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GENERAL INFORMATION

Introduction

This 1989 edition of the MEMORY PRODUCTS DATA
BOOK contains the most current information available
atthe 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 total memory line,
already the broadest in the industry (and briefly
described in this section), means an even greater
selection of device types, configurations, and packag-
ing options in each of the major memory groups.

Among our new application-specific products are
high-performance devices for graphics, video/TV,
communications, image processing, data processing,
and other specialized applications. The uPD42274, for
example, is able to store 1M bits of data and continues
our leadership in the design of dual-port graphics
buffers. The uPD43501 is the world’s first VLS| device
to integrate 1024 channels for time division switching
in digital PBX applications. The uPD43608 is the
world’s first cache subsystem on a chip. Designed with
a general-purpose interface to many microprocessors
and fabricated with 1.3-um CMOS technology, it
combines all cache functions, peripheral circuitry, and
8K bytes of data storage on a single 132-pin chip—
providing a high cache hit ratio in compact packaging.
Other new products in this category include a triple-
port graphics buffer, a line buffer for communications
systems, a 910 x 263 x 4 field buffer for NTSC TV
systems, and a 1M-bit silicon file for semiconductor
disk storage.

In building on our position as an industry leader in the
production of latest-generation DRAMs, we have
focused our attention on developing products with
higher density, lower power consumption, and faster
access times. Five recently released 1M-bit CMOS
DRAMs—the uPD421000, ¢PD421001, uPD421002,
puPD424256, and uPD424258—reflect this trend toward
higher integration and represent substantial improve-
ments in both access speed and power consumption
over our popular 256K-bit NMOS DRAMs. Further-
more, a family of modules based on these 1M-bit
DRAMs is being offered with 8- or 9-bit organization
and either leaded or socketable mounting options.

Packaged in Single Inline Memory Modules (SIMMs™) .

to enhance reliability and reduce the size, weight and
cost of a system, they provide the same high perfor-

SIMM is a trademark of Wang Laboratories.

mance at the module level as at the device level. This
product family will be extended in 1989 to include
five versions of the 4M-bit DRAM—the uPD424100,
uPD424101, uPD424102, uPD424400, and uPD424402.

An increasing demand for enlarged program and data
memory in applications ranging from point-of-sale
systems and numerically controlled machining sys-
tems to hand-held computers and portable terminals/
word processors has led to our development of low-
power CMOS SRAMs, all of which feature advanced
circuitry, a short-channel, silicon-gate fabrication pro-
cess, fast access times, and fully static operation (with
no clock or refreshing required). Density will increase
to 1M-bit and beyond in our byte-wide SRAMs. Other
products with increasing density and improved access
times are also planned in this family.

NEC has continued to develop more efficient, super
high-speed products for use as cache memory and
control storage memory in mainframe computers and
IC testers, as evidenced by our announcement of four
new bipolar ECL RAMs. These devices have 10K or
100K interfaces and are organized by 1 or 4 bits for
compatibility with the memory size and word width of
the application system. Additional products, through
256K bits, are in development.

Our family of EPROMs has also been expanded to
include EEPROMSs and higher-density products offer-
ing greater integrity, improved programming features,
and a considerable savings in both operating and
standby power. Our fast 1M- and 2M-bit EPROMSs are
in production now, while samples of the 4M-bit
EPROM will be available soon after this book is in print.

Five new mask-programmable ROMs featuring very
large capacity (as high as 4M bits) 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 in portable systems,
and large-size character sets/fonts. Future efforts in
this area will concentrate on producing denser and
faster speed versions for these applications.

This 1989 MEMORY PRODUCTS DATA BOOK is for
your reference. |f you need further assistance, please
contact one of the sales offices listed elsewhere in this
book. Our field applications engineers or personnel in
the technology centers will be glad to assist you.
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Monolithic Part Number Guide

NEC
) JAzan 88 44 Xvoue
D 42 1000 c - 8 B
T T T_ T [
Country of Origin— —NEC Control Code
Date Code
Week
Device Type
B = Digital bipolar
D = Digital MOS Year
Product Class Low Power Indicator

[optional]

10 = 10K ECL RAM -
100 = 100K ECL RAM = \';gx f:v‘c’z:)wer
21 = NMOS static RAM
23 = NMOS ROM
2323 — Smgg ?SAAOM Speed Selection
27C = CMOS EPROM -10 = 100 ns
28C = CMOS EEPROM -12 = 120ns
4 = Bipolar PROM -15 = 150 ns
40 = NMOS static RAM 70 = 70ns
41 = NMOS dynamic RAM -80 = 80ns
42 = CMOS dynamic RAM )‘(3)5( = gf ns
43 = CMOS static RAM AR = Elc.
44 = CMOS static RAM (6-T cell)
Package
. . B = Ceramic flatpack
Device Identifier C = Plastic DIP
CU = Plastic DIP
CX = Plastic DIP
D = Cerdip or ceramic DIP
DH = Cerdip or ceramic DIP
G = Plastic miniflat
Notes: GU = Plastic miniflat
(1) The marking format may vary among package types. GF = Quad flatpack
(2) Regardless of the format, the device number does not change. K = Ceramic LCC
(3) The “uP” in NEC part numbers does not appear on the package. L = PLCC
(4) DIP = dual-inline package LA = Plastic SOJ
(5) LCC = leadless chip carrier LE = Plastic SOJ
(6) PLCC = plastic leaded chip carrier R = Ceramic PGA
(7) PGA = pin grid array V = Plastic ZIP

(8) SOJ = small-outline J-lead package
(9) ZIP = zig-zag inline package

1-2
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GENERAL INFORMATION

Module Part Number Guide

NEC Memory Module

Product Class

41 = NMOS dynamic RAM
42 = CMOS dynamic RAM

Word Depth

256 = 256K words
1000 = 1024K words

Features
A = Page or fast page
B = Nibble
C = Static column

Number of Output Bits

Package Type

A = Leaded SIMM
B = Socket-mountable SIMM

Speed Selection

80

T

-80 = 80ns
-10 = 100 ns
-12 = 120 ns
-15 = 150 ns

1-3
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Product Line Overview

Application
Density Specific Module Dynamic MOS Static ECL EPROM EEPROM ROM
1K uPB10422
uPB100422
4K uPB10470 uPD28C04
#PB10474
uPB10474A
1PB100470
uPB100474
1PB100474A
8K uPD41101
uPD41102
#PD42101
1uPD42102
16K uPD43501 uPD4311 1PB10480
uPD4314 1PB10484
#PB100480
1PB100484
40K 1PD42505
64K 1PD43608 4PD4361 1PD28C64
1PD4362
uPD4363
uPD4364
uPD4464
256K uPD41264 uPD41256 uPD43254 uPD27C256A
uPD42232 uPD41257 1PD43256A
uPD42532 1PD41464
512K uPD27C512
M uPD42270 uPD421000 #PD27C1000A uPD23C1000A
1PD42601 #PD421001 #PD27C1001A #PD23C1000EA
uPD42273 uPD421002 ©PD27C1024 #PD23C1001E
uPD42274 1PD424256 pPD23C1010A
uPD424258
M MC-41256A8 uPD27C2001 #PD23C2000
MC-41256A9 #PD23C2001
AM 1PD23C4000
uPD23C4001E
M MC-421000A8
MC-421000B8
MC-421000C8
MC-421000A9
MC-421000B9
MC-421000C9
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Application-Specific Devices

Maximum Power

Access Cycle Supply ______I]issipaliun (mW) Package
Device Organization  Process Time (ns) Time (ns) Voltage Standby Active [Note 1) Pins
4PD41101-3 910x 8 NMOS 27 34 +5 — 495 C/G 24
4PD41101-2 27 34(R)/69(W)
4PD411014 49 69
uPD41102-3 1135x 8 NMOS 21 28 +5 — 435 C/G 24
4PD41102-2 21 28(R)/56(W)
uPD41102-1S 27 34
uPD41102-1 40 56
1PD41264-12 64K x 4 NMOS 120 Port A 220 Port A +5 66 853 C/v 24
with 40 Port B 40 Port B
uPD41264-15 dual 150 Port A 270 Port A 715
ports 60 Port B 60 Port B
uPD42101-3 910 x 8 CM0S 27 k) +5 — 385 C/G 24
1PD42101-2 27 34(R)/69(W) 330
1PD42101-1 49 69 193 .
1PD42102-3 1135x 8 CM0S 21 28 +5 — 440 C/G 24
#PD42102-2 21 28(R)/56(W) 385
1PD42102-1 40 56 220
uPDA42232-12 32K x8 CMO0S 120 Port A 220 Port A +5 82.5 468 cu 40
with 40 Port B 40 Port B
uPD42232-15 triple 150 Port A 260 Port A 385
ports 60 Port B 60 Port B
uPD42270 910 x 263 x 4 CMOS 40 60 +5 — 440 C 28
1PD42273-10 256K x 4 CM0S 100 Port A 190 Port A +5 175 550 LE/V 28
30 Port B 30 PortB
uPDA42273-12 120 Port A 220 Port A 175 495
40 Port B 40 Port B
pPD42274-10 256K x 4 CMOS 100 Port A 190 Port A +5 175 550 LE/V 28
30 Port B 30 PortB
uPDA2274-12 120 Port A 220 Port A 175 495
40 Port B 40 Port B
1PD42505-50 5048 x 8 CM0S 40 50 +5 - 330 c 24
(PD42505-75 55 75
uPD42532 32K x 8 CMO0S 50 100 +5 10 440 C 40
1PD42601-60 Mx1 CM0S 600 (Single) 1000 (Single) +5 0.660 66 C/LAV C=18
100 (Page) 200 (Page) LA =26/20
©PD42601-60L 0.165 66 V=20
1PD43501 2x1Kx 8 CM0S 60 61 +5 — 1485 R 132
1PD43608-3 512x32x4  CMOS 64 100 +5 — 1485 R 132
or
1Kx16x4
1uPD43608-2 85 125

Note:

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

1-5
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Dynamic RAM Modules

Maximum Power

Access Cycle Supply M Package
Device Organization Process Time [ns) Time (ns) Voltage Standby Active [Note 1) Pins
MC-41256A8-10 256K x 8 NMOS 100 200 +5 220 3652 A/B 30
MC-41256A8-12 (page) 120 220 3080
MC-41256A8-15 150 260 2640
MC-41256A9-10 256K x 9 NMOS 100 200 +5 248 4109 A/B 30
MC-41256A9-12 (page) 120 220 : 3465
MC-41256A9-15 150 260 2970
MC-421000A8-80 1Mx8 CMOS 80 160 +5 44 3080 A/B 30
MC-421000A8-10 (fast page) 100 190 2640
MC-421000A8-12 120 220 2200
MC-421000B8-80 iMx8 CMOS 80 160 +5 44 3080 A/B 30
MC-42100088-10 (nibble) 100 190 2640
MC-42100088-12 120 220 2200
MC-421000C8-80 Mx8 CMOS 80 160 +5 44 3080 A/B 30
MC-421000C8-10  (static column) 100 190 2640
MC-421000C8-12 120 220 2200
MC-421000A9-80 Mx9 CMO0S 80 160 +5 49.5 3465 A/B 30
MC-421000A9-10 (fast page) 100 190 2970
MC-421000A9-12 120 220 2475
MC-421000B9-80 Mx9 CMOS 80 160 +5 49.5 3465 A/B 30
MC-421000B9-10 (nibble) 100 190 2970
MC-421000B9-12 120 220 2475
MC-421000C9-80 Mx9 CMoS 80 160 +5 49.5 3465 A/B 30
MC-421000C9-10  (static column) 100 190 2970
MC-421000C9-12 120 220 2475
Note:

(1) A =leaded SIMM; B = socket-mountable SIMM.
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GENERAL INFORMATION
Dynamic RAMs
Maximum Power
Access Cycle supply ~  Dissipation (mW)  pyane
Device Organization Process Time (ns) Time (ns) Voltage Standby Active {Note 1) Pins
1PD41256-10 256K x 1 NMOS 100 200 +5 28 440 C/L C=16
1PD41256-12 (page) 120 220 385 L=18
uPD41256-15 150 260 330
uPD41257-12 256K x 1 NMOS 120 220 +5 28 413 C/L C=16
uPD41257-15 (nibble) 150 260 385 L=18
uPD41257-20 200 330 330
1PD41464-10 64K x 4 NMOS 100 200 +5 28 440 c/Lv C=18
1PD41464-12 120 220 413 L=18
1PD41464-15 150 260 385 V=20
1PD421000-80 Mx1 CMOS 80 160 +5 55 385 C/LAIV C=18
©PD421000-10 (fast page) 100 190 330 LA =26/20
#PD421000-12 120 220 275 V=20
1PD421001-80 Mx1 CM0S 80 160 +5 55 385 C/LAIV cC=18
1PD421001-10 (nibble) 100 190 330 LA =26/20
1PD421001-12 120 220 275 V=20
1PD421002-80 Mx1 CMOS 80 160 +5 5.5 385 C/LAIV cC=18
uPD421002-10 (static column) 100 190 330 LA =26/20
#PD421002-12 120 220 275 V=20
uPD424256-80 256K x 4 CMOS 80 160 +5 55 385 C/LAIV =20
1PD424256-10 (fast page) 100 190 330 LA =26/20
nPD425256-12 120 220 275 V=20
uPD424258-80 256K x 4 CMO0S 80 160 +5 55 385 C/LAIV c=20
1PD424258-10 (static column) 100 190 - 330 LA =26/20
uPDA425258-12 120 220 275 V=20
Notes:

