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NEC Electronics’ fabrication, testing and assembly factory in
Roseville, California, is expanding to become one of the most
advanced facilities in the United States. The new buildings
shown in the inset will quadruple the total plant area, allowing
for approximately 30% of total revenue to be derived from
products manufactured in the United States.
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General Information

Introduction

This 1991 edition of the MEMORY PRODUCTS DATA
BOOK contains the most current information available
at the time of printing. Please contact your local repre-
sentative of NEC Electronics Inc. to stay informed of
upcoming releases. Additional products in develop-
ment but not yet announced are referred to below. The
addition of these products to our memory line, already
the broadest in the industry (and briefly described in
this section), means that NEC is able to offer an even
greater selection of device types, configurations, and
packaging options in each of the major memory
groups.

Among our new application-specific products are high
performance devices for graphics, video/TV, image
processing, data processing, and other specialized
applications. The uPD42275, for example, expands our
leadership line of 1-Mbit video buffers with an 8-bit
organization that provides increased bandwidth for
high-end applications as well as a low-cost, best-fit
solution for low-end graphics systems. Our 256K video
buffer capabilities have been extended with the CMOS-
fabricated uPD42264. Densities beyond 1 Mbit will be
announced in 1991. The uPD42272 picture-in-picture
generator provides an easy design path for simulta-
neous viewing of multiple screens in television, imag-
ing, and security systems. The uPD42271 provides the
same functions, minus the colored border of the inset
picture. In 1991, you can also expect new field buffer
and silicon file products and modules based on video
buffers.

In building on our position as an industry leader in the
production of latest-generation DRAMs, we have fo-
cused our attention on developing products with
higher density, lower power consumption, and faster
access times. Our 1-Mbit CMOS DRAMs are now avail-
able in 60 ns versions. Write-per-bit options are also
offered. NEC's recently released 4-Mbit CMOS
DRAMs—the nPD424100, uPD424101, uPD424102,
UPD424400, uPD424402, uPD424410, uPD424412, and
LPD424800-series—reflect the trend toward higher

SIMM is atrademark of Wang Laboratories.

integration and continue NEC's advances in high-
volume manufacturing of fast DRAMs. These 4-Mbit
DRAMs will be the key devices produced in our new
factory addition in Roseville, California (see
description elsewhere in this section). TSOP packages
will also eventually be offered on DRAMs of 1 Mbit or
greater, and 300-mil SOJ packaging will be available for
4-Mbit DRAMs by 1991.

A family of modules based on our 1- and 4-Mbit DRAMs
is being offered with 8-, 9-, 36- or 40-bit organizations
and either leaded or socket-mountable mounting op-
tions. Single Inline Memory Module (SIMM™) packag-
ing enhances reliability and reduces the size, weight
and cost of a system, providing the same high perfor-
mance at the module level as at the device level. The
DRAM product family will be extended in 1991 to
include new SIMM modules, additional DRAMs of 8
data bits or more, and new 16-Mbit DRAMs with a
variety of operating features and data bus widths.

An increasing demand for enlarged program and data
memory in point-of-sale systems, numerically con-
trolled machining systems, hand-held computers, por-
table terminals and word processors has led to our
development of low-power static CMOS RAMs, all of
which feature advanced circuitry, a short-channel
silicon-gate fabrication process, fast access times, and
fully static operation (with no clock or refreshing).
Densities through 1Mbit are now available in this family,
as is the popular new TSOP package. Density will
increase to 4 Mbits and beyond in our byte-wide SRAMs.

NEC has continued to develop more efficient, super
high-speed products for use as cache memory, main
memory, and control storage memory in workstations,
file servers, mainframe computers and IC testers, as
evidenced by our announcement of 17 new fast CMOS
and BiCMOS SRAMs and bipolar ECL RAMs. These
devices are available in densities through 1 Mbit, with
data bus widths of up to 20 bits for cache applications.
Additional products, through 4 Mbits for CMOS and 1
Mbit for ECL-compatible BiCMOS, are in development.

1-1
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Our family of EPROMs has also been expanded to
include higher density products offering greater integ-
rity, improved programming features, and a consider-
able savings in both operating and standby power. Our
fast 1-, 2- and 4-Mbit EPROMs are in production now;
samples of even high density versions will be available
in 1991, The pPD27HC65 is our first product offered as
a low-cost replacement of high-speed bipolar PROMs.
Our EEPROMs now span the range of densities from 4
to 256 Kbits; additional devices will be announced later.
Low-profile TSOP and WSOP packages are offered on
NEC’s EPROMs and EEPROMSs.

Six -new mask-programmable ROMs featuring very
large capacity (as high as 16 Mbits) and either 8- or
16-bit organization have been developed in response to
the growing demand for storing greater quantities of
data on one chip, e.g., dictionary and thesaurus data,
embedded application routines and data for portable

Additional New Product Information

computers and electronic games, and large-size char-
acter sets/fonts. Future efforts in this area will concen-
trate on producing denser and faster speed versions
for these applications.

Two memory cards based on SRAM technology are also
being offered. Future products will cover additional
densities and additional memory types—ROM and
EPROM.

This 1991 MEMORY PRODUCTS DATA BOOK is for your
reference. The most complete information available at
thetime of printing is included, but several new devices
or enhancements will be available very soon. Please
refer to the table below for imminent products which
will require follow-up action for your consideration of
the latest from NEC. If you need further assistance,
please contact one of the sales offices listed in the back
of this book. Our field applications engineers or tech-
nology center personnel will be happy to assist you.

Device Number - Description

Comments

Application-Specific Devices

pPD42273 256K x 4-bit dual-port graphics buffer New speed of 80 ns
HPD42274 266K x 4-bit dual-port graphics buffer New speed of 80 ns
with flash write option
MC-42256D32V 256K x 32-bit dual-port graphics buffer 80 pins, leaded, zig-zag configuration
SIMM with flash write option

MC-42601 EASB-60L 1M x 9-bit silicon file SIMM 30 pins, socket-mountable

uPD42271 7568 x 18-bit picture-in-picture generator ~ Same as uPD42272, except no colored frame on inset
picture

HPD42641 4M x 1-bit silicon file New in first half of 1991, with speeds to 80 ns

HPD42644 1M x 4-bit silicon file New in first half of 1991, with speeds to 80 ns

Dynamic. RAM Modules

MC-42256AE9Q 256K x 9-bit fast-page SIMM Three-piece solution, with speeds to 70 ns

MC-424256AE 36 256K x 36-bit fast-page SIMM One-inch height, with speeds to 70 ns

MC-424512AE36 512K x 36-bit fast-page SIMM One-inch height, with speeds to 70 ns

MC-421000A36xD 1M x 36-bit fast-page SIMM One-inch height, with speeds to 70 ns

MC-424512AA40 512K x 40-bit fast-page SIMM Speeds to 60 ns

MC-421000AA40 1M x 40-bit fast-page SIMM Speeds to 70 ns

MC-422000AA40 2M x 40-bit fast-page SIMM Speeds to 70 ns

Dynamic RAMs

uPD421000/1/2 1M x 1-bit; TSOP packaging New package (GX suffix)

UPD424256/258/266/268 256K x 4 bits; TSOP packaging New package (GX suffix)

LPD424100/1/2 4M x 1-bit DRAM enhancements New speeds of 60 and 70 ns; new 300-mil SOJ (LA
suffix); new TSOP package (Gx suffix)

uPD424400/402/410/412 1M x 4-bit DRAM enhancements New speeds of 60 and 70 ns; new 300-mil SOJ

package (LA suffix); new TSOP package (Gx suffix)
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Additional New Product Information (cont)

Device Number Description Comments
pPD424802 512K x 8-bit static-column DRAM Speeds to 70 ns; SOJ and ZIP packaging
HPD424810 512K x 8-bit fast-page DRAM with Speeds to 70 ns; SOJ and ZIP packaging

write-per-bit option

uPD424812 512K x 8-bit static-column DRAM with

write-per-bit option

Speeds to 70 ns; SOJ and ZIP packaging

HPD42xxxx ) Various 256K x 16-bit DRAMs 40-pin SOJ, samples first half 1991
Static RAMs

HPD4361 64K x 1-bit New speeds to 12 ns

uPD4362 16K x 4 bits New speeds to 12 ns

uPD4363 16K x 4 bits, with OE New speeds to 12 ns

uPD4368 8K x 8 bits New device, with speeds to 15 ns
HPD4369 8K X 9 bits New device, with speeds to 15 ns
HPD43251 256K x 1 bit New speeds to 15 ns

HPD43253 64K x 4 bits, with OE New device, with speeds to 15 ns
uPD43254 64K x 4 bits New speeds to 15 ns

uPD43258 32K x 8 bits New speeds to 20 ns

pPD43259 32K x 9 bits New device

EPROMs

HPD27C1000A 128K x 8 bits, ROM-compatible, New package (B suffix)

WSOP packaging

HPD27C1001A 128K x 8 bits, JEDEC-compatible, New package (B suffix)

WSOP packaging
uPD27C2001 256K x 8 bits, WSOP packaging New speed of 120 ns and new package (B suffix)
uPD27C4000 256K x 16 bits or 512K x 8 bits New device, with speeds to 150 ns
UPD27C4096 256K x 16 bits New device, with speeds to 120 ns
EEPROMs
uPD28C64 8K x 8 bits, TSOP packaging New package (GX suffix)
Mask-Programmable ROMs
HPD23C2001E 256K x 8 bits New device, with speed of 200 ns
pPD23C4001EA 512K x 8 bits New speed of 200 ns
UPD23HC4001E 512K x 8 bits New device, with speed of 100 ns

1-3
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Manufacturing in Roseville, California

NEC Electronics Inc. has been successfully providing
the American market with high quality semiconductors
and electronic components since 1979. As a subsidiary
of Tokyo-based NEC Corporation, NEC Electronics is
the company’s commitment to the growing require-
ments of the U.S. market for electronic devices.

A quarter of a century ago, NEC Corporation put into
place a strategy for globalization. Through a carefully
planned process, the company has moved from placing
sales offices throughout the world to opening manufac-
turing plants, design centers, and research and devel-
opment facilities in key markets.

NEC's global strategy in the semiconductor industry is
based on providing customers worldwide with compet-
itive products. In putting this philosophy in practice, the
company has recognized the need to “localize” the
development and manufacturing functions by getting
closer to the customer. NEC Electronics’ operations in
the United States can be viewed as an example of how
the company has implemented its globalization
strategy. :

NEC Electronics Inc., headquartered in Mountain View,
California, opened its first manufacturing facility in
1984 in Roseville, California. As the first Japanese
company to make a major investment in the United
States in the production of semiconductor devices,
beginning with 64K DRAMs, NEC Electronics quickly
moved to the production of 256K DRAMS in 1985. Today
thefacility is still producing high quality 256K DRAMs in
a number of different package types to meetthe needs
of its U.S. customers. Additionally, the Roseville plant
also produces microprocessors and application-
specific integrated circuits (ASICs).

The success of the Roseville facility can be attributed
to its excellent process technology and to the out-
standing performance of its employees, who place
their primary emphasis on manufacturing high quality,
reliable products on time. The plant operates with a
“zero defects” policy and its employees take pride in
reaching this goal.

NEC Electronics’ Roseville, California, manufacturing facility prior to
expansion. This 200,000-square-foot facility currently fabricates 256K
DRAMSs, 256K dual-port graphics buffers, microprocessors and
application-specific integrated circuits (ASICs).

14
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The plant currently employs more than 700 employees
in fabrication, test, assembly, engineering and admin-
istrative functions in its 200,000-square-foot facility. In
addition to providing customers with a “local” source,
our staff in Roseville, as well as in corporate headquar-
ters in Mountain View, the Technology Center in Natick,
Massachusetts, and the field offices throughout the
United States are always available to answer customer
questions.

It is NEC’s commitment to provide leading edge tech-
nology on a local basis. As a result, the company
announced its decision in 1989 to expand the Roseville
manufacturing facility. In Spring 1991, NEC Electronics
will open the doors to one of the most advanced
fabrication facilities in the United States. This 465,000-
square-foot addition will be capable of producing the
most technologically advanced products available any-
where in the world. Although the plant initially will
produce 4 Meg DRAMS, it is being designed to quickly
move to 16 Meg and higher as customer requirements

demand. The facility will also be capable of manufac-
turing other advanced products as well.

The new addition will increase square footage of the
Roseville plant by more than four times, enabling NEC
Electronics to offer a higher volume of product, manu-
factured locally for U.S. customers, as well as a broad
range of devices—from memories to custom micropro-
cessors and ASICs. The $500 million investment to
expand manufacturing in Roseville represents NEC's
ongoing commitment to the needs of the U.S. market.

Approximately 30% of NEC Electronics’ sales revenue
comes from chips produced in the United States (com-
pared to the 5% produced here by other Japanese
chipmakers). This percentage is expected to increase
as NEC’s expanded facilities will have the capacity to
produce 3 to 5 million chips per month. The expansion
will also directly result inthe creation of 600 new jobs in
the United States, with a total annual payroll in excess
of $18 million.

Construction of the expansion at NEC Electronics’ manufacturing
facility in Roseville, California. Due to be completed in Spring 1991,
this state-of-the-art plant will add the capability to produce the 4 Meg
DRAM, as well as advanced SRAMs, microprocessors and ASIC
devices. In addition, the plant has been designed to be easily
upgraded to produce the 16 Meg DRAM.

1-5




General Information

NEC

Product Line Overview

Bit Application RAM
Density Specific Module Dynamic MOS Static ECL EPROM EEPROM "ROM
1K LPB10422
uPB100422
4K pPB10470 uPD28C04
1PB10474 UPD28CO5
LPB10474A
1PB10474E
uPB100470
UPB100474
LPB100474A
UPB100474E
8K HuPD42101
uPD42102
16K uPDA43501 UPB10480
LPB10484
pPB10484A
LPB10A484
LPB100480
1PB100484
LUPB100484A
LPB100A484
40K uPDA42505
64K 1PD43608 UPD4361 uPD27HC65  uPD28C64
HuPD4362
uPD4363
133K uPD42272
256K uPD41264 pPD41256 HPD43251 uPD10500 uPD28C256
uPD42264 uPD41464 pPD43254 HPD10504
uPD42532 uPD43256A  pPD100500
1PD43256B uPD100504
1PD43258
pPD46251
320K pPD46710
pPD46741
M uPD42270 MC-174 HFD421000  pPD431000 HPD27C1000A HUPD23C1000A
uPD42273 uPD421001  pPD431000A HuPD27C1001A HUPD23C1000EA
uPD42274 uPD421002  pPD431001 UuPD27C1024A uPD23C1001E
uPD42275 uPD424256  PD431004 uPD23C1010A
HPD42601 uPD424258 UPD23C1024E
uPD424266
uPD424268
2M MC-41256A8 LPD27C2001 uPD23C2000
MC-41256A9 uPD23C2000A
MC-157 ) uPD23C2001
M MC-176 UPD424100 UPD27C4001 uPD23C4000
uPD424101 UPD23C4000A
1PD424102 UPD23C4001E
1PD424400
1PD424402
1PD424410
1PD424412
uPD424800
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General Information

Product Line Overview (cont)

s . RAM

Bit Application

Density Specific Module Dynamic MOS Static ECL EPROM EEPROM ROM

8M MC-421000A8 puPD23C8000
MC-421000A9 UPD23C8001E
MC-424256A36

16M MC-424512A36 uPD23C16000

32M MC-424100A8
MC-424100A9
MC-421000A36

64M MC-422000A36
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General Information

NEC

Device Numbering Guide

NEC

USA

Country of Origin

_]“ D 42 4100 LB ~ 70
| 1

91

|

44 XY116

NEC Lot Code

G (< 40 pins), GU or GW

Notes:

Plastic miniflat

G (> 40 pins) or GF = Plastic QFP
GXorGZ = Plastic TSOP
K = Ceramic LCC
L = PLCC
LA, LB or LE = Plastic SOJ
R = Ceramic PGA
V = Plastic ZIP

De;"cel;;:: bipolar Date Code
D - Digital MOS Week
Product Class Year
10 = 10K ECL RAM
100 = 100K ECL RAM .
23(H)C = CMOS ROM Low Power Indicator
27(H)C = CMOS EPROM [Optional]
28C = CMOS EEPROM L = Low power
41 = NMOS dynamic RAM LL = Very low power
42 = CMOS dynamic RAM
43 = CMOS static RAM Speed Selection
44 = CMOS static RAM (6-T cell) .10 = 100 ns or 10 ns
46 = BICMOS static RAM 42 = 120 nsor 12 ns
-15 = 150 nsor15ns
- -70 = 70 ns
Device Identifier 80 = 80 ns
-85 = 85ns
-XX = Etc.
Package
Bor BH = Ceramic flatpack, with a quartz window if appropriate
C,CRorCZ = Plastic DIP
D, DH, DX or DZ = Cerdip or ceramic DIP, with a quartz window if appropriate

m
2
(3)
(4)
(5)
(6)
(7
(8)
(9)

The marking format may vary among package types.
Regardless of the format, the device number does not change.
The "uP" in NEC part numbers does not appear on the package.
DIP = dual-inline package

LCC = leadless chip carrier

PLCC = plastic leaded chip carrier

PGA = pin grid array

SOJ = small-outline J-lead package

Z\P = zig-zag inline package

(10) TSOP = thin small-outline package
(11) QFP = quad flatpack

83SL-7321B




NEC

General Information

Application-Specific Devices

Device Organization Access Time (ns) Package (Note 1) Pins
1PD41264-12 64K x 4 with two ports 120 Port A C/V 24
40 Port B
HPD41264-15 150 Port A
60 Port B
HPD42264-10 64K x 4 with two ports 100 Port A C/LAIV 24
25 Port B
uPD42273-10 256K x 4 with two ports 100 Port A LE/V 28
30 Port B
HPD42273-12 120 Port A
40 PortB
uPD42274-10 256K x 4 with two ports 100 Port A LE/V 28
30 PortB
uPD42274-12 120 Port A
40 Port B
HPD42275-80 128K x 8 with two ports 80 Port A LE 40
25 Port B
uPD42275-10 100 Port A
30 Port B
uPD42275-12 120 Port A
40 Port B
uPD42101-3 910x 8 27 c/a 24
uPD42101-2 27
uPD42101-1 49
uPD42102-5 1135x 8 18 C/G 24
HPD42102-3 21
pPD42102-2 21
pPD42102-1 40
HPD42505-50 5048 x 8 40 o] 24
pPD42505-50H 40
HPD42505-75 55
HPD42505-75H 55
uPD42270 910x 263x 4 40 [¢] 28
uPD42272 7568 x 18 6 MHz (input sampling) GF 64
1PD42532-10 32K x 8 50 (o] 40
1PD42601-60 1iMx1 600 (Single) C/LA/V C=1
100 (Page) LA = 26/20
1PD42601-60L V=20
HPD43501 2x1Kx 8 60 R 182
HPD43608-3 512x32x 4 or 64 132
1Kx16x 4
HPD43608-2 85
Notes:

(1) C = plastic DIP; G = plastic miniflat; GF = plastic QFP;
LA or LE = plastic SOJ; R = ceramic PGA; V = plastic ZIP.




General Information

NEC

Memory Cards

Device Organization Access Time (ns) Package Pins
MC-174 128K x 8 (static RAM) 250 Memory card 60
MC-176 512K x 8 (static RAM) 250 Memory card 60
Dynamic RAM Modules

Device Organization Access Time (ns) Package (Note 1) Pins
MC-157-10 256K x 8 {fast-page) 100 B 30
MC-41256A8-80 256K x 8 (page) 80 A/B 30
MC-41256A8-10 100

MC-421000A8-60 1M x 8 (fast-page) 60 A/B 30
MC-421000A8-70 70

MC-421000A8-80 80

MC-421000A8-10 100

MC-424100A8-70 4M x 8 (fast-page) 70 A/B 30
MC-424100A8-80 80

MC-424100A8-10 100

MC-41256A9-80 256K x 9 (page) 80 A/B 30
MC-41256A9-10 100

MC-421000A9-60 1M x 9 (fast-page) 60 A/B 30
MC-421000A9-70 70

MC-421000A9-80 80

MC-421000A9-10 100

MC-424100A9-70 4M x 9 (fast-page) 70 A/B 30
MC-424100A9-80 80

MC-424100A9-10 100

MC-424256A36-80 256K x 36 (page) 80 BIF 72
MC-424256A36-85 85

MC-424256A36-10 . 100

MC-424256A36BH/FH-70 256K x 36 (fast-page) 70 BH/FH 72
MC-424256A36BH/FH-80 80

MC-424256A36BH/FH-10 100

MC-424512A36-80 512K x 36 (page) 80 B/F 72
MC-424512A36-85 85

MC-424512A36-10 100

MC-424512A36BH/FH-70 512K x 36 (fast-page) 70 BH/FH 72
MC-424512A36BH/FH-80 80

MC-424512A36BH/FH-10 100

MC-421000A36BH/FH-70 1M x 36 (fast-page) 70 BH/FH 72
MC-421000A36BH/FH-80 80

MC-421000A36BH/FH-10 100

MC-422000A36BH/FH-70 2M x 36 (fast-page) 70 BH/FH 72
MC-422000A36BH/FH-80 80

MC-422000A36BH/FH-10 100

Notes:

(1) A = leaded SIMM; B = socket-mountable SIMM; BH = special-
height, socket-mountable SIMM; F = socket-mountable SIMM

with gold-plated contacts; FH = special-height,

mountable SIMM with gold-plated contacts.

socket-



N E C General Information

Dynamic RAMs

Device Organization Access Time (ns) Package (Note 1) Pins
uPD41256-80 256K x 1 (page) 80 C/L C=16
HPD41256-10 100 L=18
uPD41464-80 64K x 4 80 C/L/V C=18
uPD41464-10 100 L= 18
HPD41464-12 120 V=20
uPD421000-60 1M x 1 (fast-page) 60 C/ILA/V C=18
MPD421000-70 70 LA = 26/20
pPD421000-80 80 V=20
1PD421000-10 100

uPD421001-60 1M x 1 (nibble) 60 C/LAV C=18
uPD421001-70 70 LA = 26/20
uPD421001-80 80 V=20
uPD421001-10 100

uPD421002-60 1M x 1 (static-column) 60 C/LA/V C=18
uPD421002-70 70 LA = 26/20
uPD421002-80 80 V=20
uPD421002-10 100

UPD424256-60 256K x 4 (fast-page) 60 C/ILAV C=20
PD424256-70 70 LA = 26/20
uPD424256-80 80 V=20
HPD424256-10 100

HPDA424258-60 256K x 4 (static-column) 60 C/ILA/V C=20
uPD424258-70 70 LA = 26/20
HPD424258-80 80 V=20
HPD424258-10 100

PD424266-60 256K x 4 (fast-page, write-per-bit) 60 C/LA/V C=20
uPD424266-70 70 LA = 26/20
HPD424266-80 . 80 V=20
pPD424266-10 100

HPD424268-60 256K x 4 (static-column, write-per-bit) 60 C/LAV C=20
HPD424268-70 70 LA = 26/20
uPD424268-80 80 V=20
1PD424268-10 100

LPD424100-70 4M x 1 (fast-page) 70 LB/V {Note 2) V=20
uPD424100-80 80 LB = 26/20
MPD424100-10 100

pPD424101-70 4M x 1 (nibble) 70 LB/V (Note 2) V=20
uPD424101-80 80 LB = 26/20
uPD424101-10 100

uPD424102-70 4M x 1 (static-column) 70 LB/V (Note 2) V=20
HPD424102-80 80 LB = 26/20
HPD424102-10 100

HPD424400-70 1M x 4 (fast-page) 70 LB/V (Note 2) V=20
uPD424400-80 : 80 LB = 26/20
HPD424400-10 100

1PD424402-70 1M x 4 (static-column) 70 LB/V (Note 2) V=20
uPD424402-80 80 LB = 26/20
1PD424402-10 100

1PD424410-70 1M x 4 (fast-page, write-per-bit) 70 LB/V (Note 2) ' V=20
HPD424410-80 80 LB = 26/20
pPD424410-10 100

1PD424412-70 1M x 4 (static-column, write-per-bit) 70 LB/V (Note 2) V=20
uPD424412-80 80 LB = 26/20
1PD424412-10 100




General Information ArE C

Dynamic RAMSs (cont)

Device Organization Access Time (ns) Package (Note 1) Pins
1PD424800-70 512K x 8 (fast-page) 70 LE/V 28
pPD424800-80 80
uPD424800-10 100
Notes:
(1) C = plastic DIP; L = PLCC; LA, LB or LE = plastic SOJ;

V = plastic ZIP.

(2 A 300-mil SOJ package will be available in 1990. Ordering
information was not defined at the time this 1991 edition was
released for printing.

Static RAMs

Device Organization Access Time (ns) Package (Note 1) Pins
UPD46710-15 16K x10x 2 15 LN 52
HPD46710-20 20

pPD46741-15 8Kx20x2 15 LP 68
HPD46741-20 20

HPD4361-40 64K x 1 40 K 22
1PDA4361-45 45 C/K/LA

1PD4361-85 56 C/K/ILA

HPD4361-70 70 [¢]

HPD4362-45 16K x 4 (CS only) 45 (o] 22
HPD4362-55 55

HPD4362-70 70

pHPD4363-45 16K x 4 (CS, OF) 45 o] 24
HPD4363-55 55

HPD4363-70 70

HPD43251-35 256K x 1 35 C/LA 24
1PD43251-45 45

1PD43251-55 85

pHPD46251-20 256K x 1 20 CR/LA 24
HPD46251-25 25

HPD43254-35 64K x 4 35 o] 24
HPD43254-45 45

HPD43254-55 55

HPD43256A-85 32K x 8 85 C/GU/GX C=28
UPD43256A-10 100 GU = 28
MPD43256A-12 120 GX = 32
MPD43256A-15 150

HPD43256B-55 32Kx 8 55 C/GU/GX C=28
uPDA43256B-70 70 GU = 28
HPDA43256B-85 ) 85 GX = 82
uPD43258-35 32Kx 8 35 CR/LA 28 -
HPD43258-45 45

uPD431000-85 128K x 8 85 CZ/GW 32
pPD431000-10 100

MPD431000-12 120

HPD431000A-70 128K x 8 70 CZ/GW/GZ 32
1PD431000A-85 85

pPD431001-25. iMx1 25 LE 28
pPD431001-35 35 ECL RAMs

112
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Static RAMs (cont)

Device Organization Access Time (ns) Package (Note 1) Pins
HPD431004-25 256K x 4 25 LE 28
HPD431004-35 35

Notes:

(1) C, CRorCZ = plastic DIP; GU or GW = plastic miniflat;
GX or GZ = plastic TSOP; K = ceramic LCC;
LA or LE = plastic SOJ; LN or LP = PLCC.

ECL RAMs

Device Organization Access Time (ns) Package (Note 1) Pins
uPB10422-7 256 x 4 7 D 24
uPB10422-10 10

1PB10470-10 4K x 1 10 ) D 18
HPB10470-15 15

UPB10474-8 1Kx 4 8 D 24
pPB10474-10 10

uPB10474-15 15

uPB10474A-5 1K x 4 5 D 24
uPB10474A-6 6

uPB10474E-3 1K x 4 3 D 24
HPB10474E-4 4

uPB10480-10 16K x 1 10 B/D 20
uPB10480-15 15

uPB10484-10 4K x 4 10 B/D 28
uPB10484-15 15

HPB10484A-5 4K x 4 5 B/D 28
HPB10484A-7 7

1PB10A484-5 4K x 4 5 BH/D 28
pPB10A484-7 7

HPD10500-15 256K x 1 15 D 24
pPD10500-20 20

uPD10504-15 64K x 4 15 D 32
uPB100422-7 256 x4 7 B/DH 24
©PB100422-10 10

uPB100470-10 4K x 1 10 D 18
pPB100470-15 15

uPB100474-4.5 1K x 4 4.5 K 24
uPB100474-6 6 B/K

1PB100474-8 8 B/D

1PB100474-10 10 B/D

uPB100474-15 15 B/D

uPB100474A-5 1Kx 4 5 BH/D 24
uPB100474A-6 6

UPB100474E-3 1K x 4 3 B/D 24
UPB100474E-4 4

pPB100480-10 16K x 1 10 B/D 20
1PB100480-15 15

uPB100484-10 4K x 4 10 B/D 28
HPB100484-15 15
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General Information

NEC

ECL RAMSs (cont)

Device Organization Access Time (ns) Package (Note 1) Pins
1PB100484A-5 4K x 4 5 B/D 28
uPB100484A-7 7
uPB100A484-5 4K x 4 5 B/D 28
uPB100A484-7 7
uPD100500-15 256K x 1 15 ] 24
uPD100500-20 20
uPD100504-15 64K x 4 15 D 32
Notes:
(1) B or BH = ceramic flatpack; D or DH = ceramic DIP and cerdip;

K = ceramic LCC.
EPROMs
Device Organization Access Time (ns) Package (Note 1) Pins
uPD27HC65-25 8Kx 8 25 DX 24
uPD27HC65-35 35
MuPD27HC65-45 45
pPD27C1000A-12 128K x 8 (ROM Comp.) 120 D 32
HPD27C1000A-15 150
uPD27C1000A-20 200
uPD27C1001A-12 128K x 8 (JEDEC) 120 D 32
pPD27C1001A-15 150
pPD27C1001A-20 200
uPD27C1024A-12 64K x 16 120 D 40
uPD27C1024A-15 150
HPD27C1024A-20 200
uPD27C2001-15 256K x 8 150 D 32
HPD27C2001-17 170
uPD27C2001-20 200
uPD27C4001-15 512K x 8 150 DZ 32
pPD27C4001-17 170
HPD27C4001-20 200

Notes:

(1) D, DX or DZ = ceramic DIP with quartz window.



NEC

General Information

EEPROMs

Device Organization Access Time (ns) Package (Note 1) Pins
1PD28C04-20 512x 8 200 C/G 24
HPD28C04-25 250

HPD28C05-20 512x 8 200 C/G 24
UPD28C05-25 250

uPD28C64-20 8Kx 8 200 (e} 28
1PD28C64-25 250

uPD28C256-20 32K x 8 200 (074 28
uPD28C256-25 250

Notes: .

(1) Cor CZ = plastic DIP; G = plastic miniflat.

Mask-Programmable ROMs

Device Organization Access Time (ns) Package (Note 1) Pins
uPD23C1000A 128K x 8 (CE) 200 c/G 28
UPD23C1000EA 128K x 8 (CE/OE) 200 c 32
UPD23C1001E 128K x 8 200 (o] 32
uPD23C1010A 128K x 8 (OE) 200 (o] 28
uPD23C1024E 64K x 16 200 C 40
uPD23C2000 128K x 16 or 256K x 8 250 c/aC 40/52
pPD23C2000A 128K x 16 or 256K x 8 200 (o] 40
uPD23C2001 256K x 8 250 Cc 32
uPD23C4000 256K x 16 or 512K x 8 250 C/GF 40/64
uPD23C4000A 256K x 16 or 512Kx 8 200 (o] 40
HPD23C4001E 512K x 8 250 c/Gw 32
pPD23C8000 512K x 16 or IMx 8 250 cZ 42
uPD23C8001E 1Mx 8 250 cz 32
pPD23C16000 1M x 16 or2M x 8 250 czZ 42
Notes:

(1) Cor CZ = plastic DIP; G or GW = plastic miniflat;

GC or GF = plastic QFP.



General Information

NEC

Alternate Source Index

AMD NEC FUNITSU NEC Gl NEC
AM27CO10 LPD27C1001A MB61461 uPD41264 27HC641 - UPD27HCE5
AM27C020 LPD27C2001 MB81256 uPD41256
AM27C1024 uPD27C1024 MB814100 LPD424100
uPD27C49 uPD27HCE5 MB81C4256 1PD424256 HARRIS NEC
LPD27549 uPD27HCE5 MB814400 11PD424400 rveo e
MB81464 1PDA41464 -766 LPD27HCE5
AM2864A HPD28C64 MB81C1000 LPD421000 HM-76641A HPD27HCB5
AM9BE4 HPD28C64 MB81C1001 1PD421001
AM9SC164 uPD4362 MB81C1002 1PD421002
mggg:if “ﬁgig:fe’\ MB81C4251 1PD42273 HITACHI NEC
H MB81C4253 uPD42274 HB561003 MC-41256A9
MBe1 07+ uPDAze1 HBseA1s MG.£21000A9
MB81C74 uPDA4362 ’
ATMEL NEC HB56A42 MC-424100A8
MB8184 4PD43254 Hoends " "
AT27CO10 LPD27C1001A MB&2B001 HPDA31001 C-424100,
AT27C1024 uPD27C1024A MB82B005 1PD431004 HBS6C18 MC-421000C8
AT27HCB41/2 LPD27HCE5 NDoaBs: t o251 HB56D136 MG-421000A368H
VBossse PDI0SOA HB56D236 MC-422000A36BH
AT28C04 1PD28C04 H HB56D25636 MC-424256A36BH
AT28C256 4PD28C256 MB831000 #PD23C1000A HB56D51236 MC-424512A36BH
AT28C64 uPD28C64 MB831124 #PD23C1000A HB58A19- MC-421000A9
MB85225 MC-41256A8 HM100422 LPB100422
MB85225 MGC-41256A8 HM100470 LPB100470
CATALYST NEC MB85227 MC-41256A9 HM100474 LPB100474
CAT27HCO10 LPD27C1001A MB85227 MC-41256A9 HM100500 LPD100500
CAT27C210 LPD27C1024A MB85230 MG-421000A8 HM100504 LPD100504
MB85231 MC-421000B8 HM10422 LPB10422
CAT28C64A HPD28C64 MB85235 MC-421000A9 HM10470 LPB10470
CAT28C256 HPD28C256 MB85327 MC-421000C9 HM10474 LPB10474
HM10500 PD10500
MBM100422 LPB100422 .
HM10504 LPD10504
CYPRESS NEC MBM100470 HPB100470
MBM100474 LPB100474 HMS50256 LPD41256
CY100E474L HPB100474 MBM100480 uPB100480 HM50464 uPD41464
CY10E474L LPB10474 MBM100484 4PB100484 HM511000 LPD421000
MBM100484 1PB100484A HMS511001 LPD421001
CY7C164 PD4362
. MBM100C500 LPD100500 HM511002 1PD421002
cyrcisr HPD4361 HMS14100 PD424100
CY7C194 1PD43254 MBM10422 1PB10422 HMe14101 FoD.
1PD424101
CY7C198 1PD43256A MBM10470 uPB10470 HM514256 PD424256
cYc261 uPD27HC6E5 MBM10474 ng1o474 HMS514400 LPD424400
cYC263 uPD27HCE5 MBM10484 HPB10484A HMS14410 LPD424410
MBM10C500 4PD10500
CcYoze4 HPD27HCE5 HM534251 PD42273
MBM27C1000 LPD27C1000A HMe 34255 ZPD42274
MBM27C1001 UPD27C1001A HMe3461 FPD41264
Y MBM27G1024 1PD27C1024A
DENSE-PAC NEC HMe6208 PD43254
DPV27G1024A LPD27C1024A MBM28C64 uPD28ce4 HM62256 LPD43256A
MB7143 HPD27HCE5 HM624256 LPD431004
MB7144E “":327"‘055 HMe28128 LPD431000
— — MB7144H UPD27HCES HMe287 LPDA361
HMe58128 LPD431000
XLS2864A 1PD28C64
XL28C64 1PD28C64
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General Information

Alternate Source Index (cont)

HITACHI NEC MICROCHIP NEC MOTOROLA NEC
HN27301 LPD27C1000A 28C04A uPD28C04 MCM10422 uPB10422
HN27C101 uPD27C1001A 28C64A uPD28C64 MCM10470 LPB10470
HN27C1024 UPD27C1024A 28CP256A UPD28C256 MCM10474 LPB10474
HN27C256 UPD27C256A 28C256B uPD28C256 VOB 14100 PDAZ4100
HN58C256 UPD28C256 MCM514400 uPD424400
HN58C65 UPD28C64
HNG58064 uPD28C64 MICRON NEC MCMe6187 HPD4361
HNS8C66 UPD28C64 MCMe188 HPD4gR2
MT4C1004 uPD424100
HN62301 UPD23C1000A MT4C 4001 1PD424400
MT8C8024 MC-421000A8 NATIONAL NEC
e — MT8C9024 MGC-421000A9 DM100422 PB10042
DM100470 LPB100470
HY62C64 UPD28C64 DM100474 uPB100474
MITSUBISHI NEC DM10422 1PB10422
M5M27C101K LPD27C1001A gmggg ”}’:g:ggg
IcT NEC M5M27C201K uPD27C2001 H
27CX64 LPD27HCE5 M5M28C64 LPD28CE4 NMC27C010 HPD27C1001A
S7OX842 LIPD27HGES NMC27C1024 uPD27CG1024A
M5M4256 uPD41256 NMC98C64 LPD28C64
M5M44100 uPD424100 937665C UPD27HC65
M5M44101 PD424101 937667C HPD27HCE5
DT NEC M5M44102 uPD424102
loTet67 uPDA11 MeM4azs6 v
IDT71256 LPDA43256A H OKI NEC
(DT71258 LPD43254 M5M442256 1PD42273
DT7167 L/PDA361 M5M44400 uPD424400 MSC2304-KS9 MC-41256A9
IDT7188 PD4362 M5M44402 1PD424402 MSC2304KS8 MC-41256A8
IDT7M7564 LPD28CE4 M5M4464 uPD41464 MSC2310Y59/KS9 MC-421000A9
IDT78C644 PD2EOES M5M482128 uPD42275 MSC231148/K58 MC-421000A8
H M5M4C1000 1PD421000
MBMA4G1001 LiPD421001 MSM27C1000 pPD27C1000
M5M4C1002 LPD421002 MSM27C1024 HPD27C1024
INMOS NEC M5M4C256 LPD424256 MSM27C256 HPD27C256A
IMS1e00 PDA36! pp—— PDA31001 MSM28C64 uPD28C6E4
IMS1620 uPD4362 M5M51004 uPD431004 MSM41257 puPD41257
IMS1630 uPDA4364 M5M51008 1PD431000A MSM514100 uPD424100
IM81820 uPD43254 M5M5256 LPDA43256A MSM514252 uPD42274
IMS1830 UPDA43256A M5M5258 LPD43254 MSM514400 uPD424400
MH1MOSA MC-421000A8
MH1Mog MC-421000A9
INTEL NEC MH25608J MC-41256A8 PANASONIC NEC
27C010 pPD27C1001A MH25609J MC-41256A9 MN41C4000 1PD424100
27C020 uPD27C2001 MH25636A MC-424256A36BH MN41C4001 LPD424101
270210 PD27C1024A MH51236H MC-424512A368H MN1 04002  PD424102
27C256 pPD27C256A MN41C41000 1PD424400
2864A uPD28C64 MN41C41002 pPD424402
MT5C1001 PD431001 Mosaic NEC
MT5C1005 HPD431004 MDM14000 1PD424100
MDM41000 LPD424400 PERFORMANCE NEC
P4C187 1PD4361
LATTICE NEC P4C188 pPD4362
SR256K4 uPD43254 MOTOROLA NEC
SR256K8 HPD43256A MCM100422 uPB100422
SRO4K1 HPD4S61 MCM100470 HPB100470 PHILIPS-SIGNETICS NEC
SR64K4 1PD4362 MCM100474 1PB100474
27C210 uPD27C1024A
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Alternate Source Index (cont)

RAYTHEON NEC SIEMENS NEC TOSHIBA NEC
39VP864 UPD27HCE5 HYB514100 1PD424100 TC524256A uPD42273
HYB514400 UPD424400 TC524258A LPD42274
HYM$10005 MC-421000A9 TC531000 LPD23G1000A
SHARP NEC HYM240005 MC-424100A9 TC55256 1PDA43256
TC55257 uPDA43256
LH5749 HPD27HCE5 Tooaasy F P D4s250A
TC55257 4PDA432568
n NEC TCS5416 uPD4362
SIGNETICS NEC TMO24GADS MC-421000A9 TC55417 1PD4363
Py PD27II00s TMO24GADB MC-421000A8 %c;:g;?;ts . “igiiif"‘
27HC642 UPD27HCB5 TMS27C256 LPD27C256A Tosset F obaset
Ne2HS641 UPD27HCE5 TMS27C010 LPD27C1001A s
Ne2s641 UPD27HC65 TMS27C210 LPD27C1024A TC571000 HPD27C1000A
TMS278G49 UPD27HGCE5 TC571001D LPD27C1001A
T o
ssl NEC TMS44100 1PD424100
iy TMS44400 UPD424400 THM362500 MC-424256A36BH
Ssi20s HPD27HOES TMS4461 uPD41264 THM365120 MC-424512A36BH
TMS4464 1PD41464 THM81000 MG-421000A8
THM81000A MC-421000A8
SAMSUNG NEC TMS440251 uPDa2273 THM@1000 MC-421000A9
Tmsa40251 uPD42274 THM91000 MC-424256A36BH/FH
KM28C64 HPD25C64 TMa48C121 HPD42275 THM91000A MC-421000A9
Ki280256 pPD25C256 TMS44C256 PDA424256 :
ul
KM41C4000 uPD424100 TMS4G1024 1PD421000 mmﬁgi L‘Egﬂ igi
KM41C4001 HPD424101 TMS4C1025 uPD421001
KM41C4002 uPD424102 TMS4C1027 uPD421002
KM44C1000 4PDA424400 TMS62456 uPD431004
K101 L PDA31001 TMS62828 HPD431000 WAFERSCALE  NEC
KM641001 uPDA431004 ; Ws27C010L UPD27G1001A
Ws27C210L HPD27C1024A
TOSHIBA NEC WS57C49 1PD27HCE5
SEEQ NEC TC511000 1PD421000 We57C498 HPD27HGC65
TC511001 HPD421001
276256 UPD27G256A Toat1002 Fpbazion
2804A 1PD28C04 TC514100 1PD424100 XICOR NEC
280256 uPD28C256 TC514101 1PD424101
28C64 LPD28C64 TC514102 1PD424102 X24G04 #PD28C04
X28C 256 UPD28C256
TC514256 1PD424256 onoes BDIBGeT
TC514400 1PD424400 H
TC514402 uPDA24402
SGS-THOMPSON _ NEC TC514410 1PDA424410
MKasZ30 | HMPD4S256A TC518128 4PDA310C0A
M27G1001 UPD27C1001A TC524128A 1PD42275
M27C1024 UPD27C1024A TC524256 uPD42274
Notes: '

(1) Electrical differences may exist. Check the manufacturers’ data
sheets for complete information.

(@) The competitive data contained herein was obtained from indus-
try and public sources. NEC Electronics is not responsible for
changes or deletions to this information.
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Introduction

As large-scale integration reaches a higher level of den-
sity, the reliability of individual devices imposes a more
profoundimpact on systemreliability. Great emphasis has
thus been placed on assuring device reliability.

Conventionally, performing reliability tests and attaining
feedback from the field were the only methods by which
reliability had been monitored and measured. At these
higher levels of LSI density, however, it has become in-
creasingly difficult to activate all of the internal circuit
elements in a device, and moreover, to detect the degra-
dation of those elements by measuring characteristics
across external terminals. As a result, testing alone may
not provide enough information to ensure today's de-
manding reliability requirements. A different philosophy
and methodology is needed for reliability assurance.

Inorder to guarantee and improve a high level of reliability
for large-scale integrated circuits, it is essential to build
quality and reliability into the product. Conventional test-
ing canthenbe performed to confirmthat the productdem-
onstrates acceptable reliability.

Built-In Quality and Reliability

NEC has introduced the concept of total quality control
(TQC) across its entire semiconductor product line for
implementing this philosophy. Rather than performing
only a few simple quality inspections, quality control is
distributed into each process step and then summed to
form a consolidated system. TQC involves workers, engi-
neers, quality control staffs, and all levels of manage-
ment in company-wide activities (figure 1). Through TQC,
NEC builds quality into the product and thus can assure
high reliability. Additionally, NEC has introduced a pre-
screening method into the production line for eliminating
potentially defective units. This combination of building
quality in and screening projected early failures out has
resulted in superior quality and excellent reliability.

Technology Description

Most large-scale integrated circuits utilize high density
MOS technology. State-of-the-art high performance has
been achieved by improving fine-line generation tech-
niques. By reducing physical parameters, circuit density
and performance increase while active circuit power dissi-
pationdecreases. The data presented here shows thatthis
advanced technology, combined with the practice of TQC,
yields products as reliable as those from previous tech-
nologies.

10002

Approaches to Total Quality Control

TQC activities are geared toward total satisfaction of the
customer. The success of these activities is dependent
upon the total commitment of management to enhancing
employee development, maintaining a customer-first atti-
tude, and fuffilling community responsibilities.

First, the quality control function is embedded into each
process. This method enables early detection of possible
causes of failure and immediate feedback.

Second, the reliability and quality assurance policy reflects
the beliefs and practices of the entire organization. This
enables companywide quality control activities: at NEC,
everyone is involved with the concept and methodology of
total quality control.

Third, there is an ongoing research and development effort
to seteven higher standards of device quality and reliability.

Fourth, extensive failure analysis is performed periodically
and appropriate corrective actions are taken as preventa-
tive measures. Process control is based on statistical data
gathered from this analysis.

The new standard is continuously upgraded, and the
iterative process continues. The goal is to maintain the
superior product quality and reliability that has become
synonymous with the NEC name.

Zero Defect Activities. One of the activities thatinvolves
every level of the NEC staff in quality control is the Zero
Defects (ZD) Program. As the name implies, the purpose
of the ZD program is to minimize if not eradicate defects
due to controllable causes. Such activities must involve
each and every worker and can be most effective when
pursued by groups of workers. The groups of workers are
organized by consideration of the following:

* A group must have a target to pursue

* Several groups can be organized to pursue the com-
mon target

* Each group must have a responsible person

* Each group is well supported

The item of the group target is to be selected among items
relating to specifications, inspections, operation standards,
and so forth. When data made in the past is available, it is
used to make a Pareto diagram which is reviewed for
selectionofthe item most conducive to qualityimprovement.
Records are analyzed and compared with the target, in
order to compute the numerical equivalents of the defects.
Action is then taken to control these defects as required.

2-1
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Figure 1. Quallty Control System Flowchart
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Statistical Approach. Another approachto quality control
is the use of statistical analysis. NEC has been utilizing
statistical analysis at each stage of LSI production devel-
opment, trial runs, and mass production in order to build
and maintain product quality. Some of the methods for
implementing this statistical approach are:

¢ Design of experiments
* Control charts

* Data analysis:  Variance, correlation, regression,
multivariance, etc.

Variables and attributes data
(Normally, study is done on a
monthly basis)

* Cp, Cpk study:

Process control sheets and other QC tools are used to
monitor various important parameters such as Cp, Cpk, X,
X, X-R, electrical parameters, pattern dimensions, bond
strength, test percentage defects, etc.

The results of these studies are watched by the production
staff, QC Engineers, and other responsible engineers. If
any out-of-control or out-of-specification limit is observed,
quick action is taken in accordance with corrective action
procedures.

Implementation of Quality Control

Building quality into a product requires early detection of
possible causes of failure at each process step, then
immediate feedback to remove these causes. A fixed
station quality inspection is often lacking in immediate
feedback; it is therefore necessary to distribute quality
control functions to each process step—including the
conceptual stage. Following is a breakdown of the signifi-
cant steps at which NEC has implemented these func-
tions:

* Product development

* Incoming material inspection

* Wafer processing

¢ Chip mounting and packaging

* Electrical testing and thermal aging
* Qutgoing material inspection

* Reliability testing

* Process/product changes

New Product Development Phase. The product devel-
opment phase includes conception of a product, review of
the device proposal, physical element design and organi-
zation, engineering evaluation, and finally, transfer of the
product to manufacturing. Quality and reliability are con-
sidered at every step (figure 2).

Figure 2. New Product Development Flow
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Design. Design plays -an extremely important role in
determining product quality and reliability. NEC believes
that the foundation of device quality is determined at the
design stage. The four steps involved in the design of LSI
devices are circuit design, mask pattern layout, process
and product manufacturing, and package design. Design
standards and the standardization of design steps have
been established to maximize quality and reliability.

Design Review. After completion of the design, a review
in which the design is compared with design standards
and other factors which influence reliability and quality is
performed. If necessary, modification or redesign is then
performed. NEC believes that the design review is very
essential for not only newly designed products but also for
product modifications.

Trial Production/Evaluation/Mass Production. When
the design passes the design review successfully, a trial
runiscarried out. Thetrial runis evaluatedforthe products'
characteristics and quality/reliability.

Thorough evaluation is carried out by generating samples
in which process conditions—ones that cause character-
istic factors to change in mass production—are varied
deliberately. In addition, reliability tests are conducted for
durability, stress resistance, etc., to ensure sufficientqual-
ity and reliability.

If no problems are found at this stage, the product is
approved, after which mass production is possible.

Prior to the transfer, the production design department
prepares a production schedule that includes the reliability
and quality control steps relating to the production. Even
after mass production has started, the standards for those
production and control steps are always reexamined for
improvements.

Incoming Material Inspection. NEC has various pro-
grams to control incoming materials:

* Vendor/material qualification system

* Purchasing specifications for materials

* Incoming materials inspection

* Inspection data feedback

* Quality meetings with vendor

* Vendor audits :

If any parts or materials are rejected at incoming inspec-

tion, they are returned to the vendor with a rejection
notification form which specifies the failure items and

2-4

modes. The results of these inspections are used to rate
the vendors for future purchasing.

In-process Quality Inspections. Typical in-process
quality inspections done at the wafer fabrication, chip
mounting and packaging, and device testing stages are
listed in Appendix 1.

Electrical Testing and Screening. A flowchart of the
typical infant mortality screening (when required) and
electrical testing is depicted in figure 3.

At the first electrical test, DC parameters are tested ac-
cording to the electrical specifications on 100% of each lot.
This is a prescreening prior to any infant mortality test. At
the second electricaltest, AC functionaltestsaswellas DC
parameter tests are performed on 100% of each lot. If the
percentage of defective units exceeds the limit, the lot is
subjected to rescreen. During this time, the defective units
undergo failure analysis, the results of which are fed back
into the process through corrective actions.

Figure 3. Electrical Testing and Screening
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Outgoing Inspection. Prior to warehouse storage, lots
are subjected to an outgoing inspection according to the
following sampling plan.

* Electrical test: DC parameters LTPD 3%

Functional test LTPD 3%

* Appearance: Major LTPD 3%

Minor LTPD 7%

Reliability Assurance Tests. Samples are continually
taken prior to shipment and subjected to monitoring relia-
bility tests. They are taken from similar process groups, so
it may be assumed that the samples’ reliability is represen-
tative of the reliability of the group.

Reliability Testing

Reliability is defined as the characteristics of an item
expressed by the probability that it will perform a required
functionunder stated conditions for a stated period of time.
This involves the concepts of probability, the definition of
required function(s), and the critical time used in defining
the reliability.

Definition of a required function, by implication, treats the
definition of a failure. Failure is defined as the termination
of the ability of a device to performits required function. A
device is said to have failed if it shows the inability to
perform within guaranteed parameters as given in an
electrical specification.

Discussion of reliability and failure can be approached in
two ways: with respect to systems or to individual devices.
Important considerations are the constant failure period,
the early failure (infant mortality) period, and overall relia-
bility level.

With regard to individual devices, areas of prime interest
include specific failure mechanisms, failures in acceler-
ated tests, and failures in screening tests.

The accumulation of normal device failure rates constitutes
the expected failure rate of the system hardware: the
probability that no device failures will occur in a system is
the product of each device's probability that it will not fail.
The failure rate of system hardware is then the sum of the
failure rates of the components used to construct the
system.

Life Distribution

The fundamental principles of reliability engineering pre-
dict that the failure rate of a group of devices will follow the
well-known bathtub curve in Figure 4. The curve is divided
into three regions: infant mortality, random failures, and
wearout failures.

Figure 4. Reliablility Life (Bathtub) Curve

Infant
Mortality

Perlod Wearout
Perlod
Random Failure Perlod

Time ——»

Fallure Rate
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Infant mortality, as the name implies, represents the early-
life failures of devices. These failures are usually associ-
ated with one or more manufacturing defects.

After some period of time, the failure rate reaches a low
value. This is the random failure portion of the curve,
representing the useful portion of the life of a device.
During this random failure period, there is a decline in the
failure rate due to the depletion of potential randomfailures
from the general population. :

Thewearout failures occur at the end of the devicé‘s useful
life. They are characterized by a rapidly rising failure rate
over time as devices wear out both physically and electri-
cally.

Thus, for a device that has a very long life expectancy
compared to the system which contains it, the areas of
concern will be the infant mortality and the random failure
portions of the bathtub curve.

