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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.

e,

Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fllhlen uns zu Qualitét und
Zuverldssigkelt verpflichtet

National Semiconductor Corporation ist flhrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitét und
hoher Zuverléssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausféllen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial tiber Entwurf und Herstellung bis zur
Auslieferung, die Qualitdt und die Zuverléssigkeit der Pro-
dukte von National Semiconductor sind uniibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
flir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en sténdig. Sie als unser Kunde kdnnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:

Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d’une trés grande
qualité et d’'une fiabilité exceptionelle. National a été le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons & vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance & National
Semiconductor Corporation, en produisant des systémes
d’une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabllita

National Semiconductor Corporation & un'industria al ver-
tice nella costruzione di circuiti integrati di altd qualitd ed
affidabilitd. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilitd National non & seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. Il nostro desiderio di per-
fezione & d’altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di qualita.

Al

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks.

Abuseable™ FAIRCAD™
Anadig™ Fairtech™
ANS-R-TRANT™™ FAST®
APPS™ 5-Star Service™
ASPECT™ GENIX™
Auto-Chem Deflasher™ GNX™
BCP™ HAMR™™
BI-FET™ HandiScan™
BI-FET lIT™™ HEX 3000™
BI-LINE™ HPC™
BIPLANT™ 13Le
BLC™ ICM™™
BLX™™ INFOCHEX™
Brite-Lite™ Integral ISET™
BTL™ Intelisplay™
CheckTrack™ ISE™
CIM™ ISE/06™™
CIMBUS™ ISE/08™
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National® Series 3000™
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POWERplanar™ VIPT™™
QUAD3000™ VR32™™
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RTX16™ XPUT™
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PAL® and PALASM™ are trademarks of and are used under license from Monolithic Memories, Inc.
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR-

PORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and whose failure to per-
form, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably ex-
pected to result in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support de-
vice or system, or to affect its safety or effectiveness.

National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000

TWX (910) 339-9240

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time

without notice, to change said circuitry or specifications.
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DRAM Management introduction

Today’s large Dynamic Random Access Memory (DRAM)
arrays require sophisticated high performance devices to
provide timing access arbitration on board drive and control.
National Semiconductor offers the broadest range of DRAM
controllers with the highest “No-waitstate” performance
available on the market. Controllers are available in Junc-
tion Isolated LS, Oxide Isolated ALS, and double metal
CMOS for DRAMs from 64k bit through 4M bit devices, sup-
porting memory arrays up to 64 Mbyte in size with only one

LSI/VLSI device. For critical applications, National Semi-
conductor has developed several 16- and 32-bit Error
Checking and Correction (ECC) devices to provide maxi-
mum data integrity.

The DRAM Management Handbook contains complete
product information. This includes the largest number and
most complete set of DRAM control and ECC products, pe-
ripheral support devices and application notes detailing
complete DRAM memory system design.
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National Semiconductor VLSI products include complex pe-
ripheral circuits designed to serve a variety of applications.
The VLSI products are especially well suited for microcom-
puter and microprocessor systems such as graphics work-
stations, personal computers, and many others. National
Semiconductor VLSI devices are fully described in a series
of databooks and handbooks.

Among the books are the following titles:

MASS STORAGE

The National Semiconductor family of mass storage inter-
face products offers the industry’s highest performance and
broadest range of products for Winchester hard disks, high
performance ESDI and SCSI hard disks and floppy disks.
Combined with CLASIC™, analog and high performance
microcontroller devices, these products offer unparalleled
solutions for integration.

DRAM MANAGEMENT

National Semiconductor offers the broadest range of DRAM
controllers with the highest “No-waitstate” performance
available on the market. For critical applications, National
Semiconductor has developed several 16- and 32-bit Error
Checking and Correction (ECC) devices to provide maxi-
mum data integrity.

MICROCONTROLLER

As one of the broadest cost/performance product offerings
in the industry today, National’s microcontrollers provide the
intelligence required for high performance applications such
as laser printers, ISDN terminal adapters, floppy disks and
SCSI hard disks. Complete support tools are available, in-
cluding applications specific software, Designer’s Kits, emu-
lators, simulators, and development systems. Whether the
application demands 4-, 8- or 16-bit performance, National
has the right embedded control solution.

LOCAL AREA NETWORKS, DATA
COMMUNICATIONS, UARTS

National Semiconductor provides a complete three-chip so-
lution for an entire IEEE 802.3 standard for Ethernet/Thin

TL/XX/0058-1

Ethernet LANSs. National Semiconductor offers a completely
integrated solution for the IBM 370 class mainframes, Sys-
tem 3X and AS/400 systems for physical layer front end
and processing of the IBM 3270/3299 “coaxial” and 5250
“twinaxial” protocols. National’s family of UARTs provides
high performance, low power serial data input/output inter-
face.

INTERFACE

To drive the communications lines, National Semiconductor
has drivers and receivers designed to meet all the major
standards such as RS-232, RS-422, and RS-485.

GRAPHICS

The graphics chip set is designed to provide the highest
level of performance with minimum demands and loading on
the system CPU. The graphics system may be expanded to
any number of color planes with virtually unlimited resolu-
tion.

REAL TIME CLOCKS

The RTC family provides a simple uP bus compatible inter-
face to any system requiring accurate, reliable, on-going
real time and calender functions.

EMBEDDED SYSTEMS PROCESSORS

National’s Embedded System Processor™ family offers the
most complete solution to 32-bit embedded processor
needs via CPUs, slave processors, system peripherals,
evaluation/development tools and software.

Our total product system solution approach includes the
hardware, software, and development support products
necessary for your design. Evaluation board, in-system em-
ulator, software development tools, and third party software
are available now.

Vi
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Product Status Definitions

Definition of Terms

Data Sheet Identification Product Status Definition
Formative or This data sheet contains the design specifications for product
In Design development. Specifications may change in any manner without notice.
First This data sheet contains preliminary data, and supplementary data will
Production be published at a later date. National Semiconductor Corporation

reserves the right to make changes at any time without notice in order
to improve design and supply the best possible product.

Full This data sheet contains final specifications. National Semiconductor
Production Corporation reserves the right to make changes at any time without
notice in order to improve design and supply the best possible product.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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DRAM Controller Master Selection Guide

The data below is intended to highlight the key differentiable features of each DRAM Controller/Driver offered by National Semiconductor. All NSC DRAM controllers integrate
onboard delay line timing, high capacitive drive, row/column muxing logic, refresh counter, row and column input latches, memory bank select logic. As a result of the family
feature commonality, most devices offer pin for pin up/downward compatiblity. Beyond this however, the process and design differences between the devices result in a broad

selection of feature and performance options for the best system fit.

Max RAS Guaranteed Row
Device # & DRAMS Typ A.C. Specified | to CAS Out Address Hold v Operating Page
Speed Options Supported Process Icc Word Width *Fast| Slow *Fast| Slow cc Temp Range Package No.
Mode | Mode Mode | Mode
DP8408A 16, 64k Junction | 210 mA | 4 Banks of 105ns/125 ns 20 ns/30 ns +5V+5% | 0°-70°C 7| [ 48N ]
A-2 Isolated 16 BitDataw/ | 85ns/100 ns 12ns/20 ns 0°-85°C 48D 1-4

A-3 (S) 6 Bit ECC ea. 120 ns/145ns 20 ns/30 ns L JiL i

DP8409A 16, 64, 256k | Junction | 210 mA | 4 Banks of 105ns/125 ns 20 ns/30 ns +5V £5% [ 0°-70°C ] {[ 48N ]
A-2 Isolated 16 Bit Data w/ 85ns/100 ns 12 ns/20 ns 0°-85°C 48D 1-22

A-3 S) 6 Bit ECC ea. 120 ns/145ns 20 ns/30 ns L JiL 68y |

DP8417-80 16, 64, 256k Oxide 150 mA | 4 Banks of 63 ns/80 ns 15ns/25ns +5V +£10% ([ 0°-70°C 7 ({[ 48N ]
-70 Isolated 16 Bit Data w/ 50ns/72 ns 15ns/25ns —40°-+85°C 48D 1-44

(ALS) 6 Bit ECC ea. | —55°—+125°Cl | L e8v |

DP8418-80 16, 64, 256k Oxide 150 mA | 2 Banks of 63 ns/80 ns 15 ns/25 ns +5V +10% [ [ 0°-70°C [ 48N T
-70 Isolated 32 Bit Data w/ 50 ns/72 ns 15ns/25ns —40°-+85°C 48D 1-44

(ALS) 7 Bit ECC ea. L —55°-+125°C1 | L 68V

DP8419-80 16, 64, 256k Oxide 150 mA | 4 Banks of 63 ns/80 ns 15 ns/25 ns +5V +10% | [ -70°C [ 48 N ]
-70 Isolated 16 Bit Data w/ 50 ns/72 ns 15ns/25ns —40°-+85°C 48D 1-44

(ALS) 6 Bit ECC ea. | —55°~+125°C1 | L 68V

DP8420A, DP8421A | 16, 64, 256k, | 2p. CMOS | 5 mA 2 Banks of +5V +10% | [ 0°-70°C [ 68V ]
& DP8422A 1 Mega Bit, 32 Bit Data w/ 53 ns/63 ns 15 ns/25ns —40°-+85°C 1-92

4 Mega Bit 7 Bit ECC ea. | —55°-+125°C1 | L ]

DP8428-80 16, 64, 256k Oxide 150 mA | 2 Banks of 63 ns/80 ns 15 ns/25 ns +5V +10% | [ 0°-70°C [ 52D 1
-70 & 1 Mega Bit | Isolated 32 Bit Data w/ 50 ns/72 ns 15ns/25ns —40°-+85°C 68V 1-69

(ALS) 7 Bit ECC ea. | -55°-+125°C] | L i

DP8429-80 16, 64, 256k Oxide 150 mA | 4 Banks of 63 ns/80 ns 15ns/25ns +5V +10% | [ 0°-70°C [ 52D 7
-70 & 1 MegaBit | Isolated 16 Bit Data w/ 50 ns/72 ns 15 ns/25 ns —40°-+85°C 68V 1-69

(ALS) 6 Bit ECC ea. | —55°~+125°C] | L |

*All AC valves shown factor in worst case loading (including all ouputs switchi usly), operating p , and Ve supply variables. All delays assume the use of National’s on-board automatic timing and

delay line logic although external delay line control timing is allowed and supported.

3piny uoiI3|as Iaisel J3jjouo WvHAa




DP8408A

National
Semiconductor

DP8408A Dynamic RAM Controller/Driver

General Description

Dynamic memory system designs, which formerly required
several support chips to drive the memory array, can now
be implemented with a single IC ... the DP8408A Dynamic
RAM Controller/Driver. The DP8408A is capable of driving
all 16k and 64k Dynamic RAMs (DRAMs). Since the
DP8408A is a one-chip solution (including capacitive-load
drivers), it minimizes propagation delay skews, the major
performance disadvantage of multiple-chip memory drive
and control.

The DP8408A’s 6 modes of operation offer a wide selection
of DRAM control capabilities. Memory access may be con-
trolled externally or on-chip automatically; an on-chip re-
fresh counter makes refreshing less complicated.

The DP8408A is a 48-pin DRAM Controller/Driver with 8
multiplexed address outputs and control signals. It consists
of two 8-bit address latches, an 8-bit refresh counter, and
control logic. All output drivers are capable of driving 500 pF
loads with propagation delays of 25 ns. The DP8408A tim-
ing parameters are specified driving the typical load capaci-
tance of 88 DRAMSs, including trace capacitance.

The DP8408A has 3 mode-control pins: M2, M1, and MO,
where M2 is in general REFRESH. These 3 pins select 6
modes of operation. Inputs B1 and BO in the memory ac-
cess modes (M2 = 1), are select inputs which select one of
four RAS outputs. During normal access, the 8 address out-
puts can be selected from the Row Address Latch or the
Column Address Latch. During refresh, the 8-bit on-chip re-
fresh counter is enabled onto the address bus and in this
mode all RAS outputs are selected, while CAS is inhibited.

The DP8408A can drive up to 4 banks of DRAMs, with each
bank comprised of 16k’s, or 64k’s. Control signal outputs
RAS, CAS, and WE are provided with the same drive capa-
bility. Each RAS output drives one bank of DRAMs so that
the four RAS outputs are used to select the banks, while
CAS, WE, and the multiplexed addresses can be connected
to all of the banks of DRAMs. This leaves the non-selected
banks in the standby mode (less than one tenth of the oper-
ating power) with the data outputs in TRI-STATE®. Only the
bank with its associated RAS low will be written to or read
from.

Operational Features

| All DRAM drive functions on one chip-—~minimizes skew
on outputs, maximizes AC performance

m On-chip capacitive-load drives (specified to drive up to

88 DRAMSs)

Drive directly all 16k and 64k DRAMs

Capable of addressing 64k and 256k words

Propagation delays of 25 ns typical at 500 pF load

CAS goes low automatically after column addresses are

valid if desired

m Auto Access mode provides RAS, Row to Column,
select, then CAS automatically and fast

m WE follows WIN unconditionally—offering READ,
WRITE or READ-MODIFY-WRITE cycles

m On-chip 8-bit refresh counter with selectable End-of-
Count (127 or 255)

m End-of-Count indicated by RF I/0 pin going low at 127
or 255

m Low input on RF 1/0 resets 8-bit refresh counter

m CAS inhibited during refresh cycle

m Fall-through latches on address inputs controlled by ADS

m TRI-STATE outputs allow multi-controller addressing of
memory

m Control output signals go high-impedance logic “1”
when disabled for memory sharing

m Power-up: counter reset, control signals high, address
outputs TRI-STATE, and End-of-Count set to 127

Mode Features

W 6 modes of operation: 3 access, 1 refresh, and 2 set-up

m 2 externally controlled modes: 1 access (Mode 4) and
1 refresh (Modes 0, 1, 2)

® 2 auto-access modes RAS — R/C — CAS automatic,
with tgaq = 20 or 30 ns minimum (Modes 5, 6)

m Externally controlled All-RAS Access modes for memo-
ry initialization (Mode 3)

m End-of-Count value of Refresh Counter set by B1 and
BO (Mode 7)

DP8408A Interface Between System & DRAM Banks

SYSTEM RAM
CONTROL CONTROL
10, 6,
’ DYNAMIC Ram ;
SYSTEM N ARLLeRy | 5000F DRIVE | MEMORY
8, DRIVER 8,
})ﬁk OR 64k
'YNAMIC
SYSTEM RAM
ADDRESS ADDRESS  TAM BANKS

TL/F/8408-1




Block Diagram

vsovedad

ROW ADDRESS
RO-7 el I\ puT L ATCH

ADS 1 HIGH CAPACITIVE DRIVE

N\
| CAPABILITY OUTPUTS
A WHEN ENABLED
| |
C0-7 smmmmmmunp] COLUMN ADDR. | HM 00-7

INPUT LATCH

L

8-BIT * INDICATES THAT THERE
REFRESH —# — IS A 3kQ PULL-UP
COUNTER RESISTOR ON THESE
T OUTPUTS WHEN THEY
R/C ARE DISABLED
REFRESH

RAS
‘ DECODER

i‘,l - RAS 1
B1 ——> gaNK SELECT [T~ !
B0 ———pe| INPUTLATCH | 1 ?_» S0
y ¥ E L A Rrasiv
& — P
RASIN CONTROL LOGIC
R/C ouUTPUT
[y 1 [— ENABLE
WiN - WE
/
RF1/0 M2 (RFSH) M1 Mo
TL/F/8408-2
TABLE |. DP8408A Mode Select Options
Mode (R;SZH) M1 Mo Mode of Operation Conditions

0 0 0
1 0 1 Externally Controlled Refresh RF 1/0 = EOC
2 0 0
3 0 1 1 Externally Controlled All-RAS Write All-RAS Active
4 1 0 0 Externally Controlled Access Active RAS defined by Table Ii
5 1 0 1 Auto Access, Slow tgan Active RAS defined by Table I
6 1 1 0 Auto Access, Fast tgan Active RAS defined by Table Il
7 1 1 1 Set End of Count See Table IIl for Mode 7
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DP8408A

Pin Definitions

Vces, GND, GND—Vgc = 5V +£5%. The three supply pins
have been assigned to the center of the package to reduce
voltage drops, both DC and AC. There are also two ground
pins to reduce the low level noise. The second ground pin is
located two pins from Vg, so that decoupling capacitors
can be inserted directly next to these pins. It is important to
adequately decouple this device, due to the high switching
currents that will occur when all 8 address bits change in the
same direction simultaneously. A recommended solution
would be a 1 uF multilayer ceramic capacitor in parallel with
a low-voltage tantalum capacitor, both connected as close
as possible to pins 36 and 38 to reduce lead inductance.

See Figure below.
*MULTILAYER -l 'TANTALUM

W

TL/F/8408-3
*Capacitor values should be chosen depending on the particular application.
RO0-R7: Row Address Inputs.
C0-C7: Column Address Inputs.
Q0-Q7: Multiplexed Address Outputs—Selected from
the Row Address Input Latch, the Column Address Input
Latch, or the Refresh Counter.*
RASIN: Row Address Strobe Input—Enables selected
RASp, output when M2 (RFSH) is high, or all RAS,, outputs
when RFSH is low.
R/C: Row/Column Select Input—Selects either the row or
column address input latch onto the output bus.
CASIN: Column Address Strobe Input—Inhibits CAS out-
put when high in Modes 4 and 3. In Mode 6 it can be used to
prolong CAS output.
ADS: Address (Latch) Strobe Input—Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; Latches on high-to-low transition.
CS: Chip Select Input—TRI-STATE the Address Outputs
and puts the control signal into a high-impedance logic “1”
state when high (except in Mode 0); enables all outputs
when low.

MO, M1, M2: Mode Control Inputs—These 3 control pins
determine the 6 major modes of operation of the DP8408A
as depicted in Table I.

RF 1/0—The 1/0 pin functions as a Reset Counter Input
when set low from an external open-collector gate, or as a
flag output. The flag goes active-low when M2 = 0 and the
End-of-Count output is at 127 or 255 (see Table llI).

vee (PIN 36) O

GND (PINS 38, 13) O==

WIN: Write Enable Input.

WE: Write Enable Output—Buffered output from WIN.*
CAS: Column Address Strobe Output—In Modes 5 and 6,
CAS goes low following valid column address. In Modes 3
and 4, it transitions low after R/C goes low, or follows
CASIN going low if R/C is already low. CAS is high during
refresh.*

RAS 0-3: Row Address Strobe Outputs—Selects a mem-
ory bank decoded from B1 and BO (see Table ll), if RFSH is
high. If RFSH is low, all banks are selected.*

B0, B1: Bank Select Inputs—Strobed by ADS. Decoded to
enable one of the RAS outputs when RASIN goes low. Also
used to define End-of-Count in Mode 7 (Table lll).

*These outputs may need damp to prevent overshoot, under-
shoot. See AN-305 “Precautions to Take When Driving Memories.”

TABLE Il. Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,,
B1 BO
0 0 ﬁA—go
0 1 m1
1 0 RAS,
1 1 RAS3

Connection Diagram
Dual In-Line Package

NC = No Connection TL/F/8408-4

Top View

Order Number DP8408AD, DP8408AN or DP8408AN-3
See NS Package Number D48A or N48A




Conditions for all Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a column-
address latch, and a resettable refresh counter. The ad-
dress latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after the valid address time, ADS can be per-
manently high. Otherwise ADS must go low while the ad-
dresses are still valid.

In normal memory access operation, RASIN and R/C are
initially high. When the address inputs are enabled into the
address latches, the row addresses appear on the Q out-
puts. The address strobe also inputs the bank-select ad-
dress, (BO and B1). If CS is low, all outputs are enabled.
When CS is transitioned high, the address outputs go TRI-
STATE and the control outputs first go high through a low
impedance, and then are held by an on-chip high imped-
ance. This allows output paralleling with other DP8408As for
multi-addressing. All outputs go active about 50 ns after the
chip is selected again. If CS is high, and a refresh cycle
begins, all the outputs become active until the end of the
refresh cycle.

DRIVE CAPABILITY

The DP8408A has timing parameters that are specified with
up to 600 pF loads. In a typical memory system this is equiv-
alent to about 88, 5V-only DRAMs, with trace lengths kept
to a minimum. Therefore, the chip can drive four banks each
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of
64 or 72 bits.

Less loading will slightly reduce the timing parameters, and
more loading will increase the timing parameters, according
to the graph of Figure 6. The AC performance parameters
are specified with the typical load capacitance of 88
DRAMSs. This graph can be used to extrapolate the varia-
tions expected with other loading.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To remove these spikes, a damping resistor
(low inductance, carbon) can be inserted between the
DP8408A driver outputs and the DRAMSs, as close as possi-
ble to the DP8408A. The values of the damping resistors
may differ between the different control outputs; RAS’s
CAS, Q’s and WE. The damping resistors should be deter-
mined by the first prototypes (not wire-wrapped due to larg-
er distributed capacitance and inductance). The best values
for the damping resistors are the critical values giving a crit-
ically damped transition on the control outputs. Typical val-
ues for the damping resistors will be between 15Q and
1009, the lower the loading the higher the value. (For more
information, see AN-305 *‘Precautions to Take When Driv-
ing Memories.")

DP8408A DRIVING ANY 16K OR 64K DRAMS

The DP8408A can drive any 16k or 64k DRAMs. All 16k
DRAMSs are basically the same configuration, including the
newer 5V-only version. Hence, in most applications, differ-
ent manufacturers’ DRAMs are interchangeable (for the
same supply-rail chips), and the DP8408A can drive all 16k
DRAMS (see Figure 1a).

There are three basic configurations for the 5V-only 64k
DRAMs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array
with no on-RAM refresh counter. The DP8408A can drive all
three configurations, and at the same time allows them all to
be interchangeable (as shown in Figure 1b and 1c), provid-
ing maximum flexibility in the choice of DRAMs. Since the
8-bit on-chip refresh counter can be used as a 7-bit refresh
counter for the 128-row configuration, or as an 8-bit refresh
counter for the 256-row configuration, the on-RAM refresh
counter (if present) is never used. As long as 128 rows are
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types
are correctly refreshed.

When the DP8408A is in a refresh mode, the RF 1/0 pin
indicates that the on-chip refresh counter has reached its
end-of-count. This end-of-count is selectable as 127 or 255
to accommodate 16k or 64k DRAMS, respectively. Although
the end-of-count may be chosen to be either of these val-
ues, the counter is not reset and always counts to 255 be-
fore rolling over to zero.

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while TAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid;
then data DI is written into the same address in the DRAM
when WE goes low. In this read-modify-write case, DI and
DO cannot be linked together. The type of cycle is therefore
controlled by WE, which follows WIN.

POWER-UP INITIALIZE

When V¢ is first applied to the DP8408A, an initialize pulse
clears the refresh counter, the internal control flip-flops, and
sets the End-of-Count of the refresh counter to 127 (which
may be changed via Mode 7). As Vg increases to about
2.3V, it holds the output control signals at a level of one
Schottky diode-drop below V¢, and the output address to
TRI-STATE. As V¢ increases above 2.3V, control of these
outputs is granted to the system.

1-7
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DP8408A

DP8408A Driving any 16k or 64k Dynamic RAMs

COL. DECODE

128

16K
ARRAY

+12V or +5V 16K DYNAMIC RAMS

[-m LATCHES 8 COLUMN ADDRESSES

COL DECODE 4J

128

512

64K ARRAY

IF, ON-CHIP REFRESH COUNTER, NOT USED
+5V 64K DYNAMIC RAMS

!

COLUMN DECODE

256

256

64K
ARRAY

s
WE
ROWS RS —‘
R
COLUMNS | ADDRESS g W
ORIVERS [ s 77 0
BUS g
128 ROWS REFRESH
IN2MS — COUNTER
DPB408A
FIGURE 1a. DP8408A with any 16k DRAMS
RAS LATCHES 7 ROW +1 COLUMN ADDRESS ==
CAS
R WE
ROW.
RAS -
R
W
COLUMNS | ADDRESS D WA
V| ORIVERS [ oRess 78" 2
BUS ¢
128 ROWS L, REFRESH
IN2MS 7 COUNTER
DP8408A
ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES.
MSB NOT USED BUT CAN TOGGLE
FIGURE 1b. DP8408A with 128 Row X 512 Column 64k DRAM
™
WE
ROWS
RAS
8 1
ADDRESS
COLUMNS DRVERS R
ADDRESS 8 10
BUS w
128 ROWS 0
IN 2MS REFRESH E
(OR 256 ROWS — * COUNTER ¢
IN 4 MS) 0
DP840BA E

+5V 64K
DYNAMIC
RAMS

ALL 8 BITS OF REFRESH COUNTER USED

FIGURE 1c. DP8408A with 256 X 256 Column 64k DRAM

TL/F/8408-5

TL/F/8408-6

TL/F/8408-7
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Functional Mode Descriptions

Note: All delay parameters stated in text refer to the DP8408A. Substitute
the respective delay numbers for the DP8408-2 or DP8408-3 when
using these devices.

MODES 0, 1,2 — EXTERNALLY CONTROLLED
REFRESH

In this mode, the input address latches are disabled from
the address outputs and the refresh counter is enabled.
When RAS occurs, the enabled row in the DRAM is re-
freshed. In the Externally Controlled Refresh mode, all RAS
outputs are enabled following RASIN, and CAS is inhibited.
This refreshes the same row in all four banks. The refresh
counter increments when either RASIN or RFSH goes low-
to-high after a refresh. RF 1/0 goes low when the count is
127 or 255, as set by End-of-Count (see Table lll), with
RASIN and RFSH low. To reset the counter to all zeros, RF
1/0 is set low through an external open-collector driver.

During refresh, RASIN and RFSH must be skewed tran-
sitioning low such that the refresh address is valid on the
address outputs of the controller before the RAS outputs go
low. The amount of time that RFSH should go low before
RASIN does depends on the capacitive loading of the ad-

dress and RAS lines. For the load specified in the switching
characteristics of this data sheet, 10 ns is sufficient. Refer
to Figure 2.

To perform externally controlled burst refresh, RASIN is tog-
gled while RFSH is held low. The refresh counter incre-
ments with RASIN going low to high, so that the DRAM rows
are refreshed in succession by RASIN going high to low.

MODE 3 — EXTERNALLY CONTROLLED
ALL-RAS WRITE

This mode is useful at system initialization. The memory ad-
dress is provided by the processor, which also performs the
incrementing. All four RAS outputs follow RASIN (supplied
by the processor), strobing the row address into the
DRAMs. R/C can now go low, while CASIN may be used to
control CAS (as in the Externally Controlled Access mode),
so that CAS strobes the column address contents into the
DRAMs. At this time WE should be low, causing the data to
be written into all four banks of DRAMSs. At the end of the
write cycle, the input address is incremented and latched by
the DP8408A for the next write cycle.

* INDICATES DYNAMIC RAM PARAMETERS

tRC*
INPUTS
RASIN 1RASINL
|e—— IRASINH———]
fFSH I | I
OUTPUTS ALL RAS's LOW
AAS 0 — tRFpdL —| |=tRFpdH
tRp* / l
tRAS®
RAS 1,23 — RFpdL / —=| |=tRFpdH
~>| TRONC
REFRESH CTR REFRESH COUNT n X n+1 \ COUNTER RESET

ao-7 OLD COLUMNS REFRESH COUNT n

I‘“—" tRFLCT

| RFHRV I |‘—'°"-“’I

= |

v80v8dad

e thST—
L 1
RF1/0 ' ]
heccccnrccancnccacncas
e / —|  |-meoc COUNTER RESET
END OF COUNT INPUT FROM
LOW IF n=127, 255 OPEN COLLECTOR

TL/F/8408-8
FIGURE 2. External Control Refresh Cycle (MODES 0, 1, 2)

1-9



DP8408A

Functional Mode Descriptions (continued)

MODE 4 — EXTERNALLY CONTROLLED ACCESS

This mode facilitates externally controlling all access-timing
parameters associated with the DRAMs. The application of
modes 0 and 4 are shown in Figure 3.

Output Address Selection

Refer to Figure 4a. With M2 (RFSH) and R/C high, the row
address latch contents are transferred to the multiplexed
address bus output Q0-Q7, provided TS is set low. The
column address latch contents are output after R/C goes
low. RASIN can go low after the row addresses have been
set up on Q0-Q7. This selects one of the RAS outputs,
strobing the row address on the Q outputs into the desired
bank of memory. After the row-address hold-time of the
DRAMs, R/C can go low so that about 40 ns later column
addresses appear on the Q outputs.

*Resistors required depends
on DRAM load.

DRAMs MAYBE 16k, 64k

FOR 4 BANKS, CAN DRIVE 16 DATA BITS
+6 CHECK BITS FOR ECC.

FOR 2 BANKS, CAN DRIVE 32 DATA BITS
+7 CHECK BITS FOR ECC.

FOR 1 BANK, CAN DRIVE 64 DATA BITS
+8 CHECK BITS FOR ECC.

Automatic CAS Generation

In a normal memory access cycle CAS can be derived from
inputs CASIN or R/C. If CASIN is high, then R/C going low
switches the address output drivers from rows to columns.
CASIN then going low causes CAS to go low approximately
40 ns later, allowing CAS to occur at a predictable time (see
Figure 4b). If CASIN is low when R/C goes low, CAS will be
automatically generated, following the row to column tran-
sition by about 20 ns (see Figure 4a). Most DRAMs have a
column address set-up time before CAS (tasc) of 0 ns or
—10 ns. In other words, a tasc greater than 0 ns is safe.
This feature reduces timing-skew problems, thereby improv-
ing access time of the system.

Fast Memory Access
AC parameters tpr1, tpjr2 may be used to determine the

minimum delays required between RASIN, R/C, and CASIN
(see Application Brief 9; “Fastest DRAM Access Mode”).

|
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TL/F/8408-9
FIGURE 3. Typlcal Application of DP8408A Using Externally Controlled Access and Refresh In Modes 0 and 4




Timing Diagrams
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TL/F/8408-10
FIGURE 4a. Read Cycle Timing (Mode 4)
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FIGURE 4b. Write Cycle Timing (Mode 4)
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Functional Mode Descriptions (continued)

MODE 5—AUTOMATIC ACCESS

The Auto Access mode has two advantages over the Exter-
nally Controlled Access mode, due to the fact that all out-
puts except WE are initiated from RASIN. First, inputs R/C
and CASIN are unnecessary. Secondly, because the output
control signals are derived internally from one input signal
(RASIN), timing-skew problems are reduced, thereby reduc-
ing memory access time substantially or allowing use of
slower DRAMs. The automatic access features of Mode 5
(and Mode 6) of the DP8408A make DRAM accessing ap-
pear essentially “static”.

AUTOMATIC ACCESS CONTROL

The major disadvantage of DRAMs compared to static
RAMs is the complex timing involved. -First, a RAS must
occur with the row address previously set up on the multi-

DP8408A

Timing Diagram

plexed address bus. After the row address has been held
for tran, (the Row-Address hold-time of the DRAM), the
column address is set up and then CAS occurs. This is all
performed automatically by the DP8408A in this mode.