(1) C = plastic DIP; L = PLCC; LA = plastic SOJ; V = plastic ZIP.
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Static RAMs
Maximum Power

Access Cycle Supply M Package
Device Organization  Process Time (ns) Time (ns) Voltage Standby Active (Note 1) Pins
1PD4311-35 16K x 1 CMOS 35 35 +5 1 440 C 20
(4PD4311-45 45 45
#PD4311-55 55 55
1PD4314-35 4K x4 CMOS 35 35 +5 1 - 440 C 20
uPD4314-45 45 45
1PD4314-55 55 55
1PD4361-40 64K x 1 CMOS 40 40 +5 1 660 K 22
1PD4361-45 45 45 C/K
uPDA4361-55 55 55 C/K
1PD4361-70 70 70 c
1PD4362-45 16K x 4 CMO0S 45 45 +5 1 495 c 22
1PD4362-55 (CS only) 55 55
1PD4362-70 70 70
pPD4363-45 16K x 4 CMOS 45 45 +5 - 495 C 24
uPD4363-55 (GS, OE) 55 55
uPD4363-70 70 70
pPDA4364-10 8Kx8 CMOS 100 100 +5 11/0.55/0.28 248 C/CX/G 28
1PD4364-12 120 120 220 C/CX/G
1PD4364-15 150 150 220 C/CX/G
1PD4364-20 200 200 193 C/G
1PD4464-12 8K x8 CMOS 120 120 +5 0.055 220 C/G 28
1PD4464-15 6-Tcell) 150 150 {Note 2) 220
¢PD4464-20 200 200 193
1PD43254-35 64K x 4 CMOS 35 35 +5 1 660 C 24
uPD43254-45 45 45
pPD43254-55 55 55
1PD43256A-85 32K x 8 CMO0S 85 85 +5 0.55 248 C/GU 28
1PD43256A-10 100 100 220
pPD43256A-12 120 120 220
PD43256A-15 150 150 193
Notes:

(1) C=plastic DIP; CX=plasticslim DIP; G or GU = plastic miniflat;
K = ceramic LCC.

(2) Lower power version available; refer to the data sheet for more
detail.
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ECL RAMs

Address Chip Select

Access Access Supply ~ Maximum Power Package
Device Organization  Process Time (ns) Time (ns) Voltage Dissipation (mW) (Note 1) Pins
©PB10422-7 256 x 4 10K 7 5 (Note 2) —5.2 1144 D 24
©PB10422-10 10 5 (Note 2)
pPB10470-10 4K x 1 10K 10 6 —5.2 1144 D 18
uPB10470-15 15 8
uPB10474-8 1K x4 10K 8 5 -52 1144 D 24
pPB10474-10 10 6
uPB10474-15 15 8
uPB10474A-5 1K x 4 10K 5 3 —52 1300 D 24
pPB10474A-7 7 5
1PB10480-10 16K x 1 10K 10 5 —52 1352 B/D 20
1PB10480-15 15 8 1248
1PB10484-10 4Kx 4 10K 10 5 -5.2 1352 B/D 28
uPB10484-15 15 8 1248
uPB100422-7 256 x 4 100K 7 5 (Note 2) —45 990 B/D 24
1PB100422-10 10 5 (Note 2)
uPB100470-10 4K x 1 100K 10 6 —4.5 990 D 18
1PB100470-15 15 8
1PB100474-4.5 1K x4 100K 45 4 —4.5 2025 K 24
4PB100474-6 6 4 2025 B/K
pPB100474-8 8 5 990 B/D
4PB100474-10 10 6 990 B/D
uPB100474-15 15 8 990 B/D
1PB100474A-5 1Kx4 100K 5 3 —45 1125 B/D 24
1#PB100474A-7 7 5
1PB100480-10 16K x 1 100K 10 5 —4.5 1170 B/D 20
uPB100480-15 15 8 1080
1PB100484-10 4K x 4 100K 10 5 —4.5 1170 B/D 28
4#PB100484-15 15 8 1080
Notes:

(1) B=ceramic flatpack; D = ceramic DIP and cerdip; K = ceramic LCC.
(2) Block select access time (ns).
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EPROMs
Maximum Power

Access Programming Supply M"_!'I'_‘ﬂ_ Package
Device Organization = Process Time (ns) Option Voltage Standby Active (Note 1) Pins
uPD27C256A-15 32K x 8 CMOS 150 uv +5 0.55 165 D 28
#PD27C256A-20 200 (Note 2)
pPD27C512-15 64K x 8 CMOS 150 uv +5 0.55 165 D 28
uPD27C512-20 200 (Note 2)
uPD27C512-25 250
pPD27C1000A-12 128K x 8 CMOS 120 uv +5 0.55 220 D 32
#PD27C1000A-15 (ROM Comp.) 150 (Note 2) 165
#PD27G1000A-20 200 138
uPD27C1001A-12 128K x 8 CMOS 120 uv +5 0.55 220 D 32
uPD27C1001A-15  (JEDEC) 150 (Note 2) 165
#PD27C1001A-20 200 138
uPD27C1024-15 64K x 16 CMOS 150 uv +5 0.55 275 D 40
#PD27C1024-20 200 (Note 2)
uPD27C1024-25 250 .
uPD27G2001-15 256K x 8 CMOS 150 uv +5 0.55 165 D 32
uPD27C2001-17 170 (Note 2)
1PD27C2001-20 200
Notes:
(1) D = ceramic DIP with quartz window.
(2) Programming voltage = 12.5 V +0.3.
EEPROMs

Maximum Power

Access Cycle Supply . Dissipation (W) Package
Device Organization  Process Time (ns) Time (ns) Voitage Standby Active [Note 1) Pins
#PD28C04-20 512x8 CMOS 200 200 +5 0.55 94 C/G 24
uPD28C04-25 250 250
#PD28C64-20 8Kx8 CMOS 200 200 +5 0.55 275 C 28
1PD28C64-25 250 250
Notes:

(1) C = plastic DIP; G = plastic miniflat.
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Mask-Programmable ROMs

Maximum Power
Dissipation (mW)

: Access Cycle Supply - Package
Device Organization Process Time {ns) Time (ns} Voltage Standby Active [Note 1) Pins
#PD23C1000A 128K x 8 (CE) CMOS 200 200 +5 0.55 220 C/G 28
uPD23C1000EA 128K x 8 (CE/OE)  CMOS 200 200 +5 0.55 220 C 32
uPD23C1001E 128K x 8 CMO0S 200 200 +5 0.55 220 C 32
#PD23C1010A 128K x 8 (OF) CMOS 200 200 +5 N/A 220 (¢ 28
1PD23C2000 128K x 16 or CMO0S 250 250 +5 0.55 220 C/G 40/52
256K x 8
uPD23C2001 256K x 8 CMO0S 250 250 +5 0.55 220 C 32
* uPD23C4000 256K x 16 or CMOS 250 250 +5 0.55 220 C/GF 40/64
512K x 8
#PD23C4001E 512K x 8 CMOS 250 250 +5 0.55 220 C 32

Notes:
(1) C = plastic DIP; G or GF = plastic miniflat.
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Alternate Source Index

AMD NEC FUJITSU NEC HITACHI NEC
Am2167 uPDA4311 MB81C1000 uPD421000 HM6168 uPD4314
Am2168 uPD4314 MB81C1001 uPD421001 HM6264 uPD4364
MB81C1002 uPD421002 HM6267 uPD4311
Am99C88 uPD4364
AmEac164 PD4362 MB81C4256 uPD424256 HM6287 uPDA4361
Am99C328 uPD43256A MB81C67 uPD4311 HM6208 uPD43254
Am99C641 uPDA4361 MB81C68 uPD4314 HM62256 uPD43256A
Am27C1024 uPD27C1024 mgg; 8;; ”zg:gg‘z HB561003 MGC-41256A9
Am2864A uPD28C64 H HB56A18 MC-421000A8
MB8184 uPD43254 HB58A19 MC-421000A9
MB8464 uPD4464
MB84256 uPD43256A HM10422 uPB10422
PB104
CYPRESS NEC MB85225 MC-41256A8 :mg:;f Zpglg 4;2
CY7C164 uPD4362 MB85227 MC-41256A9
CY7C167 uPDA4311 HM100422 uPB100422
cY7C187 uPD4361 mgm°:§2 ”$318222 HM100470 uPB100470
CY7C185 uPD4364 0470 M 70 HM100474 uPB100474
MBM10474 uPB10474
CY7C186 uPDA4364 HN27C256 uPD27C256A
CY7C194 uPD43254 MBM100422 uPB100422 HN27301 PD27C1000A
CY7C198 uPD43256A MBM100470 uPB100470 HN27G1024 UPD27C1024
MBM100474 uPB100474
MBM100480 4PB100480 HM53461 uPD41264
4
EXEL NEC MBM100484 uPB100484 HM534253 uPD4227
XLS2664A /PD28C64 MBM27C256 uPD27C256A HN58C65 uPD28C64
MBM27C512 uPD27C512 HN62301 uPD23C1000A
MBM27C1000  uPD27C1000A
MBM27C1024  uPD27C1024
FAIRCHIL
CHILD NEC MB61461 uPD41264 HYUNDAI NEC
F10422 uPB10422
F10470 uPB10470 MBM28C64 ©PD28C64 HY62C64 uPD28C64
F10474 uPB10474 MB831000 uPD23C1000A
F100422 PB100422 MB831124 uPD23C1000A
F100470 uPB100470 IDT NEC
F100474 uPB100474 IDT6167 uPD4311
F100480 uPB100480 HITACHI NEC IDT7164 uPD4364
HM50256 pPDA41256 IDT7187 uPDA4361
HM50257 uPD41257 IDT7188 uPDA362
FUJITSU NEC HM50464 uPD41464 IDT71C65 uPD4464
D43254
MB81256 uPDA41256 HM511000 uPD421000 :gglggg ZED 42526 "
MB81257 uPD41257 HM511001 uPD421001
MB81464 uPD41464 HM511002 4#PD421002 IDT78C64A #PD28C64
HM514256 uPD424256
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Alternate Source Index (cont)
INMOS NEC MITSUBISHI NEC Tl NEC
IMS1420 uPD4314 M5M4C264 uPD41264 TMS4256 uPD41256
IMS1600 uPD4361 M5M442256 uPD42274 TMS4257 uPD41257
IMS1620 uPD4362 TMS4464 uPDA41464
‘M§‘63° pPDA4364 . TMS4C1024 4PD421000
IMS1820 #PDA4325 MOTOROLA NEC TMS4C1025 4PD421001
IMS1830 HPDA43256A TMS4C1027 uPD421002
MCM6168 HPD4314 TMS44C256 PD424256
MCM6187 uPD4361 Lad
MCM6188 PD4362 TMS27C256 PD27C256A
INTEL NEC C #PD436 a
MCM10422 uPB10422 TMS4461 uPD41264
51C67 pPDA43T1 MCM10470 uPB10470 TMS44C251 uPD42274
51068 HPDA314 MCM10474 uPB10474
27010 “PD”C‘OOlA MCM100422 uPB100422
27210 . uPD27g102 MCM100470 4PB100470 TOSHIBA NEC
27C25 uPD27C256A MCM100474 uPB100474
2864A uPD28C64 TMM41256 uPD41256
TMM41257 uPDA41257
TMM41464 uPDA41464
LATTICE NEG NATIONAL NEC TC511000 4PD421000
DM10422 uPB10422 TC511001 uPDA421001
ggg:ﬁl ”::gjgg; DM10470 uPB10470 TC511002 4PD421002
“ PB1 TC514256 PD424256
SR64KS D364 DM10474 uPB10474 C u
SR256K4 4PDA43254 DM100422 uPB100422 TC5561 uPD4361
SR256K8 uPD43256A DM100470 pPB100470 TC5564 uPD4464
DM100474 4PB100474 TC5565 uPDA4364
TC55257 uPDA3256A
MITSUBISHI NEC THM81000 MC-421000A8
THM91000 MGC-421000A9
M5M4256 uPD41256 oKt NEC c
M5M4257 uPD41257 MSM27C256 uPD41256 TC57256 uPD27C256A
M5M4464 uPDA41464 MSM41257 uPD41257 TC571000 uPD27C1000A
TC571024 PD27C1024
M5M4C 1000 uPD421000 MSM514252 uPD42274 cs710 uPD27C
M5M4C1001 uPD421001 TC524256 uPD42274
M5M4C1002 uPD421002 TC531000 uPD23C1000A
M5M4C256 uPD424256 PERFORMANCE NEC
M5M21C67 uPD4311 PAC164 uPD4364
’\"25321&58 ﬂpg“S;‘* P4C187 uPDA4361 XICOR NEC
SM51 uPD4464 P4C188 uPD4362
X28C64 uPD28C64
M5M5256 uPD43256A
M5M5258 uPDA43254 SEEQ NEC
M5M27C256 uPD27C256A 27C256 uPD27C256A
M5M27512 puPD27C512 28C64 uPD28C64
2804A uPD28C04
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Introduction

As large-scale integration reaches a higher level of
density, reliability of devices imposes a profound
impact on system reliability. And as device reliability
becomes a major factor, test methods to assure accept-
able reliability become more complicated. Simply
performing a reliability test according to a con-
ventional method cannot satisfy the demanding require-
ments for higher reliability. At these new, higher levels
of LS| density, it is increasingly difficult to activate all
the elements in the internal circuits. A different phi-
losophy and methodology is needed for reliability as-
surance. Moreover, as integration density increases,
the degradation of internal elements in an LS| device is
seldom detected by measuring characteristics across
external terminals.

