) are reference levels for measuring input signal timing. Transition times are measured between Vy and V;, .

(6) Load =2TTL loads and 50 pF.

(6) tcez (max) and togz (max) define the time at which the output achieves the open circuit condition and are not referenced to Vo or Vo

(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 40us. The refresh interval is about 15.6 us.

Figure1. Power-up Dummy Cycles

2 ms——|

3
W

Vee

64 cycles

S/ 111301 |

8 cycles

RN

_ -
CE /

83-003693A
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Timing Waveforms
Read Cycle Early Write Cycle
o e oy -
—4‘__'01" - ¢ . :'
& tasc — t ¢ tasc
L+ tanc 255
nrens TIOE 1T KRR XK K XXX KXRRRTIRR riaeos SR
1csc la-tenc-ed tescle—e)
RO
cs WL: 2 os ZRYT,
w___1 we ‘
[e——tocno——* [ —
OF tos, \ toez OF / tosc
et Lo [=-tone q
Vo ——ah hicd Dotrout v ) Data-in Valid
83-003225A 83-003226A
Late Write Cycle
RFSH tapr
‘o'. te —i
—_lnsn | tee
o fase — A
-
Adaress XOO0( ﬂoooooooooo XXX XXHIXKIK
tesc) i i
o8 TR 1T KRR KXCROUKKKOOAER
‘—‘_'cuw—‘—"
o Fe ony
®__7 Tonc—] X
toswe—e! te-touw-]
Vo = Data-in m
83-003227A £83-003228A|
Pulse Refresh Cycle after Read Cycle Complete Pulse Refresh Cycle after Early Write Cycle Complete
Early
p=Read C lej:ﬂefmh Cycle ——= Write Cycle-ja——ﬂelmsh Cycle—uy
fe—rtc s tag = te T tac
— troe |
RFSH tcro i trer RFSH feno trer
tee JR— 1,
. I/ R & LN . -
SC S e o [ Tanc pa—tp —ad
Adcress X KXXXXRE adaress 0K RRCRRK:
tese ‘-’I‘cnc tesg ‘——‘]'cnc
cs RRROCXXXKA> cs . \
tacs [*+ [—=1trcu twsc el
w _/ ' WE
R g, ——> | __ toes| e
o —igh —tcea Data-out Valid £ o fosc
83-003229A Data-in Valid
83-003230A
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Timing Waveforms (cont)

Pulse Refresh Cycle after External

Pulse Refresh Cycle after Late Write Cycle Complete Refresh Cycle Complete
Late External Pulse Pulse
te- Write Cycle -} Refresh Cycle —— |=Retfresh Cycle-»e—Refresh Cycle—»1«—Refresh Cycle—|
tc toe ™ e tac: tac-
— e—tapp — t thop—>| thop—>| —
AFSH L =) j‘% RFSH "E"F’]S\\‘ MY e P:V —
CE e - i CE  fac Ei:__l
™ [T —_altanc P fe—s| tanc o
Adaress XX Address KX RRA KKK KRR KRN
tese™ Mo _oilonc tesc Sy tonc
cs * cs
tenw o —’l j*—trcs == tacy
"V we _/° R
VE e o —— = ftow aae S
3 0y OE N\
fosw ™) lorw Vo High
o f b- Impedance
Data-in Valid 83-003232A
83-003231A
Power-down Self Refresh
S \L tros
R —— tess| tetrsr:
CE
83-003233A
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NEC

NEC Electronics Inc.
PRELIMINARY INFORMATION

Description

The NEC uPD42832 is a 32,768-word by 8-bit CMOS
XRAM, designed to operate from a single +5V power
supply. The NEC uPD42832 is termed an XRAM because
it incorporates some of the best features of both
SRAMSs (non-multiplexed addresses, simple interface
requirements) and DRAMSs (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 Ag-Ay.

Features

0O 32,768-word by 8-bit organization
O Single +5 V +10% power supply
O TTL/CMOS-compatible
O Low power dissipation:
1.0 mA (standby, CE = OE/RFSH = V)
0.5 mA (standby, CE = OE/RFSH = Vpp)
100 uA (self-refresh, uPD42832-L)
O Available cycle types:
Memory cycles: read, write, read/modify/write

uPD42832
32,768 x 8-BIT
CMOS XRAM
Pin Configuration
A1a [1 Voo
As2 [ WE
A7 [ A3
Ag [ Ag
As [ As
A4 [ A1
A3 ] GE/RFSH
A2 (] Ao
Aq M CE
Ay 1 1vor
1/0g 11708
1104 [ 1105
1/02 1 1/04
GND [ 1703
83-001762A
Pin Identification
No. Symbol Function
1-10, 21, 23-26 Ag-Aq4 Address inputs
11-13, 15-19 17001707 Data inputs/outputs
14 GND Ground
20 CE Chip enabie
22 OE/RFSH Output enable/Refresh
27 WE Write enable
28 Vpp +5 V power supply

Absolute Maximum Ratings

Voltage on any pin (except Vpp) ~10Vto+7.0V
Refresh cycles: external refresh, pulse refresh, Suraly vol v OV 170V
self-refresh upply voltage, Vpp —10Vito 7.
[J 28-pin ROM-compatible plastic DIP (uPD42832C) Short circuit output current, lg 50 mA
0O 28-pin plastic miniflat package (uPD42832G) Power dissipation, Pp 1w
Operating temperature, T, 0°C to +70°C
Performance Ranges OFR
Storage temperature, TgTg —55°C to +125°C
Power Supply
Access Cycle - c t: Exposing the device to stresses above those listed in Abso-
Device Time Time Active Standby lute Maximum Ratings could cause permanent damage. The device s
uPD42832-10 100 ns 160 ns 60 mA 0.5 mA not meant to be operated under conditions outside the limits de-
scribed in the operational sections of the specification. Exposure to
uPD42832-12 120 ns 190 ns 50 mA 0.5mA absolute maximum rating conditions for extended periods may affect
1PD42832-15 150 ns 235 ns 40 mA 0.5 mA device reliability.
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Block Diagram
OE/RFSH
i TE WE
Refresh Internal
Vee Refresh
Counter Generator ° Generator
170g
104
Ag O~ 1024 Sense Amps
-an now 1102
o 0]
. 0— AB‘:‘:,':,’: <_— N
- g 03
A7 0 ,> a Momf;&or:rm
H 1104
-3
Ag 0—
. O—1 1/0s
. Ratrens % 1/0 Bus
o Ol Buffers
« O— Column Decoder 1/Og
A1 O—
1107
83-001763B
DC Characteristics Capacitance
Ta =010 +70°C; Vpp =5.0 V £ 10% Ta=25°C, f=1MHz
) _ Limits Test Limits
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit
Supply voltage ~ Vpp 45 50 55 Vv 1/0 capacitance Ciro 10 pF
Input high voltage Vi 2.4 55 v Input capacitance ) 7 pF
Input low voltage V. —1.0 0.8 v
Standby current  Ippp 10 mA CEV= OE/RFSH Truth Table
=V
Standby current  Ipp 05 mA CE=D0E/RFS Mode CE WE OE/RFSH 1/0 PiN
: =Vp Standby High X High High-Z
Self refresh [ (1) mA OE/RFSH=0V, - -
CE = Vpp Refresh High X Low High-Z
Input leakage hy -10 10 A V"¢ =h0 1055V, Read Low High Low Dout
current all other pins not i i igh-
under test — 0V Ext‘ernal refresh Low High H!gh High-Z
170 Jeakage oy —10 0 A 1/0=FHight, Write tow  Low High Oy
current Vour=0to 55V
Output high Von 24 Vip V  lopy=-10mA
voltage
Output low Vo O 04 V lg.=40mA
voltage
Note:

(1) uPDA42832C-10/12/15, uPD42832G-10/12/15: Ippg = 1.5 mA;

pPD42832C-10L/12L/15L, uPD42832G-10L/12L/15L:
Ipp3 = 0.1 MA;
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AC Characteristics
Ta =0°C to +70°C; Vpp = 5.0 V £10%

1PDA42832-10 1PD42832-12 1PD42832-15
Parameter Symbol Min Max Min Max Min Max Unit
Operating current(1) Ipp1 60 50 40 mA
Refresh current(2) lops 60 50 40 mA
Pulse refresh current(3) Ipps 60 50 40 mA
Random read or write cycle time tRe 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
OF access time toeA 30 35 40 ns
Output disable to output in high-Z toHz 0 30 0 35 0 40 ns
CE to output in low-Z toLz 10 10 10 ns
O 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 tee 100 10000 120 10000 150 10000 ns
Address setup time before CE low tasc 0 0 0 ns
Address hold time after CE low taHe 25 30 40 ns
OE hold time after CE low toHe 0 0 0 ns
OE setup time before CE low tosc 10 10 10 ns
Read command setup time before trcs 0 0 0 ns
CE low
Read command hold time after 1RCH 0 0 0 ns
CE high
Write command hold time after CE fow twel 70 85 105 ns
Write command pulse width twp 70 85 105 ns
Write command to CE lead time towL 70 85 105 ns
Data setup time before WE high tpsw 60 75 95 ns
Data hold time after WE high {pHwW 0 0 0 ns
Data setup time before CE high tpsc 60 % 95 ns
Data hold time after CE high tpHe 0 0 0 ns
WE to output in high-Z twhz 0 30 0 35 0 40 ns
Output active from end of write twLz 10 10 10 ns
Read/Write cycle time tRwe 250 295 365 ns
CE to RFSH delay time tRD 50 60 75 ns
RFSH pulse width in pulse refresh teap 80 1000 80 1000 80 1000 ns
RFSH precharge time tep 30 30 30 ns
Pulse refresh cycle time tre 160 190 235 ns
RFSH to CE setup time after pulse FCE 190 225 275 ns
refresh
RFSH to CE delay time after pulse trsR 80 95 _ 115 ns
refresh
RFSH pulse width in self refresh tFAS 8000 8000 8000 ns
RFSH to CE delay after self refresh trRs 190 225 275 ns
Refresh period tREF 4 4 4 ms
Note: (1) trg =tgg (Min); Io =0 mA (2) trc = trg (Min); OE/RFSH=WE =V (3) teg =t (min); CE=V|y
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uPD42832

Timing Waveforms

Read Cycle External Refresh Cycle
1 I 'v\\- '
1CE a-tp-o|
{CE [-tp+|
K S
tasc taHe
tasc s taHC
I Address %
X —
<—>|—-lo|-|c
/ tosc lonc—<—P|
OE/RFSH ’ﬁ
"~ OE/RFSH / 1\
tRCS tRCH
WE / \ tRCs tRCH
<e—toEA —|
[+—>1-1cHz wE / / / \
toLz [e—tonz—1
] High-Z
Dout E_— Dour
83-001767A
| ——tcLz—|
tcea Pulse Refresh Cycle
83-001764A
Write Cycle cE \
| {RFD—j ¢ |¢——— tfc———»| |¢——1tFCE—
o s y
cE x OE/RFSH \_t Z S‘_
K
4 High-Z
tasc AHC tp>] pour 9
__ 83-001768A
1oHC Self Refresh Cycle
OsC
o p
OE/RFSH / // \ & 7 N
tweh:
+—towL tRFD: tFas tFRS
twp _— ————
- OE/RFSH &L
" N /)
High-Z
tosw [« IDHW—> Dout
[+—1DsC—| r—tDHC 83-001769A
DiN 4{ >—
83-001765A
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Timing Waveform (cont)

vPD42832

Read/Modify/Write Cycle

[e-tasC—>

"
RWC

1
CE

[——AHC —|

\\

olonco‘

OE/RFSH

I“RCS"

N

tewL.