Provided the input address is valid as ADS goes low, RASIN
can go low any time after ADS. This is because the selected
RAS occurs typically 27 ns later, by which time the row ad-
dress is already valid on the address output of the
DP8408A. The Address Setup-Up time (tasr), is 0 ns on
most DRAMs. The DP8408A in this mode (with ADS and
RASIN edges simultaneously applied) produces a minimum
tasr of 0 ns. This is true provided the input address was
valid tasa before ADS went low (see Figure 5a).

Next, the row address is disabled after tray (30 ns mini-
mum); in most DRAMSs, tgaq minimum is less than 30 ns.
The column address is then set up and tagc later, CAS

|<—taps i RICL
ADS
— | tASA |~ tAHA —
RASIN
~—1tRICH—>]
e et — — —\
P i N NV N

~—tRpdL—= = tRpdH >

RAS WSR* —| |~
——tApd ——~ tRAI ——~I

ROWS VALID X COLUMNS VALID L

~—1tRCY ‘ 1ASC |— —*l ]<— tRCOH
oA 1RCOL

tns*
READ .
W I -——-—-———wmre-—————-—-}
t-—twcs‘———
<— tCAC" —=| «— OFF* —>
DATA QUTPUT VALID (READ) )—
tRAC*

*Indicates Dynamic RAM Parameters

TL/F/8408-12

FIGURE 5a. Modes 5, 6 Timing (CASIN) High in Mode 6




Functional Mode Descriptions (continued)

occurs. The only other control input required is WIN. When
a write cycle is required, WIN must go low at least 30 ns
before CAS is output low.

This gives a total typical delay from: input address valid to
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is, 125
ns from RASIN. All of these typical figures are for heavy
capacitive loading, of approximately 88 DRAMs. This mode
is therefore extremely fast. The external timing is greatly
simplified for the memory system designer: the only system
signal required is RASIN.

MODE 6—FAST AUTOMATIC ACCESS

The Fast Access mode is similar to Mode 5, but has a faster
tran of 20 ns, minimum. It therefore can only be used with

Timing Diagram

fast 16k or 64k DRAMs (which have a tgap of 10 ns to 15
ns) in applications requiring fast access times; RASIN to
CAS is typically 105 ns.

In this mode, the R/C pin is not used, but CASIN is used to
allow an extended CAS after RAS has already terminated.
Refer to Figure 5b. This is desirable with fast cycle-times
where RAS has to be terminated as soon as possible before
the next RAS begins (to meet the precharge time, or trp,
requirements of the DRAM). CAS may then be held low by
CASIN to extend the data output valid time from the DRAM
to allow the system to read the data. CASIN subsequently
going high ends CAS. If this extended CAS is not required,
CASIN should be set high in Mode 6.

|- {, 1]
INPUTS l ADS RICL
ADS
~| tASA |=- tAHA —
RASIN
ADDRESS INPUTS/ A RS BN
Vi AD
DATA ADDRESS VALID > N _DATA VALID IF WRITE READ 7
-—| teRs tRICH
CASN
gL — < tRpdH >
OUTPUTS tRpdL P
RAS SR —|  |<—
tApd [ -——mAu———J
g T Pocsioiecs
ROWS VALID X COLUMNS VALID P
l p 0-%-2-4
RCY | tas¢ |=—— ~ ~{1CCOH|~—
CAS
tRCOL— ——>
~——tp§*
READ r
WE |
I Y T | A S
wes*
. t0FF*
~— 1CAC" - | <——>)
DATA OUTPUT VALID (READ) >—
1RAC*
*Indi Dy ic RAM P TL/F/8408-13

FIGURE 5b. Mode 6 Timing, Extended CAS
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DP8408A

Functional Mode Descriptions (continued)

MODE 7—SET END-OF-COUNT

The End-of-Count can be externally selected in Mode 7,
using ADS to strobe in the respective value of B1 and BO
(see Table Ill). With B1 and BO the same EOC is 127; with
B1=0 and BO=1, EOC is 255; and with B1=1 and B0=0,
EOC is 127. This selected value of EOC will be used until
the next Mode 7 selection. At power-up the EOC is automat-
ically set to 127 (B1 and BO set to 11).

TABLE Ili. Mode 7

(StrBoa::ds:)I'e::JS) E"g of Count
B1 B0

0 0 127

0 1 255

1 0 127

1 1 127

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage, Vcc 7.0v
Storage Temperature Range —65°C to +150°C
Input Voltage 5.5V
Output Current 150 mA
Lead Temperature (Soldering, 10 sec) 300°C

*Derate cavity package 23.6 mW/°C above 25°C; derate molded package
22.7 mW/°C above 25°C.

200 400 600 800

CpF

Maximum Power Dissipation* at 25°C

Cavity Package
Molded Package

Operating Conditions

Vcc  Supply Voltage
Ta Ambient Temperature 0

Min
4.75

1000

TL/F/8408-14
FIGURE 6. Change in Propagation Delay vs. Loading
Capacitance Relative to a 500 pF Load

Max
5.25
+70

Electrical Characteristics voc = 5.0V £5%, 0°C < T < 70°C (unless otherwise noted) (Notes 2, 6)

3542 mW
2833 mW

Units
Vv
°C

Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voltage Vee = Min, Ic = —12mA —-0.8 -1.2 \"
iH1 Input High Current for ADS, R/C only VIN = 2.5V 2.0 100 HA
liH2 Input High Current for All Other Inputs* VIN = 2.5V 1.0 50 nA
| RSI Output Load Current for RF 170 ViN = 0.5V, Output High -15 —-25 mA
I, CTL Output Load Current for RAS, CAS, WE Vin = 0.5V, Chip Deselect -15 -25 mA
L1 Input Low Current for ADS, R/C only VN = 0.5V —-0.1 -1.0 mA
liLe Input Low Current for All Other Inputs* ViN = 0.5V —0.05 -0.5 mA
ViL Input Low Threshold 0.8 \"
VIH Input High Threshold 2.0 \"
VoL1 Output Low Voltage* loL = 20 mA 0.3 0.5 \"
VoL2 Output Low Voltage for RF I/0 loL = 10mA 0.3 0.5 \'
VoH1 Output High Voltage* loH= —1mA 24 3.5 '
Vo2 Output High Voltage for RF I/0 loq = — 100 pA 24 3.5 Vv
lip Output High Drive Current* Vout = 0.8V (Note 3) —200 mA
lop Output Low Drive Current* Vout = 2.7V (Note 3) 200 mA
Il TDI;eTATE o shemi o Mook ~. AV Y - '.._. i

| (sassoupue G5-oovmses | 0| 10 | ® |
Icc Supply Current Vcec = Max. 210 285 mA

*Except RF 1/0 Output.




Switching Characteristic DP8408A/DP8408-3
Vec = 5.0V £5%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMSs each of 88 DRAMs including trace capacitance. These values are: Q0-Q7, C|_ = 500 pF; RASO-RAS3, C_ = 150 pF;
WE, C_ = 500 pF; CAS, C__ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless
otherwise noted, and R1 and R2 are 4.7 k2 unless otherwise noted. Maximum propagation delays are specified with all outputs

switching.
Symbol Access Parameter Conditions 8408A 8408-3 Units
Min | Typ | Max | Min | Typ | Max
trICL RASIN to CAS Output Delay (Mode 5) Figure 5a 95 | 125 160 | 95 | 125 | 185 ns
tRiCL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 80 | 105 | 140 | 80 | 105 | 160 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 | 48 | 60 | 40 | 48 | 70 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 50 | 63 | 80 | 50 | 63 | 95 ns
tReDL RAS to CAS Output Delay (Mode 5) Figure 5a 98 | 125 98 | 145 ns
tRCDL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 78 | 105 78 | 120 ns
trcpH | RAS to CAS Output Delay (Mode 5) Figure 5a 27 | 40 27 | 40 ns
trcpH | RAS to CAS Output Delay (Mode 6) Figure 5a 40 | 65 40 | 65 ns
tccon | CASIN to CAS Output Delay (Mode 6) Figure 5b 40 | 54 | 70 | 40 | 54 | 80 ns
tRAH Row Address Hold Time (Mode 5) Figure 5a 30 30 ns
tRAH Row Address Hold Time (Mode 6) Figures 5a, 5b 20 20 ns
tasc Column Address Setup Time (Mode 5) Figure 5a ns
tasc Column Address Setup Time (Mode 6) Figures 5a, 5b ns
trRov RASIN to Column Address Valid (Mode 5) | Figure 5a 90 | 120 90 | 140 ns
tRov RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 75 | 105 75 | 120 ns
tRPDL RASIN to RAS Delay Figures 4a, 4b, 5a,5b | 20 | 27 | 35 | 20 | 27 | 40 ns
trroH | RASIN to RAS Delay Figures 4a, 4b, 53,5b | 15 | 23 | 32 | 15 | 23 | 87 ns
tAPDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 25 46 ns
tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 25 46 ns
tsppL Address Strobe to Address Output Low Figures 4a, 4b, 40 60 40 70 ns
tsPDH Address Strobe to Address Output High Figures 4a, 4b, 40 60 40 70 ns
tasa Address Setup Time to ADS Figures 4a, 4b, 5a, 5b | 15 15 ns
tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b | 15 15 ns
taDs Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b | 30 30 ns
twppL | WIN to WE Output Delay Figure 4b 15 | 25 | 30 | 156 | 25 | 35 ns
twppH | WIN to WE Output Delay Figure 4b 15 | 30 | 60 | 15 | 30 | 70 ns
tcRs CASIN Setup Time to RASIN High (Mode 6) | Figure 5b 35 35 ns
tePDL CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 32 [ # 68 | 32 | 41 77 ns
tcPDH CASIN to CAS Delay Figure 4b 25 | 39 50 | 256 | 39 60 ns
trcc Column Select to Column Address Valid Figure 4a 40 58 40 67 ns
tRCR Row Select to Row Address Valid Figures 4a, 4b 40 58 40 67 ns
tRHA Row Address Held from Column Select Figure 4a 10 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 65 | 90 ns
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DP8408A

Switching Characteristics DP8408A/DP8408-3 (continued)

Vgc = 5.0V £5%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each of 88 DRAMs including trace capacitance. These values are: Q0-Q7, C|_ = 500 pF; RAS0-RAS3, G| = 150 pF;
WE, Cp = 500 pF; CAS, Cy = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are closed unless
otherwise noted, and R1 and R2 are 4.7 k(2 unless otherwise noted. Maximum propagation delays are specified with all outputs

switching.
Symbol Access Parameter Conditions 8408A 8408-3 Units
Min | Typ | Max | Min | Typ | Max
tDIF1 Maximum (tgppL — tRHA) See Mode 4 description 13 18 ns
toiF2 Maximum (trcc — tcppL) See Mode 4 description 13 18 ns
Refresh Parameter
tre Refresh Cycle Period Figure 2 100 100 ns
tRASINL, H | Pulse Width of RASIN during Refresh Figure 2 50 50 ns
tRFPDL RASIN to RAS Delay during Refresh Figure 2 35 | 50 70 | 35 | 50 | 80 ns
tRFPDH RASIN to RAS Delay during Refresh Figure 2 30 | 40 556 | 30 | 40 | 65 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figure 2 47 60 47 70 ns
tRFHRV RFSH High to Row Address Valid Figure 2 45 | 60 45 70 ns
tROHNC RAS High to New Count Valid Figure 2 30 55 30 55 ns
tRLEOC RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 80 ns
tRHEOC RASIN High to End-of-Count High CL = 50 pF, Figure 2 80 80 ns
tRsT Counter Reset Pulse Width Figure 2 70 70 ns
toTL RF 170 Low to Counter Outputs All Low Figure 2 100 100 ns
TRI-STATE Parameter
tzH CS Low to Address Output High from Hi-Z | Figure 8
R1 = 3.5k, R2 = 1.5k 3% | 60 8 | 60 | ns
tHz CS High to Address Qutput Hi-Z from High | C_ = 15 pF, Figure 8 20 40 20 40 ns
R2 = 1k, S1 open
tzL CS Low to Address Output Low from Hi-Z | Figure 8
R1 = 3.5k, R2 = 1.5k 3 | 60 8 | 60 | ns
tLz CS High to Address Output Hi-Z from Low | C = 15 pF, Figure 8 25 50 25 50 ns
R1 = 1k, S2 open
thzH CS Low to Control Output High from Figure 8
Hi-Z High R2 = 7500, S1 open 50 | & 50 | 80 | ns
tHHZ CS ng.h to Control Output Hi-Z High CL = 15 pF, Figure 8 0 | 75 0 | 75 ns
from High R2 = 75092, S1 open
tHzL CS Low to Control Output Low from Figure 8
Hi-Z High S1, 52 open 5175 o A
Y Hz CS High to Control Output Hi-Z High CL = 15 pF, Figure 8,
from Low R2 = 7501, S1 open %0 80 50 80 ns
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o
Switching Characteristics DP8408-2 3
Vec = 5.0V £5%, 0°C < T < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4 8
banks of 22 DRAMs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C = 500 pF; RAS0-RAS3, C_ >
= 150 pF, WE, C_ = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.
Symbol Access Parameter Conditions 8408-2 Units

Min Typ Max

tRICL RASIN to CAS Output Delay (Mode 5) Figure 5a 75 100 130 ns
tRICL RASIN to CAS Output Delay (Mode 6) Figures 5a, 5b 65 90 115 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 5a 40 48 60 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 5a, 8b 50 63 80 ns
tReDL RAS to CAS Output Delay (Mode 5) Figure 5a 75 100 ns
tRCoL RAS to CAS Output Delay (Mode 6) Figures 5a, 5b 65 85 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 5a 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 5a 40 65 ns
tcopH CASIN to CAS Output Delay (Mode 6) Figure 5b 40 54 70 ns
tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 5a 20 ns
tRAH Row Address Hold Time (Mode 6) (Note 7) Figures 5a, 5b 12 ns
tasc Column Address Setup Time (Mode 5) Figure 5a 3 ns
tasc Column Address Setup Time (Mode 6) Figures 5a, 8b 3 ns
trov RASIN to Column Address Valid (Mode 5) Figure 5a 80 105 ns
trev RASIN to Column Address Valid (Mode 6) Figures 5a, 5b 70 90 ns
tRPDL RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 20 27 35 ns
tRPDH RASIN to RAS Delay Figures 4a, 4b, 5a, 5b 15 23 32 ns
taAPDL Address Input to Output Low Delay Figures 4a, 4b, 5a, 5b 25 40 ns
tAPDH Address Input to Output High Delay Figures 4a, 4b, 5a, 5b 25 40 ns
tsppL Address Strobe to Address Output Low Figures 4a, 4b 40 60 ns
tsPDH Address Strobe to Address Output High Figures 4a, 4b 40 60 ns
tasA Address Set-up Time to ADS Figures 4a, 4b, 5a, 5b 15 ns
tAHA Address Hold Time from ADS Figures 4a, 4b, 5a, 5b 15 ns
taDS Address Strobe Pulse Width Figures 4a, 4b, 5a, 5b 30 ns
twpPDL WIN to WE Output Delay Figure 4b 15 25 30 ns
twPDH WIN to WE Output Delay Figure 4b 15 30 60 ns
tcrs CASIN Set-up Time to RASIN High (Mode 6) Figure 5b 35 ns
teppL CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 32 41 58 ns
tepoH CASIN to CAS Delay (R/C low in Mode 4) Figure 4b 25 39 50 ns
trcc Column Select to Column Address Valid Figure 4a 40 58 ns
trRcR Row Select to Row Address Valid Figures 4a, 4b 40 58 ns
tRHA Row Address Held from Column Select Figure 4a 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 55 75 ns
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DP8408A

Switching Characteristics DP8408-2 (continued)
Veoc = 5.0V 5%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5, 7). The output load capacitance is typical for 4
banks of 22 DRAMSs each or 88 DRAMS including trace capacitance. These values are: Q0-Q7, C| = 500 pF; RAS0-RAS3, C.
= 150 pF, WE, C|_ = 500 pF; CAS, C_ = 600 pF, unless otherwise noted. See Figure 7 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Access Parameter Conditions 8408-2 Units
Min Typ Max
tDIF1 Maximum (trppL — tRHA) See Mode 4 description 13 ns
tpIF2 Maximum (trcc — tcppL) See Mode 4 description 13 ns
Refresh Parameter
trc Refresh Cycle Period Figure 2 100 ns
tRASINL, H Pulse Width of RASIN during Refresh Figure 2 50 ns
tRFPDL RASIN to RAS Delay during Refresh Figure 2 35 50 70 ns
tRFPDH RASIN to RAS Delay during Refresh Figure 2 30 40 55 ns
tRFELCT RFSH Low to Counter Address Valid CS = X, Figure 2 47 60 ns
tRFHRV RFSH High to Row Address Valid Figure 2 45 60 ns
tROHNC RAS High to New Count Valid Figure 2 30 55 ns
trRLEOC RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 ns
tRHEOC RASIN High to End-of-Count High Cp = 50 pF, Figure 2 80 ns
trsT Counter Reset Pulse Width Figure 2 70 ns
toTL RF 1/0 Low to Counter Outputs All Low Figure 2 100 ns
TRI-STATE Parameter
tzH CS Low to Address Output High from Hi-Z Figures 9, 12 35 60 ns
R1 = 3.5k, R2 = 1.5k
thz CS High to Address Output Hi-Z from High CL = 15pF, Figures 9, 12
20 40 ns
R2 = 1k, S1 open
tzL CS Low to Address Output Low from Hi-Z Figures 9, 12 35 60 ns
R1 = 3.5k, R2 = 1.5k
tz CS High to Address Output Hi-Z from Low CL = 15 pF, Figures 9, 12
25 50 ns
R1 = 1k, S2 open
tHzH CS Low to Control Output High from Figures 9, 12 50 80 ns
Hi-Z High R2 = 750Q, S1 open
tHHZ CS High to Control Output Hi-Z High C, = 15pF, Figures 9, 12 40 75 ns
from High R2 = 7509, S1 open
tHzL CS Low to Control Output Low from Figure 12, 45 75 ns
Hi-Z High S1, S2 open
tLHZ CS High to Control Output Hi-Z High CL = 15pF, Figure 12, 50 80 ns
from Low R2 = 7509, S1 open




Input Capaclitance T, = 25°C (Notes 2, 6)

Symbol Parameter Conditions Min Typ Max Units
CiN Input Capacitance ADS, R/C 8 pF
CiN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for T = 25°C and Vgc = 5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 150 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse OV to 3.0V, tg = tr = 2.5 ns, f = 2.5 MHz, tpyy = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V

for High and 0.8V for Low.
Note 5: The load capacitance on RF 1/0 should not exceed 50 pF.
Note 6: Applies to all DP8408A versions unless otherwise specified.

Note 7: The DP8408-2 device can only be used with memory devices that meet the tgan specification indicated.

OUTPUT Ro
UNDER
TEST 15Q
o

TEST POINT

TL/F/8408-15

FIGURE 7. Output Load Circult

Timing Waveform

.0V
INPUT 1.5V 1.5V
hz
tHHZ|e— thzw
L i 0.5 ,mil‘;w_ﬂ
OUTRUT g, I a— HIGH ey VoL
d-——ro.sv
tzfe— tHzL
iz L
TL/F/8408-16
FIGURE 8

Applications

If external control is preferred, the DP8408A may be used in
Modes O or 4, as in Figure 3.

If basic auto access and refresh are required, then in cases
where the user requires the minimum of external complexity,
Modes 0 and 5 are ideal, as shown in Figure 9a. The
DP843X2 is used to provide proper arbitration between
memory access and refresh. This chip supplies all the nec-
essary control signals to the processor as well as the
DP8408A. Furthermore, two separate CAS outputs are also

included for systems using byte-writing. The refresh clock
RFCK may be divided down from either RGCK using an IC
counter such as the DM74LS393 or better still, the
DP84300 Programmable Refresh Timer. The DP84300 can
provide RFCK periods ranging from 15.4 us to 15.6 us
based on the input clock of 2 to 10 MHz. Figure 9b shows
the general timing diagram for interfacing the DP8408A to
different microprocessors using the interface controller
DP843X2.
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DP8408A

Applications (continued)

16-BIT MICROPROCESSOR DATA BUS

t MICROPROCESSOR ADDRESS BUS RAMS MAY BE 16k OR 64k ———— * “ P
DATA RAM ADDRESS BUS v
ADDR R0-6,7 00-7 A0-6.7
| c0-6,7 ] AAS B —
ADDRESS . > WE tasL
DECODER 18 TASU
TTT d
ot — >
ADDR ADS N [
STROBE A0-6,7
— o1 RAS e
cLOCK RFCK f—m - | WE CAsL
DPB4300 RAS3 0
MICROPROCESSOR ey I .
[l
L_ :_::‘ h D ‘
R/W WiN 0 | i 70-6,7
UPPER BYTE %kfrﬂ . P
LOWER BYTE 1 t [ o] WE TASL
] G
WAIT DPB4XX2 N N4t
[t CAS = N %6.7 "g Y'ﬁ"
I I — we g [ = uPPER
+THE SELECT WAIT INPUT REVIO M2 M1 MO T BYTE
T0 THE DPB43X2 CHIP % u
INSERTS A WAIT STATE Tr et L
DURING ACCESSING. ar
THIS IS NECESSARY 01
FOR VERY FAST MICRO- A o
PROCESSORS CASU SELECT UPPER BYTE 745208
NECESSARY IF INSTRUCTIONS INCLUpE LEAs.L. SELECT LOWER BYTE
BYTE-WRITING. OTHERWISE USE CAS DIRECTLY
FROM THE DP8408A TO THE RAMS. NECESSARY IF MORE THAN ONE BANK =~}
TL/F/8408-17

FIGURE 9a. Connecting the DP8408A between the 16-Bit Microprocessor and Memory
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Applications (continued)
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REFRESH
ACCESS
|< MEMORY CYCLE & |~— ELSEWHERE —
< CYCLE

FORCED
REFRESH

—

“-—MEMORV CYCLE —»|

HIDDEN REFRESH

l

<—-—MEMORY CYCLE ——l

DP84300 MINIMIZES LOW TIME T0
20 CLOCKS MAXIMIZING CHANCE OF

—

RFCK | I —l
s SELECTING
ELSEWHERE
a3

—

S WA e S

L1
[}

=

—J
—

E
-
@

" —

|

DP8408A OUTPUTS

\

RS OUTPUTS SEL'D N

EZIR

-— 2T

ROW X CBLX RFSH

X =

Q0-7 ROW \X CoL X RFSH XROW
J

o
ol

w7

LI
A

)
L

*T IS MICROPROCESSOR'S CLOCK PERIOD

FIGURE 9b. DP8408A Auto Refresh

TL/F/8408-18

1-21

vsoyedd




DP8409A

National
Semiconductor

DP8409A Multi-Mode Dynamic RAM Controller/Driver

General Description

Dynamic memory system designs, which formerly required
several support chips to drive the memory array, can now
be implemented with a single IC ... the DP8409A Multi-
Mode Dynamic RAM Controller/Driver. The DP8409A is ca-
pable of driving all 16k and 64k Dynamic RAMs (DRAMS) as
well as 256k DRAMs. Since the DP8409A is a one-chip so-
lution (including capacitive-load drivers), it minimizes propa-
gation delay skews, the major performance disadvantage of
multiple-chip memory drive and control.

The DP8409A’s 8 modes of operation offer a wide selection
of DRAM control capabilities. Memory access may be con-
trolled externally or on-chip automatically; an on-chip re-
fresh counter makes refreshing (either externally or auto-
matically controlled) less complicated; and automatic mem-
ory initialization is both simple and fast.

The DP8409A is a 48-pin DRAM Controller/Driver with 9
multiplexed address outputs and 6 control signals. It con-
sists of two 9-bit address latches, a 9-bit refresh counter,
and control logic. All output drivers are capable of driving
500 pF loads with propagation delays of 25 ns. The
DP8409A timing parameters are specified driving the typical
load capacitance of 88 DRAMSs, including trace capaci-
tance.

The DP8409A has 3 mode-control pins: M2, M1, and MO,
where M2 is in general REFRESH. These 3 pins select 8
modes of operation. Inputs B1 and BO in the memory ac-
cess modes (M2 = 1), are select inputs which select one of
four RAS outputs. During normal access, the 9 address out-
puts can be selected from the Row Address Latch or the
Column Address Latch. During refresh, the 9-bit on-chip re-
fresh counter is enabled onto the address bus and in this
mode all RAS outputs are selected, while CAS is inhibited.

The DP8409A can drive up to 4 banks of DRAMSs, with each
bank comprised of 16k’s, 64k’s, or 256k’s. Control signal
outputs RAS, CAS, and WE are provided with the same
drive capability. Each RAS output drives one bank of
DRAMs so that the four RAS outputs are used to select the
banks, while CAS, WE, and the multiplexed addresses can
be connected to all of the banks of DRAMSs. This leaves the
non-selected banks in the standby mode (less than one
tenth of the operating power) with the data outputs in TRI-
STATE®. Only the bank with its associated RAS low will be
written to or read from.

SYSTEM RAM
CONTROL CONTROL
10/ GJ
7 DPB409A 7
DYNAMIC RAM
SYSTEM CONTROLLER, | S00PF DRIVE { MEMORY
2, DRIVER 9
T 7 16k, 64k, OR
J— - 256k DYNAMIC
SYSTEM
ADDRESS ADuams  RAM BANKS

TL/F/8409-1

Operational Features

B All DRAM drive functions on one chip—minimizes skew
on outputs, maximizes AC peformance

m On-chip capacitive-load drives (specified to drive up to
88 DRAMS)

m Drives directly all 16k, 64k, and 256k DRAMs

m Capable of addressing 64k, 256k, or 1M words

W Propagation delays of 25 ns typical at 500 pF load

m CAS goes low automatically after column addresses are
valid if desired

m Auto Access mode provides RAS, row to column se-
lect, then CAS automatically and fast

m WE follows WIN unconditionally—offering READ,
WRITE or READ-MODIFY-WRITE cycles

® On-chip 9-bit refresh counter with selectable End-of-
Count (127, 255 or 511)

m End-of-Count indicated by RF /0 pin going low at 127,
255 or 511

m Low input on RF 1/0 resets 9-bit refresh counter

m CAS inhibited during refresh cycle

B Fall-through latches on address inputs controlled by
ADS

B TRI-STATE outputs allow multi-controller addressing of
memory

m Control output signals go high-impedance logic “1”
when disabled for memory sharing

B Power-up: counter reset, control signals high, address
outputs TRI-STATE, and End-of-Count set to 127

Mode Features

B 8 modes of operation: 3 access, 3 refresh, and 2
set-up

| 2 externally controlled modes: 1 access and 1 refresh
(Modes 0, 4)

M 2 auto-access modes RAS — R/C — CAS automatic,
with tgan = 20 or 30 ns minimum (Modes 5, 6)

B Auto-access mode allows Hidden Refreshing (Mode 5)

m Forced Refresh requested on RF 1/0 if no Hidden Re-
fresh (Mode 5)

m Forced Refresh performed after system acknowledge of
request (Mode 1)

m Automatic Burst Refresh mode stops at End-of-Count
of 127, 255, or 511 (Mode 2)

m 2 All-RAS Acces modes externally or automatically con-
trolled for memory initialization (Modes 3a, 3b)

m Automatic All-RAS mode with external 8-bit counter
frees system for other set-up routines (Mode 3a)

m End-of-Count value of Refresh Counter set by B1 and
BO (Mode 7)
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Block and Connection Diagrams
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Dual-In-Line Package
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c2 DPB409A
GND
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. — o3 L2
Pin Definitions m
Vce, GND, GND—V¢c = 5V +5%. The three supply pins RS
have been assigned to the center of the package to reduce L
voltage drops, both DC and AC. There are also two ground :: 21
pins to reduce the low level noise. The second ground pin is R7
located two pins from Vg, so that decoupling capacitors c7 ;:
can be inserted directly next to these pins. It is important to R8
adequately decouple this device, due to the high switching ] TL/F/8409-5
currents that will occur when all 9 address bits change in the Top View
same direction simultaneously. A recommended solution
would be a 1 uF multilayer ceramic capacitor in parallel with RO-R8: Row Address Inputs.

a low-voltage tantalum capacitor, both connected as close

as possible to pins 36 and 38 to reduce lead inductance. C0-C8: Column Address Inputs.

See figure below. Q0-Q8: Multiplexed Address Outputs—Selected from
the Row Address Input Latch, the Column Address Input
Vce (PIN36) O f Latch, or the Refresh Counter.*
*MULTILAYER TANTALUM —L RASIN: Row Address Strobe Input—Enables selected
CERAMIC RAS,, output when M2 (RFSH) is high, or all RAS,, outputs
when RFSH is low.
GND (PINS 38, 13) O I

R/C (RFCK)—In Auto-Refresh Mode this pin is the exter-
TL/F/8409-4 nal Refresh Clock Input: one refresh cycle has to be per-
*Capacitor values should be chosen depending on the particular application. formed each clock period. In all other modes it is Row/Col-
umn Select Input: selects either the row or column address
input latch onto the output bus.
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Pin Definitions (continued)

TABLE |. DP8409A Mode Select Options

Mode (R:EH) M1 Mo Mode of Operation Conditions

0 0 0 0 Externally Controlled Refresh RF1/0 = EOC

1 0 0 1 Auto Refresh—Forced RF I/0 = Refresh Request (RFRQ)
2 0 1 0 Internal Auto Burst Refresh RF1/0 = EOC
3a 0 1 1 All RAS Auto Write RF 1/0 = EOC; All RAS Active
3b 0 1 1 Externally Controlled All RAS Access All RAS Active

4 1 0 0 Externally Controlled Access Active RAS Defined by Table Il

5 1 0 1 Auto Access, Slow tgaH, Hidden Refresh Active RAS Defined by Table Il

6 1 1 0 Auto Access, Fast tgaH Active RAS Defined by Table Ii

7 1 1 1 Set End of Count See Table Ill for Mode 7

CASIN (RGCK)—In Auto-Refresh Mode, Auto Burst Mode,
and All-RAS Auto-Write Mode, this pin is the RAS Generator
Clock input. In all other modes it is CASIN (Column Address
Strobe Input), which inhibits CAS output when high in
Modes 4 and 3b. In Mode 6 it can be used to prolong CAS
output.

ADS: Address (Latch) Strobe Input—Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; Latches on high-to-low transition.

CS: Chip Select Input—The TRI-STATE mode will Address
Outputs and puts the control signal into a high-impedance

logic “1” state when high (unless refreshing in one of the

Refresh Modes). Enables all outputs when low.

MO, M1, M2: Mode Control Inputs—These 3 control pins
determine the 8 major modes of operation of the DP8409A
as depicted in Table I.

RF 1/0—The 1/0 pin functions as a Reset Counter Input
when set low from an external open-collector gate, or as a
flag output. The flag goes active-low in Modes 0 and 2 when
the End-of-Count output is at 127, 255, or 511 (see
Table ). In Auto-Refresh Mode it is the Refresh Request
output. :
WIN: Write Enable Input.