In order to improve and guarantee a certain level of
reliability for large-scale integrated circuits, it is es-
sential to build quality and reliability into the product.
Then, the conventional reliability tests are followed to
ensure that the product demonstrates an acceptable
level of reliability.

NEC has introduced the concept of total quality control
(TQC) across its entire semiconductor product line.
By adopting TQC, NEC can build quality into the
productand thus assure higher reliability. The concept
and methodology of total quality control are company-
wide activities involving workers, engineers, quality
control staffs, and all levels of management.

NEC has also introduced a prescreening method into
the production line that helps eliminate potentially
defective units. The combination of building quality in
and screening projected early failures out has resulted
in superior quality and excellent reliability.

Most large-scale integrated circuits utilize high-density,
MOS technology. State-of-the-art high performance
has been achieved by introducing fine-line generation
techniques. By reducing physical parameters, circuit
density and performance increase while active circuit
power dissipation decreases. The data presented here
shows that this advanced technology yields products
as reliable as those from previous technologies.

Reliability Testing

Reliability is defined as the characteristics of an item
expressed by the probability that it will perform a
required function under stated conditions for a stated
period of time. This involves the concept of probability,
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 perform its
required function. Furthermore, a device is said to
have failed if it shows inability to perform within
quaranteed 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. The accumulation of normal device failure
rates constitutes the expected failure rate of the system
hardware. Important considerations here are the con-
stant failure period, the early failure (infant mortality)
period, and overall reliability level. With regard to
individual devices, areas of prime interest include
specific failure mechanisms, failures in accelerated
tests, and screening tests.

Some of these failure considerations pertain to both
systems and devices. The probability of no failuresina
system is the product of the probability of no failure in
each of its components. The failure rate of system
hardware is then the sum of the failure rates of the
components used to construct the system.

Figure 1. Reliabllity Life (Bathtub) Curve
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Life Distribution

The fundamental principles of reliability engineering

predict that the failure rate of a group of devices will.

follow the well-known bathtub curve in figure 1. The

curve is divided into three regions: infant mortallty,’

random failures, and wearout failures.

Infant mortality, as the name implies, represents the
early-life failures of devices. These failures are usually
associated 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 random
failures from the general population.

The wearout failures occur at the end of the device’s
useful life. They are characterized by a rapidly rising
failure rate over time as devices wear out both physical-
ly and electrically.

Thus, for devices that have very-long life expectancies
compared to those of systems, the areas of concern
will be the infant mortality and the random failure
portions of the population.

The system failure rates are related to the collective
device failurerates. In a given system, after elimination
of the early failures, the system will be left to the failure
rate of its components. In order to make proper
projections of the failure rate in the operating environ-
ment, time-to-failure must be accelerated in tests in a
predictable way.

Failure Distribution at NEC

Integrated circuits returned to NEC from the field
underwent extensive failure analysis at NEC’s Inte-
grated Circuit Division.

First, approximately 50 percent of the field returns
were found to be damaged either from improper
handling or misuse of the devices. These units were
eliminated from the analysis. The remaining failed
units were classified by their failure mechanisms as
depicted in figure 2. These failures were then related to
the major integrated circuit failure mechanisms and to
their origins in a particular manufacturing step.

As shown in figure 2, the first four failure mechanisms
accounted for more than 90 percent of total failures. As
a result, NEC improved processes and material to
reduce these failures. Additionally, NEC introduced
screening procedures to detect and eliminate defective
devices.

2-2

Temperature, humidity, and bias tests are used for
testing the moisture resistance of plastic encapsulated
integrated circuits. NEC developed a special process
to improve the plastic encapsulation material. As a
result, moisture-related—thus packaging-related—fail-
ures have been drastically reduced.

As a preventive measure, NEC has introduced a special
screening procedure embedded in the production line.
A burn-in at an elevated temperature is performed for
100 percent of the lots. This burn-in effectively removes
the potentially defective units. In addition, improvement
of the plastic encapsulation material has lowered the
failures in a high-temperature and high-humidity
environment.

Figure 2. Failure Distribution of MOS Integrated
Circuits
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Accelerated Reliability Testing

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

0.01 Failures —
720K Device Hours

13.888 x 109 Failures/Hour
or 13.8888 FITs

where FIT = Failure units per 109 device hours

To demonstrate this failure rate, note that 13.8888 FITs
corresponds to one failure in about 7000 devices
during an operating test of 10,000 hours. It is quickly
apparent that a test condition is required to accelerate
the time-to-failure in a predictable and understandabie
way. The implicit requirement for the accelerated
stress test is that the relationship between the ac-
celerated 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
physiochemical reactions leading to device failure.
Other environmental conditions are voltage, current,
humidity, vibration, or some combination of these.
Table 1 lists the reliability assurance tests performed at

Temperature Effect. The effect of temperature that
concerns us is that which responds to the Arrhenius
relationship. This relates the reaction rate to tem-
perature.

R = Rg exp(—Eg/kT)
R, = Constant
Ea = Activation energy in eV
k = Boltzmann’'s constant

=8.617 x 10-5eV/K
T = Absolute temperature in kelvin (K)

where

The significance of this relationship is that the failure
mechanisms of semiconductor devices are directly
applicable to it. A linear relationship between failure
mechanism and time is assumed.

Activation Energy. Associated with each failure mech-
anism is an activation energy value. Table 2 lists some
of the more common failure mechanisms and the
associated activation energy of each.

Table 2. Activation Energy and Detection of Failure
Mechanisms

Activation

NEC for integrated circuits. Failure Mechanism Energy Detection )
Oxide defect 0.3eV High-temperature operating
Table 1. Monthly NEC Reliability Tests Silicon defect 03eV life test
MIL-STD-883 3 lonic contamination  1.0-1.35eV

Test Method Test Conditions Electromigration 04-08 &V
Life Test ch iniecti 136V

High-temperature, 1005 Ta =100 to 125°C arge injection €

operating for 1000 hours Gold-aluminum 0.8 eV

High-temperature, 1008 Tp = 150°C for 1000 hours interface

storage Metal corrosion 0.7 eV High-humidity operating

High-temperature, — Tp = 85°C at 85% RH

high-humidity test for 1000 hours
Pressure cooker test - Ta=125°C at 2.3 atm
for 168 hours

Environmental Test

Soldering heat test 2031 T=260°Cfor10 s

(MIL-STD-750)  without flux
Temperature cycle 1010 T =—65to +150°C for
10 cycles
Thermal shock 1011 T=0to 100°C for
15 cycles
Lead fatigue 2004 at 250 gm: 3 leads, 3 bends
Solderability 2003 T=230°C for 5 s with flux

life test

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

High-Temperature and High-Humidity Test. Semi-
conductor integrated circuits are highly sensitive to
the general accelerating effect of humidity in causing
electrolytic corrosion between biased lines. The high-
temperature and high-humidity test is performed to
detect failure mechanisms that are accelerated by
these conditions. This test is effective in accelerating
leakage-related failures and drifts in device parameters
due to process instability.

2-3
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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 mechanical problems
and process instability.

Environmental Test. Other environmental tests are
performed to detect problems related to the package,
material, susceptibility to extremes in environment,
and problems related to usage of the devices.

Failure Rate Calculation and Prediction

Analysis of integrated circuit failure rates can serve
many useful purposes. For example, the early-life
failurerate helps establish a warranty period, while the
mature-life failure rate aids in estimating repair costs,
spare parts stock requirements, or product downtime.
Accurate prediction of failure rates can also be used for
process control.

The following sections describe the failure rate cal-
culation and prediction methods used by NEC's
Iintegrated Circuit Division.

The Arrhenius Model

Most integrated circuit failure mechanisms depend to
some degree on temperature. This relationship can be
represented by the Arrhenius model, which includes
the effects of temperature and activation energy of the
failure mechanisms.

As applied to accelerated life testing of integrated
circuits, the Arrhenius model assumes that degradation
of a performance parameter is linear with time. Tem-
perature dependence is taken to be the exponential
function that defines the probability of occurrence.
The relationship of failure rate to temperature is
expressed as:

F1=Fz exp[(Ea/k) x (1/T1 — 1/T2)]

Where: F; = Failure rate at T
Fy = Failure rate at Ty
E; = Activation energy in eV

k = Boltzmann’s constant
T = Operating junction temperature in
~ kelvin (K)

The equation explains the thermal dependence of
integrated circuit failure rates and is used for derating
the resulting failure rate to a more realistic temperature.

2-4

Acceleration Factor

The acceleration factor is the factor by which the
failure rate can be accelerated by increased tem-
perature. This factor is derived from the Arrhenius
failure rate expression, resulting in the following form.

A = F1/Fa = exp[(Ea/k) x (1/T1 — 1/T3)]

where A = Acceleration factor
Fo = Failure rate at T
F1 = Failure rate at T4

In calculating the field reliability of an integrated
circuit, it is necessary to calculate the junction tem-
perature. In general, the junction temperature will
depend on the ambient temperature, cooling, package
type, operating cycle time, and power dissipation of
the circuit itself. In these terms, the junction tem-
perature (T,) is expressed as:

Ty=Ta+PgA;fja

where T, = Junction temperature
Ta = Ambient temperature
P4 = Power dissipation
As = Air flow factor
8;a = Package thermal resistance

Table 3 lists derating factors of various failure mecha-
nisms. This table is generated assuming that an ac-
celerated test is performed at a junction temperature of
125°C. The result is then derated to 55°C junction
temperature. The acceleration factor may then be
obtained by taking the inverse of the derating factor.

Table 3. Derating Factors of Failure Mechanisms

Activation
Failure Mechanisms Energy, eV Derating Factor
Oxide defect 0.3 0.1546
Silicon defect 0.3 0.1546
lonic contamination 1.0 0.001984
Electromigration 0.4 0.08307
Charge injection 1.3 0.0003067
Metal corresion 0.7 0.01315
Gold-aluminum interface 0.8 0.006886

The acceleration of failure mechanisms in a high-
humidity and high-temperature environment must be
expressed as a function not only of temperature but
also of humidity.
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According to the reliability test statistics, the ac-
celeration factor in such an environment can best be
approximated with Peck’s model as follows.

A = exp[(Ea/k) x (1/T1 — 1/T2)] x (Ha/H1)45

E; = Activation energy
k = Boltzmann’s constant
T = Junction temperature
H = Relative humidity

where

For example, the acceleration factor for high-humidity
and high-temperature or pressure cooker tests ranges
from 100 to 1000 times that of the normal operating
environment.

Failure Rate Calculation

As an example, suppose that product samples are
submitted to a 1000-hour life test at 125°C junction
temperature and two failures are encountered: one
oxide and one metalization defect. The sample size is
885 units.

Thus, the oxide failure rate is 0.11 percent per 1000
hours and the metalization failure rate is 0.11 percent
per 1000 hours. Therefore, the total failure rate at
125°C sums to 0.22 percent per 1000 hours at 1K hours.

Failure Rate Prediction

To derate these failure rates to a normal operating
environment, use the derating factors listed in table 3.

Oxide failures = 0.11 x 0.1546 = 0.01701% per 1K hrs
Metal failures = 0.11 x 0.01315 = 0.00145%

per 1K hrs
Total failures = 0.01846% per 1K hrs

Note that the example above is a snapshot of the high-
temperature life test performed on a particular lot. Itis
not accumulated data that can be used to represent
overall reliability. This conservative illustration, how-
ever, shows that the failure rate in a normal operating
environment is approximately one-twelfth the failure
rate in a higher-temperature environment.