!
WP

\ ¥
WE ﬁ K 7/
tosw [+——tprw
tosc [+tDHC>
Fe 15
DN gr 2
toea
[e——toLz—| [+—iwHZz—> [+iCHZ>|
LY \ o K b, -
Dout O’.’.”t‘/' 3 1
terz 1oHZ [—twLZ —]
CEA

83-0017668
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MOS STATIC RAMs
Section 7 — MOS Static RAM Page
uPD446 2,048 x 8-Bit Static CMOS RAM ... iiiiiiiiiiiiiiiioiiieinenneeninss 741
uPD449 2,048 x 8-Bit Static CMOS RAM ... .iiiiiiniiiniinineeinarsenenessnns 7-5
uPD2147A 4,096 x 1-Bit Static NMOS RAM ... iitiiiiiiiiiioineesenseionnesinns 7-9
uPD2149 1,024 x 4-Bit Static NMOS RAM .. itiiiiieiieriinireienrererenenenenss 7-13
uPD4016 2,048 x 8-Bit Static NMOS RAM ... viiiiiiiiiiiinntinnerarnnneenas 7-17
uPD4311 16,384 x 1-Bit Static MIX-MOS RAM ... ...ciiiiiiiiiiiiiiniiennirianes 7-21
uPD4314 4,096 x 4-Bit Static MIX-MOSRAM .........oiiiiiiiiiiiiiiiiiinanens 7-25
uPD4361 65,536 x 1-Bit Static MIX-MOS RAM ... .. iiiiiiiiiiinnienniennnnss 7-29
uPD4362 16,384 x 4-Bit Static MIX-MOS RAM .. oiviiiiiiiiiiiiiiiiiinnennes 7-35
uPD4364 8,192 x 8-Bit Static MIX-MOS RAM ... ..coiiiiiiiiiiiieineiiannnians 7-39
uPD4464 8,192 x 8-Bit Static CMOS RAM ... ittt iieii it iiinnnaes 7-45
uPD43256 32,768 x 8-Bit Static MIX-MOS RAM ... . ittt iiieiiinnnnes 7-51



NEC 2,048 % 8.BIT

NEC Electronics Inc. STATIC CMOS RAM

Revision 3

" Description Pin Configuration

The uPD446 is a high-speed, low-power, 2048-word by 8-
bit static CMOS RAM fabricated with advanced siticon-
gate CMOS technology. A unique circuitry technique
makes the uPD446 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 Vg independently of the other input
levels. Data retention is guaranteed at a power supply
voltage aslowas 2V.

The uPD446 has a standard 24-pin dual-in-line package
and is plug-in compatible with 16K EPROMs.

The uPD446 is also packaged in a miniflat package pro-

83-001639A

viding high density application. Pin Identification

Features No. Symbol Function
1-8, 19, Ag-Ag Address input

0 Single +5V supply 22,23

O Fully static operation — no clock or refreshing 9-1,13-17  1/041/0g Data input/output

required = -

O TTL compatible — all inputs and outputs i ES_ Chip select

O Common /0 using three-state output 20 0c Output enable

O OE eliminates need for external bus buffers 21 WE Write enable

O Max access/min cycle times down to 150 ns 2 Voo Power (+5Y)

O Low power dissipation 2 aND D

— Active: 38 mA max
— Standby: 10 uA max

O Data retention voltage: 2V min Performance Ranges

0 Operating temperature range: - 40°C to +85°C

O Standard 24-pin plastic package A:f,;:’ ?r’l':": Power Supply (Max)
(uPD446C) Device (Max)  (Min)  Active Standby

U Plug-in compatible with 16K EPROMSs (uPD446C) HPDA4GC-3, 446G-15 50ns  150ns  38mA  (Note)

= xénsgiég?ckage for high density application LPD446C-2, 446620 200ns  200ns  30mA  (Note 1)

O Lversion uPD446C-1, 4466-25 250ns  250ns  26mA  (Note1)
— Standby current 1.0 uA max at 60°C uPD446C, 446G-45 450ns  450ns  18mA  (Notet)

for battery backup operation Note:

(1) uPD446C-L/-1L/-2L/-3L, uPD446G-45L/25L/20L /5L
Ta=25°C, 0.2,A
To=60°C, 1.04A
Tp=85°C, 10 uA
uPD446C/-1/-21-3, uPD446G-45/25/20/15

Ta=25°C, 1.04A
Ty =60°C,5.0pA
Ty =85°C, 10uA



NEC

uPD446
Block Dlagram Recommended DC Operating Conditions
Ta= —40to +85°C
ﬁ‘s — - Limits
Ag —] Addross Row Coll Aray Parameter Symbol  Min Tye Max Unit
AT—] Butfer Decoder 128 Rows
:a — 128 Columns Supply voltage Vee 4.5 5.0 5.5 v
9 — =
Ao — - Input voltage low ViL -0.3 0.8 v
| | Input voitage high ViH 2.2 Ve +0.3 v
Lyl Input Senss Switch Output
: Data || Data DC Characteristics
- Coll
11De Contrel Dacoder Contrl Ta= —401085°C, Voo =5V £10%
Limits Tost
A::'r'oss Parameter Symbol Min Typ Max  Unit Conditions
lor
Input leakage Iy 1 pA  ViN=0VtoVge
Ag A1 A2 A3 current .
_ 170 leakage o 1 wA  Vi0=0VtoVee
s current CS=Vjyor
OE=Vjyor
L Operating lecat M (M mA CS=v,
WE 33 supply current l176=0V min
83001640 cycle
Operating lccaz 5 10 mA CS=Vvy,
Absolute Maximum Ratings supply current 'c' Jr?;?\’ oc
Power supply voltage, Vog 7OV Standoy supply logs 002 (2) wA CS=Vgo-0.2V,
Input voltage, V|y —-0.3toVge +0.3V current ViN=0VtoVee
Output voltage, Voyr -0.3toVge +0.3V Output voitage VoL 0.4 Vo lgL=2.0mA
Operating temperature, Topp —401t085°C low
Storage temperature, Ts7g — 550 125°C gi‘:;tﬁ”t voltage  Von 24 V. loy=-1.0mA
Comment: Exposing the device to stresses above those listed in Abso- Notes:

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=1MHz

Limits Tost
Parameter Symbol Min Typ Max  Unit Conditions
Input Cin 6 pF ViN=0V
capacitance
Input/output ~ Cy/0 8 pF Viyo=0V
capacitance

7-2

(1) uPD446C-3/3L, uPD446G-15/15L: 25 mA typ, 38 mA max
uPD446C-2/2L, uPD446G-20/20L: 20 mA typ, 30 mA max
uPD446C-1/1L, uPD446G~25/25L: 18 mA typ, 26 mA max
uPD446C/-L, uPD446G-45/45L: 12mA typ, 18 mA max

(2) uPD446C-L/-1L/-2L/-3L, uPD446G-45L/25L/20L/15L

Ta=25°C,0.2pA
Ta=60°C, 1.04A
Ta=85°C, 10uA
uPD448C/-1/-2/-3, uPD446G-45/25/20/15
Ta=25°C, 1.0uA
Tao=60°C, 5.0uA
Ta=85°C, 10pA
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AC Characteristics
Ta= —40t085°C, Voo =5V +10%

uPD446C-3 4PD446C-2 uPD446C-1 uPD446C
uPD446G-15 1PD446G-20 uPD446G-25 1PD446G-45
Parameter Symbol Min Max Min Max Min Max Min Max Unit
Read Cycle
Read cycle time tre 150 200 250 450 ns
Address access time tan 150 200 250 450 ns
Chip select access time tacs 150 200 250 450 ns
Output enabie to output valid toe 75 100 120 150 ns
Output hold from address change ton 15 15 15 . 15 ns
Chip select to output in Lo-Z oLz 10 10 10 10 ns
Output enable to output in Lo-Z toLz 5 5 5 5 ns
Chip deselect to output in Hi-Z tcHz . 50 - 60 80 100 ns
Output disable to output in Hi-Z touz 50 60 80 100 ns
Write Cycle
Write cycle time twe 150 200 250 450 ns
Chip select to end of write fow 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 B 0 0 ns
Data valid to end of write tow © 50 60 80 100 ns
Data hold time tpH 0 0 0 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
Input pulse ievels 0.8t02.2V
Input pulse rise and fall time wns  Read Cycle No.1
Timing reference levels 1.5V th
Output load 1TTL +100pF Address ——— _
Y e ‘on
[ANANARANNNNY £7TITT7TITTT
Truth Table P e o
8 OF WE MODE 1o lec Dour X XX—
H X X Not selected Hi-Z Standby Notes:
L H H Notselected  Hi-Z Active ® WEishighforreadcycles.
(2) Deviceis continuously selected, CS = V).
L L H Read Doyt Active 830016414
L X L Write Din Active
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Timing Waveforms (cont)

Read Cycle No. 2
& . _ (tonz '
= le———tc1 7>}

. touz II: toe fe—tonz—+

Notes:
() WEIs high for read cycles.
(2) Address valld prior to or coincident with CS transition low.

83-001642A
Write Cycle No. 1
Address X X
ot 777777 TRAARRAANAY
kl‘cw—'——’
AANNANNNANN L7777
s | twm

Oour 29910907 RuNRIRRNY
fow [ ton
S, e 7V
Notes:

(1) 'WE must be high during all address transitions.
(2) Awrite occurs during the overlap of a low CS and a low WE.
(3) twn Is measured from the earlier of CS or WE going high to the end of write cycle.

(4) Itthe 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

Address - X X
[ m-wt—" 'cw—’v7—7777777777-/

tas O

WE ¥
35555§§§[:2%lggggz
DOUT
tow | ton -

Dy O A
Notes:
() WE must be high during all address transitions.
(2) Awrite 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.

(@) Itthe TS low occurs with or after the WE low transition,
output buffers remain in a high Impedance state.

(5) OE Is continuously low.