WE: Write Enable Output—Buffered output from WIN.*
CAS: Column Address Strobe Output—In Modes 3a, 5,
and 6, CAS transitions low following valid column address.
In Modes 3b and 4, it goes low after R/C goes low, or fol-
lows CASIN going low if R/C is already low. CAS is high
duing refresh.*

RAS 0-3: Row Address Strobe Outputs—Selects a mem-
ory bank decoded from B1 and BO (see Table Il), if RFSH is
high. If RFSH is low, all banks are selected.*

BO, B1: Bank Select Inputs—Strobed by ADS. Decoded to
enable one of the RAS outputs when RASIN goes low. Also
used to define End-of-Count in Mode 7 (Table lil).

Conditions for All Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a col-
umn-address latch, and a resettable refresh counter. The
address latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after the valid address time, ADS can be per-

manently high. Otherwise ADS must go low while the ad-
dresses are still valid.

In normal memory access operation, RASIN and R/C are
initially high. When the address inputs are enabled into the
address latches, the row addresses appear on the Q out-
puts. The address strobe also inputs the bank-select ad-
dress, (BO and B1). If CS is low, all outputs are enabled.
When CS is transitioned high, the address outputs go TRI-
STATE and the control outputs first go high through a low
impedance, and then are held by an on-chip high imped-
ance. This allows output paralleling with other DP8409As for
multi-addressing. All outputs go active about 50 ns after the
chip is selected again. If CS is high, and a refresh cycle
begins, all the outputs become active until the end of the
refresh cycle. '

DRIVE CAPABILITY

The DP8409A has timing parameters that are specified with
up to 600 pF loads. In a typical memory system this is equiv-
alent to about 88, 5V-only DRAMs, with trace lengths kept
to a minimum. Therefore, the chip can drive four banks each
of 16 or 22 bits, or two banks of 32 or 39 bits, or one bank of
64 or 72 bits.

Less loading will slightly reduce the timing parameters, and
more loading will increase the timing parameters, according
to the graph of Figure 10. The AC performance parameters
are specified with the typical load capacitance of 88
DRAMSs. This graph can be used to extrapolate the varia-
tions expected with other loading.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To remove these spikes, a damping resistor
(low inductance, carbon) can be inserted between the
DP8409A driver outputs and the DRAMs, as close as possi-
ble to the DP8409A. The values of the damping resistors
may differ between the different control outputs; RASs,
CAS, Q’s, and WE. The damping resistors should be deter-
mined by the first prototypes (not wire-wrapped due to the
larger distributed capacitance and inductance). The best
values for the damping resistors are the critical values giving
a critically damped transition on the control outputs. Typical
values for the damping resistors will be between 15Q and
10092, the lower the loading the higher the value. (For more
information, see AN-305 ‘““Precautions to Take When Driv-
ing Memories.”)
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Conditions for All Modes (continued)
DP8409A DRIVING ANY 16k OR 64k DRAMs

The DP8409A can drive any 16k or 64k DRAMs. All 16k
DRAMSs are basically the same configuration, including the
newer 5V-only version. Hence, in most applications, differ-
ent manufacturers’ DRAMs are interchangeable (for the
same supply-rail chips), and the DP8409A can drive all 16k
DRAMs (see Figure 1a).

There are three basic configurations for the 5V-only 64k
DRAMSs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array

with no on-RAM refresh counter. The DP8409A can drive all
three configurations, and at the same time allows them all to
be interchangeable (as shown in Figures 7b and 7c¢), provid-
ing maximum flexibility in the choice of DRAMs. Since the
9-bit on-chip refresh counter can be used as a 7-bit refresh
counter for the 128-row configuration, or as an 8-bit refresh
counter for the 256-row configuration, the on-RAM refresh
counter (if present) is never used. As long as 128 rows are
refreshed every 2 ms (i.e. 256 rows in 4 ms) all DRAM types
are correctly refreshed.

DP8409A Interface between System and DRAM Banks

s
7 WE
ROWS S
COLUMNS ADDRESS L7
DRIVERS
2snows | L mermesn L7
IN 2MS COUNTER
DP8409A

ADDRESS
BUS

COL. DECODE J

128

128 16K
ARRAY

omo SoX

+12V or +5V 16K DYNAMIC RAMS

TL/F/8409-6

FIGURE 1a. DP8409A with any 16k DRAMs
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FIGURE 1b. DP8409A with 128 Row x 512 Column 64k DRAM
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FIGURE 1c. DP8409A with 256 x 256 Column 64k DRAM
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Conditions for All Modes (continued)

When the DP8409A is in a refresh mode, the RF 1/0 pin
indicates that the on-chip refresh counter has reached its
end-of-count. This end-of-count is selectable as 127, 255 or
512 to accommodate 16k, 64k or 2566k DRAMSs. Although
the end-of-count may be chosen to be any of these, the
counter always counts to 511 before rolling over to zero.

READ, WRITE, AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid;
then data DI is written into the same address in the DRAM
when WE goes low. In this read-modify-write case, DI and
DO cannot be linked together. The type of cycle is therefore
controlled by WE, which follows WIN.

POWER-UP INITIALIZE

When Vg is first applied to the DP8409A, an initialize pulse
clears the refresh counter, the internal control flip-flops, and
set the End-of-Count of the refresh counter to 127 (which
may be changed via Mode 7). As V¢ increases to about
2.3V, it holds the output control signals at a level of one
Schottky diode-drop below Vg, and the output address to
TRI-STATE. As Vg increases above 2.3V, control of these
outputs is granted to the system.

DP8409A Functional Mode
Descriptions

Note: All delay parameters stated in text refer to the DP8409A. Substitute
the respective delay numbers for the DP8409-2 or DP8409-3 when
using these devices.

MODE 0—EXTERNALLY CONTROLLED REFRESH

Figure 2 is the Externally Controlled Refresh Timing. In this
mode, the input address latches are disabled from the ad-
dress outputs and the refresh counter is enabled. When
RAS occurs, the enabled row in the DRAM is refreshed. In
the Externally Controlled Refresh mode, all RAS outputs are
enabled following RASIN, and CAS is inhibited. This refresh-
es the same row in all four banks. The refresh counter incre-
ments when either RASIN or RFSH goes low-to-high after a
refresh. RF 1/0 goes low when the count is 127, 255, or
511, as set by End-of-Count (see Table Ili), with RASIN and
RFSH low. To reset the counter to all zeros, RF I/0 is set
low through an external open-collector driver.

During refresh, RASIN and RFSH must be skewed tran-
sitioning low such that the refresh address is valid on the
address outputs of the controller before the RAS outputs go
low. The amount of time that RFSH should go low before
RASIN does depends on the capacitive loading of the ad-
dress and RAS lines. For the load specified in the switching
characteristics of this data sheet, 10 ns is sufficient. Refer
to Figure 2.

To perform externally controlled burst refresh, RASIN is tog-
gled while RFSH is held low. The refresh counter incre-
ments with RASIN going low to high, so that the DRAM rows
are refreshed in succession by RASIN going high to low.
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FIGURE 2. External Control Refresh Cycle (Mode 0)




DP8409A Functional Mode Descriptions (continued)

MODE 1—AUTOMATIC FORCED REFRESH

In Mode 1, the R/C (RFCK) pin becomes RFCK (refresh
cycle clock), instead of R/C, and CAS remains high. If
RFCK is kept permanently high, then whenever M2 (RFSH)
goes low, an externally controlled refresh will occur and all
RAS outputs will follow RASIN, strobing the refresh counter
contents to the DRAMs. The RF |/O pin will always output
high, but when set low externally through an open-collector
driver, the refresh counter resets as normal. This externally
controlled method may be preferred when operating in the
Automatic Access mode (Mode 5), where hidden or forced
refreshing is undesirable, but refreshing is still necessary.

If RFCK is an input clock signal, one (and only one) refresh
cycle must take place every RFCK cycle. Refer to Figure 9.
If a hidden refresh does not occur while RFCK is high, in
Mode 5, then RF 1/0 (Refresh Request) goes low immedi-
ately after RFCK goes low, indicating to the system that a
forced refresh is requested. The system must allow a forced
refresh to take place while RFCK is low (refer to Figure 3).
The Refresh Request Reguest signal on RF 1/0 may be connected
to a Hold or Bus Request input to the system. The system
acknowledges the Hold or Bus Request when ready, and
outputs Hold Acknowledge or Bus Request Acknowledge. If
this is connected to the M2 (RFSH) pin, a forced-refresh
cycle will be initiated by the DP8409A, and RAS will be inter-
nally generated on all four RAS outputs, to strobe the re-
fresh counter contents on the address outputs into all the

DRAMs. An external RAS Generator Clock (RGCK) is re-
quired for this function. It is fed to the CASIN (RGCK) pin,
and may be up to 10 MHz. Whenever M2 goes low (inducing
a forced refresh), RAS remains high for one to two periods
of RGCK, depending on when M2 goes low relative to the
high-to-low triggering edge of RGCK; RAS then goes low for
two periods, performing a refresh on all banks. In order to
obtain the minimum delay from M2 going low to RAS going
low, M2 should go low tgrsrg before the next falling edge
of RGCK. The Refresh Request on RF 1/0 is terminated as
RAS begins, so that by the time the system has acknowl-
edged the removal of the request and disabled its Acknow!-
edge, (i.e., M2 goes high), Refresh RAS will have ended,
and normal operations can begin again in the Automatic
Access mode (Mode 5). If it is desired that Refresh RAS end
in less than 2 periods of RGCK from the time RAS went low,
then M2 may be high earlier than trqrRrr after RGCK goes
low and BAS will go high trrrH after M2, if TS is low. If TS
is high, the FAS will go high after 25 ns after M2 goes high.

To allow the forced refresh, the system will have been inac-
tive for about 4 periods of RGCK, which can be as fast as
400 ns every RFCK cycle. To guarantee a refresh of 128
rows every 2 ms, a period of up to 16 us is required for
RFCK. In other words, the system may be down for as little
as 400 ns every 16 us, or 2.5% of the time. Although this is
not excessive, it may be preferable to perform a Hidden
Refresh each RFCK cycle, which is allowed while still in the
Auto-Access mode, (Mode 5).
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FIGURE 3. DP8409A Performing a Forced Refresh (Mode 5 — 1 — 5) with Various Microprocessors
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DP8409A Functional Mode Descriptions (continued)
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FIGURE 4. Auto-Burst Mode, Mode 2

MODE 2—AUTOMATIC BURST REFRESH

This mode is normally used before and/or after a DMA op-
eration to ensure that all rows remain refreshed, provided
the DMA transfer takes less than 2 ms (see Figure 4). When
the DP8409A enters this mode, CASIN (RGCK) becomes
the RAS Generator Clock (RGCK), and RASIN is disabled.
CAS remains high, and RF 1/0 goes low when the refresh
counter has reached the selected End-of-Count and the last
RAS has ended. RF I/0 then remains low until the Auto-
Burst Refresh mode is terminated. RF 1/0 can therefore be
used as an interrupt to indicate the End-of-Burst conditions.

The signal on all four RAS outputs is just a divide-by-four of
RGCK; in other words, if RGCK has a 100 ns period, RAS is
high and low for 200 ns each cycle. The refresh counter
increments at the end of each RAS, starting from the count
it contained when the mode was entered. If this was zero,
then for a RGCK with a 100 ns period with End-of-Count set
to 127, RF 1/0 will go low after 128 X 0.4 us, or 51.2 us.
During this time, the system may be performing operations
that do not involve DRAM. If all rows need to be burst re-
freshed, the refresh counter may be cleared by setting RF
170 low externally before the burst begins.

Burst-mode refreshing is also useful when powering down
systems for long periods of time, but with data retention still
required while the DRAMSs are in standby. To maintain valid
refreshing, power can be applied to the DP8409A (set to
Mode 2), causing it to perform a complete burst refresh.
When end-of-burst occurs (after 26 us), power can then be
removed from the DP8409A for 2 ms, consuming an aver-
age power of 1.3% of normal operating power. No control
signai giiiches occur when switching power to the
DP8409A.

MODE 3a—ALL-RAS AUTOMATIC WRITE

Mode 3a is useful at system initialization, when the memory
is being cleared (i.e., with all-zeros in the data field and the

corresponding check bits for error detection and correction).
This requires writing the same data to each location of
memory (every row of each column of each bank). All RAS
outputs are activated, as in refresh, and so are CAS and
WE. To write to all four banks simultaneously, every row is
strobed in each column, in sequence, until data has been
written to all locations.

To select this mode, B1 and BO must have previously been
setto 00, 01, or 10 in Mode 7, depending on the DRAM size.
For example, for 16k DRAMSs, B1 and BO are 00. For 64k
DRAMSs, B1 and BO are 01, so that for the configuration of
Figure 1b, the 8 refresh counter bits are strobed by RAS into
the 7 row addresses and the ninth column address. After
this Automatic-Write process, B1 and BO must be set again
in Mode 7 to 00 to set End-of-Count to 127. For the configu-
ration of Figure 7c, B1 and BO set to 01 will work for Auto-
matic-Write and End-of-Count equals 255.

In this mode, R/C is disabled, WE is permanently enabled
low, and CASIN (RGCK) becomes RGCK. RF 1/0 goes low
whenever the refresh counter is 127, 255, or 511 (as set by
End-of-Count in Mode 7), and the RAS outputs are active.

Referring to Figure 5a, an external 8-bit counter (for 64k
DRAMSs) with TRI-STATE outputs is required and must be
connected to the column address inputs. It is enabled only
during this mode, and is clocked from RF 1/0. The
DP8409A refresh counter is used to address the rows, and
the column address is supplied by the external counter. Ev-
ery row for each column address is written to in all four
banks. At the End-of-Count RF 170 goes low, which clocks
the external counter.

Therefore, for each column address, the refresh counter
first outputs row-0 to the address bus and all four RAS out-
puts strobe this row address into the DRAMs (see Figure
5b). A minimum of 30 ns after RAS goes low (tran =
30 ns), the refresh counter is disabled and the column ad-
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DP8409A Functional Mode Descriptions (continued)

dress input latch is enabled onto the address bus. About
14 ns after the column address is valid, CAS goes low, (tasc
= +14 ns), strobing the column address into the DRAMs.
When RAS and CAS go high the refresh counter increments
to the next row and the cycle repeats. Since WE is kept low
in this mode, the data at DI (input data) of the DRAMs is
written into each row of the latched column. During each
cycle RAS is high for two periods of RGCK and low for two
periods, giving a total write-cycle time of 400 ns minimum,
which is adequate for most 16k and 64k DRAMs. On the last
row of a column, RF /0 increments the external counter to
the next column address.

At the end of the last column address, an interrupt is gener-
ated from the external counter to let the system know that
initialization has been completed. During the entire initializa-
tion time, the system can be performing other initialization
functions. This approach to memory initialization is both au-
tomatic and fast. For instance, if four banks of 64k DRAMs
are used, and RGCK is 100 ns, a write cycle to the same
location in all four banks takes 400 ns, so the total time
taken in initializing the 64k DRAMSs is 65k X 400 ns or
26 ms. When the system receives the interrupt, the external
counter must be permanently disabled. ADS and CS are
interfaced by the system, and the DP8409A mode is
changed. The interrupt must then be disabled.
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ADDRESS BUFFER co-7 RAS 0-3
BUS s244 is
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— DRAMS
0 % - L
~ ~ RO-7 -7
RASIN RASIN
WRITE WiN TASIN
M2 M1 MO (RGCK)
P ADS 1
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6 MODE ENABLE
N SELECT
PAL

TL/F/8409-12

FIGURE 5a. DP8409A Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a

»
2

MODE mm. M1, MO=011 B1 BO=10 (MODE 7)
& 2

o
s

REFRESH
COUNTER CTh=0

)
X X
.

N \)@m
=X X=X

——|'|‘|.-

RGCK

o T XD

%Y

ADDRESSES
— MODE SELEPﬂ

L LT

INTERRUPT PROCESSOR

RF 1/0 (EOC) I EOC I
[ oc}mﬁ ik { 25 \
OUNTE 1
oUTPUT \\UJ 2 ”
-———: :— &
INTERRUPT
> R
ENABLE CQUNTER

BUFFER

¢

TL/F/8409-13

FIGURE 5b. DP8409A All-RAS Auto Write Mode, Mode 3a, Timing Waveform
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DP8409A

DP8409A Functional Mode Descriptions (continued)

MODE 3b—EXTERNALLY CONTROLLED ALL-RAS
WRITE

To select this mode, B1 and BO must first have been set to
11 in Mode 7. This mode is useful at system initialization,
but under processor control. The memory address is provid-
ed by the processor, which also performs the incrementing.
All four RAS outputs follow RASIN (supplied by the proces-
sor), strobing the row address into the DRAMs. R/C can
now go low, while CASIN may be used to control CAS (as in
the Externally Controlled Access mode), so that CAS
strobes the column address contents into the DRAMs. At
this time WE should be low, causing the data to be written
into all four banks of DRAMs. At the end of the write cycle,
the input address is incremented and latched by the
DP8409A for the next write cycle. This method is slower
than Mode 3a since the processor must perform the incre-
menting and accessing. Thus the processor is occupied dur-
ing RAM initialization, and is not free for other initialization

*Resistors required depends on
DRAM load.

DRAMs MAYBE 16K, 84K OR 256K

FOR 4 BANKS, CAN DRIVE 16 DATA BITS

+6 CHECK BITS FOR ECC

FOR 2 BANKS, CAN DRIVE 32 DATA BITS

+7 CHECK BITS FOR ECC
FOR 1 BANK, CAN DRIVE 64 DATA BITS J—
+8 CHECK BITS FOR ECC $|RAS
\aZ R a7
| WE 2
| % A0-6. 7. 8
INPUT CAS I_____> TASIN RAS 3
ALE r——» ADS RAS 2 —
80 AS 1 R —>| RAS
| RS 0 1 —>|TAs  BaNk
R0-6, 7,8 WE 1
A0-15, 17, 19
-6, 7.
€06,7.8 h0-6.7.8
| DPB409A
»| 81

INPUT RAS r—-———b RASIN

operations. However, initialization sequence timing is under
system control, which may provide some system advantage.

MODE 4—EXTERNALLY CONTROLLED ACCESS

This mode facilitates externally controlling all access-timing
parameters associated with the DRAMs. The application of
modes 0 and 4 are shown in Figure 6.

Output Address Selection

Refer to Figure 7a. With M2 (RFSH) and R/C high, the row
address latch contents are transferred to the muitiplexed
address bus output Q0-Q8, provided CS is set low. The
column address latch contents are output after R/C goes
low. RASIN can go low after the row addresses have been
set up on Q0-Q8. This selects one of the RAS outputs,
strobing the row address on the Q outputs into the desired
bank of memory. After the row-address hold-time of the
DRAMSs, R/C can go low so that about 40 ns later column
addresses appear on the Q outputs.

BANK
3

§ LA A J
3
MIHIHHniyY

TAS

ROW/COLUMN SEL '——_§ R/T WE

BANK
0

3* 4
> 2
< <
‘PP
€ O D
"',mlm

—>

wm[___,,,—m

I A GND—I—I—I—

M2 T oM omo

16Ks, 64Ks, 256Ks

A 2,

TL/F/8409-14

FIGURE 6. Typical Application of DP8409A Using External Control Access and Refresh in Modes 0 and 4
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DP8409A Functional Mode Descriptions (continued)
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*INDICATES DYNAMIC RAM
ADS (ALE) ) oS PARAMETERS
-~ —_—]

«———WASA—|«——1AHA _—"

SYSTEM
ADDRESS % ADDRESS VALID W
BUS
RASIN ' ’
RASIN I [

v60v8dd

e ] I_—
—

R/C I
UTPUTS < thpaL = treo Ml l
RAS 0,1,2,3 spd {RHA [«— l —
< tapd—=] tASR* |[=—tRan—=| —! theR |+
08 ROWS VALID COLUMNS VALID j( ROWS
S —{tasc [=—teac-——]
s — s — | |

| RAC

DRAM DATA OUT < DATA OUT VALID )—

TL/F/8409-15
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FIGURE 7b. Write Cycle Timing (Mode 4)
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DP8409A Functional Mode Descriptions (Continued)

Automatic CAS Generation

In a normal memory access cycle CAS can be derived from
inputs CASIN or R/C. If CASIN is high, then R/C going low
switches the address output drivers from rows to columns.
CASIN then going low causes CAS to go low approximately
40 ns later, allowing CAS to occur at a predictable time (see
Figure 7b). If CASIN is low when R/C goes low, CAS will be
automatically generated, following the row to column tran-
sition by about 20 ns (see Figure 7a). Most DRAMs have a
column address set-up time before CAS (tagc) of 0 ns or
—10 ns. In other words, a tasc greater than 0 ns is safe.

Fast Memory Access

AC parameters tpiF4, tpjF2 may be used to determine the
minimum delays required between RASIN, R/C, and CASIN
(see Application Brief 9; “Fastest DRAM Access Mode”).

MODE 5—AUTOMATIC ACCESS WITH HIDDEN REFRESH

The Auto Access with Hidden Refresh mode has two ad-
vantages over the Externally Controlled Access mode, due
to the fact that all outputs except WE are initiated from
RASIN. First, inputs R/C and CASIN are unnecessary and
can be used for other functions (see Refreshing, below).
Secondly, because the output control signals are derived
internally from one input signal (RASIN), timing-skew prob-
lems are reduced, thereby reducing memory access time
substantially or allowing use of slower DRAMs. The auto-
matic access features of Mode 5 (and Mode 6) of the
DP8409A make DRAM accessing appear essentially “stat-
ic”.

Automatic Access Control

The major disadvantage of DRAMs compared to static
RAMs is the complex timing involved. First, a RAS must
occur with the row address previously set up on the multi-
plexed address bus. After the row address has been held
for tgaH, (the Row-Address hold-time of the DRAM), the
column address is set up and then CAS occurs. This is all
performed automatically by the DP8409A in this mode.

Provided the input address is valid as ADS goes low, RASIN
can go low any time after ADS. This is because the selected
RAS occurs typically 27 ns later, by which time the row ad-
dress is already valid on the address output of the
DP8409A. The Address Set-Up time (tasRr), is 0 ns on most
DRAMs. The DP8409A in this mode (with ADS and RASIN
edges simultaneously applied) produces a minimum tagg of
0 ns. This is true provided the input address was valid tosa
before ADS went low (see Figure 8a).

Next, the row address is disabled after tgaq (30 ns mini-
mum); in most DRAMs, tgaq minimum is less than 30 ns.

The column address'is then set up and tasc later, CAS °

occurs. The only other control input required is WIN. When
a write cycle is required, WIN must:go low at least 30 ns
before CAS is output low.

This gives a total typical delay from: input address valid to
RASIN (15 ns); to RAS (27 ns); to rows held (50 ns); to
columns valid (25 ns); to CAS (23 ns) = 140 ns (that is,
125 ns from RASIN). All of these typcial figures are for
heavy capacitive loading, of approximately 88 DRAMSs.

This mode is therefore extremely fast. The external timing is
greatly simplified for the memory system designer: the only
system signal required is RASIN.

Refreshing

Because R/C and CASIN are not used in this mode, R/C
becomes RFCK (refresh clock) and CASIN becomes RGCK
(RAS generator clock). With these two signals it is possible
to peform refreshing without extra ICs, and without holding
up the processor.

One refresh cycle must occur during each refresh clock pe-
riod and then the refresh address must be incremented to
the next refresh cycle. As long as 128 rows are refreshed
every 2 ms (one row every 16 us), all 16k and 64k DRAMs
will be correctly refreshed. The cycle time of RFCK must,
therefore, be less than 16 ps. RFCK going high sets an
internal refresh-request flip-flop. First the DP8409A will at-
tempt to perform a hidden refresh so that the system
throughput will not be affected. If, during the time RFCK is
high, CS on the DP8409A goes high and RASIN occurs, a
hidden refresh will occur. In this case, RASIN should be
considered a common read/write strobe. In other words, if
the processor is accessing elsewhere (other than the
DRAMSs) while RFCK is high, the DP8409A will perform a
refresh. The refresh counter is enabled to the address out-
puts whenever CS goes high with RFCK high, and all RAS
outputs follow RASIN. If a hidden refresh is taking place as
RFCK goes low, the refresh continues. At the start of the
hidden refresh, the refresh-request flip-flop is reset so no
further refresh can occur until the next RFCK period starts
with the positive-going edge of RFCK. Refer to Figure 9.
To determine the probability of a Hidden Refresh occurring,
assume each system cycle takes 400 ns and RFCK is high
for 8 us, then the system has 20 chances to not select the
DP8409A. If during this time a hidden refresh did not occur,
then the DP8409A forces a refresh while RFCK is low, but
the system chooses when the refresh takes place. After
RFCK goes low, (and the internal-request flip-flop has not
been reset), RF 1/0 goes low indicating that a refresh is
requested to the system. Only when the system acknowl-
edges this request by setting M2 (RFSH) low does the
DP8409A initiate a forced refresh (which is performed auto-
matically). Refer to Mode 1, and Figure 3. The internal re-
fresh request flip-flop is then reset.

Figure 9-illustrates the refresh alternatives in Mode 5. If a
hidden refresh has occurred and CS again goes high before
RFCK goes low, the chip is deselected. All the control sig-
nals go high-impedance high (logic “1”) and the address
outputs go TRI-STATE until CS again goes low. This mode
(combined with Mode 1) allows very fast access, and auto-
matic refreshing (possibly not even slowing down the sys-
tem), with no extra ICs. Careful system design can, and
should, provide a higher probability of hidden refresh occur-
ring. The duty cycle of RFCK need not be 50-percent; in
fact, the low-time should be designed to be a minimum. This
is determined by the worst-case time (required by the sys-
tem) to respond to the DP8409A’s forced-refresh request.
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DP8409A Functional Mode Descriptions (continued)
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DP8409A Functional Mode Descriptions (continued)
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DP8409A Functional Mode Descriptions (continued)

TABLE Il. Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,
B1 BO
0 0 RASo
0 1 RAS4
1 0 RAS,
1 1 RAS3

Note that RASIN going low earlier than tcgRy after CS goes
low may result in the DP8409A interpreting the RASIN as a
hidden refresh RASIN if no hidden refresh has occurred in
the current RFCK cycle. In this case, all RAS outputs would
go low for a short time. Thus, it is suggested that when
using Mode 5, RASIN should be held high until togg, after
CS goes low if a refresh is not intended. Similarly, CS should
be held low for a minimum of togg after RASIN returns high
when ending the access in Mode 5.

MODE 6—FAST AUTOMATIC ACCESS

The Fast Access mode is similar to Mode 5, but has a faster
traH of 20 ns, minimum. It therefore can only be used with
fast 16k or 64k DRAMs (which have a tran of 10 ns to
15 ns) in applications requiring fast access times; RASIN to
CAS is typically 105 ns.

In this mode, the R/C (RFCK) pin is not used, but CASIN
(RGCK) is used as CASIN to allow an extended CAS after
RAS has already terminated. Refer to Figure 8b. This is de-

sirable with fast cycle-times where RAS has to be terminat-
ed as soon as possible before the next RAS begins (to meet
the precharge time, or tgp, requirements of the DRAM).
CAS may then be heid low by CASIN to extend the data
output valid time from the DRAM to allow the system to read
the data. CASIN subsequently going high ends CAS. If this
extended CAS is not required, CASIN should be set high in
Mode 6.

There is no internal refresh-request flip-flop in this mode, so
any refreshing required must be done by entering Mode 0 or
Mode 2.

MODE 7—SET END-OF-COUNT

The End-of-Count can be externally selected in Mode 7,
using ADS to strobe in the respective value of B1 and BO
(see Table Ill). With B1 and BO the same EOC is 127; with
B1 = 0 and BO = 1, EOC is 255; and with B1 = 1 and BO
= 0, EOC is 511. This selected valus of EOC will be used
until the next Mode 7 selection. At power-up the EOC is
automatically set to 127 (B1 and BO set to 11).

TABLE lll. Mode 7

Bank Select
(Strobed by ADS) End of Count
Selected

B1 BO

0 0 127

0 1 255

1 0 511

1 1 127

-10

0 200

600 800 1000
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FIGURE 10. Change in Propagation Delay vs. Loading Capacitance Relative to a 500 pF Load
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DP8409A

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Maximum Power Dissipation* at 25°C
Cavity Package
Molded Package

3542 mW
2833 mW

*Derate cavity package 23.6 mW/°C above 25°C; derate molded package
22.7 mW/°C above 25°C.

Supply Voltage, Voo 7.0V

Storage Temperature Range —65°Cto +150°C oPerating Conditions

Input Voltage 5.5V Min Max Units
Output Current 150 mA Vec Supply Voltage 4.75 5.25 v
Lead Temperature (Soldering, 10 seconds) 300°C Ta Ambient Temperature 0 +70 °C
Electrical Characteristics Voe = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 6)

Symbol Parameter Condition Min Typ Max Units
Vo Input Clamp Voltage Vee = Min, I = —12mA —-0.8 -1.2 v
liH1 Input High Current for ADS, R/C Only ViN = 2.5V 2.0 100 MA
liH2 Input High Current for All Other Inputs* VIN = 2.5V 1.0 50 MA
1RSI Output Load Current for RF I/0 V|N = 0.5V, Output High —-1.5 —-25 mA
1| CTL Output Load Current for RAS, CAS, WE V)N = 0.5V, Chip Deselect -15 -25 mA
TR} Input Low Current for ADS, R/C Only ViN = 0.5V -0.1 -1.0 mA
liLe Input Low Current for All Other Inputs™ ViN = 0.5V -0.05 —-0.5 mA
ViL Input Low Threshold 0.8 \"
ViH Input High Threshold 2.0 Vv
VoLt Output Low Voltage* loL = 20 mA 0.3 0.5 \"
VoL2 Output Low Voltage for RF 1/0 loL = 10 mA 0.3 0.5 \
VoH1 Output High Voltage* loH= —1mA 24 3.5 Vv
VoHz Output High Voltage for RF 1/0 lon = — 100 nA 24 3.5 \"
lip Output High Drive Current* Vout = 0.8V (Note 3) —200 mA
lop Output Low Drive Current* Vout = 2.7V (Note 3) 200 mA
a0 | 10 [ 0 | om
Icc Supply Current Voo = Max 250 325 mA

*Except RF 1/0 Output.

Switching Characteristics: DP8409A/DP8409A-3
Voo = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0-RAS3, C| =
150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409 8409A-3 Units
Min | Typ | Max | min | Typ | max

ACCESS

tRICL RASIN to CAS Output Delay (Mode 5) | Figure 8a 95 125 160 95 125 185 ns
tRICL RASIN to CAS Output Delay (Mode 6) | Figures8a, 86 | 80 105 | 140 80 105 160 ns
tRICH RASIN to CAS Output Delay (Mode 5) | Figure 8a 40 48 60 40 48 70 ns
tRICH RASIN to CAS Output Delay (Mode 6) | Figures 8a,8b | 50 63 80 50 63 95 ns
iRCDL RAS to CAS Output Delay (Mode 5) Figure 8a 98 125 98 145 ns
trReoL RAS to CAS Output Delay (Mode 6) Figures 8a, 8b 78 105 78 120 ns
tRCDH RAS to CAS Output Delay (Mode 5) Figure 8a 27 40 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 8a 40 65 40 65 ns
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Switching Characteristics: DP8409A/DP8409A-3 (Continued)
Vg = 5.0V £5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0-RAS3, C| =
150 pF; WE, C = 500 pF; CAS, C|_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified

with all outputs switching.