The failure rate prediction takes different activation
energies into account whenever the causes of failures
are known through performing failure analysis. In
some cases, however, an activation energy is assumed
in order to accomplish a quick first-order approxi-
mation. To yield a conservative estimate of failure rates,
NEC assumes an average activation energy of 0.7 eV
whenever the exact failure mechanism is not known.

Reliability Test Results

Before introducing new technologies or products,
NEC's internal reliability goals must be attained. Several
categories of testing are used in the internal quai-
ification program to assure that product reliability
meets NEC’s reliability goals. Once the product is
qualified, its reliability level is regularly monitored in a
monthly reliability test.

NEC’s Goals on Failure Rates

NEC’s approach to achieving high reliability is to build
quality into the product, as opposed to merely screen-
ing out defective units. The use of distributed control
methods embedded in the production line, in con-
junction with conventional screening methods, results
in the highest reliability at the lowest cost.

NEC’s maximum failure rate goals for infant mortality
and long-term device operation are listed in table 4.

Table 4. Infant Mortality and Long-Term Failure Rates

Failure Rate
Type Percent/1000 Hours
Infant mortality 0.10 max
Long-term
1.2M device hours average 0.02 max
3.0M device hours average 0.01 max

Infant Mortality Failure Rate

The infant mortality goal for each product group is set
at 0.10 percent maximum. When a failure rate exceeds
this level, there is prompt remedial action.

Long-Term Failure Rate

The long-term failure rate goal is based on the
following conditions:

e A minimum of 1.2 million device hours at 125°C is
accumulated to resolve 0.02 percent per 1000 hours
at 55°C with a 60-percent confidence level.

e A minimum of 3 million device hours at 125°C is
accumulated to resolve 0.01 percent per 1000 hours
at 55°C with a 60-percent confidence level.
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Infant Mortality Failure Screening

Itis logical to assume the integrated circuit that fails at
one temperature would also fail at another temperature,
except it would fail sooner at a higher temperature. As
can be expected, the failure rate is a function of
activation energy. Establishing infant mortality screen-
ing, therefore, requires knowledge of the likely failure
mechanisms and their associated activation energy.

The most likely mechanisms associated with infant
mortality failures are generally manufacturing defects
and process anomalies. These generally consist of
contamination, cracked chips, wire bond shorts, or bad
wire bonds. Since these describe a number of possible
mechanisms, any one of which might predominate ata
given time, the activation energy for infant mortality
might be expected to vary considerably.

The effectiveness of a screening condition, preferably
at some stress level in order to shorten the time, varies
greatly with the failure mechanism being screened for.
Another factor is the economics of the screening
process introduced into the production line. Optimal
conditions and duration of a screening process wili be
a compromise of these two factors.

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 junction temperature
would be the equivalent of approximately 90 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 approximately one week’s operation
at 55°C junction temperature. As indicated by this, the
condition and duration of infant mortality screening
would be a strong function of the allowable component
failures, hence the system failure, in the field.

Empirical data, gathered over more than ayearat NEC,
indicates that early failure does occur after less than 4
hours of stress at 125°C ambient temperature. This
fact is supported by the life test of the same lot, where
the failure rate shows random distribution, as opposed
to a decreasing failure rate that then runs into the
random failure region.

NEC has adopted the initial infant mortality burn-in at
125°C as a standard production screening procedure.
As a result, the field reliability of NEC devices is an
order of magnitude higher than the goals setfor NEC's
integrated circuit products.

Life Tests

The most significant difference between NEC's prod-
ucts and those of other integrated circuit manufacturers
is that NEC'’s have been prescreened for their infant
mortality defects. The products delivered to customers
are operating at the beginning of the random failure
region of the life curve. The life test data also reflects
this fact, as will be shown.

The failure mechanism distribution from field failures,
as previously shown in figure 2, also contains a very
low percentage due to infant mortality. The majority of
failures are long-term life failures, and these can be
eliminated by stringent process control. Usually, these
failure mechanisms have low activation energy associ-
ated with them.

Another significant improvement devised by NEC is
plastic encapsulation and passivation. As aresult, NEC
products show excellent reliability in both high-
humidity and high-temperature environments. Follow-
ing is life test data accumulated over more than a year
for large-scale integrated circuits.

High-Temperature Operating Life Test

~ This test is used to accelerate failure mechanisms by

operating the devices at an elevated temperature. For
large-scale integrated circuits, the failure rate is 0.242
percent per 1000 hours at 125°C. This is equivalent to
0.0071 percent per 1000 hours in an operating en-
vironment of 55°C (table 5).

Table 5. High-Temperature Operating Life Test

Number of Failures at

Number of

Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
3317 0 0 1 4 3
Total number of failures at 1K hrs =§

Failure rate at 1K hrs at 125°C =0.242% per 1K hrs
Projected failure rate at 1K hrs at 55°C = 0.007% per 1K hrs

High-Temperature and High-Humidity Life Test

This test is used to accelerate failure mechanisms by
operating the devices at high temperature and high
humidity. Leakage-related failures and device para-
meter drift are accelerated by this test. For these
large-scale integrated circuits, the failure rate is 0.091
percent per 1000 hours. This is equivaient to 0.0027
percent per 1000 hours in an operating environment of
55°C. The test conditions are T4 = 85°C and relative
humidity (RH) = 80% (table 6).
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Table 6. High-Temperature and High-Humidity Life

Test
Number of Number of Failures at
Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
2190 0 0 0 0 2
Total number of failures at 1K hrs =2
Failure rate at 1K hrs at 85°C/80% RH = 0.091% per 1K hrs
Projected failure rate at 1K hrs at
55°C/60% RH =0.003% per 1K hrs

High-Temperature Storage Life Test

This test is effective in accelerating the failure
mechanisms related to mechanical reliability problems
and process instability. For these LSI devices, the
failure rate is 0.207 percent per 1000 hours at 125°C.
This is equivalent to 0.0061 percent per 1000 hours in
an operating environment of 55°C (table 7).

Table 7. High-Temperature Storage Life Test

Number of Failures at

Number of

Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
2410 0 0 0 1 4
Total number of failures at 1K hrs =5

Failure rate at 1K hrs at 125°C
Projected failure rate at 1K hrs
at 55°C

=0.207% per 1K hrs

=0.006% per 1K hrs

Pressure Cooker Test

This test is effective in accelerating failure mechan-
isms related to metalization corrosion due to moisture.
The failure rate is 0.52 percent per 1000 hours at Ty =
125°C and 2.3 atm at 100 percent humidity. This is
equivalent to 0.0013 percent per 1000 hours at 55°C
and an environment of 60 percent humidity (table 8).

Table 8. Pressure Cooker Test

Number of Failures at

Number of

Samples 48 hrs 96 hrs 168 hrs 500 hrs 1K hrs
1718 0 4 5  No test performed
Total number of failures at 168 hrs =9

Failure rate at 125°C = 0.54% per 1K hrs

Projected failure rate at 55°C =0.001% per 1K hrs

Life Test Data Summary

Table 9 summarizes the life test results and projected
failure rates in the normal operating environment. The
failure rate shows random distribution as opposedtoa
decreasing failure rate. This is a resuft of infant
mortality screening.

Table 9. Life Test Data

. . " Totai
Number of Number of Failures at Number of

Test Time Samples 96 hrs 168 hrs 500 hrs 1K hrs  Failures
High-temperature 3317 0 1 4 3 8
life test
High-humidity 2190 0 0 0 2 2
life test
High-temperature 2410 0 0 1 4 5
storage life test
Pressure 1718 4 5 Notest ~ 9
cooker test performed
Total 9635 4 6 5 9 24

The projected failure rate in the normal operating
environment is calculated assuming that the average
activation energy is 0.7 eV.

Figure 3 shows the life distribution of NEC integrated
circuits as a form of the bathtub curve.

This life test data shows improvements of approxi-
mately an order of magnitude better than NEC'’s goal.
The hours of operation are equivalent to the normal
operating environment. Wear-out failures, which had
been the main target for reliability improvement, have
also been significantly reduced. This result comes
mainly from process improvements and stringent manu-
facturing process control.

NEC'’s main goal has been to improve reliability with
respect to infant mortality and long-term life failures.
This can be achieved by introducing an effective
screening method for infant mortality and building
quality into the product.

Figure 3. Plot of Life Test Results

0.10 4+——————————— Infant Mortality Failure Rate Goal
0.10 percent per 1000 hours maximum

0.05

Long-Term Life Failure Rate Goal
0.02 percent per 1000 hours maximum

0.01

0.005 -

T T T T T T T T T
05K 1K 2K 3K 4K 5K 10K 20K 30K 40K

Hours —»

83-003941A
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Thermal Stress Tests

Temperature cycling and thermal shock test the thermal
compatibility of material and metal used to make
integrated circuits. Table 10 lists the reliability test
results of thermal stress tests.

Table 10. Thermal Stress Tests

Number of Number of
Test Item Samples Fallures
Soldering heat test 1891 0
Ta = 260°C for 10 seconds
Temperature cycle 1891 0
Ta = —65 to +150°C, 10 cycles
Thermal shock test 1891 0

Ta = 0 to +100°C, 15 cycles

Mechanical Stress Tests

In addition to the device life test, NEC performs
mechanical stress tests to detect reliability problems
related to the package, material, and device suscept-
ibility to an extreme environment. Table 11 lists
mechanical stress test results.

Table 11. Mechanical Stress Tesis
Number of Number of
Test ltem Samples Failures
Mechanical shock test 315 0
at 15 kg, 3 axis
Vibration test 315 0
at100Hzto 2kHz, 20 g
Constant acceleration 315 0
at 20 kg, 3 axis
Lead fatigue test 538 0
at 240 grams ‘
Solderability test 638 0
at 230°C for 5 seconds

Built-In Quality and Reliability

As large-scale integration reaches even higher levels
of density, simple quality inspections cannot assure
adequate levels of product quality and reliability. In
order to ensure the reliability of state-of-the-art VLSI,
NEC has adopted another approach. Highest reliability
and superior quality of a device can only be achieved
by building these characteristics into the product at
each process step. NEC, therefore, has introduced the
notion of total quality control (TQC) into its entire
semiconductor production line. Quality control is dis-
tributed into each process step and then summed to
form a consolidated system.
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Approaches to Total Quality Control

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 is
an integral part of the entire organization. This enables
acompanywide quality control activity. AtNEC, every-
one in the company is involved with the concept and
methodology of total quality control.

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

Fourth, extensive failure analysis is performed period-
ically and corrective actions are taken as preventive
measures. Process control is based on statistical data
gathered from this analysis.

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

Implementation of Distributed Quality Control

Building quality into a product requires early detection
of possible causes of failure at each process step.
Then, immediate feedback to remove the causes is a
must. 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. NEC has imple-
mented a distributed quality control function at each
step of the process. Following is a breakdown of the
significant steps:

e Product development phase

o Wafer processing

e Chip mounting and packaging

e Electrical testing and thermal aging
e Incoming material inspection

Product Development Phase. The product development
phase includes conception of a product, review of the
device proposal, organization and physical element
design, engineering evaluation, and finally, transfer of
the product to manufacturing. Quality and reliability
are considered at every step. More significantly, at the
design review stage and prior to product transfer, the
quality and reliability requirements have to be examined
and determined to be satisfactory. This often adds 2 to
3 months to the product development cycle. Building
in high reliability, however, cannot be sacrificed.
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Wafer Processing Stage Inspection. The in-process
quality inspections that occur at the wafer fabrication
stage are listed in table 12.

Table 12. Wafer Processing Inspection

Process Inspection Item

Wafer Resistivity, dimension, and appearance,
(lot sampling inspection)

Mask

Photolithography Alignment and etching (100% inspection)

Cleaning

Diffusion and oxidation Oxide thickness, sheet resistivity (lot

sampling inspection)

Metalization and passivation Thickness, Vi, C-V characteristics (lot
sampling)

Dc parameters (100% inspection)

Wafer sort and scribe

Die sort 100% visual inspection

Chip Mounting and Packaging. The in-process quality
inspections done at the chip mounting and packaging
stage are listed in table 13.

Table 13. Chip Mounting and Packaging Inspection

Process Inspection item

Die Incoming material Inspection

Die attach Appearance (lot sampling inspection)
Wire bonding Bond strength, appearance (lot sampiing)
Packaging 100% appearance inspection

Fine leak* Lot sampling

Gross leak* 100% inspection

*For ceramic package devices only.

Electrical Testing and Screening. Electrical testingand
infant mortality screening are performed at this stage.
A flowchart of the process is depicted in figure 4.