83-001644A
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Low Vg Data Retention Characteristics
Ta= — 4010 85°C

Limits
Symbol Min  Typ Max Unit
Vecor 2.0 \2

Tost
Conditions
Vin=0Vto Vge,
CS=Vgc
ViN=0Vto Vge,
CS=Vgc,
Vee=3.0V

Parameter

Data retention
supply voltage

Data retention  lgopR 001 (1) uA
supply current

Chip deselection tcpr 0 ns
to data retention
mode

Operation R tre ns
recovery time

Note:
(1) uPD446C-L/-1L/-2L/-3L, uPD446G-45L/25L/20L/15L
Ta=25°C,0.2pA
Ta=60°C, 1.0uA
Tao=85°C, 104A
uPD446C/~1/-2/-3, uPD448G~45/25/20/15
Ta=25°C,1.04A
Ta=60°C, 5.0uA
Ta=85°C,10pA

Low V¢ Data Retention

tcor _ Data Retention Mode _, ta

| [ ' VS A——
& Vecor A 7
Vi

83-001670A




NEC
2,048 x 8-BIT
NEC Electronics Inc. STATIC CMOS RAM
Revision4
Description Pin Configuration
The uPD449 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 uPD449 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 CE3 equals
Ve independently of the other input levels. Data reten-
tion is guaranteed at a power supply voltage as low as
2V.
83-001645A
The uPD449 has a standard 24-pin dual-in-line package
and is plug-in compatible with 16K EPROMs. Pin Identification
Features No. Symbol Function
f 1-8, 19, Ag-Aq Address input
O Single +§V supply . 2,23
O Fully static operation — no clock or refreshing -
required 9-11, 13-17 1/04-1/0g Data input /output
O TTL compatible —all inputs and outputs 20, 18 CE;, CEy Chip enable input
O Common /0 using three-state output 21 WE Write enable input
0O Two o_::hip enable inputs for battery backup 2 Voo Power (+5V)
application
0 Max access/min cycle times down to 150 ns 12 GND GND
O Low power dissipation,
— Active: 38 mA max Performance Ranges
~ Standby: 10 uA max
O Data retention voltage: 2V min A:ff::. ﬁ{:‘: Power Supply (Max)
g gtperjttilzingrqper?tutr_ e '3"9:3 —40to +85°C Device {Max)  {Min}  Active Standby
andard 24-pin plastic package
O Plug-in compatible with 16K EPROMs uPD449C-3 150ns  190ns  38mA  (Note)
O Lversion uPD449C-2 200ns  200ns  30mA  (Notet)
— Standby current 1.0 uA max at 60°C uPD449C-1 250ns  250ns  26mA  (Notet)
for battery backup operation $PDA4SC 450ns  450ns  1BmA  (Note 1)
Note:

(1) uPD449C-L/-1L/~2L/-3L

Tp=25°C, 0.2pA
T =60°C, 1.0uA
Ta=85°C, 10uA

uPD449C/-1/-2/-3
Ta=25°C, 1.04A
T =60°C, 5.04A
Tp=85°C, 104A




NEC

Block Diagram

Ay —
Asg ———
A — Address Row Cell Array
A7 Buffer Decoder 128 Rows
Ag — 128 Columns
Ay —
Ap ——
1701
° Input Sense Switch Output
] Data Data
3 Control Column Control
\/Og Decoder

Address

Buffer

Ar A A A

"D
CE;

>—-D___

e L D

83-0016468

Absolute Maximum Ratings

Recommended DC Operating Conditions

Ta= —40to +85°C

7-6

Power supply voltage, Voo 7.0V
Limits
Input voitage, Viy —-0.3toVge +0.3V
. - Parameter Symbol Min Typ Max Unit
Output voltage, Vout -0.3toVge +0.3V
- Supply voltage Vee. 4.5 5.0 55 v
Operating temperature, Topg —40to +85°C
Input voltage low ViL -0.3 0.8 v
Storage temperature, Tgrg -551t0 +125°C -
Input voltage high VIH 2.2 Veo +0.3 v
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- Truth Table
scribed in the operational sections of the specification. Exposure to — — —
absolute maximum rating conditions for extended periods may affect CEy Ez WE MODE 110 lec
device reliability. X H X Notselected  Hi-Z Standby
Capacitance H X X Not selected Hi-Z Standby
Tao=25°C, f=1MHz L L H Read Dour Active
Limits Tost L L L Write Din Active
Parameter Symbol Min Typ Max Unit Conditions
Input Cin 6 ViN=0V AC Test Conditions
capacitance S 3 Input pulse levels 0.8t02.2V
Input/output Viso=0V
ca?):citalrllciu 170 1/ Input pulse rise and fali time 10ns
Timing reference levels 1.5V
Output load 1TTL +100 pF




NEC

uPD449
DC Characteristics DC Characteristics (cont)
Ta= —40to +85°C, Voo =5V£10% Ta= —40to +85°C,Vcc=5V+10%
Limits Tost Limits Tost

Parameter Symbol Min Typ Max  Unit Conditions Parameter Symbol Min Typ Max Unit Conditions
Input leakage 1| 1 wA  Viy=0VtoVge Output voltage Vg 0.4 Vg =2.0mA
current low
170 leakage o 1 uA  Vi/0=0VtoVgg, Output voltage  Vpy 2.4 V  lgy=-1.0mA
current CE;orTEp=Viy high

iWE =Yﬂ- Notes:
Operating lecat )] (1] mA  CEyand CEo=V)|, (1) uPD449C-3/3L, 25 mA typ, 38 mA max
supply current ljj0 =0, min uPD449C-2/2L, 20 mA typ, 30 mA max

cycle uPD449C-1/1L, 18 mA typ, 26 mA max
Operating ooz 5 0 mA g andCEp= Vi, ppg:::g/-L, 12mA I_typ,us mA max
supply current Iyg=00C @ wP ~L/-1L/-2L/-3L

current Ta=25°C, 0.2 A max

—_ Tao=60°C, 1.0uA max
Standby supply Isg 0.02 (2 uA  CEjor Ta=85°C, 10 uA max
current CEp=>Vpc—-0.2V, uPD449C/-1/-2/-3

other CE input < Ta=25°C, 1.0 A max

0.2Vor>Vge Ta=60°C, 5.0 4A max

-0.2V,V|y=0V Ta=85°C, 10uA max

to Ve
AC Characteristics
Ta= —40to +85°C, Voo =5V+10%

uPD449-3 uPD449-2 uPD449-1 uPD449

Parameter Symbol Min Max Min Max Min Max Min Max Unit
Read Cycle
Read cycle time tre 150 200 250 450 ns
Address access time ta 150 200 250 450 ns
Chjp enable (CE;) to output valid tooi 150 200 250 450 ns
Chip enable (CEj) to output valid tco2 150 200 250 450 ns
Output hold from address change toH 15 15 15 15 ns
Chip enable (CE;) to output in Lo-Z tLzq 5 5 5 5 ns
Chip enable (CE,) to output in Lo-Z tizo 5 5 5 5 ns
Chip enable (CEy) to output in Hi-Z thz1 50 60 80 100 ns
Chip enable (C'Ez) to output in Hi-Z thzo 50 60 80 100 ns
Write Cycle
Write cycle time twe 150 200 250 450 ns
Chip enable (CEy) to end of write tow 120 150 180 210 ns
Chip enable (CEy) to end of write tow2 120 150 180 210 ns
Address setup time taw 0 0o 0 0 ns
Write pulse width twp 90 120 150 180 ns
Write recovery time twr 0 0 0 0 ns
Data valid to end of write tow 50 60 80 100 ns
Data hold time toH 0 0 0 0 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

7-7
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Timing Waveforms

Low Vcc Data Retention Characteristics
Ta= —40to +85°C

Read Cycle (Address Access) Limits Tost
| Parameter Symbol Min Typ Max Unit Conditions
h Dataretention  Vegpr 2.0 V. Viy=0VtoVgg,
—> supply voltage CEqor CEp=Vge
Address
Data retention  Iccpr 0.0t (1) wh  Viy=0Vto Vg,
— ta < ton>] supply current CEqor CE= Ve,
. other CE in-
M put=0V or Vgg,
e & ViN=0Vto Vg,
! N Voo=3.0V
w—tLz1-» thzt Chip deselection tgpr 0 ns
| to data retention
mode
tcoz Operation tR tre ns
——— recovery time
CE
’ N Note:
- 1Lz2»| thzz (1) uPD449C-L/-1L/-2L/-3L
| Ta=25°C, 0.2 4A max
Ta =60°C, 1.0 uA max
T =85°C, 10 uA max
uPD449C/-1/-2/-3
Dour ( ) — T =25°C, 1.04A max

Ta =60°C, 5.0 uA max
Ta=85°C, 10 4A max

83-001647A

Write Cycle (Address Access) Data Retention Timing Chart

| ————— twg ————>|

- WX

cw1

Vee(5.0V)
4.5V -

ViH = ———
Vecor ————/Z —_————
CEy or CE2(Vi)
GN

83-001649A

N7/

w|

« WK 7

taw twp WR

we —_Sﬁ

twz sl tow

Dour

oW DH

OO

83-001648A
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NEC

NEC Electronics Inc.

uPD2147A
4,096 x 1-BIT
STATIC NMOS RAM

Revision 1

Description
The uPD2147A 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 uPD2147A — 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 pPD2147A 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
O Pinout, Function, and Power Compatible to Industry
Standard 2147
O Scaled MOS Technology
[J Completely Static Memory — No Clock or Timing
Strobe Required
[ Equal Access and Cycle Times
O Single +5V Supply
[ Direct Performance Upgrade for 2147
[] Automatic Power-Down
7] High Density 18-Pin Package
[ Directly TTL Compatible — All Input and Output
[ Separate Data Input and Output
] Three-State Output
[J 3 performance ranges:

Max Supply Current

Device

Access Time Active Standby

wPD2147A-25 25ns 160 mA 20mA

wPD2147A-35 35ns 160 mA 20mA

1.PD2147A-45 45 ns 160 mA 20mA

Truth Table

cs WE Output Power

HighZ Standby

Active

H X
L L Write HighZ
L H

Read Dour Active

Pin Configuration

Ao
Ay
A,
As
4,
40
[] 4,
[Jo.
e

Pin Identification
Pin
No. Symbol
1-6,17-12 Ag-A1q
7 D-O—UT
8 WE
9 GND
10 cs
1 Din
18 Vee

Function

Address Inputs
Data Output
Write Enable
Ground

Chip Select
Data Input
Power (+5V)