Failure Distribution at NEC

In an effort to eliminate infant mortality failures, NEC
subjects its products to production burn-in whenever nec-
essary. This burn-in is performed at an elevated tempera-
ture for 100 percent of the lots involved and is designed to
remove the potentially defective units.

To study the random failure population, integrated circuits
returned to NEC from the field undergo extensive failure
analysis at respective NEC Manufacturing Divisions. Fail-
ure mechanisms are identified and data fed back to cogni-
zant Production and Engineering groups.

This data coupledwithin-line datais thenusedtointroduce
corrective actions and quality improvement measures.

2-5
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After elimination of early device failures, a system will be
left to the random failure rate of its components. Thus, in
order to make proper projections of the failure rate of the
systemin the operating environment, failure rates must be
predicted for the system's components.

Infant Mortality Failure Screening

Establishing infant mortality screening requires knowl-
edge of the likely failure mechanisms and their associated
activation energies. The most likely problems associated
with infant mortality failures are generally manufacturing
defects and process anomalies. These defects and anoma-
lies generally consist of contamination, cracked chips,
wire bond shorts, or bad wire bonds. Since these describe
anumber of possible mechanisms, any one of which might
predominate at a given time, the activation energy for
infant mortality varies considerably.

Correspondingly, the effectiveness of a screening condi-
tion—preferably at some stress level in order to shorten
the screening time—varies greatly with the failure mecha-
nism. For example, failures due to ionic contamination
have an activation energy of approximately 1.0 eV. There-
fore, a 15-hour stress at 125°C junctiontemperature would
be the equivalent of approximately 314 days of operation
at a junction temperature of 55°C. On the other hand,
failures due to oxide defects have an activation energy of
approximately 0.3 eV, and a 15-hour stress at 125°C
junction temperature would be the equivalent of approxi-
mately four days' operation at 55°C junction temperature.
As indicated by this situation, the conditions and duration
of infant mortality screening must be strongly dependent
onthe allowable component, hence system, failuresinthe
field, as well as the economic factors involved.

Empirical data gathered at NEC indicates that early fail-
ures (if any) occur after less than 4 hours of stress at 125°C
ambienttemperature. Thisfactis supported by the bathtub
curve created from the life test results of the same lots,
where the failure rate shows a random distribution as op-
posedto a decreasingfailure rate that runsinto the random
failure region.

Whenever necessary, NEC has adopted this initial infant
mortality burn-in at 125°C as a standard production screen-
ing procedure. As a result, the field reliability of NEC
devices is an order of magnitude higher than the goal set
for NEC's integrated circuit products.

NEC believesitisimperative thatfailure modes associated
withinfant mortality screens be understood andfixed atthe
manufacturing level. If such failures can be minimized or
eliminated, and countermeasures appropriately monitored,
then such screens can be eliminated. '
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Long-Term Failure Rate

NEC's long-term failure rate goal, based on the mask and
process design, is confirmed by life testing using the
following conditions:

¢ A minimum of 1.2 million device hours (= sample size x
test period) at 125°C should be accumulated to obtain
the accuracy necessary for predicting a failure rate of
0.02% per 1000 hours at 55°C with a 60% confidence
level.

* A minimum of 3 milliondevice hours at 125°C should be
accumulated to obtain the accuracy necessary for
predicting afailure rate of 0.01% per 1000 hours at 55°C
with a 60% confidence level.

Accelerated Reliability Testing

NEC performs extensive reliability testing both at pre-
production and post-production levels to insure that its
products meet the minimum expectations set by NEC.
Accelerated refiability testing results are then used to
quantitatively monitor the reliability.

As anexample, assume that an electronic system contains
1000 integrated circuits and cantolerate 1 percent system
failures per month. The failure rate per component is:

1% Failures =.0014 % Failures

720 Hours x 1000 Pcs. 1000 Hrs
or 14 FITs

To demonstrate this failure rate, note that 14 FITs corre-
spond to one failure in about 85 devices during an operat-
ing test of 10,000 hours. 1t is quickly apparent that a test
condition is required to accelerate the time-to-failure in a
predictable and understandable way. The implicit require-
ment for the accelerated stress testis that the relationship
between the accelerated stress testing condition and the
condition of actual use be known.

A most common time-to-failure relationship involves the
effect of temperature, which accelerates many physio-
chemical reactions which may lead to device failure. Other
environmental conditions are voltage, current, humidity,
vibration, or some combination of these. Appendix 2 lists
typical reliability assurance tests performed at NEC for
molded integrated circuits. Figure 5 shows the results of
some of these tests for various process types.

High-Temperature Operating/Bias Life Test (HTOL/
HTB). This test is used to accelerate failure mechanisms
by operating devices at an elevated temperature of 125°C.
The data obtained is translated to a lower temperature by
using the Arrhenius relationship.



NEC

Reliability and Quality Control

Figure 5. Typical Reliability Test Results

HTB TH PCT TC
Micro:!
NMOS 719113 15/9315 0/11752 -
(15 FIT)
CMOS 3/11892 2/7293 8/9476 —
(5.4 FIT)
Memory: [HTOL]
DRAM? 10/10052 0/9958 0/5880 1/2995
(19 FIT)
SRAM? 1710421 2/8142 0/8768 -
1 MEG DRAM* 38/14300 0/3634 1/3060 171780
(115 FIT)
AsIC:
CMOS 2/3506 11111 1/4764 4/2680
(33 FIT)
ECL 0/1080 — - 0141
(8.4 FIT)
BiCMOS 1/895 0/1073 0/935 0/1781
(18 FIT)
Information has been extracted from NEC Report Numbers:
1 TRQ-89-05-0030 2TRQ-89-01-0021
3TRQ-88-09-0008 4TRQ-89-01-0020
5TRQ-89-04-0025

High-Temperature and High-Humidity Test. Semicon-
ductor integrated circuits are highly sensitive to the effect
of humidity causing electrolytic corrosion between biased
lines. The high-temperature and high-humidity test is per-
formed to detect failure mechanisms that are accelerated
by these conditions, such as leakage-related problems
and drifts in device parameters due to process instability.

High-Temperature Storage Test. Another common test
is the high-temperature storage test, in which devices are
subjected to elevated temperatures with no applied bias.
This test is used to detect process instability and stress
migration problems.

Environmental Tests. Other environmentaltests are per-
formed to detect problems related to the package, mate-
rial, susceptibility to extremes in environment, and prob-
lems related to usage of the devices.

Failure Rate Calculation/Prediction

When predicting the failure rate at a certain temperature
from accelerated life test data, the activation energies of
the failure mechanisms involved should be considered.
Thisis done whenever the exact cause of failures isknown
through failure analyses results.

In some cases, an average activation energy is assumed
in order to accomplish a quick first order approximation.
NEC assumes an average activation energy of 0.7 eV for
such approximations. This average value has been as-
sessed from extensive reliability test results and yields a
conservative failure rate.

Since most semiconductor failures are temperature de-
pendent, the Arrhenius relationship is used to normalize
failure rate predictions at a system operation temperature
of 55°C. It assumes that temperature dependence is an
exponential function that defines the probability of occur-
rence, and that the degradation of a performance parame-
ter is linear with time. The Arrhenius model includes the
effects of temperature and activation energies of the
failure mechanisms in the following Arrhenius equation:

A = exp -E,(T,-T,)
K(Ty) (Tie)

A = Acceleration factor

E, = Activation energy

T,, = Junction temperature (in K)
atT, =55°C

T,, = Junction temperature (in K)
atT,,=125°C

k = Boltzmann's constant
=8.62x 10% eV/K.

Because the thermal resistance and power dissipation of
a particular device type cannot be ignored, junction
temperatures (T,, and T ,) are used instead of ambient
temperatures (T,, and T,,). We calculate junction
temperatures using the following formula:

T, =T, + (Thermal Resistance) (Power Diss. at T,)

Inorderto estimate long term failure rate, the acceleration
factor must be used to determine the simulated test time.
From the high temperature operating life test results,
failure rates can then be predicted at a 60% confidence
level using the following equation:

_ x2 105
L= 57
Where:
L = Failure rate in %/1000 hours
*x? = The tabular value of chi-squared distribution at a
given confidence level and calculated degrees of
freedom (2f + 2, where f = number of failures)
T = # of equivalent device hours

(# of devices) x (# of test hours)
x (acceleration factor)
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*Since the failures of concern here are the random, not the
infant mortality failures [that is, the end of the downward
slope and the middle (constant) section of the bathtub
curvein Figure 4}, x2is determined assuming a one-sided,
fixed time test.

Another method of expressing failures is in FITs (failures
intime). One FIT is equal to one failure in 10° hours. Since
L is already expressed as %/1000 hours (105 failure/hr),
an easy conversion from %/1000 hours to FIT would be to
multiply the value of L by 10*.

EXAMPLE: A sample of 960 pieces was subjected to
1000 hours 125°C burn-in. One reject was observed.
Given that the acceleration factor was calculated to be
34.6 using the Arrhenius equation, what is the failure rate
normalized to 55°C using a confidence level of 60%?
Express the failure rate in FIT:

Solution:

Forn=2f+2=2(1) + 2 = 4, > = 4.046.

_ x2 105 )
2T

Then

¥210%  (%/1000 hr)
2 (# of dev.) (# of test hrs.) (accl. factor).

(4.046) 108
= = R 1 (%/1
2(960) (1000) (34.6) 0.0061 (%/1000 hr)

Therefore, FIT = 0.0061 ¢ (10%) = 61

Figure 6. NEC Quality and Reliability Targets

Product/Process Changes

As mentioned previously, a design review is performed for
product modifications or changes. Once the design is
approved and processes altered (if necessary) for maxi-
mum quality, the device goes through qualification testing
to check the reliability. If the test results are acceptable,
the product is released for mass production.

Testing is also performed when only a process modifica-
tion or change is made.

The typical qualification/process change tests are listed in
Appendix 3.

Failure Analysis

At NEC, failure analysis is performed not only on field fail-
ures, but also routinely on products which exhibit defects
during the production process. This datais closely checked
for correlation with the production process quality informa-
tion, inspection results, and reliability test data. Informa-
tion derived from these failure analysesis usedto improve
product quality.

As there are a lot of failure mechanisms of LS| devices,
highly advanced analytical technologies are required to
investigate such failures in detail. The standard failure
analysis flowchart relating to the returned products from
customers is shown in Appendix 4.

NEC's Goals on Failure Rates

The reject rate at customer's incoming inspection, the
infant mortality rate, and the long term reliability, are all
monitored and checked againstNEC's quahty and rehablhty
targets (listed in Figure 6).

mcom‘::é‘;’lm";: ?::;:;‘:::(PPM)‘ Long Term Reflability (FIT) Infant Morality (FIT)
Memory pCOM Gate Arrays Memory pCOoM Gate Arrays Memory pcom Gate Arrays
Year | ECLRAM | MOS BiCMOS | ECL ] CMOS | ECLRAM | MOS BiCMOS | ECL { CMOS | ECLRAM| MOS BIiCMOS |ECL|CMOS
1988 150 50 100 1000 300 300 100 50 100 1000 300 150 100 100 150 1000 300 400
1890 100 50 100 500 200 150 80 50 80 500 250 100 80 100 150 500 250 | 300

2-8
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Reliability and Quality Control

Summary and Conclusion

As has been discussed, building quality and reliability into
products is the most efficient way to ensure product
success. NEC's approach of distributing quality control
functions to process steps and then forming a total quality
control system has produced superior quality and excel-
lent reliability.

Prescreening, whenever necessary, has been a major
factor inimproving reliability. In addition, monthly reliabil-
ity assurance tests have ensured high outgoing quality
levels.

The combination of building quality into products, effective
prescreening of potential failures, and monitoring of relia-
bility through extensive testing has established a singu-
tarly high standard of quality and reliability for NEC's large-
scale integrated circuits.

Through a companywide quality control program, continu-
ous research and development activities, extensive failure
analysis, and process improvements, this higher standard
of quality and reliability will continuously be set and main-
tained.
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Appendix 1
Typical QC Flow for CMOS Fabrication

WAFER FABRICATION PROCESS QC FLOW (CMOS)

FLOW
PROCESS STEP IN-PROCESS INSPECTION/QUALITY MONITOR
Sllicon Wafer
Incoming Resistlvity (sampling by lot)
Inspection Dimenslon (sampling by lot}
Visual (sampling by lot)
Well
Formation
Oxidation Oxide Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
lon Implantation Layer Reslstance (sampling by day)
Fleld
Formation
Deposition Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Oxidation Oxlde Thickness (sampling by lot)
Channel Stopper
Formation
Photo Lithography Allgnment and Etching Accuracy (sampling by lot)
lon Implantation Layer Reslistance (sampling by lot)
Oxldation Oxidae Thickness (sampling by lot)
Gate
Formatlon
Deposition Depostt Thickness (sampling by lot)
Doplng Layer Reslistance (sampling by lot)
Photo Lithography Allgnment and Etching Accuracy (sampling by lot)

Gate Electrode Width (sampling by lot)

() p/n SD Formatlon

Photo Lithography Alignment and Etching Accuracy (sampling by lot)
lon Implantation Layer Reslstance (sampling by iot)
Anneal
Contact
Hole
Deposition Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
<> Metallization
Metal Deposition Metal Thickness (sampling by run}
Photo Lithography Alignment and Etching Accuracy (sampling by lot)
Alloy Parametric Test (sampling by lot)
)
Deposltion Deposit Thickness (sampling by lot)
Photo Lithography Alignment and Etching Accuracy (sampling by lot)

| ' Wafer Sort

Contact Hole and Metalllzatlon Steps are Repeated Twice

83vQ-69398
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Appendix 1
Typical QC Flow for PLCC Assembly/Test
The Check of Manufacturing Conditions The Check of Manufacturing Qualities
Process/Materials Check Checked |  Check Checked
Items Frequency | Instrument By ftom Frequency | Instrument By
Sorted Wafers
Wafer Visual Wafer Visual 100% (Naked Eye) | Operator
Table Speed Every Indicators PC. Sawing Before Microscope | Operator
Dicing Di Water Shift Gauges Dimensions Running with Filter
Blade Height Eyepiece
Wafer Break Every Indicators PC. Wafer Visual 100% (Naked Eye) | Operator
Conditions Shift Gauges
Break and Expand
Watfer Expand
Conditions
Die Every Lot | Microscope | Operator
Die Visual Inspection Visual Sampling
(Or 100%)
Lead Frames Die Attached Every Indicators PC. Die Visual Every (Naked Eye) | Operator
Conditions Shift Thermocouple, Epoxy Magazine
Potentiometer Coverage
Dle Attached Temperature Every Shift | Microscope
Epoxy Cure Heat Every Indicators PC. Shear Every Dynamometer | Operator !
(Not Done for Gold Temperature Shift Gauges Strength Shift
Die Attached product) N A Flow
Fine Wire Bonding Every Indicators PC. Visual Every Microscope | Operator
Conditions Shift Magazine
Wire Bonding Temperature Every Thermocouple P.C. Wire Pull Every Tension Operator
Week and Test Shift Gauge
Potentiometer
Pre-Seal Visual Die Every Lot | Microscope | Inspector
Visual Sampling
Inspection {or 100%)
Temperature Evel Thermocouple P.C.
Moiding Compound of gillet, Shifrty P
Expiration Date
Molding Temperature |Every Shift | Thermocouple, PC. Visual 100% (Naked Eye) | Operator
Profile of Potentiometer
Die Set
Preheat
Temperature
Pressure
Cure Time
Mold Aging Temperature | Every Shift Indicator P.C.
Deflashing Deflashing | Every Shift Indicators PC. Visual Every Lot | (Naked Eye) | Operator
Conditions
Concentration [Every Week Titration Tech.
Density Every Week [ Density Meter | Tech.
Water Jet
Pressure | Every Day Gauge Tech.
Plating Every Day Indicators PC.
Plating Conditions
Concentration |Every Week|  Titration Tech.
83VQ-691408
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Appendix 1

Typical QC Flow for PLCC Assembly/Test (Cont.)

2-12

The Check of Manufacturing Conditions The Check of Manufacturing Qualities
Process/Materlals .
Check Frequency | Instrument Chacked Check Frequency | Instrument Checked
i ftems - By Item By
n Plating Inspection Visual Every Lot | (Naked Eye) |Technician
: Plating
Thickness Every Lot X-ray Technician
Composition | Every Lot X-ray Technician
Solderability | Once/Day | {Naked Eye) |Technician
A Marking Ink Marking Every Shift Indicators PC. Visual Every Lot | (Naked Eye) | Operator
Conditions
0 Marking
e Mark Cure Temperature Every |Thermocouple | P.C. Marking Twice/Shift | Automatic | Operator
Shift Permanency Tester
Dimensions | Every Shift Test Jig. Operator Visual Every Lot | (Naked Eye) | Operator
e Lead Forming (Before Caliper
Running)
E Final Assembly Inspection Visual Every Lot | Magnifying | Operator
Lamp
P.M. Check | Every Day P.M. Jig. Operator
n 1st Electrical Sorting Sample Before Test Operator §  Electrical 100% IC Tester | Operator
Check Testing Samples Characteristics
Burn-in Every Indicator P.C.
° Burn-In (Whenever Necessary) Conditions Batch
. Every Day P.M. Jig. Operator
E 2nd Electrical Sorting Before Test Operator |  Electrical 100% IC Tester | Operator
Testing Samples Characteristics
Every
u Rellabllity Assurance Test Month
Every Day P.M. Jig. Electrical Every Lot IC Tester Inspector
Before Test Characteristics
n In-Warehouse Inspection Testing Samples '| Visual (Major) | Every Lot (Nak::dEye) Inspector
Microscope .
Visual (Minor) | Every Lot | (Naked Eye) | Inspector
W Warshousing
83vQ-6941B
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Appendix 2
Typical Reliability Assurance Tests

The lite tests performed by NEC consistof hightemperature  environmental and mechanical tests are performed. The
operating/bias life (HTOL/HTB), high temperature storage  table below shows the conditions of the various life tests,
life (HTSL), high temperature/high humidity (T/H), and  environmental tests, and mechanical tests.

high humidity storage life (HHSL) tests. Additionally, various

MIL-STD-883C
Test ltem Symbol Method : Condition Remarks
High Temperature HTOL/HTB 1005 T, =125°C, V , specified per device type (Note 1)
Operating/Bias Life
High Temperature HTSL 1008 T,=150C (Note 1)
Storage Life
High Temperature/ TH T,=85%C,RH=85%,V =55V {Note 1)
High Humidity .
High Humidity HHSL T,=85°C, RH=85% (Note 1)
Storage Life
Pressure Cooker PCT T,=125C,P=23atm (Note 1)
Temperature Cycling TC 1010 - 65°C 0 150°C, 1 hr/cycle (Note 1)
Lead Fatigue C3 2004 90°bends. 3 bends without breaking (Note 2)
Solderability C4 2003 230°C, 5 sec, Rosin Base Flux (Note 3)
Soldering Heat/ C6 (Note 4) 260°C, 10 sec, Rosin Base Flux/ (Note 1)
Temperature Cycle/ 1010 10-1 hr cycles, -65°C to 150°C/
Thermal Shock 1011 15-10 min cycles, 0°C to 100°C
Notes:

(1) Electrical test per data sheet is performed. Devices that exceed the data (3) Less than 95% coverage is considered to be a reject.
sheet limits are considered to be rejects. i
deredloberepeds (4) MIL-STD-750A, method 2031.

(2) Broken lead is considered to be a reject.



Reliability and Quality Control

NEC

Appendix 3
New Product / Process Change Tests
Newly o
) Developed  Shrink New
Test ltem Test Conditions Sample Size Product Die Package Wafer Assembly
High Temp. See Appendix 2, 1000H 2010 50 pes 0 0 0 0 0
Operating Life . X 1to3lots
High Temp. T = 150°C (Plastic), 10to 20 pcs 0 0 0 0 0
Storage Life 175°C (Ceramic), 1000H X 1103 lots
High Temp. and See Appendix 2, 1000H 20 to 50 pes 0 0 0 0 0
Humidity Bias Life X1to3lots
{Plastic Device)
Pressure cooker See Appendix 2, 288H 1010 20 pes 0 0 0 0 0
(Plastic Device) X 1103 lots
Thermal See Appendix 2 1010 20 pcs 0 . X 0 X 0
Environmental X1to3lots
Mechanical 20G, 10 to 2000 Hz 1010 20 pcs
Environmental 1500G, 0.5 ms X1to3lots 0 X 0 X 0
{Ceramic Device) 20000G, 1 min
Lead Fatigue See Appendix 2 5pes X - X — X
X X 1to3lots
Solderability " See Appendix 2 R -5 pés X - X - X
X1to3lots
ESD {1) C=200pF, R=0Q © 20pecs 0 0 X 0 X
{2)C=100pF,R=15KQ X1to3lots
Long Term T/C See Appendix 2, 1000 cy 10 to 50 pes 0 0 0 0 0
X1to3lots

0-Performed X - Perform if Necessary — — Not Performed
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Appendix 4
Failure Analysis Flowchart
Fallures
e——————— INFORMATION
Fallure mode:
Situatlon, When Fallure
NEC Appeared: etc.
Analysls of
Information
External
Inspection
Electrical DC/Function Testing
Characterlistics by Tester/Curvetracer
. No Stress
F
<all/ Test
Yes
Fallure | Test correlation
Report | May be Needed

Non-destructive
Analysis

Due to the Case: X-ray Fluoroscope,
Hermetical Test, Dew-point Test,
Cur Check, etc.

Semi-Destructive
Analysis

Decapsulation, Internal Visual
Check, Electrical Measurement,
Circult A

Destructive
Analysis

Fallure
Report

Clear

Etching the Passivation, etc.
SEM, XMA, Cross-section, etc.

Estimation of Causes
Countermeasures
C tve Actlon

83vQ-6938A
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Section 3
Application-Specific Devices
pPD41264 3-1 pPD72123 3-255
65,536 x 4-Bit Dual-Port Graphics Buffer Advanced Graphics Display Controller Il
uPD42264 3-25 pPD72185 3-257
65,536 x 4-Bit Dual-Port Graphics Buffer Advanced Compression/Expansion Engine
#PD42273 3-47 pPD7220A 3-259
262,144 x 4-Bit Dual-Port Graphics Buffer High-Performance
WPDA2274 371  Graphics Display Controller
262,144 x 4-Bit Dual-Port Graphics Buffer Application Note 54 3-263
4PD42275 3.99 ;éPD4250§ u?e Bufsfer for
131,072 x 8-Bit Dual-Port Graphics Buffer ommunications System
w3 Amploaton o s
910 x 8-Bit Line Buffer for NTSC TV M ur
oD 5 High-Speed Line Buffers
uPD42102 34151 ——
Rt [ Application Note 56 3-289
1,;3Ds x 8-Bit Line Buffer for PAL TV — LiPD42601 Silicon File
42505 3- s
5,048 x 8-Bit Line Buffer for Application Note 57 3-297
Communications Systems “'.:DM 1o I“PD.'M 102/uPD42505
D High-Speed Line Buffers
uwPDA42270 3-177 .
910 x 263 x 4-Bit NTSC Field Buffer Application Note 58 3-307
Interlaced to Noninterlaced
pPDA2272 3201 scan Conversion Using the
Picture-in-Picture Generator 4PD41101 High-Speed Line Buffer
uPD42532 3-207  Application Note 89-15 3-325
32,768 x 8-Bit Bidirectional Data Buffer Computer Graphics Overview
#PDA2601 ' 3-227  Application Note 89-16 3-337
1,048,576-Bit Silicon File Frame Buffer Architecture
#PD43501 3-239  Application Note 90-01 3-359
1,024-Channel Time Division Switch Realism in Computer Graphics
#PD43608 3-245  Application Note 90-02 3-367
Single-Chip Cache Subsystem High Performance Systems
pPD71641 3-251  Application Note 90-03 3-377
Cache Memory Controller Memory Systems Overview
#PD72120 - 3253  Application Note 90-06 3-399

Advanced Graphics Display Gontroller

Silicon File System Architecture




NEC

Application-Specific Devices

Additional New Product Information

Device Number Description

Comments

Application-Specific Devices

uPD42273 256K x 4-bit dual-port graphics buffer New speed of 80 ns
uPD42274 256K x 4-bit dual-port graphics buffer New speed of 80 ns
with flash write option
MC-42256D32V 256K x 32-bit dual-port graphics buffer 80 pins, leaded, zig-zag configuration
SIMM with flash write option
MC-42601 EASB-60L 1M x 9-bit silicon file SIMM 30 pins, socket-mountable
uPD42271 7568 x 18-bit picture-in-picture generator Same as uPD42272, except no colored frame on inset
picture
uPD42641 4M x 1-bit silicon file New in first half of 1991, with speeds to 80 ns

uPD42644 1M x 4-bit silicon file

New in first half of 1991, with speeds to 80 ns
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NEC Electronics Inc.

pPD41264
Dual-Port Graphics Buffer

Description

The uPD41264 is a dual-port graphics buffer equipped
with a 64K x 4-bit random access port and a 256 x 4-bit
serial read port. The serial read port is connected to an
internal 1024-bit data register through a 256 x 4-bit
serial read output circuit. The random access port is
used by the host CPU to read or write data addressed in
any desired order and has a write-per-bit option that
allows each of the four data bits to be individually
selected or masked for a write cycle.

The uPD41264 features fully asynchronous dual ac-
cess, except when transferring stored graphics data
from a selected row of the storage array to the data
register. During a data transfer, the random access port
requires a special timing cycle using a transfer clock,
while the serial read port continues to operate nor-
mally. Following the clock transition of a data transfer,
serial read output data changes from an old line to a
new line and the starting location on the new line is
addressable in the data transfer cycle.

The uPD41264 is fabricated with a double polylayer,
N-channel, silicon gate process that provides high
storage cell density, high performance, and high reli-
ability. Refreshing is accomplished by means of RAS-
only refresh cycles or by normal read or write cycles on
the 256 address combinations of Ag through Az during
a4-ms period. Automatic internal refreshing, by means
of either hidden refreshing or the CAS before RAS
-timing and on-chip refresh circuitry, is also available,
The transfer of a row of data from the storage array to
the data register also refreshes that row automatically.

All inputs and outputs, including clocks, are TTL-
compatible. All address and data-in signals are latched
on-chip to simplify system design. Data-out is un-
latched to allow greater system flexibility. The
HPD41264 is available in a 24-pin plastic DIP, or 24-pin
plastic ZIP, and is guaranteed for operation at 0 to
+70°C.

60133

Features

0 Three functional blocks
— 64K x 4-bit random access storage array
— 1024-bit data register
— 256 x 4-bit serial read output circuit
Two data ports: random access and serial read
Dual-port accessibility except during data transfer
Addressable start of serial read operation
Real-time data transfer
Single +5-volt = 10% power supply
On-chip substrate bias generator
Random access port _
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of I/O and address lines
allowed by OE to simplify system design
— Refresh interval: 256 cycles/4 ms
— Read, early write, late write, read-w rite/read-
modify-write, RAS-only refresh, and page mode
capabilities
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— Hidden refreshing by means of CAS-controlled
output
— Write-per-bit capability
— Write bit selection multiplexed on 104-103
O RAS-activated data transfer
— Same cycle time as for random access
— Row data transferred to data register as
specified by row address inputs
— Starting location of following serial read
operation specified by column address inputs
— Transfer of 1024 bits of data on one row to the
data register, and the starting location of the
serial read circuit, activated by a low-to-high
transition of DT
— Data transfer during real-time operation or
standby of serial port
O Fast serial read operation by means of SC pins
— Serial data presented on S0p-SO3
— Direct connection of multiple serial outputs for
extension of data length
O Fully TTL-compatible inputs, outputs, and clocks
O Three-state outputs for random and serial access
O 24-pin plastic DIP and 24-pin plastic ZIP packaging

ooocoooao
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Pin Configurations

Ordering information

Row Access Serial Access

24-Pin Plastic DIP and SOJ Part Number Time (max) Time (max) Package
HPD41264C12 120 ns 40 ns 24-pin
sc 2471 GND c15 150 ns 60 ns plastic DIP
8o 42 23[1s03
so1 3 2001 s02 uPD41264V-12 120 ns 40.ns 24-pin
DT/OE 211 50E V15 150 ns 60 ns plastic ZIP
Wo/l0g [J5 2017 Wa/10g
W4/104 C}6 19177 Wo/105

uPD42264

83IH-6631A

24-Pin Plastic ZIP

Wy/I0p
SOE
SO3

sC

831H-5380A

Pin Identification

Symbol Function

Ag- A7 ‘Address inputs

CAS Column address strobe
DTOE Data transfer/output enable
RAS Row address strobe

SC Serial contro!

SQp - SOz Serial read outputs

SOE Serial output enable
Wo/i0p - W3/I03 Write-per-bit inputs/data inputs and outputs
GND Ground

WBWE Write-per-bit/write enable
Vee + 5-volt power supply
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uPD41264

Recommended Operating Conditions

Capacitance

Ta = Oto +70°C; Vo = +5.0V £10%; f= 1 MHz

Parameter Symbol Min Typ Max Unit
Supply voltage Veo 45 50 55 v Parameter Symbol Max Unit Pins Under Test
Input voltage, high Vi 24 55 v Input capacitance Cia) 5 pF Ag-A7
Input voltage, low ViL -1.0 08 V Covop 6 pF ET/_O_E_
Operating temperature TA 0 70 °C CIWBWE) 8 PF KB_IW E

Ci(RAS) 8 pF RAS
Absolute Maximum Ratings Ccay) &8 PFOAS
Voltage on any pin except V¢ relative to GND, -1.0to +7.0V Cigon) 8 pF__SOE
Vai Cisc) 8 pF SC
Voltage on Vg relative to GND, Vgo ~-10Vto +7.0V  Inputoutput Ciowri0) 7 pF  Wg/IOg - W3/lO3
Operating temperature, Topg 0to +70°C oapacitance
Storage temperature, TgTg -55to0 +125°C Output capacitance Co(so) 7 PF__$00- 805
Short-circuit output current, log 50 mA
Power dissipation, Pp 15W

Exposure to Absolute Maximum Ratings for extended periods may

affect device reliability; exceeding the ratings cou

Id cause perma-

nent damage. The device should be operated within the limits

specified under DC and AC Characteristics.
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Block Diagram

Ag —> [—

Ay —> |

Az»g 37'——)

Az —>| 9 <

Ay —> 8 3
3 ¢

Ag < 2

Ag —> g

Ay —> &

Start Address

Serial Address
Counter

] Serial Decoder

SO J—

Q—» s00
Note:

[1) T.G. =timing generator

83IH-66158




NEC

uPD41264

Device Operation

The uPD41264 has a random access port and a serial
read port. The random access port executes standard
read/write cycles as well as data transfer cycles, all of
which are based on conventional RAS/CAS timing. Ina
datatransfer, data in each storage cell on the selected
row is transferred simultaneously through a transfer
gate to the corresponding register location. The serial
read port shows the contents of the data register in
serial order. The random access and serial read ports
can operate asynchronously, except when the transfer
gate is turned on during the data transfer period.

Addressing

The storage array is a 256-row by 1024-column matrix.
Each of 4 data bits in the random access port corre-
sponds to 65,536 storage cells, and 16 address bits are
requiredto decode one cell location. Eight row address
bits are set up on pins Ag through A7 and latched onto
the chip by RAS. Eight column address bits then are set
up on pins Ag through A and latched onto the chip by
CAS. All addresses must be stable, on or before the
falling edges of RAS and CAS

RAS is similar to a chip enable signal; whenever it is
activated, 1024 cells on the selected row are sensed
simultaneously and the sense amplifiers automatically
restore the data. CAS is a chip selection signal that
activates the column decoder and input/output buff-
ers.

Through 1 of 256 column decoders, 4 storage cells on
a row are connected to 4 data buses, respectively. Ina
data transfer cycle, 8 row address bits are used to
select 1 of the 256 possible rows involved in the transfer
of data to the data register. Eight column address bits
are then used to select the 1 of 256 possible serial
decoders that corresponds to the starting location of
the next serial read cycle. In the serial read port, when
SC is activated, 4 data bits in the 1024-bit data register
are transferred to 4 serial data buses and read out.
Activating SC repeatedly causes a serial read cycle
(starting from the location specified in the data trans-
fer) to be executed within the 1024 bits in the data
register.

Random Access Port

An operation in the random access port begins with a
negative transition of RAS. Both RAS and CAS have
minimum pulse widths, as specified in the timing table,
which must be maintained for proper device operation
and data integrity. Once begun, a cycle must meet all
specifications, including minimum cycle time. To re-
duce the number of pins, the following functions are
multi-plexed in the random access port:

e DTOE

o WBWE

® W/I0;(i=0,1,2 3

The OE, WE and I0; functions represent standard oper-
ations while DT, WB, and W; are special inputs to be
applied in the same way as row address inputs, with
setup and hold times referenced to the negative tran-
sition of RAS. The DT level determines whether a cycle
is a random access operation or a data transfer oper-
ation. WB affects only write cycles and determines
whether or not the write-per-bit option is used. W;
defines data bits to be written with the write-per-bit
capability. In the following discussions; these multi-
plexed pins are designated as DT(/OE), for example,
depending on the function being described.

To use the uPD41264 for random access, DT(/OE) must
be high as RAS falls. Holding DT(/OE) high disconnects
the 1024-bit data register from the corresponding 1024-
digit lines of the storage array. Conversely, to execute
a data transfer, DT(/OE) must be low as RAS falls to
open the 1024 data transfer gates and transfer data
from one of the rows to the data register.

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and maintaining (WB/)WE high while
CAS is active. The (W/)IO, data pin ( = 0, 1, 2, 3)
remains in high impedance until valid data appears at
the output at access time. Device access time, tacc, is
the longest of the following three calculated intervals:

® tRac
* RAS to CAS delay (trep) t+ tcac
o RAS to OE delay + toga
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Access times from RAS (tgrac), from CAS (tcac), and.

from OE ‘OE (toea) are device parameters. The RASto CAS
and RAS to OE delays are system-dependent timing
parameters.

Output . becomes . vahd after the access time has
elapsed and it remains valid while both CASandOE are
fow. CAS or OE high returns the output to high |mped-
ance.

Write Cycle. A write cycle is executed by bringing
(WB/)WE low during the RAS/CAS cycle. The falling
edge of CAS or (WB/)WE strobes the data on (Wy)IO;
into the on-chip data latch. To make use of the write-
per-bit capability, WB(/WE) must be low as RAS falls. In
this case, data bits targeted for write operation can be
specified by keeping W;(/IO) high, with setup and hold
times referenced to the negative transition of RAS.

For those data bits of Wi(/lO) that are kept low as RAS
falls, write operation is inhibited on the chip. If WB(/WE)
ishigh as RAS falls, the write-per-bit option is not used
anda write cycle is executed for all four data bits.

Early Write te Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS. Data is strobed by
CAS, with setup and hold times referenced to this
signal, and the output remains in high impedance for
the entire cycle. As RAS falls, (DT/)OE must meet the
setup and hold times of a high DT, but otherwise
({DT)OE does not affect any circuit operatlon while CAS
is active.

Read-wme/Read-Modﬂy—Wrnte Cycle. Bringing the
(WB/)WE signal low with RAS and CAS low executes
this cycle. (Wy)IO; shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
(W10 is returned to high impedance by a hlgh (DT/)
OE The data to be written is strobed by (WB/WE, with
setup and hold times referenced to this signal.

Late Write Cycle. This cycie shows the timing flexibility
of (DT/)OE, which can be activated just after (WB/)WE
falls, even when (WB/)WE is brought low after CAS.

Refresh Cycle. A cycle at each of the 256 row ad-
dresses (Ag through A;) will refresh all storage cells.
Any cycle in the random access port (i.e., read, write,
refresh, or data transfer) refreshes the 1024 bits se-
lected by the RAS addresses or by the on-chip refresh
address counter.

RAS-only Refresh Cycle. A cycle having only RAS
active refreshes one row of the storage array. A hlgh
CAS is maintained while RAS is active to keep (Wy)IO;in
a state of high impedance. This cycle is preferred for
refreshing, especially when the host system consists of
multiple rows ‘of random access devices. The data
outputs may be OR-tied with no bus contention when
RAS-only refresh cycles are executed.

CAS Before RAS Refresh Cycle. This cycle executes
internal refreshing using the on-chip control circuitry.
Whenever CAS is low as RAS falls, this circuitry auto-
matically refreshes the row addresses specified by the
internal address counter. In this cycle, the circuit oper-
ation based on CAS is maintained in a reset state.
When internal refreshing is complete, the address
counter automatically increments in preparation for
the next CAS before RAS cycle.

Hidden Refresh Cyecle. This function performs hidden
refreshing after a read cycle, without disturbing the
read data output. Once valid, the data output is con-
trolled by CAS and OE. After the read cycle, CAS is held
low while RAS goes high for precharging. A RAS-only
cycle is then executed (except that CAS is held low
instead of high) and the data output remains valid.
Since hidden refreshing is the same as CAS before RAS

‘refreshing, the data output remains valid during either

operatlon

Fast-Page Cycle.This feature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip. By main-
taining RAS low while successive CAS cycles are exe-
cuted, data is transferred at a faster rate because RAS
addresses are maintained internally and do not have to
be reapplied. During this operation, it is also possible
to execute read, write and read-write/read-modify-write
cycles. Additionally, the write-per-bit control specified
in the entry write cycle is maintained through the
following fast-page write cycle.
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Data Transfer Cycle. A datatransfer cycle is executed
by bringing DT(/OE) low as RAS falls. The specified 1 of
the possible 256 rows involved in the data transfer,
aswell as the starting location of the following serial
read cycle in the serial read port, are defined by
address inputs. DT(/OE) must be low for a specified
time, measured from RAS and CAS, so that the data
transfer condition may be satisfied . The low-to-high
transition of DT causes two transfer operations
through the datatransfer gates: column address buffer
outputs are transferred to the serial address counters,
and storage cell data amplified on digit lines is trans-
ferred to the data register At least one SC cycle is
required to hold the data in the register. Otherwise, the
beginning of the next transfer cycle destroys the newly
transferred data. RAS and CAS must be low during
these operations to keep the transferred data in the
random access port.

Serial Read Port

The serial read port is used only to read serially the
contents of the data register starting from a specified
location. The entire operation, therefore, follows a data

DC Characteristics
Ta = Oto +70°C; Voo = 5.0V £10%

transfer cycle. Data stored inthe serial register remains
valid for a minimum of 4 ms after the transfer cycle. The
only condition under which the serial read port must
synchronize with the random access port is when the
positive transition of DT(/OE) must occur within a
specified period in an SC cycle. Except for this SC
cycle, the serial read port can operate asynchronously
with the random access port. The output data appears
at SO; after an access time of tgca, measured from SC
high, only when SOE is maintained low. The SC cycle
that includes the positive transition of DT(/OE) shows
old data in the data register; subsequent SC cycles
show new data transferred to the dataregister serially
andin a looped manner. The serial output is maintained
until the next SC signal is activated. SOE controls the
impedance of the serial output to allow multiplexing of
more than one bank of uPD41264 graphics buffers into
the same external circuitry. When SOE is low, SO is
enabled and the proper data is read. When SOE is at a
high logic level, SO; is disabled and in a state of high
impedance.

Parameter Symbol Min Typ Max Unit Test Conditions

Input leakage current 'R -10 10 A Viy = Oto 55 V; all other pins not undertest = OV
Output leakage current loL. ~10 10 LUA Doyt (I0;, SO) disabled; Voyt = 0to 55V
Random access port output voltage, high  Vou(g) 24 v loHm) = -2 mA

Random access port output voltage, low Vo () 0.4 V' loL(ry = 4.2 mA

Serial read port output voltage, high Vor(s) 2.4 \ loH(g) = -2 mA

Serial read port output voltage, low Vouvs) 0.4 v loL(s) = 42 mA
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Power Supply Current

Ta= Oto +70°C; Vg = +5.0V +10%

-12 -15

Random Access Port Serial Read Port Symbol Max Max Unit Test Conditions

Read/write cycle Standby lect 95 85 mA RAS and CAS cycling; tac = tgc min;
10 = 0 mA; SC = SOE = Vi (Note 1)

Standby Standby Icc2 12 12 mA RAS = Viy; Doyt = high impedance;
SC = SOE = Viy

RAS-only refresh cycle Standby lccs 75 65 mA RAS oycling; CAS = Vju; tre = trg min;
SC = SOE = V|y

Page cycle Standby lcca 65 55 mA RAS = V|; CAS cycling; tpc = tpg min;
SC = SOE = Vjy (Note 1)

CAS before RAS refresh cycle  Standby lccs 75 65 mA CAS low as RAS falls; tg = tpg min;
SC = SOE = V|y (Note 1)

Data transfer Standby lccs 120 100 mA DT low as RAS falls; tgg = tpg min;
SC = SOE = Vjy

Read/write cycle Active lcc7 155 130 mA RAS and CAS cycling; tge = tgc min;
SOE = V|; SC ¢cycling; tgcc = tgge min
(Note 1)

Standby Active lccs 60 45 mA RAS = Vi Dout = high impedance;
SOE = Vy; SC cycling; tscc = tsce min
(Note 1)

RAS-only refresh cycle Active lcce 135 110 mA RAS cycling; CAS = Vi tge = tpe min;
SOE = V); SC eycling; tscc = tsce min
(Note 1)

Page cycle Active lect1o 125 100 mA BRAS = V| ; CAS cycling; tpc = tpg min;

: SOE = V);; SC cycling; tscc = tsce min

{Note 1)

CAS before RAS refresh cycle  Active lcctd 135 110 mA CAS low as RAS falls; tgg = tge min;
SOE = Vy; SC cyeling; tscc = tsce min
(Note 1)

Data transfer Active Icci2 180 145 mA DT low as RAS falls; tge = trg min;
SOE = Vy; SC cycling; tscc = tgcg min
(Note 1)

Notes:

(1) Noload on IO; or SO; Exceptforlgca locss and Igge real values

depend on output loading and cycle rates.
AC Characteristics
Ta = Oto +70°C; Voo = +5.0 V£10%
1PD41264-12 pPD41264-15

Parameter Symbol Min Max Min Max Unit Test Conditions

Column address hold time after RAS low AR 80 100 ns

Column address setup time tasc 0 0 ns

Row address setup time tasR 0 0 ns

Access time from CAS teac 60 75 ns (Notes 2, 5)

Column address hold time tcaH 20 25 ns

CAS pulse width tcas 60 10,000 75 10,000 ns
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AC Characteristics (cont)

uPD41264-12

4PD41264-15

Parameter Symbol Min Max Min Max Unit Test Conditions
DT low hold time after RAS low topH 40 55 ns (Note 12)
CAS before RAS refresh hold time toHR 25 30 ns

CAS precharge time (page cycle only) tcp 50 60 ns

CAS precharge time (nonpage cycle) tepN 25 30 ns

CAS high to RAS low precharge time tchp 10 10 ns

CAS hold time tosH 120 150 ns

CAS before RAS refresh setup time tcsR 10 10 ns

CAS to WE delay tewd 100 120 ns (Note 10)
Write command to CAS lead time towL 40 45 ns

Data-in hold time tpH 35 45 ns (Note 11)
DT high hold time tDHH 20 25 ns

Data-in hold time after RAS low tDHR 95 120 ns

DT high setup time tpHs 0 ns

DT low setup time toLs ns

Data-in setup time tps ns (Note 11)
DT high to CAS high delay toTe 10 10 ns

DT high hold time after RAS high toTH 20 25 ns

DT high to RAS high delay oTR 10 10 ns

OE pulse width toE 35 40 ns

Access time from OE topa 30 40 ns (Note 2)
OE to data-in setup delay toED 35 40 ns

OE hold time after WE low toEH 30 40 ns

OE to RAS inactive setup time toEs 10 10 ns

Output disable time from OE high togz 0 30 0 40 ns (Note 6)
Output disable time from CAS high toFF 0 30 [ 40 ns (Note 6)
Page cycle time tpe 120 145 ns

Access time from RAS trac 120 150 ne (Notes 2, 4)
Row address hold time tRAH 15 20 ns

RAS pulse width tRAS 120 10,000 150 10,000 ns

Random read or write cycle time trc 220 270 ns

RAS to CAS delay time taep 25 60 30 75 ns (Note 4)
Read command hold time after CAS high tacH o ns (Note 9)
Read command setup time tRes o ns

DT low hold time after RAS low taDH 100 130 ns

(serial port active)

Refresh interval tReF 4 4 ms

RAS precharge time tpp 920 100 ns

RAS high to CAS low precharge time tRpc 0 0 ns

Read command hold after RAS high tRRH 20 20 ns (Note 9)
RAS hold time tasH 60 75 ns
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AC Characteristics {(cont)

* uPD41264-12 #PD41264-15

Parameter Symbol Min Max Min Max Unit Test Conditions
Read-write/read-modify-write cycle time trwe 300 355 ns

RAS to WE delay tRwD 160 195 ns (Note 10)
Write command to RAS lead time tRWL 40 45 ns

SC pulse width tscH 10 20 ns

Serial output access time from SC tsca 40 60 ns (Notes 2, 7)
Serial clock cycle time tscc 40 50,000 60 50,000 ns

SC precharge time tscL 10 20 ns

SC high to DT high delay tspp 10 20 ns

SC low hold time after DT high tspH 10 20 ns

Serial output access time from SOE tsoa 35 50 ns

SOE pulse width tsoe 15 20 ns

Serial output hold time after SC high tsoH 10 10 ns

SOE low to serial output setup delay tsoo 5 5 ns

SOE precharge time tsop 15 20 ns

Serial output disable time from SOE high tsoz 30 0 40 ns (Note 6)
Rise and fall transition time tr 50 3 50 ns

Write-per-bit hold time tweH 20 25 ns

Write-per-bit setup time twes 0 [] ns

Write command hold time tweH 35 45 ns

Write command hold time after RAS low twer 95 120 ns

Write command setup time twes ] 0 ns (Note 10)
Write bit selection hold time twWH 20 25 ns

Write command pulse width wp 35 45 ns

Write bit selection setup time tws 0 0 ns

Notes:

(1) See input/output timing waveforms for timing reference volt-

ages.
(2) See figures 1 and 2 for output loads.
@3

£

An initial pause of 100 us is required after power-up, followed by

any eight RAS cycles (except CAS-before-RAS cycles), before

proper device operation is achieved.

(4

=

Operation within the tgcp (max) limit ensures that tgac (max)

can be met. The tgcp (max) limitis specified as a reference point
‘only. lf thép is greater than the specified tgep {max) limit, access

time is controlled exclusively by tcac.

@
®

<

Assumes that tgep = tpep (max).

R

An output disable time defines the time at which the output

achieves the open-circuit condition and is not referenced to

output voltage levels,

(7) Data in the serial output register remains valid for 4 ms (min)

after a data transfer cycle.
(8

=

ViH (min) and V) (min) are reference levels for measuring the

timing of input signals. Additionally, transition times are mea-

sured between V) and V.

3-10

(9) Either tgry or tgcH must be satisfied for a read cycle.
(10) twes: towp: and tgwp are restristive operating parameters in

read-write and read-modify-write cycles only. If twcs = twes
{min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. if tcwp = towp
(min) and tawp =tpwp (Min), the cycle is a read-write cycle and
the data output will contain data read from the selected cell, If
neither of the above conditions is met, the condition of the data
output (at access time and until CAS returns to Vy) is indeter-
minate,

(11) These parameters are referenced to the falling edge of CAS in

early write cycles and to the falling edge of (WB/)WE in delayed
write or read-modify-write cycles.

(12) Use tgpy and tgpy when the serial port is active and tgp1,

trspr tosp and tggg if itis in standby.

(13) SOE may be tied to GND if the output enable function of the

serial port is not needed. .
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Figure 1. Input Timing
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Figure 3. Output Loading in Random Access Port
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Timing Waveforms

Read Cycle
tRC -
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Timing Waveforms (cont)

Early Write Cycle
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Timing Waveforms (cont)

Late Write Cycle
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Timing Waveforms (cont)
Read-Write/Read-Modify-Write Cycle
tRwe
< tRAS tRP
I .\
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Timing Waveforms (cont)

RAS-Only Refresh Cycle
tRC
tRAS r—‘RC———)
__ \ ———\
RAS S( ; / | N
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L 7
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tRAH
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S, s
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CAS Before RAS Refresh Cycle
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Timing Waveforms (cont)

Hidden Refresh Cycle
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Timing Waveforms (cont)

Page Read Cycle
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Timing Waveforms (cont)

Page Early Write Cycle
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Timing Waveforms (cont)

Page Late Write Cycle
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Timing Waveforms (cont)

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

Data Transfer Cycle (Serial Port in Standby)
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Active)
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Timing Waveforms (cont)

Serial Read Cycle
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NEC Electronics Inc.

pPD42264
Dual-Port Graphics Buffer

Description

The uPD42264 is a dual-port graphics buffer equipped
with a 64K x 4-bit random access port and a 256 x 4-bit
serial read port. The serial read port is connected to an
internal 1024-bit data register through a 256 x 4-bit serial
read output circuit. The random access port is used by
the host CPU to read or write data addressed in any
desired order and has a write-per-bit option that allows
each of the four data bits to be individually selected or
masked for a write cycle.

The uPD42264 features fully asynchronous dual access,
except when transferring stored graphics data from a
selected row of the storage array to the data register.
During a data transfer, the random access port requires
a special timing cycle using a transfer clock, while the
serial read port continues to operate normally. Following
the clock transition of a data transfer, serial read output
data changes from an old line to a new line and the
starting location on the new line is addressable in the
data transfer cycle.

The uPD42264 is fabricated with CMOS technology that
provides high storage cell density, high performance,
and high_reliability. Refreshing is accomplished by
means of RAS-only refresh cycles or by normal read or
write cycles on the 256 address combinations of Ag
through Ay during a 4-ms period. Automatic internal
refreshing, by means of either hidden refreshing or the
CAS before RAS timing and on-chip internal refresh
circuitry, is also available. The transfer of a row of data
from the storage array to the data register also refreshes
that row automatically.

All inputs and outputs, including clocks, are TTL-
compatible. All address and data-in signals are latched
on-chip to simplify system design. Data-out is unlatched
to allow greater system flexibility. The pPD42264 is
available in a 24-pin plastic DIP, 24-pin plastic SOJ, and
24-pin plastic ZIP, and is guaranteed for operation at 0 to
+70°C.

Ordering Information

Row Access Serial Access
Time (max) Time (max)

Part Number Package

wPD42264C-10 100 ns 25ns 24-pin plastic DIP
1PD42264LA-10 100 ns 25ns 24-pin plastic SOJ
1#PD42264V-10 100 ns 25ns 24-pin plastic ZIP

Features

O Three functional blocks
— 64K x 4-bit random access storage array
— 1024-bit data register
— 256 x 4-hit serial read output circuit
Two data ports: random access and serial read
Dual-port accessibility except during data transfer
Addressable start of serial read operation
Real-time data transfer
Single +5-volt = 10% power supply
On-chip substrate bias generator
Random access port
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of I/O and address lines
allowed by OE to simplify system design
— Refresh interval: 256 cycles/4 ms
— Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and page mode
capabilities
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— Hidden refreshmg by means of CAS-controlled
output
— Write-per-bit capability
— Write bit selection multiplexed on I04-103
o RAS-activated data transfer
— Same cycle time as for random access
— Row data transferred to data register as specnfled
by row address inputs
— Starting location of following serial read
operation specified by column address inputs
— Transfer of 1024 bits of data on one row to the
data register, and the starting location of the
serial read circuit, activated by a low-to-high
transition of DT
— Data transfer during real-time operation or
standby of serial port
O Fast serial read operation by means of SC pins
— Serial data presented on $0-SO3 :
— Direct connection of multiple serial outputs for
extension of data length
O Fully TTL-compatible inputs, outputs, and clocks
Three-state outputs for random and serial access
o 24-pin plastic DIP, 24-pin plastic SOJ, and 24-pin
- plastic ZIP packaging

ooooooaon

a
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Pin Configurations

Absolute Maximum Ratings

) ’ Voltage on any pin except Vgg relative to GND, -1.0to +7.0V
24-Pin Plastic DIP and SOJ Va1
Voltage on Vg relative to GND, Vpo -10Vto +7.0V
s?)c; a ; Operating temperature, Topp 0to +70°C
so1 3 Storage temperature, TgTg ~55to +125°C
DT/OE Oa Short-circuit output current, log 50 mA
Wy/I0g O5
w4104 6 Exposure to Absolute Maximum Ratings for extended periods may
WBWE 7 affect device reliability; exceeding the ratings could cause permanent
RAS s damage. The device should be operated within the limits specified
As ag under DC and AC Characteristics.
e Capacitance
vee Oz Ta = 010 +70°C; Voo = +5.0V £10%; f = 1 MHz
83IH-6631A Parameter Symbol  Max Unit Pins Under Test
Input capacitance Cip) 5 pF  Ag-A7
24-Pin Plastic ZIP Cigios) 8 pF DVOE
Ciwewg 8 PpF WBWE
W2/l CiRAS) 8 pF FRAS
CicAs) 8 pF TAS
Ciso8) 8 pF SOE
Cisc) 8 pF SC
Inputfoutput capacitance Ciowio) 7  PF Wo/lOp - Wa/lO3
Output capacitance Co (s0) 7 pF S$Op-S03
Recommended Operating Conditions
B3IH5380A Parameter Symbol Min  Typ Max Unit
Supply voltage Veo 4.5 50 55 \
Pin Identification Input voltage, high : Vil 2.4 5.5 \"
Symbol Furiction Input voltage, low ViL -1.0: 0.8 v
A - Ay ‘Address inputs Operating temperature TA 0 70 °C
CAS Column address strobe
DI/OE Data transfer/output enable
RAS Row address strobe
sC Serial control
S0g - SO3 Serial read outputs
SOE Serial output enable
WolOg - W3/IO3 Write-per-bit inputs/data inpdts and outputs
GND ~ Ground .
WB/WE Write-per-bit/write enable
Voo +5-volt 10% power supply
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Block Diagram
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DEVICE OPERATION

The uPD42264 consists of a random access port and a
serial read port. The random access port executes
standard read and write cycles as well as data transfer
cycles, all of which are based on conventional RAS/CAS
timing. In a data transfer, data in each storage cell onthe
selected row is transferred simultaneously through a
transfer gate to the corresponding register location. The
serial read port shows the contents of the data register in
serial order. The random access port and the serial read
port can operate asynchronously, except when the
transfer gate is turned on during the data transfer period.