At the first electrical test, dc parameters are tested
according to the electrical specifications on 100% of
each lot. This is a prescreening prior to the infant
mortality test. At the second electrical test, ac function-
al tests as well as dc parameter tests are performed on
100% of the subjected lot. If the percentage of defective
units exceeds the limit, the lot is subjected to an
additional burn-in. During this time, the defective units
are undergoing a failure analysis, the results of which
are then fed back into the process for corrective action.

Figure 4. Electrical Testing and Screening

1st Electrical Test DC Parameters

100 Percent Lot Burn-in
Ta=125°C

DC Parameters,

2nd Electrical Test AC Functional

Pass
PDA
Limit?

Warehouse ileclrical,
Finished Goods Stored ppearance, and
Dimensions

Reliability Assurance
Test [RAT] Sampling

83-003942A

Incoming Material Inspection. Prior to warehouse
storage, lots are subjected to an incoming inspection
according to the following sampling plan.

e Electrical test: Dc parameters LTPD 3%
Functional test LTPD 3%
e Appearance LTPD 3%

Reliability Assurance Test

Samples are continually taken from the warehouse and
subjected to monthly reliability tests as discussed
previously. They are taken from similar process groups
so that it can be assumed that any device is rep-
resentative of the reliability of the group.
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In-Process Screening

Perhaps the most significant preventive measure that
NEC has implemented is the introduction of 100%
burn-in as an integral part of the standard production
process. Most of the potential infant failures are ef-
fectively screened from every lot, thereby improving
reliability. Assuming average activation energy of 0.7
eV, burn-in at T =125°C for 4 hours is equivalent to a
week’s operation in a normal operating environment.
This appears to be ample time for accelerating the
time-to-failure mechanisms for early failures.

Process automation, as previously mentioned, has also
contributed a great deal toward improving reliability.
Since its introduction, assembly related failure mech-
anisms have been substantially reduced. And, in
combination with in-process screening and materials
improvement, it has helped establish quality and
reliability above NEC's initial goals.
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Summary and Conclusion

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

Prescreening, introduced as an integral part of large-
scale integrated circuit protection, has been a major
factor in improving reliability. The most recent year’s
production clearly demonstrates continuation of NEC’s
high reliability and the effectiveness of this method.

Reliability assurance tests (RATSs), performed monthly,
have ensured high outgoing quality levels. The com-
bination of building quality into products, effective
prescreening of potential failures, and the reliability
assurance test has established a singularly high stan-
dard of quality and reliability for NEC's large-scale
integrated circuits. )

With a companywide quality control program, NEC is
committed to building superior quality and highest
reliability into all its products. Through continuous
research and development activities, extensive failure
analysis, and process improvements, a higher standard
of quality and reliability will continuously be set and
maintained.
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Section 3

Application-Specific Devices

uPD41101 31 uPDA43501 3-201
910 x 8-Bit Line Buffer for NTSC TV 1,024-Channel Time Division Switch

uPD41102 3-15 uPD43608 3-207
1135 x 8-Bit Line Buffer for PAL TV Single-Chip Cache Subsystem

uPD41264 3-29 uPD71641 3-213
65,536 x 4-Bit Dual-Port Graphics Buffer Cache Controller

uPD42101 3-47 uPD7220A 3-215
910 x 8-Bit Line Buffer for NTSC TV Graphics Display Controller

uPD42102 3-61 uPD72120 3-219
1135 x 8-Bit Line Buffer for PAL TV Advanced Graphics Display Controller

uPD42232 3-75 uPD72185 3-221
32,768 x 8-Bit Triple-Port Graphics Buffer Advanced Compression/Expansion Processor
uPD42270 3-81 APPLICATION NOTE 54 3-223
NTSC Field Buffer uPD42505 Line Buffer for

4PD42273 3107 Communications Systems

262,144 x 4-Bit Dual-Port Graphics Buffer APPLICATION NOTE 55 3-233
PD42274 3131 uPD41101/uPD41102 High-Speed Line Buffers

262,144 x 4-Bit Dual-Port Graphics Buffer APPLICATION NOTE 56 3-249
with Flash Write uPD42601 Silicon File

uPDA2505 3-157 APPLICATION NOTE 57 3-257
5,048 x 8-Bit CMOS Line Buffer for 4PD41101/uPD41102/4PD42505

Communications Systems High-Speed Line Buffers

uPD42532 3-169 APPLICATION NOTE 58 3-267
32,768 x 8-Bit Bidirectional Data Buffer Interlaced to Noninterlaced

1PD42601 3-189 Video Scanning Using the

1,048,576 x 1-Bit Silicon File uPD41101 High-Speed Line Buffer
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©»PD41101
910 x 8-BIT
LINE BUFFER FOR NTSC TV

Description

The uPD41101 is a 910-word by 8-bit line buffer
fabricated with the N-channel silicon-gate process.
The device helps to create an NTSC flicker-free tele-
vision picture (noninterlaced scan conversion) by
providing intermediate storage and very high-speed
read and write operation.

The uPD41101 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

0 910-word x 8-bit organization

0O Line buffer for NTSC, 4fg¢ digital television
systems

O Asynchronous and simultaneous read/write
operation

O 1H (910-bit) delay line capability

O TTL-compatible inputs and outputs

O Three-state outputs

O Single 5-volt +10% power supply

0 300-mil, 24-pin plastic DIP and 450-mil, 24-pin
plastic miniflat packaging

Ordering Information

Read Cycle Write Cycle
Part Number Time (min) Time (min) Package
uPD41101C-3 34 ns 34ns 24-pin plastic DIP
C-2 34 ns 69 ns
C-1 69 ns 69 ns
uPD41101G-3 34ns 34ns 24-pin plastic
G2 34ns gons  miniflat
G-1 69 ns 69 ns
Pin Identification
Symbol Function
Dino-Diny Write data inputs
Douto-Dout? 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

Pin Configuration
24-Pin Plastic DIP or Minifiat

pbouto 1 N\ 24[0Dio .
Dout1 [ 2 23 [1DN1
Douyt2[3 22 [1DIN2
boutal}a 2t 1 DIN3

REL]s 20 [1WE

RSTROQs =  19[1RSTW
exo[]7 8  1[vec
RCK[]8 < wwpwek
DouTs4 [} 9 16 [1DINg
Douts [ 10 15 [1DiNs
Douts (] 11 14 E DiNe
Doutr [] 12 13 [7 DiN7

83-003653A

Pin Functions
Dino-Din7 [Data Inputs])

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

DouTo-Dour7 [Data Outputs]

These tri-state outputs are used to access the stored
information. In asimple 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 to a low level resets the internal
writeaddresstoOif WEisalsoatalow level. I WEisata
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]

Strobed by the rising edge of RCK, this signal resets
the internal read address to Oif REis also at a low level.
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 at a low
level, all write cycles proceed. If WE is ata 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.
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RE [Read Enable Input]

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

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 each WCK cycle uniess WE is at a high
level to hold the write address constant. Unless
inhibited by WE, the internal write address will auto-
matically wrap around from 909 to O 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

Block Diagram

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 increases with each RCK cycle unless RE
is at a high level to_hold the read address constant.
Unless inhibited by RE, the internal read address will
automatically wrap around from 909 to 0 and begin
increasing again.

Absolute Maximum Ratings

Supply voltage, Vg —15t0+70V
Voltage on any input pin, V) ~-15t0+70V
Voltage on any output pin, Vg —-15t0o +70V
Short-circuit output current, lgg 20 mA
Operating temperature, Topg —20 to +70°C
Storage temperature, Tsyg —55 to +125°C

Comment: 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.

|je———RE
Read
Control RCK
Read
Row Selectors <-I
8 Data Write Dual-Ported Read Data 8
DiN0o—DiN? —F~%] input Column Storage Column Output  |—+—» DoyTo—DoUT?
Butfers Selectors Cell Array Selectors Buffers
L’ Write
Row Selectors
WE ———» .
Write
wek Control
RSTW ———»

83-003339B
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Figure 1. Connection for Noninterlaced Scan Conversion

RCK
Reset [(8isc = 28.6 MHz]
RE4
RSTW ASTR RCK RE
Data inputs 75T O™ Pour
. 4
-7 - WeK Wwe ;__Noninteriaced Line
-7 - /J7 1 8 Data Outputs
-~ < g - ) \
Actual Line \\
\
fE. \
RSTW RSTR RCK RE \
______ Int lated Li
Transmitted \\ '?l:p.l.yl.ﬂ
Taon R wex W o
\
Iinterpolated Line /J7
WCK
(4fsc = 14.3 MHz}
83-0036388
Recommended DC Operating Conditions DC Characteristics
Ta=—20t0 +70°C; GND =0V Ta =—2010 +70°C; Vo = 5.0 V £10%
Limits Limits
Parameter Symbol Min  Typ Max ~ Unit Parameter Symbol  Min Typ Max  Unit Test Conditions
Supply voltage Voo 45 50 55 v Write/read Ioc 0 mA
Input voltage, high Vi 24 55 v gﬂfjgrﬁpe’at'"g
Input voltage, low Vi —15 08 V_ Inputleakage | ) 0 A Vy=0toVeg all
current other pins not
Capacitance under test=0V
Ta =—20to +70°C; Vo = 5.0 V £10%; f = 1 MHz Output leakage lp -10 10 wA Dgyr disabled;
Limits current Vo=0t055V
Parameter Symbol  Min Typ Max Unit Pins Under Test g.lgﬁ utvoltage, - Vo 24 Vo doy=—1mA
Input capacitance Gy 5 oF :/&,R_,_FES}N“?’K, Output voltage, VoL 04 V lg=2mA
RSTR, Ding-Dinz low
Output capacitance Gy 7 pF Doute-Douty Notes:
Notes: (1) All voltages are referenced to ground.

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

Limits
4PDA101-3 uPD4N01-2 wP04101-1

Parameter Symbol Min  Max Min  Max Min  Max Unit  Test Conditions
Write clock cycle time twek 34 109 69 1090 69 1090 ns
WCK pulse width twew 14 25 25 ns
WCK precharge time twop 14 25 25 ns
Read clock cycle time tRek 34 1090 34 1090 69 1090 ns
RCK pulse width trew 14 14 25 ns
RCK precharge time trep 14 14 25 ns
Access time tac 27 27 49 ns  Figure5
Access time after a reset cycle tACR 27 27 49 ns
Output hold time toH 5 5 5 ns
Output hold time after a reset cycle toHR 5 5 5 ns  Figure5 (Note7)
Output active time tz 5 27 5 27 5 49 ns  (Note4)
Output disable time tHz 5 27 5 27 5 49 ns
Data-in setup time tps 14 18 18 ns
Data-in hold time tpH 5 5 5 ns
Reset active setup time tRs 14 14 20 ns (Note 8)
Reset active hold time tRH 5 5 5 ns
Reset inactive hold time tRN1 5 5 5 ns  (Note9)
Reset inactive setup time tRN2 14 14 20 ns
Write enable setup time twES 14 20 20 ns (Note 10)
Write enable hold time twWEH 5 5 5 ns
Write enable high delay from WCK twEN1 5 5 5 ns  (Note 11)
Write enable low delay to WCK twEN2 14 20 20 ns
Read enable setup time tReS 14 14 20 ns (Note 10)
Read enable hold time tREH 5 5 5 ns
Read enabie high delay from RCK tREN1 5 5 5 ns (Note 11)
Read enable low delay to RCK tREN2 14 " 20 ns
Write disable. pulse width WEW 0 (Note6) 0 (Note6) 0 (Note6) ms
Read disable pulse width tREW 0 (Note6) O (Note6) O (Noteb) ms
Write reset time tRsTW 0 (Note6) 0 (Note6) O (Note6) ms
Read reset time tRSTR 0 (Note6) - 0 (Note6) O (Note6) ms
Transition time tr 3 35 3 35 3 35 ns
Notes:
(1) All voltages are referenced to ground. . (4) Thisdelay is measured at +200 mV from the steady-state voltage
(2) Input pulse riseand fall times assume ty =5 ns. Input pulse levels with the load specified in figure 6. Under any conditions, t z =

=GND to 3 V. Transition times are measured between 3Vand0V. tHz.

See figure 3. (5) Input timing reference levels = 1.5 V.

(3) Outputtiming reference levels are 0.8 and 2.0 volts. See figure 4.
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AC Characteristics (cont)

Notes [cont]:
(6) twew (max) and tgew (max) must be satisfied by the foliowing
equations in 1 line cycle operation:

twew T trsTw + 910 (twek) =1 ms
tRew T trsTR + 910 (trck) =1 ms

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

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

(9) If either tyyq or tyy2 is less than the specified value, internal
reset operations may extend to cycles immediately preceding
or following the period of desired reset operations.

Figure2. Connection fora 1H (910-Bit) Delay Line

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

(11) If either twent OF twen2 (tReNt OF trenz) is less than the
specified value, internal write (read) disabie operations may
extend to cycles immediately preceding or following the period
of desired disable operations.