Block Diagram

e Vo
~—— GND

Memory Array
64 Rows
64 Columns

Row

D Column Y0 Circuits Dour
Column Select

FeRak

As A, Ag Ay A Ay

7-9
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Absolute Maximum Ratings* AC Test Conditions
Operating Temperature —10°Cto +85°C Input Pulse Levels GND to 3.0V
Storage Temperature ~65°Cto +150°C Input Rise and Fall Times 5ns
Voltage on Any Pin —35Vto +7VQD Input Timing Reference Levels 1.5V
DC Output Current 20mA Output Timing Reference Levels 1.5V
Power Dissipation 12W Output Load ) See Figure 1
Note: @ with respect to ground .
*COMMENT: Exposing the device to stresses above those Capacitance

listed in Absolute Maximum Ratings could cause permanent Ta= 25C;f = 1.0 MHzO

damage. The device is not meant to be operated under con- Limits

ditions outside the limits described in the operational sections Paramoter Symbot Min Typ Max_ Unit  Conditions

of this specification. Exposure to absolute maximum rating Input Capacitance Cn 5 pF Vu=OV

conditions for extended periods may affect device reliability. Output Cour 6 pF Vour=0V

DC and Operating Characteristics
Ta=0°Cto +70°C; Ve = +5V = 10%D
Limits

——————— Test
Parameter Symbol Min Typ® Max Unit Conditions
Input Load - _
Current (All Iy 001 10 A ‘,;cc = Max, iy = GND to
Input Pins) cc
Output Leakage €5 = Vyyy, Ve = Max,
Current ko 081 10 WAy =GNDto Vg
T, = 25°C Vg = Max,
Operating Current lee 120 150 mA =V,
160 mA T,=0°C Output Open
Vec = Min to Max,
! 12 20 '
Standby Current sa mA c-g°= Vin
P Vec = GND to Ve = Min,
Poak r-On lpo® 25 50 mA U§c= Lower to Vc or
Current cc
Vi Min .
Input Low _
Voltage Ve 30 08 v
Input High
Vohtage Vin 20 6.0 v
Output Low -
Voltage Voo 0.4 V g =8mA
Output High oo
Voltage Vou 24 V loy=—-4.0mA
Output Short _
Circuit Current los +130 mA Voyr = GND to Ve
Notes: O The ambient range is gL with air flow

exceeding 400 linear feet per minute.
@ Typical limits are Ve = 5V, T, =_+25°C, and specified loading.
@ A puii-up resistor to V¢ on the CS input is required to keep the device deselected;
ise, p current le active.

7-10

Note: @ This parameter is sampled and not 100% tested.

Figure 1. Loading Conditions Test Circuit

Vee
510
DOLI'
30pF
30002 (Including
Scope and Jig)
Figure 2. Input Pulse Test Circuit
Vee
5102
DOUY
30002 SeF
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AC Characteristics Write Cycle
Read Cycle Limits
Ta= 0°Cto +70°C; Vg = +5V = 10%, unless otherwise
noted. wPD2147A-25 PD2147A-35 |.PD2147A-45 Test
Min Max Min Max Min Max Unit Conditions
Limhs Write Cycle Time@ t, 25 35
e Cycle Tim 45 ns
wPD2147A-25 L PD2147A-35 LPD2147A-45 ¥ e
Test Chip Selection to 25 35 a5
Parameter  Symbol Min Max Min Max Min Max Unit Conditions End of Write fow ne
:;d Cycle Time tac® 25 35 45 ns gggr:'n;v \rll:ﬂd to taw 25 35 P ns
ress
Access Time tan 2 35 45 ns Address Setup Time t,s [] [] 0 ns
Chip Select Write Pulge Width twp 20 20 25 ns
t, 25 35 45 s
Access Time Acs " Write Recovery Time ty [ [] [] ns
Output Hold From Data Valid to
Address Change  '0W 5 5 5 ns End of Write tow 20 20 25 ns
Chip Select to Data Hold Ti [ 10 10 1
OutputinLowz  '?® 8 5 5 ns @ old Time on 9 ad
Chip Deselection 1o Write Enabledto 0 15 0 20 0 25 ns ®
14,0 0 20 0 30 0o 30 ns @ Outputin HighZ
Outputin HighZ
Output Active From 1 0 0 0
Chip Selectionto | o ° R s End of Write ne ®
Power-Up Time Py
Chip Selection to
Power-Down Time '#0 20 2 20 ns
Timing Waveforms
Read Cycle No.1®® Write Cycle No. 1 (WE Controlled) ®
tac ‘i twe
Address a( Address a P 3
]
fe——ton _'.l [ tew
Data Out _Previous Data vaiid & X X X Data valid So Y "J; F/ /47 /7
t
Y
— ‘AS - i .WF — 'Wﬁ e
Read Cycle No. 2 0 we bA ¢
3 L 7
. tow - ltw
— haid
cs — Dataln Data In Valid
—_ J SECTIUTI
o tacs etz Fe—twz g le—tow —
High High i
Data Out Data Valid 9 Data Out Data Undefined ]———‘ {
I‘-'vu->] [*~teo —~
| .
Vee CC = = = —
SupplY lgy —— A 0% ER S Write Cycle No. 2 (CS Controlled) ®
Current
1,
we
Notes: Address ) X
@ All Read Cycle timings are referenced from the last valid address to the first transitioning
address. tas— 1
@ At any given temperature and voltage condition, t,;; max is less than t, ; min, both for a given s
device and from device to device. — A
@ Transition is measured +200mV from steady state voltage with specified loading in Figure 2. t \
@ Transition is measured at Vo, +200mV and Vg —200mV with specified loading in Figure 2. d f———typ——]  WF
® WE s high for Read Cycles. _ p—
® Device is continuously selected, CS = Vy_ IAAAAAAARNNY. J C; 7 7 7 7 7 7
valid prior to or coi with CS ition low. N
.DW .UN
Dataln 2 Data In Valid ¥
I
twz
j‘, High
Data Out Data Undefined Y
es: —
@ 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 Vg +200mV and Vi, — 200mV with specified loading in Figure 2.
@ Transition is measured +200mV from steady state voltage with specified loading in Figure 2.
® CS or WE must be high during address transitions.
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NE( ’ 4PD2149
. 1,024 x 4-Bit
NEC Electronics Inc. STATIC NMOS RAM
Revision 1
Description Pin Configuration
The uPD2149 is a 4096-bit static Random Access
Memory organized as 1024 words by 4 bits. Using a
scaled NMOS technology, itincorporates an innovative
design approach which provides the ease-of-use
features associated with non-ciocked static memories.
The uPD2149 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 asingle +5 V supply. The data is read out —
non-destructively and has the same polarity as the
input data. Pin Identification
Features No. Symbol Function
. o 1-7, 15-17 Ag-Ag Address inputs
O Completely'statlc memory - no clock or timing 3 = Chip select input
strobe required 3 ) Ground
O Equal access and cycle times, faster chip select N roun .
access 10 WE Write enable input
0 Single +5 V supply 11-14 1/04-1/04 Data input/output
O High density 18-pin package 18 Voo +5 V Power supply
[0 Directly TTL compatible - all inputs and outputs
O Common input and output .
[0 Three-state outputs Block Diagram
O Power dissipation: 180 mA max
As Memory Cell
Performance Ranges N ngges || mew || vy
A; — Buffer Decoder 64 Rows
Address Access CS Access :: —] 84 Cotumes
Device Time (Max} Time (Max)
uPD2149-2 35ns 15ns
uPD2149-1 45ns 20ns Efg; nput Sense/Switch
uPD2149 85 ns 25ns 1104 o Column
—1 Decoder
Output
Data
Control
Address
Buffer
Ap Ay Ay A3
WE
83-003558
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Absolute Maximum Ratings Capacitance
g Ta=25°C, f=1MHz

Operating temperature, Topg —10 to +85°C
Storage temperature, Tg7g —65 to +150°C_ _ bimits Test .
P te S I Min T ith
Voltage on any pin 150470V arameter ymho n yp Max Unit Conditions
Input “Cin 5 pF ViN=0V
DC output current ) 20 mA capacitance
Power dissipation, Pp : 12W  Dataoutput- Cpoyr 7 pF Vpour =0V
capacitance

Comment: Exposing the device to stresses above those listed in
Absolute Maximum Ratings could cause permanent damage. The Note
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.

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

DC Characteristics
Tao=01070°C; Vo =+5V £ 10%

Limits © Test

Parameter Symbol Min Max Unit Conditions

Input leakage I +10 wA  Viy=GNDto Vg
current

Output leakage 1o +50 wA  CS=Vy, .
current Vour=GNDto 4.5V
Power supply g 180 " mA  Viy=Vgc, )
current /0 = open

Input low viL 08 v

voltage

Input high \m 21 Vge v

voltage .

Output low VoL 0.4 v lor =8 mA

voltage )

Outputhigh . Voy 24 V  lgh=—-4mA

voltage '

Output short los +200 mA  Voyr=GNDto Vge
circuit current : .

(1) The operating temperature range is guaranteed with transverse
air flow exceeding 400 feet per minute.



NEC uPD2149

AC Characteristics
Ta =010 70°C; Vo =+5V + 10%

Limits
nPD2148-2 1PD2149-1 uPD2149 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Read Cycle
Read cycle time tre 35 45 55 ns
Access time ta 35 45 55 ns
Chip selection to output valid tco 15 20 25 ns
Chip selection to output active tox 5 5 5 ns (Note 4)
Output high-Z from deselection totD 10 15 20 ns (Note 3)
Output hold from address change toH 5 5 5 ns
Write Cycle
Write cycle time twe 35 45 55 ns
Chip selection to end of write tow 30 40 50 ns
Address valid to end of write taw 30 40 50 ns
Address setup time tas 0 0 0 ns
Write pulse width twp 30 35 40 ns
Write recovery time twR 5 5 5 ns
Data valid to end of write tow 20 20 20 ns
Data hold time tpH 5 5 5 ns
Write enabled to output in high-Z twz 0 10 0 15 0 20 ns (Note 3)
Output active from end of write tow 0 0 0 ns (Note 4)
Notes:
(1) AC test conditions:
Input puise levels = GND to 3.0 V,
Input pulse rise and fali times = 5 ns,
Timing reference levels = 1.5 V. See figures 1 and 2 for output load.
(2) Ali read and write cycle timings are referenced from the last valid address to the first transitioning address.
(3) Transition is measured at Vo + 200 mV and Vg — 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. OutputLoad Figure 2. Output Load for tcy, torp, twz, and tow
5V sV
4809 4809
Doyt —————4 Dour
%Egssg 30pF* EE 250 = 5pFr
*Including Scope and Jig = *Including Scope and Jig —
83-001546A 83-0016547A
Truth Table
s WE Mode ]
H X Not selected Hi-Z
L H Read Dout
L L Write Hi-Z

7-15



©vPD2149

NEC

Timing Waveforms

Read Cycle No. 1 (Address Access)

Write Cycle No. 1 (WE Controlied)

tRe {
Address )( 4*
ta |
fe—— toH ——>]
W Data Valld
Note:
[1] WE Is held high for read cycle.