Addressing

The storage array is arranged in a 256-row by 1024-
column matrix. Each of 4 data bits in the random access
port corresponds to 65,536 storage cells. Therefore, 16

address bits are required to decode one cell location.
Eight row address bits are set up on pins Ag through Az
and latéhed onto the chip by BAS. Eight column address
bits then are set up on pins Ag through Ay and latched
onto the chip by CAS. All addresses must be stable, on
or before the falling edges of RAS and CAS.

RAS is similar to a chip enable signal; whenever it is
activated, 1024 cells on the selected row are sensed
simultaneously and the sense amplifiers automatically
restore the data. CAS serves as a chip selection signal to
activate the column decoder and the input and output
buffers.

Through. 1 of 256 column decoders, 4 storage cells on
the row are connected to 4 data buses, respectively. In
the data transfer cycle, 8 row address bits are used to
select 1 of the 256 possible rows involved in the transfer
of data to the data register. Eight column address bits are
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then used to select the 1 of 256 possible serial decoders
that corresponds to the starting location of the next
serial read cycle. In the serial read port, when SC is
activated, 4 data bits in the 1024-bit data register are
transferred to 4 serial data buses and read out. Activat-
ing SC repeatedly causes a serial read cycle (starting
from the location specified in the data transfer cycle) to
be executed within the 1024 bits in the data register.

Random Access Port

An operation in the random access port begins with a
negative transition of RAS. Both RAS and CAS have
minimum pulse widths, as specified in the timing table,
which must be maintained for proper device operation
and data integrity. Once begun, a cycle must meet all
specifications, including minimum cycle time. To reduce
the number of pins, the following functions are multi-
plexed in the random access port:

e DT/OE

o WB/WE

® W/IO;(i=0,1,2,3)

The OE, WE and I0; functions represent standard oper-
ations while DT, WB, and W; are special inputs to be
applied in the same way as row address inputs, with
setup and hold times referenced to the negative transi-
tion of RAS. The DT level determines whether a cycle isa
random access operation or a data transfer operation.
WB affects only write cycles and determines whether or
not the write-per-bit option is used. W; defines data bits
to be written with the write-per-bit capability. In the
following discussions, these multiplexed pins are desig-
nated as DT (/OE), for example, depending on the func-
tion being described.

To use the pPD42264 for random access, DT(/OE) must
be high as RAS falls. Holding DT(/OE) high disconnects
the 1024-bit data register from the corresponding 1024-
digit lines of the storage array. Conversely, to execute a
data transfer, DT(/OE) must be low as RAS falls to open
the 1024 data transfer gates and transfer data from one of
the rows to the data register.

Read. Cycle Aread cycle is executed d by activating RAS,
CAS, and OE and maintaining (WB/YWE high while CAS
is active. The (Wi)IO; data pin (i = 0, 1, 2, 3) remains in
high impedance until valid data appears at the output at
access time. Device access time, tacc, will be the
longest of the following three calculated intervals:.

‘s
e RAS to CAS delay (trcp) + tcac
¢ RAS to OE delay + toga '
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Access times from RAS (trac). from CAS (tcac), and
from OE (toga) are device parameters. The RAS to CAS
and RAS to OE delays are system-dependent timing
parameters.

Output becomes valid after the access time has elapsed
and it remains valid while both CAS and OE are low. CAS
or OE high returns the output to high impedance.

Write Cycle. A write cycle is executed by bringing
(WB/)WE low during the RAS/CAS cycle. The falling edge
of CAS or (WB/)WE strobes the data on (W}/)IO; into-the
on-chip data latch. To make use of the write-per-bit
capability, WB(WE) must be low as RAS falls. In this
case, data bits targeted for write operation can be
specified by keeping W;(/10;) high, with setup and hold
times referenced to the negative transition of RAS.

For those data bits of W;(/iO;) that are kept low as RAS
falls, write operation is inhibited-on the chip. If WB(/WE)

_is high as RAS falls, the write-per-bit option is not used

and a write cycle is executed for all four data bits.

Early Wnte te Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS. Data is strobed by
CAS, with setup and hold times referenced to this signal,
and the butput remains in high impedance for the entire
cycle. As RAS falls, (D'I7)OE must meet the setup and
hold times of a high DT, but otherwise (DT/)OE does not
affect any circuit operation while CAS is active.

Read-Write/Read-Modify-Write Cycle. Bringing the
(WB/)WE signal low with RAS and CAS low executes this
cycle. (Wi)IO; shows read data at access time. Afterward,
in preparation for the upcoming write cycle, (Wi)IO; is
returned to high impedance by a high (DT/)OE. The data
to be written is strobed by (WB/)WE, with setup and hold
times referenced to this signal.

Late Write Cycle. This cycle shows the timing flexibility
of (DT))OE, which can be activated just after (WB/)WE
talls, even when (WB/)WE is brought low after CAS.

Refresh Cycle. A cycle at each of the 256 row addresses
(Ag through A7) will refresh all storage cells. Any cycle in
the random access port (i.e., read, write, refresh, or data
transfer) refreshes the 1024 bits selected by the RAS
addresses or by the on-chip refresh address counter,

RAS-only Refresh Cycle. A cycle having only RAS
active refreshes one row of the storage array. A high CAS
is maintained while RAS is active to keep (Wi/)IO; in a
state of high impedance. This cycle is preferred for
refreshing, especially when the host system consists of
multiple rows of random access devices. The data out-
puts may be OR-tied with no bus contention when
RAS-only refresh cycles are executed.
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CAS Before RAS Refresh Cycle. This cycle executes
internal refreshing using the on-chip control circuitry.
Whenever CAS is low as RAS falls, this circuitry auto-
matically refreshes the row addresses specified by the
internal address counter. In this cycle, the circuit opera-
tion based on CAS is maintained in a reset state. When
internal refreshing is complete, the address counter
automatically increments in preparation for the next CAS
before RAS cycle.

Hidden Refresh Cycle. This function performs hidden
refreshing after a read cycle, without disturbing the read
data output. Once valid, the data output is controlled by
CAS and OE. After the read cycle, CAS is held low while
RAS goes high for precharging. A RAS-only cycle is then
executed (except that CAS is held low instead of high)
and the data output remains valid. Since hidden refresh-
ing is the same as CAS before RAS refreshing, the data
output remains valid during either operation.

Fast-Page Cycle.This feature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip. By main-
taining RAS low while successive CAS cycles are exe-
cuted, data is transferred at a faster rate because RAS
addresses are maintained internally and do not have to
be reapplied. During this operation, it is also possible to
execute read, write and read-write/read-modify-write cy-
cles. Additionally, the write-per-bit control specified in
the entry write cycle is maintained through the following
fast-page write cycle.

Data Transfer Cycle. A data transfer cycle is executed
by bringing DT(/OE) low as RAS falls. The specified 1 of
the possible 256 rows involved in the data transfer, as
well as the starting location of the following serial read
cycle in the serial read port, are defined by address
inputs. DT(/OE) must be low for a $pecified time, mea-

DC Characteristics
Tp = 0to +70°C; Vg = 5.0V £10%

sured from RAS and;CAS, so that the data transfer
condition may be satisfied . The low-to-high transition of
DT causes two transfer operations through the data
transfer gates: column address buffer outputs are trans-
ferred to the serial address counters, and storage cell
data amplified on digit lines is transferred to the data
register. At least one SC cycle is required to hold the data
in the register. Otherwise, the beginning of the next
transfer cycle destroys the newly transferred data. RAS
and CAS must be low during these operations to keep
the transferred data in the random access port.

Serial Read Port

The serial read port is used only to read serially the
contents of the data register starting from a specified
location. The entire operation, therefore, follows a data
transfer cycle. Data stored in the serial register remains
valid for a minimum of 4 ms after the transfer cycle. The
only condition under which the serial read port must
synchronize with the random access port is when the
positive transition of DT(/OE) must occur within a spec-
ified period in an SC cycle. Except for this SC cycle, the
serial read port can operate asynchronously with the
random access port. The output data appears at SO;
after an access time of tsca, measured from SC high,
only when SOE is maintained low. The SC cycle that
includes the positive transition of DT(/OE) shows old
data in the data register; subsequent SC cycles show
new data transferred to the data register serially and ina
looped manner. The serial output is maintained until the
next SC signal is activated. SOE controls the impedance
of the serial output to allow multiplexing of more than
one bank of uPD42264 graphics buffers into the same
external circuitry. When SOE is low, S0; is enabled and
the proper datais read. When SOE is at a high logic level,
SO, is disabled and in a state of high impedance.

Parameter Symbol Min Typ Max Unit Test Conditions

Input leakage current e -10 10 A Viny = 0to 6.5 V; all other pins notunder test = 0 V
Output leakage current loL -10 10 sA Doyt (I0; SO) disabled; Voyr = 0to 55V
Random access port output voltage, high  Vour) 24 \ lonm) = -2 MA

Random access port output voltage, low VoL®) 0.4 \' loLr) = 42 MA

Serial read port output voltage, high VoH(s) 2.4 \ lonE) = 2 mA

Serial read port output voltage, low VoL(s) ) 0.4 v loLs) = 42 mA
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Power Supply Current
Ta= 0to +70°C; Vgg = +5.0V £10% ) )
Random Access Port Serlal Read Port  Symbol . Max  Unit Test Conditlons
Read/write cycle Standby = - - oot 70 mA  RAS and CAS cycling; tg = tge min; 10 = 0 mA;
" . : SC = SOE = Vi (Note 1)
Standby ‘ Standby Iccz 5 mA  RAS = Viy; Doyt = high impedance;
. . : SC =80E = V|
RAS-only refresh cycle ' Standby lcca 60 mA  FAS cycling; CAS = Vi tac = trg min;
: ) : : SC = SOE = Viy
Page cycle ‘ "+ Standby lcca 50 - mA  RAS =V ; CAS cydling; tpg = tpc min;
. : SC = 50E = Vi (Note 1)
CAS before RAS refresh cycle - Standby lccs 60 mA  TAS low as RAS falls; tgg = tgg min;
. SC = 80E = ViH (Note 1)
Data transfer ... Standby lccs 75 mA- - DT low as RAS falls; tgg = tpc min;
. . ‘ SC = 8OE = Viy
Read/write cycle Active " ooy 120 mA  RAS and CAS cycling; tgg = tgg min; 10 = 0 mA;
‘ : §OE = Vy; SC eyeling; tsco = tscc min (Note 1)
Standby Active lccs 50 mA  RAS = Vy; Doyt = high.impedance; SOE = V);
o . : ) SC cycling; tscc = tsgc min (Note 1)
RAS-only refresh cycle Active lcco 110 mA  RAS cycling; TAS = Vi; tac = tpe min; SOE = Vy;
. - . SC cycling; tscc = tscc min (Note 1)
Pagecycle " Active lcc1o 100 mA  -RAS =V ; CAS cycling; tpc = tpc min; SOE = V;; .
. LA ' . SC cycling; tscc = tscc min (Note 1)
TAS before AAS refresh cyéle  Active lco1i 110 . mA  TAS low as RAS falls; tag = tgg min; SOE = v ;
: SC cycling; tscc = tscc min (Note 1)
Data transfer ‘ Active - lcc12 125 mA DT low as-RAS falls; tag = tgg min; SOE = V|
‘ SC cycling; tscc = tscc min (Note, 1) -
Notes:

(1) No load on |0, or SO;. Except for oo, Iccas and Iccs, real values
depend on output loading and cycle rates. AR

AC Characteristics
Ta = 0to +70°C; Vg = +5.0 V£10%

Parameter _ Symbol Min Typ bMvax Unit Test Conditions
Column address hold time after RAS low tAR 70 T ns

Column address setup time tasc 0 ns

Row address setup time . tasm 0 ns _
Access time from CAS ! T ftoac ‘ i 50 ns {Notes 2, 5)
Column address hold time : tCAH 20 : ns

TAS pulse width © tcas 50 10,000 ns

DT low hold time after RAS low i topH 30 ) . ns (Note 12)
CAS before RAS refresh hold time tcHR 20 ns

TAS precharge time (page cycle only) tcp 40 . " ns

CAS precharge time (nonpage cycle) tcen . 20 ) B ns

CAS high to RAS low precharge time tcrp 10 ns

SC delay time from CAS tcsp 45 ns (Note 12)
TAS hold time tosH 100 ns

TAS before RAS refresh setup time tcsh 10 ns
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AC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Test Conditions
CAS to WE delay towp 85 ns (Note 10)
Write command to CAS lead time towL 35 ns

Data-in hold time toH 30 ns (Note 11)
BT high hold time tDHH 15 ns

Data-in hold time after RAS low oHR 80 ns

DT high setup time tpHs ns

DT low setup time toLs ns

Data-in setup time tos ns (Note 11)
DT high to TAS high délay to1C 10 ns

DT high hold time after RAS high torH 15 ns

DT high to RAS high delay totR 10 ns

OE pulse width o 25 ns

Access time from OE toea 25 ns (Note 2)
OE to data-in setup delay toeD 25 ns

OE hold time after WE low toEH 10 ns

OE to RAS inactive setup time toes 10 ns

Output disable time from OE high toEzZ 0 25 ns (Note 6)
Output disable time from CAS high torr o] 25 ns (Note 6)
Page cycle time tpc 100 ns

Access time from RAS traC 100 nc (Notes 2, 4)
Row address hold time tRAH 15 ns

RAS pulse width tras 100 10,000 ns

Random read or write cycle time tac 190 ns

RAS to CAS delay time trep 25 50 ns (Note 4)
Read command hold time after CAS high tRCH ns (Note 9)
Read command setup time tacs ns

DT low hold time after RAS low tRDH 80 ns (Note 12)
(serial port active)

DT low hold time after RAS low tROH1 15 ns (Note 12)
(serial port in standby)

Refresh interval tReF 4 ms

RAS precharge time tap 80 ns

RAS high to TAS low precharge time tppC 0 ns

Read command hold after RAS high RRH 10 ns (Note 9)
SC delay from RAS frsp 95 ns (Note 12)
RAS hold time tRsH 50 ns
Read-write/read-modify-write cycle time tRwe 260 ns

RAS to WE delay tRwD 135 ns (Note 10)
Write command to RAS lead time tawL 35 ns

SC pulse width tscH 10 ns

Serial output access time from SC tsca 30 ns (Notes 2, 7)
Serial clock cycle time tscc 30 50,000 ns
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AC Characteristics (cont)

Parameter Symbol Min Typ Max Unit Test Conditions

SC precharge time tscL 10 ns

SC high to DT high delay 1spp 10 ns

SC low hold time after DT high tspH 10 ns

Serial output access time from SOE tsoa 25 ns

SOE pulse width tsoE 10 ns {Note 13)

Serial output hold time after SC high tsoH "5 ns

SOE low to serial output setup delay tsoo 5 ns

SOE precharge time tsop 10 ns (Note 13)

Serial output disable time from SOE high 50z 0 25 ns (Note 6)

SC setup time to CAS tssc 10 ns (Note 12)

Rise and fall transition time tr 3 50 ns

Write-per-bit hold time tweH 15 ons

Write-per-bit setup time twes 0 ns

Write command hold time tweH ns

Write command hold time after RAS low twer 75 ns

Write command setup time twcs [ ns (Note 10)

Wirite bit selection hold time twH 15 ns

Write command pulse width twep 15 ns

Write bit selection setup time tws 0 ns

Notes:

(1) Seeinput/output timing waveforms for timing reference voltages. (8) Either tgpy or tacH must be satistied for a read cycle.

(2 See figures 1 and 2 for output loads. (10) twcs, tcwp, and tgwp are restrictive operating parameters in

L i . read-write and read-modify-write cycles only. If tycs = twcs

(3) Aninitial pause of 100 us is required after power-up, followed by (min), the cycle is an early write cycle and the data output will
any eight lfiAS cycles (e'xcept'CAS-before-RAs cycles), before remain open-circuit throughout the entire cycle. If towp = towp
proper device operation is achieved. (min) and tgwp =tawp (Min), the cycle is a read-write cycle and

(4) Operation within the tgcp (max) limit ensures that tqac (Max) the data output will contain data read from the selected cell. If
can be met. The tgep (Max) limitis specified as a reference point neither of the above conditions is met, the condition of the data
only. lftacp is greater than the specified tggp (max) limit, access output (at access time and until CAS returns to V) is indeter-
time is controlled exclusively by tcac. minate.

(6) Assumes that tgop = tgep (Max). (11) These parameters are referenced to the falling edge of CAS in

(6 An output disable time defines the time at which the output ffr“’t'ey g’f:azygzzxitgézeézgng edge of WB/)WE in delayed
achieves the open-circuit condition and is not referenced to ycles. .
output voltage levels. (12} Usetgpy and tC.D!“ \./vh.en the serial portis active and tgpH1, trsps

(7) Data in the serial output register remains valid for 4 ms (min) tosp and tesc if itis in standby.
after a data transfer cycle. (13) SOE may be tied to GND if the output enable function of the

8) Vi (min) and Vy_ (min) are reference levels for measuring the serial port is not needed.

timing of input signals. Additionally, transition times are mea-
sured between V| and V.
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Figure 1. Input Timing
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Timing Waveforms
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Timing Waveforms (cont)

Early Write Cycle
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Timing Waveforms (cont)

Late Write Cycle
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Timing Waveforms (cont)

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

RAS-Only Refresh Cycle
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Timing Waveforms (cont)
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Timing Waveforms (cont)

Page Read Cycle
tRAS
4
RAS
il | 7 \
ICRP —» |« le tpc tRSH ———> tRp >
le—RCD —>}e——tcAS—> le——tcas
o
CAS / / N
W
ﬂ—‘—l‘CPN le—1cp —>
tTASR>» |- -> IcAH
| tCSH tASC —>] <l—
|

Address y Row Column. X Column .
X )(
| [].
tRAH—|> tCAH - —>1 ‘(—mcs 1 tRHH
tasc - |<—‘RC|H tRICH

WoWE | \j
tACS — i‘ toE toES

le«———tAR > toE —

)

— v

i

b7/0E \
K Z

[
LOFF —

|
'(—tCAc —>

> IDHH [€—tOEA—» |« lOFF e—
IDHS l(— 1CAC ——»f toEZ l«—loEA—> —>l le—10EZ
High Impedance 4 \
W; /10; igh Imp g Read E___.____
7

< tRAC

B3vG-6606B

3-40



NEC

Timing Waveforms (cont)

uPD42264

Page Early Write Cycle
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Timing Waveforms (cont)

Page Late Write Cycle
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Timing Waveforms (cont)

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

Data Transfer Cycle (Serial Port in Standby)
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Active)
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Timing Waveforms (cont)

Serial Read Cycle
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NEC Electronics Inc.

pPD42273
Dual-Port Graphics Buffer

Description

The uPD42273 is a dual-port graphics buffer equipped
with a 256K x 4-bit random access port and a 512 x 4-bit
serial read port. The serial read port is connected to an
internal 2048-bit data register through a 512 x 4-bit
serial read output circuit. The random access port is
used by the host CPU to read or write data addressed in
any desired order. A write-per-bit capability allows
each of the four data bits to be individually selected or
masked for a write cycle.

The uPD42273 features fully asynchronous dual ac-
cess, except when transferring stored graphics data
from a selected row of the storage array to the data
register. During a datatransfer, the random access port
requires a special timing cycle using a transfer clock;
the serial read port continues to operate normally.
Following the clock transition of a data transter, serial
output data changes from an old line to a new line and
the starting location on the new line is addressable in
the data transfer cycle.

An advanced CMOS silicon-gate process using poly-
cide technology and trench capacitors provides high
storage cell density, high performance, and high reli-
ability.

Refreshing is accomplished by means of RAS-only
refresh cycles or by normal read or write cycles on the
512 address combinations of Ag through Ag during an
8-ms period. Automatic internal refreshing, by means
of either hidden refreshing or the CAS before RAS
timing and on-chip internal refresh circuitry, is also
available. The transfer of a row of data from the storage
array to the data register also refreshes that row auto-
matically.

The uPD42273 is an alternative to the uPD42274 for
applications that do not require the flash write function.

All inputs and outputs, including clocks, are TTL-
compatible. All address and data-in signals are latched
on-chip to simplify system design. Data-out is un-
latched to allow greater system flexibility.

The uPD42273 is available in a 28-pin plastic ZIP or

28-pin plastic SOJ and is guaranteed for operation at 0
to +70°C. )

Features

0 Three functional blocks
— 256K x 4-bit random access storage array
— 2048-bit data register
— 512 x 4-bit serial read output circuit
Two data ports: random access and serial read
Dual-port accessibility except during data transfer
Addressable start of serial read operation
Real-time data transfer
Single + 5-volt £10% power supply
On-chip substrate bias generator
Random access port -
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of I/O and address lines
allowed by OE to simplify system design
— 512 refresh cycles every 8 ms
— Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and fast-page
cycles
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— CAS-controlled hidden refreshing
— Write-per-bit option regarding four 1/O bits
— Write bit selection multiplexed on 104-103
O RAS-activated data transfer
— Same cycle time as for random access
— Row data transferred to data register as
specified by row address inputs
— Starting location of following serial read cycle
specified by column address inputs
— Transfer of 2048 bits of data on one row to the
data register, and the starting location of the
serial read circuit, activated by a low-to-high
transition of DT
— Data transfer during real-time operation or
standby of serial port
O Fast serial.read operation by means of SC pins
Serial data output on $0y-SO3 ‘
O Direct connection of multiple serial outputs for
extension of data length
O Fully TTL-compatible inputs, outputs, and clocks
Three-state outputs for random and serial access
O CMOS silicon-gate process with trench capacitors

Oooo0ooooao

o

o

New speed of 80 ns will be available in 1991.

60128
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Pin Configurations

Ordering Information

" . Row Access Serial Access
28-Pin Plastic SOJ Part Number Time (max) Time (max) Package
pPD42273LE-10 100 ns 30 ns 28-pin
sc1 28 [JGND LE-12 120 ns 40ns plastic SOJ
sop [ 2 27 {1803
_so; s 26 |1 s02 uPD42273V-10 100 ns . 80ns 28-pi_n
DT/OEE 4 25 |1 §0E V-2 120 ns “40ns plastio ZIP
Wo/10g [ 5 24 [J Wa/103 -
w016 e 23 Wiy Absolute Maximum Ratings
WBWEL]7 & 22fnc
NC s S s pcas Volta.ge on any pin except Voo
faso * ohne relative to GND, V4 -1.0to +7.0V
Ag 10 193 Ag Voltage on Vg relative to GND, Vgo -1.0to +7.0V
Ag L] 11 18 P A4 N
O ting tem ture, T 0to +70°C
Al 12 17 A perating temperature, Topg o
A3 16 [0 Az Storage temperature, TgTg ~55 to +125°C
vee O 14 15 [ A7 Short-circuit output current, log 50 mA
SoYL7287A Power dissipation, Pp 15W
; N Exposure to Absolute Maximum Ratings for extended periods may
28-Pin Plastic ZIP affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits
Ne 1 specified under DC and AC Characteristics.
Wg/l03 3 . cas
*soy s Recommended Operating Conditions
G"‘;D 7 Parameter Symbol Min ~Typ Max Unit
S 9
5o 11 Supply voltage Voo 45 50 55 v
W1”§8 1: Input voltage, high ViH 24 55 v
1
Ag 17 Input voltage, low ViL -1.0 0.8 v
As 19 Ambient temperature T 0 70 °c
Vce 21 - -
Az 23 — :
Ay 25 Capacitance
NC 27 Ta = 0to +70°C; Voo = +5.0V +10%; f =1 MHz; GND = OV
Parameter ~ Symbol Limit (max) Unit Pins Under Test
B83YL-7288A
Input Ciay 5 pF Agthrough Ag
capacitance — &F
Pin Identification CioToE) 8 PF__DWOE_
Symbol Function CIWBAWE) 8 pF__WBMWE
Ap - Ag Address inputs CI(RA§) 8 pF__RAS
Ci(CA9) 8
Wo/lOg - W3/lO3 Write-per-bit selects/data inputs and outputs ICA PF__CAS
RAS Row address strobe Cigog) 8 - PF_. SOE
CAS Column address strobe Cisc) - - i pF__SC .
— tput
WB/WE Write-per-bit/write enable 'c"f:a’fi’;f:e Cowro) v pF yvz:gg"h’?ugh
DT/OE Data transferfoutput enable Output Cotso) 7 PF SO through
SOp -803 Serial read outputs - capacitance SOz
sC Serial control
SOE Serial output enable
GND Ground
Voo +5-volt £10% power supply
NC No connection
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Block Diagram
gz{":'s:' - J 1 Column Decoder | 510 | 511 4‘/ j<—> Wg/I00
°°'|;'g'°" le—> w1104
17 Sense Amplifiers ERELEED Buffer [€—> W2/102
i [€—> W3/103
Ao —> 2048 Col
Af —> 5
A2—> 2 § Stora;
ge &2
As E % Cell Array o
Aa § x o
Ag —>] g J
Ag —>
As —> IITIT1T
. —> Transfer
he Gates
LI 111 : —> 509
Data 4 Serial —> 50
Register 7 Output
= Buffer > 802
LTI 505
se Selector 510 | 51t
SOE
RAS —>
CAS —>{  Timing
DT/OE Generator Voo
DT/OE ~——>>1 (_._vss
WBWE ———>» -
83YL-72808

Pin Functions

Ag-Ag (Address Inputs). These pins are multiplexed as
row and column address inputs. Each of four data bits
in the random access port corresponds to 262,144
storage cells, which means that nine row addresses
and nine column addresses are required to decode one
cell location. Nine row addresses are first used to
select one of the 512 possible rows for a read, write,
data transfer, or refresh cycle. Nine column addresses
are then used to select the one of 512 possible column
decoders for a read or write cycle or the one of 512
possible starting locations for the next serial read
cycle. (Column addresses are not required in RAS-only
refresh or flash write cycles.)

Wy/109-W3/10; (Write-Per-Bit Inputs/Common Data
Inputs and Outputs). Each of the four data bits canbe
individually latched by these inputs at the falling edge
of RAS in a write ite cycle, and then updated at the next
falling edge of RAS. In a read cycle, these pins serve as
outputs for the selected storage cells. In a write cycle,
datainput onthese pinsis latched by the falling edge of
CAS or WE.

RAS (Row Address Strobe). This pin is functionally
equivalent to a chip enable signal in that whenever it is

activated, the 2,048 storage cells of a selected row are
sensed simultaneously and the sense amplifiers re-
store all data. The nine row address bits are latched by
this signal and must be stable on or before its falling

edge. CAS, DT/OE and WB/WE are simultaneously
latched to determine device operation.

CAS (Column Address Strobe). This pin serves as a
chip selection signal to activate the column decoder
and the input/output buffers. The nine column address
bits are latched at the falling edge of CAS.

WB/WE (Write-Per-Bit Control/Write Enable). At the
falling edge of RAS the WB/WE input must be low and
CAS and DT/OE high to enable the write- per-bit option.
A high WB/WE can be used at the begmmng of a
standard write or read cycle.

DT/OE (Data Transfer/Output Enable). At the falling
edge of RAS, CAS high and FWE and DT/OE low initiate
a data transfer, regardless of the level of WB/WE. DT/OE
high initiates conventional read or write cycles and

controls the output buffer in the random access port.

S$0¢-S0; (Serial Data Output). Four-bit data is read
from these pins. Data remains valid untll the next SC
signal is activated.
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SC (Serial Control). Repeatedly activating this signal
causes serial read cycles (starting from the location
specified in the data transfer cycle) to be executed
within the 2,048 bits in the data register. The rising edge
of SC activates serial read operation, in which four of
the 2,048 data bits are transferred to four serial data
buses, respectively, and read out. Whenever SC is low,
the serial port is in standby.

SOE (Serial Output Enable). This signal controls the
serial data output buffer.

OPERATION

The uPD42273 consists of a random access port and a
serial read port. The random access port executes
standard read and write cycles as well as data transfer
and flash write cycles, all of which are based on con-
ventional RAS/CAS timing.

In a data transfer, data in each storage cell on the
selected row is transferred simultaneously through a
transfer gate to its corresponding register location. The
serial read port shows the contents of the data register
inserial order. The random access and serial read ports
can operate asynchronously, except when the transfer
gate is turned on during the data transfer period.

Addressing

The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 4 data bits in the
random access port corresponds to 262,144 storage
cells and 18 address bits are required to decode one
cell location. Nine row address bits are set up on pins
A through Ag and latched onto the chip by RAS. Nine
column address bits then are set up on pins Ag through
Ag and latched onto the chip by CAS. All addresses
must be stable, on or before the falling edges of RAS
and CAS. Whenever RAS is activated, 2048 cells on the
selected row are sensed simultaneously and the sense
amplifiers automatically restore the data. CAS serves
as a chip selection signal to activate the column de-
coder and the input and output buffers.

Through 1 of 512 column decoders, 4 storage cells on
the row are connected to 4 data buses, respectively. In
a data transfer cycle, 9 row address bits are used to
select 1 of the 512 possible rows involved inthe transfer
of data to the data register. Nine column address bits
are then used to select the 1 of 512 possible serial
decoders that corresponds to the starting location of
the next serial read cycle. In the serial read port, when
SC is activated, 4 data bits in the 2048-bit data register
are transferred to 4 serial data buses and read out.
Activating 8C repeatedly causes serial read cycles
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(starting from the location specified in the data transfer
cycle) to be executed within the 2048 bits in the data
register.

Random Access Port

An operation in the random access port begins with a
negative transition of RAS. Both RAS and CAS have
minimum pulse widths, as specified in the timing table,
which must be maintained for proper device operation
and data integrity. Once begun, a cycle must meet all
specifications, including minimum cycle time. To re-
duce the number of pins, the followmg are multiplexed.

. DT/OE
* WB/WE
eW/I0;(i=0,1,2 3)

OE, WE and 10; represent standard operations, while
DT, WB, and W; are special inputs to be applied in the
same way as row address inputs, with setup and hold
times referenced to the negative transition of RAS.

The level of DT determines whether a cycle is a random
access or data transfer operation. WB affects only
write cycles and determines whether or not the write-
per-bit capability is used. W; defines data bits to be
written with the write-per-bit option. In the following
discussions, these multiplexed pins are designated as
DT(/OE), for example, depending on the function being
described.

To use the uPD42273 for random access, DT{(/OE) must
be high as RAS falls to disconnect the 2048-bit register
from the corresponding 2048-digit lines of the storage
array. Conversely, to execute a data transfer, DT(/OE)
must be low as RAS falls to open the 2048 transfer gates
and transfer data from one of the rows to the register.

Truth Table for the Random Access Port

CAS DTOE WBWE  Cycle

H H H Read or write (Note 1)

H H L Mask write (Note 2)

H L X Read data transfer (Note 8)

L X X CAS before RAS refresh (Note 4)
Notes:

(1) Initiates a normal read or write cycle and disables the write-per-
bit capability.

&

(2) Enables individual bits to be selected or masked for a write cycle.
Four-bit masked data is latched at the falling edge of RAS and
reset at the rising edge of RAS.

3

4

=2

Initiates a read data transfer cycle.

Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE
and DT/OE = don't care.

8) X = don’t care.

=



NEC

pPDA42273

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and by maintaining (WB/)WE while
CAS is active. The (W)IO; pin (i = 0, 1, 2, 3) remains in
high impedance until valid data appears at the output
at access time. Device access time, tpocc, Will be the
longest of the following four calculated intervals:

® trac

[} w to =CAS delay (trep) + tcac

¢ RAS to column address delay (igap) + taa

® RAS to OE delay + toga

Access times from RAS (trac), from CAS (tcac), from
the column addresses (taa), and from OE (toga) are
device parameters. The RASto-CAS, RAS-to-column
address, and RAS-to-OE delays are system-dependent
timing parameters. Output becomes valid after the
access time has elapsed and it remains valid while both
CAS and OE are low. Either CAS or OE high returns the
output pins to high impedance.

Write Cycle. A write cycle is_executed by bringing
(WB/)WE low during the RAS/CAS cycle. The falling
edge of CAS or (WB/)WE strobes the data on (W))IO;
into the on-chip data latch. To make use of the write-
per-bit option, WB(/WE) must be low as RAS falls. In this
case, write data bits can be specified by keeping
W;i(/lO) high, with setup and hold times referenced to
the negative transition of RAS.

For those data bits of W;(10)) that are kept low as RAS
falls, write operation is inhibited on the chip. If WB(/WE)
is high as RAS falls, the write-per-bit option is not used
and a write cycle is executed for all four data bits.

Early Write Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS falls. Data is strobed
by CAS, with setup and hold times referenced to this
signal, and the output remains in high impedance for
the entire cycle. As RAS falls, (DT/)OE must meet the
setup and hold times of a high DT_I_JEL otherwise
(DT)OE does not affect anything while CAS is active.

Read-Write/Read-Modify-Write Cycle. This cycle is ex-
ecuted by bringing (WB/)WE low with the RAS and CAS
signals low. (Wj)IO; shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
(W)IO; returns to high impedance when (DT/)OE goes
high. The data to be written is strobed by (WB/)WE, with
setup and hold times referenced to this signal.

Late Write Cycle. This cycle shows the timing flexibility
of (DT)OE, which can be activated just after (WB/)WE
falls, even when (WB/)WE is brought low after CAS.

Refresh Cycle. A cycle at each of the 512 row ad-
dresses (Ag through Ag) will refresh all storage cells. Any
read, write, refresh, or data transfer cycle executed in

the random access port refreshes the 2048 bits se-
lected by the RAS addresses or by the on-chip address
counter.

RAS-Only Refresh Cycle. A cycle having only RAS
active refreshes all cells in one row of the storage array.
A high CAS is maintained while RAS is active to keep
(Wi)10; in high impedance. This method is preferred for
refreshing, especially when the host system consists of
multiple rows of random access devices. The data
outputs may be OR-tied with no bus contention when
RAS-only refresh cycles are executed.

CAS Before RAS Refresh Cycle. This cycle executes
internal refreshing using the on-chip circuitry. When-
ever CAS is low as RAS falls, the row addresses speci-
fied by the internal counter are automatically refreshed
and the circuit operation based on CAS is maintained
in a reset state. When internal refreshing is complete,
the address counter automatically increments in prep-
aration for the next CAS before RAS cycle.

Hidden Refresh Cycle. This cycle is executed after a
read cycle, without disturbing the read data output.
Once valid, the data output is controlled by CAS and
OE. Afterthe read cycle, CAS is held low while RAS goes
high for precharge. A RAS-only cycle is then executed
(except that CAS is held at a low level instead of a high
level) and the data output remains valid. Since hidden
refreshing is the same as CAS before RAS refreshing,
the data output remains valid during either operation.

Fast-Page Cycle. Thisfeature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip. Maintain-
ing RAS low while successive CAS cycles are executed
causes data to be transferred at a faster rate because
row addresses are maintained internally and do not
have to be reapplied. In fast-page operation, read,
write and read-write/read-modify-write cycles may be
executed. Additionally, the write-per-bit control speci-
fied in the entry write cycle is maintained throughout
the next fast-page write cycle.

During a fast-page read cycle, (Wi)IO; remains in high
impedance until valid data appears at the output pin at
access time. Device access time in this cycle will be one
of the following calculated intervals:

Fast-Page Access Time

Calculated Interval Conditions
tacp tasc = tcp and top < top (Max)
taa tasc = tasc (max} and tep = top (max)
tasc = tcp and tep < top (max)
fcac . tasc = tasc (max) and tep < top (max)
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Data Transfer Cycle. A data transfer is executed by
bringing DT(/OE) low as RAS falls. DT(/OE) must be low
for a specified time, measured from RAS and CAS. The
specified 1 of the possible 512 rows involved in the data
transfer, as well as the starting location of the following
serial read cycle, are defined by address inputs. The
low-to-high transition of DT causes column address
buffer outputs to be transferred to the serial address
couriters, and storage cell data amplified on digit lines
to be transferred to the data register RAS and CAS
must be low during these operationsto keep the datain
the random access port.

Serial Read Port

After the data transfer cycle, the serial read port is only
used to serially read the contents of the data register
starting from a specified location. The only condition

under which the serial read port must synchronize with
the random access port is when the positive transition
of DT(/OE) must occur within a specified period in an
SC cycle. Otherwise, the serial read port can operate
asynchronously. Output data appears at SO; after an
access time of tgca, measured from SC high, only when
SOE is maintained low. The SC cycle which includes the
positive transition of DT(/OE) shows old datainthe data
register; subsequent SC cycles show new data trans-
ferred to the data register serially and in a looped
manner. The serial output is maintained until the next
SC signal is activated. SOE controls the impedance of
the serial output to allow multiplexing of more than one
bank of uPD42273 graphics buffers into the same ex-
ternal circuitry. When SOE is at a low logic level, SO; is
enabled and the proper datais read. When SOE is high,
S0, is disabled and in a state of high impedance.

Power Supply Current
Ta= 0to +70°C; Vgg = +5.0V +10%; GND = OV
Port Operation §PD42273-10  pPD42273-12 :
Random Access Serial Read Parameter (max) (max) Unit  Test Conditions
Read/write cycle Standby lcct 95 85 mA  RAS, CAS cycling; tge = tre min;
SOE = VIH; SC= VIH or V||_ )
Standby Standby lcc2 4 4 mA  CAS = RAS = Vjy; SOE = Vi;
) SC = VlH or V||_
RAS-only réfresh cycle  Standby lcca 95 85 mA  RAS cydling; CAS = V; tgc = tae min;
SOE = V|y; SC = V| or V), (Note 2)
Fast-page cycle Standby lcca 90 80 mA  RAS = V| ; CAS cyclmg, tpc = tpc min;
' ’ SOE = V|4 SC = V) or V)_ (Note 3)
CAS before RAS Standby lecs 95 85 mA  CAS low as RAS falls; trg = tgg min; |
refresh cycle ‘ SOE = V|y; SC = Vg or Vi
Data transfer cycle Standby lccs 135 120 mA . DT low as RAS falls; tgg = tge min;
. ' SOE = Vj; SC = Viy or V)
Read/write cycle Active lccr 120 105 mA  RAS and CAS cycling; tag = tgg min
SOE = Vi SC eycling; tsce = tsce min
Standby Active ICCS 30 25 mA CAS = RAS =V SOE = VlL’
SC eycling; tscc = tscc min
RAS-only refresh cycle  Active lcce ‘: 120 105 mA  RAS oycling; CAS = Vi tre = tpc min;
: : 8OE = Vi; SC oycling; tscc = tsce min
Fast-page cycle Active lccto 115 100 mA  RAS = V| ; CAS cycling; tpc = tpg min;
SOE = V15 $C cycling; tscc = tscc min
) (Note 3) i
CAS before RAS Active lec11 : 120 105 mA  CAS low as RAS falls; tgc = tpg min;
refresh cycle SOE = V; SC cycling; tscc = tscc min
Data transfer cycle Active lcc1z 160 140 mA DT low as RAS falls; tgg = tgg min;

SOE = V; SC eycling; tscc = tgce min

Notes:

(1) No load on I0; or SO;. Exceptforicca lcca Icce: and Iggi4. Teal
values depend on output loading in addition to cycle rates.

(2) CAS is not clocked, but is kept at a stable high level. Column
addresses are also assumed to be at a stable high or low level.
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(3) A change in column addresses must not occur more than once in
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DC Characteristics
Ta = 0to +70°C; Vg = +5.0V +10%; GND = 0V

Parameter Symbol Min  Typ Max Unit Test Conditions
Input leakage current I -10 10 HA VN = 0to 5.5V; all other pins notundertest =0V
Output leakage current loL -10 10 HA Doyt (I0;, SO) disabled; Voyr = 0t0 55V
Random access port output voltage, high VoHm) 24 V' loH(r) = -2 mA
Random access port output voltage, low VoL@ 0.4 \ loL(Rr) = 4.2 mA
Serial read port output voltage, high VoH(s) 24 " loH(g) = -1 mA
Serial read port output voltage, low Vo) 0.4 \ lo(g) = 2.1 mA
AC Characteristics
Th = Oto +70°C; Voo = +5.0V +10%; GND = 0V
p#PDA42273-10 pPD42273-12
Parameter Symbol Min Max Min Max Unit  Test Conditions
Switching Characteristics
Access time from RAS trac 100 - 120 ns (Notes 3, 4 and 12)
Access time from falling edge of CAS teac 25 30 ns (Notes 3, 4, 13, 14 and 15)
Access time from column address taA 55 65 ns (Notes 3, 4, 14 and 15)
Access time from rising edge of CAS tacp 55 65 ns (Notes 3 and 4) )
Access time from OE toEa 25 30 ns (Notes 3 and 4)
Serial output access time from SC tsca 30 40 ns (Notes 3 and 18)
Serial output access time from SOE tsoa 25 30 ns (Note 3)
Output disable time from CAS high torr 0 25 0 30 ns (Note 5)
Output disable time from OE high toez 0 25 0 30 ns {Note 5)
Serial output disable time from SOE high tsoz k 0 15 0 20 ns (Note 5)
SOE low to serial output setup delay tsoo 5 5 ns
Serial output hold time after SC high tsoH 5 5 ns
Timing Requirements
Random read or write cycle time tpe 190 220 ns (Note 11)
Read-write/read-modify-write cycle time thwe 255 295 ns (Note 11)
Fast-page cycle time tpc 60 70 ns (Note 11)
Fast-page read-write/read-modify-write tpRWC 125 145 ns (Note 11)
cycle time
Rise and fall transition time tr 3 50 3 50 ns (Notes 3, 10 and 18)
RAS precharge time trp 80 90 ns (Note 18)
RAS pulse width tRAS 100 10,000 120 10,000 ns
Fast-page RAS pulse width tRrasP 100 100,000 120 100,000 ns
RAS hold time tRsH 25 30 ns
CAS precharge time (nonpage cycle) tcPN 10 15 ns
Fast-page CAS precharge time tep 10 25 15 30 ns
CAS pulse width tcas 25 10,000 30 10,000 ns
CAS hold time ) tosH 100 120 ns
RAS to CAS delay trep T 25 75 25 90 ns  (Note 4
CAS high to RAS low precharge time terp 10 10 ns (Note 16)
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AC Characteristics (cont)

#PD42273-10 #PD42273-12 .
Parameter Symbol Min Max Min  Max Unit.  Test Conditions
Timing Réquiremenls (cont) )
Row address setup time - tasm 0 o] ns
Row address hold time " tRAH 12 15 ns.
Column address setup time tasc 0 25 0 - 30 ns (Note 15)
Column address hold time tcAH 15 20 ns
RAS to column address delay time . thD 17 45 20 55 ns (Notes 9 and 14)
Column address to RAS lead time thAL 55 65 ns
Read command setup time tres 0 0 ns
Read command hold time after RAS high tRRH 10 10 ns (Note 6)
Read command hold time after CAS high tRcH 0 ns (Note 6)
Write command setup time twcs 0 ns (Note 7)
Write command hold time twecH 20 30 ns
Write command pulse width twp 20 25 ns {(Note 17)
Write command to RAS lead time tRwi 30 35 ns
Write command to CAS lead time tewL 30 35 ns
Data-in setup time tps 0 0 ns (Note 8)
Data-in hold time ) ‘tpH 20 25 ns (Note 8)
Column address to WE delay tawDp 85 100 ns (Note 7)
CAS to WE delay tewp 55 65 ns (Note 7)
RAS to WE delay thwD 130 155 ns  (Note?)
CE high to data-in setup delay toED 30 35 ns
O high hold time after WE low _ toEH 25 30 ns
TAS before RAS refresh setup time tesh 0 0 ns '
CAS before RAS refresh hold time tcHR 15 20 ns
RAS high to CAS low precharge time trpc 0 0 ns
Refresh interval tREF 8 8 ms  Addresses Ag through Ag
DT low setup time tpLs 0 0 ns
DT low hold time after RAS low tRDH 80 90 ns  (Note 18)
DT low hold time after CAS low teoH 30 35 ns
SC high to DT high delay tspp 10 15 ns
SC low hold time after DT high tspH 10 15 ns
Serial clock cycle time tsce 30 40 ns (Note 11)
SC pulse width tscH 10 15 ns
SC precharge time tscoL 10 15 ns
DT high setup time tpHs 0 .0 ns
DT high hold time tDHH 15 20 ns
DT high to RAS high delay tprR 10 10 ns
DT high to CAS high delay tpTe 5 5 ns
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AC Characteristics (cont)

pPD42273-10 pPDA42273-12
Parameter Symbol Min Max Min Max Unit  Test Conditions
Timing Requirements (cont)
©OE to RAS inactive setup time toes 10 10 ns
Write-per-bit setup time twes (4] 0 ns
Write-per-bit hold time twBH 15 20 ns
Write bit selection setup time tws o 0 ns
Wirite bit selection hold time : twH 15 20 ns
SOE pulse width tsoE 10 15 ns
SOE precharge time tsop 10 15 ns
DT high hold time after RAS high toTH 15 20 ns
Notes: .
() Abotige e irrcost 10 e s s o e o
@ An inI.tIaI pause of 100 us is required after power-up, followed by (Ta = Oto +70°C) is assured.
any eight RAS cycles and four data transfer (DT) cycles, before
proper device operation is achieved. (12) Assumes that tgcp =< tpep (max) and thap < tgap (Max). If
(3) See input/output timing waveforms for timing reference volt- tRep or tRAD is greater than the maximur recommended value

in this table, tgac increases by the amount that tgep or tgap

ages. See figures 3 and 4 for output loads. exceeds the value shown.

(4) Operation within the tpcp (mex) limit ensures that tgac (max) (13) Assumes that tgap= trep (Max) and tpap =< trap (Max).

can be met. The tgep (max) limit is specified as a reference point T

only. If taep is greater than the specified trop (max) limit, (14) ftgap = tgap (Max), then the access time is defined by taa.

access time is controlled exclusively by tcac, toga: oF taa: (15) For fast-page read operation, the definition of access time is as
(5) An output disable time defines the time at which the output follows.

achieves the open-circuit condition and is not referenced to

output voltage levels. FAsta(':‘d 3;:‘“"‘“ Address - A‘I;ceﬂssltl

nput Conditions me Definition

(6) Either tgpy or trcH Must be satisfied for a read cycle. P
7) twcs: tawp. tewns and tgwp are restrictive operating parame- tep < top (MaX), taso= top ‘ack

ters in read-write and read-modify-write cycles only. If twcs = tep = top (max), tase < top taa

twcs (min), the cycle is an early write cycle and the data output o ¥

will remain open-circuit throughout the entire cycle. If tawp = tep = top (max), tasc <tasc (max) tAa

tawp (min), tocwp = tewp (min), and tawp = tpwp (Min), the tep = tep (max), tagc = tasc (max) tcac

cycle is a read-write cycle and the data output will contain data N N N —

read from the selected cell. If neither of the above conditionsis (19 Th: chRP requ"elmem is applicable for RAS/CAS cycles pre-

met, the condition of the data out (at access time and until CAS ceded Py any cycle.

returns to V) is indeterminate. (17) Parameter typ is applicable for a delayed write cycle such as a
(8) These parameters are referenced to the falling edge of CAS in :ac:‘-\;vrltel reag-:nodﬁy-wn:eb °y°|°t‘ For early write operation,

early write cycles and to the falling edge of (WB/)WE in delayed oth twes and tweH must be met.

write or read-modify-write cycles. (18) Improvement in parameters tgpy, trp and tgcp are planned for
(©) Assumes that tpap (min) = tpay (min) + typical tt of 5 ns. process versions “x" and “m”. Please contact your NEC sales

office for details.
(10} V| (min) and V| (max) are reference levels for measuring the

timing of input signals. Additionally, transition times are mea-
sured between V| and V).

(19) Ac measurements assume tT =5 ns.
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Figure 1. Input Timing
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Figure 2. Output Timing
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Figure 3. Output Load in Random Access Port
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Figure 4. Output Load in Serial Read Port
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Timing Waveforms

Read Cycle
tRC
tRAS tRP —>
T e
RAS .
N 7 \
tReD tRSH
[<tcRP >/ < Icas
— 4 \
Y \ /A
N 7
tcPN
tcsH >
€ tRAH > le— tCAH—> ‘
4 \ 4 \
Address Row Column
N 7 K
= s ’RlRH >
'RAD tRAL e—tRCH —»1
- 4 X
WB/WE NE ; 2 2 Q
Rcs '«—bf—:s——»
IDHS | tAn
{DHH l€——OEA ——>
— '4 \ ‘
T QU MY /
X
l tRAC {OEZ
!‘ tcac le—— 1OFF —>|
) I |
Wy 710¢ High impedance 7
W3/103 { Read Data 7}—
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Timing Waveforms (cont)

Early Write Cycle
R

'RAS |€—— tRP ——>]
__ Y Y
RAS

\ / \
tRCD tRSH
< ICRP > tcas
—
= X1 \ 2
R V.

Address m

€ tws >
> [&—twH

Wo/i0g £ Write-Per- 3
W3/103  Bit Select

Write Data

83YL-7201B
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Timing Waveforms (cont)

Late Write Cycle

tRc >

tRAS tRp
—
s N Z‘

tRCD
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— 4
ICPN

- IRAH
Address mf Row
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. 4
DT/OE
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\ / —

Wo/i%o Write-Per-Bit Select S@g Write Data
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

tRWC |
tRas > tRp
__ —
RAS
\ 7
. tReD > tRSH
CRP
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| |
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ﬂ—>‘WBH - tAWD
X N 3 \
fretrry Write-Per-Bit
WB/WE
@( Enable JW St ;m
WBS taa
{‘L | tcwp >
. : tRWD >
DHS >{tDHH < tOEH <—>l 1OEA
— 4 y y
DT/OE \ / :
K
tRAC | lee— OED ——>» .
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tws mtwu |<—10Ac—> toEZ <> {«>{tDH
W /100 Write-Per-Bit High Impedance Read % Wite %
W3/I03 k Select # L Data f . Data £
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Timing Waveforms (cont)

RAS-Only Refresh Cycle

tRc

tRAS (———‘RP-——J

I‘!cnp > tRPC H"‘

—_— r
DT/OE

IDHS
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle

< tRAS le——tRPp ——>
s N /| \
tCSR > (——tCHR—W <—fnm—j
oS / N
L L NNl
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Timing Waveforms (cont)

Hidden Refresh Cycle
tRC > tRC
tRAS
) m
—
RAS
N ] \
tRCD I 'RSH tRP —>
ICRP P toas
s
. 4
CAS
K
ICPN [€1CAH
tRAH tOES —>
tASR tASG
/ \

4
Address @ Row
N

[€—tRAD —><
WB/WE
t
RCS < e
tDHH toEA
R 4 Y
tDHS |
IRAC <—>{torF
toEz
) y \
Wq/10g High Impedance 4
Read Data |
W3/103 { 5
1CAC
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Timing Waveforms (cont)

Fast-Page Read Cycle
tRe >
tRASP [€—tRP —>|
- ! ” 4 p
fAS N : /]
X A
le——tRCD ——>|e— lc;xs——»l . <—ICAs——->|
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_ 4 \ s \
K A
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l€—tRAD tRAL >
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s
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K
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R o
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" |&—1OFF —>| .
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— r Y
DT/OE : \ [
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Timing Waveforms (cont)
Fast-Page Write Cycle
tRC
tRASP 1RP —>
__ \
RAS N\
\( 7
tRCD i tcas i
} tpc tRSH
tcRp [
< tesH [«—1CAS —>|
. 4 \
K 7 K 7
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Timing Waveforms (cont)

Fast-Page Read-Modify-Write Cycle
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Timing Waveforms (cont)

Data Transfer Cycle with Serial Port Active
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Timing Waveforms (cont)

Data Transfer Cycle with Serial Port in Standby
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Timing Waveforms (cont)

Serial Read Cycle
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—_ .
SOE /]
X 7
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4 4 \
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NEC Electronics Inc.

uPDA42274
Dual-Port Graphics Buffer

Description

The uPD42274 is a dual-port graphics buffer equipped
with a 256K x 4-bit random access port and a 512 x 4-bit
serial read port. The serial read port is connected to an
internal 2048-bit data register through a 512 x 4-bit
serial read output circuit. The random access port is
used by the host CPU to read or write data addressed in
any desired order. A write-per-bit capability allows
each of the four data bits to be individually selected or
masked for a write cycle. Furthermore, a flash write
option with write-per-bit control enables data in the
color register to be written to a selected row in the
random access port.