Figure5. OutputLoadfortsc,tscr, ton, andtonr
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Figure 3. AC Input Timing Reference Waveform

3ov
cov
S5ns —»| |*—S5ns

83-003650A

Figure4. AC Output Timing Reference Waveform

Figure 6. Output Load for t; 7 and t7
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Timing Waveforms

Read or Write Reset

[¢— Reset Cycles —»

o L e L L

1RN2

[+ RN1—>1e— IRS —>-{¢——IRSTW, IRSTR~ tRH

RSTW j-

2
W

1 . H tRN2.
RN1 RS 'RH

RSTR -‘— 2 1

g 111 G111 1) o IR

tACR —] tac —»
J 2% | N

R 1 R ) N ) S ), N 11
sl
ton

fe—l o]

toHr toH ton

Note: .
[1] WE=RE=vV|.
[2] V="Valid Data.

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

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

83-003645B
Write Disable
twew
_ / ? 3
" —7 Disable Cycles K
) tWEN1 iwssv ) WEH | tWEN2
WCK n n+1 {_\—-( * \ 7£ \ n+2 / \ n+3 / \ n+4/_
o QX XK v R OCCKOOOROCOC v YO v XK
Note:
[1] V= Valid Data.
83-0037238
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Timing Waveforms (cont)

Read Disable
REW
" v ) X
J Disable Cycles
tREN1 | IRES A tRen | REN2
RCK n n+1 n+2 Z \ '_*—_\__j n+3
tac ton thz Lz
I
High-Z
oo v XXX e XRK e X0 oo Y YW v XX
Note:
[1] V=Valid Data.
83-0036468
(910-m)-Bit Delay Line, No. 1
WCK l \ , \ ’ ¥
RCK ] 0-910 1-910 b-\ -1-910 4 \ m-910 / \m+1-91o/ \m+2-91y \
RSTR \ ’ N
Cycl
RSTW \ /
SR A ) O 0 G 1 1 G
s COBCOICC
S0 CEE 1) 1 Y1 1 1 ) )
DIN x V[907] Xig‘x Vv[908] xki“ V[909] m V{910] M vi9t1] m v([912] m V([913] M v
Note:
MRE=v.
[2] V = valid Data.
83-0036588

37
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Timing Waveforms (cont)

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

I T U e e Y S A
T —/ -

m Cycl

. \

- ) T ) B )
S CE 1 2 1) G 1) 1 G 1 ) G 1

omX V(807 m v[808] Mvms] Wsm m v[911] xgggx v[912] ng V[913] xgggx v

Note:
MIRE=Vy.
[2]V = Valid Data.

83-003659B
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Timing Waveforms (cont)

vPD41101

910-Bit Delay Line

2H
WCK

s . 910 Cycles te—1tac—o
o) 0 ) | 0 1 0 23 ) 23V
) LQ—IACR—— L—b
toHr
WE, RE ViL _
—=
Note:

{1] V = Valid Data.

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

83-0036578

3-9



#PD41101 NEC

Timing Waveforms (cont)

n-Bit Delay Line

| \_/ 3 \_/
owifl v A ve) (D e D S i RV

e o (00 3

1H Data 2H

Dem
¢

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

83-0036438

Re-Read Operation

WCK
RCK

trs

RSTW

RS

RSTR

o Yo J0 o Y e )]

-

Note:

MIRE=VyL.

[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

foliowing 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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Timing Waveforms (cont)

Basic Timing for Noninterlaced Scan Conversion

f———tw oK —]

r—t
SIS SN p VY WSy U o WY
ASTW 1 1 A 3* -
i , tos: [+~ toH-+]

O (11 O 0 A e:o:o:o:o:o:o:oro X
« UM VT
lncwl tRcP tac—s! 4 tone

f——— 455 or 910 Write Cycles ——| ‘____455 Write Cycles 455 Write Cycles

910 Read Cycles 910 Read Cycles N

. 3‘1 N [ \ \

W

Note:
1] WE=vjL.
{2] V= Valid Data.

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

83-0036558
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Timing Waveforms (cont)

Application Timing for Noninterlaced Scan Conversion

904 905 906 907

l |899| |901| |903] |9-

898 900 902 904

7\

£(

)y

1 "

I

nH

R

£

)

e

R

pe———— nH'—1H

»

(4

)Y
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)
It {(

N )7 L

nH+1H

5 M
P

Qutput data of cycles 900 to 01234 897
909 may be that of 1H before. «

l 7
(e
2
I £

)Y U )}

nH’
0000000000 |
4

il

g

83-005018B
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NEC Electronics Inc.

uPD41102
1135 x 8-BIT

LINE BUFFER FOR PAL TV

Description

The uPD41102 is a 1135-word by 8-bit line buffer
fabricated with the N-channel silicon-gate process.
The device helps to create a PAL flicker-free television
picture (noninterlaced scan conversion) by providing
intermediate storage and very high-speed read and
write operation.

The uPD41102 can also be used as a digital delay line.
The delay length is variable from 12 bits (at maximum
clock speed) to 1135 bits.

Features

O 1135-word x 8-bit organization

O Line buffer for PAL, 4fgc digital television systems

O Asynchronous and simultaneous read/write
operation

O 1H (1135-bit) delay line

O TTL-compatible inputs and outputs

O Three-state outputs

O Single +5-volt £10% power supply

0 300-mil, 24-pin plastic DIP and 450-mil, 24-pin
plastic miniflat packaging

Ordering Information

Read Cycle Write Cycle

Part Number Time (min) Time (min) Package
uPD41102C-3 28 ns 28 ns 24-pin plastic DIP
C-2 28 ns 56 ns
C-1S 34 ns 34ns
c1 56 ns 56 ns
(PD41102G-3 28 ns 28 ns 24-pin plastic
G-2 28ns 56 ns miniflat
G-18 34ns 34ns
G-1 56 ns 56 ns

Pin Configuration

24-Pin Plastic DIP or Minifiat

Douto [J1 24 gomo
Dout1 E 2 231 DIN1
Poyt2[]3 22 1 DNz
DouTs g 4 21 [1Ding
RE[ls , 20[IWE
RSTRC]s & 19[IASTW
GND[]7 é 18 [Qvee
RCK []8 3 17fiwek
Douta ]9 16 [ DiNg
Douyts [J 10 15 [1Dins
Doute ] 11 14 [] Ding
Dout7[] 12 13 [J DIN?
83-003636A
Pin ldentification
Symbol Function
Dino-Din7 Write data inputs

Douro-Doutr

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

3-15
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Pin Functions
Dino-Din7 [Data Inputs]

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

DouTto-DouTt7 [Data Outputs]

These 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 to a low level resets the internal
writeaddresstoQif WE isalsoatalowlevel. f WEisata
high level when the-RSTW input is brought low, the
internal write address is set to 1134. The state of this
input is strobed by the rising edge of WCK.

RSTR [Read Address Reset Input}

Strobed by the rising edge of RCK, this signal resets
the internal read address to 0if RE is also ata low level.
If RE is at a high level when the RSTR input is brought
low, the internal read address is set to 1134.

WE [Write Enable Input]

This input controls write operation. if WE is at a low
level, all write cycles proceed. If WE is ata high level, no
data is written to storage celis 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 outputs become high
impedance and the internal read address stops in-
creasing. The state of RE is strobed by the rising edge
of RCK.

3-16

WCK [Write Clock Input]

All write cycles are executed synchronously with
WCK. The states of both RSTW and WE are strobed by
therising edge of WCK at the beginning of a cycle, and
the data inputs are strobed by the rising edge of WCK
at the end of a cycle. The internal write address
increases with each WCK cycle unless WE is at a high
level to hold the write address constant. Unless
inhibited by WE, the internal write address will auto-
matically wrap around from 1134 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
therising edge of RCK at the beginning of acycle. This
same edge of RCK starts internal read operation, and
access time is referenced to this edge. The internal
read address increases with each RCK cycle unless RE
is at a high level to_hold the read address constant.
Unless inhibited by RE, the internal read address will
automatically wrap around from 1134 to 0 and begin
increasing again.

Absolute Maximum Ratings

Supply voltage, Vgg -15t0+7.0V
Voltage on any input pin, V| ~15to+7.0V
Voltage on any output pin, Vo —15t0+7.0V
Shert-circuit output current, lgg 20 mA
Operating temperature, Topg ~20 to +70°C
Storage temperature, Tstg —55to +125°C

Comment: 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.



uPD41102

Block Diagram

| #————RE
Read
Control RCK
| &———RSTR
Read <
Row Selectors 4..1
8 Data Write Dual-Ported Read Data 8
DiNo—DiN7 ——F-] Input Column Storage Column Output | —/—=DouTo—DouT?
Buffers Selectors Cell Array Selectors Buffers
L’ Write
Row Selectors
WE ————»
WCK Write
Control
RSTW ——————

83-0033398
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Figure 1. Connection for Noninterlaced Scan Conversion
RCK
Reset [8fsc = 35.5 MHz]
| =
RSTW ASTR RCK RE
Data inputs 75O Cour
. rd
e - -~ WeK we [ Noninterlaced Line
prad i ,J7 1 8 Data Outputs
- - - - ) \\
Actual Line \\
[ o
RSTW RSTR RCK RE \
]
________ %
Transmitted \\ Displayed
s \ wox__we s
Inlerpo}lled Line /J7
WCK
[4tsC = 17.7 MHz]
83-0037268
Recommended DC Operating Conditions DC Characteristics
Ta =—2010 +70°C; GND =0V Ta =—20to +70°C; Vo = 5.0 V £10%
Limits Limits
Parameter Symbel Min  Typ Max Unit Parameter Symbol Min Typ Max Unit Test Conditions
Supply voltage Vee 45 50 55 v Write/read lec 90 mA
: cycle operating
Input voltage, high Vin 24 5.5 v current
Input voltage, low Vi —15 08 V_ inputleakage |, ) 0 A Vj=0to VoG all
current other pins not
Capacitance under test=0V
Ta =—2010 +70°C; Vg = 5.0 V £10%; f =1 MHz Output leakage I -10 10  wA Dgyr disabled;
Limits current Vo=0to55V
Parameter Symbol Min Typ Max Unit Pins Under Test 2:’;# utvoltage, - Vou 24 V. lon=-1mA
Input capacitance G 5 pF :ﬁ( R—"ES]w“? K, Output voltage, VoL 04 V lg =2mA
RSTR, Ding-Din7 low
Output capacitance Cq 7 pF Douto-Dout? Notes:
Notes: (1) All voltages are referenced to ground.

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

Limits
uPDA41102-3 uPD4N02-2 pPDA102-18 1PD411021
Parameter Symbol Min  Max Min Max Min Max Min  Max Unit  Test Conditions
Write clock cycle time twek 28 880 56 880 kL) 880 56 880 ns
WCK pulse width twew 12 20 14 2 ns
WCK precharge time twep 12 20 14 20 ns
Read clock cycle time trRek 28 880 28 880 Kz} 880 56 880 ns
RCK pulse width tRow 12 12 14 20 ns
RCK precharge time tRep 12 12 % 20 ns
Access time tAC 21 21 27 40 ns  Figure5
Access time after a reset cycle tACR 21 21 27 40 ns
Output hold time ton 5 5 5 5 ns
Output hold time after a reset cycle toug 5 5 5 5 ns  Figure5 (Note7)
Output active time Lz 5 2 5 21 5 27 5 40 ns  (Note 4)
Output disable time thz 5 21 5 21 5 27 5 40 ns
Data-in setup time tps 12 15 14 15 ns
Data-in hold time tpH 5 5 5 5 ns
Reset active setup time trs 12 12 14 20 ns  (Note8)
Reset active hold time tRH 5 5 5 5 ns
Reset inactive hold time RN 5 5 5 5 ns  (Note9)
Reset inactive setup time tRN2 12 12 14 20 ns
Write enable setup time twes 12 20 14 20 ns  (Note 10)
Write enable hold time twen 5 5 5 5 ns
Write enable high delay from WCK  twenq 5 5 5 5 ns  (Note 11)
Write enable low delay to WCK twEN2 12 20 14 20 ns
Read enable setup time tRes 12 12 14 20 ns  {(Note 10)
Read enable hold time tREH 5 5 5 5 ns
Read enable high delay from RCK  tpenq 5 5 5 5 ns  (Note 11)
Read enable low delay to RCK tREN2 12 12 14 20 ns
Write disable pulse width twew 0 (Note6) O (Note6) O (Note6) O (Note6) ms
Read disable pulse width tREW 0 (Note6) O (Note6) O (Note6) O (Note6) ms
Write reset time tRSTW 0 (Note6) O (Note6) O (Note6) O (Note6) ms
Read reset time 1RSTR 0 (Note6) O (Note6) O (Note6) O (Note6) ms
Transition time tr 3 35 3 35 3 35 3 35 ns
Notes:
(1) Alt voitages are referenced to ground. (4) Thisdelay is measured at+200 mV from the steady-state voitage
(2) Inputpulse rise and fall times assume ty =5 ns. Input pulse levels with the load spegcified in figure 8. Under any conditions, t, 7 =
=GND to 3 V. Transition times are measured between 3Vand0Q V. thz.
See figure 3. (5) Input timing reference levels = 1.5 V.