Dout Previous Data Valid
[2) Device Is continuously selected, 8§ = V|L..

83-003560A

Read Cycle No. 2 (Chip Select Access)

tRc {
e 5( zll
~ tco toTo

Notes:
(1) WE Is held high for read cycle.
[2] Address valid prior to or coincident with T8 transition low.

83-003680A

twe

taw

C_Slz W@ tew
" @‘——.—_7. .
DIN l._ 'g DataIn Vl'llj- ';g

oo HighZ /////

Note:
[1) CS or WE must be high during address transition.

[2] it TS goes high simultaneously with WE high, the outputs remain in a
high-Impedance state.

83-001637A
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Write Cycle No. 2 (CS Controlied)

twe |

e S—

Note: [1] CS or WE must be high during address transition.

83-001548A




wPD4016
N E C . 2,048 x 8-BIT
NEC Electronics Inc. STATIC NMOS RAM
Revision 3
Description Pin Configuration
The .PD4016 is a 16,384-bit static Random-access Memory
device organized as 2,048 words by 8 bits. Using a scaled A ™Y o R
NMOS technology, its design provides the ease-of-use fea- a0z 20 A
tures associated with nonclocked static memories. The : ds 20 A‘
wPD4016 has a three-state output and offers a standby mode N de 2 W_‘E
with an attendant 75% savings in power consumption. 1t fea- ¢ —
tures equal access and cycle times and provides an output A Qs ® w P o
enable function that eliminates the need for external bus buff- . Ge g 197 Ao
ers. The wPD4016 is packaged in a 600-mil-wide standard A Qg7 xBTS
24-pin dual-in-line package which is plug-compatible with A, Os 7 H Vo,
16K EPROMS. o, (e 187 1o,
vo, 10 15[ 0,
Features o, 11 147 10g
7 Scaled NMOS technology aNo 12 18 [ 1o,
[0 Completely static memory: no clock, no refresh
O Equal access and cycle times
g Single +5V power supply Pin Identification
[J Automatic power-down
O Allinputs and outputs directly TTL-compatible "': : Description
[ Common I/O capability No. ymbe
0O OE eliminates need for external bus buffers ) Address inputs
[J Three-state outputs 9-11, _ a tou
O] Plug-compatible with 16K 5V EPROMS (600 mi) wtr VOt Data InpuOutput
O Low power dissipation in standby mode :: 2_:" gr':“"s‘:lm
[J Available in a standard 24-pin dual-in-line package % = m:m b
(600-mil width ) 21 WE Write Enable
O 4 performance ranges: 24 Veo +5V Power Supply
R/W Power Supply
Device ‘;i‘:‘:’ ‘;li':": Active Standby  Truth Table
wPD4016C-1 250ns _ 250ns __ 60mMA __ 15mA = 3_‘ i ;::h_z s:n";;;
wPD4016C-2 200ns 200ns 60mA 15mA L L H Read Dour Active
wPD4016C-3 150ns 150ns 60mA 15mA L H L Wit Diy Active
wPD4016C-5 120ns 120ns 60mA 15mA L L L write Oy Active

Absolute Maximum Ratings*

Temperature Under Bias

-10°Cto +85°C

Storage Temperature, Ty

—55°Cto +125°C

Voltage on any Pin with Respect to Ground -15Vto +7V
DC OQutput Current, lo 20mA
Power Dissipation, P, 1w

*COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings couid 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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Block Diagram

Memory Array
1 s
128 Columns

i

N
L 2

N

0, 0——-{:2 Sense Switch :IJ ,ﬂl

0. O ‘m Column Select — :E

o ot r—13 Camn
N

0, O m i K

0, 0 % Control ]I ?_

10 O % A A, A, A,

ol 5

10, O

T —

we O




1PD4016

Capacitance © AC Characteristics
Ta = 25°C; f = 1MHz Ta = 0°Cto +70°C; Ve = 5V = 10%
Limits Tost Read Cycle
Parametor Symbol Min Typ Max Unit Conditions Limits ©
Input Capacitance Cin 5 pF Viy = 0V 4016-5 4016-3 4016-2 4016-1
1’0 Capacitance Cio 7 pF Vio =0V Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes
Note: @ This parameter is sampled and not 100% tested. ?’:: Cycle the 120 150 200 250 ns ®
Address
Access Time ™A 120 150 200 250 ns
DC Characteristics Chip Seloct  tyes 120 150 200 20 ns @
Ta = 0°Cto +70°C; Ve = 5V * 10%
A= s ¥CC Output Hold
- from Address toy 10 10 10 10 ns
o Limits Test Change
Parameter Symbo!l Min Typ Max Unit Conditions @ Chip S
Vee = Max to Output [ 10 10 10 10 ns ®0G
Input Leakage Current 1, 10 pA Vi = GND 10 Ve in Low-Z N
Output Leakage o 10 uA Vee = Max; cs= Vi Chip
Current Vour = G"Dﬁ; Vee z’;:';f:':" e 45 50 60 80 ns ®@6®
Vee = Max; CS =V
Operating Current lec 80 mA (outputs open) in High-Z
- " Output Enable
Standby Current lsa 15 mA &F_ v“'" to Max; to Output toe 50 70 9 110 ns
—™ valid
Input Lx-)w Voltage Vio -1.5 0.8 v Output Enable
Input High Voltage Vin 290 60 Vv 10 Output towz 10 10 10 10 ns ®6
Output Low Voltage Vo. 04 Vg =4mA in Low-Z
Output High Voltage V. 24 V. loy=1mA Output Disable
5 tp s': i g,' oH oH to Output tonz 45 50 60 80 ns @O
Quipat Short-clreult 1o 70 mA  Vour = GND1o Vee in High-Z ~
Chip Selection
Note: O Input pulse fevels: 0.8Vto22v toPower-up ey 0 0 [ ‘0 ns ®
Input rise and fail times: 10ns Time
Input timing reference levels: 15V —
Qutput timing reference fevels: 1.5V (D::Ispelscﬂon
to Power-down 10 60 70 90 110 ns @
Time
Figure 1. Loading Conditions Test Circuit
v Write Cycle
Limits ©

1K

Dour

67001 100pF
I (Including Scope and Jig)

Figure 2. Input Pulse Test Circuit

KO

Dour

670()

.|H
g

4016-5 4016-3 4016-2 4016-1
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes

yrita Cycle 4 o 120 150 200 250 ns
Chip Selection )
to End of tow % 120 160 200 ns
Write
Address Valid
to End of taw 80 90 120 150 ns
Write
Address Set-up e o ° 0 o s
ime
Weite Pulse 70 80 100 130 s ®
Ve Recovery tym 10 10 10 10 ns
Data VaNGLO  tow 45 50 60 80 ns
Data Hold 1 ) 0 0 0 ns
Write Enabled
to Output twz a5 50 60 80 ns ®O
in High-Z
Output Active
from End tow 10 10 10 10 ns ®Q@
of Write

Notes: (D See Part No. / Package Width table below.

® Allread cycle timings are referenced from the last valid address to the first transi-
tion address. _

@ Address valid prior to or coincident withCS transition low.

@ Transition is measured = 200mV from steady-state voltage with specified load of
Figure 1.

® This his parameter is sampled and not 100% tested.

® 11CS and OE are both low before write enabled, twp = tyz + 4

@ Transition is measured = 200mV from steady-state voltage wnh specllled load of
Figure 2.
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Timing Waveforms

Write Cycle No. 1 (WE Controlled)

twe —i
(

Address a
L
[SANNNNINNNN (T7T7H7777777
[ tas twe twa —|
3 S
ton
tow —
Data-in
! tow ton
[ twz

High Impedance

Data-out

Data Undefined
3 KRR KRR KRR XXX KKK

Write Cycle No. 2 (CS Controlled)

we

Address X

Data-in X

tz»

High

Data-out Data L

OF XXX

Read Cycle No.1® @ ®

'RC |
Address }
.‘A
toy—>
Data-out e
Read Cycle N0.2® @ ®
tae
cs \.
| — YT tiz )
N ~
Data-out
Jfﬂ.] 4 i«—t,u—.i
lec =
Ise Z‘ 50% 50% *
Read Cycle No.3 ® @
‘RC
Address X X
'AA
ER\ANANANARNNNNNNANY J77777777777
tog ———>] L«.,.., —
torz,
Data-out YOOO00N ——

Notes: @ WEis high for read cycles. —
@ Device is continuously selected,CS = V.

OFE = V,. _
@ Address valid prior to or coincident withCS transition low.
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NEC Electronics Inc. STATIC MIX-MOS RAM

Description Pin Configuration

The uPD4311 is a high-speed, low-power, 16,384-word by
1bit static MIX-MOS RAM fabricated with a short-
channel, silicon-gate MIX-MOS technology. The
uPD4311 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 uPD4311requires no clock
or refreshing to operate.

The uPD4311 is fully compatible with the uPD2167. It is

packaged in a 20-pin plastic DIP with the standard 2167 830015450
pinout (uPD4311C) and a 20-pin Cerdip package
(uPDA4311D).
Pin identification

Features No. Symbol Function
O Single +5V supply 1-7, Ag-Asz Address input
O Fully static operation — no clock or refreshing 18719 -

required 12 Din Data input
O TTL-compatible — all inputs and outputs 8 Dour Data output
[0 Separated data input and output | csS Chip select
O Three-state output 9 WE Write enable
O Standard 300 mil plastic DIP and Cerdip 20 Veo +5V power supply
O Compatible with uPD2167 m Vss around

Performance Ranges

n Power Supply (Max) Block Dlagram
Device Time Active Standby
uPDA3TIC/D-35 3ns 80 2mA Ml
uPD4311C/D-45 45ns 80 2mA :z: Address | | mow | | M’m“"
uPD4311C/D-55 55ns 80 2mA An—] Buffer Decoder n‘:g;::‘s" s
Az—
Az—]
]
Din Input Sense/Switch }— Output Dout
Data Data
Control Column Control
Decoder
I
Address
Buffer
s FTTTTTT
A4 Ag Ag A7 Ag Ag A0

83-001544A
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NEC

Absolute Maximum Ratings

Power supply voltage, Vcc -0.5Vto +7.0V
Input voltage, Vi -0.5V[i}to +7.0V
Output voltage, Vout -0.5Vio +7.0V
Operating temperature, Topg 0t0 70°C
Storage temperature, Tsrg:

—uPD4311C —5510125°C
~—uPD4311D —65 10 150°C
Power dissipation, Pp 1.0W

Note: [1] Viy= —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
Tp=25°C, f=1MHz[Note 1)

o Lmits Tost
Parameter Symbol Min Typ Max Unit Conditions
Input capacitance Cjy 5 pF Viy=0V
Data output Cpout 6 pF Vpoyr=0V
capacitance

Note: [1] This parameter is sampled and not 100% tested.