The uPD42274 features fully asynchronous dual ac-
cess, except when transferring stored graphics data
from a selected row of the storage array to the data
register. During a data transfer, the random access port
requires a special timing cycle using a transfer clock;
the serial read port continues to operate normally.
Following the clock transition of a data transfer, serial
output data changes from an old line to a new line and
the starting location on the new line is addressable in
the data transfer cycle.

An advanced CMOS silicon-gate process using poly-
cide technology and trench capacitors provides high
storage cell density, high performance, and high reli-
ability.

Refreshing is accomplished by means of RAS-only
refresh cycles or by normal read or write cycles on the
512 address combinations of Ag through Ag during an
8-ms period. Automatic internal refreshing, by means
of either hidden refreshing or the CAS before RAS
timing and on-chip internal refresh circuitry, is also
available. The transfer of a row of data from the storage
array to the data register also refreshes that row auto-
matically.

All inputs and outputs, including clocks, are TTL-
compatible. All address and data-in signals are latched
on-chip to simplify system design. Data-out is un-
latched to allow greater system flexibility.

The uPD42274 is available in a 28-pin plastic ZIP or
28-pin plastic SOJ and is guaranteed for operation at 0
to + 70°C.

Features

O Three functional blocks
— 256K x 4-bit random access storage array
— 2048-bit data register
— 512 x 4-bit serial read output circuit
Two data ports: random access and serial read
Dual-port accessibility except during data transfer
Addressable start of serial read operation
Real-time data transfer
Single + 5-volt =10% power supply
On-chip substrate bias generator
Random access port o
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of /O and address lines
allowed by OE to simplify system design
— 512 refresh cycles every 8 ms
— Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and fast-page
cycles
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— CAS-controlled hidden refreshing
— Write-per-bit option regarding four I/O bits
— Write bit selection multiplexed on 104-103
O Flash write option with write-per-bit control
O RAS-activated data transfer
— Same cycle time as for random access
— Row data transferred to data register as
specified by row address inputs
— Starting location of following serial read cycle
specified by column address inputs
— Transfer of 2048 bits of data on one row to the
data register, and the starting location of the
serial read circuit, activated by a low-to-high
transition of DT .
— Data transfer during real-time operation or
standby of serial port
O Fast serial read operation by means of SC pins
Serial data output on S0-SO3
0 Direct connection of multiple serial outputs for
extension of data length
O Fully TTL-compatible inputs, outputs, and clocks
Three-state outputs for random and serial access
o0 CMOS silicon-gate process with trench capacitors

ooooooao

a

[u]

New speed of 80 ns will be available in 1991.

60030
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Ordering Information
Row Access Serlal Access

Pin Configurations

28-Pin Plastic SOJ

Part Number Time (max) Time (max) Package
pPD42274LE-10  100ns 30ns 28-pin plastic SOJ
LE-12 120 ns 40ns sc 1 28 1 GND
- - sop 2 27 P sos
nPD42274V-10 100 ns 30ns - 28-pin plastic ZIP sor s 26 b 502
V12 120 ns 40 ns DT/OE [} 4 25 [1 SOE
Wo/10o O 5 24 1 Wy/105
Pin Identification Wy/01 6 502 1 Warl0z
WBWE [ 7 22 {1 FWE
Symbol Function nee & 2 pcas
Ap- Ag Address inputs msOe * 20pne
Wy/IOp - W3/l03 Write-per-bit selects/data inputs and outputs Ag Q10 19 P Ao
e b Ag 11 18 P A4
RA! Row address strobe ‘A5 12 7B A,
CAS Column address strobe A4 13 16 [J A3
WE/WE Write-per-bit/write enable vee 14 15 H A7
DT/OE Data transfer/output enable SIIHEE54A
FWE Flash write enabie 28-Pin Plastic ZIP
S0p - SO3 Serial read outputs
ial trol
SC Serial contro w::,ég 2 Wyop
SOE Serial output enable 3803 4 SOE
2
GND Ground aND g :23
Vee +5-volt 10% power supply ﬁs% 10 S04
1
NC No connection Wy/104 12 Wo/iOg
NC 14 WB/WE
. . 16 RAS
Absolute Maximum Ratings :8 18 Ag
5
Voltage on any pin except Voo vee 20 Ay
relative to GND, Vg -1.0to +7.0V Ag 22 :7
24 Ao
Voltage on Vg relative to GND, Vgo -1.0to +7.0V ;‘ o 2 Ag
Operating temperature, Topg 0to +70°C ] 28 CAS
Storage temperature, Tgrg -55t0 +125°C Ll
Short-circuit output current, lgg 50 mA
Power dissipation, Pp 15W

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent
damage. The device should be operated within the limits specified

under DC and AC Characteristics.
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Pin Functions

Ag-Ag (Address Inputs). These pins are multiplexed as
row and column address inputs. Each of four data bits in
the random access port corresponds to 262,144 storage
cells, which means that nine row addresses and nine
column addresses are required to decode one cell loca-
tion. Nine row addresses are first used to select one of
the 512 possible rows for a read, write, data transfer, or
refresh cycle. Nine column addresses are then used to
select the one of 512 possible column decoders for a
read or write cycle or the one of 512 possible starting
locations for the next serial read cycle. (Column ad-
dresses are not required in RAS-only refresh or flash
write cycles.)

Wo/10g-W4/I04 (Write-Per-Bit Inputs/Common Data
Inputs and Outputs). Each of the four data bits can be
individually latched by these inputs at the falling edge of
RAS in a write or flash write cycle, and then updated at
the next falling edge of RAS.

In a read cycle, these pins serve as outputs for the
selected storage cells. In a write cycle, data input on
these pins is latched by the falling edge of CAS or WE.

RAS (Row Address Strobe). This pin is functionally
equivalent to a chip enable signal in that whenever it is
activated, the 2,048 storage cells of a selected row are
sensed simultaneously and the sense amplifiers restore
all data. The nine row address bits are latched by this
signal and must be stable on or before its falling edge.
CAS, DT/OE, WB/WE, and FWE are simultaneously
latched to determine device operation.

CAS (Column Address Strobe). This pin serves as a
chip selection signal to activate the column decoder and
the input/output buffers. The nine column address bits
are latched at the falling edge of CAS.

WB/WE (Write-Per-Bit Control/Write Enable). At the
falling edge of RAS, the WB/WE and FWE inputs must be
low and CAS and DT/OE E high to enable the write- per-bit
option. When CAS, DT/OE and FWE are high at the falling
edge of RAS, the level of this signal indicates either a
color register set cycle or flash write cycle. A high
WB/WE can be used at the beginning of a standard write
or read cycle.

DT/OE (Data Transfer/Output Enable). At the falling
edge of RAS, CAS high and FWE and DT/OE low initiate
a data transfer, regardless of the level of WB/WE. DT/OE
high initiates conventional read or write cycles and

controls the output buffer in the random access port.

FWE (Flash Write Enable). If this signal is low and CAS
and DT/OE are high at the falling edge of RAS, a read or

write cycle is initiated. If FWE, CAS and DT/OE are high at

the falling edge of RAS, either a color register set cycle or
flash write cycle is initiated, depending on the level of
WB/WE.

80y-S03 (Serial Data Output). Four-bit data is read
from these pins. Data remains valid until the next SC
signal is activated.

SC (Serial Control). Repeatedly activating this signal
causes serial read cycles (starting from the location
specified in the data transfer cycle) to be executed
within the 2,048 bits in the data register. The rising edge
of SC activates serial read operation, in which four of the
2,048 data bits are transferred to four serial data buses,
respectively, and read out. Whenever SC is low, the serial
port is in standby.

SOE (Serial Output Enable). This signal controls the
serial data output buffer.

3-73



puPDA42274

NEC

Block Diagram
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OPERATION Addressing

The uPD42274 consists of a random access port and a
serial read port. The random access port executes
standard read and write cycles as well as data transfer
and flash write cycles, all of which are based on conven-
tional RAS/CAS timing.

In a data transfer, data in each storage cell on the
selected row is transferred simultaneously through a
transfer gate to its corresponding register location (un-
less the flash write option is used to write an entire row
of data to predetermined values). The serial read port
shows the contents of the data register in serial order.
The random access and serial read ports can operate
asynchronously, except when the transfer gate is turned
on during the data transfer period.
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The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 4 data bits in the
random access port corresponds to 262,144 storage
cells and 18 address bits are required to decode one cell
location. Nine row address bits are set up on pins Ag
through Ag and latched onto the chip by RAS. Nine
column address bits then are set up on pins Ag through
Ag and latched onto the chip by CAS. All addresses must
be stable, on or before the falling edges of RAS and CAS.
Whenever RAS is activated, 2048 cells on the selected
row are sensed simultaneously and the sense amplifiers
automatically restore the data. CAS serves as a chip
selection signal to activate the column decoder and the
input and output buffers.
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Through 1 of 512 column decoders, 4 storage cells on
the row are connected to 4 data buses, respectively. Ina
data transfer cycle, 9 row address bits are used to select
1 of the 512 possible rows involved in the transfer of data
to the data register. Nine column address bits are then
used to select the 1 of 512 possible serial decoders that
corresponds to the starting location of the next serial
read cycle. Inthe serial read port, when SC is activated,
4 data bits in the 2048-bit data register are transferred to
4 serial data buses and read out. Activating SC repeat-
edly causes serial read cycles (starting from the loca-
tion specified in the data transfer cycle) to be executed
within the 2048 bits in the data register.

Random Access Port

An operation in the random access port begins with a
negative transition of RAS. Both RAS and CAS have
minimum pulse widths, as specified in the timing table,
which must be maintained for proper device operation
and data integrity. Once begun, a cycle must meet all
specifications, including minimum cycle time. To reduce
the number of pins, the following are multiplexed.

e DT/OE

* WB/WE

o W/IO;(i=0,1273)

The OE, WE and I0; functions represent standard oper-
ations, while DT, WB, and W, are special inputs to be
applied in the same way as row address inputs, with
setup and hold times referenced to the negative transi-
tion of RAS.,

The level of DT determines whether a cycle is a random
access operation or a data transfer operation. WB af-
fects only write cycles and determines whether or not
the write-per-bit capability is used. W, defines data bits
to be written with the write-per-bit option. In the follow-
ing discussions, these multiplexed pins are designated
as DT(/OE), for example, depending on the function
being described.

To use the uPD42274 for random access, DT(/OE) must
be high as RAS falls. Holding DT(/OE) high disconnects
the 2048-bit register from the corresponding 2048-digit
lines of the storage array. Conversely, to execute a data
transfer, DT(/OE) must be low as RAS falls to open the
2048 transfer gates and transfer data from one of the
rows to the register.

Truth Table for the Random Access Port
CAS DTOE WBWE FWE
H H L

Cycle

Read or write (Note 1)
Mask write (Note 2)
Read data transfer (Note 3)

CAS before RAS refresh (Note 4)
Color register set (Note 5)
Flash write/write-per-bit (Note 6)

IjT|rjx|Tx|xT}l=xT
T|ix|X|rr|r|xT
FIIT|IXIT|IX|{r
IT|(T|X|IT|rr|r

Notes:
(1) Initiates a normal read or write cycle and disables the write-per- bit
capability.

=

@

<2

Enables the write-per-bit capability, where individual bits can be
selected or masked for a write_cycle. Four-bit masked data is
latched at the falling edge of RAS and reset at the rising edge of
RAS.

Initiates a read data transfer cycle.

Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE,
DTOE and FWE = don't care.

Defines a color register set cycle, where data in the register can
be accessed in a read or write cycle.

@
@

= &

@

®

=

Initiates a flash write cycle, where the storage cells on an entire
selected row can be set with write-per-bit control to the same data
stored in the color register. As RAS falls, DTTOE = don't care. To
avoid un-intended flash write operation, the FWE pin should be
grounded. If grounding the FWE pin is not possible, use the
non-flash write version uPD42273.

(7) X = don't care.

Read Cycle. A read cycle is executed by activating RAS,
CAS, and OE and by maintaining (WB/)WE while CAS is
active. The (W)IO; pin (i = 0, 1, 2, 3) remains in high
impedance until valid data appears at the output at
access time. Device access time, tacc, Wwill be the
longest of the following four calculated intervals:

® trac

® RAS to =CAS delay (tpcp) + tcac

® RAS to column address delay (trap) + taa

® RAS to OE delay + toga

Access times from RAS (tpac), from CAS (tcac), from the
column addresses (tas), and from OE (togp) are device
parameters. The RAS-t0-CAS, RAS-to-column address,
and RAS-to-OE delays are system-dependent timing
parameters. Output becomes valid after the access time
has elapsed and it remains valid while both CAS and OE
are low. Either CAS or OE high returns the output pins to
high impedance.
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Write Cycle. A write cycle is executed by bringing
(WB/)WE low during the RAS/CAS cycle. The falling edge
of CAS or (WB/)WE strobes the data on (W;/)I0; into the
on-chip data latch. To make use of the write-per-bit
option, WB(/WE) must be low as RAS falls. In this case,
write data bits can be specified by keeping W,(/10;) high,
with setup and hold times referenced to the negative
transition of RAS.

For those data bits of W;(/lO)) that are kept low as RAS
falls, write operation is inhibited on the chip. If WB(/WE)
is high as RAS falls, the write-per-bit option is not used
and a write cycle is executed for all four data bits.

Early Write Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS falls. Data is strobed
by CAS, with setup and hold times referenced to this
signal, and the output remains in high impedance for the
entire cycle. As RAS falls, (DT/)OE must meet the setup
and hold times of a high DT, but otherwise (DT/)OE does
not affect any circuit operation while CAS is active.

Read-erte/Read-Mod|fy-Wr|te Cycle. This cycle is ex-
ecuted by bringing (WB/)WE low with the RAS and CAS
signals low. (W)IO; shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
(Wi)IO; returns to high impedance when (DT/)OE goes
high. The data to be written is strobed by (WB/)WE, with
setup and hold times referenced to this signal.

Late Write Cycle. This cycle shows the timing flexibility
of (DT/)OE, which can be activated just after (WB/)WE
falls, even when (WB/)WE is brought low after CAS.

Refresh Cycle. A cycle at each of the 512 row addresses
(Ao through Ag) will refresh all storage cells. Any cycle
executed in-the random access port (i.e., read, write,
refresh, data transfer, color register set, or flash write)
refreshes the 2048 bits selected by the RAS addresses or
by the on-chip refresh address counter.

RAS-Only Refresh Cycle. A cycle having only RAS
active refreshes all cells in one row of the storage array.
A high CAS is maintained while RAS is active {0 keep
(WHIO; in high impedance. This method is preferred for
refreshing, especially when the host system consists of
multiple rows of random access devices. The data out-
puts may be OR-tied with no bus contention when

RAS-only refresh cycles are executed.
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CAS Before RAS Refresh Cycle. This cycle executes
internal refreshing using the on-chip control circuitry.
Whenever CAS is low as RAS falls, this circuitry auto-
matically refreshes the row addresses specified by the
internal counter. In this cycle, the circuit operation based
on CAS is maintained in a reset state. When internal
refreshing is complete, the address counter automati-
cally increments in preparation for- the next CAS before
RAS cycle.

Hidden Refresh Cycle. This cycle is executed after a
read cycle, without disturbing the read data output. Once
valid, the data output is controlled by CAS and OE. After
the read cycle, CA CAS is held low while RAS goes high for
precharge. A RAS-only cycle is then executed (except
that CAS is held at a low level instead of a high level) and
the data output remains valid. Since hidden refreshing is
the same as CAS before RAS refreshing, the data output
remains valid during either operation.

Fast-Page Cycle. This feature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip. Maintain-
ing RAS low while successive CAS cycles are executed
causes data to be transferred at a faster rate because
row addresses are maintained internally and do not have
to be reapplied. In fast-page operation, read, write and
read-write/read-modify-write cycles may be executed.
Additionally, the write-per-bit control specified in the
entry write cycle is maintained throughout the next
fast-page write cycle.

During a fast-page read cycle, the (W/)IO; data pin (i = 0,
1, 2, or 3) remains in a state of high impedance until valid
data appears at the output pin at access time. Device
access time in this cycle will be one of the following
calculated intervals:

Fast-Page Access Time

Calculated Interval Conditions
tacp tasc = tcp and tcp < tcp (Mmax)
taa tASC = tasc (max) and top = tep (max)
tasc = tcp and tcp = top (Max)

tcAc tAsC = tasc (max)and top < tcp (Max)
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Data Transter Cycle. A data transfer is executed by
bringing DT(/OE) and FWE low as RAS falls. The speci-
fied 1 of the possible 512 rows involved in the datd
transfer, as well as the starting location of the following
serial read cycle in the serial read port, are defined by
address inputs. DT(/OE) must be low for a specified time,
measured from RAS and CAS, so that the data transfer
condition may be satisfied. The low-to-high transition of
DT causes two operations through the data transfer
gates: column address buffer outputs are transferred to
the serial address counters, and storage cell data ampli-
fied on digit lines is transferred to the data register. RAS
and CAS must be low during these operations to keep
the data in the random access port.

Color Register Set Cycle. A color register set cycle is
executed in the same fashion as a conventional read or
write cycle, with the level of WE high as RAS falls. In this
cycle, read or write operation is available to the color
register under the control of WE. In read operation, color
register data is read out on the common IO; pins. In write
operation, common |O; data can be written into the color
register. RAS-only refreshing is internally performed on
the row selected by Ag through Ag in this cycle.

Flash Write Cycle. A flash write cycle can clear or set
each of the four 512-bit data sets on the one row selected
from among the 512 possible rows according to data
stored in the color register. Bit mask inputs are latched
as RAS falls. This cycle is useful in graphics processing
applications when the screen should be cleared or set to
some uniform value as quickly as possible.

Serial Read Port

The serial read port is only used to serially read the
contents of the data register starting from a specified
location. The entire operation, therefore, follows the data
transfer cycle. The only condition under which the serial
read port must synchronize with the random access
port is when the positive transition of DT(/OE) must
occur within a specified period in an SC cycle. Except for
this cycle, the serial read port can operate asynchro-

nously. The output data appears at SO; after an access
time of tgga, measured from SC high, only when SOE is
maintained low. The SC cycle which includes the posi-
tive transition of DT(/OE) shows old data in the data
register; subsequent SC cycles show new data trans-
ferred to the data register serially and in a looped
manner. The serial output is maintained until the next SC
signal is activated. SOE controls the impedance of the
serial output to allow multiplexing of more than one bank
of pPD42274 graphics buffers into the same external
circuitry. When SOE is at a low logic level, SO; is enabled
and the proper data is read. When SOE is at a high logic
level, SO; is disabled and in a state of high impedance.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Voo 45 5.0 5.5 Vv
Input voltage, high ViH 24 5.5 v
Input voltage, low ViL -1.0 0.8 Vv
Ambient temperature TA 0 70 °C

Capacitance
Ta =010 +70°C; Vo = +5.0V £10%; f—1MHz GND =0V

Parameter Symbol Limit (max) Unit Pins Under Test
Input - Cia) 5 pF  Agthrough Ag
capacitance C|(E‘|’/'6é) s oF DYOE

Ci(WBWE) 8 pF WB/WE

Cirwe) 8 pF  FWE

CiRAS) 8 pF RAS

CiGAS) 8 pF CAS

Ci(368) 8 pF SOE

Cisc) 8 pF SC
Input/output  Ciowyi0) 7 pPF Wy/IOg through Wg/105
capacitance
Output Co (s0) 7 pF  SOp through SOz

capacitance
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Power Supply Current :
Ta= Oto.+70°C; Vgg = +5.0V £10%; GND = 0.V

Port Operation ' .

Random - © 7 uPD42274-10 pPDA2274-12 :
Access Serial Read  Parameter (max) (max). ° Unit Test Conditions
Read/write Standby oot 95 85 mA  RAS, CAS cycling; FWE low as RAS falls;
cycle ’ Coe tgc = tgc min; SOE = V|y; SC-= ViyorVy "
Standby Standby lecz 4 4 mA  CAS = RAS = V)4; SOE = Vj;
) ) o SC = ViyorV)
RAS-only Standby leca e 85 mA  RAS cyoling; CAS = V)y; FWE low as RAS falls;
refresh cycle ) ) tpe = tpe min; SOE = Vi; SC V|H orVip
. : (Note 2)
Fastpage cyéle  Standby loca 90 80 " mA RAS = ViL; CAS eycling; tpg = tpg min ; SOE
) = VIH; SC= VIH or V|L (Note 3)
CAS before - Standby ' locs 95 85 mA  CAS low as BAS falls; tag = tpe min;
RAS refresh . ‘SOE = V|iy; SC = Vg or V.
cycle . ) ‘ .
Data transfer Standby lcce 135 i 120 mA DT low as BAS falls; tgc = tgg min;
cycle . . . o . SOE = V|4; SC = V| or V.
Read/write Active lce7 120 . 105 mA  RAS and CAS cycling; FWE low as RAS falls;
cycle tre = tgc min SOE = V| ; SC cycling;
scc = tscc min
Standby Active locs 30 25 mA TAS=RAS= V|H. SOE = Vn_, SC cycling;
: - tscc = tsce min
RAS-only Active Icgce 120 105 ‘mA  RAS cycling; CAS = V|; FWE low as RAS falls;
refresh cycle trc = tpc min; SOE = V)i SC cycling;
. tscc = tscc min
Fast-page cycle  Active lccto - 115 100 mA  BAS = V) ; CAS cyeling; tpc = tpc. min ; SOE
. : = V| SC oycling; tscc = tgcc min (Note 3)
TAS before Active leci1 120 105 “mA  CAS low as RAS falls; tae = tre min;
RAS refresh : SOE = V||; SC cycling; tscc = tscc min
cycle -
Data transfer Active lcc12 ' 160 140 mA DT low as RAS falls; tgg = 1Rc min; SOE = VlLv
cycle ] 8C cyeling; tscc = tscc min
Color register Standby locis 95 85 mA -~ FWE and WB/WE high as RAS falls;
setcycle | ) trc = tpe min; SOE = Vi, SC = Vi or V.
Flash write Standby lecia 95 : 85 mA  FWE high and WB/WE low as RAS falls;
cycle . . tp¢ = tpg min; SOE = Vy; SC = Viy or Vi
Color register Active lects 120 105 mA  FWE and WBAVE high as RAS falls; tac = tpc
set cycle min; SOE = V|; SC cydling; tscc = tgcc min
Flash write Active Igcte 120 105 " mA © FWE high and WB/WE low as RAS falls;
cycle tre = tpc min; SOE = V|; SC cycling;
tscc = tscc min
Notes:

(1) No load on I0; or SO;. Except forlcca, lcea, Icce and Icci4. real
values depend on output loading in addition to cycle rates.

(@ CAS is not clocked, butis kept at a stable high level. The column
addresses are also assumed to be kept stable, at either a high or
low level.

() A change in column addresses must not occur more than once in
a fast-page cycle.
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DC Characteristics
Ta = 0to +70°C; Vgg = +5.0V =10%; GND = 0V

Parameter Symbol . Min Typ Max Unit  Test Conditions
Input leakage current m -10 10 HA Vin = 010 5.5 V; all other pins not undertest =0V
Output leakage current loL -10 10 UA Dourt (I0;, SO) disabled; Voyt = 0to 5.5V
Random access port output voltage, high VoH®) 2.4 v loH@ = -2 mA ’
Random access port output voltage, low VoLR) ' 0.4 v loL) = 42 mA
Serial read port output voltage, high VoHe) - 24 \' loH(g) = -1 mA
Serial read port output voltage, low Vou(s) 0.4 v lors) = 2.1 mA
AC Characteristics
Ta= 010 +70°C; Voo = +5.0V £10%; GND = OV
uPD42274-10 pPD4a2274-12
Parameter Symbol Min Max Min Max Unit -~ Test Conditions
Switching Characteristics
Access time from RAS trac 100 120 ns  (Notes 3, 4 and 12)
Access time from failing edge of CAS teac 25 30 ns (Notes 3, 4, 13, 14 and 15)
Access time from column address taA 55 65 ns (Notes 3, 4, 14°and 15)
Access time from rising edge of CAS tace 55 65 ns (Notes 3 and 4)
Access time from OF toEa 25 30 ns (Notes 3 and 4)
Serial output access time from SC tsca 30 T 40 ns (Notes 3 and 18)
Serial output access time from SOE tsoa 25 30 ns  (Note3)
Output disable time from CAS high tofr 0 25 0 30 ns (Note 5),
Output disable time from OE high toez 0 25 0 30 ns (Note 5)
Serial output disable time from SOE high tsoz [¢] 15 0 20 ns (Note 5)
SOE low to serial output setup delay tsoo 5 5 ns
Serial output hold time after SC high tson 5 5 ns
Timing Requirements
Random read or write cycle time tre 190 220 ns (Note 11)
Read-write/read-modify-write cycle time trwe 255 295 ns (Note 11)
Fast-page cycle time tpe 60 70 ns (Note 11)
Fast-page read-write/read-modify-write cycle tPRWG 125 145 ns (Note 11)
time )
Ris}e and fall transition time tr 3 50 3 50 ns {Notes-3, 10 and 18)
RAS precharge time trp 80 90 ns (Note 18)
RAS pulse width tRas 100 10,000 120 10,000 ns
Fast-page RAS pulse width traSP 100 100,000 120 100,000 ns
RAS hold time tRsH 25 30 ns
CAS precharge time (nonpage cycle) tepn 10 15 ns
Fast-page CAS precharge time tep 10 25 15 30 ns
TAS pulse width teas 25 10,000 30 10,000 ns
CAS hold time tesH 100 120 ns
RAS to CAS delay treD 25 75 25 90 ns  (Noted)
CAS high to RAS low precharge time terp 10 10 : ns (Note 16)
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AC Characteristics (cont)

#PD42274-10 . #PD42274-12
Parameter Symbol Min Max Min Max Unit, Test Conditions
Timing Requirements (cont) ‘
Row address setup time tasn 0 0 ns
Row address hold time tRAH 12 15 ns
Column address setup time tasc 0 25 ] 30 ns (Note 15)
Column address hold time tcAH 15 20 ns
RAS to column address delay time tRAD 17 45 20 55 ns (Notes 9 and 14)
Column address to RAS lead time tRAL 55 65 ns
Read command setup time tacs 0 0 ns
Read command hold time after RAS high tRRH 10 10 ns  (Note 6)
Read command hold time after CAS high tacH 0 ns (Note 6)
Write command setup time twcs 0 ns {Note 7)
Write command hoid time tweCH 20 30 ns
Wirite command pulse width twp 20 25 ns (Note 17)
Write command to RAS lead time tawL 30 35 ns
Write command to CAS lead time towL 30 35 ns
Data-in setup time tps 0 0 ns (Note 8)
Data-in hold time ton 20 25 ns (Note 8)
Column address to WE delay tawD 85 100 ns (Note 7)
CAS to WE delay towp 55 65 ns (Note 7)
RAS to WE delay tRwD 130 155 ns  (Note?)
OE high to data-in setup delay toenp 30 35 ns
OE high hold time after WE low toEH 25 30 ns
CAS before RAS refresh setup time tosr 0 0 ns
CAS before RAS refresh hold time tGHR 15 20 ns
RAS high to CAS low precharge time trpc 0 0 ns
Refresh interval tRer 8 8 ms  Addresses Ag through Ag
DT low setup time. tbLs 0 0 ns
DT low hold time after RAS low tRDH 80 90 ns  (Note 18)
DT low hold time after CAS low tcoH 30 35 ns
SC high to DT high delay tspp 10 15 ns
SC low hold time after DT high tspH 10 15 ns
Serial clock cycle time tscc 30 40 ns (Note 11)
SC pulse width tscH 10 15 ns
SC precharge time tscL 10 15 “ns
DT high setup time tpHs 0 0 ns
DT high hold time tDHH 15 20 ns
DT high to RAS high delay tpTR 10 10 ns
DT high to TAS high delay tpre 5 5 ns
OE to RAS inactive setup time toEs 10 10 ns
Write-per-bit setup time twes 0 0 ns
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AC Characteristics (cont)

wPD42274-10

pPD42274-12

Parameter Symbol Min

Max Min Max Unit

Test Conditions

Timing Requirements (cont)

Write-per-bit hold time twBH 15 20 ns
Flash write enable setup time tFrws 0 o] ns
Flash write enable hold time tFwWH 15 20 ns
Write bit selection setup time tws 0 0 ns
Write bit selection hold time twH 15 20 ns
SOE pulse width tsoE 10 15 ns
SOE precharge time tsop 10 15 ns

tDTH 15 20 ns

DT high hold time after RAS high

Notes:

{
@

All voltages are referenced to GND,

=

An initial pause of 100 us is required after power-up, followed by
any eight RAS cycles and four data transfer (DT) cycles, before
proper device operation is achieved.

(3

See input/output timing waveforms for timing reference voltages.
See figures 3 and 4 for output loads.

4

Operation within the tggp (max) limit ensures that tgac (max)
can be met. The tgcp (max) limitis specified as a reference point
only. lftgop is greater than the specified tgop (max) limit, access
time is controlled exclusively by tcac, topas of taa.

(5) An output disable time defines the time at which the output
achieves the open-circuit condition and is not referenced to
output voltage levels.

®

7 twcs: tawdr towps and tpwp are restrictive operating parameter
in read-write and read-modify-write cycles only. if twcs = twes
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. If tawp = tawp
(min), tcwp = tcwp (min), and tgwp = tpwp (Min}, the cycle is
aread-write cycle and the data output will contain data read from
the selected cell. If neither of the above conditions is met, the
condition of the data out (at access time and until CAS returns to
Vin) is indeterminate.

Either tgpy or trcH must be satisfied for a read cycle.

(8) These parameters are referenced to the falling edge of CAS in
early write cycles and to the falling edge of (WB/)WE in delayed

write or read-modify-write cycles.

@

(10) Viy (min) and V) (max) are reference levels for measuring the
timing of input signals. Additionally, transition times are mea-
sured between Vi and V.

L

Assumes that tgap (min) = tgay (min) + typical t of 5 ns.

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

(12) Assumes that tgep = tpep (max) and tgap = tpap (Max). If
trep ©f tRAD is greater than the maximum recommended value
in this table, tgac increases by the amount that tgop or tgap
exceeds the value shown,

(13) Assumes that taep= tgep (max) and tgap < trap (Max).

(14) If tgap = tgap (Max), then the access time is defined by taa.

(15) For fast-page read operation, the definition of access time is as
follows.

CAS and Column Address

Input Conditions Access Time Definition

tep = tep (max), tage top tacp
tep = tep (max), tage < top tAA
tep = tep (max), tagc =tasc (max) tAA
top = tep (max), tasc = tagc (max) tcac

(16) The tcprp requirement is applicable for RAS/CAS cycles pre-
ceded by any cycle.

a7

Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write operation,
both twcs and tyc must be met.

(18) Improvement in parameters tgpp, tgp and tgga are planned for
process versions “x” and "m”. Please contact your NEC sales
office for details.

(19) Ac measurements assume t =5 ns.
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Figure 1. Input Timing
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Figure 3. Output Load in Random Access Port
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Figure 4. Output Load in Serial Read Port
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Timing Waveforms
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Timing Waveforms (cont)
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Timing Waveforms (cont)

Late Write Cycle
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Timing Waveforms (cont)

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

RAS-Only Refresh Cycle
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle
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Timing Waveforms (cont)

Hidden Refresh Cycle
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Timing Waveforms (cont)

Fast-Page Read Cycle
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Timing Waveforms (cont)

FaSt—Page Write Cycle

tRc |
tRASP tRP
—_—
RAS
N ;
le———tRreD A——>|<———ICAS——>|
| tpc l€———tRSH ——>]
tCRP [
tCSH le—1CAS —>»]
— 4 A
1K 7 X 7
tCPN tcp —>
[€——tRAD ——>{ TRAL
tCAH tASC | [tCAH
TASR [<—> &~ tRAH > -tAsC >
4 Y \
Address Row Column Column
N f X 7
tWBH tWCH
twes > twes tweH
twBs -»l e twp —> le—twp
Bit Enable Y, b N
<——-——|—I— tewL —).
DHH |
IDHS I(—» TRWL———>
tws
[ |«—tWH tps 1DH >

/ " s \
Wp/10¢g Write-Per-Bit i
W3/105 Wgt Select Write Data _
YFWH,
Fws

QR

83vG-6669B

3-91



HPDA42274

NEC

Timing Waveforms (cont)

Fast-Page Read-Modify-Write Cycle
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Timing Waveforms (cont)

Color Register Set Cycle
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Timing Waveforms (cont)

Flash Write Cycle
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Timing Waveforms (cont)

Data Transfer Cycle with Serial Port Active
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Timing Waveforms (cont)

Data Transfer Cycle with Serial Port in Standby
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Timing Waveforms (cont)

Serial Read Cycle
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NEC Electronics Inc.

pPD42275
Dual-Port Graphics Buffer

Description

The uPD42275 is a dual-port graphics buffer equipped
with a random access port and a serial read port. The
serial read port is connected to an internal 2048-bit
data register through a 256 x 8-bit serial read output
circuit. The 128K x 8-bit random access port is used by
the host CPU to read or write data addressed in any
desired order. A write-per-bit capability allows each of
the eight data bits to be individually selected or
masked for a write cycle. Block write cycles can also be
used to write the eight data bits to four consecutive
column addresses. Selection and masking of the eight
data bits and four column addresses is provided. A
flash write option with write-per-bit control enables
datain the color register to be written to a selected row
in the random access port.

The uPD42275 features fully asynchronous dual ac-
cess, except when transferring graphics data from a
selected row of the storage array to the data register.
During a datatransfer, the random access port requires
a special cycle using a transfer clock; the serial port
continues to operate normally. Following the clock
transition of a datatransfer, serial output data changes
from an old line to a new line and the starting location
onthe new line is addressable in the datatransfer cycle.

An advanced CMOS silicon-gate process using poly-
cide technology and trench capacitors provides high
storage cell density, high performance, and high reli-
ability. Refreshing is accomplished by means of RAS-
only refresh cycles or by normal read or write cycles on
the 512 address combinations of Ag through Ag during
an 8-ms period. Automatic internal refreshing, by
means of either hidden refreshing or the CAS before
RAS timing and on-chip internal refresh circuitry, is also
available. The transfer of a row of datafrom the storage
array to the data register also refreshes that row auto-
matically.

All inputs and outputs, including clocks, are TTL-
compatible. All address and data-in signals are latched
on-chip to simplify system design. Data-out is un-
latched to allow greater system flexibility The
UPD42275 is available in a 400-mil, 40-pin plastic SOJ
and is guaranteed for operation at 0 to + 70°C.

60094

Features

o Three functional blocks
— 128K x 8-bit random access storage array
— 2048-bit data register
— 256 x 8-bit serial read output circuit
Two data ports: random access and serial read
Dual-port accessibility except during data transfer
Addressable start of serial read operation
Real-time data transfer
On-chip substrate bias generator
Random access port
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of I/O and address lines
allowed by OE to simplify system design
— 512 refresh cycles every 8 ms
—Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and fast-page
cycles
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— CAS-controlled hidden refreshing
— Persistent and nonpersistant write-per-bit option
regarding eight I/O bits
— Write bit selection multiplexed on [0-107
O Block write option with write-per-bit control and
column mask function
O Flash write option with write-per-bit control
O Split serial data register to allow shifting from
lower half while simultaneously loading upper half
o RAS-activated data transfer
— Same cycle time as for random access
— Row data transferred to data register as
specified by row address inputs
— Starting location of following serial read cycle
specified by column address inputs
— Transfer of 2048 bits of data on one row to the
data register, and the starting location of the
serial read circuit, activated by a low-to-high
transition of DT
— Data transfer during real-time operation or
standby of serial port
O Fast serial read operation by means of SC pins
O Serial data output on SOg - SO;
O Direct connection of multiple serial outputs for
extension of data length
o Fully TTL-compatible inputs, outputs, and clocks
0 Three-state outputs for random and serial access
O CMOS silicon-gate process with trench capacitors

oooooao
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Block Diagram
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Pin Identification

Ordering Information

Symbol Function . Row Access  Serial Access

A - Ag Address inputs Part Number Time (max) Time (max) Package
Wo/IOq - W/I07 Write-per-bit selects/data inputs and outputs HPD42275LE-80 80ns ns goo-jin plastic
RAS Row address strobe LE-10 100 ns S0 ns

CAS Column address strobe LE12 120 ns 40ns

WB/WE Write-per-bit/write enable Absolute Maximum Ratings

DVOE Data transfer/output enable Voltage on any pin except Vog

DSF4 and DSFy Special function enable relative to GND, Vg -1.0to +70V
$0g - SOy Serial read outputs Voltage on Vg ¢ relative to GND, Vo -1.0to +7.0V
sC Serial control Operating temperature, Topr Oto +70°C
SOE Serial output enable Storage temperature, TgTg -55 to +125°C
QSF Special function output Short-circuit output current, log 50 mA
Vgg1 and Vggo Ground Power dissipation, Pp 15wW

Vet and Veeo

+5-volt £10% power supply

Exposure to Absolute Maximum Ratings for extended periods may

NC

No connection

affect device reliability; exceeding the ratings could cause perma-
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nent damage. The device should be operated within the limits
specified under DC and AC Characteristics.
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Pin Configuration
40-Pin Plastic SOJ

sc 1 ~ 40 Vssi
SOp Q2 39 SO7
SOy O3 38 7] sOg
S0, [ 4 37 1 sosg
SOz ds 36 [1 S04
DT/OE OO0 6 35 [ SOE
Wo/lo, O 7 34 [0 Wo/0,
Wwyllo, 08 33 [J Weg/I0g
W0, O 9 w321 Ws/iog
Wa/10, [ 10 § 31 [0 Wy10,
Veer O 11 E 30 [ Vgs2
WBWE OJ12 29[ DsF1
NCc [ 13 28 [ NC
RAS ] 14 27 {1 CAS
DSF2 [ 15 26 [1 QsF
Ag O 16 253 Ag
Ag OO0 17 243 A4
As O 18 230 A,
As O 19 223 A3
Veez 0 20 21 [ A
83(H-6865A

Pin Functions

Ao-Ag (Address Inputs). These pins are multiplexed as
row and column address inputs. Each of eight data bits
in the random access port corresponds to 131,072
storage cells, which means that nine row addresses-
and eight column addresses are required to decode
one cell location. Nine row addresses are first used to
select one of the 512 possible rows for a read, write,
data transfer, or refresh cycle. Eight column addresses
are then used to select the one of 256 possibie column
decoders for a read or write cycle or the one of 256
possible starting locations for the next serial read
cycle. (Column addresses are not required in RAS-only
refresh cycles.)

Wo/10¢-W7/107 (Write-Per-Bit Inputs/Common Data
Inputs and Outputs). Each of the eight data bits can
be individually latched by these inputs at the falling
edge of RAS in any write cycle, and then updated at the
next falling edge of RAS. In a read cycle, these pins
serve as outputs for the selected storage cells. In a
write cycle, data input on these pins is latched by the
falling edge of CAS or WE.

RAS (Row Address Strobe). This pin is functionally
equivalent to a chip enable signal in that whenever it is
activated, the 2,048 storage cells of a selected row are

sensed simultaneously and the sense amplifiers re-
store all data. The nine row address bits are latched by
this signal and must be stable on-or before its falling

edge. CAS, DT/OE, WB/WE, DSF4 and DSF, are simul-
taneously latched to determine device operation.

CAS (Column Address Strobe). This pin serves as a
chip selection signal to activate the column decoder
and the input/output buffers. The eight column address
bits are latched at the falling edge of CAS.

QSF (Special Function Outpuf). This pin indicates
while side of the split register is active. QSF high shows
that the upper half (addresses 128 through 255) is
active, while QSF low indicates the lower half (ad-
dresses 0 through 127).

DSFiand DSF, (Special Function Control). At the
leading edge of RAS and CAS, the high or low level of
these pins is latched to initiate one of the operations
shown in the Truth Table. Holding both pins low causes
the device to operate without any special functions.

WB/WE (Write-Per-Bit Control/Write Enable). At the
falling edge of RAS, the WB/WE and DSF4 inputs must
be low and CAS and DT/OE high to enable the write-
per-bit option. When CAS, DT/OE and DSF, are high at
the falling edge of RAS, the level of this signal indicates
either a color register set cycle or flash write cycle. A
high WB/WE can be used at the beginning of a standard
write or read cycle.

DT/OE (Data Transfer/Output Enable). At the falling
edge of RAS, CAS and WBNVE high and DT/OE low
initiate a data transfer. DT/OE high initiates conven-
tional read or write cycles and controls the output
buffer in the random access port. The level of DSF,
determines whether this is a read or split read data
transfer.

S$0,-S0; (Serial Data Outputs). Eight-bit data is read
from these pins and remains valid until the next SC
signal is activated.

SC (Serial Control). Repeatedly activating this signal
causes serial read cycles (starting from the location
specified in the data transfer cycle) to be executed
within the 2,048 bits in the data register. The rising edge
of SC activates serial read operation, in which eight of
the 2,048 data bits are transferred to eight serial data
buses, respectively, and read out. Whenever SC is low,
the serial port is in standby.

SOE (Serial Output Enable). This signal controls the
serial data output buffer.
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OPERATION

The uPD42275 consists of a random access port and a
serial read port. The random access port executes
standard read and write cycles, as well as datatransfer,
block write and flash write cycles, all of which are based
on conventional RAS/CAS timing.

In a data transfer, data in each storage cell on the
selected row is transferred simultaneously through a
transfer gate to its corresponding register location. The
serial read port shows the contents of the data register
inserial order. The random access and serial read ports
can operate asynchronously, except when the transfer
gate is turned on during the data transfer period.

Addressing

The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 8 data bits in the
random access port corresponds to 131,072 storage
cells and 17 address bits are required to decode one
cell location. Nine row address bits are set up on pins
Ao through Ag and latched onto the chip by RAS. Eight
column address bits then are set up on pins Ag through
A; and latched onto the chip by CAS. All addresses
must be stable, on' or before the falling edges of RAS
and CAS. Whenever RAS is activated, 2048 cells on the
selected row are sensed simultaneously and the sense
amplifiers automatically restore the data. CAS serves
as a chip selection signal to activate the column de-
coder and the input and output buffers.

Through 1 of 256 column decoders, 8 storage cells on
the row are connected to 8 data buses, respectively. In
a data transfer cycle, 9 row address bits are used to
select 1 of the 512 possible rows involved inthe transfer
of data to the data register. Eight column address bits
are then used to select the 1 of 256 possible serial
decoders that corresponds to the starting location of
the next serial read cycle. In the serial read port, when
SC is activated, 8 data bits in the 2048-bit data register
are transferred to 8 serial data buses and read out.
Activating SC repeatedly causes serial read cycles
(starting from the location specified in the datatransfer
cycle) to be executed within the 2048 bits in the data
register.

Random Access Port

An operation in the random access port begins with a
negative transition of RAS. Both RAS and CAS have
minimum pulse widths, as specified in the timing table,
which must be maintained for proper device operation
and data integrity. Once begun, a cycle must meet all
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specifications, including minimum cycle time. To re-
duce the number of pins, the following are multiplexed.
* DT/OE_

o WB/WE

e W/I0;(i=0,1,2234,56,7)

The OF, WE and IO; functions represent standard oper-
ations, while DT, WB, and W; are special inputs to be
applied in the same way as row address inputs, with
setup and hold times referenced to the negative tran-

sition of RAS.

The level of DT determines whether a cycle is a random
access operation or a data transfer operation. WB
affects only write cycles and determines whether or not
the write-per-bit capability is used. W; defines data bits
to be written with the write-per-bit option. In the follow-
ing discussions, these multiplexed pins are designated
as DT(/OE), for example, depending on the function
being described.

To use the uPD42275 for random access, DT(/OE) must
be high as RAS falls. Holding DT(/OE) high disconnects
the 2048-bit register from the corresponding 2048-digit
lines of the storage array. Conversely, to execute a data
transfer, DT(/OE) must be low as RAS falls to open the
2048 transfer gates and transfer data from one of the
rows to the register.

Glossary of Special Functions

Masked Write Cycle with New Mask. When the write-
per-bit function is enabled as shown in the following
table, mask data on the W/IO; pins is latched by RAS
and loaded directly into the write mask register. A
masked write cycle is then executed using CAS or
WB/WE to strobe the W/IO; data into the on-chip data
latch.

Write-Per-Bit Function

Mask Register Data Action
1 Write
0 Do not write

Write Mask Register Set Cycle. In this cycle, data on
W//I0; is written to an 8-bit write mask register, where it
is retained and used by subsequent masked write and
masked block write cycles.

Masked Write Cycle with Old Mask. This write-per-bit
cycle, commonly referred to as a persistent mask write
cycle, uses the mask data previously set by the last
write mask register set cycle.
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Truth Table for Random Access Port

Must Be Valid at Falling Edge of RAS

Must be valid at Falling Edge of CAS

Cycle CAS DTOE WBWE DSF1 DSF2 DSF1 Mnemonic Code
Read/write cycle H H H L X L RW
Block write cycle H H H L X H BW
Write mask register set cycle H H H H X L LWR
Color register set cycle H H H H X H LCR
Write cycle with new mask H H L L X L RWNM
Block write cycle with new mask H H L L X H BWNM
Write cycle with old mask H H L H L L RWOM
Block write cycle with old mask H H L H L H BWOM
Read data transfer cycle H L H L X X RT
Split read data transfer cycle H L H H X X SRT
CAS before RAS refresh cycle L X H X X X CBR
Flash write cycle with new mask H H L H H - X FWT

Notes:
(1) X = don't care.
() Combinations not shown are used for refresh operation.

Block Write Addresses

Column Select

By 1/O Data Result Corresponding Column Address
1/0g = 1 Write Ay=1,Ag=1
/03 = 0 No write

/Oa =1 Write Aj=1,A3=0
1/Op = O No Write '

/01 = 1 Write Ay=0Ap=1
/0y =0 No write

1/Op = 1 Write Ai=0,Ap=0
1/Og = 0 No write

Notes:

(1) Data on IOy, I/Og, I/O5 and 1/O4 are don’t care at the falling edge
of CAS.

Color Register Set Cycle. This cycle is executed in the
same fashion as a conventional read or write cycle, with
a read or write cycle available to the color register
under the control of-WE. In read operation, color
register data is read on the common W10, pins. In write
operation, common Wy/IO; data can be written into the
color register. RAS-only refreshing is internally per-
formed on the row selected by Ag through As. This
setup cycle precedes the first flash write or block write
cycle supplying the eight write data bits.

Block Write Cycle. In a block write cycle, A and Aq are
ignored. 1/0g - /O3 are used to select one or a combi-
nation of four column address(es) for writing in an

early write, late write, page early write, or page late
write cycle. Block write data is previously stored in the
color register using a set color register cycle. Column
select data is latched by the W/IO; pins at the falling
edge of CAS or WE. Block write cycles are useful for
clearing windows and for accelerating polygon fill op-
erations.

Masked Block Write Cycle with New Mask. This cycle
allows for W/1/Oq - W/I/O7 masking during a block write
cycle. The masking function is identical to a standard
masked write cycle with new mask, except that four
consecutive columns are written.

Masked Block Write Cycle with Old Mask. This cycle
uses the masked data previously set by the last write
mask register set cycle to write four consecutive col-
umns.

Flash Write Cycle. A flash write cycle can clear or set
each of the eight 256-bit data sets on the selected one
of 512 possible rows according to data stored in the
previously set color register ‘Bit mask inputs are
latched as RAS. This cycle is useful in graphics pro-
cessing applications when the screen should be
cleared or set to some uniform value as quickly as
possible.

Read Data Transfer Cycle.In a full row read data
transfer cycle, one of the possible 512 rows, as well as
the starting location of the following serial read cycle,
is defined by address inputs. The low-to-high transition
of DT/(OE) causes the 2048 bits of cell data to be
transferred to the serial data register.
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Split Read Transfer Cycle. This cycle is a half row data
transfer in which one of the 512 rows, the starting
location of the following serial read cycle, and either of
the split registers are specified by the address inputs.
On-chip control circuitry causes the previously speci-
fied half row to be transferred to the selected upper or
lower split register.

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and by maintaining (WB/)WE while
CAS is active. The (W)IO; pin (i = 0 through 7) remains
in high impedance until valid data appears at the
output at access time, Device access time, tycc, will be
the longest of the following four calculated intervals:

“tmo

® RAS to CAS delay (trcp) + tcac

¢ RAS to column address delay (trap) + taa
* RASto OE delay + toga

Access times from RAS (tgag), from CAS (tcac), from
the column addresses (taa), and from OE (toga) are
device parameters. The RAS-t0-CAS, RAS-to-column
address, and RAS-t0-OE delays are system-dependent
timing parameters. Output becomes valid after the
access time has elapsed and it remains valid while both
CAS and OE are low. Either CAS or OE high returns the
output pins to high impedance.

Write Cycle. A write cycle is_executed by bringing
(WB/)WE _low during the RAS/CAS cycle. The falling
edge of CAS or (WB/)WE strobes the data on (W/)I0;
into the on-chip data latch. To make use of the write-
per-bit option, WB(/WE) must be low as RAS falls. In this
case, write data bits can be specified by keeping
Wi(/iO) high, with setup and hold times referenced to
the negative transition of RAS.

Write-Per-Bit Cycle. The falling edge of RAS latches the
write-per-bit mask data input on W through Wy. If DSF4
is low at the falling edge of RAS, mask data must be
reloaded every write-per-bit mask cycle. If DSF is high
and DSF2is low at the falling edge of RAS, mask data is
not reloaded from Wy through Wy but is retained from
the previous write mask set cycle. The latter is called a
persistent write-per-bit cycle.

Early Write te Cycle. An early write cycle is executed by
bringing (WB/)WE low before CAS falls. Data is strobed
by CAS, with setup and hold times referenced to this
signal, and the output remains in high impedance for
the entire cycle. As RAS falls, (DT)OE must meet the
setup and hold times of a high DT, but otherwise
(DT))OE does not affect any circuit operation while CAS
is active.
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Read-Write/Read-Modify-Write Cycle. This cycle is ex-
ecuted by bringing (WB/)WE low with the RAS and CAS
signals low. (W})IO; shows read data at access time.
Afterward, in preparation for the upcoming write cycle,
(Wi)IO; returns to high impedance when (DT)OE goes
high. The datato be written is strobed by (WB/)WE, with
setup and hold times referenced to this signal.

Late Write Cycle. This cycle shows the timing flexibility
of (DT)OE, which can be activated just after (WB/)WE
falls, even when (WB/)WE is brought low after CAS.

Refresh Cycle. A cycle at each of the 512 row ad-
dresses (Ag through Ag) will refresh all storage cells. Any
cycle executed in the random access port (i.e., read,
write, refresh, data transfer, color register set, flash
write or block write) refreshes the 2048 bits selected by
the RAS addresses or by the on-chip address counter.

RAS-Only Refresh Cycle. A cycle having only RAS
active refreshes all cells in one row of the storage array.
A high CAS is maintained while RAS is active to keep
(WiNIO; in high impedance. This method is preferred for
refreshing, especially when the host system consists of
muitiple rows of random access devices. The data
outputs may be OR-tied with no bus contention when
RAS-only refresh cycles are, executed.

CAS Before RAS Refresh Cycle. This cycle executes
internal refreshing using the on-chip control circuitry.
Whenever CAS is low as RAS falls, this circuitry auto-
matically refreshes the row addresses specified by the
internal counter. In this cycle, the circuit operation
based on CAS is maintained in a reset state. When
internal refreshing is complete, the address counter
automatically increments in preparation for the next
CAS before RAS cycle.