Symbol Parameter Conditions DP8409A DP8409A-3 Units
Min | Typ I Max | Min T Typ rMax

ACCESS (Continued)

tcCDH CASIN to CAS Output Delay (Mode 6) Figure 8b 40 | 54 | 70 | 40 | 54 | 80 | ns
tRAH Row Address Hold Time (Mode 5) Figure 8a 30 30 ns
tRAH Row Address Hold Time (Mode 6) Figures 8a, 8b 20 20 ns
tasc Column Address Setup Time (Mode 5) Figure 8a 8 8 ns
tasc Column Address Setup Time (Mode 6) Figures 8a, 8b 6 6 ns
trov RASIN to Column Address Valid (Mode 5) Figure 8a 90 | 120 90 | 140 | ns
tRov RASIN to Column Address Valid (Mode 6) Figures 8a, 8b 75 | 105 75 | 120 | ns
tRPDL RASIN to RAS Delay Figures 7a, 7b,8a,8b | 20 | 27 | 35 | 20 | 27 | 40 ns
tRPDH RASIN to RAS Delay Figures 7a, 7b, 8a, 8b 15 | 23 | 382 | 15 | 23 | 37 ns
tAPDL Address Input to Output Low Delay Figures 7a, 7b, 8a, 8b 25 40 25 46 ns
tAPDH Address Input to Output High Delay Figures 7a, 7b, 8a, 8b 25 40 25 46 ns
tsppL Address Strobe to Address Output Low Figures 7a, 7b 40 | 60 40 | 70 ns
tsPDH Address Strobe to Address Output High Figures 7a, 7b 40 | 60 40 | 70 ns
tasa Address Set-Up Time to ADS Figures 7a, 7b, 8a, 8b 15 15 ns
tAHA Address Hold Time from ADS Figures 7a, 7b, 8a, 8b 15 15 ns
taDs Address Strobe Pulse Width Figures 7a, 7b, 8a, 8b 30 30 ns
twPDL WIN to WE Output Delay Figure 7b 15| 25 | 30 | 15| 25 | 35 ns
twPDH WIN to WE Output Delay Figure 7b 15| 30 | 60 | 15| 30 | 70 ns
tcRs CASIN Set-Up Time to RASIN High (Mode 6) | Figure 8b 35 35 ns
toppL CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 32 | 41 | 68 | 32 | 41 | 77 ns
tcPDH CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 25 | 39 | 50 | 25 | 39 | 60 ns
trcc Column Select to Column Address Valid Figure 7a 40 | 58 40 | 67 ns
tRCR Row Select to Row Address Valid Figures 7a, 7b 40 58 40 67 ns
tRHA Row Address Held from Column Select Figure 7a 10 10 ns
tcocas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 65 | 90 ns
tDIF1 Maximum (trppL — tRHA) See Mode 4 Descrip. 13 18 ns
tDiF2 Maximum (trcc — tcppL) See Mode 4 Descrip. 13 18 ns
REFRESH

tRc Refresh Cycle Period Figure 2 100 100 ns
tRASINL, H | Pulse Width of RASIN during Refresh Figure 2 50 50 ns
tRFPDL RASIN to RAS Delay during Refresh Figures 2, 9 35 | 50 | 70 | 35 | 50 | 80 ns
tREPDH RASIN to RAS Delay during Refresh Figures 2, 9 30 | 40 | 55 | 30 | 40 | 65 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figures 2, 3, 4 47 | 60 47 | 70 ns
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DP8409A

Switching Characteristics: DP8409A/DP8409A-3 (Continued)
Vce = 5.0V £5%, 0°C < T < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0-RASS, C| =
150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k€2 unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

DP8409A

DP8409A-3

Symbol Parameter Conditions Units
Min | Typ | Max | Min | Typ | Max
REFRESH (Continued)
tRFHRV RFSH High to Row Address Valid Figures 2, 3 45 | 60 45 | 70 ns
trRoHNe | RAS High to New Count Valid Figures 2, 4 30 | 55 30 | 55 ns
trieoc | RASIN Low to End-of-Count Low CL = 50 pF, Figure 2 80 80 ns
treoc | RASIN High to End-of-Count High CL = 50 pF, Figure 2 80 80 [ ns
trgeos | RGCK Low to End-of-Burst Low CL = 50 pF, Figure 4 95 95 ns
tmceos | Mode Change to End-of-Burst High CL = 50 pF, Figure 4 75 75 ns
tRsT Counter Reset Pulse Width Figure 2 70 70 ns
toTL RF 170 Low to Counter Outputs All Low Figure 2 100 100 ns
tRFCKL, H | Minimum Pulse Width of RFCK Figure 9 100 100 ns
T Period of RAS Generator Clock Figure 3 100 100 ns
tRGCKL Minimum Pulse Width Low of RGCK Figure 3 35 40 ns
trRgckH | Minimum Pulse Width High of RGCK Figure 3 35 40 ns
trRQL RFCK Low to Forced RFRQ Low CL = 50 pF, Figure 3 20 | 30 20 | 30 ns
tFRQH RGCK Low to Forced RFRQ High CL = 50 pF, Figure 3 50 | 75 50 | 75 ns
tRGRL RGCK Low to RAS Low Figure 3 50 | 65 95 | 50 | 65 | 95 ns
tRGRH RGCK Low to RAS High Figure 3 40 | 60 | 85 | 40 | 60 | 85 ns
troHRr | RFSH Hold Time from RFSH RQST (RF I/0) | Figure 3 2T 2T ns
tRFRH RFSH High to RAS High (ending forced RFSH) | See Mode 1 Descrip. | 55 | 80 | 110 | 55 | 80 | 125 | ns
tRFSRG RFSH Low Set-Up to RGCK Low (Mode 1) See Mode 1 Descrip. 35 40 ns
tcser CS High to RFSH Counter Valid Figure 9 55 | 70 55 | 75 ns
tcsAL CS Low to Access RASIN Low See Mode 5 Descrip. | 30 30 ns
TRI-STATE
tzH CS Low to Address Output High from Hi-Z /:?u;e;?k’fiz . a5 | 60 35 | 60 ns
thz CS High to Address Output Hi-Z from High CL = 15pF,
Figures 9, 12, 20 | 40 20 | 40 ns
R2 = 1k, S1 Open
tzL CS Low to Address Output Low from Hi-Z /:,;;u;ezzk%z . 35 | o 35 | 6o ns
tLz CS High to Address Output Hi-Z from Low CL = 15pF,
Figures 9, 12, 25 | 50 25 | 50 ns
R1 = 1k, S2 Open
tHZH ﬁlszl_z\:; :10 Control Output High from /l:lgtiei 596 !75,31 open 50 | 8o 50 | 80 ns
tHHZ CS High to Control Output Hi-Z High CL = 15pF,
from High Figures 9, 12, 40 | 75 40 | 75 ns
R2 = 7500, S1 Open
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Switching Characteristics: DP8409A/DP8409A-3 (Continued)

Voe = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMSs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0-RAS3, C| =
150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 k) unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions DP8409A DP8409A-3 Units
Min | Typ | Max | min | Typ | Max

TRI-STATE (Continued)
thzL CS Low to Control Output Low from | Figure 12,

Hi-Z High S1, 52 Open 4 1 75 4 | 75 | s
tLHzZ CS High to Control Output Hi-Z High | C_ = 15 pF,

from Low Figure 12, 50 80 50 80 ns

R2 = 7500, S1 Open

Switching Characteristics: DP8409A-2

Vce = 5.0V £5%, 0°C < Ta < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMSs including trace capacitance. These values are: Q0-Q8, C| = 500 pF; RAS0-RAS3, C| =
150 pF; WE, G = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409A-2 Units
Min I Typ I Max

ACCESS

tRiCL RASIN to CAS Output Delay (Mode 5) Figure 8a 75 100 130 ns
tRiCL RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 65 90 115 ns
tRICH RASIN to CAS Output Delay (Mode 5) Figure 8a 40 48 60 ns
tRICH RASIN to CAS Output Delay (Mode 6) Figures 8a, 8b 50 63 80 ns
trcoL RAS to CAS Output Delay (Mode 5) Figure 8a 75 100 ns
trooL RAS to CAS Output Delay (Mode 6) Figures 8a, 8b 65 85 ns
tRcDH RAS to CAS Output Delay (Mode 5) Figure 8a 27 40 ns
tRCDH RAS to CAS Output Delay (Mode 6) Figure 8a 40 65 ns
tcCDH CASIN to CAS Output Delay (Mode 6) Figure 8b 40 54 70 ns
tRAH Row Address Hold Time (Mode 5) (Note 7) Figure 8a 20 ns
tRAH Row Address Hold Time (Mode 6) (Note 7) Figures 8a, 8b 12 ns
tasc Column Address Set-Up Time (Mode 5) Figure 8a 3 ns
tasc Column Address Set-Up Time (Mode 6) Figures 8a, 8b 3 ns
trov RASIN to Column Address Valid (Mode 5) Figure 8a 80 105 ns
trov RASIN to Column Address Valid (Mode 6) Figures 8a, 8b 70 90 ns
tRPDOL RASIN to RAS Delay Figures 7a, 7b, 8a, 8b 20 27 35 ns
tRPDH RASIN to RAS Delay Figures 7a, 7b, 8a, 8b 15 23 32 ns
tAPDL Address Input to Output Low Delay Figures 7a, 7b, 8a, 8b 25 40 ns
tAPDH Address Input to Output High Delay Figures 7a, 7b, 8a, 8b 25 40 ns
tsppL Address Strobe to Address Output Low Figures 7a, 7b 40 60 ns
tSPDH Address Strobe to Address Output High Figures 7a, 7b 40 60 ns
tasA Address Set-Up Time to ADS Figures 7a, 7b, 8a, 8b 15 ns
tAHA Address Hold Time from ADS Figures 7a, 7b, 8a, 8b 15 ns
tADS Address Strobe Pulse Width Figures 7a, 7b, 8a, 8b 30 ns
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DP8409A

Switching Characteristics: DP8409A-2 (Continued)
Voe = 5.0V £5%, 0°C < Tp < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, Cp = 500 pF; RASO-RAS3, C| =
150 pF; WE, C_ = 500 pF; CAS, C__ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ} unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409A-2 Units
Min | Typ l Max

ACCESS (Continued)

twPDL WIN to WE Output Delay Figure 7b 15 25 30 ns
twPDH WIN to WE Output Delay Figure 7b 15 30 60 ns
tcRs CASIN Set-Up Time to RASIN High (Mode 6) Figure 8b 35 ns
tcPDL CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 32 41 58 ns
tePDH CASIN to CAS Delay (R/C Low in Mode 4) Figure 7b 25 39 50 ns
trcc Column Select to Column Address Valid Figure 7a 40 58 ns
tRCR Row Select to Row Address Valid Figures 7a, 7b 40 58 ns
tRHA Row Address Held from Column Select Figure 7a 10 ns
tccas R/C Low to CAS Low (Mode 4 Auto CAS) Figure 7a 55 75 ns
tpIFt Maximum (tgppL — tRHA) See Mode 4 Descript. 13 ns
tpiF2 Maximum (trcc — tcppL) See Mode 4 Descript. 13 ns
REFRESH

trc Refresh Cycle Period Figure 2 100 ns
tRASINL, H Pulse Width of RASIN during Refresh Figure 2 50 ns
tREPDL RASIN to RAS Delay during Refresh Figures 2, 9 35 50 70 ns
tREPDH RASIN to RAS Delay during Refresh Figures 2, 9 30 40 55 ns
tRFLCT RFSH Low to Counter Address Valid CS = X, Figures 2, 3, 4 47 60 ns
tRFHRV RFSH High to Row Address Valid Figures 2, 3 45 60 ns
tROHNG RAS High to New Count Valid Figures 2, 4 30 55 ns
tRLEOC RASIN Low to End-of-Count Low C, = 50 pF, Figure 2 80 ns
tRHEOC RASIN High to End-of-Count High CL = 50 pF, Figure 2 80 ns
trRGgEOB RGCK Low to End-of-Burst Low CL = 50 pF, Figure 4 95 ns
tmceoB Mode Change to End-of-Burst High CL = 50 pF, Figure 4 75 ns
trsT Counter Reset Pulse Width Figure 2 70 ns
toTL RF 170 Low to Counter Outputs All Low Figure 2 100 ns
tRFCKL, H Minimum Pulse Width of RFCK Figure 9 100 ns
T Period of RAS Generator Clock Figure 3 100 ns
tRGCKL Minimum Pulse Width Low of RGCK Figure 3 35 ns
tRGCKH Minimum Pulse Width High of RGCK Figure 3 35 ns
tFrQL RFCK Low to Forced RFRQ Low CL = 50 pF, Figure 3 20 30 ns
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Switching Characteristics: DP8409A-2 (continued)

Voo = 5.0V £5%, 0°C < T < 70°C (unless otherwise noted) (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMs including trace capacitance. These values are: Q0-Q8, C; = 500 pF; RAS0-RAS3, C| =
150 pF; WE, C_ = 500 pF; CAS, C_ = 600 pF, (unless otherwise noted). See Figure 11 for test load. Switches S1 and S2 are
closed unless otherwise noted, and R1 and R2 are 4.7 kQ unless otherwise noted. Maximum propagation delays are specified
with all outputs switching.

Symbol Parameter Conditions 8409A-2 Units
Min r Typ l Max
REFRESH (Continued)
tFRQH RGCK Low to Forced RFRQ High C_ = 50 pF, Figure 3 50 75 ns
tRGRL RGCK Low to RAS Low Figure 3 50 65 95 ns
tRGRH RGCK Low to RAS High Figure 3 40 60 85 ns
tRQHRF RFSH Hold Time from RFSH RQST (RF 1/0) Figure 3 2T ns
tRFRH RFSH High to RAS High (Ending Forced RFSH) See Mode 1 Descrip. 55 80 110 ns
tRFSRG RFSH Low Set-Up to RGCK Low (Mode 1) See Mode 1 Descrip. 35 ns
tcscT CS High to RFSH Counter Valid Figure 9 55 70 ns
tcsRL CS Low to Access RASIN Low See Mode 5 Descrip. 30 ns
tzH CS Low to Address Output High from Hi-Z Figures 9, 12, 35 60 ns
R1 = 3.5k, R2 = 1.5k
thz CS High to Address Output Hi-Z from High CL = 15pF,
Figures 9, 12, 20 40 ns
R2 = 1k, S1 Open
tz CS Low to Address Output Low from Hi-Z Figures 9, 12, a5 60 ns
R1 = 3.5k, R2 = 1.5k
tz CS High to Address Output Hi-Z from Low CL = 15pF,
Figures 9, 12, 25 50 ns
R1 = 1k, S2 Open
tHzH CS Low to Control Output High from Figures 9, 12, 50 80 ns
Hi-Z High R2 = 7509, S1 Open
tHHZ CS High to Control Output Hi-Z High C_ = 15pF,
from High Figures 9, 12, 40 75 ns
R2 = 7501, S1 Open
tHzL CS Low to Control Output Low from Figure 12, 45 7% ns
Hi-Z High S1, S2 Open
tLHz CS High to Control Output Hi-Z High CL = 15pF,
from Low Figure 12, 50 80 ns
R2 = 7509, S1 Open
Input Capacitance 1, = 25°C (Notes 2, 6)
Symbol Parameter Conditions Min Typ Max Units
Cin Input Capacitance ADS, R/C 8 pF
CiN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for Ty = 25°C and Vgg = 5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing these parameters. In testing

these parameters, a 159 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1
second.

Note 4: Input pulse OV 10 3.0V, tg = tg = 2.5 ns, f = 2.5 MHz, tpwy = 200 ns. Input reference point on AC measurements is 1.5V. Output reference points are 2.7V
for High and 0.8V for Low.

Note 5: The load capacitance on RF 1/0 should not exceed 50 pF.
Note 6: Applies to all DP8409A versions unless otherwise specified.
Note 7: The DP8409A-2 device can only be used with memory devices that meet the tra specification indicated.
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DP8409A

Applications

If external control is preferred, the DP8409A may be used in
Mode 0 or 4, as in Figure 6.

If basic auto access and refresh are required, then in cases
where the user requires the minimum of external complexity,
Modes 1 and 5 are ideal, as shown in Figure 13a. The
DP843X2 is used to provide proper arbitration between
memory access and refresh. This chip supplies ali the nec-
essary control signals to the processor as well as the
DP8409A. Furthermore, two separate CAS outputs are also
included for systems using byte-writing. The refresh clock
RFCK may be divided down from either RGCK using an IC
counter such as the DM74LS393 or better still, the
DP84300 Programmable Refresh Timer. The DP84300 can
provide RFCK periods ranging from 15.4 us to 15.6 us
based on the input clock of 2 to 10 MHz. Figure 13b shows
the general timing diagram for interfacing the DP8409A to
different microprocessors using the interface controller
DP843X2.

ouTPUT Rp
UNDER
TEST 1£Q

TEST POINT

CLa

= TL/F/8409-21
FIGURE 11. Output Load Circuit

If the system is complex, requiring automatic access and
refresh, burst refresh, and all-banks auto-write, then more
circuitry is required to select the mode. This may be accom-
plished by utilizing a PAL®. The PAL has two functions. One
as an address comparator, so that when the desired port
address occurs (programmed in the PAL), the comparator
gates the data into a latch, where it is connected to the
mode pins of the DP8409A. Hence the mode of the
DP8409A can be changed as desired with one PAL chip
merely by addressing the PAL location, and then outputting
data to the mode-control pins. In this manner, all the auto-
matic modes may be selected, assigning R/C as RFCK al-
ways, and CASIN as RGCK always. The output from RF 1/0
may be used as End-of-Count to an interrupt, or Refresh
Request to HOLD or BUS REQUEST. A complex system
may use Modes 5 and 1 for automatic access and refresh,
Modes 3a and 7 for system initialization, and Mode 2 (auto-
burst refresh) before and after DMA.

Voo tHHZ |-

—{1LHZ,
[+ "—

FIGURE 12. Waveform

TL/F/8409~22
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FIGURE 13a. Connecting the DP8409A Between the 16-Bit Microprocessor and Memory
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

National
Semiconductor

PRELIMINARY

DP8417/NS32817,8418/32818, 8419/32819, 8419X/
32819X 64k, 256k Dynamic RAM Controller/Drivers

General Description

The DP8417/8418/8419/8419X represent a family of 256k
DRAM Controller/Drivers which are designed to provide
“No-Waitstate” CPU interface to Dynamic RAM arrays of up
to 2 Mbytes and larger. Each device offers slight functional
variations of the DP8419 design which are tailored for differ-
ent system requirements. All family members are fabricated
using National’s new oxide isolated Advanced Low power
Schottky (ALS) process and use design techniques which
enable them to significantly out-perform all other LS| or dis-
crete alternatives in speed, level of integration, and power
consumption.

Each device integrates the following critical 256k DRAM
controller functions on a single monolithic device: ultra pre-
cise delay line; 9-bit refresh counter; fall-through row, col-
umn, and bank select input latches; Row/Column address
muxing logic; on-board high capacitive-load RAS, CAS, and
Write Enable & Address output drivers; and, precise control
signal timing for all the above.

There are four device options of the basic DP8419 Control-
ler. The DP8417 is pin and function compatible with the
DP8419 except that its outputs are TRI-STATE®. The
DP8418 changes one pin and is specifically designed to
offer an optimum interface to 32 bit microprocessors. The
DP8419X is functionally identical to the DP8419, but is avail-
able in a 52-pin DIP package which is upward pin compati-
ble with National’s new DP8429D 1 Mbit DRAM Controller/
Driver.

Each device is available in plastic DIP, Ceramic DIP, and
Plastic Chip Carrier (PCC) packaging. (Continued)

Operational Features

B Makes DRAM Interface and refresh tasks appear virtu-
ally transparent to the CPU, making DRAMs as easy to
use as static RAMs

m Specifically designed to eliminate CPU wait states up to
10 MHz or beyond

m Eliminates 15 to 20 SSI/MSI components for significant
board real estate reduction, system power savings and
the elimination of chip-to-chip AC skewing

m On-board ultra precise delay line

m On-board high capacitive RAS, CAS, WE, and address
drivers (specified driving 88 DRAMs directly)

m AC specified for directly addressing up to 8 Megabytes

m Low power/high speed bipolar oxide isolated process

m Upward pin and function compatible with new DP8428/
DP8429 1 Mbit DRAM controller drivers

m Downward pin and function compatible with DP8408A/
DP8409A 64k/256k DRAM controller/drivers

W 4 user selectable modes of operation for Access and
Refresh (2 automatic, 2 external)

Contents
m System and Device Block Diagrams
® Recommended Companion Components
m Device Connection Diagrams and Pin Definitions
m Family Device Differences
(DP8419 vs DP8409A, 8417, 8418, 8419X)
B Mode of Operation
(Descriptions and Timing Diagrams)
m Application Description and Diagrams
m DC/AC Electrical Specifications, Timing Diagrams and
Test Conditions

System Diagram
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General Description (continued)

In order to specify each device for “true” worst case operat-
ing conditions, all timing parameters are guaranteed while
the chip is driving the capacitive load of 88 DRAMSs includ-
ing trace capacitance. The chip’s delay timing logic makes
use of a patented new delay line technique which keeps
A.C. skew to £3 ns over the full Vo range of £10% and
temperature range of —55°C to +125°C. The DP8417,
DP8418, DP8419, and DP8419X guarantee a maximum
RASIN to CASOUT delay of 80 ns or 70 ns even while driv-
ing a 2 Mbyte memory array with error correction check bits
included. Speed selected options of these devices are
shown in the switching characteristics section of this docu-
ment.

With its four independent RAS outputs and nine multiplexed
address outputs, the DP8419 can support up to four banks
of 16k, 64k or 256k DRAMs. Two bank select pins, B1 and
BO, are decoded to activate one of the RAS signals during

an access, leaving the three non-selected banks in the
standby mode (less than one tenth of the operating power)
with data outputs in TRI-STATE.

The DP8419 has two mode-select pins, allowing for two re-
fresh modes and two access modes. Refresh and access
timing may be controlled either externally or automatically.
The automatic modes require a minimum of input control
signals.

A refresh counter is on-chip and is multiplexed with the row
and column inputs. Its contents appear at the address out-
puts of the DP8419 during any refresh, and are incremented
at the completion of the refresh. Row/Column and bank
address latches are also on-chip. However, if the address
inputs to the DP8419 are valid throughout the duration of
the access, these latches may be operated in the fall-
through mode.

System Companion Components

Device # Function

DP84300 Programmable Refresh Timer for DP84xx DRAM Controller
DP84412 NS32008/16/32 to DP8409A/17/18/19/28/29 Interface

DP84512 NS32332 to DP8417/18/19/28/29 Interface

DP84322 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 8 MHz)
DP84422 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 12.5 MHz)
DP84522 68020 to DP8417/18/19/28/29 Interface

DP84432 8086/88/186/188 to DPB8409A/17/18/19/28/29 Interface
DP84532 80286 to DP8409A/17/18/19/28/29 Interface

DP8400-2 16-bit Expandable Error Checker/Corrector

DP8400-4 16-bit Expandable Error Checker/Corrector

DP8402A 32-bit Error Detector and Corrector (EDAC)

1-45

X6182€/X618/6182¢/61¥8/8182€/81¥8/L18CESN/LLY8dA




DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

Block Diagrams
DP8417, 8419 and 8419X
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o
. . _ )
Connection Diagrams (oual-in-Line Package) ®
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TL/F/8396-30

TL/F/8396-29

Order Number DP8417D-70, DP8417D-80, DP8417N-70, DP8417N-80,
DP8418D-70, DP8418D-80, DP8418N-70, DP8418N-80,
DP8419D-70, DP8419D-80, DP8419N-70, DP8419N-80,

DP8419XD-70 or DP8419XD-80.
See NS Package Number D48A, D52A, or N48A
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

Connection Diagrams (continued)

SRe=gz§

GND
GND
R3
R4

RS

ga2=z2g823§

GND
GND
R3
c3
R4

RS

Plastic Chip Carrier Package

Q P

B £E. .

e, zZE&=z £

gi%%%@m&%&s

9 8 7 6 5 4 3 2 1 6867 6665 64 63 62 61
10 60
1 59
12 58
13 57
14 56
15 55
16 54
17 53
18 DP8418 52
19 51
20 50
21 ’ 49
2 4
2 47
4 4
25 45
2 44
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

2828285%'2]%"%
o

Plastic Chip Carrier Package

Q ~—

B EE. .

€2 0 12 Sz X

g3 s\g 'Slé’m =Elg s

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61
10 60
11 59
12 58
13 57
14 56
15 55
16 54
17 53
1 it o
19 51
20 50
21 49
22 48
23 47
24 46
25 45
26 44
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

28528z
2212

]
Q2
Q3
Q4
GND
GND
Qs

Vee

L
Q7
8
CAS
RAS3

RAS3

Order Number DP8417V-70, DP8417V-80, DP8418V-70,

DP8418V-80, DP8419V-70 or DP8419V-80
See NS Package Number V68A
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Family Device Differences
DP8417 vs DP8419

The DP8417 is identical to the DP8419 with the exception
that its RAS, CAS, WE and Q (Multiplexed Address) outputs
are TRI-STATE when CS (Chip Select) is high and the chip
is not in a refresh mode. This feature allows access to the
same DRAM array through multiple DRAM Controller/Driver
DP8417s. All AC specifications are the same as the DP8419
except tcsrLo which is 34 ns for the DP8417 versus 5 ns
for the DP8419. Separate delay specifications for the TRI-
STATE timing paths are provided in the AC tables of this
data sheet.

DP8418 vs DP8419

The DP8418 DYNAMIC RAM CONTROLLER/DRIVER is
identical to the DP8419 with the exception of two functional
differences incorporated to improve performance with 32-bit
microprocessors.

1) Pin 26 (B1) is used to enable/disable a pair of RAS out-
puts, and pin 27 (BO on the DP8419) is a no connect.
When B1 is low, RASO and RAS1 are enabled such that
they both go low during an access. When B1 is high,
RAS2 and RASS are enabled. This feature is useful when
driving words to 32 bits or more since each RAS would
be driving only one half of the word. By distributing the
load on each RAS line in this way, the DP8418 will meet
the same AC specifications driving 2 banks of 32 DRAMs
each as the DP8419 does driving 4 banks of 16 bits each.

2) The hidden refresh function available on the DP8419 has
been disabled in order to reduce the amount of setup
time necessary from CS going low to RASIN going low
during an access of DRAM. This parameter, called
tcsRL1, is 5 ns for the DP8418 whereas it is 34 ns for the
DP8419. The hidden refresh function only allows a very
small increase in system performance, at best, at micro-
processor frequencies of 10 MHz and above.

DP8419 vs DP8409A

The DP8419 High Speed DRAM Controller/Driver combines
the most popular memory control features of the
DP8408A/9A DRAM Controller/Driver with the high speed
of bipolar oxide isolation processing.

The DP8419 retains the high capacitive-load drive capability
of the DP8408A/9A as well as its most frequently used ac-
cess and refresh modes, allowing it to directly replace the
DP8408A/9A in applications using only modes 0, 1, 4 and 5.
Thus, the DP8419 will allow most DP8408A/9A users to
directly upgrade their system by replacing their old control-
ler chip with the DP8419.

The highest priority of the DP8419 is speed. By peforming
the DRAM address multiplexing, control signal timing and
high-capacitive drive capability on a single chip, propagation
delay skews are minimized. Emphasis has been placed on
reducing delay variation over the specified supply and tem-
perature ranges.

Except for the following, a DP8419 will operate essentially
the same as a DP8409A.

1) The DP8419 has significantly faster AC performance.

2) The DP8419 can replace the DP8409A in applications
which use modes 0, 1, 4, and 5. Modes 2, 3, 6, and 7 of
the DP8409A are not available on the DP8419.

3) Pin 4 on the DP8419 is RAHS instead of M1, as on the
DP8409A, and allows for two choices of tgan in mode 5.

4) RFI/0 does not function as an end-of-count signal in
Mode 0 on the DP8419 as it does on the DP8409A.

5) DP8419 address and control outputs do not TRI-STATE
when TS is high as on the DP8409A. DP8419 control
outputs are active high when CS is high (unless refresh-
ing).

Pin Definitions

Vece, GND, GND — Voo = 5V £10%. The three supply
pins have been assigned to the center of the package to
reduce voltage drops, both DC and AC. There are two
ground pins to reduce the low level noise. The second
ground pin is located two pins from Vg, so that decoupling
capacitors can be inserted directly next to these pins. It is
important to adequately decouple this device, due to the
high switching currents that will occur when all 9 address
bits change in the same direction simultaneously. A recom-
mended solution would be a 1 uF multilayer ceramic capaci-
tor in parallel with a low-voltage tantalum capacitor, both
connected as close as possible to Vcc and GND to reduce
lead inductance. See Figure below.

i T
*MULTILAYER
CERAMIC T T

*TANTALUM
TL/F/8396-4

*Capacitor vaiues should be chosen depending on the particular application.
RO0-R8: Row Address Inputs.

C0-C8: Column Address Inputs.

QO0-Q8: Multiplexed Address Outputs - This address is
selected from the Row Address Input Latch, the Column
Address Input Latch or the Refresh Counter.

RASIN: Row Address Strobe Input - RASIN directly con-
trols the selected RAS output when in an access mode and
all RAS outputs during hidden or external refresh.

R/C (RFCK) - In the auto-modes this pin is the external
refresh clock input; one refresh cycle should be performed
each clock period. In the external access mode it is Row/
Column Select Input which enables either the row or column
address input latch onto the output bus.

CASIN (RGCK) - In the auto-modes this pin is the RAS
Generator Clock input. In external access mode it is the
Column Address Strobe input which controls CAS directly
once columns are enabled on the address outputs.

ADS: Address (Latch) Strobe Input - Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; latching occurs on high-to-low transition of ADS.
CS: Chip Select Input - When high, CS disables all access-
es. Refreshing, however, in both modes 0 and 1 is not af-
fected by this pin.

MO, M2 (RFSH): Mode Control Inputs - These pins select
one of the four available operational modes of the DP8419
(see Table lll).

RFI/0: Refresh Input/Output - In the auto-modes this pin
is the Refresh Request Output. It goes low following RFCK

GND O-
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Pin Definitions (continued)

indicating that no hidden refresh was performed while RFCK
was high. When this pin is set low by an external gate the
on-chip refresh counter is reset to all zeroes.

WIN: Write Enable Input.

WE: Write Enable Output - WE follows WIN unconditional-
ly.

RAHS: Row Address Hold Time Select - Selects the traH
to be generated by the DP8419 delay line to allow use with
fast or slow DRAMs.

CAS: Column Address Strobe Output - In mode 5 and in
mode 4 with CASIN low before R/C goes low, CAS goes
low automatically after the column address is valid on the
address outputs. In mode 4 CAS follows CASIN directly af-
ter R/C goes low, allowing for nibble accessing. CAS is al-
ways high during refresh.