7-22

Recommended DC Operating Conditions

Ta=0to +70°C

Limits
Parameter Symbol  Min Typ Max Unit
Supply voltage Vee 4.5 5.0 5.5 v
Input voltage low viL -0.5[1] 0.8 v
Input voltage high ~ Viy 2.2 6.0 v

Note: [1] V= ~3.0Vmin for 20ns pulse.

DC Characteristics
Ta=0°C1070°C, Voc =5V +10%
___ Lmits Tost

Parameter Symbol Min Typ Max Unit Conditions

Input leakage I -2 2 A ViN=0Vto Vg,

current . Voo =Max

Output leakage  Ij0 -2 2 pA Vour=0Vto

current Vee, CS=Viy,
Voo =Max

Operating supply lcg 80  mA CS=Vy,

current Ipour=0mA

Standby supply  lsp 15 mA TS=Vjy

current

Standby supply  Igps 2 mA CS=Vgc—-0.2V,

current ViN<0.2Vor
>Vgg-0.2V

Output voltage VgL 0.4 V. lg =8.0mA

low

Output voltage ~ Vou 2.4 V. lgy=-4.0mA

high .




NEC

uPD4311
AC Characteristics [Note 1]
Ta=0°Ct070°C, Voo =5V +10%
Limits
uPD4314-35 uPD4311-45 uPD4311-55 Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Read Cycle
Read cycle time tre 35 45 55 ns [Note 2]
Address access time taa 35 45 55 ns
Chip select access time tacs 35 45 55 ns
Output hold from address change ton 5 5 5 ns
Chip select to output in Lo-Z Wz 5 5 5 ns [Note 3}
Chip deselect to output in Hi-Z thz 0 20 0 25 0 30 ns [Note 4]
Chip select to power-up time tpy 0 0 0 ns
Chip deselect to power-down time tpp 0 35 0 40 0 45 ns
Write Cycle
Write cycle time twe 35 45 55 ns [Note 2]
Chip select to end of write tow 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 WR 0 0 0 ns
Data valid to end of write tow 20 25 25 ns
Data hold time toH 0 0 0 ns
Write enable to output in Hi-Z twz 0 20 0 25 0 30 ns [Note 4]
Output active from end of write toW 0 0 0 ns [Note 3}
Notes: [1] AC testconditions:
{nput pulse levels=GND to 3.0V
Input pulse rise and fail times =5ns
Timing reference levels = 1.5 V. See figures 1and 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 +200mV from steady state voltage with loading shown in figure 2.
[4] Transition is measured at Vg +200mV and Vo — 200 mV with loading shown in figure 2.
Truth Table
[ WE MODE o leg
H X Not selected Hi-Z Standby
L H Read Dout Active
L L Write Hi-Z Active
Figure 1. Output Load Figure 2. Output Load for tyz, t; 7, twz, tow
5V 5V
2809 4802
Dout Dout
SE 2852 30pF* iz 1SpF'
“Including Scope and Jig = *Including Scopeand Jig =
83-001546A 83001547A
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Timing Waveforms Timing Waveforms (cont)
Read Cycle No. 1 (Address Access) Write Cycle No. 1 (WE Controlled)
| tRC { twe
Address X * Address >€ )(
taw
fa— 'OH

tow
Dour Previous Data Valid WM Data Valld csm Z};}% Wééz%%;/
Notes: [1] WE Is held high for read cycle. twe L_ tWR
[2] Device is continuously selected, C3 + V).
83-001636A

-— tpw -——-—‘
Read Cycle No.2 (Chip Select Access) JKY

Data In Valid

T oo
Pour / AL ieaass) HighZ

Note: [1] TS or WE must be high during address transition.

83-001637A
—> tep —
Vee Write Cycle No. 2 (CS Controlled)

Supply

Current

twe |
Address )(
Notes: [1] WE Is held high for read cycle.
[2] Address valid prior to or coincident with CS transition low. taw twR
e £, [

83.001548A = i tas cw [_——
wE

tow —»1«— tpH
DiN Data In Valid

vt

Note: [1] CS or WE must be high during address transition.

83-001549A
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4,096 x 4-BIT
NEC Electronics Inc. STATIC MIX-MOS RAM
PRELIMINARY INFORMATION Revision 1
Description Pin Configuration
The uPD4314 is a high-speed, low-power, 4,096-word
by 4-bit static MIX-MOS RAM fabricated with a adr \ 2P vee
short-channel, silicon-gate MIX-MOS technology. The a2 191 At
uPD4314 is a low standby power device using A2QQ3 1841 Ato
. " 0 Az} s 170 Ag
N-channel memory cells with polysilicon resistors. Ad- mds B 6P
ditionally, a unique circuitry technique achieves very asds & 1P vos
high speed and low operating power. The uPD4314 re- ag[q7 * ufvos
quires no clock or refreshing to operate. ArQs 1301 102
. . . . ¢s e 123 1704
The uPD4314 is packaged in a standard 20-pin plastic vss 10 npbwe
DlP. 83-001770A
Features Binl ificati
O Single +5V supply n Identification
O Fully static operation — no clock or refreshing No. Symbol Function
required 1-8, 16-19 Ag-A11 Address input
U TTL compatible — alt inputs and outputs 1215 11011104 Data input/output
{J Common I/0 using three-state output 9 = Chio selact nout
O Standard 300 mil 20-pin plastic DIP il 1D select inpu
1 WE Write enable input
Performance Ranges 20 Vee +5 V Power supply
10 Vss Ground
‘:ﬁ;:' cﬂy:'l: Power Supply (Max)
Device {Max) (Min) Active  Standby Block Diagram
uPD4314C-35 35ns 35ns  80mA  2mA
uPDA4314C-45 45ns  45ns B0mMA  2mA
LPD4314C55 550 55ns  BOmMA  2mA po— Memory Cel
::? ] Address Row | | Array
Ay —1 Butfer Decoder 128 Rows
Ay —1 128 Columns
Az —i
1o S /Switch
:;gg |Sap:‘; ense/Switcl
—|  conia Satur,
Output
Data
Controf
s ——>o =
A3z A4 As Ag A7
WE
83-001771A




uPD4314

NEC

Absolute Maximum Ratings

DC Characteristics
Tao=0°C1070°C,Voc =5V +10%

Power supply voltage, Vgg -0.5Vto +7.0V
Input voltage, Viy Z05V[]to +7.0V Limits Tost
Outout voltage. V. 05V 1|10 +7.0V P Symbol Min Typ Max  Unit Conditions
P - 96, Yout — - Input leakage Iy -2 2 uA ViN=0V1to Ve,
Operating temperature, Topg 0to 70°C current : Voo =Max
Storage temperature, Tgrg —5510125°C Output leakage  |g -2 2 A %QUF 0V o Vg,
Power dissipation, Pp 1.0W current S =V,{l:|v
Note: [1] V)y= ~3.0V for20ns max pulse V_CC= i
Operating supply lgg 60 80 mA CS=V),
Comment: Exposing the device to stresses above those listed in current IpouT=0.mA
Absolute Maximum Ratings could cause permanent damage. The =
device is not meant to be operated under conditions outside the Standby supply  Isp 6 20 mA CS=V)y
limits described in the operational sections of this specification. current _
Exposure to absolute maximum rating conditions for extended Standby supply  lsgy 2 mA CS=Vgg—-0.2V,
periods may affect device reliability. current Viy<0.2Vor
>Vgc-0.2V
Recommended DC Operating Conditions Outputvoltage VoL 04  V lo =8.0mA
Ta=0to +70°C low
Limits Outputvoltage ~ Vou 2.4 V lgy=-4.0mA
P Symbol  Min Typ Max Unit high
Supply voltage Vee 4.5 5.0 5.5 v
Input voltage low V). -0.5[1] 0.8 v Capacitance
Input voltage high Vi 2.2 Voo +0.3 Ta=25°C, f=1MHz[Note 1]
Note: [1] V= —3.0V for 20 ns max pulse Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input Cin 5 pF Vin=0V
capacitance
Dataoutput - Cpout 7 pF Vpoyr=0V
capacitance
Note: [1] This parameter is sampled and not 100% tested.
AC Characteristics [Note 1]
Ta=0°Cto70°C, Vo =5V+10%
Limits
uPD4314-35 uPD4314-45 4PD4314-55 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Read Cycle
Read cycle time tpe 35 45 55 ns [Note 2]
Address access time tan 35 45 55 ns
Chip select access time 1acs 35 45 55 ns
Output hold from address change toH 5 5 5 ns
Chip select to output in Lo-Z tz 5 5 5 ns [Note 4]
Chip deselect to output in Hi-Z tyz 0 20 0 25 0 30 ns [Note 3]
Chip select to power-up time tpy 0 0 0 ns
Chip deselect to power-down time tpp 0 35 0 45 0 55 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 and write cycle timings are from the last valid address to the first transitioning address.
[3] Transition is measured at Vo +200 mV and Vo — 200 mV with loading shown in figure 2.
[4] Transition is measured 200 mV from steady state voltage with loading shown in figure 2.
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uPD4314
AC Characteristics [Note 1] (cont)
Ta=0°Ct070°C,Vgc=5V+10%
Limits
uPD4314-35 uPD4314-45 4PD4314-55 Test
Parameter Symbol Min Max Min Max Min Max Unit Conditions
Write Cycle
Write cycle time twe 35 45 55 ns [Note 2]
Chip select to end of write tew 35 40 45 ns
Address valid to end of write taw 35 40 45 ns
Address setup time tas 0 0 0 ns
Write puise width twp 30 40 50 ns
Write recovery time twr 0 0 0 ns
Data valid to end of write tow 20 25 30 ns
Data hoid time toH 0 0 0 ns
Write enable to output in Hi-Z twz 0 20 0 25 0 30 ns [Note 3]
Output active from end of write tow 0 0 0 ns [Note 4]
Note: [1] AC test conditions:
Input pulse levels=GND to 3.0V,
input pulse rise and fall times =5 ns,
Timing reference levels = 1.5 V. See figures 1and 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 at Vg +200mV and Vo — 200 mV with loading shown in figure 2.
f4] Transition is measured +200mV from steady state voltage with loading shown in figure 2.
Figure 1. Output Load Truth Table
cs WE MODE 1o lec
s H X Not selected Hi-Z Standby
800 L H Read Dout Active
L L Write Hi-Z Active
Dout
<

g 255Q

< 30 pF*

i

*Including Scope and Jig =

83-001546A
Figure 2. Output Load for tyz, 1) 7, twz, and tow
5V
4809
Dour
<
1; 255Q ISpF'
*Including Scope and Jig =
83-001547A
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NEC

Timing Waveforms

Read Cycle No. 1(Address Access)

Write Cycle No. 1(WE Controlled)

S S

taa |
[ tOH —
Dour Previous Data Valid )W Data Valid

Note:
[1] WE is held high for read cycle.
(2] Device is continuously selected, TS = V).