(3) Output timing reference levels are 0.8 and 2.0 volts. See figure 4.
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AC Characteristics (cont)

Notes [cont]:

(6) twew (max) and tgew (max) must be satisfied by the following
equations in 1 line cycle operation:
‘tWEW + trgTw + 9210 (twek) <1 ms
trew T trsTR + 910 (tgok) <1 ms

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

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

(9) If either trny¢ OF tpN2 is less than the specified value, internal

reset operations may extend to cycles immediately preceding
or following the period of desired reset operations.

(10) If either twes or tweH (tREs OF tRER) is less than the specified
value, write (read) disable operations are not guaranteed.

(11) If either twent1 or twenz (tREN1 OF tReNn2) is less than the
specified value, internal write (read) disable operations may
extend to cycles immediately preceding or following the period
of desired disable operations.

Figure 2. Connection for a 1H (1135-Bit) Delay Line Figure 5. Output Load for tac, tacr, toxs and toyp
Reset +5V
L 219kn
— | | :
RSTW RSTR  RCK RE 1
Dour ————4 l
Dbt ow Pour ol g oo ™
= =
WCK WE 3 - 83-003652A
Figure 6. Output Load for t; 7 and tyz
Clock
83-003639A <
+5V
Figure 3. AC Input Timing Reference Waveform ‘E 19k
3.0V Doyt —————4
ooV Sns Sns Ié 1.0k0 5pF
83-003650A __L. l

Figure 4. AC Output Timing Reference Waveform

83-003649A

20v

os8v

83-003651A
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Timing Waveforms

Read or Write Reset

[4—— Reset Cycles ——#{

RCK
=35 BRI S U B WIS S R S e
| 1RN2 ‘

{#— tRN1——n-}¢— tRS —»{e———1RSTW, IRSTR tRH
RSTW ) [

t4—tRN1 ——s}e-—tpg —) fe——1RH tRN2
AsTR X 7[

WAL )

ow O~ VIR FA

— A — ]

Note:

[1] WE=RE=V|L

{2] V= valid Data.

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

(4] H=1135cycles.

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

Write Disable
wew
_ y — j
WE
—'—] Disable Cycles -
| IWEN1 wes ) tweH | twEN2

on X YR e RN o X o XX

Note:
{11 V= Valid Data.

83-003723B
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Timing Waveforms (cont)

Read Disable
{REW
m ' N
Disable Cycles
RENT | IRES | 'REH | IREN2
RCK n n+1 n+2 z \ '_*_\_] n+3
| tac toH tHz Lz

Dout M vin) Vin+1] ‘W V[n+2% - e — :’.{
Note:

[1) V= Valid Data.
83-0036468

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

WCK F \ » ’ \ . ’ ? 1. ! \ . , \ R 5/ \ . 35/ \
RCK ] 0-1135 1-1135 )-\ 1 1135] m-1135 +1-113 +2-11
N

RSTR \ '
m Cycles~—————————J

e

woor Y X e )@X@(W“ 0
DIN = L V(0] V(1] V(2] V(3]
S 1 1 1 1 1 1 1

DmX V([1132] M V[1133] M V([1134] m V([1135] M V[1136]m V[1137] x?g” V[1138] x’i” v

Note:
MIRE = VL.
[2] v = Valid Data.

83-0036478
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Timing Waveforms (cont)

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

RCK ) 0-1135 1-1135 m-1-1135. m-1135 m+1-1135, m+2-113!
N

e —¢

RSTW

RSTR

Cyel

“
-
WE \

—

Din ;3 IVIO] m vl m vi2| m Vi3]
Q .
moor [ e KRR v XARRAX v XA v KRR+ RORARK v XA = = XEAXIK

DiN ‘ V[1132] "i" V[1133] ‘“l* V[11%V[113m V[1137] m V[1139]m v

Note:
[11RE = VL.
[2]V = Valid Data.

83-0036488

1135-Bit Delay Line

2H

1135 1136 1137 1138

) | ) 8 ) 8 V2V 8 V

toHR

WE,RE v,

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

83-0036428
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Timing Waveforms (cont)

n-Bit Delay Line

2H

W

\J

) 1L 0 B

o (0]
-
I
pout H Y Y vl
! 1H Data 2H
WE, RE
viL
Note:

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

83-003643B

Re-Read Operation

Note:

[1]1RE = Vi
{2]V = valid Data.

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

83-0036448
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Timing Waveforms (cont)

Basic Timing for Noninterlaced Scan Conversion

twek:

[e—tWCwW—{e—twCcP—>

Y

-/

}d-lmq—»

(o tOH»}

V[1134] 2@

ainUalalie

567.5 Write Cycles

0

471135 Read Cycles
»

WCK 7—- ~ 0 f \ ' ~ ;
tRS— RH
» —_—
G 3
RSTW 1-
RSTR {
ips—
Y
w?
O (I 1
3
|e—tRCK —»|
S A AW AU O XTI W
tRCW/| tRCP
| tac—|
Dout xla 1‘ ’ vio] l l v ' K
|«——567.5 or 1135 Write Cycles——s|e— 567.5 Write Cycles |
- 1135 Read Cycles
@
—
3
Note:
[1] WE=V)..
[2] V= Valid Data.
(3] For ibility with PAL the WCK is approxil 17.7 MHz. RCK

cycles at twice this frequency, 35.5 MHz.

@

|

83-003640B
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Timing Waveforms (cont)

Application Timing For Noninterlaced Scan Conversion

(8

1129 1130 1131 1132 1133

pipEpininipiy
S §

i\

R4
[

£«

oy

W

e e O e W O 6 O i e 0

£

3

UL
sIIIIIIIIl

124 1126 1128 1130
1123 125 1127 1129 1S

L

)

— (4
W "
@ RSTR “
AC nH
DouT i
~ o 1 2 3 1122 1124 1126 1128 1m
1123 1125 1127 1129
~ 1,1’7
RE | « |
T
ASTR —4 —45=
RSTR
@ U
o  nH'—1H
{i
our —000000000C -
<
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—J
=
—

nH+1H

» ’
)

( Output data of cycles 1123 to ) 0123 4 122
1134 may be that of 1H before.

1 ' « | $ L

T
§ U’ 5
!

nH’
—noooooone —
L) A

i

83-0050208
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NEC Electronics Inc.

vPD41264
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 random access port is used by the
host CPU to read or write data addressed in any
desired order. The serial read port is connected to an
internal 1024-bit data register through a 256 x 4-bit
serial read output circuit. In addition to its conventional
features, the random access port also has a write-per-
bit capability that allows each of the four data bits to be
individually selected or masked for a write cycle.

The uPD41264 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; the serial read port, however, continues to
operate normally. Following the clock transition of a
data transfer, the serial read output data changes from
anold lineto 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
reliability.

Refreshing is accomplished by means of RAS-only
refresh cycies or by normal read or write cycles on the
256 address combinations of Ag through A; 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 auto-
maticaily.

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

The uPD41264 is available in a 24-pin plastic ZIP

or a 400-mil, 24-pin plastic DIP and is guaranteed for
operation at 0 to +70°C.

Features

O Three functional blocks
— 64K x 4-bit random access storage array
— 1024-bit data register
— 256 x 4-bit serial read output circuit
O Two data ports: random access and serial read
[ Dual-port accessibility except during data transfer
[0 Addressable start of serial read operation
O Real-time data transfer
0O Single +5-volt + 10% power supply
0 On-chip substrate bias generator
[d Random access port
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of 1/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 refreshing by means of CAS-controlled
output
— Write-per-bit capability regarding four 1/O bits
— Write bit selection multiplexed on 10g-105
(0 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 or standby opera-
tion of serial port
O Fast serial read operation by means of serial control
pins
-— Serial data presented on SOp-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
0 Doubile polylayer, N-channel, silicon-gate process
3 400-mil, 24-pin plastic DIP or 24-pin plastic ZIP
packaging
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Ordering Information

Pin Configurations

Row Access Serial Access
Part Number Time (max) Time (max)  Package 24-Pin Plastic DIP
uPD41264C-12 120 ns 40 ns 24-pin plastic DIP
C-15 150 ns 60 ns scf1 ~ 24 g GND
- - - $00 ]2 231503
uPD41264V-12 120 ns 40 ns 24-pin plastic ZIP so13 22 [ 502
V-15 150 ns 60 ns DT/OE []4 21 [ S0E
Wo/100 ] 5 3 [1 Wa/103
- . . W4/10 a W2/10
Pin Identification il E M A
Symbol Function RAS |8 B! 17 g Ao
Ag-A7 Address inputs :6 'é ‘;'o 1: :;
- 5
Wo/100-W3/103 Write selects in write-per-bit/data inputs and outputs asC 1 14 E A3
RAS Row address strobe vee ] 12 130 a7
CAS Column address strobe 830046568
WB/WE Write-per-bit/write enable 24-Pin Plastic ZIP
Sa— -Pin Plastic
DT/OE Data transfer/output enable
$0g-S03 Serial read outputs
: W2/102 2 W30
SC Serial control SOF ) ; 3
— 4 s
SOE Serial output enable $O3 6 GN;
GND Ground :g 8 SOg
1 —
v +5-volt £10% power suppl 10 DT/OE
ce P pey Wo/100 12 W1/101
WB/WE 14 FAS
As 16 As
A4 18 Ve
A7 20 A3
A2 2 A1
Ao 24 CAS
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Block Diagram
[ I I I I‘-’ W3/103
o ] 7 [ I po Icr:‘u.u..:.. —1—WB/WE
_ ;THHIH e Y P
_ T 1 SensaAmp. | 1 | mwed) | 1 1 JAmsl
Ao M G i Y Y N A Y S W CAS
Y S S S N S
A1 —s] — | T R R R R I [ A A | —
5 er="t « « v 0041 I T __OE
Az —} g &, [ D R A T Voo bT o
A a 3 ! 1 1 1 | Storage Array [ E
tn I H i
8 1o TR
As — é ar T R oo
ms—f2l | AR
Ag —»] bl g I TR T T PO T A DU O B P Port
- PLY) I A S R WY | [

A7 —= 0 2 3 4 5 7 1020 1022 {}
R . . A [ -
T T T T T T T T II T T

L ] 1 Ii)ata‘Trar:sferL%e ' 1[1024] ¢+ T.G.
Pyt Bl FEEF T it —— 1 FF+——————7—-
Start Adlress [ 7 T otereser | | o] | <
\/ L 1 f i A 4 I -l I 1 1
. TTTTITT T —TITT
Serial
Address | 0 I 1 | l 255 Serial Decoder
Counter
=i [, =
$O3
Note: T.G. = Timing G ]_I'—r]_. s0p
83-004360C

Device Operation
Overall Description

The uPD41264 consists of a random access portand a
serial read port. The random access port performs
standard read and write operation as well as the data
transfer operation, all of which are based on the
conventional RAS/CAS timing cycle. In a data transfer
cycle, 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 port and the serial read port
can operate asynchronously, except when the transfer
gate is turned on during the data transfer period.

Addressing

The graphics 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
Ap through A7 and latched onto the chip by RAS. Eight
column address bits then are set up on pins Agthrough
A7 and latched onto the chip by CAS. All addresses
must be stable, on or before the falling edges of RAS
and CAS. RAS is similar to a chip enable signal; when-
ever it is activated, 1024 cells on the selected row are
sensed simultaneously and the sense amplifiers auto-
matically 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 2566 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 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. By activating SC repeatedly,
the serial read operation (starting from the location
specified in the data transfer cycle) is executed within
the 1024 bits in the data register.

Random Access Port Operation

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.

« DT/OE

o WB/WE

e W/10;(i=0,1,2,3)
The OE, WE and 10; functions represent standard
operations. The DT, WB, and W; functions 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 DT level determines
whether a cycle is arandom access operation or adata
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 capability. In the following discussions,
these multiplexed 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 discon-
nects 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 aéti/ating
RAS, CAS, and OE and maintaining a high (WB/)WE
during an active CAS. The (W;/)I10; data pin (i =0, 1,
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2, 3) remains in a state of high impedance until valid
data appears at the output at access time. Device
access time, tacce, will be the longest of the following
three calculated intervals:

* fRaC
¢ RAS to CAS delay (trcp) + tcac
o RAS to OE delay + toga

Access times from RAS (tpac), from CAS (tcac), and
from OE (toea) 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. A
high CAS or OE returns the output to a high impedance
condition.