Hidden Refresh Cycle. This cycle is executed after a
read cycle, without disturbing the read data output.
Once valid, the data output is controlled by CAS and
OE. Aftertheread cycle, C/ CAS is held low while RAS goes
high for precharge. A RAS-only cycle is then executed
{except that CAS is held at alow level instead of a high
level) and the data output remains valid. Since hidden
refreshing is the same as CAS before RAS refreshing,
the data output remains valid during either operation.

Fast-Page Cycle. This feature allows faster data access
by keeping the same row address while successive
column addresses are strobed onto the chip, Maintain-
ing RAS low while successive CAS cycles are executed
causes data to be transferred at a faster rate because
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row addresses are maintained internally and do not
have to be reapplied. In fast-page operation, read,
write and read-write/read-modify-write cycles may be
executed. Additionally, the write-per-bit control speci-
fied in the entry write cycle is maintained throughout
the next fast-page write cycle.

During a fast-page read cycle, the (W)IO; data pin (i =
0 through 7) remains in a state of high impedance until
valid data appears at the output pin at access time.
Device access time in this cycle will be the longest of the
following intervals:

® tacp
® tcp + tr + teac
® CAS high to column address delay + taa

Serial Read Port

The serial read port is used to serially read the previ-
ously loaded contents of the data register starting from
a specified location. Other graphics buffers require
very tight timing to synchronize this port with the
random access port, but the uPD42275 has been de-
signed with a split register to eliminate the need for
synchronized timing between the two ports.

Split Register Data Transfer. A review of the split
register architecture shows that the lower register (ad-
dresses 0 - 127) and upper register (addresses 128 -
255) are selected by the most significant bit of the
column addresses (A7). With the serial port split in half,
data transfers can be executed to the inactive side (no
SC clocks) while SC clocks are input to access data
from the active side. This sequence allows for a longer
time window to perform the transfer, i.e., 128 x tgcc, or
3.84 us. Column address bits Ag through Ag are latched
on-chip to provide the tap address pointer for each split
register.

QSF Special Function Output. This pin outputs a sig-
nal indicating which half of the data register is active
and is synchronized with the SC clock.

Split Data Transfer Cycle

Most Significant Bit (A7) Portion of Split Register QSF
0 0 through 127 Low
1 128 through 255 High

Notes:

(1) A full data transfer cycle must precede all split register opera-
tions.

(2) Column address A7 must be specified for a split data transfer
cycle.

Data in the data register is clocked serially by SC,
starting from the first specified address of either regis-
ter. After the last specified address has been trans-
ferred, QSF changes its level at the next rising edge of
SC and serial data transfer switches to the other (for-
merly inactive) register. Serial data output is main-
tained until the next SC clock.

SC clocks at the transition point, i.e,, the end of one half
and the beginning of the new half of the split registers,
are restricted. Rising edges of the SC clock are not
allowed for the last serial address (either 127 or 255) of
the active register and for the first address (any address
depending on current address pointer) of the next
active register (figure 2).

SOE controls impedance of the serial output to allow
multiplexing of more than one bank of uPD42275s on
the same bus and has no effect on SC. When SOE is
low, 80; is disabled and in a state of high impedance.

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Supply voltage Vee 4.5 5.0 5.5 V'
Input voltage, high Vin 24 55 \
Input voltage, low ViL -1.0 08 \
Ambient temperature  Tp 0 70 °C
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Figure 1. Example of Split Register Transfer

QSsF

sC

RAS
CAS
Address
DT/OE
DSFy
sC

SOj

QsF

RAS
CAsS
Address

DSFq
sC
SO;

QSF

RAS
CAS
Address
DT/OE
DSFy
sC

SO;
QSF

An Example of Data Transfer and Split Register Transfer Sequence

Data Split Data y Split Data . Split Data
I Transfer l Transfer Read/Write/Refresh I Transfer Read/Write/Refresh Transfer

Mo JuUyuorurerrt

Cycle: @ A full line data transfer is required before a sequence of split register transfers

The column address specified during this data transfer selects the lower or upper
side data register from which serial data will be output.
This is called the active side serial register.

@ @ Set the address pointer and perform a split register transfer to the inactive side register.

Detailed Timing Diagram

@ Split Data Transfer cycle

@ Data Transfer cycle

The numbers at SO j indicates reading column address
99 101

DT/OE

(High level)

{High level)

&

120 X(121 X122 X123 X124 X125 X 126 X127 X200 X 201 X(202 X 203 X204 X205 X206 X 207)
[

83IH-68688
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Figure 2. Restrictions on Rising Edges of SC

m T\ | T\

tRSD
CAS /
<—lssC I tcsD
TAP Address
tASD
sC f_\ Restriction >
Idle Side < Active Side
sc 125 /126 127
Case 1 Invalid 72 TAP TAP + 1
sc 253 254 255
Case 2 Invalid 72 TAP TAP + 1
tpD
4
QsF
X

Note:

111 Fdr split register transfers, there is a restriction on the SC clocks at the transition point
from the end of one half to the beginning of the other half split register. Rising edges of
the SC clock are not allowed for the last serial address of the idle split register (127 or 255).

83IH-6867B
Capacitance
Ta = 0to +70°C; Vog = +5.0V £10%; f =1 MHz; GND = 0V
Parameter Symbol Limit (max) Unit Pins Under Test
Input capacitance Ci(a) 5 pF Ag through Ag
C\(DT/OE) 8 pF DT/CE
CIWBWE) 8 pF WB/WE
Ci(psk 8 pF DSF4 and DSF,
Ci(fAS) 8 pF RAS
C\(CA9) 8 pF CAS
C\(SOE) 8 pF §OE
Cysc) 8 pF sC
Input/output capacitance Cio w/i0) 7 pF Wo/lOg through Wo/10;
Output capacitance Co(s0) 7 pF SOy through SOz
Co(ash 7 pF QSF
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Power Supply Current
Ta= 0o +70°C; Vog = +5.0V £10%; GND = 0V
Port Operation
Random Access Serial Read  Parameter -80 (max) =10 (max) -12(max) Unit Test Conditions
Read/write cycle Standby . loet 85 70 60 mA  RAS and CAS cycling; DSF;
and DSFy low as RAS falls;
trc = trc min; SOE = Viy;
SC = VIH or V||_
Standby Standby leca 10 10 10 mA Doyt = high impedance;
address cycling; tge = tpe min;
CAS = RAS = Vy;
SOE = V|y; SC = Vjyor V)
(Note 4)
RAS-only refresh Standby lcea 85 70 60 mA  RAS cycling; CAS = Vy; DSF,
cycle and DSF; low as RAS falls; tpe
= tgg min; SOE = Vi;
8C = Vg or V)L (Note 2)
Fast-page cycle Standby lcca 75 65 55 mA  RAS = V) ; CAS cycling;
) tpc = tpg min; SOE = Vy;
SC = Vjy orVy (Note 3)
CAS before RAS Standby lccs 85 70 60 mA  CAS low as RAS falls;
refresh cycle tre = tre min; SOE = Vi;
SC = VIH or V"_
Data transfer cycle Standby lcce 105 90 70 mA DT low as RAS falls;
tac = tge min; SOE = V|y;
SC = Vijor V|
Read/write cycle Active “lco? 120 100 85 mA  RAS and CAS cycling; DSF4
and DSFa low as RAS falls;
tac = tpe min; SOE = V|L;
SC cycling; tscc = tscc min
Standby Active lccs 40 35 30 mA Doyt = high impedance;
address cycling; tgc = tge min;
CAS = RAS = le;
SOE = V.; SC cycling;
tsce = tscc min (Note 4)
RAS-only refresh Active lcce 120 100 85 mA  RAS cyeling; CAS = Vjy; DSF,
cycle and DSF; low as RAS falls;
tRc = tge min; SOE-= V| ;
) 8C cycling; tsce = tgce min
Fast-page cycle Active lcc1o 110 95 75 mA RAS = Vj; CAS cycling;
tpc = tpe min; SOE = Vj;
SC cycling; tscc = tscc min
(Note 3)
CAS before RAS Active loct1 120 100 85 mA  CAS low as RAS falls;
refresh cycle tgc = trc min; SOE = Vy;
SC cycling; tscc = tgcc min
Data transfer cycle “Active lcct2 140 120 95 mA DT low as RAS falls; tge = tge
. min; SOE = Vyi; SC cycling;
tscc = tscc min
Color register set Standby lcc1a 80 65 55 mA e = tge min; SOE = Vyy;
cycle SC = ViyorVy
Flash write cycle Standby lec1a 80 65 55 mA  tgc = tgc min; SOE = Vi;
SC = Viyor VL
Color register set Active lcc1s 115 95 80 mA  tgc = tgg min; SOE = V) ;

cycle

SC cycling; tgoc = tgcg min
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Power Supply Current (cont)

Port Operation
Random Access Serial Read  Parameter -80 (max) -10(max) -12(max) Unit Test Conditions
Flash write cycle Active lccts 115 95 80 mA  tgc = tggmin; SOE = V| ;
SC cycling; tscc = tscc min
Block write cycle Standby Icc17 95 80 70 mA  tgc = tggmin; SOE = Vi;
SC = Vigor VL
Block write cycle Active lccs 130 110 95 mA tre = tgg min; SOE = V) ;

SC cycling; tgcc = tscc min

Notes:

(1) Noload on I0; or SO;. Exceptforlgca lccar Icce: and lgcqa. real
values depend on output loading in addition to cycle rates.

(2) CAS s not clocked, but is kept at a stable high level. The column
addresses are also assumed to be kept stable, at either a high or

low level.

DC Characteristics

(3) A change in column addresses must not occur more than once in

a fast-page cycle.

(4) A change in row addresses must not occur more than once in a

read or write cycle.

Ta=0to +70°C; Vg = +5.0V +10%; GND =0V

Parameter Symbol Min Typ Max Unit Test Conditions

Input leakage current e -10 10 HA Viny = Oto 5.5V, all other pins
not under test = 0V

Output leakage current loL -10 10 HA Doyt (105, SO) disabled;
Voyr =0to 5.5V

Random access port output voltage, high VOH(R) 2.4 v 'OH(R) = -1 mA

Random access port output voitage, low VoL@ 0.4 v loL(r) =21 mA

Serial read port output voltage, high VoH(s) 24 v lon(g) = —1mA

Serial read port output voltage, low VoL(s) 0.4 v lois) =21 mA

AC Characteristics

Ta = 0to +70°C; Voo = +5.0V £10%; GND = 0V

1PD42275-80 1PD42275-10 1PDA2275-12

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions

Switching Characteristics

Access time from column address tAA 45 55 65 ns (Notes 3 and 4)

Access time from rising edge of tacp 45 55 65 ns (Notes 3 and 4)

CAS

Access time from RAS trac 80 100 120 ns (Notes 3 and 4)

Access time from falling edge of tcac 20 25 30 ns (Notes 3 and 4

CAS

Access time from CAS, teac 25 30 35 ns (Note 14)

mask register read cycle

Access time from OE toEA 20 25 30 ns (Notes 3 and 4)

Output disable time from CAS high  toff 20 0 25 30 ns (Note 5)

Output disable time from OE high toez 20 0 25 30 ns (Note 5)

Serial output access time from SC tsca 25 30 40 ns (Note 3)

Serial output access time from tsoa 20 25 30 ns (Note 3)

SOE

Serial output disable time from tsoz 0 10 0 15 0 20 ns (Note 5)

SOE high
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AC Characteristics (cont)

1PD42275-80 wPD42275-10 #PDA2275-12
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Switching Characteristics (cont)
Serial output hold time after SC tsoH 5 7 7 ns
high
BOE low to serial output setup tsoo 5 5 5 ns
delay
Timing Requirements
Random read or write cycle time tre 160 190 220 ns (Note 11)
Read-write/read-modify-write trRwe 220 255 295 ns (Note 11)
cycle time
Fast-page cycle time tpc 50 60 70 ns (Note 11)
Fast-page read-write/read-modify- tprwe 105 125 145 ns (Note 11)
write cycle time
Rise and fall transition time tr 3 50 3 50 3 50 ns (Notes 3 and 10)
RAS precharge time trp 70 80 90 ns
RAS pulse width thas 80 10,000 100 10,000 120 10,000 ns
Fast-page RAS pulse width tRASP 80 100,000 100 100,000 120 100,000 ns
RAS hold time tasH 20 25 30 ns
CAS precharge time tepn 10 10 15 ns
(nonpage cycle)
Fast-page CAS precharge t}ime tcp 10 10 15 ns
CAS pulse width tcas 25 10,000 30 10,000 35 10,000 ns
CAS hold time tesH 80 100 120 ns
RAS to CAS delay time treD 22 60 25 75 25 90 ns (Note 4)
RAS to CAS delay time, trep 22 55 25 70 25 85 ns (Note 14)
mask register read cycle
TAS high to RAS low precharge torp 10 10 10 ns (Note 12)
time '
RAS high to CAS low precharge tape 0 0 0 ns
time
RAS low to SC high delay trsD 85 105 125 ns (Note 18)
CAS low to SC high delay tesp 45 55 65 ns (Notes 16 and 18)
Address to SC high delay tasp 55 65 75 ns (Notes 16 and 18)
Row address setup time tasr 0 [ 0 ns
Row address hold time tRAH 12 12 15 ns
Column address setup time tasc 0 0 0 ns
Column address hold time tcaH 15 20 25 ns
RAS to column ‘address delay time tRAD 17 17 20 ns {Note 9)
Column address to RAS lead time tRAL 45 55 65 ns
Read command setup time tacs ns
Read command hold time after tRRH ns (Note €)
RAS high
Read command hold time after tRcH 0 0 [¢] ns (Note 6)
CAS high
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AC Characteristics (cont)

uPD42275-80 uPD42275-10 pPD42275-12

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions

Timing Requirements (cont)

Write command setup time twcs 0 ¢} 0 ns (Note 7)

Write command hold time tweH 15 20 25 ns

Write command pulse width twp 15 20 25 ns (Note 13)

Write command to RAS lead time tRWL 30 30 35 ns

Write command to CAS lead time towL 30 30 35 ns

Data-in setup time tps 0 0 0 ns (Note 8)

Data-in hold time tpH 15 20 25 ns (Note 8)

Column address to WE delay tawp 70 85 100 ns (Note 7)

CAS to WE delay tewn 45 55 65 ns (Note 7)

RAS to WE delay tRwD 105 130 155 ns (Note 7)

OF high to data-in setup delay toen 20 25 30 ns

OE high hold time after WE low toeH 20 25 30 ns

CAS before RAS refresh setup time  tcsp ] 0 0 ns

CAS before RAS refresh hold time tcHR 12 12 15 ns

Refresh interval tReF 8 8 8 ms Addresses Ag
through Ag

DT low setup time tpLs 0 0 0 ) ns

DT low hold time after RAS low, tRDH 65 80 95 ns (Note 15)

serial port active

DT low hold time after RAS low, tRDHS 12 12 15 ns (Notes 16 and 18)

serial port in standby,
split data transfer

DT fow hold time after CAS low tepH 25 30 35 ns (Note 15)
DT low hold time after address tADD 35 40 45 ns (Note 15)
SC high to CAS low delay tssc 10 10 10 ns (Notes 16 and 18)
SC high to DT high delay tspp 0 0 0 ns (Note 15)
SC low hold time after DT high tsDH 15 20 25 ns (Note 15)
SC low hold time after RAS high tspHR 25 30 40 ns (Note 16)
Serial clock cycle time tsce 25 30 40 ns (Note 11)
SC pulse width tscH 7 10 15 ns

SC precharge time tscL 7 10 15 ns

DT high setup time toHs 0 0 0 ns

DT high hold time tpHH 12 12 15 ns

DT high to RAS high delay tprr 0 0 0 ns (Note 15)
DT high pulse width toTp 25 30 35 ns

OE to RAS inactive setup time toes 10 10 10 ns

Write-per-bit setup time twes [0} 0 0 ns

Write-per-bit hold time tweH 12 12 15 ns

Write bit selection setup time tws 0 0 0 ns

Write bit selection hold time twH 12 12 15 ns
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AC Characteristics (cont)

nPD42275-80 1PD42275-10 uPDA2275-12

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions
Timing Requirements (cont)
SOE pulse width tsoE 7 10 15 ns
80E precharge time tsop 7 10 15 ns

DSF4 setup time from RAS tFRs1 0 0 ns

DSFy setup time from RAS trrs2 0 0 ns

DSF4 hold time from RAS tFRH1 12 12 15 ns

DSF; hold time from RAS tFRH2 12 12 15 ns

DSF setup time from CAS tres 1 0 0 0 ns

DSF4 hold time from CAS treH1 15 20 25 ns

Propagation delay time from SC tpp 25 30 40 ns
to QSF

Propagation delay time from DT/OE tpap 35 45 55 ns (Note 20)
to QSF

Propagation delay time from RAS tbar 45 55 70 ns (Note 20)
to QSF
RAS to QSF delay time trap 105 135 155 ns (Notes 16 and 19)
CAS to QSF delay time tcap 70 85 100 ns (Notes 16 and 19)
Notes: .

(1) All voltages are referenced to GND. (9) Assumes thattgap (min) = tgaH (Min) + typical t1 of 5 ns.

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

O

«

See figures 3 and 4 for reference voltages and figures 5 and 6 for
output loads.

()

Operation within the tgep (max) limit ensures that tgac (max)
can be met. The tpcp (max) limitis specified as a reference point
only. If tgep is greater than the specified tggp (max) limit,
access time is controlled exclusively by tcac or taa.

©

An output disable time defines the time at which the output
achieves the open-circuit condition and is not referenced to
output voltage levels.

©

(M twcs: tcwp: and tgwp are restrictive operating parameters in
read-write and read-modify-write cycles only. If twcs = twcs
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. if tcwp = tcwp
(min) and tpwp 2 tpwp (Min), the cycle is a read-write cycle and
the data output will contain data read from the selected cell. if
neither of the above conditions is met, the condition of the data
output (at access time and until CAS returns to V)) is indeter-
minate.

Either tgry or taoH must be satisfied for a read cycle.

@®

These parameters are referenced to the falling edge of CAS in
early write cycles and to the falling edge of (WB/)WE in delayed
write or read-modify-write cycles.
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(10) Viy (min) and V) (max) are reference levels for measuring the
timing of input signals. Additionally, transition times are mea-
sured between Vi and V(.

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

(12) The tcpp requirement is applicable for RAS/CAS cycles pre-
ceded by any cycle.

(13) Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write operation,
both twcs and tycH must be met.

(14) Only for mask register read operation during register read
cycles.

(15) For realtime data transfer operation (data transfer with sC
active).

(16) For read data transfers with serial port in standby.
(17) Ac measurements assume ty =5 ns.
(18) For split data transfer cycles.

(19) tcpH < tcpH (Min) ortgpHs = trpH (min), then the delay time
for the switching of QSF is determined by tgqp or tcap.
whichever occurs later.

(20) HtcpH = topH (min) and tppys = trpH (min), then the switching
delay time of QSF is determined by tpgp or tpqg, whichever
occeurs first.
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Figure 3. Input Timing
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Figure 4. Output Timing
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Figure 5. Output Load in Random Access Port
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Figure 6. Output Load in Serial Read Port
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Timing Waveforms

Read Cycle
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Timing Waveforms (cont)

Early Write Cycle and Early Block Write Cycle
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Timing Waveforms (cont)

Early Write Cycle and Early Block Write Cycle With Old Mask
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Timing Waveforms (cont)
Late Write Cycle and Late Block Write Cycle
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle

DSF1

DSF2

'CRP >

tRwe

tRAS

tRSH

tcas

l"tOEA

N

Block Write
Select

4 y -
WE Write-Per-Bit
WB/WE m: Enable @
l |
twes > le— tA |
'pHs < | | tewp
'RwD
'?HH') r<toea
73 XY AN
tws —> e le—tCAC—> .
OED
tRAC
"I’ M= twi —)I . je~10EZ
. £ Wi y Hi-Z ST Y
Wo-7/10¢.7 _g Write-Per-Bit "N £ Read
L Select £ A\\¥  Daa 4
t tFCst
ERS1 p— trcHt

RULRANRRE

l<—tps

4 Write Data/ SE
. Column Select 4

83YL.-68758
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Timing Waveforms (cont)

RAS-Only Refresh Cycle

tRC
< tRAS €———tRP—— >~

—_— Y

tASR

Address m

LN AT T ke

7
DT/OE
tDHS < > IDHH

83vG-6880B
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle

tRC

tcsh

K

Address

twes

DT/OE

Wi/VO;

. DsF1

DSF2

83vG-68818B
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Timing Waveforms (cont)

Hidden Refresh Cycle
tRC tRC
tRAS
tRAL tRAS 1RP —
N / N \
RAS
X 7 X 7
[€——RSH ——> r&—IRP—> tCHR >
tCRP |« < tRCD | < tcas >
—_ y
s @z
TASR

Address @

—— \ X
DT/OE
X
tDHH tOFF
IDHS <> v <
< ltRAc tOEZ >

High impedance //# \
Wy/io Read Data
o N\ Y ;§§ }

IFRH1
FRS1 tFCst
DSF1
Z

DSF2

83vG-68828
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Timing Waveforms (cont)

Fast-Page Read Cycle

tRe

'RASP

'RSH

h" RP

-

'RAL

'cAH

Column

WBWE

Wo-7100.7

tasc 'CAH < 'RRH
r€—!RAD —> .
'RCH RCS tRCH
'4 Y X 2 ; i ; ; ;
t . LoFF
RCS ACP

DSF1

SIS,
osr2 KX KA

XX00

83YL-6876B
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Timing Waveforms (cont)

Fast-Page Early Write Cycle and Fast-Page Early Block Write Cycle

tRC
'RASP tRpP—>
AR N \
RAS
k 7
tRCD tcas i le«—tRSH —>
tpc
tCRP | I tcsH [e—1CAs
_ 4 \
CAS
W S( 7 x
tCPN
tcp —»
tASR

Address @;

twes
WRANE 4 Write-Per-
WEB/WE L Bit Enable

IDHS —)'
_ Y
DT/OE

—>>»

IDHH

A
)

tWH

tws h tps - tDH le— tos—>
Lo X . 4 ;
W/1/0; Write-Per-Bit Write Data/ Write Data/
X Select Column Select k. Column Select

TFRH1
. tFCH1-3
FCH1
tFRS1 < IFest 1€~ IFCS1 >
o\ -
Block Write Block Write
b 7@( Select W( Select

AAAAAAAAN \
o5 XXX AKX XX XXX XXX AR XXX

83vG-6877B
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Timing Waveforms (cont)

Fast-Page Late Write Cycle and Fast-Page Late Block Write Cycle

tRC
tRASP - le——tRP ——9
— s \
xS \ /
- y,
le———tRCD tcas ‘i
| tpc le—RSH —>
{CRP > tcsH [e—tCAS —>
__ 4 "\ ' \ 4
cAs N / N /
N 7 K 7
< tcPN
le——1CP ——>
l€«—1tRAD —>
X < 'RAL
RAH
tASR [€> tASC [e—>] [€tCAH > tAsC tCAH
4 s '
Address Row Column 5 Column
X
(—IRWL—Dl
twes —> <—‘ [€—tCWL —>| < towL >
WBH
tRCS |<—> e twP '(—'RCS > e-twp
4 —\ \
TIRANE Write-Per-
WB/WE m Bit Enable ,W \ S(
{DHH
tOEH 1OEH
tpHS ~>| lc— >
y X Y
DT/OE
r<-1DS
tws [ |€twH
— \ [\ YTy
wWQ; Write-Per-Bit W Write Data/
k- Select AXColumn Select
FRH1
tFRS1 e tFCs1
4 )
Block Write
DSF1 m Select

DSF2

83vG-68788
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Timing Waveforms (cont)

Fast-Page Read-Modify-Write Cycle

tRASP le——1tRP
— \
RAS N /
K 7 \
le——tRCD i tPRWC
tosH IRSH
tcRp tcas re—tcp tcas [€———1CPN —>
_ 4 \ } y Y
\ / /
X 7 7 _
tcPN tRAL
le>{tRAH (—)I‘CAH
tcaH
tASR | le—tasc tASC | IRWLI<—>
4 \ '
Address Row Column Column
K 7 X
tCWD | | tawD
iRcsﬂ e towL > |« <—towp —> | |
CWL
T tRWD !ncs—>1 <
o \ 71T \
WRANE Write-Per-
WB/WE v ﬂ
m( Bit Enable 7W SL._
tWBS (<> tAWD lelM
tWBH [<—> < || tAA > (——IACP”
tOED 1
[<—tRAD —> tOEA 1OEA - (—)ItOEH
1 4 Y 4 | y
DT/OE \\\\\\\\ \ 7
/
tDHH -
tDHS (<> 10EZ > e tOED
+€—1CAC —> toEz
tRAC > tcac l&-tDH >
WilIO; Write-Per- High Impedance //5‘ 3 £ write Data/ b | Write Data/ 55
= Bit Select fead Column Selecty
Data ]
tws twH DS > —
DSF1
DSF2
83vG-6879B

3-125



pPDA42275

NEC

Timing Waveforms (cont)

Color Register Set Cycle

Notes:

[1] Read, late write, RMW, and hidden refresh cycles are also available.

[2] Specifications are exactly the same as read, late write, RMW, and hidden refresh cycles except DSF1 is high at RAS leading edge for
register set cycles

tRC
tRAS l&——tRp —>
E— Y \
RAS N
N
tRCD 'RSH
—1CSH
[€tCRP 3 tcAs
. '4
CAS N /
X 7
tcPN
tasr tRAH
/ \
Address : Row
7
twcs tWCH ————>
twas <—>| tWBH twp
e ||V
: X
IpHS tDHH
R 4 Y
l<— DS —>{ [«—IDH —>
4 \
Wi/lO; Write Data
RS chsz “'chﬂ
DSF2

[3] At CAS leading edge, set DSF1 to low leve! for a write mask register, or set DSF1 to high level for a color register.

83vG-6886B
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Timing Waveforms (cont)

Flash Write Cycle

tRc >

tRAS tap >

tws [€— tWH

e AR R KRR R KRR KRR KRR R KKK K K KKK KKK KRR
W//O; o

83vG-6887B

3-127



pPDA42275 N E C

Timing Waveforms (cont)

Data Transfer Cycle with Serial Port Active

tRC
tRAS |€——TRP ——>
.\ s \
RAS N
K 7
tRCD ! tRSH
1CRP [
IcsH
. 4 : -\ IcAs
CAS &
tcPN N
1ASR
[ tRAH >~
A p /
Address Row
7

twes tWBH,

— 4 X
e 07

I(—tcou > [€———1DTR ——>

tpLs
> | €—————tADD ———> |[€&———tDTP —————>]
t
o < RDH s v
DT/OE Z
X 7
Wi/HO; High Impedance
'FRS1 e tERH1

2

DSF2

SOE Low-Level

tscc tsDp —>| .
H
—_ tscL S0
* \— [—_—\_/—_—\_/_

l€-tSCH tsca l€——1SCA ——>

e——tsCA—>]  je—tsOH —>

4 X A 4
. 0 para )@g Ol Daia 7 i Ol Data )@; Now Dam
l(—lPD —>

kS

DQD

B83vG-6883B
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Timing Waveforms (cont)

pgPDA42275

Data Transfer Cycle with Serial Port in Standby

RC
'RAS [«——RP —>
) / \
RAS N /
X 7
tRCD 'RSH
tcRP tesH
\ cas
tCPN - K 7
ASC
tASR € tRAH [€—1CAH —>|
Y - \
Address Row Column
X 7
twBs twBH
o 4
WB/WE
[ ]
toLs [ 'RDHS > [€¢————tDTP ———>]
— Y
DT/OE
X
e High Impedance
'FRS1 | | IFRH1
T |
X .
tcsp |
DSF2
tasp
fhlel)}
SOF tcap >
SOE ViL Low Level
< tRQD
tssc
1SCL | l€tsCH ISDHR [ tSCH
sc
L 7
tsCA
le—1!SCA —>
SO Old Data - Old Data New
0-7 n-1 < n Data
I(—tPD — L—'DQR —
A X
QSF
X X
83vG-6884B
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Timing Waveforms (cont)

Split Read Data Transfer Cycle

tRe
tRAS 3
RAS
K
le————1RCD i tRSH
ICRP tcsH
_ — [« tcas >
CAS
tASR

4
Address

A

twes

— 4
e

toLs

e SR
X

<-!RDH_s-]

High Impedance

Wi/liO|

tFRS1

IFRH1

tASD

4
DSF1 &@7

QAR XXXRKARRANXXXXKKAAS

tcsp
DSF2 )
== L I tRSD
Iy
SOE v, [
See Figure 2 for
: Explanation of Restrictions
< tsce > tssc -——4
i<tSCH tscL » «tsCcH »| l«———1scL <iSCH tscL > l<1SCH
sC A / ]
SOH tSOH tsoH
<——>| (—)i <—>| tSOH

l<—tSCA —>

$00.7

r€<—1sca
\

L—‘PD—-»

QSsF

83vG-68858
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Timing Waveforms (cont)

Serial Read Cycle
tsop tSoE
SOE
\ A
150z —>|
le—————tsce [Note 1] —— »le ———tgcc [Note 2] tsce >
tscL tscL tscL
Yy A
sC /
[e—1tSCH l«—1tSCH <—1SCH
[€<—tSOA —>] tsca tsca
1500 fe—>] [€«—tSOH —> l&—1t SOH —>|
LT E 3 4 X 4 !
S0¢-7 4 A Read Data Read Data Read Data
A X 2 X y, X Z
I(—-!po —
[
QSF
X
Notes:
[1] Last location of split register (Loc: 127 or 255)
[2] The starting location of newly activated register
83vG-68888
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NEC Electronics Inc.

puPD42101
Line Buffer for NTSC TV

Description

The uPD42101 is a 910-word by 8-bit line buffer fabri-
cated with a CMOS silicon-gate process. The device
helps to create an NTSC flicker-free television picture
(noninterlaced scan conversion) by providing intermedi-
ate storage and very high-speed read and write opera-
tion.

The uPD42101 can also be used as a digital delay line.
The delay length is variable from 10 bits (at maximum
clock speed) to 910 bits.

Features

910-word x 8-bit organization

Line buffer for NTSC, 4fgc digital television systems
Asynchronous, simultaneous read/write operation
1H (910-bit) delay line capability

TTL-compatible inputs and outputs

Three-state outputs

Single +5-volt power supply

24-pin plastic DIP and miniflat packaging

oooooooao

Ordering Information
Read Cycle Write Cycle

Part Number Time (min) Time (min) Package
wPD42101C-3 34ns 34ns 24-pin plastic DIP
C-2 34ns 69 ns
C1 69 ns 69 ns
uPD42101G-3 34 ns 34 ns 24-pin plastic miniflat
G-2 34ns 69 ns
G-1 69 ns 69 ns

60071

Pin Configuration
24-Pin Plastic DIP or Miniflat

o
=
o
<
Q
[
N

831H-6697A

Pin Identification

Symbol Function

Dino - Pin7 Write data inputs

Douto - Pout? Read data outputs
RSTW Write address reset input
RSTR Read address reset input
WE Write enable input

RE Read enable input

WCK Write clock input

RCK Read clock input

GND Ground

Vee +5-volt power supply

3-138
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PIN FUNCTIONS
Dino - Din7 (Data Inputs)

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

DouTo - Dout7 (Data Outputs)

The tri-state outputs are used to access the stored
information. In a simple digital delay line application, a
delay of one-half write clock cycle plus a maximum of
300 ns is required to move data from the data inputs to
the data outputs.

RSTW (Write Address Reset Input)

Bringing this signal low when WE is also low resets the
internal write address to 0. If WE is at a high level when
the RSTW input is brought low, the internal write address
is set to 909. The state of this input is strobed by the
rising edge of WCK.

RSTR (Read Address Reset Input)

This signal is strobed by the rising edge of RCK and
resets the internal read address to 0 if RE is also low. If
RE is at a high level when the RSTR input is brought low,
the internal read address is set to 909.

WE (Write Enable Input)

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

RE (Read Enable Input)

This signal is similar to WE but controls read operation.
If RE is at a high level, the data outpus become high
impedance and the internal read address stops increas-
ing. The state of RE is strobed by the rising edge of RCK.

WCK (Write Clock Input)

All write cycles are executed synchronously with WCK.
The states of both RSTW and WE are strobed by the
rising edge of WCK at the beginning of a cycle, and the
data inputs are strobed by the rising edge of WCK at the
end of a cycle. The internal write address increases with

3-134

each WCK cycle unless WE is at a high level to hold the
write address constant. Unless inhibited by WE, the
internal write address will automatically wrap around
from 909 to 0 and begin increasing again.

RCK (Read Clock Input)

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

Absolute Maximum Ratings

Supply voltage, Vo -15t0 +70V
Voltages on any input pin, V -15t0 + 70V
Voltage on any output pin, Vg -15to0 +7.0V
Short-circuit output current, lpg 20 mA
Operating temperature, Topg —20to +70°C

Storage temperature, TsTg -55to +125°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent
damage. The device should be operated within the limits specified
under DC and AC Characteristics.

Recommended Operating Conditions

Parameter Symbol  Min Typ Max Unit
Supply voltage Vee 4.5 5.0 55 \'
Input voltage, high ViH 2.4 55 A
Input voltage, low ViL ~-15 0.8 \
Operating temperature Ta 0 70 °C

Capacitance
Ta = 25°C; Vg = +5.0V £10%; f = 1 MHz

Parameter Symbol Min Max Unit Pins Under Test

Input G 5 pF  WE RE, WCK, RCK,

capacitance RSTW, RSTR, Do -
Dinz

Output Co 7 pF  Dourto-Doutr

capacitance
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pPD42101

Block Diagram

Read

Row Selectors

<1

Data
Input
Buffers

8
DiNo— DIN7 —F—>

Write
Column
Selectors

7

[
Z

.

Storage Cell

Array

77

N\

Read Data 8
Column Output > -
Selectors Buffers Pouto -Dout?

% .

Write
Row Selectors
WE
WCK
RSTW
831H-66988
DC Characteristics
Ta = -20to +70°C; Vg = +5.0V £ 10%
Parameter Symbol Min Typ Max Unit Test Conditions
Input leakage current h -10 10 pA VIN = 0V to Vg all other pins not under test = 0V
Output leakage current o ~10 10 A Doyt disabled; Vo = 0to 55V
Output voltage, high Vo 2.4 \ loH = -1 MA
Output voltage, low VoL 0.4 \ loL = 20mA
AC Characteristics
Ta = -20to +70°C; Vg = +5.0V £ 10%
pPDA42101-3 1PD42101-2 pPD42101-1
Parameter Symbol min Max Min Max Min Max Unit Test Conditions
Write/read cycle operating current Icc 70 60 35 mA twek = twek
(min); tack = tack
(min)
Write clock cycle time twek 34 1090 69 1090 69 1090 ns
WCK pulse width twew 14 25 25 ns
WCK precharge time twep 14 25 25 ns
Read clock cycle time tRck 34 1090 34 1090 69 1080 ns
RCK pulse width tacw 14 14 25 ns
RCK precharge time trcp 14 14 25 ns
Access time tac 27 27 49 ns
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AC Characteristics (cont)

#PD42101-3 #PD42101-2 sPD42101-1
Parameter Symbol min Max Min Max Min Max Unit Test Conditions
Output hold time toH 5 5 ns
Output active time tz 5 27 27 5 49 ns (Note 5)
Output disable time thz 5 27 5 27 5 49 ns (Note 5)
Data-in setup time tps 14 18 18 ns
Data-in hold time toH 5 5 5 ns
Reset active setup time trs 14 14 20 ns (Note 7)
Reset active hold time tRH 5 5 ns (Note 7)
Reset inactive hold time tAN1 5 5 ns (Note 8)
Reset inactive setup time thn2 14 14 20 ns (Note 8)
Write enable setup time twes 14 20 20 ns (Note 9)
Write enable hold time tweH 5 5 ns (Note ©)
Write enable high delay from tWEN1 5 5 ns (Note 10)
WCK
Write enable low delay to WCK tWEN2 14 20 20 ns (Note 10)
Read enable setup time tRES 14 14 20 ns {Note 9)
Read enable hold time tREH 5 5 5 ns (Note 9)
Read enable high delay from tREN1 5 ns (Note 10)
RCK
Read enable low delay to RCK theN2 14 14 20 ns (Note 10)
Write disable pulse width twWeEw o] 0 0 ns (Note 6)
Read disable pulse width tREW 0 0 0 ns (Note 6)
Write reset time tRsTW 0 0 0 ns (Note 6)
Read reset time tRSTR 0 0 (4] ns (Note 6)
Transition time tr 3 35 3 35 3 35 ns
Notes:
(1) All voltages are referenced to ground. (7) If either tgg or tpy is less than the specified value, reset

@

s

=

After power-up, a read reset cycle and a write reset cycle must be
executed before proper device operation is achieved.

Input pulse rise and fall times assume tt = 5 ns. Input pulse
levels = GND to 3 V. Transition times are measured between 3
V and 0 V. See figure 1.

Input timing reference levels = 1.5 V. Output timing reference
levels are 0.8 and 2.0 V. See figure 2.

This delay is measured at 200 mV from the steady-state voltage
with the load specified in figure 4. Under any conditions, t 7 =
tHz.

twew (Mmax) and tgew {max) must be satisfied by the following
equations in 1-line cycle operation:

twew + trstw +910 (twek) =< 1 ms
trRew + tasTR + 910 {taew = 1ms
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(©

(10)

(1)

operations are not guaranteed.

If either tyn1 OF tan2 is less than the specified value, internal reset
operations may extend to cycles immediately preceding or
following the period of desired reset operations.

If either twes or twen (tres OF trer) is less than the specified
value, write (read) disable operations are not guaranteed.

If either twent OF twenz (rent OF tRen?) is less than the
specified value, internal write (read) disable operations may

extend to cycles immediately preceding or following the period
of desired disable operations.

Data is guaranteed to remain valid for a minimum of 1 ms after
itis written. After this time, the data stored may be discharged,
since this device uses a dynamic storage element.
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Figure 1. Input Timing

[ XY
Sns —»I 5ns <—

831H-6701B
Figure 2. Output Timing
aov————————-/ \
oV — — \ /
83IH-66588

Figure 3. Output Load for ipc and toy

+5V

2 19kQ

Dout 1 '
210ka 30 pF

—

831H-67028

Figure 4. Qutput Load for t; 7 and ty>

+5V
5
$ 10k
Doyt ——— l
$10ka :I:SpF

831H-67038
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Timing Waveforms

-Read Cycle
Cyclen Cycle n + 1 Cyclen+2 Disable Cycle~—————><«—Cyclen + 3
tRCK
tRcP
w £ X LN\ L\ S \ 7\
J N/ v / /
> tRew REN1 [€—>« tRES "IREH |« tREN2
[ €——tAC—>>
ﬁll
=\ i X
[ <~ tOH-> tREW
[«——tAC—>
F—th [e—tHZ—> le—tL2
High Impedance J
Dout Vin) E@( Vin+1) )@( Vin+2) )@E" Vin+d) X
Notes:
[1] RSTR=V|.
[2] V = valid data.
83[H-67058
Write Cycle
[«—— Cycle n —»€—Cycle n + 1—»<€—Cycle n + 2—»€&—————Disable Cycle—————»1€—Cycle n + 3—»

twek:

[\

\—

twep

~

O\

-\

WE \ / . twEw i \
tpH ps
e tPH e
[’:(]’t%—w =ViH-
[2) V =valid data.

831H-6704B
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Timing Waveforms (cont)

Read Reset Cycle
te————Cycle n————»r&————Reset Cycl Cycle 0: Cycle 1—7
Ao _J{_\__J \_,,__Jl—\_i{_\__)
[€—tRS—>1€ tRSTR TRH—>
RSTR ‘ ;l
[€—— tRN1—>] . le—tRN2—>]
l€e—tAC—>1 €e—tAC—>] l€—tAC—>] r€—tAC—>

S 1, SR 1 TR 11 S
S P S I R

[1} RE =V
[2] V = valid data.

831H-87078

Write Reset Cycle

1 Cycle 1

/

[ <—tRN2—>

l«—!DS—>]

Note:
[1] WE = VL.
[2] V = valid data.

83IH-67068
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Timing Waveforms (cont)

Write Disable Cycle
tWEW
- / T
WE
—————4 Disable Cycles -
(WEN1 | twES . WEH | tWenz2

ow XTI o X Y R e Y Yo

Note:
[1] V= Valid Data.

83-0037238

Read Disable Cycle
tREW
" 'a )
Disable Cycles
1REN1 | IRES | REH | REN2
RCK n n+1 n+2 l—_\_' j_\__] n+3
1A toH tHz Wz

C
r
y \ High-Z
WS ) T D 1) G R

Note:
[1] V = Valid Data.

83-003646B
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Timing Waveforms (cont)

Re-Read Cycle

WCK
RCK

tacR-+| !

ST (D (0 0 O 20 €0 ) 6V €0
" . [T 1. T T 1

Note:

[1]RE = ViL.

[2] V = Valid Data.

[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms

following the writing of data into that location provided that a second write operation has not
re-written new data into that location.

e
1
|

83-003644B
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Timing Waveforms (cont)

910-Bit Delay Line Cycle

Dout

'()( V(1] X:X7V[2]4)()( V(3] x K v

WE,RE v,

Note:
{1] V = valid Data.
[2] 1H = the first group of 910 bits. 2H = the second group of 910 bits.

83-0036578
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Timing Waveforms (cont)

puPDA42101

n-Bit Delay Line Cycle

le

Notes:
{1] V =valid data

[2] 1H = the first group of bits. 2H = the second group of n’ bits.
[3] RE=WE =V)[.

831H-67178
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Timing Waveforms (cont)

n-Bit Delay Line Timing Cycle (1)

twek
tReK

<

le | |
Cycle 0 Cycle 1 Cycle 2 Cyclen—1{ Cyclen Cyclen+1|Cyclen+ 2| Cyclen+3
twep
tRep
" WCK
o L

trew
twew

<~ RS ‘
45
RSTW
tRH —>»|
—>. tRH tRs —>‘ <
>

. L2
RSTR k
—> €~ 1DH

tps < IS > |

Din V(o) W/x V1) xE//x V(W%-uml (n V(nﬂ)’EmV(mz)”?HlV(mmsz
L Cycle n | toH

| y‘—‘ACﬂ
) S O O 0

Notes:
[1] RE and WE =V, .
[2] V =valid data.

'DH
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Timing Waveforms (cont)

n-Bit Delay Line Timing Cycle (2)

»| tWCK
tRCK
< | ] ! | }

Cycle 0 Cycle 1 Cycle 2 Cyclen-1[ Cyclen |Cyclen+1|Cyclen+2| Cyclen+3
twep
tRcP
WCK
ROK _] LF\JF\J
twew
trew
€—tRg ’
);
RSTW
RSTR - €—tREN2
- tRH TREH —> -
45 !
e (
—> tpH >
tps < DS >~
on V(O) V“) V(Z)m\/( Z)MV( ﬂm (n) V(n v )Mv(n Z)M\I(n S)W

-
oo I O j@( o e 00 i

Notes:
1] WE=V).
2] V =valid data.
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Applications
1H (910-bit) Delay Line

Any one of the following methods may be used to
configure a 1H (910-bit) delay line, or to vary the number
of delay bits from a minimum of 5 (when operating at
4fsc) to a maximum of 910 (figure 5).

(1) Execute a reset cycle proportionate to the desired
delay length.

(@) Adjust the input timing of RSTW and RSTR to the
desired delay length (see waveform for n-bit Delay
Line Timing 1).

(3) Adjust the address by disabling WE or RE for a
period proportionate to the desired delay length.

Figure 5. Connection of a 1H (910-bit) Delay Line

Reset

—

RSTW RSTR

Data inputs —& Din

WCK

Dout

Vi

Clock

s

Data Outputs

83I1H-6700B
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Applications (cont)

Noninterlaced Scan Conversion

It is also possible to use either one or two pPD42101s for
noninterlaced scan conversion. If one device is used, the
same data is read twice at 28.6 MHz (8fgc) to prepare it
for writing at 14.3 MHz (4fg¢). If two devices are used as
shown in figure 6, data input at 14.3 MHz is read alter-
nately at 28.6 MHz with RE. Actual line signals and
complement line signals are entered as input data. Com-
plement signals can also be obtained using the
rPD42101 if resetting is performed for each line. A single
signal type is assumed in this case. In actual applica-
tions, noninterlaced scan conversion with brightness (Y)
and color difference (C) and RGB signals will require as
many as two or three times the number of yPD42101
devices shown in this example.

Figure 6. Example of Noninterlaced Scan Conversion
RCK
Reset [8fsc = 28.6 MHz]
1 ®
RSTW RSTR RCK RE
Actual Line /
Data Inputs 78 DiN Dour
4
rd
e WCK WE
s 4 Noninterlaced Line
L ._L 7% pata Outputs
s = N\
s N
7 \
e 7 RE N
Actual Line RE» N
p—— — N
RSTW RSTR RCK RE A
\
%
Interpolated Line [
Data Inputs ~7g DIN Dour
»*

Transmitted N Displayed
Television N WCK Television
Picture N I Picture

\
Interpolated Line =
WCK
[4fgc = 14.3 MHz]

831H-6699B
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Timing Waveforms (cont)

Application Timing for Noninterlaced Scan Conversion
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Timing Waveforms (cont)

Basic Timing for Noninterlaced Scan Conversion

[._\"/*P\ [\ Ff L 1

twew twep—»

—

- 1 ) - # —
X
—

WCK

|

]

ASTR
tos—| [« toH—»|

MR 1 O 10 O 0 O v
{3 ~t¢

Din v
je—tRCK— -
- U YT
tRCW| tRCP
] tac—| - 10H->|
—{

Dout (s 4 I vio] “ v k!V[sos] s

455 Write Cycles 455 Write Cycles
[¢——— 455 or 910 Write cycI:s—><——9w Read Cycles [4—— 310 Read Cycles -
@ : @
n
@
Note:
1] WE=v_.
[2] V = valid Data.
(3] For ibility with NTSC the WCK is app 14.3 MHz. RCK

cycles at twice this frequency, 28.6 MHz.

83-0036558
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uPD42102
Line Buffer for PAL TV

Description

The uPD42102 is a 1,135-word by 8-bit line buffer fabri-
cated with a CMOS silicon-gate process. The device
helps to create a PAL flicker-free television picture (non-
interlaced scan conversion) by providing intermediate
storage and very high-speed read and write operation.

The pPD42102 can also be used as a digital delay line.
The delay length is variable from 2 bits (at maximum
clock speed) to 1,135 bits.

Features

0 1,135-word x 8-bit organization .
Line buffer for PAL, 4fg¢ digital television systems

Pin Configuration

24-Pin Plastic DIP or Miniflat

N
=
I
4
Q
[-%
EX

c Dout7 012
0 Asynchronous, simultaneous read/write operation .
O 1H (1,135-bit) delay line capability
o TTL-compatible inputs and outputs i L
O Three-state outputs Pin Identification
O Single +5-volt power supply Symbol Function
0 24-pin plastic DIP and miniflat packaging Dino - D7 Write data inputs
Ordering Information Douto - Dout? Read data outputs
Read Cycle Write Cycle - —Fﬂv Write address reset input
Part Number Time (min) - Time (min) Package RSTR Read address reset input
1uPD42102C-5 25 ns 25 ns 24-pin plastic DIP WE Write enable input -
c-3 34 ns 34 ns RE Read enable input
C2 34ns 69 ns WCK Write clock input
C1 69 ns 69 ns RCK Read clock input
1PD42102G-5 25 ns 25 ns 24-pin plastic miniflat GND Ground
G-3 34ns 34 ns Vee +5-volt power supply
G-2 34 ns 69 ns
G-1 69 ns 69 ns

60086
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PIN FUNCTIONS
Dino - Din7 (Data Inputs)

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

DouTo - DouT7 (Data Outputs)

The tri-state outputs are used to access the stored
information. In a simple digital delay line application, a
delay of one-half write clock cycle plus a maximum of
300 ns is required to move data from the data inputs to
the data outputs.

RSTW (Write Address Reset Input)

Bringing this signal low when WE is also low resets the
internal write address to 0. If WE is at a high level when
the RSTW input is brought low, the internal write address
is set to 1,134. The state of this input is strobed by the
rising edge of WCK.

RSTR (Read Address Reset Input)

This signal is strobed by the rising edge of RCK and
resets the internal read address to 0 if RE is also low. If
RE is at a high level when the RSTR input is brought low,
the internal read address is set to 1,134.

WE (Write Enable Input)

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

RE (Read Enable input)

This signal is similar to WE but controls read operation.
If RE is at a high level, the data outpus become high
impedance and the internal read address stops increas-
ing. The state of RE is strobed by the rising edge of RCK.

WCK (Write Clock Input)

All write cycles are executed synchronously with WCK.
The states of both RSTW and WE are strobed by the
rising edge of WCK at the beginning of a cycle, and the
data inputs are strobed by the rising edge of WCK at the
end of a cycle. The internal write address increases with
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each WCK cycle unless WE is at a high level to hold the
write address constant. Unless inhibited by WE, the
internal write address will automatically wrap around
from 1,134 to 0 and begin increasing again.

RCK (Read Clock Input)

All read cycles are executed synchronously with RCK.
The states of both RSTR and RE are strobed by the rising
edge of RCK at the beginning of a cycle. This same edge
of RCK starts internal read operation, and access time is
referenced to this edge. The internal read address in-
creases with each RCK cycle unless RE is at a high level
to hold the read address constant. Unless inhibited by
RE, the internal read address will automatically wrap
around from 1,134 to 0 and begin increasing again.

Absolute Maximum Ratings

Supply voltage, Voo -15t0 +7.0V
Voltages on any input pin, V| -15t0 + 70V
Voltage on any output pin, Vg -1.5t0 +7.0V
Short-circuit output current, log 20 mA
Operating temperature, Topg -20to +70°C

Storage temperature, Tstg -55t0 +125°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent
damage. The device should be operated within the limits specified
under DC and AC Characteristics.