83-001636A

Read Cycle No. 2 (Chip Select Access)

tRe

High-Z
Dout Data Valid
—»
Vee
Supply
Current
Notes:

[1] WE is held high for read cycle. .
(2] Address valid prior to or coincident with CS transition iow.

83-001548A
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twe
Address D{ ., )(
taw
Tk~ A
L_ tas twp twr

«— tpw — toH
DiN Data In Valid
1-— twz l- tow
Dout Data 7 2 ez

Note:
{1) CS or WE must be high during address transition.
(2] 1t TS goes high simultaneously with WE high, the outputs remain in a
high-impedance state.
83-001637A

Write Cycle No. 2 (CS Controlled)

Address ><
taw twR
- tas | few

twp ———=

we T i

tow —sj=— tpH

twe |

DN Data In Valid

L—!wz_.
Dout / / e 7 / /|High.z

Note: [1] CS or WE must be high during address transition.

83-001549A
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NEC Electronics Inc.

xPD4361
65,536 x 1-BIT
STATIC MIX-MOS RAM

Revision 1

Description

The puPD4361 is a high-speed, low-power, 65,536-
words by 1-bit static MIX-MOS RAM fabricated with a
short-channel, siticon-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 uPD4361is packaged in a 300 mil wide 22-pin plastic
DIP (uPD4361C) and a 290 mil x 490 mil 22-pin ceramic
leadless chip carrier (uPD4361K). The uPD4361 has two
types of access times, address and chip select. In addi-
tion, the uPD4361C-L features a low-power data reten-
tion mode.

Features

0 65,536 x 1-bit organization

0O Single +5 V supply

O Fully static operation—no clock or refreshing
required

O All inputs and outputs TTL-compatible

O Separated data input and output

O Three-state output

O MIX-MOS process

O Data retention current of 50uA max on the
uPD4361C-L

[J Standard 300 mil 22-pin plastic DIP and 290 mil x
490 mil ceramic LCC

O Standard JEDEC pin configurations

Performance Ranges

" Power Supply (Max)
Device Time Active Standby
uPD4361-40 (1) 40 ns 120 mA 2 mA
uPD4361-45 45ns 120 mA 2mA
1PD4361-55 55ns 120 mA 2mA
1PD4361-70 (2) 70 ns 120 mA 2mA
Note:

(1) uPD4361K only.
(2) uPD4361C-70/70L only.

Pin Configurations

22-Pin Plastic DIP

Ao O}
A0
A2
A3
Aq ]
As O
As
A7
pout [
We
GND [

83-002660A

22-Pin Ceramic LCC

A1 Ao Vcc Ats

w

oo

7
B
5

>
<
.

-
121

Dout

r

83-002659A

Pin Identification

No. Symbol Function

1-8, 14-21 Ag-Ats Address inputs

9 Dout Three-state data output
10 WE Write enable

1 GND Ground

12 S Chip select

13 DN Data input

22 Vee Power supply
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NEC

Block Diagram

Absolute Maximum Ratings

Supply voltage, Veg ~0.5t07.0V
:41): Voltage on any pin, Vy -0.5t07.0V (1)
Az — i 0|
A2 naaress | how || Men:’v'rzyce" Operating temperature, Topg 0to +70°C (2)
A‘:i: Buffer Decoder 26 Rows ¥ Storage temperature, Tgtg —55 to +125°C (3)
Al Power dissipation, Pp 1.0W
Note: '
oIN ot [ Semserswiteh 1 L—[>3°UT (1) —8.0V for 20 ns pulse
Data Data (2) Topp for 4361K = —10 to +85°C
Control Column Controt
Decoder (3) Tsrg for 4361K = —65 to +150°C
| Comment: Exposing the device to stresses above those listed in
absolute maximum ratings could cause permanent damage. The
Address Butfer device is not meant to be operated under conditions outside the
T TTTTTT limits described in the operational sections of this specification.
Ag As Ag A7 Ag Ag A1p Ats Exposure to absolute maximum rating conditions for extended
cs periods may affect device reliability.
o Capacitance
Ta=25°C; f=1MHz (1)
Limits Test
Truth Table Parameter Symbol Min Typ Max Unit Conditions
[ WE Mode Output Igg :Tgut cap?tcltance g'" i p; z'N =0 VO 7
capacitance =
H X Not selected High-Z Standby padl DouT P oouT
L H Read Dout Active Note:
L L Write High-z Active (1) This parameter is sampled and not 100% tested.
DC Characteristics
TAo=0°Cto +70°C; Voo =5V £10%
Limits
#PD4361C/C-L 1PDA361K Test
Parameter Symbol Min Typ Max Min Typ Max Unit Gonditions
Supply voltage Ve 45 5.0 55 45 5.0 55 v
Input low voltage ViL ~0.5(1) 08 —05(1) 0.8 v
Input high voitage VIH 2.2 6.0 22 6.0 v
Input leakage current [T} -2 2 -2 2 uA Vin =0V to Vgg, Voo = max
Output leakage current Lo —2 2 —2 2 pA Vout =0V to Veg; TS =Vp,
Vg = max
Operating supply current lcc 120 120 mA CS= ViL. lpout =0 mA
Standby supply current Isg 20 20 mA CS=Vy
Isg1 2 2 mA CS=Vgc—02V,Vy<02V
or>Vge—02V
Output low voltage VoL 04 0.4 v lo =80mA
Output high voltage VoH 24 24 v loy =—4.0 mA
Note:

(1) —3.0 V for 20 ns pulse
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AC Characteristics (Note 1)
Ta =0°Cto +70°C; Vgg =5V £10%

Limits

1PDA4361-40(2) «PDA4361-45 4PD4361-55  ;PD4361-70(3)
Parameter Symbol Min . Max Min Max Min Max Min Max Unit
Read Cycle
Read cycle time tre (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 5 ns
Chip select to output in Low-Z 1z (6) 5 5 5 5 ns
Chip deselect to output in High-Z thz (5) 0 22 0 25 0 30 0 30 ns
Chip select to power-up time tpy 0 0 0 0 ns
Chip deselect to power-down time tpp 0 27 0 30 0 40 0 40 ns
Write Cycle
Write cycle time twe (4) 40 45 55 70 ns
Chip selection to end of write tow 37 40 50 60 ns
Address valid to end of write taw 37 40 50 60 ns
Address setup time tas 0 0 0 0 ns
Write pulse width twe 23 25 30 40 ns
Write recovery time twr 0 0 0 0 ns
Data valid to end of write tow 23 25 25 30 ns
Data hold time tpH 0 0 0 ns
Write enabled to output in High-Z twz () 0 22 0 25 0 25 0 30 ns
Output active from end of write tow (6) 0 1} 0 0 ns
Note:

(1) ACtestconditions: 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) Availabie for uPD4361K oniy.
(3) Available for uPD4361C or uPD4361C-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 Vg + 200 mV and Vo — 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 t; z, 7, twz, tow
5V 5V
4800 480Q
Doyt ————t Dout ]
iE 259 I”"F' $ 250 5pF*
“*Including Scope and Jig = *Including Scope and Jig =
830015464 83.001547A
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Timing Waveforms

Read Cycle No. 1 (Address Access)

Write Cycle No. 1 (WE Controlled)

trRe
- X
tan {
|—— toH ——]
Dout Previous Data Valid )W /% Data Valid

Note:
[1) WE Is held high for read cycle.
(2] Device is continuously selected, TS = Vj.

83-001636A

Read Cycle No. 2 (Chip Select Access)

Note: (1] WE Is held high for read cycle.
[2) Address vaild prior to or coincldent with B transition low.

7-32

twe

- X
Cs(2) W
-

e
_ tas twe WA f—

Note:

[1] CS or WE must be high during address transition.

[2] 1t TS goes high simultaneously with WE high, the outputs remain In a
high-impedance state.

N

83-001637A

Write Cycle No. 2 (CS Controlied)

twe |
taw wR %

cs /

i
vour 7] Ssasnantesd /=

Note: (1] CS or WE must be high during address transition.

83-001540A




NEC uPD4361

Low Vgc Data Retention Characteristics (Note 1)
Tao=0°Ct070°C

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Data retention supply voltage VGceor 2.0 56 V CS=Vge— 0.2V, Vy=Vee —02Vor0V=sVy=02V
Data retention supply current lccor 1 50 WA Vec=30V,08=Vgg—02V,Viy=Vec—02Vor
ovV=sVy=02V
Chip deselect to data retention tcDR 0 ns
time
Operation recovery time R tre ns
Note:
(1) ForuPD4361C-L only.
Data Retention
tCDR: Data R Mod tR —>

5v
vee sav
TS VH \ 7

VeepR==f=—==== \ /
E8=vee -0.2v

viL

GND == o o o o o o o o o e o e e e o
83-002661A
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NEC 16,364 x 4.BIT

NEC Electronics Inc. STATIC MIX-MOS RAM

Description Pin Configuration

The puPD4362 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 uPD4362 requires no clock or
refreshing to operate.

The uPD4362 is packaged in a standard 22-pin plastic
DIP.

83-001571A

Features
Pin Identification

O Single +5 V supply

O Fully static operation — no clock or refresh required % Symbol Funtion :
O All inputs and outputs TTL-compatible 1-9, 17-21 Ag—Aq3 Address input
O Common I/O capability 13-16 1101 —1/04 Data input/output
[0 Standard 300 mil 22-pin plastic DIP 10 TS Chip select
Performance Ranges 12 WE Write enable
Power Supply (Max) 22 Vee Power supply
. . T " Vss Ground
Device Access Time Active Standby
PD4362C-45 45ns 90 mA 2mA .
“ Block Diagram
uPD4362C-55 55ns 90 mA 2mA
uPDA4362C-70 70ns 90 mA 2mA Ag ]
A —
- - AA" - Memory Celi
12— R A
Absolute Maximum Ratings w2 address | | Row | | Amay
Supply voltage, Vgg —05t07.0V ’x - 256 Columns
All input and ouput voltages, Viy —05(1)to7.0V Az —

i °C to +70° I
Operating temperature, Topg 0°C to +70°C 1o e
Storage temperature, Tstg —55°C to +125°C 1102 Input

1103 Data Column
Power dissipation, Pp 10W 1104 Control Decoder
]
Note: (1) Vi = —3.0 V for 20 ns pulse
Comment: Exposing the device to stresses above those listed in Outgun
Absolute Maximum Ratings could cause permanent damage. The Control
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 Ag:f'f;s
periods may affect device reliability.
WE A3 A As Ag A7 Ag
83-001570A
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Recommended DC Operating Conditions AC Characteristics
Tao=0°C t0 70°C Ta =0°C to +70°C; Vg =5V £ 10%
Limits Limits
Parameter Symbol Min Typ  Max  Unit 4362-45 4362-55 436270
Supply voltage Vee 45 5.0 55 v Parameter Symbol Min Max Min Max Min Max Unit
Input low voltage ViL —0.5(1) 0.8 v Read Cycle
Input high voltage \m 22 Vec +03 vV Read cycle time  tgg(2) 45 55 70 ns
Note: (1) V). = —3.0 V for 20 ns pulse ﬁddress access taa 45 55 70 ns
ime

Capacitance Chip select tacs 45 55 70 ns
Ta=25°C; f=1MHz (1) access time

Limits Test Output hold from ton 5 5 5 ns
Parameter Symbol Min Typ Max Unit Conditions adcj.lress ch.ange
Input capacitance  Ciy 5 pF VN=0V gS:guie:rfclga'fzm @ 5 5 5 ns
1/0 capacitance  Cpoyt 7 pF Vpour =0V 0 % 0 25 0 30 ns

Note: (1) This parameter is sampled and not 100% tested.