RAS 0-3: Row Address Strobe Outputs - The enabled
RAS output (see Table Il) follows RASIN directly during an
access. During refresh, all RAS outputs are enabled.

B0, B1: Bank Select Inputs - These pins are decoded to
enable one of the four RAS outputs during an access (see
Table | and Table II).

TABLE |. DP8417, DP8419, DP8419X

Memory Bank Decode
Bank Select
(Strobed by ADS) Enabled RAS,
B1 B0
0 0 RASg
0 1 RAS
1 0 RAS,
1 1 RAS;
TABLE Il. DP8418 Memory Bank Decode
Bank Select
(Strobed by ADS) Enabled RAS,
B1 NC
0 X RASp and RAS4
1 X RAS, and RAS3

Conditions for All Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a col-
umn-address latch, and a resettable refresh counter. The
address latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after CAS goes low at the end of the memory
cycle, ADS can be permanently high. Otherwise ADS must
go low while the addresses are still valid.

DRIVE CAPABILITY

The DP8419 has timing parameters that are specified driv-
ing the typical capacitance (including traces) of 88, 5V-only
DRAMs. Since there are 4 RAS outputs, each is specified
driving one-fourth of the total memory. CAS, WE and the
address outputs are specified driving all 88 DRAMSs.

The graph in Figure 10 may be used to determine the sllght
variations in timing parameters, due to loading con
other than 88 DRAMs

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To reduce these spikes, a damping resistor
(low inductance, carbon) should be inserted between the
DP8419 outputs and the DRAMs, as close as possible to
the DP8419. The damping resistor values may differ de-
pending on how heavily an output is loaded. These resistors
should be determined by the first prototypes (not wire-
wrapped due to the larger distributed capacitance and in-
ductance). Resistors should be chosen such that the tran-
sition on the control outputs is critically damped. Typical
values will be from 150 to 1009, with the lower values be-
ing used with the larger memory arrays. Note that AC pa-
rameters are specified with 15Q damping resistors. For
more information see AN-305 “Precautions to Take When
Driving Memories”.

DP8419 DRIVING ANY 16k, 64k or 256k DRAMs

The DP8419 can drive any 16k, 64k or 256k DRAMSs. All 16k
DRAMs use basically the same configuration, including the
5V-only version. Hence, in most applications, different man-
ufacturers’ DRAMs are interchangeable (for the same sup-
ply-rail chips), and the DP8419 can drive them all (see Fig-
ure 1a).

There are three basic configurations for the 5V-only 64k
DRAMs: a 128-row by 512-column array with an on-RAM
refresh counter, a 128-row by 512-column array with no on-
RAM refresh counter, and a 256-row by 256-column array
with no on-RAM refresh counter. The DP8419 can drive all
three configurations, and allows them all to be interchange-
able (as shown in Figures 1b and 7¢), providing maximum
flexibility in the choice of DRAMs. Since the 9-bit on-chip
refresh counter can be used as a 7-bit refresh counter for
the 128-row configuration, or as an 8-bit refresh counter for
the 256-row configuration, the on-RAM refresh counter, if
present, is never used.

256k DRAMSs require all 18 of the DP8419’s address inputs
to select one memory location within the DRAM. RAS-only
refreshing with the nine-bit refresh-counter on the DP8419
makes CAS before RAS refreshing, available on 256k
DRAMSs, unnecessary.

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than towp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid,
then data DI is written into the same address in the DRAM
as WE goes low. In this read-modify-write case, DI and DO
cannot be linked together. WE always follows WIN directly
to determine the type of access to be performed.

POWER-UP INITIALIZE

When Vg is first applied to the DP8419, an initialize pulse
clears the refresh counter and the internal control flip-flops.
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Mode Features Summary

W 4 modes of operation: 2 access and 2 refresh

| Automatic or external control selected by the user

W Auto access mode provides RAS, row to column
change, and then CAS automatically

B Choice between two different values of tran in auto-ac-
cess mode

= CAS controlled independently in external control mode,
allowing for nibble mode accessing

B Automatic refreshing can make refreshes transparent to
the system

m TAS is inhibited during refresh cycles

DP8419 Mode Descriptions

MODE 0-EXTERNALLY CONTROLLED REFRESH

Figure 2 shows the Externally Controlled Refresh timing. In
this mode the refresh counter contents are muitiplexed to
the address outputs. All RAS outputs are enabled to follow
RASIN so that the row address indicated by the refresh
counter is refreshed in all DRAM banks when RASIN goes
low. The refresh counter increments when RASIN goes
high. RFSH should be held low at least until RASIN goes
high (they may go high simultaneously) so that the refresh
address remains valid and all RAS outputs remain enabled
throughout the refresh.

A burst refresh may be performed by holding RFSH low and
toggling RASIN until all rows are refreshed. It may be useful
in this case to reset the refresh counter just prior to begin-
ning the refresh. The refresh counter resets to all zeroes
when RFI/0 is pulled low by an external gate. The refresh
counter always counts to 511 before rolling over to zero. If
there are 128 or 256 rows being refreshed then Q7 or Q8,
respectively, going high may be used as an end-of-burst
indicator.

In order that the refresh address is valid on the address
outputs prior to the RAS lines going low, RFSH must go low
before RASIN. The setup time required is given by trr gL in
the Switching Characteristics. This parameter may be ad-
Justed using Figure 10 for loading conditions other than
those specified.

TABLE lil. DP8419 Mode Select Options

Mode | (RFSH) M2 | MO Mode of Operation
0 0 0 | Externally Controlled Refresh
1 0 1 | Auto Refresh~Forced
4 1 0 | Externally Controlled Access
5 1 1 | Auto Access (Hidden Refresh)
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DP8419 Mode Descriptions (continued)

DP8419 Interface Between System & DRAM Banks

CEE]

3
COL. DECODE

128

m -
7 ADDRESS L7 ’
COLUMNS HI e ) il
I ORIVERS I"aooRess 7
BUS

REFRESH
COUNTER

1

128 16K
ARRAY

omo o>

+12V or +5V 16K DYNAMIC RAMS

DP8419

FIGURE 1a. DP8419 with any 16k DRAMS
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CAS

: " 4J
FAS -»[cou] vecone |
R 512
8 5 N 3{
COLUMNS l ADDRESS ) 128 64K ARRAY
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»

IF, ON-CHIP REFRESH COUNTER, NOT USED
+5V 64K DYNAMIC RAMS

DP8419

Only LS 7 Bits of Refresh Counter used for the 7 Row Addresses.
MSB not used but can toggle.

FIGURE 1b. DP8419 with 128 Row x 512 Column 64k DRAM
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FIGURE 1c. DP8419 with 256 Row x 256 Column 64k DRAM
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DP8419 Mode Descriptions (continued)
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FIGURE 2a. External Control Refresh Cycle (Mode 0)
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FIGURE 2b. Burst Refresh Mode 0
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DP8419 Mode Descriptions (continued)

MODE 1-AUTOMATIC FORCED REFRESH

In Mode 1 the R/C (RFCK) pin becomes RFCK (refresh
cycle clock) and the CASIN (RGCK) pin becomes RGCK
(RAS generator clock). If RFCK is high and Mode 1 is en-
tered then the chip operates as if in MODE 0 (externally
controlied refresh), with all RAS outputs following RASIN.
This feature of Mode 1 may be useful for those who want to
use Mode 5 (automatic access) with externally controlled
refresh. By holding RFCK permanently high one need only
toggle M2 (RFSH) to switch from Mode 5 to external re-
fresh. As with Mode 0, RFI/O may be pulled low by an ex-
ternal gate to reset the refresh counter.

When using Mode 1 as automatic refresh, RFCK must be an
input clock signal. One refresh should occur each period of
RFCK. If no refresh is performed while RFCK is high, then
when RFCK goes low RFI/O immediately goes low to indi-
cate that a refresh is requested. (RFI/O may still be used to
reset the refresh counter even though it is also used as a
refresh request pin, however, an open-collector gate should

"

be used to reset the counter in this case since RFI/O is
forced low internally for a request).

After receiving the refresh request the system must allow a
forced refresh to take place while RFCK is low. External
logic can monitor RFRQ (RFI/0) so that when RFRQ goes
low this logic will wait for the access currently in progress to
be completed before pulling M2 (RFSH) low to put the
DP8419 in mode 1. If no access is taking place when RFRQ
occurs, then M2 may immediately go low. Once M2 is low,
the refresh counter contents appear at the address outputs
and RAS is generated to perform the refresh.

An external clock on RGCK is required to derive the refresh
RAS signals. On the second falling edge of RGCK after M2
is low, all RAS lines go low. They remain low until two more
falling edges of RGCK. Thus RAS remains high for one to
two periods of RGCK after M2 goes low, and stays low for
two periods. In order to obtain the minimum delay from M2
going low to RAS going low, M2 should go low trrsrag be-
fore the falling edge of RGCK.

"I }‘— 1cSRLY

I I NEXT CYCLE
RASIN HPROGRESSES

uP CONTINUES
OPERATIONS

@ ®
RFCK —-I T l‘~
| [—theexe | —| pe—tacexn
RGCK
1RFSRG l<—- <—tROHRF "‘{5’“"
w0 EEEERERT ™ lo | wery | [ BT
® fe—tenan | |=-tnennv—+|
RF 1/0 (RFRGY J REFRESH REQUEST REMOVED
— tRGRH
— |~—lrnoL ® | —->| |~—tnm
motza[ X I / [ ©|'}5,{"ﬁw§|
P ACCES:! ——’I
70 SELECTED um( F—>tnr

ACCESS T0
SELECTED BANKS

—-—I f—tmrLer

® Forced refresh RAS starts after > T

® RFCK goes low

@ RFRQ goes low if no hidden refresh

occurred while RFCK was high
@ Next RASIN starts next access
® uP acknowledges refresh request

I

TL/F/8396-11

(> trp)

® Forced refresh RAS ends RFRQ
@ pP removes refresh acknowledge

FIGURE 3. DP8419 Performing a Forced Refresh (Mode 5 — 1 — 5)with Various Microprocessors
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DP8419 Mode Descriptions (Continued)

The Refresh Request on RFI/O is terminated as RAS goes
low. This signal may be used to end the refresh earlier than
it normally would as described above. If M2 is pulled high
while the RAS lines are low, then the RASs go high trRrrH
later. The designer must be careful, however, not to violate
the minimum RAS low time of the DRAMs. He must also
guarantee that the minimum RAS precharge time is not vio-
lated during a transition from mode 1 to mode 5 when an
access is desired immediately following a refresh.

If the processor tries to access memory while the DP8419 is
in mode 1, WAIT states should be inserted into the proces-
sor cycles until the DP8419 is back in mode 5 and the de-
sired access has been accomplished (see Figure 9).

Instead of using WAIT states to delay accesses when re-
freshing, HOLD states could be used as follows. RFRQ
could be connected to a HOLD or Bus Request input to the
system. When convenient, the system acknowledges the
HOLD or Bus Request by pulling M2 low. Using this
scheme, HOLD will end as the RAS lines go low (RFI/O
goes high). Thus, there must be sufficient delay from the
time HOLD goes high to the DP8419 returning to mode 5, so
that the RAS low time of the DRAMSs isn’t violated as de-
scribed earlier (see Figure 3 for mode 1 refresh with Hold
states).

To perform a forced refresh the system will be inactive for
about four periods of RGCK. For a frequency of 10 MHz,

*Resistors required depends on
DRAM load.

DRAMs Maybe 16k, 64k or 256k

For 4 Banks, can drive 16 data bits
+6 Check Bits for ECC.

For 2 Banks, can drive 32 data bits
+7 Check Bits for ECC.

For 1 Bank, can drive 64 data bits
+8 Check Bits for ECC.

INPUT CAS l__,
ALE >

A0-15, 17, 19

INPUT RAS | —>| RASIN

ROW/COLUMN SEL I_—'P R/T

WRITE | »>| Wi

REFRESH r———b M2 & MO

this is 400 ns. To refresh 128 rows every 2 ms an average of
about one refresh per 16 ps is required. With a RFCK period
of 16 us and RGCK period of 100 ns, DRAM accesses are
delayed due to refresh only 2.5% of the time. If using the
Hidden Refresh available in mode 5 (refreshing with RFCK
high) this percentage will be even lower.

MODE 4 - EXTERNALLY CONTROLLED ACCESS

In this mode all control signal outputs can be controlled
directly by the corresponding control input. The enabled
RAS output follows RASIN, CAS follows CASIN (with R/C
low), WE follows WIN and R/C determines whether the row
or the column inputs are enabled to the address outputs
(see Figure 4).

With R/C high, the row address latch contents are enabled
onto the address bus. RAS going low strobes the row ad-
dress into the DRAMSs. After waiting to allow for sufficient
row-address hold time (tgan) after RAS goes low, R/C can
go low to enable the column address latch contents onto
the address bus. When the column address is valid, CAS
going low will strobe it into the DRAMs. WIN determines
whether the cycle is a read, write or read-modify-write ac-
cess. Refer to Figures 5a and 5b for typical Read and Write
timing using mode 4.
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FIGURE 4. Typical Application of DP8419 Using External Control Access and Refresh in Modes 0 and 4
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DP8419 Mode Descriptions (continued)

INPUTS
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FIGURE 5b. Write Cycle Timing (Mode 4)
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DP8419 Mode Descriptions (continued)

Page or Nibble mode may be performed by toggling CASIN
once the initial access has been completed. In the case of
page mode the column address must be changed before
CASIN goes low to access a new memory location (see
Figure 5¢). Parameter tcpgit has been specified in order that
users may easily determine minimum CAS pulse widths
when CASIN is toggling.

AUTOMATIC CAS GENERATION

CAS is held high when R/C is high even if CASIN is low. If
CASIN is low when R/C goes low, CAS goes low automati-
cally, taosc after the column address is valid. This feature
eliminates the need for an externally derived CASIN signal
to control CAS when performing a simple access (Figure 5a
demonstrates Auto-CAS generation in mode 4). Page or nib-
ble accessing may be performed as shown in Figure 5¢
even if CAS is generated automatically for the initial access.

FASTEST MEMORY ACCESS

The fastest mode 4 access is achieved by using the auto-
matic CAS feature and external delay line to generate the
required delay between RASIN and R/C. The amount of
delay required depends on the minimum tgay of the DRAMs
being used. The DP8419 parameter tpjr1 has been speci-
fied in order that the delay between RASIN and R/C may be
minimized.

tpiFt = MAXIMUM (tpppy. - taHA)
where tgpp. = RASIN to RAS delay
and tgya = row address held from R/C going low.

The delay between RASIN and R/C that guarantees the
specified DRAM tgay is given by

MINIMUM RASIN to R/C = tpjrq + traH-
Example
In an application using DRAMs that require a minimum tgan
of 15 ns, the following demonstrates how the maximum
RASIN to CAS time is determined.

With tpjr1 (from Switching Characteristics) = 7 ns,
RASINtoR/Cdelay = 7ns + 15ns = 22 ns.
A delay line of 25 ns will be sufficient.

With Auto-CAS generation, the maximum delay from R/C to
CAS (loaded with 600 pF) is 46 ns. Thus the maximum
RASIN to CAS time is 71 ns, under the given conditions.

With a maximum RASIN to RAS time (tgppL) of 20 ns, the
maximum RAS to CAS time is about 51 ns. Most DRAMs
with a 15 ns minimum tgay have a maximum tgcp of about
60 ns. Thus, memory accesses are likely to be RAS limited
instead of CAS limited. In other words, memory access time
is limited by DRAM performance, not controller perform-
ance.

REFRESHING IN CONJUNCTION WITH MODE 4

If using mode 4 to access memory, mode O (externally con-
trolled refresh) must be used for all refreshing.

MODE 5 - AUTOMATIC ACCESS WITH HIDDEN RE-
FRESHING CAPABILITY

Automatic-Access has two advantages over the externally
controlled access (mode 4). First, RAS, CAS and the row to
column change are all derived internally from one input sig-
nal, RASIN. Thus the need for an external delay line (see
mode 4) is eliminated.

Secondly, since R/C and CASIN are not needed to gener-
ate the row to column change and CAS, these pins can be
used for the automatic refreshing function.

AUTOMATIC ACCESS CONTROL

Mode 5 of the DP8419 makes accessing Dynamic RAM
nearly as easy as accessing static RAM. Once row and col-
umn addresses are valid (latched on the DP8419 if neces-
sary), RASIN going low is all that is required to perform the
memory access.
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FIGURE 5¢. Page or Nibble Access in Mode 4
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DP8419 Mode Descriptions (Continued)
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FIGURE 6. Mode 5 Timing

(Refer to Figure 6) In mode 5 the selected RAS follows
RASIN immediately, as in mode 4, to strobe the row address
into the DRAMs. The row address remains valid on the
DP8419 address outputs long enough to meet the tgaH re-
quirement of the DRAMs (pin 4, RAHS, of the DP8419 al-
lows the user two choices of tgan). Next, the column ad-
dress replaces the row address on the address outputs and
CAS goes low to strobe the columns into the DRAMs. WIN
determines whether a read, write or read-modify-write is
done.

The diagram below illustrates mode 5 automatic control sig-
nal generation.

RASIN )l [~ AAS
tRAH p—> 00-8
tASC > {AS

TL/F/8396-16

REFRESHING IN CONJUNCTION WITH MODE 5
When using mode 5 to perform memory accesses, refresh-
ing may be accomplished:

(a) externally (in mode O or mode 1)

(b) by a combination of mode 5 (hidden refresh) and
mode 1 (auto-refresh)
or (¢) by acombination of mode 5 and mode 0

(a) Externally Controlled Refreshing in Mode 0 or Mode 1

All refreshing may be accomplished using external refresh-
es in either mode 0 or mode 1 with R/C (RFCK) tied high
(see mode 0 and mode 1 descriptions). If this is desired, the
system determines when a refresh will be performed, puts
the DP8419 in the appropriate mode, and controls the RAS
signals directly with RASIN. The on-chip refresh counter is
enabled to the address outputs of the DP8419 when the
refresh mode is entered, and increments when RASIN goes
high at the completion of the refresh.

(b) Mode 5 Refreshing (hidden) with Mode 1 refreshing
(auto)

(Refer to Figure 7a) If RFCK is tied to a clock (see mode 1
description), RFI/O becomes a refresh request output and
goes low following RFCK going low if no refresh occurred
while RFCK was high. Refreshes may be performed in
mode 5 when the DP8419 is not selected for access (CS is

high) and RFCK is high. If these conditions exist the refresh
counter contents appear on the DP8419 address outputs
and all RAS lines follow RASIN so that if RASIN goes low
(an access other than through the DP8418 occurs), aii RAS
lines go low to perform the refresh. The DP8419 allows only
one refresh of this type for each period of RFCK, since
RFCK should be fast enough such that one refresh per peri-
od is sufficient to meet the DRAM refresh requirement.
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DP8419 Mode Descriptions (continued)

Once it is started, a hidden refresh will continue even if
RFCK goes low. However, CS must be high throughout the
refresh (until RASIN goes high).
These hidden refreshes are valuable in that they do not
delay accesses. When determining the duty cycle of RFCK,
the high time should be maximized in order to maximize the
probability of hidden refreshes. If a hidden refresh doesn't
happen, then a refresh request will occur on RFI/O when
RFCK goes low. After receiving the request, the system
must perform a refresh while RFCK is low. This may be
done by going to mode 1 and allowing an automatic refresh
(see mode 1 description). This refresh must be completed
while RFCK is low, thus the RFCK low time is determined by
the worst-case time required by the system to respond to a
refresh request.
(c) Mode 5 Refresh (Hidden Refresh) with mode 0 Refresh
(External Refresh)
This refresh scheme is identical to that in (b) except that
after receiving a refresh request, mode 0 is entered to do
the refresh (see mode 0 description). The refresh request is
terminated (RFI/O goes high) as soon as mode O is en-
tered. This method requires more control than using mode 1
(auto-refresh), however, it may be desirable if the mode 1
refresh time is considered to be excessive.
Example
Figure 7b demonstrates how a system designer would use
the DP8419 in mode 5 based on certain characteristics of
his system.

System Characteristics:
1) DRAM used has min tgay requirement of 15 ns and
min tasr of 0 ns
2) DRAM address is valid from time Ty to the end of the
memory cycle
3) four banks of twenty-two 256K memory chips each are
being driven
Using the DP8419 (see Figure 7b):
1) Tie pin 4 (RAHS) high to guarantee a 15 ns minimum
traH Which is sufficient for the DRAMs being used
2) Generate RASIN no earlier than time Ty + taggy (see
switching characteristics), so that the row address is
valid on the DRAM address inputs before RAS occurs
3) Tie ADS high since latching the DRAM address on the
DP8419 is not necessary
4) Connect the first 18 system address bits to R0-R8 and
C0-C8, and bits 19 and 20 to BO and B1
5) Connect each RAS output of the DP8419 to the RAS
inputs of the DRAMs of one bank of the memory array;
connect Q0-Q8 of the DP8419 to A0-A8 of all DRAMs;
connect CAS of the DP8419 to CAS of all the DRAMs
Figure 7c illustrates a similar example using the DP8418 to
drive two 32-bit banks.
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FIGURE 7a. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing
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DP8419 Mode Descriptions (continued)
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Applications

If one desires a memory interface containing the DP8419
that minimizes the number of external components required,
modes 5 and 1 should be used. These two modes provide:

1) Automatic access to memory (in mode 5 only one signal,
RASIN, is required in order to access memory)

2) Hidden refresh capability (refreshes are performed auto-
matically while in mode 5 when non-local accesses are
taking place, as determined by CS)

3) Refresh request capability (if no hidden refresh took
place while RFCK was high, a refresh request is generat-
ed at the RFI/0 pin when RFCK goes high)

4) Automatic forced refresh (If a refresh request is generat-
ed while in mode 5, as described above, external logic
should switch the DP8419 into mode 1 to do an automat-
ic forced refresh. No other external control signals need
be issued. WAIT states can be inserted into the proces-
sor machine cycles if the system tries to access memory
while the DP8419 is in mode 1 doing a forced refresh).

Some items to be considered when integrating the DP8419
into a system design are:

1) The system designer should ensure that a DRAM access
not be in progress when a refresh mode is entered. Simi-
larly, one should not attempt to start an access while a
refresh is in progress. The parameter tgpHRL Specifies
the minimum time from RFSH high to RASIN going low to
initiate an access.

2) One should always guarantee that the DP8419 is enabled
for access prior to initiating the access (see tcgRL1).

3) One should bring RASIN low even during non-local ac-
cess cycles when in mode 5 in order to maximize the
chance of a hidden refresh occurring.

4) At lower frequencies (under 10 Mhz), it becomes increas-
ingly important to differentiate between READ and
WRITE cycles. RASIN generation during READ cycles
can take place as soon as one knows that a processor
READ access cycle has started. WRITE cycles, on the
other hand, cannot start until one knows that the data to
be written at the DRAM inputs will be valid a setup time
before CAS (column address strobe) goes true at the
DRAM inputs. Therefore, in general, READ cycles can be
initiated earlier than WRITE cycles.

5) Many times it is possible to only add WAIT states during
READ cycles and have no WAIT states during WRITE
cycles. This is because it generally takes less time to
write data into memory than to read data from memory.

The DP84XX2 family of inexpensive preprogrammed medi-

um Programmable Array Logic devices (PALs) have been

developed to provide an easy interface between various

microprocessors and the DP84XX family of DRAM control-
ler/drivers. These PALs interface to all the necessary con-
trol signals of the particular processor and the DP8419. The
PAL controls the operation of the DP8419 in modes 5 and 1,
while meeting all the critical timing considerations discussed
above. The refresh clock, RFCK, may be divided down from
the processor clock using an IC counter such as the
DM74LS393 or the DP84300 programmable refresh timer.
The DP84300 can provide RFCK periods ranging from
15.4 us to 15.6 s based on an input clock of 2 to 10 MHz.
Figure 8 shows a general block diagram for a system using
the DP8419 in modes 1 and 5. Figure 9 shows possible
timing diagrams for such a system (using WAIT to prohibit
access when refreshing). Although the DP84XX2 PALs are
offered as standard peripheral devices for the DP84XX
DRAM controller/drivers, the programming equations for
these devices are provided so the user may make minor
modification, for unique system requirements.

ADVANTAGES OF DP8419 OVER
A DISCRETE DYNAMIC RAM CONTROLLER

1) The DP8419 system solution takes up much less board
space because everything is on one chip (latches, re-
fresh counter, control logic, multiplexers, drivers, and in-
ternal delay lines).

2) Less effort is needed to design a memory system. The
DP8419 has automatic modes (1 and 5) which require a
minimum of external control logic. Also programmable ar-
ray logic devices (PALs) have been designed which allow
an easy interface to most popular microprocessors (Mo-
torola 68000 family, National Semiconductor 32032 fami-
ly, Intel 8086 family, and the Zilog Z8000 family).

3) Less skew in memory timing parameters because all crit-
ical components are on one chip (many discrete drivers
specify a minimum on-chip skew under worst-case condi-
tions, but this cannot be used if more then one driver is
needed, such as would be the case in driving a large
dynamic RAM array).

4) Our switching characteristics give the designer the critical
timing specifications based on TTL output levels (low =
0.8V, high = 2.4V) at a specified load capacitance. All
timing parameters are specified on the DP8419:

A) driving 88 DRAM’s over a temperature range of 0-70
degrees centigrade (no extra drivers are needed).

B) under worst-case driving conditions with all outputs
switching simultaneously (most discrete drivers on the
market specify worst-case conditions with only one
output switching at a time; this is not a true worst-case
condition!).
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Applications (continued)
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Switching Characteristics

All AC parameters are specified with the equivalent load
capacitances, including traces, of 88 DRAMs organized as 4
banks of 22 DRAMs each. Maximums are based on worst-
case conditions including all outputs switching simulta-
neously. This, in many cases, results in the AC values
shown in the DP84XX DRAM controller data sheet being
much looser than true worst case (maximum) AC delays.
The system designer should estimate the DP8419 load in
his/her application, and modify the appropriate AC parame-
ters using the graph in Figure 10. Two example caiculations
are provided below.

+15.0

+75

ns
o

=15

—15.0
—500 —300 —100 0+100 +300 +500

CpF

TL/F/8396-22
FIGURE 10. Change in Propagation Delay
Relative to “True” (Application) Load Minus
AC Specified Data Sheet Load

2 Examples

#1) A mode 4 user driving 2 16-bit banks of DRAM has the
following approximate “true” loading conditions:
CAS - 300pF

Q0-Q8 - 250 pF
BAS - 150 pF

max tgppL = 20 ns — 0 ns = 20 ns (since RAS load-
ing is the same as that which is spec’ed)

max tcppL. = 32ns — 7ns = 25 ns
max tccas = 46 ns — 7ns = 39 ns
max trcc = 41 ns — 6ns = 35ns

min trHA is not significantly effected since it does not
involve an output transition

Other parameters are adjusted in a similar manner.

#2) A mode 5 user driving one 16-bit bank of DRAM has
the following approximate *“true” loading conditions:

CAS - 120 pF
QO0-Q8 - 100 pF
RAS - 120 pF
A. C. parameters should be adjusted as follows:
with RAHS = “17,
max tgic. = 70 ns — 11 ns = 59 ns
max trcpL = 55ns + 1ns — 11 ns = 45ns

(the + 1 ns is due to lighter RAS loading; the — 11 ns
is due to lighter CAS loading)

min tgay = 15ns + 1 ns = 16 ns

The additional 1 ns is due to the fact that the RAS line
is driving less (switching faster) than the load to which
the 15 ns spec applies. The row address will remain
valid for about the same time irregardiess of address
loading since it is considered to be not valid at the
beginning of its transition.

p

s1
5000
OUTPUT Ro

UNDER TEST POINT
TEST 15Q
tLen
9

1

TL/F/8396-23
FIGURE 11a. Output Load Circuit

1.5V
3.5v
0.3V
7 Vou
4 Vou

TL/F/8396-34
FIGURE 11b. DP8417 TRI-STATE Waveforms

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply voltage, Vco 7.0V
Storage Temperature Range —65°Cto +150°C
Input Voltage 5.5V
Output Current 150 mA
Lead Temp. (Soldering, 10 seconds) 300°C

Operating Conditions

Min Max Units
Vee Supply Voltage 4.50 5.50 \
Ta Ambient
Temperature 0 +70 °C

X6182€/X611¥8/6182€/61v8/8182€/81¥8/L18CESN/LIY8dA




DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

Electrical Characteristics vcc = 50V +10%, 0°C < T4 < 70°C uniess otherwise noted (Note 2)

Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voltage Vee = Min, I = — 12mA - 0.8 -1.2 v
liH Input High Current for all Inputs VIN = 2.5V 2.0 100 RA
I, RSI Output Load Current for RFI/O ViN = 0.5V, Output high -0.7 -15 mA
Iy Input Low Current for all Inputs** VN = 0.5V —0.02 —-0.25 mA
liLe ADS, R/C, CS, M2, RASIN ViN = 0.5V -0.05 —-0.5 mA
ViL Input Low Threshold 0.8 \"
ViH Input High Threshold 2.0 \
VoL1 Output Low Voltage* loL = 20 mA 0.3 0.5 Vv
VoL2 Output Low Voltage for RFI/O loL = 8mA 0.3 0.5 v
VoH1 Output High Voltage* loH=—1mA 2.4 35 Vv
VoH2 Output High Voltage for RFI/O lo = — 100 pA 2.4 3.5 \"
lip Output High Drive Current* Vout = 0.8V (Note 3) —50 — 200 mA
lop Output Low Drive Current* Vout = 2.4V (Note 3) 50 200 mA
lcc Supply Current Veoc = Max 150 240 mA
*Except RFI/O

**Except RFI/0, ADS, R/C, TS, M2, RASIN

Switching Characteristics: DP8417, DP8418, DP8419, DP8419X

Ve = 5.0V £10%, 0°C < Tp < 70°C uniess otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4

banks of 22 DRAMs each or 88 DRAMS, including trace capacitance.

* These values are Q0-Q8, C|. = 500 pF; RAS0-RAS3, C; = 150 pF; WE, C_ = 500 pF; CAS, C, = 600 pF; RL = 5000
unless otherwise noted. See Figure 11a for test load. S1 is open unless otherwise noted. Maximum propagation delays
are specified with all outputs switching.