Recommended Operating Conditions

Parameter Symbol  Min Typ Max Unit
Supply voltage Voo 45 50 55 v
Input voltage, high Vin 2.4 55 \
Input voltage, low ViL -15 0.8 Vv
Operating temperature Ta -20 70 °C

Capacitance
Ta = 25°C; Voo = +5.0V £10%; f = 1 MHz

Parameter Symbol Min Max Unit Pins Under Test
Input (o 5 pF WE, RE, WCK, RCK,
capacitance RSTW, RSTR,

Dino - Diny
Output Co 7  pF Douro-Doutr
capacitance
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Block Diagram

RE
RCK
RSTR
Read
Row Selectors
b D 8 Data Write Read Data 8
N0~ DiN7 —~> Input Column Column Output 7 > _
Buffers Selectors Selectors Buffers Douto-Poutr
Write
Row Selectors
WE
WCK
RSTW
83IH-6698B
DC Characteristics
Ta = -20to +70°C; Voo = +5.0V = 10%
Parameter Symbol Min Typ Max Unit Test Conditions
Input leakage current I -10 10 A ViN = 0V to Vgg; all other pins not under test = 0V
Output leakage current lo -10 10 pA Doyt disabled; Vg = 0to 55V
Output voltage, high VoH 24 v lon = -1 mA
Output voltage, low VoL 0.4 v loL = 20 mA

AC Characteristics
Ta = -20to +70°C; Voo = +5.0V = 10%

pPD42102-5 pPD42102-3 pPD42102-2 pPD42102-1
Parameter Symbol - Min Max Min Max Min Max Min Max Unit Test Conditions

Write/read cycle operating current Icc 80 80 70 40 mA  twck = twek (min);
trck = trck (min)

Write clock cycle time twek 25 880 28 880 56 880 56 880 ns
WCK pulse width twow 10 12 20 20 ns
WCK precharge time twep " 10 12 20 20 ns
Read clock cycle time trck 25 880 28 880 28 880 56 880 ns
RCK pulse width thew 10 12 12 20 ns
RCK precharge time trcp 10 12 12 20 ns
Access time tac 18 21 21 40 ns
Output hold time ton 5 5 5 5 ns
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AC Characteristics (cont)

pPDA42102-5 pPDA42102-3 uPD42102-2 pPD42102-1
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Access time after a reset cycle tacr 18 21 21 40 ns
Qutput hold time after a resetcycle  toug 5 5 5 ns
Output active time thz 5 18 5 21 21 40 ns  (Note 4)
Qutput disable time thz 5 18 5 21 21 40 ns (Note 4)
Data-in setup time ps 7 12 15 15 ns
Data-in hold time toH 3 5 5 5 ns
Reset active setup time trs 7 12 12 20 ns  (Note7)
Reset active hold time tRH 3 5 ns  (Note7)
Reset inactive hold time tRN1 3 5 ns  (Note 8)
Reset inactive setup time tanz2 7 12 12 20 ns  (Note 8)
Write enable setup time twes 7 12 20 20 ns  (Note 9)
Write enable hold time tweH 3 5 ns  {Note 9)
Write enable high delay from WCK  twenq+ 3 5 ns - (Note 10)
Write enable low delay to WCK tWEN2 7 12 20 20 ns  (Note 10)
Read enable setup time tres 7 12 12 20 ns  (Note 9)
Read enable hold time tReH 3 ns (Note 9)
Read enable high delay from RCK tREN1 3 5 5 5 ns  (Note 10)
Read enable low delay to RCK tREN2 7 12 12 20 ns  (Note 10)
Write disable pulse width twew 0 0 0 0 ns  (Note 5)
Read disable pulse width thew 0 0 0 0 ns  (Note 5)
Write reset time tRsTW 0 0 o] 0 ns  (Note 5)
Read reset time tRSTR 0 0 0 0 ns (Note 5)
Transition time tr 3 35 3 35 3 35 3 35 ns
Notes:
(1) All voltages are referenced to ground. (6) This parameter applies when tqck = tach (Mmax).
2) Input pulse rise and fall times assume t; = 5 ns. Input pulse (7) If either tgg or tgy is less than the specified value, reset
levels = GND to 3 V. Transition times are measured between 3 operations are not guaranteed.
Vand0OV. " - .
. . (8) If eithertpyg or gz is less than the specified value, internal reset
For the - tr = ; t = 0. 4 h . .
e nl 1~ S ot pue e 04054 operatons may sxten o cyie Immeditly peceding o
fi’gures 1and 2 g T following the period of desired reset operations.
- . _ L (9) If either tyes or twen (REs OF trey) is less than the specified
@ :25;; :':;'%98':::2"39\/'3‘8’:': ﬁ‘gu:és 3V' Output timing reference value, write (read) disable operations are not guaranteed.
o s ) (10) If either twent OF twenz (tREnt OF tREn2) is less than the
4) This del - g " .
@ wi tlh theaI‘{) ;Z ':e::i‘f‘i':: i?\t fziogrem\sl fa°r$et:‘::‘°cﬁ1);;t;rsv?"a9: specified value, internal write (read) disable operations may
P gure S. Y » 1Lz extend to cycles immediately preceding or following the period
iz of desired disable operations.
() twew (max) and taey (max) must be satisfied by the following (11) Data is guaranteed to remain valid for a minimum of 1 ms after

equations in 1-line cycle operation:
twew + tggTw +1,136 (tWCK) <s1ms
trew + tgsTR + 1,135 (tlgo) < 1ms
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itis written. After this time, the data stored may be invalid, since
this device uses a dynamic storage element.
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Figure 1.

Input Timing

0.0V
Sns —)I

831H-6701B

Figure 2.

Input Timing for xPD42102-5

0.4V
3ns —)‘

83H-71248

Figure 3.

Output Timing

N

831H-66588

Figure 4. Output Load for tac, tach ton and topp

Dout

+5V
319k
Dout

2 10ka = 30pF

= = 83iH-6702B
Figure 5. Output Load for t; z and ty;z

+5V

219k

|

2 10k 5pF

|||-——|

831H-6703B
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Timing Waveforms

Read Cycle
[€——Cyclen Cycle n + 1 Cycle n + 2—>»€———————Disable Cycle——»<—Cyclen + 3
[€——tRCK——>>|
tRCP

[\

\_/[——\_J

TN\

S
_~

twew

=\

o £ %\

tRCW tREN1 > IRES 'REH | > tREN2
tAC
45
RE \ /'[ \
[ tOH > € tREW >
[e——tAC—>
<17 [€—tHZ—>>| 1Lz
3 High Impedance
Dout Viny 75@( Vin+1) W Vin+2) )@‘fﬁ o e Vin+ 3)
Notes:
[1] RSTR=V}H.
[2] V = valid data.
83IH-6705B
Write Cycle
Cyclen Cyclen +1 <«<—Cyclen +2 Disable Cycle—————»<€—Cycle n + 3—=|
[ €——tWCK—>
twep

TWEN1

[2] V = valid data.

///////////EK

831H-67048
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Timing Waveforms (cont)

Read Reset Cycle

r€&—————Cycle n————»€———Reset Cycl > Cycle 0 < Cycle 1 >

- T\

RS —»1€————tRSTR ———>1€—1RH—>]

[€—— LRN{——> [<—tRN2—>

[e—tAC—> e—tAC—> [€—tAC—> le—tAC:

£¢

ST 1, N ) SN 1 S ), S 1
Note: ‘OH—>‘ < tOH—" tow—»‘ tou—»l e

{11 RE =v|_.
{2] V =valid data.
83IH-6707B
Write Reset Cycle
[€————Cycle n——»«———Reset Cycle > Cycle 0- Cycle 1 >
e _7{_\__] \.4,_7l—\___7 \__7|
tRSTW: RH
RSTW
55 TRN2—>
tDS—>
tpH —> DH
o JIIIN o NI
Note:
[1] WE=V).

(2] V =valid data.
83IH-67068
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Timing Waveforms (cont)

Write Disable Cycle

WEw

/ @ \

Disable Cycles

| WEN1 twEs IlwsH WEN2

e\ o £ N\ef N\ f N\ e/ e/ e/
{0 QD D AN D o

Note:

[1] V= Valid Data.
83-0037238

Read Disable Cycle
tREW
R—E ! \
Disable Cycles
REN1 | 1RES . tRe tREN2
RCK n n+1 { n+2 l \ k-* \ 7 n+3
tac toH tHZ thz
F
— High-Z

ooun v XX v XA v K0 X W e XX

Note:

[1] V= Valid Data.
83-0036468
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Timing Waveforms (cont)

pPD42102

Re-Read Cycle

S (S ) Y OV O ) O 23V ' I ) o
" [T T, T T 1

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

[3] The data stored in any location can be re-read as many times as desired within aperiod of 1 ms

following the writing of data into that location provided that a second write operation has not
re-written new data into that location.

83-003644B
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NEC Electronics Inc.

pPD42505
Line Buffer for

Communications Systems

Description

The uPD42505 is a 5048-word by 8-bit dual-port line
buffer fabricated with a silicon-gate CMOS process. The
device is capable of asynchronous read and write
operation at high speed, and can be used as atime axis
converter or a digital delay line of up to 5048 bits (10 bits
minimum at maximum frequency).

Applications include image processing in facsimile ma-
chines, plain paper copiers, video systems, and other
optical scanners; time base correction in video play-
back systems; and data communication buffering in
muitiprocessor systems and local area networks.

Features

O 5048-word x 8-bit organization

O Dual-port operation

O Image processing and data communications
applications

Asynchronous and simultaneous reading/writing
1H (5048-bit) delay line capability

TTL-compatible inputs and outputs

Three-state outputs

Single + 5-volt power supply

24-pin plastic DIP and 28-pin plastic ZIP packaging

Ooo0ooagao

Pin Identification
Symbol

Function

Pin Configurations

24-Pin Plastic DIP

Douto 041 "2 [1DINg
Douti 2 23 1 DNy
Doutz 43 22[1DN2
Douts []4 21 A DiNg
_PEQs . 0P WE
RSTR 6 § 191 RSTW
GND[]7 E 181 Vce
RCK[s = 173 wek
Douts o 16 A Ding
Douts 310 151 D|ns
Douts O 11 143 D|Ng
Dout7 12 133 DNy

83YL-7174A

Dino - Diny Write data inputs

Douto - Dout? Read data outputs

28-Pin Plastic ZIP

GND
DiN3

Vee

RCK Read clock input

RE Read enable input
RSTR Read address reset input
RSTW Write address reset input
WCK Write clock input

WE Write enable input

GND Ground

Vee +35-volt power supply

60100

1
3
DINt1 5[
7k
Doutt1 8f
Dours 11 [¢
RSTR 13 [
RCK 15 [¢
Douts 17 [
Douts 19 ¢
Vee 21 |
RSTW 23 [«
DiNg 25 &
Ding 27 |«

GND
DiN2
DiNO
DoUTOo
DoUT2
GND
RE
GND
DOUTS
DouT?
WE
DIN7
DIN5
28 WCK

83YL-7175A
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Block Diagram

RE
RCK
RSTR

Read

Row Selectors

(———|

b b 8 Data Write Dual Port Cglead Data 8
INo— DIN7 —F—> Input Column umn Output / > D -D
Buffers Selectors Selectors Buffers OuTo ~¥ouT?

///

|

Write
Row Selecto

rs

83IH-66988

Ordering Information

Device Cycle Time (min) Read Access Time (max) Hold Time (min) Package
uPD42505C-50 50 ns 40 ns 5 ms 24-pin plastic DIP
C-75 75 ns 85 ns
C-50H 50 ns 40 ns 20 ms
C-75H 75 ns 55 ns
uPD42505V-50 50 ns 40 ns 5 ms 28-pin plastic ZIP
V78 75 ns 55 ns
V-50H S0 ns 40 ns 20 ms
V-75H 75 ns 55 ns

Pin Functions

Dino through Dyy7 (Data Inputs). New data is entered
on these pins.

Douro through Doyt7 (Data Outputs). These tri-state
outputs are used to access stored information. In a
simple digital delay line application, a minimum delay of
10 clock cycles is required to move data from the input
pins to the output pins.

RCK (Read Clock Input). All read cycle are executed
synchronously with RCK. The states of both RSTR and

RE are strobed by the rising edge of RCK at the
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beginning of a cycle. This same edge of RCK starts
internal read operation, and access time is referenced
to this edge. The internal read address increments with
each RCK cycle, unless RE is high to_hold the read
address constant. Unless inhibited by RE, the internal
read address will automatically wrap around from 5047
to 0 and begin incrementing again.

RE (Read Enable Input). This signal controls read
operation. If RE is low, all read cycles proceed. If RE is at
a high level, the data outputs become high impedance
and the internal read address stops incrementing. The
state of RE is strobed by the rising edge of RCK.
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RSTR (Read Address Reset Input). This signal is
strobed by the rising edge of RCK and resets the
internal read address to 0.

RSTW (Write Address Reset Input). Bringing this sig-
nal low resets the internal write address to 0. The state
of this input is strobed by the rising edge of WCK.

WCK (Write Clock Input). All write cycles are executed
synchronously with WCK. The states of both RSTW and
WE are strobed by the rising edge of WCK at the
beginning of a cycle, and the data inputs are strobed by
therising edge of WCK at the end of a cycle. The internal
write address increments with each WCK cycle, unless
WE is at a high level to hold the write address constant.
Unless inhibited by WE, the internal write address will
automatically wrap around from 5047 to 0 and begin
incrementing again.

WE (Write Enable Input).This input is similar to RE but
controls write operation. If WE is at a high level, no data
is written to storage cells and the write address does
not increment. The state of WE is strobed by the rising
edge of WCK.

Operation

Reset Cycle. The uPD42505 requires the initialization of
internal circuits using the RSTW/RSTR reset signals
before starting operation as a time axis converter or a
digital delay line.

Areset cycle can be executed at any time and does not
depend on the state of RE or WE. However, RSTW and
RSTR must satisfy required setup and hold times as
measured from the rising edges of WCK and RCK.

Write/Read Cycles. Write and read cycles are synchro-
nized to their respective WCK/RCK inputs and executed
individually when WCK or RCK is high and WE or RE is
low. Write data must satisfy setup and hold times as
specified from the rising edge of WCK. New data written
to a particular address is available for reading after 1/2
write cycle + 500 ns (maximum).

The access time of a read cycle is measured from the
rising edge of RCK, either by tacg for an access during
the first cycle directly after a reset begins, or by tac for
an access under other conditions. Stored data is read
nondestructively; data can be read repeatedly within a
prescribed time of 5 ms maximum (20 ms maximum for
-H versions).

Time Axis Conversion. To use the uPD42505 as atime
axis converter, write and read cycles must be controlled
independently. Write and read ports must be initialized

separately using the reset signals. Write cycles can then
be executed in synchronization with WCK and write
data can be stored sequentially from address 0 of this
device. Afterward, when a read cycle is executed in
synchronization with RCK, stored data can be read
sequentially from address 0.

Since write and read cycles can be executed indepen-
dently, data loaded at one arbitrary drive frequency can
be read at another arbitrary drive frequency. In this
sense, the uPD42505 functions as a time axis converter.

Digital Delay Line. The uPD42505 can be easily used
as a digital delay line of 5,048 bits or less. After the
internal circuits are initialized using simultaneous
RSTW/RSTR signals, write/fread cycles also may be
executed simultaneously by supplying the same pulse
to the write (WCK) and read (RCK) clocks. Write data is
always read after the full 5,048-bit delay if neither write
nor read operation has been inhibited. This is the
essential delay line function.

If either WE or RE is set at a nonselected (high) leve! for
several cycles while the other is maintained in a se-
lected (low) level, the delay line length can differ from
5,048 bits.

For example, if only WE is a set to a high level (write
disable) for a small number of cycles, read cycles are
executed continuously and the delay line lengthiis large
(see the waveform for “(5048-m)-Bit Delay Line No. 2”).
Alternatively, if only RE is set to a high level (read
disable) for a small number of cycles, write cycles are
executed continuously and the delay line length is
small. Note that the minimum delay line length is 10 bits
(for maximum frequency operation) and the maximum
is 5,048 bits.

A data delay of 5,048 bits or less can also be obtained by
applying the RSTW and RSTR signals at different times.
For example, data loaded for “m” cycles after RSTW can
then be read after supplying RSTR. In this case, since
write data can be read from the beginning after a delay
of “m” cycles, the device can be used as an “m-bit”
digital delay line.

The RSTW/RSTR reset signals can also be simulta-
neously loaded at every 1H (horizontal line) period. In
this case, write data loaded in the previous line cycle is
read out from the beginning as read data after the reset.
Therefore, a delay line length ranging from 10 to 5,048
bits can be obtained according to the length of the reset
signals supplied. Refer to the timing waveform for an
“n-Bit Delay Line.”
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Absolute Maximum Ratings

Recommended Operating Conditions

Supply voltage, Voo -1.5t0 +7.0V Parameter Symbol Min Typ Max Unit
Voltage on any input pin, Vj -15to0 +7.0V Supply voltage Vee 4.5 5.0 55 v
Voltage on any output pin, Vo -1.5t0 +7.0V Input voltage, high VIH 24 Voo \
Short-circuit output current, log 20 mA Input voltage, low ViL -15 0.8 v
Operating temperature, Topg -20to +70°C Ambient temperature Ta -20 70 °C
Storage temperature, Ta1g ~55 to +125°C )
Capacitance
Exposure to Absolute Maximum Ratings for extended periods may Ta = 25°C; Voo = +5.0V *10%; f = 1 MHz
affect device rellal_)lllty; exceeding the rahngs c?uld ca!Js.e perm a?'ent Parameter Symbol Max Unit Test Conditions
damage. The device should be operated within the limits specified e ———
under DC and AC Characteristics. Input C 5 pF  WE, RE, WCK, RCK,
capacitance RSTW, RSTR, Diyo - Din7
Output Co 7 pF Dourto - Dout?
capacitance
Notes:

DC Characteristics

Ta = -20 to +70°C; Voo = +5.0V +10%

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

Parameter Symbol Min Typ Max Unit Test Conditions
Write/read cycle operating current e 60 mA
Input leakage current ] -10 10 LA V| = 0V to Vgg; all other pins not under test = 0V
Output leakage current lo -10 10 HA Doyt disabled; Vo = 0to 65V
Output voltage, high VoH 2.4 V' loy =-1mA
Output voltage, low VoL 0.4 \ loL=2mA
AC Characteristics
Ta= —20to +70°C; Vgg = +5.0V +10%
uPD42505-50 pPD42505-75 pPD42505-50H pPD42505-75H
Parameter Symbol  Min Max Min Max Min Max Min Max Unit  Test Conditions
Write clock cycle time twek 50 990 75 990 50 3960 75 3960 ns
WCK pulse width twew 20 30 20 30 ns
WCK precharge time twep 20 30 20 30 ns
Read clock cycle time trck 50 990 75 290 50 3960 75 3960 ns
RCK pulse width throw 20 30 20 30 ns
RCK precharge time trcp 20 30 20 30 ns
Access time tac 40 55 40 55 ns
Access time after a reset taCR 40 55 40 55 ns
cycle
Output hold time toH 5 5 ns
Output hold time after a toHR 5 5 ns (Note 7)
reset cycle
Output active time Lz 40 55 40 5 55 ns (Note 4)
Output disable time tHz 40 55 40 5 55 ns (Note 4)
Data-in setup time tps 15 20 15 20 ns
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AC Characteristics
Ta = —20to +70°C; Vo = +5.0V £10%

pPD42505-50 pPD42505-75 uPD42505-50H  uPD42505-75H

Parameter Symbol  Min Max Min Max Min Max Min Max  Unit Test Conditions
Data-in hold time tpH 5 5 5 5 ns
Reset active setup time tps 15 20 15 20 ns (Note 8)
Reset active hold time taH 5 ns (Note 8)
Reset inactive hold time tRN1 5 5 ns (Note 9)
Reset inactive setup time tRN2 15 20 15 20 ns (Note 9)
Write enable setup time twEs' 15 20 15 20 ns (Note 10)
Write enable hold time twEH 5 ns (Note 10)
Write enable high delay from  tywen+ 5 ns (Note 11)
WCK
Write enable low delay to twEN2 15 20 15 20 ns (Note 11)
WCK
Read enable setup time tREs 15 20 15 20 ns (Note 10)
Read enable hold time tREH 5 5 5 5 ns (Note 10)
Read enable high delay from  tgent 5 5 5 5 ns (Note 11)
RCK
Read enable low delay to tREN2 15 20 15 20 ns (Note 11)
RCK
Write disable pulse width twew 0 0 0 0 ms (Note 6)
Read disable pulse width tREW [¢] 0 0 0 ms  (Note 6)
Write reset time trsTW o] 0 0 (o] ms  (Note 6)
Read reset time trsTR o] 0 0 [] ms (Note 6)
Transition time tr 3 35 3 35 3 35 3 35 ns
Notes:
(1) Allvoltages are referenced to ground. (7) This parameter applies when tpck = tach (max)
{2) Input pulse rise and fall times assume t1 = 5 ns. (8) If either tgg or tgy is less than the specified value, reset
(3) Input pulse levels = GND to 3 V. Transition times are measured operations are not guaranteed.
between 3V and OV. (9) If either tgn¢ or tpN2 is less than the specified value, internal

reset operations may extend to cycles immediately preceding or

(4) This delay is measured at £200 mv from the steady-state voltage following the period of desired reset operations.

with the load specified in figure 2. Under any conditions, t, 7 =
thz.
(5) Input timing reference levels = 1.5V,

(10) If either twEs or twen (tRes ©f tReH) is less than the specified
value, write (read) disable operations are not guaranteed.

(11) If either twent or tweN2 (tREN1 ©F tReNg) is less than the
specified value, internal write (read) disable operations may
extend to cycles immediately preceding or following the period
of desired disable operations.

6) twew (max) and tgpw (max) must be satisfied by the next
equations in one line cycle operation:
twew * trsTw t+ 5048tywck = 5 ms (20 ms for -H versions)
trew t+ treTR + 5048tpck < 5 ms (20 ms for -H versions)
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Figure 1. Output Load for tac, tacr, ton, and touyr
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Figure 2. Ouiput Load for t; 7 and tyz
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Figure 3. Input Timing
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Figure 4. Output Timing
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Timing Waveforms

Write Cycle
[€—— Cycle n —»<€—Cycle n + 1—»€—Cyclen + 2 Disable Cycle Cycle n + 3—3»
[€——TWCK—>|
< twep
wx £ N / \ / \ /
- /] / /
> twew TWEN1 tWES TWEH | > tWEN2
\ [ ” \
WE
} tWEW \
tDH IDH pH
Ds [« ps [ tps d
o TR o XK N
Notes:
[1] RSTW = V.
[2] V =valid data.
831H-6704B
Read Cycle
Cyclen —»heycle n+ 1—>R—Cycle n + 2—»«————Disable Cycle———>»<€—Cyclen + 3
TRCK—>|
tRCP
RCK ! S o F
4 T 7 7
tRCW tREN1 tRES REH | tREN2
€e——1tAC—
p— l 45— \
=\ ] \
[<-toH—> tREW
[€——tAC—
le—1t 7 [e—tHZ—> etz
¢ b High Impedance
o O () Y 2
Notes:
[1] RSTR=V}y.
[2] V =valid data.
83IH-67058
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Timing Waveforms (cont)

Write Reset Cycle

WCKJ

H——0ycle n———>»t———Reset Cycl

Cycle 0

RSTW

Cycle {—————>]

DIN V(n-1)

Notes:
M WE = ViL.
[2) V =valid data.

83IH-6706B

Read Reset Cycle

t&————Cycle n————»«———Reset Cycl > Cycle 0 Cycle 1
L f L 4
[€~tRg—»€———tRSTR———><—1RH
[ IRN1—> tAN2—>~
<——tAc—>1 le—tAC—>] [ <—tAC—>] r€—tAC—]
cor o f[IIE o YKo YK vo YOIX o YOI

Notes:
[1] RE=V)_.
[2] V =valid data.

toH —>‘

e

toH —>l

€<

o>

<

toH —)‘

e

83IH-67078
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Timing Waveforms (cont)

Time Axis Conversion Cycle

WCK

tRs

RSTW

DiN

RCK

RSTR

Dout

tRH
twew twep

twek

26

A\VAVAVAVAVAVAWV,

ey

—>(_'<— toH
RRReX 2K

//11)

tRCW tRcp —>‘

tRCK >

t<— RS

30.9%0%0%9%0%0%0

AVAVAVAV

Notes:
[1] WE=RE=V)_
{2] V =valid data.

{3] Read cycles commence from the rising edge of RCK. For the first cycle
in a group of reset cycles, the read access time is defined as t A\CR -

in all other cycles, tAC defines the read access time.

[4] Write data is strobed into the device on the rising edge of WCK at the

end of a cycle.

83vG-7177B
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Timing Waveforms (cont)

5048-Bit Dela y Line Cycle

1H < 2H
WeK 0 4 1 2 5046 5047 5048 5049 5050 5051
RCK /]
tRH
tRs e~

— 4
RSTW
RSTR

b ;)(

Dout

I(—tACR 1OHR

WERE v,

Notes:
[1] V =valid data.
2] 1H = the first group of 5048 bits.
2H = the second group of 5048 bits.

83vG-71788
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Timing Waveforms (cont)

n-Bit Delay Line Cycle

l<—tRS

U/ (i

tAc—> _________________ T
—————————————— - 1 |
l
1H Data 2H—
WE RE VIL rea LC
WE, RE 45 %5
Notes:
[1] V=valid data
2] 1H = the first group of bits. 2H = the second group of n' bits.
[3] RE=WE=V|_.
83IH-87178
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Timing Waveforms (cont)

Re-Read Cycle

WCK
RCK

tRs

RSTW

RS

AW \L/ \L/
on X OO

tacR |

o X OO0 X0
. [T 7T 7T

Notes:

11 RE=vy

[2] V =valid data.

[8] The data stored In any location can be re-read as many times as deslired,
within a period of 5 ms following the writing of data into that location, provided
that a second write cycle has not rewritten new data into that location.

3

BIVG-7176B
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Timing Waveforms (cont)

Write Disable Cycle

[€e—————— tWEW

Disable Cycles

(IWEN] | WES 'WEH_ [ TWEN2

WCK n n+1 [—\_‘ n+2 n+3 n+4

Notes:
[1] V = valid data.
83vG-7181B
Read Disable Cycle
tREW |
45
RE /
Disable Cycles
tREN1 | 'RES tREH_ | IREN2

RCK n et ne2 /—\_4 ned

et 7
High Impedance
V[n +3]

83vG-71828B

Notes:
[1] V = valid data.
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Timing Waveforms (cont)

(5048-m)-Bit Delay Line No. 1

WCK m- m— m+ m+
RCK 7 0-5048 1-5048 M 5048 1-5048 2-5048,
RSTR _\_ /

c: m Cycles

,,
v vV v

Notes:
(1] RE=Vy.
2] V =valid data.

83vG-71798
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Timing Waveforms (cont)

(5048-m)-Bit Delay Line No. 2

WCK m- m- me m+
ROK 0-5048 1-5048 1-5048 5048 1-5048 2-5048

l‘ m Cycles

WE \

v v v v v v
[0-5048] [1-5048] [m-1-5048] [m-5048] [m+1-5048] [M+2-5048]

Dout v

DN X Vi) @( Vil >@< Vi2) Vi3]

o B XN DN TR
Din :XV[5045]WV[SO46]WV[5047]WV[5048]%"[5049]%"[5050]%"[%51]M

Notes:
[ RE=Vy.
[2] V = valid data.

83vG-7180B
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NEC Electronics Inc.

uPDA42270
NTSC Field Buffer

Description

The uPD42270 is a field buffer designed for NTSC TV
applications and for other applications where serial
datais needed. Equipped with four planes of 263-line by
910-bit storage, the uPD42270 can execute serial write
and read cycles on any of the 263 lines. Within a line,
four planes of 910 bits each may be written or read at
the NTSC sampling rate of 4fsc.

Each of the four planes in the uPD42270 is equipped
with two ports, one each for the write and read data
registers. Each of the registers is split into two 455-bit
segments but functions as if it were organized as one
scan line of 910 bits. Independent control of write and
read operation makes it possible for the device to
operate synchronously or asynchronously at a clock
frequency of 14.3 MHz or higher.

The synchronous option simplifies interframe lumi-
nance (Y) and chrominance (C) separation and inter-
field noise reduction and makes it easy to obtain a
one-field delay line for digital TV and VCR applications
requiring NTSC 4fgc sampling. To obtain a very long
delay, field length can be configured from 260 to 263
lines and line length of the last line from 896 to 910 bits.

The asynchronous option is useful in applications such
as frame synchronization and time base correction,
where line jump, line hold, line reset and pointer clear
functions are required to support special effects in TV
field processing.

Regular refreshing of the device’s dynamic storage cells
is performed automatically by an internal circuit. All
inputs and outputs, including clocks, are TTL-
compatible. The uPD42270 is packaged in a 400-mil,
28-pin plastic DIP and is guaranteed for operation at
-20to +70°C.

Ordering Information

Access Time Cycle Time
Part Number (max) (min) Package
uPD42270C-60 40 ns 60 ns 28-pin plastic DIP

60101

Pin Configuration

28-Pin Plastic DIP

W1 28 [1 MODE
RCK [ 2 27 3 RLRST
WCK []3 26 [3 WLRST

RCLR [J4 25 [1 AL
WCLR 5 24 A WL
Lsg 06 23 [1 BSg/RLH
LS4 7 22 [1 BSo/WLH
GND [ 8 21 0 Ve
TEST [ BS{/RCO
OE [1 BSg/WCO
DOUTq (1 DINg
DOUT [ DNy
DOUT, [ DN,
DOUT5 1 DINg
83IH-7086A

Features

[u]

Three functional blocks

— Four 263-line x 910-bit storage planes

— Four 910-bit write registers, one for each plane
— Four 910-bit read registers, one for each plane

O Two data ports: serial write and serial read
o Asynchronous operation

O o oo oo o

— Dual-port accessibility

— Carry-out feature to indicate position of scan
line

— Line jump, line hold, line reset, and pointer clear
functions

Synchronous operation
— Variable field length: from 260 to 263 lines
— Variable last line length: from 896 to 910 bits

Automatic refreshing

CMOS technology

Fully TTL-compatible inputs, outputs, and clocks .
Three-state outputs

Single + 5-volt power supply

On-chip substrate bias generator

Standard 400-mil, 28-pin plastic DIP packaging
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Pin Identification

Symbol Function

Dino - Dina Write data inputs

DouTo - PouTs Read data outputs

w Write enable

OE Output enable

WCK Write clock input

RCK Read clock input

WCLR Write pointer clear

RCLR Read pointer clear

WLRST Write line reset

RIRST Read line reset

wLJ Write line jump

R . Read line jump

WLH Write line hold

RLH Read line hold

WCOo Write data register carry output
RCO Read data register carry output
LSp - LS4 Line select inputs

BSy - BSg Bit select inputs

MODE Synchronous/asynchronous control
GND Ground

Vee +5-volt power supply

TEST Test pin (connect to GND in system)

Pin Functions

Dino - Dins. These pins function as write data inputs,
e.g., for 4fgc composite color or brightness signals.

DouTto - Douts- These pins are three-state read data
outputs.

W. A low level on W enables write operation. W must be
kept low throughout the entire scan line to ensure that
data is stored serially; if W goes high any time during
the WCK clock sequencing for a line, write operation
will be disabled for the half of the line (455 bits) being
written. The write address pointer increments in syn-
chronization with WCK, regardless of W

CE. This signal controls read data output. When _(_)—_E is
low, read data is output on Doyto-Douts. When OE is
high, DouTo - DouTs are in a state of high impedance.
The read address pointer is incremented by RCK, re-
gardless of the signal level of OE.

WCK The rising edge of WCK latches write data from
Dino - Dina. Each time this signal is activated, the write
bit pointer increments sequentially and 4 bits of data
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are sampled and loaded into the write register. Although
the register functions as one scan line of 910 bits, data
is moved into and out of it in blocks of 455 x 4 bits. While
455 serial write cycles are being executed in one-half of
the register, the 455 addresses previously written'to the
other half are simultaneously transferred to storage.
Writing continues in this manner, -alternating between
the two halves of the register. Automatic refreshing and
data transfer timing decisions are made by the internal
arbitration circuit after each block of 455 addresses has
been written.

RCK. The rising edge of RCK initiates read operation.
Each time this signal is activated, the bit pointer incre-
ments by 1 and serial read cycles are executed in the
read register. Although the register functions as one
scan line of 910 bits, data is moved into and out of it in
blocks of 455 x 4 bits. While 455 serial read cycles are
being executed in one-half of the register, the 455
addresses previously read out of the other half are
replaced by data from the storage array. Reading con-
tinues in this manner, alternating between the two
halves of the register. Automatic refreshing and data
transfer timing decisions are made by the arbitration
circuit after each block of 455 addresses has been read.
In' synchronous operation, WCK controls read cycles
and RCK is not used. ‘

WCLR. When WLRST is high, WCLR can be brought low
to clear the write pointers to address 0 of the data
register and scan line 0 of the storage array. At least
one rising edge of WCK must occur while WCLR is held
low for a minimum of 3 us to ensure clearing of both
pointers. The clear function ends when WCLR goes
high. If WLRST is still high, the next rising edge of WCK
writes the data on Diyg - Dyn3 into address 0 of the write
register.

RCLR. When RLRST is high, RCLR can be brought low
to clear the read pointers to address 0 of the data
register and scan line 0 of the storage array (asynchro-
nous operation only). At least one rising edge of RCK
must occur while RCLR is held low for a minimum of
3us to ensure clearing of both pointers. The clear
function ends when RCLR goes high. If RLRST is still
high, the data from address 0 is read out on Doy -
Dourts and the next rising edge of RCK initiates data
access from address 1.

WLRST. This pin is used in synchronous or asynchro-
nous operation to reset the bit pointer to address 0 of
the line following the one to which the signal is applied.
In standard write operation, the scan line pointer incre-
ments by 1 whenever the bit pointer reaches the last
address of a line. If WCLR is high, WLRST can be
brought low for a minimum of 3 us to force an end-of-
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line condition, whereby write cycles begin executing
from address 0 of the next sequential scan line. When
used in conjunction with WLH, WLRST resets the cur-
rent scan line; when combined with WLJ, WLRST begins
writing from address 0 of the line to which the scan line
pointer is jumped.

RLRST. This pin is valid in asynchronous operation and
can be used to reset the bit pointer to address 0 of the
read line following the one to which the signal is
applied. In standard read operation, the scan line
pointer increments by 1 whenever the bit pointer
reaches the last address of a line. If RCLR is high,
RLRST can be brought low for a minimum of 3 us to
force an end-of-line condition, whereby read cycles
begin executing from address 0 of the next sequential
scan line. When used in conjunction with RLH, RLRST
resets the current scan line; when combined with RLJ,
RLRST begins reading from address 0 of the line to
which the scan line pointer is jumped.

WLJ. Each positive pulse of this signal increments the
write scan line pointer by one line (asynchronous
operation only). WLJ is sampled at the rising edge of
WCK. If WLJ is high, a single jump is executed. If WLJ
remains high, no further jumps occur. To jump again,
WLJ must go low for at least one rising edge of WCK
before going high again. It takes a minimum of two WCK
cycles to complete a line jump. The first cycle senses
the high level of WLJ and increments the scan line
pointer. An additional WCK cycle with WLJ low is re-
quired to complete the function. If more than one line
jumpis needed, then the sequence must be repeated. A
line jump occurs either when the current line has been
completely filled or after WLRST has reset the write
address. The new scan line can be calculated by
n+11+1x (where ''n” is the current line and ''x” equals
the number of positive WLJ pulses). Changes inthe level
of WLJ must be made when the bit pointer is between
locations 229 and 909 of the current line and when
WCLR and WLRST are high and WLH is low.

RLJ. Each positive pulse of this signal increments the
read scan line pointer by one line (asynchronous oper-
ation only). RLJ is sampled at the rising edge of RCK. If
RLJ remains high, a single line jump is executed. To
jump again, RLJ must go low for at least one rising edge
of RCK before going high again. It takes a minimum of
two RCK cycles to complete a line jump. The first cycle
senses the high level of RLJ and increments the scan
line pointer. An additional RCK cycle with RLJ low is
required to complete the function.If more than one line
jump is needed, then this sequence must be repeated.

Aline jump occurs either when the current line has been
completely read or after RLRST has reset the read

address. The new scan line can be calculated by
n+ 1+ x (where "n“ is the current line and ''x” equals
the number of positive RLJ pulses).

Changes in the level of RLJ must be made when the bit
pointer is between locations 682 and 909 of the previ-
ous line, or between 0 and 452 of the current line, and
when RCLR and RLRST are high and RLH is low.

WLH. Once this input is applied, the write scan line
pointer will hold its position even if successive write
clocks are applied. The level of WLH is sampled at the
rising edge of WCK and must be applied between
locations 229 and 909 of the line to be held. The held
line is released after 910 addresses have been rewritten
or after WLRST resets the write line address. WLH is
multiplexed with BS; and is valid in asynchronous
operation only. WLH (high) must be input only when
WCLR and WLRST are high and WLJ is low.

RLH. Once this input is applied, the read scan line
pointer will hold its position even if successive read
clocks are applied. The level of RLH is sampled at the
rising edge of RCK and must be clocked between
locations 682 and 909 of the line preceding the line to
hold, or between locations 0 and 452 of the line to hold.
The held line is released after 910 addresses have been
read or after RLRST resets the read line address. RLH
(high) must be input only when RCLR and RLRST are
high and RLJ is low. RLH is multiplexed with BSz and is
valid in asynchronous operation only.

WCO. When the bit pointer reaches address 909 of the
write data register, this signal goes high for one WCK
cycle. WCO is multiplexed with BS; and is valid in
asynchronous operation only.

RCO. When the bit pointer reaches address 909 of the
read data register, this signal goes high for one RCK
cycle. RCO is multiplexed with BS; and is valid in
asynchronous operation only.

BS( - BS3. These pins control the number of bits in the
last line of the field. The combined signals of BSy-BS3
set the line length from 896 to 910 bits in one-bit steps
(table 1). The length of the last line can change for each
field, but all four pins should not be set low. BSy, BSy,
BS, and BS3 are multiplexed with WCO, RCO, WLH and
RLH, respectively, and are valid in synchronous oper-
ation only. In asynchronous operation, the line lengthis
fixed at 910 bits.

LSp - LSy. These pins control the number of lines for
one field in either synchronous or asynchronous oper-
ation. The combined signals of LSy and LS, set the
number of lines to 260, 261, 262, or 263 (table 2). The
number of lines can be changed for each field.
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MODE. This pin selects the operating mode. A low
signal selects synchronous operation and a high signal
selects asynchronous operation. If MODE is changed
after power has been applied to the uPD42270, it is
necessary to clear the address pointers by bringing
WCLR and RCLR low. MODE can be changed at any
time; however, data input in one mode may be unreli-
able in the other (see table 3 for valid pin functions).

Table 1. Line Length Adjustment
Number of Bits
BS3 BS, BS4 BSp In the Last Line
L L L L Prohibited
L L L H 896
L L H L 897
L L H H 898
L H L L 899
L H L H 900
L H H L 901
L H H H 902
H L L L 903
H L L H 904
H L H L 905
H L H H 906
H H L L 907
H H L H 9208
H H H L 909
H H H H 910
Notes:

(1) LSg-LS¢and BSy - BS3 must be held at a stable high or low level
to maintain the number of bits per scan line and the number of
scan lines per field while the line pointer indicates the position
between lines 258 and 262.

Capacitance
Ta=25°C;Vgg = +5.0V £10%; GND = 0V; f = 1 MHz

Table 2. Line Number Adjustment

LS, LSy Number of Lines
L L 260

L H 261

H L 262

H H 263
Notes:

(1) LSp- LS4 and BSp - BS3 must be held at a stable high or low level
to maintain the number of bits per scan line and the number of
scan lines per field while the line pointer indicates a position
between lines 258 and 262.

Table 3. Valid Pin Functions According to Mode
Synchronous Mode Asynchronous Mode

Pin Name (Note 1) (Note 2)

MODE 0 1

BSyWCO BSo WCO

BS4/RCO BS, RCO

BS,/WLH BSy WLH

BSg/RLH BS; RLH

RCLR Invalid Valid

RCK Invalid Valid

RLRST Invalid Valid

WCLR Valid Valid

wcK Valid Valid

WLRST Valid Valid

wLu Invalid Valid

RLJ Invalid Valid

Notes:

(1) Write and read cycles are controlled by WCLR, WCK, and WLRST
in synchronous operation.

(@ In asynchronous operation, write and read cycles are controlled
independently.

Parameter Symbol Min Typ Max Unit Pins Under Test

Input capacitance (o} 5 pF Dino - Dina: W, OF, WCK, RCK, WCLR, RCLR, WLRST, RLAST,
WLJ, RLJ, LS - LSy, BSo/WLH, BSg/RLH, MODE

I/O capacitance Cro 8 pF BSo/WCO, BS;/RCO

Output capacitance Co 7 pF Dout - DouT
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DEVICE OPERATION

The uPD42270 supports two operating modes to ac-
commodate various NTSC TV applications. Depending
on the logic level of the MODE pin, the device will
execute either synchronous or asynchronous write and
read cycles on the addresses specified by the internal
address pointers. When selecting the mode after power-
on, it is necessary to reset these pointers to starting
address 0 using WCLR and RCLR. The level of MODE
may be changed at any time.

Synchronous Mode

In synchronous mode, write and read cycles are exe-
cuted simultaneously by WCLR, WLRST, WCK, W and
OE to create a delay line, which means that write and
read addresses always coincide. After all lines within a
field have been written, they then are read out as the
device begins overwriting new data to the same ad-
dresses again. Field length may be configured from 260
to 263 lines and last line length from 896 to 910 bits by
means of the LS and BS pins, respectively. Synchro-
nous operation is useful in applications where a very
long delay line is required and may be selected by
setting MODE low.

Asynchronous Mode

In asynchronous mode, WCLR, WLRST, WCK and W
control write cycles, while read cycles are controlled
independently by RCLR, RLRST, RCK and OE. Field
length may be configured from 260 to 263 lines using
LSy - LSy. Line length remains fixed at 910 bits and
BSy-BS3 are disabled to provide for the register carry
out, line hold, and line jump functions. Asynchronous
operation is useful for frame synchronization or time
base correction and may be selected by setting MODE
high.

Address Clear. Setting WCLR and RCLR low for a
minimum of 3us during successive WCK and RCK
cycles initializes the internal pointers to starting ad-
dress 0 of the first scan line (RCLR is disabled in
synchronous mode). Although address clear signals
must meet the specifications for setup and hold times
as measured from the rising edges of WCK and RCK,
they are not dependent on the status of W or OE. An
address clear cycle cannot occur in conjunction with
WLRST or RLRST line reset cycles.

Write Operation. Write cycles are executed in synchro-
nization with WCK as W is held low. Bits are input
sequentially into one of the two halves of the data

register before being transferred to the storage array.
Since data is transferred into the array in blocks of 455
X 4 bits, no data transfer occurs if W goes high to
disable write operation before all 455 bits are written.
Despite write operation being disabled, the internal bit
pointer continues to increment with each successive
write clock.

Read Operation. Read cycles are executed in synchro-
nization with RCK (asynchronous operation only) or
WCK (synchronous operation only) as OE is held low. If
OE goes high any time during a cycle, the outputs are in
a state of high impedance until OE returns low. Since
the internal bit pointer increments by 1 in spite of read
operation being disabled, it is always important to reset
the write and read pointers using WCLR and RCLR prior
to beginning or resuming operation at the first address
location in the array.

Special Functions

Line Reset. A line reset is similar to an address clear
cycle, except that it only affects the bit pointers withina
line. While WCLR and RCLR are held high, WLRST or
RLRST can be brought low for a minimum of 3 us during
successive WCK or RCK cycles to reset the bit pointer to
address 0 of the scan line. At the completion of the reset
cycle, the next sequential scan line will be selected
unless line hold (WLH or RLH) or line jump (WLJ or
RLJ) are also used. See WLRST and RLRST for more
detail.

A combination of line reset and an address clear cycle
must be separated by at least one serial clock cycle.
The timing relationship of WCLR, WLRST and WCK (or
RCLR, RLRST and RCK) is shown in figure 1.

In asynchronous operation, WLRST and RLRST inde-
pendently reset the write and read bit pointers. During
synchronous operation, WLRST resets both pointers.

Line Jump. With the line jump function, it is possible to
advance the current write or read line position accord
ing to the number of positive WLJ or RLJ pulses applied
(see descriptions for the WLJ and RLJ pins). In this
cycle, which is valid in asynchronous mode only, the
scan line pointer resets to address 0 if the number of
positive pulses causes the resulting line number
(n+11+1x, where “n” is the current line number and “x”
is the number of positive WLJ or RLJ pulses) to exceed
the maximum line number (number of lines minus 1)
specified by the LSy and LSy pins (table 2).
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Line Hold. The line hold feature is available in asyn-
chronous mode only and can be used to prevent the
internal scan line pointers from incrementing to the next
sequential address. The read and write line pointers

may be held independently; however, restrictions per-
taining to when this function can be initiated, detailed in
the descriptions for the WLH and RLH pins, should be
carefully followed, )

Block Diagram
- Dino—DPina
J] witeitpoiner | wite Bt Pointer ]
L
Refresh
Timer
|
1 Data
¥ 1 Input
LSo -LS§ — Wi Write Data Register I Write Data Reglster | Buffer
BSp/WCO —‘ Scan ¢
BS1/RCO — Line i
BS2/WLH — Pointer - n
BSa /RLH — \ ;
MODE — > )
- 910 Bits Per Line ———>'
Read
WCK Timing Scan
__ W 1 Generator Line
WCLR — Pointer Storage Cell Array
WLRST — Scan
wLJ ‘ Line 263 Lines
Selector Per Piane
RCK — Refresh
_CE Counter
RCLR —
RLRST — r"'
RLJ — -—> —
1
1 Data
] Output
l Read Data Register I Read Data Register ] Buffer
J T
"] ReadBit Pointer I Read Bit Polnter\l
Douto-Douta
83VB-7087B
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Figure 1. Separation of Clear and Reset Signals Absolute Maximum Ratings

Supply voltage on any pin except Vg relative ~-1.5t0 +7.0V
t2twek ortRek | to GND, Vg4
Supply voltage on Vg relative to GND, Vo -1.5t0 +7.0V
WCK/RCK Illll'llllll

Operating temperature, Topr -20 to +70°C

Storage temperature, TgTg ~-55 to +125°C

WoIRACR Short-circuit output current, lgg 50 mA
Power dissipation, Pp 15W

Exposure to Absolute Maximum Ratings for extended periods may

WLRGS/ALRST HL/_— affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits

8aVB 70868 specified under DC and AC Characteristics.

Recommended Operating Conditions

Parameter Symbol Min Typ Max  Unit
Supply voltage Vee 4.5 5.0 55 \
Input voltage, high VIH 24 Vee v
Input voltage, low ViL -15 0.8 \
Ambient temperature T -20 70 °C

DC Characteristics »

Ta = -20 to +70°C; Vog = +5.0V *10%; GND = 0V

Parameter Symbol Min Typ Max Unit Test Conditions

Input leakage current [T -10 10 HA ViNy = 0V to Vg all other pins notundertest = 0V

Output leakage current loL -10 10 LA Doyt disabled; Voyt = 0V to Voe

Output voltage, high VoH 24 v loy =~-1mA

Output voltage, low VoL 0.4 \ lop=2mA

Standby current lect 6 20 mA WCK, RCK =V,

Operating current lcc2 40 80 mA twek = twek (min); trek = trek (min)

AC Characteristics

Ta = -20to +70°C; Vg = +5.0V +10%; GND = 0V

Parameter Symbol Min Max Unit Test Conditions

Access time from RCK tac 40 ns

Write clock cycle time twek 60 ns (Note 5)

Write clock active pulse width . twew 20 ns

Write clock precharge time twep 20 ns

Read clock cycle time tack 60 ns (Note 5)

Read clock active pulse width thow 20 ns

Read clock precharge time tacp 20 ns

Output hold time toH 5 ns

Output low impedance delay tz 5 40 ns (Note 6)

Data output buffer high impedance delay thz 5 40 ns (Note 7)

Input data setup time tps 15 ns
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AC Characteristics (cont)

Parameter Symbol Min Max Unit Test Conditions
Input data hold time tpH 3 ns

WCLR (RCLR) setup time before the rising edge of WCK (RCK) tcs 20 ns (Note 8)
WCLR (RCLR) hold time after the rising edge of WCK (RCK) ten 3 ns (Note 8)
WCLR (RCLF) invalid hold time after the rising edge of WCK (RCK) tont 5 ns (Note 8)
WCLR (RCLF) invalid setup time before the rising edge of WCK (RCK) tone 20 ns (Note 8)
WCLR (RCLR) low level valid time tolr 3 us

WLRST (RLRST) setup time before the rising edge of WCK (RCK) tRs 20 ns (Note 8)
WLRST (RLRST) hold time after the rising edge of WCK (RCK) L RH ns (Note 8)
WLRST (RLRST) invalid hold time after the rising edge of WCK (RCK) AN ns (Note 8)
WLRST (RLRST) invalid setup time before the rising edge of WCK RN 20 ns (Note 8)
(RCK)

WLRST (RLRST) low level valid time tRsT 3 us

W setup time before the rising edge of WCK tws 20 ns (Note 9)
W hold time after the rising edge of WCK twH ns (Note ©9)
W valid hold time after subline (1/2) switch twN1 ns (Note 9)
W valid setup time before subline (1/2) switch twn2 20 ns (Note 9)
WLH (RLH) setup time before the rising edge of WCK (RCK) tLHs 20 ns

WLH (RLH) hold time after the rising edge of WCK (RCK) t HH ns

WLH invalid hold time measured from the end of write cycle 227 twWHN1 ns

WLH invalid setup time measured before write cycle 0 twHN2 20 ns

RLH invalid hold time measured from the end of read cycle 681 tRHN1 5 ns

RLH invalid setup time measured before read cycle 453 tRHN2 20 ns

WLJ (RLJ) setup time before the rising edge of WCK (RCK) tus 20 ns

WLJ (RLJ) hold time after the rising edge of WCK (RCK) tuH’ 3 ns

WLJ hold time measured from the end of write cycle 227 tWIN1 5 ns

WLJ setup time measured before write cycle 0 twiNz 20 ns

RLJ hold time measured from the end of read cycle 681 tRINT 5 ns

RLJ setup time measured before read cycle 453 tRUNZ 20 ns

OE setup time before the rising edge of RCK (WCK) toes 20 ns (Note 9)
OE hold time after the rising edge of RCK (WCK) toEH 3 ns (Note 9)
OE valid hold time after the rising edge of RCK (WCK) tOEN1 5 ns (Note 9)
OE valid setup time before the rising edge of RCK (WCK) toEN2 20 ns (Note 9)
LS, BS setup time before WCK (RCK), line 258 trss ns

LS, BS hold time after WCK (RCK), line 0 tFrsH us

Write carry output high level delay tweLH 40 ns
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Parameter Symbol Min Max Unit Test Conditions
Write carry output low level delay tWweHL 40 ns
Read carry output high level delay tRCLH 40 ns
Read carry output low level delay tRCHL 40 ns
Transition time tr 3 35 ns (Note 4)
Notes:
(1) All voltages are referenced to GND (8) For proper execution of the pointer clear and line resetfunctions,

specifications for tcg, tcn, tont: teN2 ttRss tRH: tLRNT @nd
) pN2 must be met; otherwise, these functions may not affect the
desired cycles or may affect adjacent cycles erroneously.

(@) Ac measurements assume ty = 5 ns.
3)

=2

Input timing reference levels = 1.5 V; input levels are measured

between GND and 3.0 V; output levels are measured between 0.8 © ffa w (or ﬁ) pulse does not satisfy the specifications for tys,

=

=

and 2.0 V. See figures 2 and 3.

Vi (min) and Vy (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
Viq and V.

The minimum specifications are used only to indicate the cycle
time at which proper operation over the full temperature range
(Ta = ~20 to 70°C) is assured.

twH twN1 and tyn2 (or toes: toEH: toENI and toeN2), the write
disable function (output high impedance) being executed may

not affect the desired cycles or may affect adjacent cycles
erroneously. ’

For the uPD42270 to read new data, read operation must be
delayed from write operation by at least 920 cycles. In those
cases where the delay is less than 920 cycles, read data will vary

® as shown below:

£

This delay is measured at-200 mV from the steady-state voltage
with the load specified in figure 5.

Delay Between Write

(7) This delay is measured at the maximum steady-state output and Read Operation

high voltage ~200 mV or the minimum steady-state output low

Source of Read Data

voltage +200 mV with the load specified in figure 5. Old data 0 to 450 cycles
Indeterminate (either old or new data) 451 to 919 cycles
New data 920 or more cycles
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Figure 2. Input Timing

0.0V
5ns —Pl 5ns L—

831H-6701B
Figure 3. Output Timing
2ov——————————/ \
osv————-———————\( /
831H-6658B

Figure 4. Output Loading for tac, fon, twoLH, tweHLs treLn, TRCHL

+5V
3 13ka
Doyt —¢ '
2 1.0k Iso pF
- B 831H-6702B
Figure 5. Output Loading for t; z and ty >
+5V
Z 19kQ
Doyt — ¢ '
3 10k 5pF
L 1

83IH-67038
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Timing Waveforms

Synchronous Write/Read Cycle

n-2 n-1 n n+1 n+2 n+3
WCK ;
\N \ /—\_/
twew twep tws € tWH € twck
w
toH
Dino -Dina
L toEs tOEHT tOEN2
OE )l( '
[€—tAC— €tz tLz

High Impedance n+3

DouTo-DouTs

Notes:
[1]" In synchronous mode, output data is delayed by one field from the input data.

[2] WLRST = WCLR = V4. MODE = V||, LS gand LS { = Vyj or V.. RLRST,
RCLR, and RCK are "don't care” inputs.

[3] 8Sg-BSg =VjqorV).

[4] Data is transferred into and out of the data registers in blocks of 455 x 4 bits.
WhenW goes rilgh before all 455 words are Input, write operation Is disabled

and none of the words are transferred to the storage array. 83VB-70898
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Timing Waveforms (cont)

Asynchronous Write and Read Cycles
n-2 n-1 n n+1 n+2 n+3
WCK / \
twew twep tws twH twek
W .

Dino -Dina

m+2 m+3
RCK \
IOEH | OEN2 N
RCK |
OFE
tLz
toH >
High 1 dance
Domo-%ursD@( m-2 )@( m-1 m gh Impedan s

Notes:

11 WCLR = RCLR =V|H.m= m:Vm. MODE = V.

[2] RLJ, WLJ, WLH, and RLH =V orVj.LSg andLS 4 =Vjjor V..

[3] Data is transferred into and out of the data registers in blocks of 455 x 4 bits.
When W goes high before all 455 words are Input, write operation is disabled
and none of the words are transferred to the storage array.

83VB-7090B

3-188




NEC

uPDA42270

Timing Waveforms (cont)

Synchronous Pointer Clear Cycle

n-1 n
wor _J/_\__/[_\_/

| Jfont , les

[&———Clear

[e—tcH—>]

WCLR

tCLR

s

DS tDH
DiNo-Ding n-1 n

[‘-'AG—H

4

Notes:
[1] W=0OE = V). MODE = V..