DC Characteristics
Ta =0°C to +70°C; Vg = 5V + 10%

Chip deselection to tyz (4)
output in high-Z

Chip selection tpy 0 0 0 ns
to power-up time

Chip deselection tpp 0 4 0 5 0 55 ns

Limits Test tp power-down
Parameter Symbol Min Typ Max Unit Conditions time
Input leakage I -2 2 uA ViN=0-Veo Write Cycle
current Voo = MAX Write cycle time  twg (2) 45 55 70 ns
Output leakage o -2 2 wA Vour=0-Vgg Chip selectionto  tow 40 50 60 ns
current C'g =V, end of write
Vog = MAX Address valid tw 40 % 60 ns
Operating Ice 90 mA CS=V, to end of write
supply current lpour =0 mA Address set-up tas O 0 0 ns
Standby Isg 20 mA CS=Vy time
supply current Isg1 2 mA \(;_s = Y)cgv- 02V: Write pulse width  twp 40 50 60 ns
iN<0.eVor Write recover t 0 0 0 ns
>Vgg—02V ime y WR
Output low VoL 04 V  loL=80mA Data valid to tw 20 2% 30 ns
voltage end of write
Qutput high Vou 24 V. lon=-40mA Datahold time  toy 0 0 0 ns
voltage :
Writeenabledto  tyz(4) 0 20 0 25 0 30 ns
output in high-Z
1_.!'““‘ T_able Output active tow@3 O 0 0 ns
s WE Mode 170 Igc from end of write
H X Not selected High-Z Standby Note: (1) AC test conditions: input pulse levels = GND to 3.0 V;
) N input pulse rise and fall times = 5 ns; timing reference
L H Reéd D?UT ACt!ve levels = 1.5 V; see figures 1 and 2 for output load.
L L Write High-Z Active (2) Allread cycle timings are referenced from the last valid
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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 Vg + 200 mV and
Von — 200 mV with loading shown in figure 2.
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Figure 1. Ouiput Load

5V

480Q

Dour

i

S 250 30pF"

il

*Including Scope and Jig -
83-001546A

Figure 2. Output Load for tyz, t; z, twz, and tow

5V

g
g

AA

S 255Q 5 pF*

-

*Including Scope and Jig

83-001547A

Timing Waveforms (cont)

Write Cycle No. 1 (WE Controlled)

twe

X X

taw
tew

sy N

|<— tas twp
|«— tpw —1
Din * Data In Valid %

— e

Note: [1] CS or WE must be high during address transition.

I‘_ wr

83-001637A

Write Cycle No. 2 (CS Controlled)

Timing Waveforms

Read Cycle No. 1 (Address Access)

Address )(
tAA i
1oH ——
Dout Previous Data Valid ) I/ Data Valid

Notes: [1] WE is held high for read cycle. _
[2) Device is continuously selected, CS + VL.

83-001636A

Read Cycle No. 2 (Chip Select Access)

Notes: [1] WE is held high for read cycle. o
[2] Address valid prior to or coincident with CS transition low.

83-001548A

twe
Address 3(
Dy taw !cw

cs
twp ———

w 11 yilh

ti —>1=— tpH
Din Data In Valid k

l—— twz
High-Z
Dout Data Undefi

Note: (1] CS or WE must be high during address transition.

83-001549A
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NEC
8,192 x 8-BIT

NEC Electronics Inc. STATIC MIX-MOS RAM
Revision 1

Description . Pin Configuration

The uPD4364 is a high-speed, low-power, 8,192-word by

8-bit static MIX-MOS RAM fabricated with advanced “CE 2’ vee

silicon-gate MIX-MOS technology. The uPD4364 is a low el bl

standby power device using CMOS peripheral circuits as] 4 s

and N-channel memory cells with polysilicon resistors. Asg 5 Ag

Furthermore, a unique circuitry technique makes the A 6 An

uPD4364 a very low operating power device which re- = OF

quires no clock or refreshing to operate. : E : 2;5"1

Two chip enable inputs are provided for battery back- Ao 1708

up application, and an output enable input is included :;g; :jg:

for easy interface. Data retention is guaranteed at a o3 O 1105

power supply voltage as low as 2V (uPD4364-12L/15L/ GND 1104

20L and uPD4364-12LL/15LL/20LL). 83-001763A

The uPD4364 is packaged in standard 28-pin DIP and .
miniflat packages and is plug-in compatible with 2764-  Pin ldentification

type EPROMs. No. Symbol Function
Fea tures 1 NC No conn?ctlon
2-10, 21, Ag-Ap Address input

0O Single +5V power supply 23-25

O Fully static operation — no clock or refreshing 11-13,15-19  1/04-1/0g Data input /output
required 14 GND Ground

O TTL compatible —all inputs and outputs — _ .

O Common I/O using three-state output 20 CEy Chip enable input,

O Output enable and two chip enable inputs for easy _ active low
application 22 OE Qutput enable input

[ Data retention voltage 26 CEy Chip enable input,
— uPD4364-12L/15L/20L: 2V min active high
— uPD4364-12LL/15LL/20LL: 2V min 27 WE Write enable input

0O Standard 28-pin plastic DIP (uPD4364C)
O 28-pin miniflat (SOP) package (uPD4364G)
0 Plug-in compatible with 2764-type EPROMs

28 Voe +5V Power supply

Absolute Maximum Ratings

Performance Ranges Power supply voltage, V, —0.5V(1)to +7.0V
cC
Access  Cycle Power Supply (Max) Input voltage, Viy -0.5V(1)toVgo +0.5V
Time Time """ Qutputvoltage, Vot —0.5V(1)toVgg +0.5V
Device (Max) {Min}) Active  Standby - o
APDA36A—T2/ T2L /12l 120ns  120ns  40mA  (Nore)  Operaiingtemperature, Top 010 70°C
_ C)
WPDA364—T5/ 5L /16LL B0ns  50ns | 4OmA  (Note)  Slorage temperature, Terg 5510 125°C
WPD4364-20/20L/ 20LL 200ns  200ns  35mA  (Noter) owerdissipation, Pp Low
Note: Note:
() LPDA364-12/15/20: 2mA max; (1) —3.0V min (Pulse width 50 ns max)
uPD4364-12L/15L/20L: 100 uA max; Comment: Exposing the device to stresses above those listed in Abso-
uPDA4364-12LL/15LL/20LL: 50 uA max 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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uPD4364
Block Diagram DC Characteristics
TA=0°Ct070°C, Vog =5V £10%
— - Limit:
3: - Memory Cell —_—m:—_ Tost
A; T Address Row ‘Array Parameter Symbol Min Typ Max Unit Conditions
:AG% ] Gutter | | Decoder | | 256Rows input leakage Iy T uA Vpy=0VioVgg
i - current
| Output leakage I10 1 pA  Vi/0=0VtoVeo
current 1=V or
01 Sense/switch [ o ) CEp=Vj o
: Datn b 3y TE=Vj o
1108 Control g:;:':: Control WE=V)_
Operating lccat )] mA  CEy=V),
supply current CEp=VH,
Ad -
Bufler liro =0,
Min cycle
AoA1A2 AaAg Operating iccap 5 mA CEi=V|,
supply current CEx=V}y,
:E _—OD_‘ o =0,
2 DC current
F'FD_ Standby supply Isg (20 mA CEj=Vijor
. current CEp=Vy_
WwE —ED Standby supply Isps (3) mA CE>Vge-0.2V
83-001754A current CEp>Vgo—-0.2V
Standby supply Isg2 (3) mA CE;<0.2V
Capacitance current
Ta=25°C, =10MHz Outputvotage VoL 04V lg=2.1mA
Limits Tost low
Parameter Symbol Min Typ Max Unit Conditions Output voltage  Von 2.4 V. lgy=-10mA
nput i 6 pF V=0V high
capacitance Notes:
— (1) uPD4364-12/12L/12LL: 40 mA max; 20mA typ
l::’:)l;:: {t gl:ltcpeut Ci/o 8 pF Vizo=0V uPD4364-15/15L/15LL: 40 mA max; 18 mA typ

Recommended DC Operating Conditions
Ta=0to +70°C

Limits
Parameter Symbol Min Typ Max Unit
Supply voltage Voo 4.5 5.0 5.5 v
Input voltage low ViL -0.3(1) 0.8 v
Input voltage high Vin 2.2 Voo +0.5 Vv
Note:

(1) —3.0V min (Pulse width 50 ns max)

7-40

uPD4364-20/20L/20LL: 35 mA max; 14 mA typ

(2) uPDA4364-12/15/20: 5 MA max
uPD4364-12L/15L/20L: 3mA max
uPD4364-12LL/15LL/20LL: 3mA max

(3) uPD4364-12/15/20: 2 mA max, 20 4A typ
uPD4364-12L/15L/20L: 100 uA max, 2 uA typ
uPD4364~12LL/15LL/20LL: 50 uA max, 2 uA typ
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AC Characteristics
Ta =0°Cto 70°C, Vo =5V £10%

Limits
uPD4364 4uPD4364 4PD4364
-12/12L112LL -15/15L15LL -20/20L120LL Tost
Parameter Symbol Min Max Min Max Min Max Unit Conditions(1)
Read Cycle
Read cycle time tre 120 150 200 ns
Address access time taa 120 150 200 ns
CE; access time tcot 120 150 200 ns
CEj access time tco2 120 150 200 ns
Output enable to output valid for 60 70 100 ns
Output hold from address change tou 10 15 15 ns
Chip enable (551) to output in Lo-Z 1171 10 15 15 ns
Chip enable (CEj) to output in Lo-Z Y22 10 15 15 ns
Output enable to output in Lo-Z toz 5 5 5 ns
Chip enable (CE;) t