** Preliminary

Symbol Parameter Condition “CcL "TANICy = 50 pF Units
Min Max Min ] Max
ACCESS
tRiCLO RASIN to CAS Low Delay Figure 6
(RAHS = 0) DP8417,18,19-80 | 7 97 42 85 ns
tRICLO RASIN to CAS Low Delay Figure 6
‘ (RAHS = 0) DP8417,18,19.70 | 57 87 42 75 ns
triCL1 RASIN to CAS Low Delay Figure 6
(RAHS = 1) DP8417,18,19-80 | *® 80 35 68 ns
triCL1 RASIN to CAS Low Delay Figure 6
(RAHS = 1) DP8417,18,19-70 | 48 | 70 3 58 ns
tRICH RASIN to CAS High Delay Figure 6 37 ns
trRcDLO RAS to CAS Low Delay Figure 6 43 80 ns
(RAHS = 0) DP8417, 18, 19-80
trcDLO RAS to CAS Low Delay Figure 6 43 72 ns
(RAHS = 0) DP8417, 18, 19-70
tReDL1 RAS to CAS Low Delay Figure 6 34 63 ns
(RAHS = 1) DP8417, 18, 19-80
tRoDL1 RAS to CAS Low Delay Figure 6 34 55 ns
(RAHS = 1) DP8417, 18, 19-70
tRCDH RAS to CAS High Delay Figure 6 22 ns
tRAHO Row Address Hold Time Figure 6
(RAHS = 0, Mode 5) 25 25 ns
tRAH1 Row Address Hold Time Figiire 6
(RAHS = 1, Mode 5) 15 15 ns
tasc Column Address Set-up Time Figure 6 0 0 ns
(Mode 5)

1-64




Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (Continued)

Vgoe = 5.0V £10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMSs each or 88 DRAMSs, including trace capacitance.
* These values are Q0-Q8, C|. = 500 pF; RAS0-RAS3, C. = 150 pF; WE, C; = 500 pF; CAS, C_ = 600 pF; RL = 5009
unless otherwise noted. See Figure 11a for test load. S1 is open unless otherwise specified. Maximum propagation
delays are specified with all outputs switching.
** Preliminary

* * ok =
Symbol Parameter Condition cL ANl G, = 50 pF Units
Min Max Min Max

ACCESS (Continued)

tRcvo RASIN to Column Address Figure 6 04 ns
Valid (RAHS = 0, Mode 5) DP8417, 18, 19-80

trovo RASIN to Column Address Figure 6 85 ns
Valid (RAHS = 0, Mode 5) DP8417, 18, 19-70

tRov1 RASIN to Column Address Figure 6 76 ns
Valid (RAHS = 1, Mode 5) DP8417, 18, 19-80

trcvi RASIN to Column Address Figure 6 68 ns
Valid (RAHS = 1, Mode 5) DP8417, 18, 19-70

tRPDL RASIN to RAS Low Delay Figures 5a, 5b, 6 21 18 ns

tRPDH RASIN to RAS High Delay Figures 5a, 5b, 6 20 17 ns

tASRL Address Set-up to RASIN low Figures 5a, 5b, 6 13 ns

tAPD Address Input to Output Figures 5a, 5b, 6 36 o5 ns
Delay

tspp Address Strobe High to Figures 5a, 5b 48 ns
Address Output Valid

tasA Address Set-up Time to ADS Figures 5a, 5b, 6 5 ns

tAHA Address Hold Time from ADS Figures 5a, 5b, 6 10 ns

tADS Address Strobe Pulse Width Figures 5a, 5b, 6 26 ns

twprD WIN to WE Output Delay Figure 5b 28 ns

tcPDL CASIN to CAS Low Delay Figure 5b 17 33 ns
(R/C low, Mode 4)

tcPDH CASIN to CAS High Delay Figure 5b 13 33 ns
(R/C low, Mode 4)

topuit tcpoL - toPDH See Mode 4 13 ns

Description

tRcc Column Select to Column Figure 5a M ns
Address Valid

tRCR Row Select to Row Figures 5a, 5b 45 ns
Address Valid

tRHA Row Address Held from Figure 5a 7 ns
Column Select

tccAs R/C Low to CAS Low Delay Figure 5a 50 ns
(CASIN Low, Mode 4) DP8417, 18, 19-80

t R/C Low to CAS Low Delay Figure 5a 46 ns
(CASIN Low, Mode 4) DP8417, 18, 19-70

tDIF4 Maximum (trppL - tRHA) See Mode 4 7 ns

Description

toiF2 Maximum (trcc - tcpol) 13 ns

REFRESH

trc Refresh Cycle Period Figure 2a 100 ns

tRASINLH Pulse Width of RASIN Figure 2a 50 ns
during Refresh

tRFPDLO RASIN to RAS Low Delay Figure 2a 28 ns
during Refresh (Mode 0)
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Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (Continued)

Voo = 5.0V £10%, 0°C < T < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMS, including trace capacitance.
* These values are Q0-Q8, C| = 500 pF; RAS0-RAS3, C. = 150 pF; WE, C,. = 500 pF; CAS, C, = 600 pF; RL = 5000
unless otherwise noted. See Figure 77a for test load. S1 is open unless otherwise specified. Maximum propagation
delays are specified with all outputs switching.

* ==
Symbol Parameter Condition cL Al C, = 50 pF Units
Min Max Min Max
REFRESH (Continued)
tRFPDL5 RASIN to RAS Low Delay Figure 7 a8 ns
during Hidden Refresh
tREPDHO RASIN to RAS High Delay Figure 2a 35 ns
during Refresh (Mode 0)
tRFPDH5 RASIN to RAS High Delay Figure 7 44 ns
during Hidden Refresh
tRFLCT RFSH Low to Counter Figures 2a, 3 38 ns
Address Valid CS=X
tRFLRL RFSH Low Set-up to RASIN Figure 2a
Low (Mode 0), to get 12 ns
Minimum tasg = 0
tRFHRL RFSH High Setup to Access Figure 3 25 ns
RASIN Low
tRFHRV RFSH High to Row Figure 3 43 ns
Address Valid
tROHNC RAS High to New Count Figure 2a
. 42 ns
Valid
tRsT Counter Reset Pulse Width Figure 2a 60 ns
toTL RF1/0 Low to Counter Figure 2a 100 ns
Outputs All Low
tRFCKLH Minimum Pulse Width Figure 7
of RFCK 100 ns
T Period of RAS Generator Figure 3
30 ns
Clock
tRGCKL Minimum Pulse Width Low Figure 3 15 ns
of RGCK
tRGCKH Minimum Pulse Width High Figure 3 15 ns
of RGCK
tFRQL RFCK Low to Forced RFRQ Figure 3
(RFI1/0) Low CL = 50pF 66 ns
RL = 35k
tFRQH RGCK Low to Forced RFRQ Figure 3
High CL = 50pF 55 ns
RL = 35k
tRGRL RGCK Low to RAS Low Figure 3 20 41 ns
tRGRH RGCK Low to RAS High Figure 3 20 48 ns
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Switching Characteristics: DP8417, DP8418, DP8419, DP8419X (Continued)

Vce = 5.0V £10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks
of 22 DRAMs each or 88 DRAMSs, including trace capacitance.
* These values are Q0-Q8, C, = 500 pF; RAS0-RAS3, C; = 150 pF; WE, C, = 500 pF; CAS, C_ = 600 pF; RL = 5000
unless otherwise noted. See Figure 11a for test load. S1 is open unless otherwise specified. Maximum propagation
delays are specified with all outputs switching.

Symbol Parameter Condition o AlC, = S0pF Units
Min Max Min 1 Max

REFRESH (Continued)

tRQHRF RFSH Hold Time from RGCK Figure 3 2T ns

tRFRH RFSH High to RAS High (See Mode 1
(Ending Forced Refresh Description) 42 ns
early)

tRFSRG RFSH Low Set-up to (See Mode 1
RGCK Low (Mode 1) Description) 12 ns

Figure 3

tcsHR CS High to RASIN Low for Figure 7 10 ns
Hidden Refresh

tRKRL RFCK High to RASIN 50 ns
low for hidden Refresh

DP8419, DP8419X ONLY

tcsRL1 CS Low to Access RASIN Figure 3
Low (Using Mode 5 with 34 ns
Auto Refresh Mode)

tcsRLo CS Low to Access RASIN (See Mode 5
Low (Using Modes 4 or 5 Description) 5 ns
with externally controlled
Refresh)

DP8418 ONLY

tcsRL1 CS Low to Access RASIN Figure 3
Low (Using Mode 5 with 5 ns
Auto Refresh Mode)

tcsRLo CS Low to Access RASIN (See Mode 5
Low (Using Modes 4 or 5 Description) 5 ns
with externally controlled
Refresh)

DP8417 ONLY — PRELIMINARY

tcsALY CS Low to Access RASIN Figure 3
Low (Using Mode 5 with 34 ns
Auto Refresh Mode)

tcsrLo CS Low to Access RASIN (See Mode 5
Low (Using Modes 4 or 5 Description) 34 ns
with externally controlled
Refresh)

TRI-STATE (DP8417 ONLY)

tzn TS Low to Output S1 Open 50 ns
High from Hi-Z Figure 11b

thz CS High to Output S1 Open, Q, WE 50 ns
Hi-Z from High Figure 11b

thz CS High to Output S1 Open, RAS0-3
Hi-Z from High CAS0-3 95 ns

Figure 11b

tzL CS Low to Output S1 Closed 50 ns
Low from Hi-Z Figure 11b

tz TS High to Output S1 Closed 50 ns
Hi-Z from Low Figure 11b
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DP8417/NS32817/8418/32818/8419/32819/8419X/32819X

Input Capacitance 1, = 25°c (Note 2)

Symbol Parameter Condition Min Typ Max Units
CiN Input Capacitance ADS, R/C, CS, M2, RASIN 8 pF
CIN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for Ta=25°C and Vgc=5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 159 resistor should be placed in series with each output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse 0V to 3.0V, tg=tg=2.5 ns, f=2.5 MHz, tpyy= 200 ns. Input reference point on AC measurements is 1.5V Output reference points are 2.4V for
High and 0.8V for Low.

Note 5: The load capacitance on RF /0 should not exceed 50 pF.
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National
Semiconductor

DP8428/NS32828, DP8429/NS32829
1 Megabit High Speed Dynamic RAM Controller/Drivers

General Description

The DP8428 and DP8429 1M DRAM Controller/Drivers are
designed to provide “No-Waitstate” CPU interface to Dy-
namic RAM arrays of up to 8 Mbytes and larger. The
DP8428 and DP8429 are tailored for 32-bit and 16-bit sys-
tem requirements, respectively. Both devices are fabricated
using National’s new oxide isolated Advanced Low power
Schottky (ALS) process and use design techniques which
enable them to significantly out-perform all other LSI or dis-
crete alternatives in speed, level of integration, and power
consumption.

Each device integrates the following critical 1M DRAM con-
troller functions on a single monolithic device: ultra precise
delay line; 9 bit refresh counter; fall-through row, column,
and bank select input latches; Row/Column address mux-
ing logic; on-board high capacitive-load RAS, CAS, Write
Enable and Address output drivers; and, precise control sig-
nal timing for all the above.

In order to specify each device for “true” worst case operat-
ing conditions, all timing parameters are guaranteed while
the chip is driving the capacitive load of 88 DRAMSs includ-
ing trace capacitance. The chip’s delay timing logic makes
use of a patented new delay line technique which keeps AC
skew to +3 ns over the full Vg range of +10% and tem-
perature range of —55°C to +125°C. The DP8428 and
DP8429 guarantee a maximum RASIN to CASOUT delay of
80 ns or 70 ns even while driving an 8 Mbyte memory array
with error correction check bits included. Two speed select-
ed options of these devices are shown in the switching
characteristics section of this document. (Continued)

Features

B Makes DRAM interface and refresh tasks appear virtu-
ally transparent to the CPU making DRAMs as easy to
use as static RAMs

m Specifically designed to eliminate CPU wait states up to
10 MHz or beyond

m Eliminates 20 discrete components for significant board
real estate reduction, system power savings and the
elimination of chip-to-chip AC skewing

m On-board ultra precise delay line

® On-board high capacitive RAS, CAS, WE and Address
drivers (specified driving 88 DRAMs directly)

B AC specified for directly addressing up to 8 Mbytes

m Low power/high speed bipolar oxide isolated process

® Downward pin and function compatible with 256k
DRAM Controller/Drivers DP8409A, DP8417, DP8418,
and DP8419

Contents

m System and Device Block Diagrams

® Recommended Companion Components

m Device Connection Diagrams and Pin Definitions

m Device Differences—DP8428 vs DP8429

® Mode of Operation
(Descriptions and Timing Diagrams)

m Application Description and Diagrams

m DC/AC Electrical Specifications, Timing Diagrams and
Test Conditions

System Diagram

y

6C8CESN/8C8CESN/6¢¥8d0/82y8dA

cry 7| oes4zs [ WOLTIPLEXED ADDRESS BUS M
32-8IT 3|  opsas0o > OR Q0-9(500 pF DRIVERS) DYNAMIC RAMS
16=BIT PROGRAMMABLE DP8429
8-BIT __

REFRESH TMER 1 MEGABIT RAS 0-3 (150 pF DRIVERS) UP TO
N J|> 8 MEGABYTES
CONTROLLER/ o= &%SR
ADDRESS BUS > DRIVERS AS (600pF ORVER)  f oo ROoN,
WE (500 pF DRIVER) N CHECK BITS
iNTERRUPT —>
TR <:> s K] [ mioRY oA B0 > DATA IN
CEVERS
+ 8 | ReanwriTE .
'g ENABLE BUFFER|C | DATA OUT
DPBAXX2

CPU SPECIFIC
REFRESH/ACCESS DP3438/29 CONROL | | DP8400-2 OR DP8402A < CHECK BITS IN

ARBITRATION — 16 BIT OR 32 BIT

ERROR DETECTION
ERROR CORRECTION  [QDP8400~2/8402A CONTROL ¥ AND CORRECTION K :::: CHECK BITS OUT
I N i
ENABLE BUFFERS o

TL/F/8649-1

1-69



DP8428/DP8429/NS32828/NS32829

General Description (continued)

With its four independent RAS outputs and ten multiplexed
address outputs, the DP8429 can support up to four banks
of 64k, 256k or 1M DRAMSs. Two bank select pins, B1 and
BO, are decoded to activate one of the RAS signals during
an access, leaving the three non-selected banks in the
standby mode (less than one tenth of the operating power)
with data outputs in TRI-STATE®. The DP8428’s one Bank
Select pin, B1, enables 2 banks automatically during an ac-
cess in order to provide an optimum interface for 32-bit mi-
Croprocessors.

The DP8428 and DP8429 each have two mode-select pins,
allowing for two refresh modes and two access modes. Re-
fresh and access timing may be controlled either externally

Functional Block Diagrams

or automatically. The automatic modes require a minimum
of input control signals.

A refresh counter is on-chip and is multiplexed with the row
and column inputs. Its contents appear at the address out-
puts of the DP8428 or DP8429 during any refresh, and are
incremented at the completion of the refresh. Row, Column
and bank address latches are also on-chip. However, if the
address inputs to the DP8428 or DP8429 are valid through-
out the duration of the access, these latches may be operat-
ed in the fall-through mode.

Each device is available in either the 52 pin Ceramic DIP, or
the low cost JEDEC standard 68 pin Plastic Chip Carrier
(PCC) package.

DP8429

3
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———l D RS 2
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— DECODER
’___..V_.. S 1
B1 =1 Bank seLecT [T~
B0 | INPUT LATCH | ‘ D o
[} ¥ 4 RASIN
[ — - __|>_. TAS
FASTH ’ ONTROL LOGI
Y p—— CONTROL LOGIC
TASIN (RGCK) st
WiR >——> we
RFI1/0 M2 (AFSH) RAHS Mo

TL/F/8649-2
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Functional Block Diagrams (continued)

DP8428
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% 009
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BhEnes pm——
R/T
REFRESH
RAS 3
RAS 2
RAS
k] DECODER
AAS 1
Bl ———| pank seLect [T —'{
INPUT LATCH _
AAS 0
[ ¥ A RaSIN
RASIN ———
R/T (RFCK) CONTROL LOGIC
CASIN (RGCK) et
Wi » > WE
RFI1/0 M2 (RFSH) RAHS Mo
TL/F/8649-3
System Companion Components
Device # Function
DP84300 Programmable Refresh Timer for DP84xx DRAM Controller
DP84412 NS32008/16/32 to DP8409A/17/18/19/28/29 Interface
DP84512 NS32332 to DP8417/18/19/28/29 Interface
DP84322 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 8 MHz)
DP84422 68000/08/10 to DP8409A/17/18/19/28/29 Interface (up to 12.5 MHz)
DP84522 68020 to DP8417/18/19/28/29 Interface
DP84432 8086/88/186/188 to DP8409A/17/18/19/28/29 Interface
DP84532 80286 to DP8409A/17/18/19/28/29 Interface
DP8400-2 16-Bit Expandable Error Checker/Corrector (E2C2)
DP8402A 32-Bit Error Detector And Corrector (EDAC)
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DP8428/DP8429/NS32828/NS32829

Connection Diagrams

Dual-In-Line Package Dual-In-Line Package
< 1 52 - 1 N
R/C (RFCK) — RASN R/ (RFCK) —| ™ RASIN
CASIN (RGCK)—Z Pl CASIN (RGCK)—Z- s
MO — 50 o5 1/0 MO — RF 1/0
4 49 __ 4 ——
RAHS — — WiN RAHS — WiN
M2 (RFSF) = %W M2 (RFSH) = 2 5
ADS —} 47 00 ADS — Q0
R4 28 40 RO =4 Q9
c0-Y £ o1 o 18 Q1
R1 — 44 02 Ri —:t Q2
o £ 03 oY Q3
Rz 1 42 04 R2 % Q4
212 4L oo 2 GND
onp 3 DP8428 140 D onp 3 DP8429 GND
R3 -'f .05 R34 Q5
s S 18 e c3 % vee
re 254 7 06 Re '—7- a6
ca € o7 s a7
rs 8 L rs &) Q8
o5 = 22 o s s
ro 2] 53 a3 re 2 RAS3
co 2l 52 orss co 2l RS
re 22 B prsi re 2 3! o
6 2 50 x5 i 20 x5
R7 -2-;- 129 ¢ rr 24 B0
e 128 5, X B1
re 2 Z s re cs
TL/F/8649-4 TL/F/8649-5
Order Number DP8428D-70, DP8428D-80 or
DP8429D-70, DP8429D-80
See NS Package Number D52A
Plastic Chip Carrier Package Plastic Chip Carrier Package
¥ <
— x — x
I% ée |§ g&
i‘;‘;% = f’,’ z :ﬁ:g z % z L
> oIz
s253SknEEes SEE i
98765432 16867666564636261 98765432 16867666564636261
10 60 10 6
ADS | 11 s9f a9 ADS | 11 59} a9
RO |12 58] Qi RO |12 s8] Q1
cof13 57] Q2 co|13 57{ @2
R1 |14 56| Q3 Ri |14 561 Q3
c1 |15 55| Q4 c1 15 551 Q4
R2{16 54] GND R2 |16 54{ GND
c2]17 53] GND c2 )17 53| GND
oNd | 18 bpe428 52| a5 oD | 18 DP8429 52| o5
GND | 19 51 Vee OND | 19 51 Vee
R3 |20 50§ Vee R3 | 20 50§ Vee
c3 |21 49 06 c3 )21 49] Q6
R4 | 22 48] Q7 R4 | 22 48| a7
c4]23 47] Q8 c4 23 4708
RS | 24 46| CAS. RS | 24 46| CAS
cs | 25 45 RAS3 c5 |25 45] RaS3
R9 | 26 4 R9 |26 44
272829 3031323334 353637 383940 414243 272829 3031323334 353637 383940 414243
8 333238233 2 RIIQTg2Iz3T
Zag glalal
TL/F/8649-6 TL/F/8649-7

Order Number DP8428V-70, DP8428V-80 or
DP8429V-70, DP8429V-80
See NS Package Number V68A
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DP8428 vs DP8429

The DP8428 DYNAMIC RAM CONTROLLER/DRIVER is
identical to the DP8429 with the exception of two functional
differences incorporated to improve performance with 32-bit
microprocessors.

1) Pin 28 (B1) is used to enable/disable a pair of RAS out-
puts, and pin 29 (BO on the DP8429) is a no connect.
When B1 is low, RASO and RAS1 are enabled such that
they both go low during an access. When B1 is high,
RAS2 and RAS3 are enabled. This feature is useful when
driving words of 32 bits or more since each RAS would
be driving only one half of the word. By distributing the
load on each RAS line in this way, the DP8428 will meet
the same AC specifications driving 2 banks of 32 DRAMs
each as the DP8429 does driving 4 banks of 16 bits each.

2) The hidden refresh function available on the DP8429 has
been disabled on the DP8428 in order to reduce the
amount of setup time necessary from CS going low to
RASIN going low during an access of DRAM. This param-
eter, called tcgRL1, is 5 ns for the DP8428 whereas it is
34 ns for the DP8429. The hidden refresh function al-
lowed only a very small increase in system performance,
at microprocessor frequencies of 10 MHz and above.

Pin Definitions

Vee, GND, GND — Vge = 5V £10%. The three supply
pins have been assigned to the center of the package to
reduce voltage drops, both DC and AC. There are two
ground pins to reduce the low level noise. The second
ground pin is located two pins from Vg, so that decoupling
capacitors can be inserted directly next to these pins. It is
important to adequately decouple this device, due to the
high switching currents that will occur when all 10 address
bits change in the same direction simultaneously. A recom-
mended solution would be a 1 pF multilayer ceramic capaci-
tor in parallel with a low-voltage tantalum capacitor, both
connected as close as possible to GND and Vg to reduce
lead inductance. See Figure below.

*MULTILAYER I .
CERAMIC T TANTALUM T

TL/F/8649-8
*Capacitor values should be chosen depending on the particular application.

vee O

GND O

RO0-R9: Row Address Inputs.

C0-C9: Column Address Inputs.

Q0-Q9: Multiplexed Address Outputs - This address is
selected from the Row Address Input Latch, the Column
Address Input Latch or the Refresh Counter.

RASIN: Row Address Strobe Input - RASIN directly con-
trols the selected RAS output when in an access mode and
all RAS outputs during hidden or external refresh.

R/C (RFCK) - In the auto-modes this pin is the external
refresh clock input; one refresh cycle should be performed
each clock period. In the external access mode it is Row/
Column Select Input which enables either the row or column
address input latch onto the output bus.

CASIN (RGCK) - In the auto-modes this pin is the RAS
Generator Clock input. In external access mode it is the
Column Address Strobe input which controls CAS directly
once columns are enabled on the address outputs.

ADS: Address (Latch) Strobe Input - Row Address, Col-
umn Address, and Bank Select Latches are fall-through with
ADS high; latching occurs on high-to-low transition of ADS.
CS: Chip Select Input = When high, CS disables all ac-
cesses. Refreshing, however, in both modes 0 and 1 is not
affected by this pin.

MO, M2 (RFSH): Mode Control Inputs - These pins select
one of the four available operational modes of the DP8429
(see Table lll).

RF1/0: Refresh Input/Output - In the auto-modes this pin
is the Refresh Request Output. It goes low following RFCK
indicating that no hidden refresh was performed while RFCK
was high. When this pin is set low by an external gate the
on-chip refresh counter is reset to all zeroes.

WIN: Write Enable Input.

WE: Write Enable Output - WE follows WIN unconditionally.
RAHS: Row Address Hold Time Select - Selects the
traH to be guaranteed by the DP8428 or DP8429 delay line
to allow for the use of fast or slow DRAMs.

CAS: Column Address Strobe Output - In mode 5 and in
mode 4 with CASIN low before R/C goes low, CAS goes
low automatically after the column address is valid on the
address outputs. In mode 4 CAS follows CASIN directly af-
ter R/C goes low, allowing for nibble accessing. CAS is al-
ways high during refresh.

RAS 0-3: Row Address Strobe Outputs - The enabled
RAS output (see Table Il) follows RASIN directly during an
access. During refresh, all RAS outputs are enabled.
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DP8428/DP8429/NS32828/NS32829

Pin Definitions (continued)

B0, B1: Bank Select Inputs - These pins are decoded to
enable one or two of the four RAS outputs during an access
(see Table | and Table ).

TABLE |. DP8429 Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,
B1 BO
0 0 RASp
0 1 RAS,
1 0 RAS>
1 1 RAS3

TABLE Il. DP8428 Memory Bank Decode

Bank Select
(Strobed by ADS) Enabled RAS,
B1 NC
0 X RAS, & RAS;
1 X RAS, & RAS;3

Conditions for All Modes

INPUT ADDRESSING

The address block consists of a row-address latch, a col-
umn-address latch, and a resettable refresh counter. The
address latches are fall-through when ADS is high and latch
when ADS goes low. If the address bus contains valid ad-
dresses until after CAS goes low at the end of the memory
cycle, ADS can be permanently high. Otherwise ADS must
go low while the addresses are still valid.

DRIVE CAPABILITY

The DP8429 has timing parameters that are specified driv-
ing the typical capacitance (including traces) of 88, 5V-only
DRAMSs. Since there are 4 RAS outputs, each is specified
driving one-fourth of the total memory. CAS, WE and the
address outputs are specified driving all 88 DRAMSs.

The graph in Figure 10 may be used to determine the slight
variations in timing parameters, due to loading conditions
other than 88 DRAMs.

Because of distributed trace capacitance and inductance
and DRAM input capacitance, current spikes can be creat-
ed, causing overshoots and undershoots at the DRAM in-
puts that can change the contents of the DRAMs or even
destroy them. To reduce these spikes, a damping resistor
(low inductance, carbon) should be inserted between the
DP8429 outputs and the DRAMSs, as close as possible to

the DP8429. The damping resistor values may differ de-
pending on how heavily an output is loaded. These resistors
should be determined by the first prototypes (not wire-
wrapped due to the larger distributed capacitance and in-
ductance). Resistors should be chosen such that the tran-
sition on the control outputs is critically damped. Typical
values will be from 15Q to 100Q, with the lower values be-
ing used with the larger memory arrays. Note that AC pa-
rameters are specified with 15Q damping resistors. For
more information see AN-305 “Precautions to Take When
Driving Memories™.

DP8429 DRIVING ANY 256k or 1M DRAMS

The DP8429 can drive any 256k or 1M DRAMs. 256k
DRAMSs require 18 of the DP8429’s address inputs to select
one memory location within the DRAM. RAS-only refreshing
with the nine-bit refresh-counter on the DP8429 makes CAS
before RAS refreshing, available on 256k DRAMSs, unneces-
sary (see Figure 1a).

1 Mbit DRAMs require the use of all 10 of the DP8429 Ad-
dress Outputs (see Figure 1b).

READ, WRITE AND READ-MODIFY-WRITE CYCLES

The output signal, WE, determines what type of memory
access cycle the memory will perform. If WE is kept high
while CAS goes low, a read cycle occurs. If WE goes low
before CAS goes low, a write cycle occurs and data at DI
(DRAM input data) is written into the DRAM as CAS goes
low. If WE goes low later than tcwp after CAS goes low, first
a read occurs and DO (DRAM output data) becomes valid,
then data DI is written into the same address in the DRAM
as WE goes low. In this read-modify-write case, DI and DO
cannot be linked together. WE always follows WIN directly
to determine the type of access to be performed.

POWER-UP INITIALIZE

When Vg is first applied to the DP8429, an initialize pulse
clears the refresh counter and the internal control flip-flops.

Mode Features Summary

B 4 modes of operation: 2 access and 2 refresh

B Automatic or external selected by the user

m Auto access mode provides RAS, row to column
change, and then CAS automatically.

m Choice between two different values of tgay in auto-ac-
cess mode

m CAS controlled independently in external control mode,
allowing for nibble mode accessing

W Automatic refreshing can make refreshes transparent to
the system

m CAS is inhibited during refresh cycles
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DP8428/DP8429 Mode Descriptions

MODE 0-EXTERNALLY CONTROLLED REFRESH

Figure 2 shows the Externally Controlled Refresh timing. In
this mode the refresh counter contents are multiplexed to
the address outputs. All RAS outputs are enabled to follow
RASIN so that the row address indicated by the refresh
counter is refreshed in all DRAM banks when RASIN goes
low. The refresh counter increments when RASIN goes

In order that the refresh address is valid on the address
outputs prior to the RAS lines going low, RFSH must go low
before RASIN. The setup time required is given by tgr gL in
the Switching Characteristics. This parameter may be ad-
justed using Figure 70 for loading conditions other than
those specified.

TABLE lIl. DP8428/DP8429 Mode Select Options

high. RFSH should be held low at least until RASIN goes (RFSH)
high (they may go high simultaneously) so that the refresh Mode M2 MO Mode of Operation
address remains valid and all RAS outputs remain enabled
throughout the refresh. 0 0 0 Externally Controlled
A burst refresh may be performed by holding RFSH low and Refresh
toggling RASIN until all rows are refreshed. It may be useful 1 0 1 Auto Refresh—Forced
in this case to reset the refresh counter just prior to begin- 4 1 0 Externally Controlled
ning the refresh. The refresh counter resets to all zeroes Access
when RFI/0 is pulled low by an external gate. The refresh 5 1 1 Auto Access
counter always counts to 511 before rolling over to zero. If Hidden Refresh
there are 128 or 256 rows being refreshed then Q7 or Q8, (Hidden Refresh)
respectively, going high may be used as an end-of-burst
indicator.
DP8428/DP8429 Interface Between System and DRAM Banks
CAS >
V\I_E- —
ROWS
RAS
9 COLUMN DECODE
ADDRESS
cowmus% Dhins [l , 512
+5V 256K
BUS w DYNAMIC
D|s512 256K RAMS
S REFRESH E ARRAY
COUNTER c
0
D
DP8429 E
TL/F/8649-12
All 9 Bits of Refresh Counter Used
FIGURE 1a. DP8428/DP8429 with 256k DRAMs
7Y >
WE > ﬁ
RAS >
10 Y
" COLUMN DECODE
ADDRESS ’_#10
coLMns DRIVERS ADDRESS 8 20
BUS w
g 812 1M=BIT +5V 1M
REFRESH ¢ ARRAY DRAMS
D> COUNTER 0
D
DP8429 ¢

All 9 Bits of Refresh Counter Used

TL/F/8649-25

FIGURE 1b. DP8428/DP8429 with 1M DRAMs
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DP8428/DP8429/NS32828/NS32829

DP8428/DP8429 Mode Descriptions (continued)

tRee |
INPUTS
RASIN tRASINL
|<—mAsmu——
RFSH |:—— {RFLRL —{ I |
CASIN AND R/T %
} the* —
OUTPUTS ALL RAS's LOW
RAS 0 — tRFPDLO —=! |~ tarpoHo
7 |
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RAS 1,2,3 ——l tRFPDLO / ——{ [< tRFPDHO|
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€As I
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RF1/0
COUNTER RESET
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*Indi Dynamic RAM P TL/F/8649-13
FIGURE 2a. External Control Refresh Cycle (Mode 0)
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FIGURE 2b. Burst Refresh Mode 0

TL/F/8649-14
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DP8428/DP8429 Mode Descriptions (continued)

MODE 1-AUTOMATIC FORCED REFRESH

In Mode 1 the R/C (RFCK) pin becomes RFCK (refresh
cycle clock) and the CASIN (RGCK) pin becomes RGCK
(RAS generator clock). If RFCK is high and Mode 1 is en-
tered then the chip operates as if in MODE 0 (externally
controlled refresh), with all RAS outputs following RASIN.
This feature of Mode 1 may be useful for those who want to
use Mode 5 (automatic access) with externally controlied
refresh. By holding RFCK permanently high one need only
toggle M2 (RFSH) to switch from Mode 5 to external re-
fresh. As with Mode 0, RFI/O may be pulled low by an ex-
ternal gate to reset the refresh counter.