[3] RLRST, RCLR, and RCK = don't care.
{4] WLRST = V|y during the clear cycle.

[2] LSg and LS{ =V or V). BSq, BS,BSp and BSg = V) or V .

83vB-70918
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Timing Waveforms (cont)

Asynchronous Pointer Clear Cycle

WCK

WCLR

DiNo-Ding

RCLR

_ -
DOUTO -DOUTS W m' _ 2 m. - 1 W m‘

re————Clear

n' 3
tCN1 tcs
CLR
- / o
tpg->|
2 3
Line 0
1 2

L(—-l AC

Notes:

[1] W =OE = V.. MODE = Vjiy. WLRST and RLRST = V) during clear pulse.
[2] LSq and LSq =V} or V|

[3] WLH, RLH, WLJ and RLJ = V) during clear pulse.

BN

83VB-70928
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Timing Waveforms (cont)

Synchronous Line Reset Cycle

Line

Reset

N

WCK _——} \ 7

1 LRS

tLRH

ILRN1 1€
WLRST *

1LRST

TILAN2

[—\

/

Notes:

[1] WCLR = V4. W, OE and MODE = V..

[2] LSp and LSy =V or V) .BSg—-BSa=V|qor V|_.
[3] RCLR, RLRST, RCK, WLJ, RLJ = don't care.

83VB-7093B
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Timing Waveforms (cont)

Asynchronous Line Reset Cycle

WCK

WLRST

RCK

RLRST

X
°°UT°'°°”TS>®< n2 W T W T

TLRN1 tLRN2
1L RST
ips tDH
DINO'DINS n-1 W n 2 3
m-2 m—1 m Reset 0 1 s
'LRN1 LRS- tLRH > tLRN2

H—tAc-j (<> toH

Notes:

{1] WCLR, RCLR and MODE = Vi3 WLH, RLH, WLJ, and RLJ = V)_during a
reset cycle.

(2] LSg and LS =V

3] W=OE =V

83VB-7094B
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Timing Waveforms (cont)

Write Line Jump Cycle
Line n kt‘%—
228 K K 909
WCK ’—\_jl \
1LJS 1LJS 1S | tIH
tWIN1 f<—>{tLaH <> tLgH i - twine—>]
WL / / / \ \\ / / / \ \
1L/ NAN A/ N\
3
WLH
ViL
wco / \
£L<
VIH
MODE
Notes:
[1] RCLR, RLRST, RCK, RLH, RLJ, W, and OE = don't care.
[2] Kand K'=229 to 909 of line n.
[3] WLRST and WCLR = Vjy.
4] LSg and LSq = Vi or VL.
4 0 1 H L 83VB-7095B
Read Line Jump Cycle
Line n—1 £5 45— Line n >l bine
681 J 452 0
RCK
s s
tRIN1 tLaH ILJH—>I TRIN2
2R\
RL
Ao
RCO
—_— §5m y T
ViH
MODE
Notes:

[1] WCLR, WLRST, WCK, WLH, WLJ, W, and OE = don't care.
[2] J and J' =0 to 452 of line n or 68210 909 of line n — 1.

[3] RLRST and RCLR = V.

[4] LSg and LSq = Vjyor VL.

83VB-7096B
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Timing Waveforms (cont)

Write Line Hold Cycle
Line n Linen——
227 228 229 K-1 K 908 909 0
e AVAVAVY
I tWHN1 tLHS tLHH t WHN2
WLH L
/ ; [ ; 1N
ViH
45— —55
WCLR tWCLH TWCHL
WCO
{4 L&
T 2
ViH e
L 7
MODE
Notes:
[1] RLRST, RLJ, W, RLH, OE, RCLR, and RCK = don't care.
[2] K =229 to 809.
[3] WLRST = V4. WLJ = V).
[4] LSg and LSq = Vjqor VL.
83VB-70978
Read Line Hold Cycle
Line n -1 45 4% Line n leLine n
680 681 682 451 452 908 909 0
ek \J/_\_/
tRHN1 tLHH TRHN2
‘LHS—>‘
_l; LL
ALH / / A/ \ \\\
. N\, "
—4! 45 ]
VIH L LL rqa
—45 4 5
RCLR tRCLH | tRCHL
RCO /—\_,
VIH :I I% £é.
MODE
Notes:
[1]1 WLRST, WLJ, W, WLH, OE, WCLR, and WCK = don't care.
[2] J=682109091n (n~1)Mor 0 to 452 in n'Niine.
[3] RLRST =V|y. R =V)..
[4] LSg and LSq = Vjqor V|L.
83VB-70988
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Timing Waveforms (cont)

Synchronous Field Buffer Size Adjustment

| >l Line 0

Lines 258-262

Line 257

908

WCK

BSqg-BS3
LSq-1S ¢

Notes:

[} WLRST and WCLR =V|H.

(2] MODE =Vy .

[3] RLAST, W, RCK, RCLR, and OE = don't care.

83VB-7099B

Asynchronous Field Buffer Size Adjustment

—Line 257 »<«——Lines 258-262 Line 0
909 o

oK _/\_/[\_/\/\J [\/\/\/\/\/\/\/\/\/\
) N .
Line 257 Line 258-262——-—>[<—Llne 0—
o]

tFss

tFss tFSH

£

LSg- LSy Stable

V{AEEREEy A V.9.9.9.9.9.9.9.9.9.9.9.9 L4
2.

Notes:

[1] WCLR, RCLR, WLRST, and RLRST = V |H.
[2] MODE =V|H. WLJ and RLJ =V

[3] W, OE, WLH, and RLH = don't care.

83VB-7100B
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Timing Waveforms (cont)

Write Register Carry Out

> Linen+1
0 1

WCK
wco

Notes:

[1] MODE, WCLR, RCLR, WLRST, RLRST =V |

2] LSpand LSy =Viyor V.

[3} OF, W, WLH, RLH, WLJ, RLJ = don't care.

83vB-7101B
Read Register Carry Out
Linem >} Linem+ 1

RCK

RCO

Notes:
[1] MODE, WCLR, RCLR, WLRST, RLRST =V 4.
[2) LSgand LS ¢ = V|qor Vy

[3] OF, W, WLH, RLH, WLJ, RLJ = don't care.
83VB-7102B
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APPLICATION EXAMPLES
Delay Line

The synchronous mode may be used to create a full-
field delay line with a fixed length (figures 6 and 7).
Useful video applications include field interpolation,
interframe noise reduction, and separation of lumi-
nance (Y) and chrominance (C) signals. In these appli-
cations, field buffer size is determined by the logic
levels applied to pins LSp - LSy and BSp - BSz. The
former allows variation of the number of lines from 260
to 263, while the latter controls the actual line length at
896 to 910 bits for the last line. The actual delay between
data being written into Dy and read on Doyt is con-
trolled by the WCK clock period and the con figured
size of the buffer.

Frame Synchronization or Time Base Correction

The puPD42270 has the capability of executing asyn
chronous write and read cycles by independently
clocking WCK and RCK, respectively. The feature is

useful in applications requiring frame synchronization,
time base correction or buffering, where WCK, RCK,
WCLR and RCLR may all have variable time periods. In
addition, the write carry out (WCO) and read carry out
(RCO) options give a positive indication when the bit
pointer reaches the end of the line.

Vertical or Horizontal Image
Compression and Expansion

Vertical compression and expansion of the video im-
age may be accomplished by means of the line jump or
line hold functions. Compression occurs when WLJ or
RLJ are used to jump over lines that are not to be
displayed. Expansion occurs when the WLH or RLH
line hold signals are used to display a line multiple
times.

Horizontal compression and expansion can be
achieved by modifying the cycle time of the WCK and
RCK clocks, and by using the WLRST and RLRST line
reset signals.

Figure 6. Example of Delay Line
wo I S ]
GND Wyl 28 MO:E GND
RCK RLRST
2 27— Ve
Voo weK Jf s 26 |__WLRST
Clock ROLR 514 25 :——RLJ GND
WCLR 5 24 WLJ
Lso |g 23] BS3 /ALH
1St 1, & 5| BS2WLH Vee
GND GND s g 21| Vec
TEST Jo & 0| BSi/RCO
OE_ |10 19 |__BSoMWCO
Douto 11 18 | DINO
Data Doutt |12 17 L DINY Data
Output Dout2 13 16 | DIN2 Input
Douta |14 15|, DINa
Notes:
(1) W, OE, MODE, WLJ, and RLH =V,
(2) BS0~BS3,L80-LS1, WCLR, and WLRST =V 4.
(3) RCK, RCLR, and RLRST = don't care.
83VB-7103B
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@ Figure 7. Delay Line Timing -

ey
©
<]

WCLR

DiNo-D N3

One Field:

£8

7 24

£¢
7

Notes:

(1d=910n+m.

[2] n =259, 260, 261, or 262.

[3] m =896 10910.

{4] MODE, W, and OE = V.

[5] WLRST and WCLR = Viy.

(6] BSg—BSgand LSg- LS1 = Vjjor Vj.
[71 RLRST, RCK, and RCLR = don't care.

83VB-71048

ozzzvadn
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Figure 8. Example of Frame Synchronization/Time Base Correction

GND ——— W I NS gl MoDE o
Read Clock ————RCK ]2 27 (- BLBST.
Wite Clock ————WCK I3 26 | WLRST
Read Cloar ————FCLR 14 25 (ALY GND
Write Clear ———W%Lga—> 5 24 ;VSLJ 7RLH
vee LS(: ¢ o B Bs3 WLH
7 K 22 2
GND e GND g % arf Vo
TE_S.T 9 % 20| _BS1/RCO Read Carry Out
OE_ |10 19| BSoMCO e carry out
Douto |11 18 [ DINo
Data Dourt_ |12 17 | BNt Data
Output Dout2 |13 Bl DN [input
Dours |14 151, DIN3
Notes:

(1) W, OF, WLJ, RLJ, WLH, and RLH = VL.
(2) LSg—LS1, MODE, WLRST, and RLRST = V.

83VB-71058B

Figure 9. Asynchronous Read/Write Timing for Frame Synchronization or Time Base Correction

WCK

WCLR

DiNo-Din3

RCK

tcs — tcH

RCLR

Douto-Douts

Notes:

[1] MODE, WLRST, and RLRST = V.
[2) Wand OE = V.
[3] LSg and LSy =Vjq or V.

[4] WLH, RLH, RLJ, and WLJ = V..
83VB-71068
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NEC Electronics Inc.

uPD42272
Picture-in-Picture Generator

Description

The uPD42272 is a picture-in-picture generator designed
foruse in NTSC and PAL broadcasting systems. Picture-
in-picture describes the device's ability to combine mul-
tiple video signals into a single signal for display on a
television monitor, for input to a VCR, or for use in any
manner that a single video signal is used. The format
may be selected so that one primary picture is displayed
over the entire picture area. The other subpicture(s) can
then be superimposed onto the primary one to allow
multiple picture sources to be viewed simultaneously.

The uPD42272 has an onboard controller, field storage,
buffer storage, two line buffers, and two oscillators. The
controller sets the timing, performs vertical filtering, and
stores and retrieves subpicture signal(s) for insertion
into the primary picture signal. A line of the subpicture
signal is placed in buffer storage before being written
into field storage, which contains that portion of the
signal to be displayed. The line buffers store a weighted
average of three lines of the subpicture signal to provide
vertical filtering, while the onboard oscillators facilitate
interfacing to the uPD42272.

The level of integration provided by the puPD42272 means
that picture-in-picture can be achieved more quickly and
easily than with standard video buffers and control
circuitry.

Features

NTSC and PAL compatibility

Built-in vertical filter

Selectable subpicture display size
134,676-bit field buffer

Two line buffers

Built-in input and output oscillators

Four selectable screen positions
Four-color selection of subpicture frame border
Selectable freeze-frame display
Automatic self-refreshing

6-bit resolution of Y, R-Y and B-Y signals
Low power consumption of 75 mA max
CMOS silicon-gate fabrication process
Three-state outputs

Fully TTL-compatible inputs and outputs
Single +5-volt power supply

64-pin quad flatpack (QFP) packaging

Oooo0ooO0Do@poOooOoOoOBpoOoOoOoOoogao

Pin Configuration

64-Pin Plastic QFP
gty 85 35%
2EpElE8s888858
pninininininininiuininininl
X EEEEEEREEEEE
ysw 1 e 51 [ DOY (LSB)
Rsw []2 50 [1 DOY4
B8sSwW 3 49 [1 DOY,
ADCK [ 4 48 [1 DOY3
(LsB) Dlg 5 47 [1 DOY4
Dly O 46 [ DOYg (MSB)
Dlp []7 45 [ DORg (LSB)
Dl3 8 44 [1 DOR4
Dly oo 43 3 vbp
(MsB) DI O] 10 HPD42272 42 [1 DOR,
GND [ 11 41 [1 GND
NP 412 40 |1 DOR3
MFC ] 13 39 [J DOR4
sFrc Q14 38 DORj5 (MSB)
MFDIS [ 15 37 E DOBg (LSB)
sFDIS [ 16 36 [1 DOBj{
FOE 17 35 [1 DOB,
FCo O 18 34 [0 DOB3
FC1 O 19 33 [0 DOBy4
\SS8QILLIZREE S/
OOooooooOoooooo
N oW oo oc 2 j X
%%gh%&§§gg5§§
[4a]
g
83IH-6927A
Ordering Information
Part Number Package

1PD42272AGF-3BE 64-pin plastic quad flatpack

Contact your NEC sales representative for a copy of the complete data sheet.

60085
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Block Diagram

Frame Data

]

FCo—FCy

> DOY(-DOYg

. Field Storage
Serial to : Line Storage i
Vertical 4 87 Lines
Dlg - Dig )‘ Parallel D Filter )| 86 Pixels x 18 N 86 Pixels/Line - DORg - DORg
Converter Bits 18 Bits/Pixet
- ) X > DOBg-DOBs
SelectoZl Selector I
Write Read Write . Read Refresh
ADCK €——m— »]  Address Address Address Address Address
Counter Counter Counter Counter Counter
YSW €———
RSW €<——— A A
BSW <——| l Address Correction
SE — MHS ——> ———>> BLANKING
SVS —> Input Controller MVS ——>] Output Controller. l— > vDACK
- 5 & &
STILL 7 Oscillator DISP —> Oscillator —> RDACK
SFC NP ———> ——> BDACK
T 3 T
SFDIS HPS ——J L——-) RCK
SOSC! vPS - MFC
S0SCO «—— SIZE MFDIS
MOSCI FDE
MOSCO

83vG-67498
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Pin Identification

Pin Functiohs

Symbol Function ADCK. Y, R-Y and B-Y component signals selected with
ADCK Analog/digital clock output the analog switch are converted from analog to digital
BDACK Digital/analog clock for B-Y component signal data in synchronization with this 6 MHz sampling clock.
output Digitized component signals are sequentially input to
BLANK Main picture blanking output the DIy - D5 pins, also in synchronization with this clock.
BSW D!y - Dl output enable for B-Y component BDACK. Digitized B-Y component signals are output
signals from the DOBy - DOB5 pins in synchronization with this
Dlg - Dl Multiplexed B-Y, R-Y, and Y data inputs 2.25 MHz sampling clock.
DISP Subpicture on/off input BLANK. When high, this output signal blanks the main
DOBy - DOB5 B-Y data outputs picture, enabling the subpicture to be displayed.
DORyp - DOY5 R-Y data outputs BSW. A high logic level on BSW (while RSW and YSW are
DOYp - DOYs Y data outputs low) enables the Dlg - Dls pins to be used for receiving
FCp and FCy Frame color selection input 6-bit B-Y data from the A/D converter.
FDE Field distinction data enable input Dlo through D|5. These multiplexed pinS are used for
HPS Horizontal position input 6-bit _d|g|t|zed subvideo input, either B-Y, R-Y or Y de-
—— ; - pending on the levels of BSW, RSW and YSW. Dl is the
MFC Main picture field correction input least significant bit and Dls is the most significant bit.
MFDIS Main picture field distinction input
f— - p. - P - DISP. This pin controls the BLANK signal. A high logic
MHS Main picture horizontal synchronous input level enables BLANK, while DISP low inhibits it. The level
MOSCI Main picture oscillator input of DISP has no effect onthe DOBg - DOB5, DORg - DORs,
MOSGO Main picture oscillator output and DOYy - DOY5 pins.
MVS Main picture vertical synchronous input D OB, through DOBs. These pins are used for 6-bit B-Y
N/P NTSC/PAL switching input color difference output and depend on the status of
RCK Read olock output .BDA_CK.' When no B-Y data is being output, the pins are
— - in high impedance.
RDACK Digital/analog clock for R-Y component signal
output DORg through DORs. These pins are used for 6-bit R-Y
RSW DIo - Di5 output enable for R-Y component color difference output and depend on the status of
signals RDACK.'When no R-Y data-is being output, the pins are
SFC Subpicture field correction input in high impedance.
SFDIS Subpicture field distinction input DOY, through DOY;. These pins are used for 6-bit Y
3AS Subpicture horizontal synchronous input luminance output and depend on the status of \{DAC_)K.
- — When no Y data is being output, the pins are in high
SIZE Size selection input .
impedance.
SOsCi Subpicture oscillator clock input . .
50800 Subpicture oscillator ook outout FCq and FC4. The combination of signals from these
P P pins is used to specify subvideo frame color, as shown
STILL Freeze frame Input below:
SV§ Subpicture vertical synchronous input v
TESTq - TEST, Test terminals Pin White Light Blue Yellow Green
VPS Vertical position input FCo high low high low
YDACK Digital/analog clock for Y component signal FCq high high low low
output -
YSW Dig - Dlg output enable for Y component signals
Vbp +5-volt power supply
GND Ground
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FDE. This pin is used to select external or internal field
distinction. FDE high enables external field distinction,
while FDE low inhibits the MFDIS and SFDIS pins and
causes field distinction to be executed internally.

HPS and VPS. These horizontal and vertical input pins
specify positioning of the subpicture. One of the four
corners on the main picture can be selected by combin-
ing the input levels on HPS and VPS, as shown below.

Bottom Right

Pin Top Left Bottom Left  Top Right
HPS high high low low
VPS high low high ~ low

MFC. Fields of the main picture are distinguished by the
pPD42272 based on the phase relationship of the MHS
and MVS signals. Field distinction may therefore be
distorted if the signals are not in proper phase. In these
cases, a high logic level on MFC can be used to reverse
field distinction. MFC low has no effect on field distinc-
tion.

MFDIS. The even and odd fields of the main picture
signal are distinguished based on the phase relationship
of MHS and MVS. MFDIS can be used to provide an
external signal indicating either an odd (high) or even
(low) field.

MHS. This pin is used to input a horizontal synchroniza-
tion signal for the main picture. The internal read clock
oscillator is synchronized to the rising edge of MHS and
increments the field buffer’s read address counter, which
is used to determine the horizontal display size and
position of the sub picture.

MOSCI. This pin is used as an oscillator input for the
main picture read clock. To use the internal oscillator, an
external coil and capacitor must be instalied. Alterna-
tively, an 18 MHz external clock may be input to MOSCI.

MOSCO. This pin is used as an output for the feedback
circuit of the main picture’s internal oscillator. .

MVS. This pinis used to input a vertical synchronization
signal for the main picture. The falling edge of MVS
resets the field buffer’s internal read address counter,
which is used to determine the vertical display size and
position of the sub picture.

N/P. A high logic level on this pin selects NTSC compat-
ibility and a low selects PAL.

RCK. This pin is used as an output for the subpicture
read clock, which is derived from MOSC! and MOSCO.
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RDACK. Digital R-Y component signals are output from
the DORy - DORs pins in synchronization with this
2.25 MHz sampling clock.

RSW. A high logic level on RSW (while BSW and YSW are
low) enables the Dlg - Dl pins to be used for receiving
6-bit R-Y data from the A/D converter.

SFC.The uPD42272 distinguishes subpicture fields
based on the phase relationship of the SHS and SVS
signals. Field distinction of the subpicture may therefore
be distorted if the signals are not in phase. SFC high can
be used to reverse field distinction. SFC low has no
effect on field distinction.

SFDIS. The even and odd fields of the subpicture sig-
nal(s) are distinguished based on the phase relationship
of the SHS and SVS signals. This pin can be used to
provide an external signal indicating either an odd (high)
or even (low) field.

SHS. This pin is used to input the horizontal synchroni-
zation for the subpicture. The rising edge of this clock is
used to synchronize the internal write clock oscillator
which is then used to increment the write address
counters for the line buffers and the field buffer.

SIZE. This input is used to specify size of the subpicture
display area. SIZE high sets a full screen display and
occupies 1/9 of the main picture. SIZE low displays 80%
of the subpicture and occupies 1/12 of the main picture.

SOSCL. This pin is used as an oscillator input for the
subpicture write clock. To use the internal oscillator, an
external coil and capacitor must be installed. Alterna-
tively, an 6 MHz external clock may be input to SOSCI.

SOSCO. This pin is used as an output for the feedback
circuit of the subpicture’s internal oscillator.

STILL. A high logic level selects a stilt picture, while
STILL low selects a moving picture.

SVS. This pin is used to input the vertical synchroniza-
tion signal for the subpicture. The falling edge of this
signal resets the internal write address counters for the
line buffers and the field buffer.

TESTy - TEST,. These are test pins and must be open.

YDACK. Digital Y component signals are output from
the DOYq - DOY5 pins in synchronization with this 9 MHz
sampling clock.

YSW. A high logic level on YSW (while BSW and RSW are
low) enables the Dlg - Dlg pins to be used for receiving
6-bit Y data from the A/D converter.
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Application

The following block diagram illustrates one application
for the pPD42272 in an NTSC television system.

The video signals for the subpicture are separated into Y,
B-Y, and R-Y component signals and horizontal and
vertical synchronization signals by the pPC1402 de-
coder. The Y, B-Y, and R-Y component signals are input in
parallel to the uPC661 A/D converter, after which they
are switched to the sequence Y, R-Y, Y, -, Y, B-Y, Y, - using
time-division multiplexing and converted to digital sig-
nals. In this instance, timing for the Y, R-Y, and B-Y
conversion process is regulated by the uPD42272.

Application Example

After the pPD42272 receives the 6-bit digital data output
by the uPC661, it compresses the subpicture data and
stores one field. The output signals are sent by the
uPD42272 to the uPC662, which contains three D/A
converters assigned respectively to the Y, R-Y, and B-Y
signals. If the analog component signals output by the
D/A converters are to be used by the TV, they then are
converted to an RGB signal by the uPC1364 matrix
circuit. If they are to be used by the VCR, they are
combined with the main picture signal after being con-
verted into composite signals in the encoder circuit.

l«— Video 1
l<— Video 2

|—— G Output
> B Output

| > R Output

r— - - = —l R R
Video Primary Video Signal I TV Signal |G, Mixer G RGB
Switch 1 Processing Circuit B uPC1417 B Driver
| | p— —>
tn
Subvideo H v G
Signal Sync Sync

Video Separator:

Y Y
+ Video Signal (Y) Multipl Picture-in Picture Triple 6-bit
* Chrominance Signals R-Y and 6-bit Generator Di ‘:pl /Anal RY RGB
+ Horizontal Sync Analog/Digital N > Igoive?t?erog Matrix
* Vertical c _ Converter .
rrical Syn BY, (LPCE61) (1PD42272) (1PDE62) BY (rC1364)
uPC1402 (NTSC)

HPC1423 (PAL)

Vertical Sync

Horizontal Sync

83vG-67518

3-205



pPD42272 ’ N E C

3-206



NEC | 32,768 x 8.BIT

NEC Electronics Inc. BIDIRECTIONAL DATA BUFFER

Description Pin Configuration

The pPD42532 bidirectional data buffer features

32,768-word by 8-bit organization and CMOS dynamic 40-Pin Plastic DIP

circuitry that provides for high-speed, asynchronous,
simultaneous write and read operation at a minimum - Nc[1  wbine
cycle time of 100 ns. Two sets of write and read DBoA[]2 39|71 DBoB
registers between the 1/0 pins and the storage cells DB1AL]3 381 DB1B
enable all data to be parallel-transmitted as a single D:ZA[: 4 37 1 DB2B
register group when the registers are either full or Z:SE: Z: g 3533
empty. The device’s main application is data trans- DBaA 7 b D:‘is
mission between devices having different process‘ing DBsA 8 331 pesB
speeds, such as between a central processor and a disk. DBeAL]s o 32/ DBB
Automatic refreshing by means of an internal capa- REA‘:{’:E ::’ § :; g :zlzva
b|I|ty_ is performed regularlyfortheuPD4?532—wut_hogt REQUESTAd12 % 20| AEGUEST S
any influence on write and read operation. A built-in FLAGH 13 28 1 ps
arbitration c1rcmt' performs egch requsrgd read, write, FLAG2 ] 14 =t
or refresh operation sequentially (even if transparent vee 15 2611 GND
refreshing overlaps with the transmission of data) to FLAG3[]16 25 ] RESET
simplify the device’s external timing requirements. FLAG4 [ 17 24 [ FLRT

. EMPTY 231 ¢
The uPD42532 operates from a single +5-volt power mg :; 25 c::‘UT
supply and is packaged in a 600-mil, 40-pin plastic DIP. TESTC] 20 215 TEST
Four FLAG pins, plus FULL and EMPTY pins, are
provided to monitor the amount of data accumulated in 83-004584A
storage.

The uPD42532 is capable of bidirectional input/output ~ OTdering Information

by means of a port select function. Input and output Access Time Gycle Time
pins are also supplied for cascade connection. Cas-  Part Number {max) (min) Package
cade connection allows any number of uPD42532s to 1PD42532C-10 50 ns 100 ns . 40-pin plastic DIP

be linked together so as to expand word width and
length without limit.

Features

0 32,768-word by 8-bit organization

O CMOS technology

O Single +5-volt power supply

O Independent, asynchronous write/read operation

00 Bidirectional transmission of input and output data
(exchange of port functions)

O Automatic, regular refreshing

O Internal addressing

O Flag pin monitoring of accumulated data

O Unlimited expansion of word width and depth
(cascade connection)

O Retransmit (re-read) function

O High-speed operation
— Access time: 50 ns maximum
— Cycle time: 100 ns minimum

[0 600-mil, 40-pin plastic DIP packaging
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Pin Identification

Symbol Function

DByA-DB7A Port A input/output data buses
DByB-DB;B Port B input/output data buses
RESET Reset input

REQUEST A/REQUEST B Port A/Port B request input
READY A/READY B Port A/Port B ready output
EMPTY Empty output

FLAG{-FLAG4 Flag outputs

FULL Full output

PS Write/read port select input

IR Interrupt read request input
FL/RT First load/retransmit input

Cin Cascade connection input
Cour Cascade connection output
TEST Test pin (connect to GND in system)
GND Ground

Veo +5-volt power supply

NC No connection

Pin Functions

DBoA-DB7A/DB(B-DB;B. These pins function as 8-
bitdata buses for write input or read output depending
on the status of the PS pin. The output drivers are
three-state outputs.

RESET. This pin initializes the internal counters and
pointers.

REQUEST A/REQUEST B. Depending on the status of
PS, one pin corresponds to the read port and the other
to the write port. To initiate a write or read cycle, the
signal goes low for the respective port (if READY A or
READY B is low, the corresponding REQUEST input is
ignored internally). These pins can be connected to the
WR and RD pins of a CPU.

READY A/READY B. Depending on the status of PS,
one pin corresponds to the read port and the other to
the write port. When a write or read cycle is possible,
the READY signal is high for the respective port. These
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pins can be connected to the READY pins of a CPU or
DMA controller.

EMPTY. The signal from this pin is low whenever the
amount of data accumulated is exactly 0 bytes, and
high in all other cases.

FLAG{-FLAG4. These pins reflect the amount of data
accumulated in the storage array. By combining the
output signals, it is possible to monitor (in 2K byte
steps) data quantities of up to 32K bytes.

FULL. Thesignal from this pin is low when the storage
cells are full of accumulated data, and high in all other
cases.

PS. This pin is used to specify the direction of data
transfer. When PS is high, Port A serves as the write
port and Port B as the read port. When PS is low, the
functions of the two ports are reversed.

IR. If the data accumulated in storage is less than 64
bytes (i.e., one register’s capacity), the READY signal
for the read port goes low to inhibit reading. However,
forcing IR high makes it possible to read all stored data.

Read cycles are normally executed so as to maintain
the stored data volume at levels above 2K bytes. If the
data volume drops below 2K bytes for devices with
process code K, all remaining data must be read using
the interrupt read option.

FL/RT. This pin designates the lead device when
multiple devices are cascade connected. itis high only
forthat device and low for all others. If the device is not
cascaded, a low FL/RT controls the retransmit (re-
read) function; other than during retransmission,
FL/RT must be high.

C|N- This pin is used to expand word depth and is
connected to the Coyr pin of the device precedingitin
cascade connections. If word depth is not expanded,
Cn is connected to CoyT of the same device.

Court. This pin is used to expand word depth and is
connected to the Cjy pin of the device following it in
cascade connections. If word depth is not expanded,
Couyrt is connected to Cjy of the same device.
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Block Diagram
|-—— EMPTY
Refresh Status Flag FOLL
Timer Counter Decoder
—! —/— FLAG1 to FLAG4
Write
T Address |—4 —
REQUEST A ——] Counter
Port A 5
READY A <—— 3
—— [
Port B‘ REQUEST B Controlter Read 3 N 32K Word x 8-Bit
READY B +— Address ol Storage Cell Array
Ciy ——] Timing Counter &
Generator 3
Cout ~— <
RESET - Refresh |
FL/RT — Add
PS Counter T i}
IR —* I
T Write Data Read Data |8 Word x 8Bit
[™] Register Register Data Register x 4

]

11O Buffer 11O Buffer
DBgA-DB7A DBpB-DB7B
(Port A) (Port B)

83-0048028

Operation
Reset Cycle

After power is applied to the uPD42532, it is necessary
to clear the internal counters and initialize the write
and read address pointers by executing a reset cycle. A
reset cycle can be executed at any time by setting the
RESET pin to a high logic level. However, once this
cycle is initiated, RESET, REQUEST, and FL/RT must
be kept high for a minimum time of tgw before the
RESET signal goes low again (see waveform for “Reset
Cycle”). The RESET, REQUEST, and FL/RT signals are
all high at the start of a reset, except in cascade
connections, in which case a high FL/RT is required
only in the first stage.

After a reset, the READY signal for the write port,
READY (W), is driven high to prepare for a write cycle.
Subsequently, the REQUEST signal for the write port,
REQUEST (W), can be set low to commence writing.

A standard read cycle can be executed once data
written to one of the 64-byte registers has filled that
register and been transferred to the storage cells. The
READY signal for the read port, READY (R), goes high
to prepare for the cycle. Subsequently, the REQUEST
signal for the read port, REQUEST (R), can be set iow
to commence reading.

Write Cycle

In a write cycle, data is written to one of two 64-byte
write registers before being transferred to the storage
cells. Whenever 64 bytes have been written into one
register, write operation automatically shifts to the
other and the contents of the first are transferred to
storage. High-speed write cycles are thus executed
continuously by alternating registers repeatedly. Write
data must satisfy the requirements for setup and hold
times as measured against the rising edge of REQUEST
(W) [see waveform for “Write Cycle”].
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A write cycle can be initiated any time READY (W) is
high by setting REQUEST (W) low. To allow a write
cycle to be executed in one port even while the other
port may be executing a read cycle, READY (W) is
always high after a reset, except in the following cases:

o Whenever the storage cells are full of accumulated
data ‘

e While the device is executing a forced read cycle
(see Interrupt Read Cycle)

e When a retransmit operation is being performed
(see Retransmit Cycle)

While READY (W) is off, the REQUEST (W) signal is
ignored internally and no write cycle is executed.

Figure 1. Write Register Operation

Storage Cells
32K x 8

Write Data
Register |64 x8x2

110 Buffer

)

83-004809A

Figure 2. Read Register Operation

Storage Celis
32K x 8

Read Data 64 x 8 x 2
Register

10 Buffer

T

83-004810A
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Read Cycle

In a read cycle, data is not read directly from the
storage cells but rather from one of two 64-byte read
registers. After 64 bytes of data have been read from
one register, read operation automatically shifts to the
other and the contents of the first are subsequently
replaced by data from the storage cells. High-speed
read cycles are thus executed continuously by alter-
nating registers repeatedly.

Data is output after a maximum access time of tac,
measured from the falling edge of REQUEST (R).
When REQUEST (R) is high or READY (R) is low, the
outputs are in a state of high impedance (see waveform
for “Read Cycle”).

A standard read cycle can be initiated any time READY
(R) is high by setting REQUEST (R) low. To allow a read
cycle to be executed in one port even while the other
port may be executing a write cycle, the READY (R)
signal is always high, except in the following cases:

e Wheneverthe dataaccumulated is less than 64 bytes
o Whilearetransmitoperationis being performed (see
Retransmit Cycle).

While READY (R) is low, REQUEST (R) is ignored
internally and no read cycle is executed.

Flags

The uPD42532 supplies signals from the EMPTY pin,
the FULL pin, and the four FLAG pins to indicate the
amount of stored data in units of approximately 2K
bytes. Accumulated data is reflected as the difference
between the write address counter and the read
address counter. Thus, if a total of 16K bytes have been
read while 32K bytes have been written since the most
recent reset, the amount of data in storage is 16K bytes.

The FULL and EMPTY pins are used to prevent
overwriting and overreading. To control write opera-
tion on data units of register length (64 bytes), the
FULL pin outputs a low signal when stored data
reaches the 32,705- to 32,768-byte range. Whenever
write cycles are executed continuously and the storage
cells become full, REQUEST (W) is ignored and the
signals of FULL and READY (W) are driven low to
inhibit writing. Meanwhile if read cycles are executed
and the data decreases to 32,704 bytes or less, READY
(W) goes high again to enable write operation. .
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The EMPTY pin goes low whenever stored data is
exactly 0 bytes. Since standard read cycles cannot be
executed if the quantity of data drops below 64 bytes,
READY (R) goes low to inhibit read operation. When-
ever write cycles are executed and stored data
increases to 64 bytes or more, READY (R) goes high
again to enable read operation.

The status of the FLAG pins depends on the internal
status of the write and read address counters. These
counters are incremented as data is transferred to or
from the storage array. Since the logic levels of the
FLAG pins reflect movement of blocks of data on a
64-byte-register basis rather than on a single-byte
basis, the status indicated by these pins can bein error
by a maximum of 255 bytes with respect to the actual
amount of data accumulated [i.e., the sum of the write
register (63 bytes), the read registers (128 bytes), and
the 64 bytes currently being transferred]. This discrep-
ancy means that two adjacent ranges of stored data, as
indicated by the FLAGs, can overlap by up to 191 bytes.

The following table shows the combination of signals
output from these pins.

Table 1. Stored Data as Indicated by Flag Pins

FLAG

Amount of Stored

Data (bytes) FULL
32705 to 32768 0
30721 to 32767 1
28673 to 30911 1
26625 to 28863 1
24577 to 26815 1
22529 10 24767 1
20481 to 22719 1

1
1
1
]
1
1
1
1
1
1
1

EMPTY

18433 to 20671
16385 to 18623
14337 to 16575
12289 to 14527
10241 to 12479
8193 to 10431

6145 to 8383

4097 to 6335

2049 to 4287

110 2239
0

P
1
1
1
1
]
1
1
1
1
1
1
1
1
1
1
1
1
0

clo|lajlolalo|a|lo|alolalolalo|alo|a|lal—~
olo|lolalalo|lolalalololalalo|o|l=lalalr

oclo|lololo|alalala|lo|lojlojo| o] = ol «| <]
olo|lolo|o|oclololo|a|alalala|laafala]s

Notes:
(1) 1=high level
(2) 0=low level

Interrupt Read Cycle

Whenever the amount of stored data drops below 64
bytes (i.e., one register's capacity), or 2K bytes for
devices with process code K, READY (R) is driven low
to inhibit reading. Any data remaining in a write
register can only be read by means of an interrupt (or
forced) read cycle.

An interrupt read cycle can be executed by forcing the
IR pin high. At this point, data is transferred from the
write register to one of the read registers via the
storage array, and write operation is disabled until all
stored data has been read. If this cycle is initiated after
READY (R) goes low, read operation will be delayed
until all data has been transferred to one of the read
registers.

Once the device completes reading of its last address,
the EMPTY and READY (R) signals are driven low and
READY (W) goes high to enable write operation again
(unless a retransmit cycle has been requested). Read
cycles will be executed only after 64 bytes or more have
been written and transferred to storage.

Retransmit Cycle

The uPD42532 will execute a retransmit cycle when-
ever a low-level pulse is applied to RT. A retransmit
cycle initializes the read address counter to starting
address 0. Although retransmission can be executed at
any time, REQUEST (W) and REQUEST (R) must be
high before and after the low RT signal is applied.

During this cycle, the READY signalsare pulsed low to
temporarily inhibit writing and reading, and the FLAG
and EMPTY signals vary in accordance with the
amount of data in storage. After READY (W) goes high
again, the retransmit preparation cycle is complete.
Write operation can resume after an extra delay to
ensure stability of the FLAG and EMPTY pins. If an
interrupt read signal is applied during retransmission,
the interrupt read cycle is executed after termination of
the retransmit cycle.

The retransmit function is only usefulin systems where
less than 32K bytes of data are written between resets.
If a retransmit cycle is executed after more than 32K
bytes are written, old data cannot be retransmitted.

Since the RT pin is multiplexed as the first load (FL) pin
in cascade connections, cascaded devices cannot be
used for retransmission. In single-device configura-
tion, this pin is always high except during a retransmit
cycle.
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Port Select Function

The uPD42532 is able to change the direction of data
transfer according to the logical level of the signal
applied to the PS pin. When a high-level input is
applied to PS, Port A becomes the write portand Port B
the read port. When PS is low, the functions of the two
ports are reversed. While port functions are being
assigned, the REQUEST signals must be kept high.

Since register and storage cell data are preserved
during port selection, data written to a particular port
can also be read from that same port.

Cascade Connection

The uPD42532 can be used in a single-device, 32K by
8-bit configuration or it can be cascade connected by
means of the Cyy and Coyr pins to allow unlimited
expansion of word width and length. -

Single-Device Configuration. When using the
uPD42532 as a single 32K by 8-bit data buffer, connect
Cour to Cy and set the FL pin to a high logic level
(see figure 3).

Expanded Word Width. When using multiple devices
to expand word width, connect RESET, REQUEST, PS,
and IR to the corresponding pins of each uPD42532 in
parallel and apply common control signals. Each Coyt
pin should be connected to its own C)y pin (as in the
single-device configuration) and a high-level input
applied to each FL. The flag pins of a single uPD42532
can be used to represent the entire system (see
figure 4).

Expanded Word Length. When using muitiple devices
to expand word length, set a high-level input to FL of
the lead uPD42532 and a low-level input to FL of all the
others. Each Coyr pin should be connected to Cy of
the device following it; Coyt on the last device should
be connected to Ciy of the lead device. Connect
RESET, REQUEST, PS, and IR to the corresponding
pins of each uPD42532 in parallel and apply common
control signals.

The EMPTY, FULL, and READY pins of each device,
respectively, can be ORed together by external logic.
‘OR’ outputs are composite EMPTY, FULL, and READY
signals for all data buffers (see figure 5).

Operation. To enable operation of uPD42532s in cas-
cade connection, setthe RESET signal(s) high to clear
the internal counters and initialize the write and read
address pointers. When the reset is complete, start
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writing to the lead device. While data is being written to
the first, all other devices output low READY signals
and ignore the REQUEST signals. When write opera-
tion in the first uPD42532 (n) reaches the last address,
its CoyT pin outputs a high-level signal and forces Cy
of the next device high. Write operation shifts to the
next device in succession (n + 1). The READY (W)
signal of the first device (n) is driven fow, and the
READY (W) signal of the succeeding device (n + 1)
goes high.

If only write cycles are being executed, each data
buffer outputs a low FULL signal as writing is com-
pleted for that device. Atthe point where the last device
finishes writing to its last address, all uPD42532s
output low-level FULL and READY (W) signals. The
ORed composite of these signals should be used to
inhibit write operation.

If write and read cycles are being executed simultane-
ously, and the storage cells in the lead device are not
full of accumulated data when the last device com-
pletes writing to its last address, write operation shifts
to the lead uPD42532 again. Writing continues in this
manner until every data buffer is full.

Read cycles also begin with the lead device (n) and
shift to the next (n 4+ 1) once the last address has been
read. When all devices have been completely emptied
of data, the ORed composite of the EMPTY signals is
low. If the expanded word length configuration has less
than 64 bytes of data in a write register, EMPTY will not
be atalow level; READY (R) will be low to indicate that
standard read operation may not proceed. Forced read
or dummy write cycles will be required to continue
reading any accumulated data of less than 64 bytes.

Figure 3. Single-Device Configuration Block
Diagram

[: CIN  Cout ]Vcc

Reset —»{RESET  FL |——T

— | REQA REQB
<«———RDYA RDYB

L
.
DBoA DBgB
<:) 0 ] —
DB7A DB7B

Port Select ————{PS FULL
EMPTY | Flags
Interrupt Read ——— =] IR

FLAG1 to 4

System A System B
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Figure 4. Expanded Word Width Block Diagram
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Figure 5. Expanded Word Length Block Diagram
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Absolute Maximum Ratings

Terminal voltage, Vy —15t0+70V
Operating temperature, Topg 0 to +70°C
Storage temperature, Tg1g —55t0 +125°C
Output current, lg 50 mA
Power supply voltage, Voc —-15t0+70V

Comment: Exposure to Absolute Maximum Ratings for extended
periods may affect device reliability; exceeding the ratings could
cause permanentdamage. The device should be operated withinthe
limits specified under DC and AC Characteristics.

Recommended DC Operating Conditions
Ta =010 +70°C; Vo =+5.0 V £10%

Parameter Symbol Min  Typ Max Unit
Input voltage, high ViH 24 Vee v
Input voitage, low ViL -1.0 0.8 v

DC Characteristics
Ta =010 +70°C; Voo = +5.0 V +10%

Limits
Parameter Symbol  Min Typ Max Unit Test Conditions
Standby supply  lggy 20 mA REQUESTA, B
current =V
Write/read cycle lgg 80 mA twg=100ns;
supply current trg = 100 ns
Write cycle locs 60 mA twc=100ns;
supply current REQUEST (R) = V|
Read cycle lcca 60 mA tgc=100ns;
supply current REQUEST (W) = Viy
Input leakage I -10 10 wA Vi=0to Ve,
current ' other inputs =0V
Output leakage  lg -10 10 wA Vp=0to Vge;
current output disabled
Output voltage, Vpy 2.4 V lpg=—1mA
high
Output voltage, Vo ) 04 V lgo=4mA
low

uPD42532
Capacitance
Ta=010+70°C; Voc =+5.0 V £10% -
Limits
Parameter Symbol Min Typ Max Unit Pins Under Test
Input capacitance  C; 10 pF REQUEST, RESET,
PS, Ciy, IR, FL/RT
Output capacitance Cg 10 pF READY, FLAGy-
' FLAGy, Coyr,
FULL, EMPTY
Input/output Ci/o 10 pF DBgyDB;

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

Limits
Parameter Symbol Min Max Unit Test Conditions
Read cycle time tRe 100 ns
REQUEST (R) pulse width trRaw 50 10000 ns (Note 5)
REQUEST (R) precharge time tRop 30 ns
REQUEST (R) low hold time after READY (R) high tRaN 50 10000 " ns (Note 6)
READY (R) fow output time tRRF 30 ns (Note 14)
Access time tac 50 ns
Access time after READY (R) high tacR 50 ns
Output data hold time toH 10 ns
Output data off time toFF 40 ns
Low-impedance output delay tLz 5 ns
Low-impedance output delay after READY (R) high tLzR 0 ns
READY (R) low time when empty SRR 4800 + 64 twg ns (Note 8)
READY (R) low time when almost empty teMR 0 4800 + 63 twc ns (Note 8)
Write cycle time twe 100 ns
REQUEST (W) pulse width twaw 50 10000 ns (Note 5)
REQUEST (W) precharge time twap 30 , ns
REQUEST (W) low hold time after READY (W) high twan 50 10000 ns (Note 6)
READY (W) low output time tWRF 30 ns
Write data setup time tow 30 ns
Write data hold time . tpn 10 ns
REQUEST high setup time torp tr+30 ns (Note 6)
READY (W) low time when full tFw 0 3200 + 64 tpe ns
FLAG1-FLAG4 output times trLo . 4800 ns
EMPTY and FULL output valid times tero 40 ns
EMPTY and FULL output hold times tern 0 ns
FULL output off time tror 3200 ns (Note 9)
Cout output off time when read request is executed  tgoR 40 ns
Cour output on time when write request is executed  toow 40 ns
Cyn setup time for REQUEST (R) toIR 10 ns
Cyy setup time for REQUEST (W) tow 10 ns
Reset puise width tsw 100 ns
READY, FULL, and EMPTY output times after reset tswRr 80 ns
FLAG1-FLAGy4 output times after reset tssF 100 ns
REQUEST precharge hold time after reset tswa 30 ns
RT disable hold time after reset tsRT 800 ns
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AC Characteristics (cont)

Limits
Parameter Symbol Min Max Unit Test Conditions
Court output low time after reset tswe 100 ns
READY (R) on time after interrupt read is executed tFRR 0 6400 ns (Note 7)
READY (W) off time after interrupt read is executed tFWR 50 ns (Note 7)
READY (W) on time after interrupt read irw 100 ns (Note 11)
REQUEST (W) hold time after IR input troa 60 ns (Note 13)
REQUEST (W) setup time before IR input tFaB 60 ns
IR pulse width trw 50 2000 ns (Notes 4, 12, 13)
REQUEST hold time after PS input tpaQ 100 ns
REQUEST setup time before PS input trea 100 ns
READY output time after port selection PSR 50 ns
RT pulse width tRTW 50 2000 ns (Note 4)
REQUEST setup time before RT input tBRT 60 ns (Note 10)
REQUEST hold time after RT input trTq 60 ns
READY (R) on time after retransmit is executed tRTR 6400 ns (Note 7)
READY (W) on time after retransmit is executed twRT 4800 ns (Note 7)
READY off time after retransmit is executed tRRT 50 ns
EMPTY and FULL output hold times after retransmit  tespr 0 ns
is executed
EMPTY reset time after retransmit is executed tRTE 3200 ns
FLAG4-FLAG4 output valid times after retransmit tRTF 8000 ns
is executed
Input transition time tr 5 50 ns
Notes:

(1) All voltages are referenced to GND.

(2) All ac measurements assume input pulse rise and fall times of
5ns.

(3) Theinputvoltage reference levels for timing ratings are Vy (min)
and V)_(max). Transition time ty is defined between Vi and V).

(4) IR and RT inputs cannot be applied simultaneously. A timing
delay of at least 100 ns is required. See figures 6 and 7 for
acceptable input methods.

(5) The maximum pulse width of 10,000 ns applies only when the
READY signal is on.

(6) REQUEST cannot be raised to a high level during the tqrp +
tran (or twqn) interval.

Figure 6. Input Timing for IR and RT: Method 1

(7) 1fan RT (IR) pulse is applied during IR (RT) operation, the RT
(IR) operation is delayed until IR (RT) operation is released.

(8) "Empty”is defined as the state where theamount of stored data
is zero, and “almost empty” is defined as the state where the
amount of data is 1 to 63 bytes.

(9) troF is defineg from the rising edge of the REQUEST (R)
signal when the amount of stored data reaches the prescribed
value (thatis, the value at which the FULL signal changes from a
low level to a high level as defined in Table 1).

(10) tgrT = 4800 ns minimum for the devices with process code K.

Figure 7. Input timing for IR and RT: Method 2

100 ns

. X
RT
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100 ns

: .

83-004804A
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AC Characteristics (cont)

Notes [cont]:

(11) After all data has been read in an IR cycle for devices with
process code K, always input a RESET signal to initialize the
internal circuitry before proceeding to the next operation. See
figure 8.

(12) The IR signal is invalid whenever the EMPTY signal is low on
devices with process code K.

(13) If an IR input signal is applied in a cascade connection for
devices with process code K, the REQUEST (W) signal must
stay at a high level until all data has been read.

(14) Read cycles are normally executed so as to maintain the stored
data volume at levels above 2K bytes. If the data volume drops
below 2K bytes for devices with process code K, read all of the
remaining data using the interrupt read option.

Figure 8. Reset Pulse After IR Operation

r—FinaI Read During IR Operation

REQUEST (R) __\—/

83-004805A
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Figure 9. Input Timing

24V

08V

|
1
5ns—>|' =
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Figure 10. Output Timing
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Figure 11. Output Loads
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Timing Waveforms

Reset Cycle

e tsw

I —— lSF!T———_-‘
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FL/RT

RESET : : /-
/
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[l tswaq

4
REQUEST(W) //

N/ LS S L

(2) PS = high or low

e tSWR-] tSRR —
READY(R) 1 \
s
tarpP tRQN
) e
— \ ¢ 4
REQUEST(R) / \ﬁ / />< \
X
s
teFo tRaw
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b)!
C
EMPTY \
X
b)Y
[ C
FULL /
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FLAG1 to
FLAG4 .
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t—tswC
Cour
!
¢
Notes:
(1) IR = low
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Timing Waveforms (cont)

Write Cycle

twe— twaw
)] )L
4 \ 4 ( /
REQUEST(W) \ / \ / /‘ ‘
1S
twaw twap twRF tarp twaN
tFLw
)L )}
( ey
READY(W) | \
tow — s
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)
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o/ X/ /1]
777X X0y XX /¢
tEFO
tEFH
1 3) b))
C ( L4
EMPTY
teFO
tEFH
J L ) L
144 14¢
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v k - / ;
Ltﬂ.o—
)) )) 2—
FLAG1 to « y e
FLAG4 Y ()‘L 8(\
Notes:
1) IR = low
(2) FLRT = high
(3) PS = high or low
(4) RESET = low
83-0048158
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Timing Waveforms (cont)

Read Cycle

tRe —= trRaw
REQUEST(R) [ / ; ; i \ /
k. 3 \ 7
{(
tRaw tRoP tRRF taRP tRQN
e teMR——— ]
R
READY(R) /
l—! tac
tACR
tLzr
h)
Dour —
VoH ) ) N
EMPTY (s (s (s
P
J) J)
- T( 14y
FULL
b}
{
tFLO
b)) R ) ))
FLAG1 to W )( v “
FLAG4 )y J) )
¢ ¢ {9
Notes:
1) IR = low
(2) FLRT = high
(3) PS = high or low
(4) RESET = low
83-004816B
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Timing Waveforms (cont)

lnter(upl Read Cycle
tFw
IR ’ Z \ a »
tFaB tFoA
w777 | NI % N/ N\
' tFWR

READY(W) \k

REGUESTR) 7 \ \—N .
te——tFRR——
J )
l 10
READY(R) /
tEFO i
) -
e
EMPTY /
, ; , R
RS
B . . tEFH

Notes:

(1) PS = high or low
2) FLIRT = high

(3) RESET = low

83-004818B
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Timing Waveforms (cont)

Retransmit Cycle
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Timing Waveforms (cont)

Port Select Cycle
PS i
— 4
REQUEST(A) /
——1PBQ l—1tpPAQ
I s
REQUEST(B) /
tPSR
4
READY(A) >§|
N
Y
READY(B) x
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Timing Waveforms (cont)

Cascade Cycle

reanEsT _\_/—\ \)NW
FEQUESTR) _\__/‘—\ /— !r—\_/—\__
tcow tCoR
. By
Cout e
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twrF k] tRRF
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) S
(
J L
READY(R) “
n K.
tciw '- tCIR
als
CIN
m+1)
1
READY(W) —
(n+1) /
READY(R) /l
o+ )
S
Notes:
(1) IR = low
(2) FLIRT = high or low
(3) PS = high or low
(4) RESET = low
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NEC Electronics Inc.

uPD42601
Silicon File

Description
The pPD42601 silicon file is an economical mass

storage device specifically designed to replace mag- '

netic disk drives in silicon disk, solid-state recording,
and system backup applications in a variety of com-
puter systems. Organized as 1,048,576 words by 1 bit,
the uPD42601 provides a battery backup feature for
enhanced system performance and a substantial sav-
ings in power consumption.

The device is capable of executing standard access or
page-mode write and read cycles. Refreshing is
accomplished by means of CAS before RAS refresh
cycles, RAS-only refresh cycles, self-refresh cycles, or
by normal read or write cycles on the 512 address
combinations of Ag through Ag during a 32-ms period.