When using Mode 1 as automatic refresh, RFCK must be an
input clock signal. One refresh should occur each period of
RFCK. If no refresh is performed while RFCK is high, then
when RFCK goes low RFI/O immediately goes low to indi-
cate that a refresh is requested. (RFI/O may still be used to
reset the refresh counter even though it is also used as a
refresh request pin, however, an open-collector gate should
be used to reset the counter in this case since RFI/O is
forced low internally for a request).

After receiving the refresh request the system must allow a
forced refresh to take place while RFCK is low. External
logic can monitor RFRQ (RFI/O) so that when RFRQ goes
low this logic will wait for the access currently in progress to
be completed before pulling M2 (RFSH) low to put the
DP8429 in mode 1. If no access is taking place when RFRQ
occurs, then M2 may immediately go low. Once M2 is low,
the refresh counter contents appear at the address outputs
and RAS is generated to perform the refresh.

An external clock on RGCK is required to derive the refresh
RAS signals. On the second falling edge of RGCK after M2
is low, all RAS lines go low. They remain low until two more
falling edges of RGCK. Thus RAS remains high for one to
two periods of RGCK after M2 goes low, and stays low for
two periods. In order to obtain the minimum delay from M2
going low to RAS going low, M2 should go low trrspg be-
fore the falling edge of RGCK.

The Refresh Request on RFI/O is terminated as RAS goes
low. This signal may be used to end the refresh earlier than
it normally would as described above. If M2 is pulled high

| I l 4P NEXT CYCLE
RASTN PROGRESSES

®

RFCK

4P CONTINUES
OPERATIONS

| f—thack [ -—{ {=—tRGCKH

RGCK
IRFSRG /—1 I’— <— tROHRF tngm—-—
J— 8086/32016 ACKNOWLEDGES HOLD I 8086/32016 REMOVES ACKNOWLEDGE
M2 (RFSH) 68000 GRANTS BUS (MODE 5) ® (MODE 1) 68000 REMOVES GRANT (MODE 5)
@ |~—lrnnn l }«tnmvﬂ
RF 1/0 (RFRQ) J | REFRESH niznussT REMOVED
® — tRGRH
|~—an0|. ® ‘ ~>| f~—tRahL r
. REFRESH T0
nAsn.l.z,aL \ / I ®| ALLBANKSI I X '
WP ACCESS
>thp SEP Ag(éess T0
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® RFCK goes low

® RFRQ goes low if no hidden refresh
occurred while RFCK was high

@ Next RASIN starts next access
@ P acknowledges refresh request

TL/F/8649-15

® Forced refresh RAS starts after > T
(> trp)

® Forced refresh RAS ends RFRQ

@ uP removes refresh acknowledge

FIGURE 3. DP8428/DP8429 Performing a Forced Refresh (Mode 5 — 1 — 5) with Various Microprocessors
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DP8428/DP8429 Mode Descriptions (continued)

while the RAS lines are low, then the RASs go high trrrH
later. The designer must be careful, however, not to violate
the minimum RAS low time of the DRAMs. He must also
guarantee that the minimum RAS precharge time is not vio-
lated during a transition from mode 1 to mode 5 when an
access is desired immediately following a refresh.

If the processor tries to access memory while the DP8429 is
in mode 1, WAIT states should be inserted into the proces-
sor cycles until the DP8429 is back in mode 5 and the de-
sired access has been accomplished (see Figure 9).
Instead of using WAIT states to delay accesses when re-
freshing, HOLD states could be used as follows. RFRQ
could be connected to a HOLD or Bus Request input to the
system. When convenient, the system acknowledges the
HOLD or Bus Request by pulling M2 low. Using this
scheme, HOLD will end as the RAS lines go low (RFI/O
goes high). Thus, there must be sufficient delay from the
time HOLD goes high to the DP8429 returning to mode 5, so
that the RAS low time of the DRAMs isn’t violated as de-
scribed earlier (see Figure 3 for mode 1 refresh with Hold
states).

To perform a forced refresh the system will be inactive for
about four periods of RGCK. For a frequency of 10 MHz,
this is 400 ns. To refresh 128 rows every 2 ms an average of

*Resistors required depends on DRAM load.

DRAMSs Maybe 16k, 64k, 256k, 1M

For 4 Banks, can drive 16 data bits
+6 Check Bits for ECC.

For 2 Banks, can drive 32 data bits
+7 Check Bits for ECC.

For 1 Bank, can drive 64 data bits
+8 Check Bits for ECC.

INPUHTA—S'L————D‘W fas s

ALE r—————.—; ADS RAS 2
(Ll RAS 1
| s 0
RO-8,7.8,9
A0-15,17,18, 21
€0-8,7.8,9
I DP8429

81
INPUT RAS [——P RASIN

ROW/COLUMN SEL l——» R/C

WRITE WiN

REFRESH [———D M2 & MO

about one refresh per 16 us is required. With a RFCK period
of 16 us and RGCK period of 100 ns, DRAM accesses are
delayed due to refresh only 2.5% of the time. If using the
Hidden Refresh available in mode 5 (refreshing with RFCK
high) this percentage will be even lower.

MODE 4 - EXTERNALLY CONTROLLED ACCESS

In this mode all control signal outputs can be controlled
directly by the corresponding control input. The enabled
RAS output follows RASIN, CAS follows CASIN (with R/C
low), WE follows WIN and R/T determines whether the row
or the column inputs are enabled to the address outputs
(see Figure 4).

With R/C high, the row address latch contents are enabled
onto the address bus. RAS going low strobes the row ad-
dress into the DRAMs. After waiting to allow for sufficient
row-address hold time (traH) after RAS goes low, R/C can
go low to enable the column address latch contents onto
the address bus. When the column address is valid, CAS
going low will strobe it into the DRAMs. WIN determines
whether the cycle is a read, write or read-modify-write ac-
cess. Refer to Figures 5a and 5b for typical Read and Write
timing using mode 4.

Page or Nibble mode may be performed by toggling CASIN
once the initial access has been completed. In the case of
page mode the column address must be changed before

*

L ¥

14
g
<X

16Ks, 84Ks, 266Ks, 1Ms

TL/F/8649-16

FIGURE 4. Typical Application of DP8429 Using External Control Access and Refresh in Modes 0 and 4
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FIGURE 5a. Read Cycle Timing (Mode 4)
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FIGURE 5b. Write Cycle Timing (Mode 4)
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DP8428/DP8429 Mode Descriptions

CASIN goes low to access a new memory location (see
Figure 5¢). Parameter tcpgis has been specified in order that
users may easily determine minimum CAS pulse widths
when CASIN is toggling.

AUTOMATIC CAS GENERATION

CAS is held high when R/T is high even if CASIN is low. If
CASIN is low when R/C goes low, CAS goes low automati-
cally, tasc after the column address is valid. This feature
eliminates the need for an externally derived CASIN signal
to control CAS when performing a simple access (Figure 5a
demonstrates Auto-CAS generation in mode 4). Page or nib-
ble accessing may be performed as shown in Figure 5¢
even if CAS is generated automatically for the initial access.

FASTEST MEMORY ACCESS

The fastest Mode 4 access is achieved by using the auto-
matic CAS feature and external delay line to generate the
required delay between RASIN and R/C. The amount of
delay required depends on the minimum tgan of the DRAMs
being used. The DP8429 parameter tpjr1 has been speci-
fied in order that the delay between RASIN and R/C may be
minimized.

tpiF1 = MAXIMUM (trppL - tRHA)
where tgppL. = RASIN to RAS delay
and tgya = row address held from R/C going low.

The delay between RASIN and R/C that guarantees the
specified DRAM tgan is given by

MINIMUM RASIN to R/C = tpjrq + tRaH-
Example

In an application using DRAMs that require a minimum tgan
of 15 ns, the following demonstrates how the maximum
RASIN to CAS time is determined.

(Continued)

With tpjrq (from Switching Characteristics) = 7 ns,
RASINtoR/Cdelay = 7ns + 15ns = 22 ns.

A delay line of 25 ns will be sufficient.
With Auto-CAS generation, the maximum delay from R/C to
CAS (loaded with 600 pF) is 46 ns. Thus the maximum
RASIN to CAS time is 71 ns, under the given conditions.
With a maximum RASIN to RAS time (tgppL) of 20 ns, the
maximum RAS to CAS time is about 51 ns. Most DRAMs
with a 15 ns minimum tgaq have a maximum tgcp of about
60 ns. Thus memory accesses are likely to be RAS limited
instead of CAS limited. In other words, memory access time
is limited by DRAM performance, not controller perform-
ance.

REFRESHING IN CONJUNCTION WITH MODE 4

If using mode 4 to access memory, mode 0 (externally con-
trolled refresh) must be used for all refreshing.

MODE 5 - AUTOMATIC ACCESS WITH HIDDEN RE-
FRESHING CAPABILITY

Automatic-Access has two advantages over the externally
controlled access (mode 4). First, RAS, CAS and the row to
column change are all derived internally from one input sig-
nal, RASIN. Thus the need for an external delay line (see
mode 4) is eliminated.

Secondly, since R/C and CASIN are not needed to gener-
ate the row to column change and CAS, these pins can be
used for the automatic refreshing function.

AUTOMATIC ACCESS CONTROL

Mode 5 of the DP8429 makes accessing Dynamic RAM
nearly as easy as accessing static RAM. Once row and col-
umn addresses are valid (latched on the DP8429 if neces-
sary), RASIN going low is all that is required to perform the
memory access.
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FIGURE 5c. Page or Nibble Access in Mode 4
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FIGURE 6. Mode 5 Timing

(Refer to Figure 6) In mode 5 the selected RAS follows
RASIN immediately, as in mode 4, to strobe the row address
into the DRAMs. The row address remains valid on the
DP8429 address outputs long enough to meet the tgan re-
quirement of the DRAMs (pin 4, RAHS, of the DP8429 al-
lows the user two choices of tgap). Next, the column ad-
dress replaces the row address on the address outputs and
CAS goes low to strobe the columns into the DRAMs. WIN
determines whether a read, write or read-modify-write is
done.

The diagram below illustrates mode 5 automatic control sig-
nal generation.

RASIN )—f |—>- RAS
tRAH = 00-8
tsc [ TAS

TL/F/8649-21

REFRESHING IN CONJUNCTION WITH MODE 5
When using mode 5 to perform memory accesses, refresh-
ing may be accomplished:

(a) externally (in mode O or mode 1)

(b) by a combination of mode 5 (hidden refresh) and
mode 1 (auto-refresh)
or (c) by acombination of mode 5 and mode O

(a) Externally Controlled Refreshing in Mode 0 or Mode 1

All refreshing may be accomplished using external refresh-
es in either mode 0 or mode 1 with R/C (RFCK) tied high
(see mode 0 and mode 1 descriptions). If this is desired, the
system determines when a refresh will be performed, puts
the DP8429 in the appropriate mode, and controls the RAS
signals directly with RASIN. The on-chip refresh counter is
enabled to the address outputs of the DP8429 when the
refresh mode is entered, and increments when RASIN goes
high at the completion of the refresh.

(b) Mode 5 Refreshing (hidden) with Mode 1 refreshing
(auto)

(Refer to Figure 7a) If RFCK is tied to a clock (see mode 1
description), RFI/O becomes a refresh request output and
goes low following RFCK going low if no refresh occurred
while RFCK was high. Refreshes may be performed in
mode 5 when the DP8429 is not selected for access (CS is
high) and RFCK is high. If these conditions exist the refresh
counter contents appear on the DP8429 address outputs
and all RAS lines follow RASIN so that if RASIN goes low
(an access other than through the DP8429 occurs), all RAS
lines go low to perform the refresh. The DP8429 allows only
one refresh of this type for each period of RFCK, since
RFCK should be fast enough such that one refresh per peri-
od is sufficient to meet the DRAM refresh requirement.

1-81
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DP8428/DP8429 Mode Descriptions (continued)

Once it is started, a hidden refresh will continue even if
RFCK goes low. However, CS must be high throughout the
refresh (until RASIN goes high).

These hidden refreshes are valuable in that they do not
delay accesses. When determining the duty cycle of RFCK,
the high time should be maximized in order to maximize the
probability of hidden refreshes. If a hidden refresh doesn’t
happen, then a refresh request will occur on RFI/O when
RFCK goes low. After receiving the request, the system
must perform a refresh while RFCK is low. This may be
done by going to mode 1 and allowing an automatic refresh
(see mode 1 description). This refresh must be completed
while RFCK is low, thus the RFCK low time is determined by
the worst-case time required by the system to respond to a
refresh request.

(¢) Mode 5 Refresh (Hidden Refresh) with mode 0 Refresh
(External Refresh)

This refresh scheme is identical to that in (b) except that
after receiving a refresh request, mode 0 is entered to do
the refresh (see mode 0 description). The refresh request is
terminated (RFI1/O goes high) as soon as mode O is en-
tered. This method requires more control than using mode 1
(auto-refresh), however, it may be desirable if the mode 1
refresh time is considered to be excessive.

Example

Figure 7b demonstrates how a system designer would use
the DP8429 in mode 5 based on certain characteristics of
his system.

System Characteristics:
1) DRAM used has min tgay requirement of 15 ns and
min tasr of 0 ns
2) DRAM address is valid from time Ty to the end of the
memory cycle
3) four banks of twenty-two 256k memory chips each are
being driven
Using the DP8429 (see Figure 7b):
1) Tie pin 4 (RAHS) high to guarantee a 15 ns minimum
traH which is sufficient for the DRAMs being used
2) Generate RASIN no earlier than time Ty + tagrL (see
switching characteristics), so that the row address is
valid on the DRAM address inputs before RAS occurs
3) Tie ADS high since latching the DRAM address on the
DP8429 is not necessary
4) Connect the first 20 system address bits to R0-R9 and
C0-C9, and bits 21 and 22 to BO and B1
5) Connect each RAS output of the DP8429 to the RAS
inputs of the DRAMSs of one bank of the memory array;
connect Q0-Q9 of the DP8429 to A0-A9 of all DRAMs;
connect CAS of the DP8429 to CAS of all the DRAMs
Figure 7c illustrates a similar example using the DP8428 to
drive two 32-bit banks.

RFCKL

RFCK |
RFCKH 1 I
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FIGURE 7a. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing
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DP8428/DP8429 Mode Descriptions (continued)
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FIGURE 7b. Typical Application of DP8429 Using Modes 5 and 1
Applications

If one desires a memory interface containing the DP8429
that minimizes the number of external components required,
modes 5 and 1 should be used. These two modes provide:

1) Automatic access to memory (in mode 5 only one signal,
RASIN, is required in order to access memory)

2) Hidden refresh capability (refreshes are performed auto-
matically while in mode 5 when non-local accesses are
taking place, as determined by CS)

3) Refresh request capability (if no hidden refresh took
place while RFCK was high, a refresh request is generat-
ed at the RFI1/0 pin when RFCK goes high)

4) Automatic forced refresh (If a refresh request is generat-
ed while in mode 5, as described above, external logic
should switch the DP8429 into mode 1 to do an automat-
ic forced refresh. No other external control signals need
be issued. WAIT states can be inserted into the proces-
sor machine cycles if the system tries to access memory
while the DP8429 is in mode 1 doing a forced refresh).

Some items to be considered when integrating the DP8429

into a system design are:

1) The system designer should ensure that a DRAM access
not be in progress when a refresh mode is entered. Simi-

larly, one should not attempt to start an access while a
refresh is in progress. The parameter tgrpHRL specifies
the minimum time from RFSH high to RASIN going low to
initiate an access.

2) One should always guarantee that the DP8429 is enabled
for access prior to initiating the access (see tcspr1)-

3) One should bring RASIN low even during non-local ac-
cess cycles when in mode 5 in order to maximize the
chance of a hidden refresh occurring.

4) At lower frequencies (under 10 Mhz), it becomes increas-
ingly important to differentiate between READ and
WRITE cycles. RASIN generation during READ cycles
can take place as soon as one knows that a processor
READ access cycle has started. WRITE cycles, on the
other hand, cannot start until one knows that the data to
be written at the DRAM inputs will be valid a setup time
before CAS (column address strobe) goes true at the
DRAM inputs. Therefore, in general, READ cycles can be
initiated earlier than WRITE cycles.

5) Many times it is possible to only add WAIT states during
READ cycles and have no WAIT states during WRITE
cycles. This is because it generally takes less time to
write data into memory than to read data from memory.
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Applications (continued)
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FIGURE 7c. Typical Application of DP8428 Using Modes 5 and 1

The DP84XX2 family of inexpensive preprogrammed medi-
um Programmable Array Logic devices (PALs) have been
developed to provide an easy interface between various mi-
croprocessors and the DP84XX family of DRAM controller/
drivers. These PALs interface to all the necessary control
signals of the particular processor and the DP8429. The
PAL controls the operation of the DP8429 in modes 5 and 1,
while meeting all the critical timing considerations discussed
above. The refresh clock, RFCK, may be divided down from
the processor clock using an IC counter such as the
DM74LS393 or the DP84300 programmable refresh timer.
The DP84300 can provide RFCK periods ranging from 15.4
us to 15.6 us based on an input clock of 2 to 10 MHz.
Figure 8 shows a general block diagram for a system using
the DP8429 in modes 1 and 5. Figure 9 shows possible
timing diagrams for such a system (using WAIT to prohibit
access when refreshing). Although the DP84XX2 PALs are
offered as standard peripheral devices for the DP84XX
DRAM controller/drivers, the programming equations for
these devices are provided so the user may make minor
modifications for unique system requirements.

ADVANTAGES OF DP8429 OVER
A DISCRETE DYNAMIC RAM CONTROLLER

1) The DP8429 system solution takes up much less board
space because everything is on one chip (latches, re-
fresh counter, control logic, multiplexers, drivers, and in-
ternal delay lines).

2) Less effort is needed to design a memory system. The
DP8429 has automatic modes (1 and 5) which require a
minimum of external control logic. Also programmable ar-
ray logic devices (PALs) have been designed which allow
an easy interface to most popular microprocessors (Mo-
torola 68000 family, National Semiconductor 32032 fami-
ly, Intel 8086 family, and the Zilog Z8000 family).

3) Less skew in memory timing parameters because all crit-
ical components are on one chip (many discrete drivers
specify a minimum on-chip skew under worst-case condi-
tions, but this cannot be used if more then one driver is
needed, such as would be the case in driving a large
dynamic RAM array).

4) Our switching characteristics give the designer the critical
timing specifications based on TTL output levels (low =
0.8V, high = 2.4V) at a specified load capacitance. All
timing parameters are specified on the DP8429:

A) driving 88 DRAM'’s over a temperature range of 0-70
degrees centigrade (no extra drivers are needed).

B) under worst-case driving conditions with all outputs
switching simultaneously (most discrete drivers on the
market specify worst-case conditions with only one
output switching at a time; this is not a true worst-case
condition!).
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FIGURE 8. Connecting the DP8429 Between the 16-bit Microprocessor and Memory
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Switching Characteristics

All A. C. parameters are specified with the equivalent load
capacitances, including traces, of 88 DRAMSs organized as 4
banks of 22 DRAMs each. Maximums are based on worst-
case conditions including all outputs switching simulta-
neously. This, in many cases, results in the AC valves
shown in the DP84XX DRAM controller data sheet being
much looser than true worst case maximum AC delays. The
system designer should estimate the DP8429 load in his/
her application, and modify the appropriate A. C. parame-
ters using the graph in Figure 70. Two example calculations
are provided below.

+15.0

~15

-15.0
—500 —300 ~—100 0+100 +300 -+500

CpF

TL/F/8649-28
FIGURE 10. Change in Propagation Delay
relative to “true” (application) load minus
AC specified data sheet load
Examples

1) A mode 4 user driving 2 banks of DRAM has the follow-
ing loading conditions:

CAS - 300 pF
Q0-Q9 - 250 pF
RAS - 150 pF

A.C. parameters should be adjusted in accordance with Fig-
ure 10 and the specifications given for the 88 DRAM load as
follows:

max tgppL = 20 ns — 0 ns = 20 ns (since RAS load-
ing is the same as that which is spec’ed)

max tcppL = 32ns — 7 ns = 25 ns
max tccas = 46 ns — 7ns = 39 ns
max tgcc = 41 ns — 6ns = 35 ns

min trHA is not significantly effected since it does not
involve an output transition

Other parameters are adjusted in a similar manner.

2) A mode 5 user driving one bank of DRAM has the
following loading conditions:

CAS - 120 pF

QO0-Q9 - 100 pF

RAS - 120 pF

parameters should be adjusted as follows:

with RAHS = “1”,

max tgicL = 70ns — 11 ns = 59 ns

max trepL = 55ns + 1ns — 11 ns = 45ns

(the + 1 nsis due to lighter RAS loading; the — 11 ns
is due to lighter CAS loading)

mintgaq = 16ns + 1 ns = 16 ns

The additional 1 ns is due to the fact that the RAS line
is driving less (switching faster) than the load to which
the 15 ns spec applies. The row address will remain
valid for about the same time irregardless of address
loading since it is considered to be not valid at the

beginning of its transition.
E———-o TEST POINT

cL SR

A.C.

uTPUT Ro
UNDER

TEST 159

L

TL/F/8649-29
FIGURE 11. Output Load Circuit
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DP8428/DP8429/NS32828/NS32829

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Vee Supply Voltage 4.50 5.50 v
Office/Distributors for availability and specifications. Ta Ambient
Supply Voltage, Vcc 7.0V Temperature 0 +70 °C
Storage Temperature Range —65°Cto +150°C
Input Voltage 5.5V
Output Current 150 mA
Lead Temp. (Soldering, 10 seconds) 300°C
Electrical Characteristics vcc = 50v £10%, 0°C < T4 < 70°C unless otherwise noted (Note 2)
Symbol Parameter Conditions Min Typ Max Units
Ve Input Clamp Voltage Veoe = Min, I = — 12mA - 0.8 -1.2 v
IiH Input High Current for all Inputs VN = 2.5V 20 100 HA
1RSI Output Load Current for RFI/O Vin = 0.5V, Output high -0.7 -1.5 mA
Ly Input Low Current for all Inputs** ViN = 0.5V —0.02 —0.25 mA
2 ADS, R/C, CS, M2, RASIN VN = 0.5V —0.05 —-0.5 mA
ViL Input Low Threshold 0.8 \"
ViH Input High Threshold 2.0 v
VoL1 Output Low Voltage* loL = 20mA 0.3 0.5 v
VoLz Output Low Voltage for RFI/O loL = 8 mA 0.3 0.5 %
VoH1 Output High Voltage* loH= —1mA 2.4 3.5 \"
Vo2 Output High Voltage for RFI/O loq = — 100 pA 2.4 3.5 Vv
lip Output High Drive Current* Vout = 0.8V (Note 3) -50 — 200 mA
lop Output Low Drive Current* Vout = 2.4V (Note 3) 50 200 mA
Icc Supply Current Vec = Max 150 240 mA
*Except RFI/O

**Except RFI/0, ADS, R/C, CS, M2, RASIN

Switching Characteristics: DP8428 and DP8429

Vec = 5.0V + 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4
banks of 22 DRAMSs each or 88 DRAMSs, including trace capacitance.
* These values are Q0-Q9, C; = 500 pF; RAS0-RAS3, C; = 150 pF; WE, C,. = 500 pF; CAS, C,. = 600 pF; RL = 5000
unless otherwise noted. See Figure 717 for test load. Maximum propagation delays are specified with all outputs

switching.

** Preliminary

Symbol Access Parameter Condition *CL *AIIC, = 50 pF Units

Min Max Min Max

triCLO RASINto CAS Low Delay | Figure 6 57 97 42 85 ns
(RAHS = 0) DP8428-80/29-80

trICLO RASIN to CAS Low Delay Figure 6 57 87 42 75 ns
(RAHS = 0) DP8428-70/29-70

triCL1 RASIN to CAS Low Delay Figure 6 48 80 35 68 ns
(RAHS = 1) DP8428-80/29-80

tRiCL1 RASIN to CAS Low Delay Figure 6 48 70 35 58 ns
(RAHS = 1) DP8428-70/29-70

tRICH RASIN to CAS High Delay Figure 6 37 ns

trcDLO RAS to CAS Low Delay Figure 6 43 80 ns
(RAHS = 0) DP8428-80/29-80

tacoLo AS to CAS Low Deiay Figure 6 43 72 ns
(RAHS = 0) DP8428-70/29-70
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Switching Characteristics: DP8428 and DP8429 (Continued)

Vee = 5.0V + 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5), the output load capacitance is typical for 4

banks of 22 DRAMs each or 88 DRAMSs, including trace capacitance.

* These values are Q0-Q9, C; = 500 pF; RAS0-RAS3, C| = 150 pF; WE, C_ = 500 pF; CAS, C, = 600 pF; RL = 5000
unless otherwise noted. See Figure 11 for test load. Maximum propagation delays are specified with all outputs

switching.

** Preliminary

Symbol Access Parameter Condition CL “"AIlCy = 50pF Units

Min Max Min Max

tReDLY RAS to CAS Low Delay Figure 6 34 63 ns
(RAHS = 1) DP8428-80/29-80

tRcDL1 RAS to CAS Low Delay Figure 6 34 55 ns
(RAHS = 1) DP8428-70/29-70

tRCDH RAS to CAS High Delay Figure 6 22 ns

tRAHO Row Address Hold Time Figure 6 25 25 ns
(RAHS = 0, Mode 5)

tRAH1 Row Address Hold Time Figure 6 15 15 ns
(RAHS = 1, Mode 5)

tasc Column Address Set-up Time Figure 6 0 0 ns
(Mode 5)

trRcvo RASIN to Column Address Figure 6 94 ns
Valid (RAHS = 0, Mode 5) DP8428-80/29-80

tRcvo RASIN to Column Address Figure 6 85 ns
Valid (RAHS = 0, Mode 5) DP8428-70/29-70

trcvi RASIN to Column Address Figure 6 76 ns
Valid (RAHS = 1, Mode 5) DP8428-80/29-80

trov1 RASIN to Column Address Figure 6 68 ns
Valid (RAHS = 1, Mode 5) DP8428-70/29-70

tRPDL RASIN to RAS Low Delay Figures 5a, 5b, 6 21 18 ns

tRPDH RASIN to RAS High Delay Figures 5a, 5b, 6 20 17 ns

tASRL Address Set-up to RASIN low Figures 5a, 5b, 6 13 ns

tAPD Address Input to Output Figures 5a, 5b, 6 36 25 ns
Delay

tspD Address Strobe High to Figures 5a, 5b 48 ns
Address Output Valid

tASA Address Set-up Time to ADS Figures 5a, 5b, 6 5 ns

tAHA Address Hold Time from ADS Figures 5a, 5b, 6 10 ns

tADS Address Strobe Pulse Width Figures 5a, 5b, 6 26 ns

twPD WIN to WE Output Delay Figure 5b 28 ns

tcppL CASIN to CAS Low Delay Figure 5b 17 33 ns
(R/C low, Mode 4)

tcPDH CASIN to CAS High Delay Figure 5b 13 33 ns
(R/C low, Mode 4)

tcpdif tcpoL - toPpH See Mode 4 13 ns

Description

trcc Column Select to Column Figure 5a 41 ns
Address Valid

tRcRr Row Select to Row Figures 5a, 5b 45 ns
Address Valid

tRHA Row Address Held from Figure 5a 7 ns
Column Select

tccas R/C Low to CAS Low Delay Figure 5a 50 ns
(CASIN Low, Mode 4) DP8428-80/29-80

tccas R/C Low to CAS Low Delay Figure 5a 46 ns
(CASIN Low, Mode 4) DP8428-70/29-70

toIF1 Maximum (tgppL - tRHA) See Mode 4 7 ns

Description
tDiF2 Maximum (trcc - toppl) 13 ns
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DP8428/DP8429/NS32828/NS32829

Switching Characteristics: DP8428 and DP8429 (continued)

Ve = 5.0V £ 10%, 0°C < Tp < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4
banks of 22 DRAMs each or 88 DRAMs, including trace capacitance.
* These values are Q0-Q9, C; = 500 pF; RAS0-RAS3, C, = 150 pF; WE, C,. = 500 pF; CAS, C,_ = 600 pF; RL = 5000
unless otherwise noted. See Figure 11 for test load. Maximum propagation delays are specified with all outputs

switching.
**Preliminary
* *% .
Symbol Refresh Parameter Condition cL AC, = S0pF Units
Min Max Min Max

trc Refresh Cycle Period Figure 2a 100 ns

tRASINL,H Pulse Width of RASIN Figure 2a 50 ns
during Refresh

tRFPDLO RASIN to RAS Low Delay Figure 2a 28 ns
during Refresh (Mode 0)

tRFPDLS RASIN to RAS Low Delay Figure 7 38 ns
during Hidden Refresh

tRFPDHO RASIN to RAS High Delay Figure 2a 35 ns
during Refresh (Mode 0)

tRFPDHS5 RASIN to RAS High Delay Figure 7 44 ns
during Hidden Refresh

tRFLCT RFSH Low to Counter figures 2a, 3 38 ns
Address Valid CS=X

tRFLRL RFSH Low Set-up to RASIN Figure 2a 12 ns
Low (Mode 0), to get
Minimum tasg = 0

tRFHRL RFSH High Setup to Access Figure 3 25 ns
RASIN Low

tRFHRV RFSH High to Row Figure 3 43 ns
Address Valid

tROHNC RAS High to New Count Figure 2a 42 ns
Valid

tRsT Counter Reset Pulse Width Figure 2a 60 ns

teTL RFI1/0 Low to Counter Figure 2a 100 ns
Outputs All Low

tRFCKLH Minimum Puise Width Figure 7 100 ns
of RFCK

T Period of RAS Generator Figure 3 30 ns
Clock

tRGCKL Minimum Pulse Width Low Figure 3 15 ns
of RGCK

tRGCKH Minimum Pulse Width High Figure 3 15 ns
of RGCK

tFrQL RFCK Low to Forced RFRQ Figure 3 66 ns
(RFI/0) Low CL = 50pF

RL = 35k

tFRQH RGCK Low to Forced RFRQ Figure 3 55 ns

High CL = 50 pF
RL = 35k
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Switching Characteristics: DP8428 and DP8429 (continued)

Vcc = 5.0V £ 10%, 0°C < Ta < 70°C unless otherwise noted (Notes 2, 4, 5). The output load capacitance is typical for 4
banks of 22 DRAMs each or 88 DRAMs, including trace capacitance.

* These values are Q0-Q9, C, = 500 pF; RAS0-RAS3, C, = 150 pF; WE, C_ = 500 pF; CAS, C| = 600 pF; RL = 5000
unless otherwise noted. See Figure 77 for test load. Maximum propagation delays are specified with all outputs
switching.

**Preliminary

Symbol Refresh Parameter Condition oL "TANC, = 50pF Units
Min Max Min Max
tRGRL RGCK Low to RAS Low Figure 3 20 41 ns
tRGRH RGCK Low to RAS High Figure 3 20 48 ns
tRQHRE RFSH Hold Time from RGCK Figure 3 2T ns
tRFRH RFSH High to RAS High (See Mode 1 42 ns
(Ending Forced Refresh Description)
early)
tRFSRG RFSH Low Set-up to (See Mode 1 12 ns
RGCK Low (Mode 1) Description)
Figure 3
tcsHR TS High to RASIN Low for Figure 7 10 ns
Hidden Refresh
tcsRL1 CS Low to Access RASIN Figure 3 34 ns
for DP8429 Low (Using Mode 5 with
Auto Refresh Mode)
tcsRL1 TS Low to Access RASIN Figure 3 5 ns
for DP8428 Low (Using Mode 5 with
Auto Refresh Mode)
tcsmrLo CS Low to Access RASIN (See Mode 5 5 ns
Low (Using Modes 4 or 5 Description)
with externally controlled
Refresh)
tRKRL RFCK High to RASIN 50 ns
low for hidden Refresh
Input Capacitance 1, = 25°c (Note 2)
Symbol Parameter Condition Min Typ Max Units
CiN Input Capacitance ADS, R/C, CS, M2, RASIN 8 pF
CiN Input Capacitance All Other Inputs 5 pF

Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: All typical values are for To=25°C and Vgg=>5.0V.

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing this parameter. In testing these
parameters, a 152 resistor should be placed in series with sach output under test. One output should be tested at a time and test time should not exceed 1 second.

Note 4: Input pulse OV to 3.0V, tg =tr=2.5 ns, f=2.5 MHz, tpyy=200 ns. Input reference point on AC measurements is 1.5V Output reference points are 2.4V for
High and 0.8V for Low.

Note 5: The load capacitance on RF 1/0 should not exceed 50 pF.
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DP8420A/DP8421A/DP8422A

National
Semiconductor

DP8420A/21A/22A microCMOS Programmable
256k/1M/4M Dynamic RAM Controller/Drivers

General Description

The DP8420A/21A/22A dynamic RAM controllers provide a
low cost, single chip interface between dynamic RAM and
all 8-, 16- and 32-bit systems. The DP8420A/21A/22A gen-
erate all the required access control signal timing for
DRAMs. An on-chip refresh request clock is used to auto-
matically refresh the DRAM array. Refreshes and accesses
are arbitrated on chip. If necessary, a WAIT or DTACK out-
put inserts wait states into system access cycles, including
burst mode accesses. RAS low time during refreshes and
RAS precharge time after refreshes and back to back ac-
cesses are guaranteed through the insertion of wait states.
Separate on-chip precharge counters for each RAS output
can be used for memory interleaving to avoid delayed back
to back accesses because of precharge. An additional fea-
ture of the DP8422A is two access ports to simplify dual
accessing. Arbitration among these ports and refresh is
done on chip.

Features

m On chip high precision delay line to guarantee critical
DRAM access timing parameters

® microCMOS process for low power

m High capacitance drivers for RAS, CAS, WE and DRAM
address on chip

m On chip support for nibble, page and static column
DRAMs

m Byte enable signals on chip allow byte writing in a word
size up to 32 bits with no external logic

m Selection of controller speeds: 20 MHz and 25 MHz

m On board Port A/Port B (DP8422A only)/refresh arbitra-
tion logic )

m Direct interface to all major microprocessors (applica-
tion notes available)

m 4 RAS and 4 CAS drivers (the RAS and CAS configura-
tion is programmable)

convor | 4ot | sorasams | LS| O O e
Possible Capacity Available
DP8420A 68 9 256 kbit 4 Mbytes Single Access Port
DP8421A 68 10 1 Mbit 16 Mbytes Single Access Port
DP8422A 84 1 4 Mbit 64 Mbytes Dual Access Ports (A and B)

Block Diagram

DP8420A/21A/22A DRAM Controller

2 11,10,9 D
BANK ADDRESS IN — > R 11,10,9
A9 U1 ApoRESS LaTcH ADDRESS
ROW ADDRESS IN Tr70>| (Row, COLUMN & Bank) f11.10.9] MU ¥ I> out
COLUMN ADDRESS IN > > R
S
J L 11.10,9? 111,10,9
MODE LOAD SCRUBBING REFRESH
PROGRAMMING COLUMN ROW
REGISTERS COUNTER COUNTER
4 T
CONTROL INPUTS ARBITER AND WATT > WAIT
LOGIC FOR PORT A, > RTACKE (84224)
PORT B AND REFRESH > CRANTS (84224)
i 2 SCRUBBING BANK
¥ —
SYSTEM CLOCK = MEMORY CYCLE <
GENERATOR,
DELAY LINE, —>
»|  BANK SELECT LOGIC

TL/F/8588-5

FIGURE 1
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DP8420A/DP8421A/DP8422A

1.0 Introduction

The DP8420A/21A/22A are CMOS Dynamic RAM control-
lers that incorporate many advanced features including the
capabilities of address latches, refresh counter, refresh
clock, row, column and refresh address multiplexor, delay
line, refresh/access arbitration logic and high capacitive
drivers. The programmable system interface allows any
manufacturer's microprocessor or bus to directly interface
via the DP8420A/21A/22A to DRAM arrays up to
64 Mbytes in size.

After power up, the DP8420A/21A/22A must first be pro-
grammed before accessing the DRAM. The chip is pro-
grammed through the address bus.

There are two methods of programming the chip. The first
method, mode load only, is accomplished by asserting the
signal mode load, ML. A valid programming selection is pre-
sented on the row, column, bank and ECAS inputs, then ML
is negated. When ML is negated, the chip is programmed
with the valid programming bits on the address bus.

The second method, chip selected access, is accomplished
by asserting ML and performing a chip selected access.
When CS and AREQ are asserted for the access, the chip is
programmed. During this programming access, the pro-
gramming bits affecting the wait logic become effective im-
mediately, allowing the access to terminate. After the ac-
cess, ML is negated and the rest of the programming bits
take effect.

Once the DP8420A/21A/22A has been programmed, a
60 ms initialization period is entered. During this time, the
DP8420A/21A/22A controllers perform refreshes to the
DRAM array so further DRAM warm up cycles are unneces-
sary. )

The DP8420A/21A/22A can now be used to access the
DRAM. There are two modes of accessing with the control-
ler. The two modes are Mode 0, which initiates RAS syn-
chronously, and Mode 1, which initiates RAS asynchronous-
ly.

To access the DRAM using Mode 0, the signal ALE is as-
serted along with CS to ensure a valid VRAM access. ALE
asserting sets an internal latch and only needs to be pulsed
and not held throughout the entire access. On the next ris-
ing clock edge, RAS will be asserted for that access. The
DP8420A/21A/22A will place the row address on the
DRAM address bus, guarantee the programmed value of
row address hold time of the DRAM, place the column ad-
dress on the DRAM address bus, guarantee the pro-
grammed value of column address setup time and assert
CAS. AREQ can be asserted anytime after the clock edge
which starts the access RAS. RAS and CAS will extend until
AREQ is negated.

The other access mode, Mode 1, is asynchronous to the
clock. When ADS is asserted, RAS is asserted. The
DP8420A/21A/22A will place the row address on the
DRAM address bus, guarantee the programmed value of
row address hold time, place the column address on the
DRAM address bus, guarantee the programmed value of
column address setup time and assert CAS. AREQ can be
tied to ADS or can be asserted after ADS is asserted. AREQ
negated will terminate the access.

The DP8420A/21A/22A have greatly expanded refrash ca-
pabilities compared to other DRAM controllers. There are
three modes of refreshing available. These modes are inter-
nal automatic refreshing, externally controlled/burst re-
freshing, and refresh request/acknowledge refreshing. Any

of these modes can be used together or separately to
achieve the desired results.

When using internal automatic refreshing, the DP8420A/
21A/22A will generate an internal refresh request from the
refresh request clock. The DP8420A/21A/22A will arbitrate
between the refresh requests and accesses. Assuming an
access is not currently in progress, the DP8420A/21A/22A
will assert the signal RFIP. On the next positive clock edge,
refreshing will begin. If an access had been in progress, the
refresh will begin after the access has terminated.

To use externally controlled/burst refresh, the user disables
the internal refresh request by asserting the input
DISRFRSH. A refresh can now be externally requested by
asserting the input RFSH. The DP8420A/21A/22A will arbi-
trate between the external refresh request and accesses.
Assuming an access is not currently in progress, the
DP8420A/21A/22A will assert the output RFIP. On the next
positive clock edge, refreshing will begin. If an access had
been in progress, the refresh would take place after the
access has terminated.

With refresh request/acknowledge mode, the DP8420A/
21A/22A broadcasts the internal refresh request to the sys-
tem through the RFRQ output pin. External circuitry can de-
termine when to refresh the DRAM through the RFSH input.

The controllers have three types of refreshing available:
conventional, staggered and error scrubbing. Any refresh
control mode can be used with any type of refresh. In a
conventional refresh, all of the RAS outputs will be asserted
and negated at once. In a staggered refresh, the RAS out-
puts will be asserted one positive clock edge apart. Error
scrubbing is the same as conventional refresh except that a
CAS will be asserted during a refresh allowing the system to
run that data through an EDAC chip and write it back to
memory, if a single bit error has occurred. The refreshes
can be extended with the EXTEND REFRESH input,
EXTNDRF.

The DP8420A/21A/22A have wait support available as
DTACK or WAIT. Both are programmable. DTACK, Data
Transfer ACKnowledge, is useful for processors whose wait
signal is active high. WAIT is useful for processors whose
wait signal is active low. The user can choose either at pro-
gramming. These signals are used by the on-chip arbitor to
insert wait states to guarantee the arbitration between ac-
cesses and refreshes or precharge. Both signals are inde-
pendent of the access mode chosen.

DTACK will assert a programmed number of clock edges
from the event that starts the access RAS. DTACK will be
negated, when the access is terminated, by AREQ being
negated. DTACK can also be programmed to toggle with
the ECAS inputs during burst/page mode accesses.

WAIT is asserted during the start of the access (ALE and
CS, or ADS and TS) and will negate a number of clock
edges from the event that starts the access RAS. After
WAIT is negated, it will stay negated until the next access.
WAIT can also be programmed to toggle with ECAS inputs
during a burst/page mode access.

Both signals can be dynamically delayed further through the
WAITIN signal to the DP8420A/21A/22A.

The DPB420A/21A/22A have address latches, used to
latch the bank, row and column address inputs. Once the
address is latched, a column increment feature can be used
to increment the column address. The address latches can
also be programmed to be fall through.
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1.0 Introduction (continued)

The RAS and CAS drivers can be configured to drive a one,
two or four bank memory array up to 32 bits in width. The
ECAS signals can then be used to select one of four CAS
drivers for byte writing with no external logic.

When configuring the DP8420A/21A/22A for more than
one bank, memory interleaving can be used. By tying the
low order address bits to the bank select lines, BO and B1,
sequential back to back accesses will not be delayed since
the DP8420A/21A/22A have separate precharge counters
per bank. The DP8420A/21A/22A are capable of perform-
ing address pipelining. In address pipelining, the DP8420A/
21A/22A guarantee the column address hold time and
switch the internal multiplexor to place the row address on
the address bus. At this time, another memory access to
another bank can be initiated.

The DP8422A has all the features previously mentioned.
Unlike the DP8420A/21A, the DP8422A has a second port
to allow a second CPU to access the memory array. This
port, Port B, has two control signals to allow a CPU to ac-

this purpose since it is asserted when Port B has access to
the DRAM array and negated when Port A has access to
the DRAM array. Once a port has access to the array, the
other port can be “locked out” by asserting the input LOCK.
AREQB, when asserted, is used by Port B to request an
access. ATACKB, when asserted, signifies that access RAS
has been asserted for the requested Port B access. By us-
ing ATACKB, the user can generate an appropriate WAIT or
DTACK like signal for the Port B CPU.

The following explains the terminology used in this data
sheet. The terms negated and asserted are used. Asserted
refers to a “true” signal. Thus, “ECASO asserted” means
the ECASO input is at a logic 0. The term “COLINC assert-
ed” means the COLINC input is at a logic 1. The term negat-
ed refers to a “false” signal. Thus, “ECASO negated”
means the ECASO input is at a logic 1. The term “COLINC
negated” means the input COLINC is at a logic 0. The table
shown below clarifies this terminology.

cess the DRAM array. These signals are access request for Signal Action Logic Level
Port B, AREQB, and Advanced Transfer ACKnowledge for Active High Asserted High
Port B, ATACKB. Two other signals are used by both Port A ve nig 9
and Port B for dual accessing purposes. The signals are Active High Negated Low
lock, LOCK and grant Port B, GRANTB. All arbitration for Active L Asserted L
the two ports and refresh is done on-chip by the DP8422A Clive Low sserte ow
through the insertion of wait states. Since the DP8422A has Active Low Negated High
only one input address bus, the address lines have to be
multiplexed externally. The signal GRANTB can be used for
Connection Diagrams
a o a ‘E |9_-
82 8583838383858 EFk
9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61
R1J10 60 | WAITIN
ciyn 59 | RFSH
R2112 58 | DISRFSH
C2§13 57 | DELCLK
R3|14 56 ] CLK
c3|15 55 Vee
R4 |16 54 ] COLINC
C4117 53| GND
R5]18 DP8420A 52] ML
c5119 S1}GND
R6]20 50 | CAP
cs 21 49| Ve
R7]22 48]Cs
c7]23 47| AREQ
R | 24 46| WIN
c8]25 45] CAS3
R9 )26 44 CASZ
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

"REEE®RS®

ZREEEER

TL/F/8588-4

Top View
FIGURE 2
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Order Number DP8420AV-20 or DP8420AV-25
See NS Package Number V68A
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DP8420A/DP8421A/DP8422A

Connection Diagrams (continued)

co
R1
c1
R2
c2
R3

R4
RS
R6
c6
R7
c7

R9

sess588s838sas8l5k
9 8 7 6 5 4 3 2 1 6867 66 65 64 63 62 61
R1]10 60 | WATTIN
cijn 59 RFSH
R2}12 58 | DISRFSH
c2}13 57| DELCLK
R3|14 56| cLk
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R4 |16 54] coLINC
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R5|18 DP8421A s2| ML
cs]1e 51} oND
R6J20 50 fCAP
c6]21 49 vee
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2.0 Signal Descriptions

Pin
Name

Device (If not
Applicable to All)

Input/
Output

Description

2.1 ADDRESS

, R/W AND PROGRAMMING SIGNALS

RO-10
RO-9

DP8422A
DP8420A/21A

ROW ADDRESS: These inputs are used to specify the row address during an access
to the DRAM. They are aiso used to program the chip when ML is asserted (except
R10).

C0-10
Co-9

DP8422A
DP8420A/21A

COLUMN ADDRESS: These inputs are used to specify the column address during an
access to the DRAM. They are also used to program the chip when ML is asserted
(except C10).

BO, B1

BANK SELECT: Depending on programming, these inputs are used to select a group
of RAS and CAS outputs to assert during an access. They are also used to program
the chip when ML is asserted.

ECAS0-3

ENABLE CAS: These inputs are used to enable a single or group of CAS outputs
when asserted. In combination with the B0, B1 and the programming bits, these
inputs select which CAS output or CAS outputs will assert during an access. The
ECAS signals can also be used to toggle a group of CAS outputs for page/nibble
mode accesses. They also can be used for byte write operations. If ECASO is
negated during programming, continuing to assert the ECASO while negating AREQ
or AREQB during an access, will cause the CAS outputs to be extended while the
RAS outputs are negated (the ECASn inputs have no effect during scrubbing
refreshes).

g

WRITE ENABLE IN: This input is used to signify a write operation to the DRAM. If
ECASO0 is asserted during programming, the WE output will follow this input. This
input asserted will also cause CAS to delay to the next positive clock edge if address
bit C9 is asserted during programming.

COLINC
(EXTNDRF)

COLUMN INCREMENT: When the address latches are used, and RFIP is negated,
this input functions as COLINC. Asserting this signal causes the column address to
be incremented by one. When RFIP is asserted, this signal is used to extend the
refresh cycle by any number of periods of CLK until it is negated.

ML

MODE LOAD: This input signal, when low, enables the internal programming register
that stores the programming information.

2.2 DRAM CONTROL SIGNALS

DP8422A
DP8421A
DP8421A

[eNeXNe]

DRAM ADDRESS: These outputs are the multiplexed output of the R0-9, 10 and
C0-9, 10 and form the DRAM address bus. These outputs contain the refresh
address whenever RFIP is asserted. They contain high capacitive drivers with 20Q
series damping resistors.

ROW ADDRESS STROBES: These outputs are asserted to latch the row address
contained on the outputs Q0-8, 9, 10 into the DRAM. When RFIP is asserted, the
RAS outputs are used to latch the refresh row address contained on the Q0-8, 9, 10
outputs in the DRAM. These outputs contain high capacitive drivers with 204 series
damping resistors.

COLUMN ADDRESS STROBES: These outputs are asserted to latch the column
address contained on the outputs Q0-8, 9, 10 into the DRAM. These outputs have
high capacitive drivers with 20Q) series damping resistors.

WRITE ENABLE or REFRESH REQUEST: This output asserted specifies a write
operation to the DRAM. When negated, this output specifies a read operation to the
DRAM. When the DP8420A/21A/22A is programmed in interleave mode or when
ECASO is negated during programming, this output will function as RFRQ. When
asserted, this pin specifies that 13 us or 15 us have passed. |f DISRFSH is negated,
the DP8420A/21A/22A will perform an internal refresh as soon as possible. If
DISRFRSH is asserted, RFRQ can be used to externally request a refresh through
the input RFSH. This output has a high capacitive driver and a 20 series damping
resistor.
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DP8420A/DP8421A/DP8422A

2.0 Signal Descriptions (Continued)

Pin
Name

Device (If not
Applicable to All)

Input/
Output

Description

2.3 REFRESH SIGNALS

RFIP

(0]

REFRESH IN PROGRESS: This output is asserted prior to a refresh cycle and is
negated when all the RAS outputs are negated for that refresh.

RFSH

REFRESH: This input asserted with DISRFRSH already asserted will request a
refresh. If this input is continually asserted, the DP8420A/21A/22A will perform
refresh cycles in a burst refresh fashion until the input is negated. If RFSH is asserted
with DISRFSH negated, the internal refresh address counter is cleared (useful for
burst refreshes).

DISRFSH

DISABLE REFRESH: This input is used to disable internal refreshes and must be
asserted when using RFSH for externally requested refreshes.

2.4 PORT A ACCESS

ADS
(ALE)

ADDRESS STROBE or ADDRESS LATCH ENABLE: Depending on programming,
this input can function as ADS or ALE. In mode 0, the input functions as ALE and
when asserted along with CS causes an internal latch to be set. Once this latch is set
an access will start from the positive clock edge of CLK as soon as possible. In Mode
1, the input functions as ADS and when asserted along with CS, causes the access
RAS to assert if no other event is taking place. If an event is taking place, RAS will be
asserted from the positive edge of CLK as soon as possible. In both cases, the low
going edge of this signal latches the bank, row and column address if programmed to
do so.

CHIP SELECT: This input signal must be asserted to enable a Port A access.

ACCESS REQUEST: This input signal in Mode 0 must be asserted some time after
the first positive clock edge after ALE has been asserted. When this signal is
negated, RAS is negated for the access. In Mode 1, this signal must be asserted
before ADS can be negated. When this signal is negated, RAS is negated for the
access.

WAIT or DTACK: This output can be programmed to insert wait states into a CPU
access cycle. With R7 negated during programming, the output will function as a
WAIT type output. In this case, the output will be active low to signal a wait condition.
With R7 asserted during programming, the output will function as DTACK. In this
case, the output will be negated to signify a wait condition and will be asserted to
signify the access has taken place. Each of these signals can be delayed by a
number of positive clock edges or negative clock levels of CLK to increase the
microprocessor’s access cycle through the insertion of wait states.

WAIT INCREASE: This input can be used to dynamically increase the number of
positive clock edges of CLK until DTACK will be asserted or WAIT will be negated
during a DRAM access.
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2.0 Signal Descriptions (continued) ®
N

Pin Device (If not Input/ (=4
Name | Applicable to All) | Output Description s
2.5 PORT B ACCESS SIGNALS g
AREQB DP8422A | PORT B ACCESS REQUEST: This input asserted will latch the row, column and bank S
only address if programmed, and requests an access to take place for Port B. If the ;

access can take place, RAS will assert immediately. If the access has to be delayed, ~

RAS will assert as soon as possible from a positive edge of CLK. %

ATACKB | DP8422A o ADVANCED TRANSFER ACKNOWLEDGE PORT B: This output is asserted when 2
only the access RAS is asserted for a Port B access. This signal can be used to generate ﬁ

the appropriate DTACK or WAIT type signal for Port B's CPU or bus. >

2.6 COMMON DUAL PORT SIGNALS

GRANTB | DP8422A o GRANT B: This output indicates which port is currently granted access to the DRAM
only array. When GRANTRB is asserted, Port B has access to the array. When GRANTB is
negated, Port A has access to the DRAM array. This signal is used to multiplex the
signals R0-8, 9, 10; C0-8, 9, 10; BO-1; WIN; LOCK and ECAS0-3 to the DP8422A
when using dual accessing.
LOCK DP8422A | LOCK: This input can be used by the currently granted port to “lock out” the other
only port from the DRAM array by inserting wait states into the locked out port’s access
cycle until LOCK is negated.
2.7 POWER SIGNALS AND CAPACITOR INPUT
Veeo | POWER: Supply Voltage.
GND | GROUND: Supply Voltage Reference.
CAP | CAPACITOR: This input is used by the internal PLL for stabilization. The value of the

ceramic capacitor should be 0.1 uF and should be connected between this input and
ground.

2.8 CLOCK INPUTS

There are two clock inputs to the DP8420A/21A/22A, CLK and DELCLK. These two clocks may both be tied to the same clock
input, or they may be two separate clocks, running at different frequencies, asynchronous to each other.

CLK

SYSTEM CLOCK: This input may be in the range of 0 Hz up to 25 MHz. This input is
generally a constant frequency but it may be controlled externally to change
frequencies or perhaps be stopped for some arbitrary period of time.

This input provides the clock to the internal state machine that arbitrates between
accesses and refreshes. This clock’s positive edges and negative levels are used to
extend the WAIT (DTACK) signals. Ths clock is also used as the reference for the
RAS precharge time and RAS low time during refresh.

All Port A and Port B accesses are assumed to be synchronous to the system clock
CLK.

DELCLK

DELAY LINE CLOCK: The clock input DELCLK, may be in the range of 6 MHz to

20 MHz and should be a multiple of 2 (i.e., 6, 8, 10, 12, 14, 16, 18, 20 MHz) to have
the DP8420A/21A/22A switching characteristics hold. If DELCLK is not one of the
above frequencies the accuracy of the internal delay line will suffer. This is because
the phase locked loop that generates the delay line assumes an input clock
frequency of a multiple of 2 MHz.

For example, if the DELCLK input is at 7 MHz and we choose a divide by 3 (program
bits CO-2) this will produce 2.333 MHz which is 16.667 % off of 2 MHz. Therefore, the
DP8420A/21A/22A delay line would produce delays that are shorter (faster delays)
than what is intended. If divide by 4 was chosen the delay line would be longer
(slower delays) than intended (1.75 MHz instead of 2 MHz). (See Section 10 for more
information.)

This clock is also divided to create the internal refresh clock.
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DP8420A/DP8421A/DP8422A

3.0 Port A Access Modes

The DP8420A/21A/22A have two general purpose access
modes. With one of these modes, any microprocessor can
be interfaced to DRAM. A Port A access to DRAM is initiat-
ed by two input signals: ADS (ALE) and CS. The access is
always terminated by one signal: AREQ. These input signals
should be synchronous to the input clock, CLK. One of
these access modes is selected at programming through
the B1 input signal. In both modes, once an access has
been requested by CS and ADS (ALE), the DP8422A will
guarantee the following:

The DP8420A/21A/22A will have the row address valid to
the DRAMs’ address bus, Q0-8, 9, 10 given that the row
address setup time to the DP8420A/21A/22A was met;
The DP8420A/21A/22A will bring the appropriate RAS or
RASs low;

The DP8420A/21A/22A will guarantee the minimum row
address hold time, before switching the internal multiplexor
to place the column address on the DRAM address bus,
Qo0-8, 9, 10;

The DP8420A/21A/22A will guarantee the minimum col-
umn address setup time before asserting the appropriate
CAS or CASs;

The DP8420A/21A/22A will hold the column address valid
the minimum specified column address hold time in address
pipelining mode and will hold the column address valid the
remainder of the access in non-pipelining mode.

3.1 ACCESS MODE 0

Access Mode 0, shown in Figure 5a, is selected by negating
the input B1 during programming. This access mode allows
accesses to DRAM to always be initiated from the positive
edge of the system input clock, CLK. To initiate a Mode 0
access, ALE is pulsed high and CS is asserted. Pulsing ALE
high and asserting CS, sets an internal latch which requests
an access. If the precharge time from the last access or
DRAM refresh had been met and a refresh of DRAM or a
Port B access was not in progress, the RAS or group of
RASs would be initiated from the first positive edge of CLK.
If a DRAM refresh is in progress or precharge time is re-
quired, the controller will wait until these events have taken
place and assert RAS on the next positive edge of CLK.

Sometime after the first positive edge of CLK after ALE and
CS have been asserted, the input AREQ must be asserted.
In single port applications, once AREQ has been asserted,
CS can be negated. Once AREQ is negated, RAS and
DTACK, if programmed, will be negated. If ECASO is assert-
ed during programming, CAS will be negated with AREQ. If
ECASO was negated during programming, a single CAS or
group of CASs will continue to be asserted after RAS has
been negated given that the appropriate ECASs inputs were

CLK L/\ \ / \ / \ / \ /_\
ALE /_-_\

.

-

[
AREQ \

RAS

s \

N

Q0-8,9,10 X Row X

COLUMN X

TL/F/8588-60

FIGURE 5a. Access Mode 0




3.0 Port A Access Modes (Continued)

asserted as shown in Figure 5b. This allows the DRAM to
have data present on the data out bus while gaining RAS
precharge time. ALE can stay asserted several periods of
CLK. However, ALE must be negated before or during the
period of CLK in which AREQ is negated.

When performing address pipelining, the ALE input cannot
be asserted to start another access until AREQ has been
asserted for at least one clock period of CLK for the present
access.

3.2 ACCESS MODE 1

Access Mode 1, shown in Figure 6a, is selected by asserting
the input B1 during programming. This mode allows access-

ax /0 \

es, which are not delayed by precharge, Port B access or
refresh, to start immediately from the access request input,
ADS. To initiate a Mode 1 access, CS is asserted foliowed
by ADS asserted. If the programmed precharge time from
the last access or DRAM refresh had been met and a re-
fresh of the DRAM or Port B access to the DRAM was not in
progress, the RAS or group of RASs selected by program-
ming and the bank select inputs would be asserted from
ADS being asserted. If a DRAM refresh or Port B access is
in progress or precharge time is required, the controller will
wait until these events have taken place and assert RAS or
the group of RASs from the next positive edge of CLK.

_/  _/ S S \

gl
7

0-8,9,10 X row X

COLUMN X NEw\Row

v

TL/F/8588-61

FIGURE 5b. Access Mode 0 Extending CAS
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FIGURE 6a. Access Mode 1
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DP8420A/DP8421A/DP8422A

3.0 Port A Access Modes (continued)

When ADS is asserted or sometime after, AREQ must be 3.3 READ-MODIFY-WRITE CYCLES WITH EITHER
asserted. At this time, ADS can be negated and AREQ will ACCESS MODE

continue the access. Once AREQ is negated, RAS and
DTACK, if programmed, will be negated. If ECASO was as-
serted during programming, CAS will be negated with
AREQ. If ECASO0 was negated during programming, a single
CAS or group of CASs will continue to be asserted after
RAS has been negated given that the appropriate ECAS
inputs were asserted as shown in Figure 6b. This allows a

There are 2 methods by which this chip can be used to do
read-modify-write access cycles. The first method involves
doing a late write access where the WIN input is asserted
some delay after CAS is asserted. The second method in-
volves doing a page mode read access followed by a page
mode write access with RAS held low (see Figure 5).

DRAM to have data present on the data out bus while gain- CASn must be toggled using the ECASn inputs and WIN has
ing RAS precharge time. ADS can continue to be asserted to be_changed from negated to asserted (read to write)
after AREQ has been asserted and negated, however a new while CAS is negated. This methpd is better.than changing
access would not be started until ADS is negated and as- WIN from negated to asserted in a late write access be-
serted again. ADS and AREQ can be tied together in appli- cause here a problem may arise wntr) DATA IN ar]d DATA
cations not using address pipelining. OUT being valid at the same time. This may result in a data

line trying to drive two different levels simultaneously. The

. page mode method of a read-modify-write access allows
the user to have transceivers in the system because the
data in (read data) is guaranteed to be high impedance dur-
ing the time the data out (write data) is valid.

w/ N v V /S "\

If address pipelining is programmed, it is possible for ADS to
be negated after AREQ is asserted. Once AREQ is assert-
ed, ADS can be asserted again to initiate a new access.

(

0~8,9,10 X ROW X COLUMN NEW ROW |

€S \ &—

TL/F/8588-63
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FIGURE 6b. Access Mode 1 Extending CAS
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3.0 Port A Access Modes (continued)
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FIGURE 6c. Read-Modify-Write Access Cycle

4.0 Refresh Options

The DP8420A/21A/22A support a wide varisty of refresh
control mode options including automatic internally con-
trolled refresh, externally controlied/burst refresh, refresh
request/acknowledge and any combination of the above.
With each of the control modes above, different types of
refreshes can be performed. These different types include
all RAS refresh, staggered refresh and error scrubbing dur-
ing all RAS refresh.

There are three inputs, EXTNDRF, RFSH and DISRFSH,
and two outputs, RFIP and RFRQ, associated with refresh.
There are also ten programming bits; R0-1, R9, C0-6 and
ECASO used to program the various types of refreshing.

The two inputs, RFSH and DISRFSH, are used in the exter-
nally controlled/burst refresh mode and the refresh re-
quest/acknowledge mode. The output RFRQ is used in the
refresh requset/acknowledge mode. The input EXTNDRF
and the output RFIP are used in all refresh modes. Assert-
ing the input EXTNDRF, extends the refresh cycle single or
multiple integral clock periods of CLK. The output RFIP is
asserted one period of CLK before the first refresh RAS is
asserted. If an access is currently in progress, RFIP will be
asserted up to one period of CLK before the first refresh
RAS, once AREQ or AREQB is negated for the access (see
Figure 7a).

The DP8420A/21A/22A will increment the refresh address
counter automatically, independent of the refresh mode
used. The refresh address counter will be incremented once
all the refresh RASs have been negated.

In every combination of refresh control mode and refresh
type, the DP8420A/21A/22A is programmed to keep RAS
asserted a number of CLK periods. The values of RAS low
time during refresh are programmed with the programming
bits RO and R1.

4.1 REFRESH CONTROL MODES

There are three different modes of refresh control. Any of
these modes can be used in combination or singularly to
produce the desired refresh results. The three different