The uPD42601 is uniquely suitable for battery backup
systems because it requires a very low power supply
current for extended periods of self-refresh operation.
If ambient temperatureis limited to 50°C (max), as little
as 30 A (max) is required to maintain all data.

The uPD42601 is available in high-density 20-pin plastic
ZIPor 26/20-pin plastic SOJ packaging.

Features

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

0O Single +5-volt £10% power supply

00 CMOS technology

O Low operating power: 12 mA maximum

0 30 #A maximum self-refresh current at 0 to 50°C
O Read or write cycle time: 1000 ns minimum

O Page-mode cycle time: 200 ns minimum

[0 CAS before RAS refreshing

0 512 refresh cycles during 32-ms period

O Automatic self-refreshing by RAS input cycling

Ordering Information

Seli-Refresh
Page-Mode Current
Part Number Cycle (min) {max,50°C)  Package
uPD42601LA-60 200 ns 120 A 26/20-pin plastic SOJ
LA-60L 200 ns 30 A
uPD42601V-60 200 ns 120 A 20-pin plastic ZIP
V-60L 200 ns 30 A

Pin Configurations
26/20-Pin Plastic SOJ

- —
DN 26[JGND
WE ({2 25[771 DouT
RAS[]3 24| 1 CAS
RFSH (|4 23[INC
NC 5 22{ 1 Ag
5
@©o
o
<
a
o
E3
Aol |9 18 |1 Ag
A1 10 17 [ A7
A2 16 [ Ag
A3 (é 12 15 b As
vee 13 14 1A
83-004632A

20-Pin Plastic ZIP

CAS
GND
WE

3 NC

|10 NC
312 A1
:114 A3
:[ 16 Ag
5| 18 As
“J20 Ag

83-004634A

New 4 Mb density and 80 ns speed will be available first half of 1991.
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Pin Identification

Absolute Maximum Ratings

Name Function Voltage on any pin relative to GND, V1 -1.0to+7.0V
Ag-Ag Address inputs Operating temperature, Topg 0to +70°C
Din Data input Storage temperature, Tstg —55 to +125°C
Dout Data output Short-circuit output current, lgg 50 mA
RAS Row address strobe Power dissipation, Pp 1.0W
CAS Column address strobe Supply voltage, Voo —1.0to +7.0V
WE Write enable Comment: Exposure to Absolute Maximum Ratings for extended
RFSH Self-refresh control periods may affect device reliability; exceeding the ratings could
cause permanent damage. The device should be operated within the
GND Ground limits specified under DC and AC Characteristics.
Vee +5-volt power supply
NC No connection

Block Diagram

Ag Ag

©--- @

: l
Refresh Address Row Address Column Address
Counter Latch Latch

— |

Decoder Multiplexer
%
Refresh Timer Rowsﬁft:::ess Colur;:flf\;dress
| I K}
Row Address
Decoder
0
0
e
Storage 23
Cell < 3
Matrix @
Ea
°?
o
— — [ L
Timing’ - Data-Out Data-In
Generator Timing Generator Buffer Buffer
RFSH Doyt DIN

RAS CAS WE

83-0049458
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Operation
Write and Read Operation

The uPD42601 is capable of standard write and read
operation as well as page-mode operation. The ten row
address bits are set up on pins Ag through Ag and
latched onto the chip by RAS. Subsequently, ten
column address bits are set up on pins Ag through Ag
and latched onto the chip by CAS. An appropriate write
or read cycle is executed according to the logical level
of WE: a high WE initiates a read cycle and low WE
initiates a write cycle.

Page-mode operation may be executed by pulsing
CAS repeatedly while maintaining a low RAS. The first
word is accessed in the same manner as in standard
write and read operation, with row addresses latched
onto the chip by RAS and column addresses latched by
CAS. Subsequent column addresses are accessed for
each CAS cycle, repeated during a period up to the
maximum RAS pulse width.

Refresh Operation

CAS before RAS Refreshing. This cycle may be
initiated by bringing CAS low before RAS and hoiding
it low after RAS falls. A built-in address counter makes
external addressing unnecessary.

RAS-Only Refreshing. RAS-only refreshing is exe-
cuted by holding CAS high as the row addresses are
latched onto the chip by RAS. Using this cycle, all
storage cells are refreshed by the 512 address com-
binations of Ag through Ag during a 32-ms period.

Self-Refreshing. A self-refresh cycleisinitiated for the
addresses generated by the internal counter whenever
RFSH is active low and the RAS input is cycling (see
figure 1). Since the minimum required RAS cycling
frequency depends on ambient temperature, power
consumption will also vary with temperature as shown
in the AC and DC Characteristics. For extended
periods of self-refresh operation, a low supply current
is required; e.g., if ambient temperature is limited to
50°C (max), as little as 30 uA (max) is required to
maintain all data.

Recommended DC Operating Conditions
Tao=0to +70°C; GND =0V

Limits
Parameter Symbol  Min Tp  Max Unit
Supply voltage Vee 45 5.0 5.5 v
Input voltage, high Vi 24 5.5 v
Input voltage, low Vi -1.0 0.8 v
Capacitance

Tao=25°C; f=1MHz

Parameter Symbol Max  Unit Pins Under Test
Input capacitance Gy 5 pF Address, Diy
Cp 8  pF RAS, CAS, WE,
RFSH
Output capacitance Cp 7 pF Dout
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DC Characteristics
Ta =010 +70°C; Voo =+5.0 V. 10%

Limits

(2) tpcr depends on operating temperature as reflected in the table
below (see figures 2 and 3).

P Symbol Min Typ Max Uit Test Condit Operating “acr [mex]
arameter ymbol Min Typ Max Unit Test Conditions Temperature [Ty]  uPD42601-L . uPD42601
Operating current, Iggy 12 mA RAS, CAS cycling; o
average lp="0mA 0to 50°C 20 us 5us
trc = trc (Min) 0toB0°C 10 us 5us
Standby current  lgeo 20 mA RAS=TCAS=RFSH 0to 70°C 5 us 5 us
=Viy
e (3) Average power supply current required for self refreshing is
05 mA RAS=CAS = RFSH measured according to the following conditions: RAS is cycling
= Vg — 0.4; Ag-Ag, at50, 100 or 200 kHz; Vi = Vo — 0.4 V; Vi S 0.4V; ty <50 1ns; Ag
Diy and WE = Vo t0 Ag, Dy, WE and CAS =Vc to GND; RFSH=V) . When RFSH
—040r<04V =V)_(£0.4V), the RAS input must be cycled at or exceeding the
QOperating current, lgcs 10 mA tgg=tgc (min); minimum frequency requirements.
RAS-only refresh, lp=0mA (4) This specification appliesto the uPD42601-L only. For the non-L
average version, Igcs is 120 gA, maximum, at all Ta.
QOperating current, Igcs 10 mA tgg = tgg (min);
CAS before RAS lo=0mA AC Characteristics
refresh, average Ta =0t0 +70°C; Voo = 5.0 V £10%
Operating current, Igcs 30 uA RAS cycling at 50 Limits
self-refresh mode, kHz (Notes 1,2, 3, 4) T — ) -
average — Parameter Symbol ~ Min  Max  Unit Test Conditions
60 A RAS cycling at 100 - -
kHz (Notes 1, 2, 3, 4) Random read or write  tgg 1000 ns (Note 5)
120 uA RAS cycling at 200 cycle time
cycling a
H KHz (Nyolesg1, 2,3) Page-mode cycle time tpg 200 ns (Notes 5, 15)
Operating current, Icgg 12 mA tpg=tpg (min); Access time from RAS  tgac 600 ns (Notes6,7)
page mode, lp=0mA Access time from CAS  tgag 100 ns (Notes®6,8)
average - (falling edge)
Input leakage i -1 1 wA Viv=0toVgciall ~  Qutput buffer turnoff  tore 0 100 ns (Note9)
current other pins not under delay
test=0V
- Transition time (rise - ty 3 50 ns (Notes 3, 4)
Output leakage loL -1 1 wA Doyr disabled; and fall)
current Vour=0to V, =
ot it RAS precharge time  tgp 390 ns
Output voltage, VgL 04 V Ipg=42mA = -
low RAS pulse width tras 600 100000 ns
Outputvoltage,  Voy 24 V o lg=—5mA RAS hold time sy 100 ns
high CAS pulse width toas 100 10000 ns
Notes: CAS hold time tesH 600 ns
(1) When teag < 2.5 ms, Igcs does not depend on the RAS clock;  RAS to CAS delay time tpgp 150 500 ns (Note 10)
Iccs (max) =500uA. When tpag = 2.5 ms, Igcs (max) =500 uA in G- mrc
the first 2.5 ms after RFSH falls (it does not depend on the RAS ?AS to RAS precharge  tcpp 30 ns  (Note 11)
clock). Subsequently, Igcs is 120 uA for the uPD42601 or is as _'EJ'
shown in the following table for the uPD42601-L. CAS precharge time  tgpy 90 ns
(non-page cycle)
Operating Clock Self-Refresh CAS precharge time  tcp 90 ns  (Note 15)
Temperature [Ta] Frequency [min]  Current [max] (page cycle)
0to 50°C 50 kHz 30 A at 50 kHz RAS precharge CAS trpc 0 ns
0t0 60°C 100 kHz 60 uA at 100 kHz hold time
0to 70°C 200 kHz 120 pA at 200 kHz
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AC Characteristics (cont)
Tao =010 +70°C; Voo = +5.0 V £10%

Limits Limits

Parameter Symbol  Min  Max  Unit Test Conditions Parameter Symbol  Min  Max Unit Test Conditions

Row address setup tash 0 ns Self-Refresh Cycle (cont)

time RAS puise widthin ~ tpsF 600 ns

Row address hold time tpay 90 ns self-refresh mode

Column address setup  tasc 0 ns RFSH to RAS delay  trpp 100 " ns

time time .

Column address hold ~ tcan 90 ns RAS hotd time in self-  tegy 200 ns

time refresh mode

Columnf addre%s hOF'idﬂ tar 590 ns Notes: 3

time referenced t

¢ 0 (1) All voltages are referenced to GND.

E?:: command setup  tcs 0 ns (2) An initial pause of 100 us is requireﬁfter power-up (Vog =
+5.0 V +10%), followed by any eight RAS cycles, before proper

Read command hold__ tggy 75 ns (Note 12) device operation is achieved. RAS, CAS, and RFSH must equal

time referenced to RAS V)i during the initial pause.

Read command hold__ tgcH 0 ns (Note 12) (3) Ac measurements assume tt =5 ns.

time referenced to CAS (4) Vjy (min) and V) (max) are reference levels for measuring

Write command hold  twcy 90 ns timing of input signals. Transition times are measured between

time Vigand Vi

Write command hold__ twcgr 590 ns (5) The minimum specifications are used only to indicate the cycle

time referenced to RAS time at which proper operation over the full temperature range

writ ool : m (Ta = 0to +70°C) isassured.

i m

wirdt; command puise. twp ns (6) Load =2TTL loads and 100 pF (Voq =2.4V, Vo = 0.4 V).

T : (7) Assumes that tgep < tgep (max). If trep is greater than the
Data-in setup time tos 0 ns (Note 14) maximum recommended value in this table, tgac increases by
Data-in hold time 1oy 90 ns  (Note 14) the amount that tgop exceeds the value shown.

Data-in hold time_ tpHR 590 ns (8) Assumes that trop = trep (Max). )
referenced to RAS (9) torr (max) defines the time at which the output achieves the
Write command setup  tycs 0 ns open-circuit condition and is not referenced to Von or Vp..
time (10) Operation within the tggp (max) limit assures that tgac (max)
CAS setup time for tcsr 30 ns can be met. tgcp (Max) is specified as a reference point only; if
CAS before RAS refresh trcp is greater than tgop (max), access time is controlled
A% hold fma Tor 028 1 pres exclusively by tcac-
S [
beforeoRTtSIT:ﬂ:;h CHR n (11) Thetcprp requirementshould be applicable for RAS/CAS cycles
- preceded by any cycle.

Refresh period tREF % ms ﬁg.d/-\r:sses (12) Either tggy Or troH Must be satisfied for a read cycle.

(13) When tpag < 2.5 ms, Iggs does not depend on the RAS clock;
Seli-Refresh Cycle Iccs (max) = 500 uA. When teag = 2.5 ms, locs (max) = 500 yA
RFSH pulse width tras 810 ns (Note 13) for the first 2.5 ms after RFSH falis (it does not depend on the
e RAS clock). Subsequently, Iccs is 120 uAfor the uPD42601 or is
2/:12 toRFSHdelay  tgep 100 ns as shown in the following table for the uPD42601-L.
RAS setup time 1FRS 200 ns Operating Clock Self-Refresh
to RFSH Temperature [T4] Frequency [min] Current [max]
RAS cycle time in self- tpcr 1000 ns  (Note 16) 010 50°C 50 kHz 30 A at 50 kHz
refresh mode
= — 0to 60°C 100 kHz 60 uA at 100 kHz
RAS precharge time in  tgpp 390 ns
self-refresh mode 0to 70°C 200 kHz 120 pA at 200 kHz
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Notes [cont]:

(14) These parameters are referenced to the falling edge of CAS for
early write cycles.

(15) This parameter is applicable to page-mode operation.

(16) trcr depends on operating temperature as reflected in the table
below (see figures 2 and 3). '

Operating trcF [max]
Temperature [Ta] 1PD42601-L 1PD42601
0to 50°C 20 us 5us
0to 60°C 10 us 5us
0to 70°C 5us Sus

Figure 1. Internal Address Generation in Self-Refresh Operation

RFSH \ Self-Refresh Operation
19 ﬁ“ﬁ Slocks ! 19 RAS Clocks ' 19 RAS Clocks
1 2 ote 1) 19 1 2 19 1 2
. -
RAS
4 @ ?
Address n-1 n n+1 n+2
cou“'er Ji b)) )
¢ \ =
Address (n — 1) Refresh Address (n) Refresh Address (n + 1)
Refresh
Notes:
(1) One internal address is refreshed every 19 RAS pulses.
{2) The self-refresh mode is intended primarily for long
periods of refresh-only operation.
83-004503B
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Figure 2. Special Requirement for tpcr Near Periods of Limited Standard Refresh Cycles

Self-Refresh Operation | - - | Self-Refresh Operation
Normal Read and Write Operation

RFSH \‘k (Note 3) 3

tRFS
RAS
tRSF | | tRPF tRPF
—] tFRD | | | [*— tRFD
I‘_ tRCF T tRCF |

Notes:

[1] The value for tRCF [min] is specified in AC Characteristics. The {4] The time delay bet the last self-refresh pulse in one self-
value for tRCF [max] is dependentupon P and shown refresh cycle, and the first seif-refresh puise in the next cycle, is
in the table below. defined by tRCF {max] when the intervening period ot read and

i {max] write operation meets the conditions in Note 3.
RCF [S] The built-in counter generates the refresh address in seif-
TA 4PD42601-L 4PD42601 refresh and CBR refresh cycles. Since this address increments
50°C 20 us Sus sequentially from the fast cycle in either sel{-refresh or CBR
60°C 10 us 5us operation to the first cycle in the alternate refresh mode, CBR
70°C 5us 5us refreshing should be used during normal read and write

operation to refresh one address location every 62 us or less. If
some other means of refreshing is used, it is necessary to do a
burst refresh of all storage cells just before changing to and just
after exiting self-refresh operation.

{2] When exiting self-refresh to a period of read and write operation
which includes CBR refresh cycles, tRcF is the delay between
the last self-refresh pulse and the first CBR cycle. When
entering self-refresh operation, tRCF is the delay between the
last CBR cycle and the first self-refresh pulse.

[3] In this period of normal read/write operation, there are no CBR
refresh cycles or less than 512 RAS-only refresh cycles.

83-0045028

Figure 3. Timing Restrictions for Entering and Exiting Self-Refresh Operation

SEai Self-Refresh / : \ Self-Refresh
|
RFSH Operation Normal Read/Write Operation Operation
RAS RIW CBR
Last . First
Self-Refresh First CBR Last CBR Self-Refresh
Pulse Cycle Cycle Pulse
I* tRCF 1 I tRCF d
Notes:
[1] The value for tRrcF [min] is specified in AC Characteristics. The [3] The built-in counter generates the refresh address in self-
value fortrcF [max] is dependent upon temperature and shown refresh and CBR refresh cycles. Since this address increments
in the table below. sequentially from the last cycte in either self-refresh or CBR
operation to the first cycle in the alternate refresh mode, CBR
tRCF [max] refreshing should be used during normal read and write
TA uPDA42601-L uPD42601 operation to refresh one address location every 62 us or less. if
50°C 20 s 5us some other means of refreshing is used, it is necessary todo a
60°C 10 us 548 burst refresh of all storage cells just before changing to and just
70°C 5us 5us after exiting self-refresh operation.
[2] When exiting self-refresh to a period of read and write operation
which includes CBR refresh cycles, tRCF is the delay between
the last self-refresh pulse and the first CBR cycle. When
entering self-refresh operation, tRCF is the delay between the
last CBR cycle and the first self-refresh pulse.
83-0045018
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Timing Waveforms

Read Cycle

zy%m

tRC
tRAS
tAR
RAS h
tcsH
tRCD tRSH
tCRP
tcas tcPN
4 A 4
s/ / /

tRAH
tasc

t\\

tcaH

NAANY

tASR -+
Address / / / i Addres

Row

Column
Address

XIZ77777

[/

tRCS

tRCH

w [T

]
L]

High Impedance

tcac [+~—-tRRH
tRAC toFF
High impedance
Dour ; Valid Data
Note:
(1) RFSH = Vin.

BBBBBBBBB
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Timing Waveforms (cont)

Write Cycle (Early Write)

n

RAS
tAR
T NN
tRp——+|
tRCD

=/////] NN /7 NN

tRAH
tcaH
“!ASRf » [etasc

o T TN ENOX B XTI TTTTTIITTT,

w TTTTTTTTT || STTTT7 T T IT T,
‘“|i'i o
///////////zx: = XTI

R

eeeeeeeeeeeee

Note:
(1) RFSH = V|j

MMMMMMMM
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Timing Waveforms (cont)

Page-Mode Read Cycle

tRAS
F—MR*——"
S N\ f
RA
\ 7 \__
tcsH trRp
l—tcrp | tec [e-tRSH-]
[~—1tRCD QCAs——% le—tcp — [—tcas- tcPN
_ Y . Y
AS \ , / i
4 N
tCAH
te— tCAH
le-tasc le—tASC
Col 3 Column
Adrs Address,

trRCH 1-- trRCs 4 tRCH
[+ tRRH
|
le—tcac—|
tRAC l—tcac —:U — iCAc—"
- toFF torF toFF
High Impedance High Impedance
Dout p
Note:
(1) RFSH = ViH.

83-0049488
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Timing Waveforms (cont)

Page-Mode Write Cycle (Early Write)

tRAS ¢
tAR
—_—
RAS R /
L J A
ol
F————tCSHI—” tRSH re—1tRP
[+~ {CRP | tec
—1tRCD tcas re——tCAS re—-1CAS
J— )
CAS \ \
N d
L tCAH L
tRAH —>  te—1tCAH tcp—| tCAH tcPN
tASR—» [« C fe-tasc tasc "
(‘l‘
Add Row Column Column
ress Adrs Address; - Address 7
A4
N l=tWCH [+ twCH
twcH
twes [ te-twcs - twes
w // , [/

(ot

7777
-

I}

twp

Lfl—twv’—# Lﬁiwp
-——-—QWCR—I—— s
tns-l “QDH-’ l+— tH —]
7 ‘ \ y
DIN / / Valid Data Valid Data /
7 7 )
<

tDHR

tps

XTI

83-0049498

Note:
(1) RFSH = VIH.
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Timing Waveforms (cont)

RAS-Only Refresh Cycle

tRC

tRp————

tRAS

—— e
w7 7

tASR [+ tRAH

s /77T 777X e X /7777 7777777777 777777777

High Impedance

Dout
Notes: .
(1) RFSH = Vju.

(2) WE and DiN = don't care.
83-0049518

CAS Before RAS Refresh Cycle Self-Refresh Cycle

tRC tRCF —]

+treF>

f tFAS

High | d Note:
DouT 107 mpedance (1) CAS, WE, Din, Address = don’t care.

Notes: 83-004952A

(1) RFSH = VIH.
(2) WE, DiN, Addresses = don’t care.

83-004950A
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4PD43501
1,024-CHANNEL
TIME DIVISION SWITCH

Description

The uPD43501 is a time-switch device designed for use
in a high-performance digital communications net-
work. Features include a time-switch function by
which up to 1,024 channels can be exchanged using
a 16-bit data width, and a tone output function by which
an 8-bit tone signal can be output to an arbitrary
channel.

Two planes of 1-kword by 8-bit storage area and one
plane of 1-kword by 10-bit control storage area for the
time-switch function enable the uPD43501 to realize
switching modes in which arbitrary 1,024 or 512 input
channels can be connected to arbitrary 1,024 or 512
output channels. The configuration of the tone signal
output section, one plane of 64-word by 8-bit tone
storage area and one plane of 1-kword by 8-bit tone
control storage area, allows the device to output up to
64 different tone signals to an arbitrary output channel
as 8-bit voice/tone data. ’

Ordering Information

Part Number Data Transfer Rate (max} Package
1PD43501R 8.192 Mbps 132-pin ceramic pin grid
array (PGA)

Features

[ Separate switch storage and control storage to
allow construction with one VLSI device of a non-
blocking switching network having a maximum
capacity of 1,024 channels
[0 Selectable operation
— 1,024 by 1,024 serial input and output
— 1,024 by 1,024 parallel input and output
¢ 16.384 MHz operating frequency
¢ 8.192 Mbps data transfer rate

— 512 by 512 parallel input and output
¢ 8.192 MHz operating frequency
e 4,096 Mbps data transfer rate

O Switching flexibility
— 8- or 16-bit data width
— n by 64 kbps connection

O Tone signal output function

0O 8 by 8 space switch for an 8.192 Mbps, 128-channel
multiplexed line

O CPU interfaces for the control storage and tone
control storage

O Low power consumption: 1000 mW (typ)

O TTL-compatible inputs and outputs

[ 132-pin ceramic pin grid array packaging

Contact your NEC sales representative for a copy of the complete data sheet.
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Block Diagram
SWE2 l
WE
COo0-
Cloo-Clo7 —»] DN Dout pIs Cog-oz
s/P Switch or
orPIN Storage 2 P OUT
ADg AD1q
SWE1 l
WE
Slgo-Slo7 — DIN Dout SO00-
P/S 00
so/ :’ Switch SEL or SOp7
PIN Storage 1 P OUT
ADo AD1
Dout
TNoo-TNog DIN
TWE WE
I Tone Storage
WAQo-WAD9 +—1  write oLl AD1
WCo0-WCo9 —={ Address
CTLD —» Counter
RST —+ TSEL
FH —
CLK —»
CLK1 <-— .
CLK2 Timing DouTY DouT1
Generator Tone Control
MODgo —»{ Control Storage Storage
MOD1 —+ —|Poutz DN DIN  Dour2
TSPo SEL: Selector
$/P: Serial-to-Parallel
TSP1 AD1 ADg AD1 ADg Converter
| P/S: Parallel-to-Serial
r Converter
RAgo-RA09 Re?:do::f;,"s CPU Interface

DTST SCNq

SCN2 DBsg-
DBg

DBo-
DB7

83-0052188
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Switching Functions
Mode 0

In this mode, the uPD43501 inputs eight 128-channel
multiplexed lines from ports Slgg through Slg7 (or
from Clgg through Clg7) and outputs eight 128-channel
multiplexed lines to ports SOgg through SOg7 (or COgg
through COg7). Refer to figure 1 for a functional pin
diagram.

Serial input data from the input ports first is converted
to parallel data by the serial-to-parallel converters in
the receive section, and then multiplexed and sent to
the input section of the switch storage area. Since the
write address counter is synchronized with input data,
the write address of the switch storage area corre-
sponds to the time slot number of the input signal.
Writing multiplexed data to the switch address speci-
fied by the write address counter causes input data in
the time slot corresponding to the switch address
always to be stored at that address (figure 2).

Conversely, a control storage address corresponds to
an output-side time slot number, and the datain control!
storage indicates the switch storage address, i.e., the
input-side time slot number is stored at the control
storage address corresponding to the output-side time
slot to which the input-side is transferred.

The address signal is sent from the read address
counter to control storage in synchronization with
each output-side time slot. Data read out by this
operation is then sent to the switch storage area as the
address signal, and the data in the specified address
(input-side time slot) is then read out on the output side
and switched. Switched data is sent to the parallel-to-

serial converters in the transmission section, where it
is converted to serial data and then output to the
appropriate output ports.

With this switching function, the data in an arbitrary
time slot on the input side can be output as data in an
arbitrary time slot on the output side. Furthermore, in
addition to the time division switch function, a space
switch function enables switching time slots on any of
the eight input ports to be output on any of the eight
output ports. This means that a nonblocking 8 x 8
space switch for 128-channel multiplexed lines can be
realized.

Mode 1

Mode 1 makes it possible for the uPD43501 to input
512-channel multiplexed lines (4.096 Mbps by 8 bits), 8
bits in parallel, and output 512-channel multiplexed
lines, 8 bits in parallel. The input signals received on
the input ports are sent to the switch storage area in
parallel, after which the same switching functions
described in Mode 0 are then performed.

Mode 2

In Mode 2, the 4PD43501 inputs 1,024-channel multi-
plexed lines (8.192 Mbps by 8 bits), 8 bits in paraliel,
and outputs 1,024-channel multiplexed lines, 8 bits in
parallel. The input signals received on the input ports

- are sent to the switch storage area in parallel, after

which the same switching functions described in
Mode O are performed.
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Figure 1.

Functional Pin Diagram

Data Input
(16}

Data
Input/Output [8]

Control Signal
and Data input
[1]

Tone Data Input
[8]

Basic Timing Input
[4]

Counter Present Input
[20]

e,

Sloo-Slo7
Cloo-Clo7

DBo-DB7
DBg-DBg
SWE
SWEz
TWE
VoIC
TONE
ADST
DTST
SCNq
SCN2
TNoo-TNo7
RST

FH

RCTL
CLK

——] WCo0-WCo9

RCgo-RCog

$000-SO007

COgo-CO07

WA00-WAQ9

RAgo-RAgg

7LD
RCRY
TRCR
CLK1
CLK2
TSEL

MODg
MOD4
TEST
TSPo
TSP1

IRERREERER

132-Pin PGA

Data Output
{16]

Counter Ouput
[20]

Basic Timing
Output
[6]

Mode Set input
8]

83-0052238
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Figure 2. Time Slot Versus Frame Configuration

Mode 0

Slgg {ILO) Slgg (OLO)
1

i Serial Data Serial Data

Slga (IL7) TOSW Ls! Slgg (OL7)

1024 x 1024

FH
CLK

Frame Configuration

125 pus
e _J ([ g
17
[L
Slgo _| TS0 (ILO CHO) | TS8 (ILO CH1) | 1] | TS1016 (IL0 CH127) ]
) 7/
|
! fL
| I TS7 (IL7 CHO) | TS15 (IL7 CH1) | /1 | TS1023 (IL7 CH127) |
Slg7 7/
™ 1L
SOgg | TS0 (OLo CHo) | TS8 (OLO CH1) | 1] | TS1016 (OLO CH127) |
77
i
]
i
1 /L
s0g; | TS7 (OL7 CHO) | TS15 (OL7 CH1) | 1 i 751023 (OL7 CH127) |
s
Time Slot Configuration
122 ns
FH | | i
)
rupipipigipigipigipigigipipipigipigigipigipl/igh
L
Sl:m ] 87 [ B [ B8 | B4 [ 83 [ B2 [ BB [ Bo [ B7 [ B [ || [
1 — T8 o "
| S |
] [}
] ' [l
sigz | B7 | B6 | BS | B4 | B3 | B2 | B | BO | BZ | BS | JI |

S0gp _|_B7 | B6 | BS | B4 | B3 | B2 | B | BO | B7 | BS | ’U |
1 [
PN s <
- : "
o2 | B7 | B | B5 | B4 | B3 | B2 | B1 | BO | BZT | B | ]| |
74
Notes:
[1] IL = input line
[2] OL = output line
[3] TS = time slot
[4] CH = channel 831H.52158
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4uPD43608
SINGLE-CHIP
CACHE SUBSYSTEM

Description

The uPD43608 is an integrated cache subsystem that
provides the microprocessor system designer with a
high-performance, single-chip, general-purpose cache
solution. The uPD43608 consists of a CPU interface,
directory storage (including address tag and validity
bit storage), 8K bytes of on-chip data storage, 128 x
6-bit least recently used (LRU) replacement storage,
internal address and data paths for cache bypass
operations, an asynchronous 32-bit system bus inter-
face, and several features optimizing cache write and
miss operations. The uPD43608 is also able to interface
with a number of 16- and 32-bit general-purpose
microprocessors operating at 16 or 20 MHz.

Features

O High-performance 16- and 20-MHz operation
[ 16- and 32-bit microprocessor interface capability
O Integrated cache architecture
— 8K bytes of on-chip data storage
— 16-byte cache block size
— 4-way set associative placement algorithm
[J Bus monitoring circuit
0 LRU replacement algorithm
O Prefetch on miss—one block lookahead
O Fetch bypass and wraparound load
O Asynchronous 32-bit system bus interface
[ Multichip configuration increases cache size
O Write-through storage update policy with one-level
write buffer
[ 132-pin ceramic pin grid array packaging
O CMOS circuit technology

Ordering Information

Ready Output  Cycle Time
Part Number Time {max) {min) Package
uPD43608R-2 70 ns 125ns 13?—pin ceramic pin
R3 50 ns ons  9ridaray

Organization

The uPD43608 is organized as a 4-way set associative
cache, with 8K bytes of on-chip datastorage organized
as 128 sets by four 16-byte data blocks. When the CPU
executes a read cycle, the address tag field of the
physical CPU address is compared to the address tag
in the cache directory. if a hit occurs, the selected data
is sent to the CPU. Otherwise, the uPD43608 initiates a
miss cycle to access main storage and update the
cache with the replacement block. This architecture
ensures a high hit ratio of 95% in most microprocessor
applications.

Optimizing the Miss Cycle

The hit rate is an important parameter for measuring
performance. Since a high hit rate of 95% requires that
the uPD43608 access the main storage array for 5% of
all read cycles, the penalty in system performance
incurred during a miss cycle may be significant. The
uPD43608 provides a number of on-chip features that
optimize system performance during a miss cycle.

Data Transfer Cycles

The uPD43608 cache subsystem provides two data
transfer modes for accessing main storage during a
miss cycle: (1) burst data transfer mode uses the nibble
access feature of a DRAM in main storage to optimize
system bus bandwidth; (2) in single data transfer
mode, an address is transmitted with each read cycle
to main storage for systems that don’t use nibble
access DRAMSs.

Block Load and Fetch Bypass Buffers

Once the replacement block has been read from main
storage, the block load buffer is used to reduce the
replacement block transfer time by providing a tem-
porary buffer for storing the repiacement block while
the cache data storage is being updated.

Contact your NEC sales representative for a copy of the complete data sheet.
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Concurrently, the CPU throughput is optimized by
loading the missed word into the fetch bypass buffer as
soon as it is read from main storage. The CPU directly

accesses the fetch bypass buffer and can fetch the-

missed word without having to wait for the replacement
block to be stored in cache data storage. If the CPU
attempts to read the next word in the replacement
block, the cache searches the directory and the block
load buffer to ‘determine whether or not a hit has
occurred. Once the entire replacementblock is loaded
into the block load buffer, the data is wraparound-
lodaded into cache data storage.

Prefetch on Miss

On cache miss cycles, the ,uPD43608 implements. a
one-block lookahead algorithm that prefetches the
next sequential cache:data block, thus increasing the
cache hit rate. Although prefetching can improve
cdche performance, a check must be made to deter-
mine thatthe block is not currently stored in the cache.

The uPD43608 performs this check during each pre--

fetch cycle, 'searching the cache ‘directory for the
‘desired prefetch block. If ‘a hit occurs, the prefetch

3-246

logic aborts the cycle. This function, which ensures
that the cache is not polluted with duplicate data, can
be enabled or disabled by controlling the cache status
code signals during each read cycle.

Replacement Algorithm

The pPD43608 -uses a least recently used (LRU)
replacement algorithm to determine which data block
should be overwritten during a cache miss cycle. This_
algorithm improves cache performance by choosing
the data block with the least usage to optimize the
hit rate.

Main Storage Updaté Policies

To maintain data consistency in the storage hierarchy
during each cache write cycle, the uPD43608 uses a
write-through method that updates the main storage
as soon as the CPU writes data to cache storage. CPU
throughput is optimized by means of a one-level write
buffer, which temporarily stores write data and initiates
the write cycle to main storage, allowing the CPU to
concurrently execute the next instruction.
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Pin Configuration

132-Pin Ceramic Pin Grid Array

Top View | Bottom View
PIOOOOOOOO0O0O0O0O0O0
NJOOOOOOOO0OO0O0O0OO0O0O
MIOOOOOOOOOO0O0OOO0
LJOOO 000
KIOOO 00O
JIOO O 000
HIOOO 000
N (6ROX®) 000
FIOOO Insertion Mistake 000
EJOOO C/ Prevention Pin Q00
D|JOOO ) 000
Index Mark c|IO0O000000O0OOOOO
% BIOOOOO0OOO0O0OO0OO0O0OOO0
AJIOOOOOOOOOOOOO0
1413121110 9 8 7 6 5 4 3 2 1 1 2 3 456 7 8 9101 1213 14
83-004721A
Pin Number Function Pin Number Function Pin Number Function Pin Number Function
A D15 Cs Vee Hy D3p Mig ADq
A Dy2 C7 GND Ha D31 M ADy7
Ay D1g Cg Vee H3 GND M2 AD1s
A Dy Co A Hi GND Mi3 ADg
As D7 Cio Ag Hi3 ADy M14 ADg
As D Cn At Hig AD Ny PBE,
A7 D3 Cyp A Jy PRDY No SMC
Ag Dy C13 A Ja PAS N3 AMC
A A Cia A% I PCS Ny BRO
Atg Ay Dy D4 Ji2 AD; N5 BACK
A As D, Dp1 I3 AD, Ng WBE,/WAIT
A A7 ] Dig Ji AD3 N7 AD31
A3 . A Dy Ass K4 PRD/PWT Ng ADpg
Ay A1z Dig Mg Ka CAEN . Ng ADy7
By D2g Dig At K3 ST, N1g ADp4
By Di7 Eq D5 K2 AD14 N1t AD2p
B3 D13 Ea D3 Ki3 ADg N1z ADyg
By Dqy E3 Vee K14 ADs N3 AD1g
Bs Dg Eig Atg Ly STy N4 AD1a
Bg Dg Ez ‘Aop Ly STg Py ERR
By Dy E1q Agg L3 PBEg ) WBSY
By Dy Fy Dy7 L12 AD14 P3 MAS/MBS
Bg Dy Fa Dag L13 ADsg Pq MBEy/EOC
Big As F3 GND L1a ADg P5 MBE,; /UERR
By Ag F2 Ags My PBE3 Ps MBE;/CERR
Bi Ag Fig Ags My PBE, a4 WA
Big A13 Fi4 Az M3 PCLK Pg AD3q
By Az [ Dog My RST Pg ADgg
Cq Dao Gy Dog Mg BCLK Pyo ADpg
Cy Dyg G3 GND Mg MDS Py ADys
Cs D1g G2 GND M7 Vee P12 ADp3
C, Dig 613 ADg Mg GND Pi3 ADyg
Cs GND Gig Az Mg Vee Pig AD1g
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Block Diagram
1PD43608 Singte-Chip Cache Subsystem
r - - - - - - - T o TTsTTmT T T T -
| |
32 Write Data
CPU v Buffer
Data
Bypass ‘ | : 82
<;i> _ Multiplexer ¢>
32 l
System
Bus

Control

Storage Block 32 <i:>
IF ______ [~ _7| 10
CPU | |
Control I :
[ N Data Bits 32 System
<:i> cpu Is Block Input Bus
14 ¥ | Interface 1 v (16 Bytes x Buffer Latch Interface | System
| 128 Sets | Bus
I x 4 Ways) | 1o
| |
| ! <i:>
|
CcPU | 32
Address i
Address | vatia | A2 Write 2
i/ Tag Bits Bits Buffer
27 i

ey

Block Address
Generator

Write Add
Buffer

Multiplexer

27

uPDA43608 Single-Chip Cache Subsystem

83-004723B

System Bus Interface

The integrated system bus interface provides an inter-
face to contemporary microprocessor system bus
architectures. The interface circuit consists of a 32-bit
multiplexed address and data bus, asynchronous bus
control signals, a bus lock signal, a wait signal, a
correctable error function, two data transfer modes—
burst and single, and a system bus clock signal. The
size of the cache can be increased by connecting
additional uPD43608 devices in parallel. A write buffer
busy signal is daisy-chained between the parallel
devices and automatically controls data transfers in
multichip configurations.

3-248

Bus Monitoring

In multiprocessor system applications, maintaining
data consistency is a major concern. In such a system
architecture, an integrated circuitis required to monitor
the system bus for any updates to main storage. When
a bus master updates a location in its cache storage
and writes that change to main storage, all slave
processors must invalidate any stale cache data. The
monitoring circuit latches all write addresses on the
system bus and invalidates any cache data blocks that
are not consistent with main storage.
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Functional Pin Diagram

PCLK BCLK
Clock ————————— f#————  Clock
A1-A27 ADo-AD31
Address
PP E— > o
Do-D3t MAS/MBS
ST Gam— —
LI MBEQEGS
PCS J, Bus Cycle
e uPD43608 BEV/UERR [ Control
Cache CAEN -~
A BE2/WAIT
Control PRDY R
B — BES/CERR
ERR -
PRD/PWT [ MWA  Bus
p—— N Monitor
Bus Cycle PBE3-PBEQ | BRG B
™ us
Definition S§T2-STo BACK } Arbitrati
sioof 1 4 |
Vcc GND RST WBSY AMC SMC
! |
T T
CPU Power Supply Memory
Interface and Control Interface
83-0047228
Signal Summary
CPU Interface Memory Interface
Signal Input/ " " Signal Input/ "
Name Output Signal Function Name Output Signal Function
PCLK } Processor clock ADg~AD31 170 Address/data bus
Aq-Ay7 I Address bus AD3; = MEM/T0 0 Memory/10
Dg-D34 170 Data bus AD3g = MRD/MWT Read/write During an
PAS | Address strobe ADpg = LOCK Bus lock address cycle
PCS | Command strobe ADyg = PRF Prefetch
CAEN | Cache output enable MAS/MBS 0 Address strobe/bus strobe
PRD/PWT 1 Read/write MD 0 Data strobe
PBE3-PBEg I Byte enable MBEy/EOC 0 Byte enable 0/end of cycle
STo-STy | Status MBE/UERR 170 Byte enable 1/uncorrectable error
PRDY 0 Ready MBE,/WAIT 1/0 Byte enable 2/wait
ERR 0 Error MBE3/CERR 170 Byte enable 3/correctable error
Control MWA | Main memory write check address
RoT | Reset BRQ 0 Bus request
WBSY 1/0 Write buffer busy BACK | Bus acknowledge
AM | Test pin BCLK 1 Bus clock
SMC | Scan path mode
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NEC Electronics Inc.

pPD71641
Cache Memory Controller

Description

The uPD71641 is an LSI cache controller chip offering
advanced features, unequaled flexibility, and built-in re-
liability to system designers. The uPD71641 makes it
practical and economical to use sophisticated cachesin
microprocessor-based systems.

The implementation of pPD71641 is transparent to the
application program. The uPD71641 is configurable from
direct-mapped to 4-way set-associative mapping. The
uPD71641 allows up to 128K bytes of cache memory.
Cache updating is made efficient with sub-block parti-
tion and burst mode features.

The uPD71641 can be easily used with many general-
purpose, high-performance 32-bit or 16-bit microproces-
sors, Its architecture is suitable for multiprocessors and
multimaster environments. Cache data consistency is
ensured by bus monitoring and dual comparator tech-
niques. The uPD71641 uses a write-through strategy to
update main memory, which guarantees the best cache
consistency in a multiprocessor and multimaster sys-
tem. External data storage is flexible in size and organi-
zation. The uPD71641 will work with any word width.

The uPD71641 is unique in offering features to implement
a highly reliable cache memory subsystem. The
uPD71641 provides built-in reliability checks, such as
address tag parity check, multiple hit detection, and
self-diagnosis for directory faults. Upon detection of an
erroneous condition, the uPD71641 can either be dis-
abled, or continue to operate in a functionally degraded
mode.

50135

Features

0 General-purpose interface supports high-
performance microprocessors

0 Transparent to application programs

D Flexible placement algorithm: direct 2-, 4-way set-
associative

O Large tag memory configuration:
— 1024 sets x 1 way x 2 sub-blocks
— 512 sets x 2 ways x 2 sub-blocks
— 256 sets x 4 ways x 2 sub-blocks

Programmable sub-block size up to 64 bytes

Bus replacement cycle variable from 1 to 16 words
Supports large cache memory up to 128K bytes
Supports up to 4G bytes of main memory

LRU replacement algorithm

Write-through strategy

Data consistency check by bus monitoring
External PURGE input to flush tag store

Increased reliability through internal error detection
— Parity check on tag store

— Incorrect match check

— Multiple hit check

— LRU output check

0 Unique level degradation feature to maximize cache
system up time

@ 16- and 20-MHz operation
0 132-pin PGA package

0O 0O o 0D oo o o o

Ordering Information

Max Clockout
Part Number Frequency Package
uPD71641R 20 MHz 132-pin Ceramic PGA
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Block Diagram
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NEC Electronics Inc. Advanced Graphics Display Controller

Description O Video timing signal generation

. . — High-speed processin two system clocks:
The uPD72120 Advanced Graphics Display Controller digplayp (for \?ideo syncgsti’én al gewneration) and
(AGDC) displays characters and graphics on a raster graphics drawing clocks
scan device from commands and parameters received — External synchronization capability
from a host processor or CPU. Features of the AGDC Large-capacity display memory
ipcl.ude !1igh-speed gfaphics drawing' cap‘abilities, video — Display memory bus interface: 24-bit address and
timing signal generation, large capacity display memory 16-bit data bus for addressing up to 16M words
control (including video RAMs), and a versatile CPU 16 bits/word !

interface. These features allow the AGDC to control
. - - < — Video RAM (VRAM) control
graphics drawing and display of bit-mapped systems. — Display memory bZJS arbitration

0 Host processor (CPU) interface

— System bus interface: 20-bit address bus, 8- or
16-bit data bus

— Data transfer with external DMA controller: from
system memory to display memory (PUT); from
display memory to system memory (GET)

— High-speed pipeline processing with preprocessor
before drawing processor

— CPU memory or I/O mapping of internal registers
and display memory for efficient system interface

8-MHz system clock

CMOS technology

Single + 5-volt power supply

Packages: 84-pin PLCC, 94-pin plastic minifiat

Features

8 High-speed graphics drawing functions
— Graphics drawing: dot, straight line, rectangle,
circle, arc, sector, segment, ellipse, .ellipse arc,
ellipse sector, and ellipse segment
— Maximum drawing speed
500 ns/pixel (8 MHz, pixel mode)
500 ns/dot (8 MHz, plane mode)
— Area filling (high-speed processing in word units):
triangle, trapezoid, circle, ellipse, and rectangle
-— Painting: filling of any arbitrary enclosed area (bit
boundary retrieval)

— Data transfers in display memory: multiplane
transfers; data transformation (90°/180°/270°
rotation and reversal); multiwindow transfers;

oooa

Ordering Information

maximum transfer speed of 500 ns/word Part No Package
— Image processing: slant, arbitrary angle rotation, puPD72120L 84-pin PLCC
16/N enlargement, and N/16 shrinkage (N any UPD72120GJ-5BG 94-pin plastic miniflat

integer from 1 to16)
— Position specification by X-Y coordinates
— Logical operations between planes
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Block Diagram
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NEC Electronics Inc.

pPD72123

Advanced Graphics
Display Controller Il

Description

The uPD72123 Advanced Graphics Display Controller li
(AGDC 1I) is an enhanced version of the uPD72120
AGDC. It executes bit map graphics processing at high
speed as a peripheral to a host CPU, reducing the host's
workload and improving processing efficiency.

Features

a
=]

o

goooooan

Compatible with uPD72120 AGDC

Higher speed drawing

— 10-MHz drawing clock

Large command set

— Line drawing with graphics pen

— Painting arbitrary or defined areas with tiling
patterns

— Enlarge, shrink, and arbitrary-angle rotate copy
commands

— Data transfer between system and display
memory

Flexible system configurations

— Drawing can be performed on display or system
memory space

— Data bus can be used with most microprocessors

— Independent drawing and display clocks

— VRAM control

— Laser printer interface controls

Versatile drawing environment

— Pipelined processing

— Two X-Y coordinate systems can be defined

— Conversion between one-dimensional and two-
dimensional data arrays

— Clipping/picking

Improved painting performance

Bit search command

Vertical blank interrupt

Bit reversal

Drawing wait/retry timing

CMOS technology

Single + 5-volt power supply

50081

Ordering information

Part Number Package

pPD72123R 132-pin ceramic PGA -
uPD72123GJ-5BG 94-pin plastic miniflat
pPD72123L 84-pin PLCC

Comparison of uPD72123 and yPD72120

Item pPD72123 pPD72120
Clock frequency 10 MHz 8 MHz
X-Y coordinate systems Two One
Line pattern 32 bits 16 bits
Raster operations Three Two
(no. of operands)
Tiling pattern (horizontal) 32 bits 16 bits
Trapezoid fill - —
(lower line select)
Paint speed Increased —_
Paint stack area Decreased —
Graphics pen I —_
Bit search 4 —
Vertical blank interrupt » —
Laser printer control Id —
Drawing busy output signal v —
Wait drawing cycle v —_
Retry drawing cycle I —
Bit reversal v -
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uPD72123 Block Diagram
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NEC Electronics Inc.

pPD72185
Advanced Compression/
Expansion Engine

Description

The uPD72185 Advanced Compression/Expansion En-
gine (ACEE) is a dedicated high-speed processor that
performs binary image data compression and expan-
sionusing CCITT Group 3 and Group 4 algorithms. The
uPD72185 supports all the coding methods specified in
the CCITT T.4 and T.6 recommendations.

The uPD72185 ACEE operates on 8- or 16-bit-wide data
residing in memory. It can compress image data into
reduced codes and also expand reduced codes into an
image. Compressed codes can be transferred to or
from a separate processor or parallel peripheral
through an 1/O port.

The pPD72185 has a high-performance, four-stage
pipelined architecture. It has separate host CPU and
image data buses for maximum data throughput. The
on-chip DMA controller manages all data transfer on
the image bus.

The uPD72185 is designed for high-performance image
compression applications, such as facsimile machines,
PC FAX boards, scanners, printers, image worksta-
tions, electronic document storage systems, and mag-
netic and optical disk based electronic filing systems.

Features

0 High-speed processing
— Compression/expansion of CCITT standard test
chart (A4 size, 400 PPI x 400 LPI) in under 1
second
Internal four-stage pipelined CPU

o Handles a variety of encoding/decoding methods:
CCITT standard MH, MR, and MMR

50000

O 32K pixels maximum per line
0 Supports 32-megabyte image memory

O Image data enlargement/reduction
— Horizontally
x2 enlargement (on decoding)
x1/2 reduction (on encoding)
— Vertically _
X2 and x4 enlargement (on decoding)
x1/2 and x1/4 reduction (on encoding)

Bit boundary processing

Automatic error handling on decoding

Multitasking capability

Dual bus system

— Image memory side (24-bit address bus, 8/16-bit
data bus)

— Host CPU side (8/16-bit data bus)

O High integration

— On-chip DMA controller

— On-chip refresh timing generation circuit

O CMOS process
— Single + 5-volt power supply
— System clock: 8 MHz maximum

o o o o

Ordering Information

Part No. Package
pPD72185CW 64-pin plastic shrink DIP (750 mil)
pPD72185L 68-pin PLCC (plastic leaded chip carrier)
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Block Diagram
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NEC Electronics Inc.

uPD7220A
High-Performance
Graphics Display Controller

Description

The uPD7220A high-performance graphics display
controller (HGDC) is an intelligent microprocessor
peripheral designed to be the heart of a high-perfor-
mance raster scan computer graphics and character
display system. Positioned between the video display
memory and the microprocessor bus, the HGDC
performs the tasks needed to generate the raster
display and*manage the display memory. Processor
software overhead is minimized by the HGDC's sophis-
ticated instruction set, graphics figure drawing, and
DMA transfer capabilities. The display memory sup-
ported by the HGDC can be configured in any number
of formats and sizes up to 256K 16-bit words. The
display can be zoomed and panned, while partitioned
screen areas can be independently scrolled. With its
light pen input and multiple controller capability, the
HGDC is ideal for advanced computer graphics
applications.

For a more detailed description of the HGDC's
operation, please refer to the 7220/7220A design
manuals.

System Considerations

The HGDC is designed to work with a general purpose
microprocessor to ‘implement a high-performance
computer graphics system. Through the division of
labor established by the HGDC’s design, each of the
system components is used to the maximum extent
through a six-level hierarchy of simultaneous tasks. At
the lowest level, the HGDC generates the basic video
raster timing, including sync and blanking signals.
Partitioning areas on the screen and zooming are also
accomplished at this level. At the next level, video
display memory is modified during the figure drawing
operations and data moves. Third, display memory
addresses are calculated pixel by pixel as drawing
progresses. Outside the HGDC at the next level,
preliminary calculations are done to prepare drawing
parameters. At the fifth level, the picture must be
represented as a list of graphics figures drawable by
the HGDC. Finally, this representation must be
manipulated, stored, and communicated. By handling
the first three levels, the HGDC takes care of the high-
speed and repetitive tasks required to implement a
graphics system.

NECEL-063

Features

O Microprocessor interface .
— DMA transfers with 8257- or 8237-type
controllers
— FIFO command buffering
O Display memory interface
— Up to 256K words of 16-bits
— Read-modify-write (RMW) display memory
cycles as fast as 500 ns
— Dynamic RAM refresh cycles for nonaccessed
memory
O Light pen input
0O Drawing hold input
O External video synchronization mode
O Graphic mode
— Four megabit, bit-mapped display memory
O Character mode
— 8K character code and attributes display
memory
O Mixed graphics and character mode
— 64K if all characters
— 1 megapixel if all graphics
O Graphics capabilities
— Figure drawing of lines, arc/circles, rectangles,
and graphics characters in 500 ns per pixel
— Display 1024-by-1024 pixels with 4 planes of
color or grayscale
— Two independently scrollable areas
O Character capabilities
— Auto cursor advanced
— Four independently scrollable areas
— Programmable cursor height
— Characters per row: up to 256
— Character rows per screen: up to 100
O Video display format
'— Zoom magnification factors of 1 to 16
— Panning . . .
— Command-settable video raster parameters
0O NMOS technology )
O Single +5 V power supply
[0 DMA capability
‘— Bytes or word transfers .
— 4 clock periods per byte transferred
0 On-chip pull-up resistor for VSYNC/EXT, HSYNC
and DACK, and a puil-down resistor for LPEN/DH
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NEC

Ordering Information

Pin Identification

Part Package Max Frequency Pin
Number Type of Operation No. Symbol Function
uPD7220AD 40-pin ceramic DIP 6 MHz 1 2xWCLK Clock input
uPD7220AD-1 40-pin ceramic DIP 7 MHz 2 DBIN Display memory read input flag
#PDT220AD-2 40-pin ceramic DIP § MHz 3 HSYNC Horizontal video sync output
. . 4 V/EXT SYNC Vertical video sync output or external
Pin Configuration VSYNC input
5 BLANK CRT blanking output
2XWOLK L1 H Vee 6 ALE Address latch enable output
DBIN ]2 3 A17
HsynG O 3 HAs 7 DRQ DMA request output
VIEXT SYNC [} 4 [ AD15 8 DACK DMA acknowledge input
BLANKLY 5 ] AD14 9 RD Read strobe input for microprocessor
ALE[]6 [1AD13 interface
DRQ[]7 [1AD12
DACKls 1 AD11 10 WR Write stobe input for microprocessor
RO M AD10 interface.
WR [] ADg 1 Ag Address select input for microprocessor
Ao [1 ADg interface
DBo H AD7 1219 DBy-DB; Bidirectional data bus to host micro-
DB+ H ADs processor
DB2 [1 ADs
DB3 M ADs 2 GND » Ground
DB4 [1 AD3 21 LPEN/DH Light pen detect input drawing hold
DBs [] AD2 input
g:s : g :g‘ 2-34  ADg-ADyo Address data lines to display memory
7 0
GND FI LP