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;/)I10;
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 to which the write operation
is applied can be specified by keeping W;(/10O;) 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 capa-
bility 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. Data is strobed by
CAS, with setup and hold times referenced to this
signal, and the output remains in a state of 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 opera-
tion during an active CAS.

Read-Write/Read-Modify-Write [RW/RMW] Cycle. An
RW/RMW cycle is executed by bringing (WB/)WE low
with the RAS and CAS signals low. (W;/)|O; shows read
data at access time. Afterward, in preparation for the
upcoming write cycle, (Wy/)IO; is returned to a high-
impedance condition 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
falls, even when (WB/)WE is brought low after CAS.
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Refresh Cycle. A cycle ateach of the 256 row addresses
(Ag through A7) will refresh all storage cells. Any
operation performed 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. A cycle having only RAS active
refreshes one row of the storage array. A high CAS is
maintained during an active RAS to keep (Wy/)10; in a
state of high impedance. This mode 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. This cycle executes internal
refreshing using the on-chip control circuitry. When-
ever CAS is low as RAS falls, this circuitry automatically
performs refreshing for row addresses specified by the
internal refresh address 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. This function performs hidden re-
freshing 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 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.

Page Cycle. This feature allows effectively faster data
access by keeping the same row address and strobing
successive column addresses onto the chip. By maintain-
ing a low RAS while successive CAS cycles are
executed, data is transferred at a faster rate because
RAS addresses are maintained internally and do not
have to be reapplied. During this operation, read, write
and RW/RMW cycles are possible. Additionally, the
write-per-bit control specified in the entry write cycle is
maintained through the following page write cycle.

Data Transfer Cycle. A data transfer cycle is executed
by bringing DT(/OE) low as RAS falls. As described
previously, 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 specified time, measured from RAS and
CAS, so that the data transfer condition may be satis-
fied. The low-to-high transition of DT causes two
transfer 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.
Atleast one SC cycleis required to hold the datain 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 Operation

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 the
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 specified period in an SC cycle. Except for this
SC cycle, the serial read port can operate asynchron-
ously with the random access port. The output data
appears at SO, after an access time of tgca, measured
from a high SC, only when a low SOE is maintained.
The SC cycle that includes the positive transition of
DT(/OE) shows old data in the data register; subse-
quent SC cycles show new data transferred to the data
register serially and in a looped manner. The serial
output is maintained until the next SC signal is acti-
vated. 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 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.

Absolute Maximum Ratings

Voltage on any pin except Vg relative to GND, Vgq —1.0to+7.0V
Voltage on Vg relative to GND, Vg —1.0to+7.0V
Operating temperature, Topg 0to +70°C
Storage temperature, Tsyg —55 to +125°C
Short-circuit output current, lgg 50 mA
Power dissipation, Pp 15W

Comment: 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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Recommended DC Operating Conditions Power Supply Current
Ta=0to +70°C; GND=0V Ta =010 +70°C; Voc =5.0 V £10%
Limits Limits
Parameter Symbol Min  Typ Max Unit Port 1PD41264
Supply voltage Ve 45 50 55 v ————Random Serial 12 15 :
Input voltage, high Vi 24 55 v Access Read Symbol Max  Max Unit  Test Conditions
Input voltage, low ViL -1.0 08 v RW STB lect 9% 85 mA (Note 1)
STB STB g 2 12 mA
DC Characteristics ROR STB lIggs 75 65 mA
Tp=0to +70°C; Vg =5.0 V £10% PAGE T8 ot ® P mA (Note 1)
_ Limits CBR STB lecs 75 65  mA (Noted)
Parameter Symbol Min Typ Max Unit Test Conditions DTR STB lccs 120 100 mA
Input feakage I -10 10 wA Vy=0t055V,
current all other pins RW ACT lec7 155 130 mA (Note 1)
not under STB ACT lccs 60 45 mA  (Note 1)
test=0V ROR ACT  lggy 135 110 mA (Notel)
Output leakage oL —10 10 wA Doyt (10; SO)
current disabled: Vo PAGE ACT lec1o 125 100 mA  (Note 1)
=0t055V CBR ACT Iec11 135 110 mA  (Note 1)
Random access VoHR) 24 Ve V  lougy =-2mA DTR ACT Igc12 180 145 mA  (Note 1)
port output
voltage, high Notes:
_ (1) Noload on I0;0r SO;. Exceptforlcca, Icca: and Igce, real values
Ezﬂdgﬂp&:ﬁcess Vom0 04 Vo =42mA depend on output lo'ading and cycle rates.
voltage, low c )
i - apacitance
Serial read port VoHi) 24 Veo V oy =—2mA i, o, _ .
output voltage, 8) Ta =010 +70°C; Voo =5.0 V £10%; =1 MHz
high Parameter Symbol Max Unit  Pins Under Test
Se;ialtr eaﬂ port Vousy 0 04V lgys)=42mA input capacitance Ci(a) 5 pF Agto A7
ﬂ:”pu voliage, Input capacitance Ci{D7/08) 6 pfF  DT/OE
Input/output Ciow/10) 7 pF Wp/10g to
- eas capacitance W3/10;
Power Supply Current Definitions P _ 33
Input capacitance Ci(WB/WE) 8 pF WB/WE
Port Operation Symbol Operating Conditions e 8 oF TS
Random Read/write RW RAS, CAS cycling; mis) —
Access tRe = tRg (min) Cicas) 8 pF__ CAS
Standby STB RAS = Vju; Ci(508) 6 pF_ SOE
Doyt = high impedance Output capacitance  Co(sp) 7 pF S0ptoSO3
RAS-only ROR RAS cycling; CAS = Viy; Input capacitance Ci(sc) 8 pF SC
refresh tre = trc (Min)
Page mode PAGE RAS = Vy; CAS cycling;
tpc = tpc (min)
CAS before CBR CAS low as RAS falls;
RAS refresh trc = trg (min)

DT low as RAS falls;
tR = tac (Min)

Data transfer DTR

Serial Standby STB SC=SO0E=Vjy

Read Serial read ACT SOE = Vy; SC cycling;

tsce = tscg (min)
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AC Input/Output Timing Waveforms AC Characteristics
Ta =010 +70°C; Voo = 5.0 V £10%
Input Timing Limits
uPD41264-12 4,PD41264-15 Tst
Parameter Symbol Min Max Min Max Unit Conditions
Switching Characteristics
—ol5ns Access time from  tpac 120 150 ns (Notes 2, 4)
RAS
Access time from  toag 60 75 ns (Notes2,5)
CAS
Access time from  tgga 30 40 ns (Note2)
OF
Serial output access tsca 40 60 ns (Notes2,7)
time from SC
83-004362A
Serial output access tgga 35 50 ns (Notes2,7)

time from SOE

Figure 1. Random Access Port: Output Loading
Output disable time torr 0 30 0 40 ns (Note6)
vee from CAS high
Output disable time tggz 0 30 0 40 ns (Noteb)
from OE high
104 1< Sprial output tsoz 0 30 0 40 ns (Note 6)
disable time from
SOE high
) Timing Requirements
100F Random read or te 220 270 ns
write cycle time
Read-write/read-  tpwg 300 355 ns
55.004363A modify-write cycle
Page mode cycle tpg 120 145 ns
time
Figure 2. Serial Read Port: Output Loading —
Transition time tr 3 5 3 5 ns
(rise and fall)
vee —
RAS precharge time tgp g0 100 ns
RAS pulse width  tgag 120 10000 150 10000 ns
SO ¢ RAS hold time tash 60 75 ns
CAS precharge time tcpy 25 30 ns
(nonpage mode)
50 pF CAS precharge time tgp 50 60 ns
(page mode only)
CAS pulse width ~ tcag 60 10000 75 10000 ns
63-004364A (iShold_time tosy 120 150 ns
RAStoCASdelay trgp 256 60 30 75 ns (Noted)
time
CAShighto RAS  tege 10 10 ns
low precharge time
Row address tasp O 0 ns
setup time
Row address fRaH 15 20 ns
hold time
Column address tasc 0 0 ns

setup time
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AC Characteristics (cont)

~ Limits Limits
uPDA1264-12 1,PD41264-15 Test 4PD41264-12 PDAI264-15 Test
Parameter Symbol Min Min Unit  Conditions Parameter Symbol Min Max Min Max Unit Conditions
Timing Requirements (cont) Timing Requirements (cont)
Column address  toay 20 25 ns DT low hold time  tgpy 100 130 ns
hold time after RAS low
Column address tan 80 100 ns DT low hold time  tcpy 40 55 ns
hold time after after CAS low
RAS low SC high to BT tsop 10 20 ns
Read command tacs O 0 ns high delay
setup time SClow hold time _ tspy 10 20 ns
Read command tRRH 20 20 ns (Note9) after DT high
hold }"Qﬁ after OEpulsewidth  top 35 M) ns
Read command wen 0 0 s (Note ) E;réal clockcycle tgcc 40 50000 60 50000 ns
hold time after
CAS high SC pulse width tscy 10 20 ns
Write command twes O 0 ns (Note 10) SC precharge time  tgg. 10 20 ns
setup time SOE low to serial  tggp 5 5 ns
Write command twen 35 45 ns output setup delay
hold time i
: Serial output hold  tgoy 10 10 ns
Write command twer 95 120 ns time after SC high
'%g It:)n‘:,e after DT high setup time  tpps 0 0 ns
Write command twp 35 45 ns E high holit_ime fohH_ 20 % ns
pulse width D_T high to RAS totR 10 10 ns
Write command to  tgy, 40 45 ns 'E’h delay —
RAS lead time DT high to CAS tojc 10 10 ns
Write command to  tew 40 45 ns h_'gh diay
CAS lead time OE to RAS inactive togs 10 10 ns
Data-in setup time  tpg 0 0 ns (Note 11) setup time
r - Write-per-bit twes O 0 ns
Data-in hold time tpy 35 45 ns (Note 11) setup time
Data-in hold time  tpyr 95 120 ns Wi :
TRE rite-per-bit twgH 20 25 ns
after RAS low hold time
C__A_S_ to % delay towp 100 120 s (Note10)  yrite bit selection twg 0 0 ns
RAS to WE delay  tawp 160 195 ns (Note 10) setup time :
OE high to data-in  tgep 35 40 ns Write bit selection  twy 20 25 ns
setup delay , hold time
OE high hold time  tggy 30 40 ns SOE pulse width  tsgg 15 20 ns
:"'itir WE |°“_'__ SOE precharge time tggp 15 20 ns
CAS before RAS tcsp 10 10 ns O hi :
- igh hold time  tpry 20 25 ns
refresh setup time after RAS high
CAS before RAS tcHR 25 30 ns
refresh hold time Notes:
RAS high to CAS w0 0 ns (1) Seeinput/outputtiming waveforms for timing reference voltages.
low precharge time (2) See figures 1 and 2 for output loads.

: (3) Aninitial pause of 100 us is required after power-up, followed by
ﬁﬁgsf:l time 'REF ms any eight RAS cycles (except CAS-before-RAS cycles), before
p— proper device operation is achieved. Also, SOE must be held
DT low setup time  tpig 0 0 ns high or SC must be held low until completion of the first data
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Notes [cont]:

4)

(5)
6

@

®

Operation within the tgcp (max) limit ensures that trac (max)
can be met. The tgcp (max) limit is specified as a reference
pointonly. Iftgcp is greater than the specified taop (max) limit,
access time is controlled exclusively by tcac.

Assumes that tgcp = trop (max).

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

Data in the serial output register remains valid for 4 ms (min)
after a data transfer cycle.

Vin (min) and V| (max) are reference levels for measuring
the timing of input signals. Additionally, transition times are
measured between V| and V).

Timing Waveforms

©
(10)

(11)

Either tggr Or trcH Must be satisfied for a read cycle.

twcs. tocwp. and trwp are restrictive 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 = tcwp
(min) and tgwp = trwp (min), the cycle is a read-write cycle
and the data output will contain data read from the selected
cell. If neither of the above conditions is met, the condition of
the data out (at access time and until CAS returns to V|y) is
indeterminate.

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.

Read Cycle
tRC
je—————————————tRAS tRP
J— !* 4 p
RAS
K Jz ) N
— {CRP |&— tRSH
l-—lncc tcas
— '4 y 4
CAS
/ N F
tCPN—————»
| tcsH
\
Address Row Column
tASR |+ —»| |le—taSC
te——tRAH —| {CAH — [e——tRCH —|
1
WB/WE \
tRCS — tRRH——
toEs
taR
——‘ tDHS T le—tOEA —»|
DT/OE j \
te—{DHH—» toe >
tcac tOEZ [+
High-Z p
Wi/10; Read J}———
tRAC l‘—‘OFF'——>‘

83-004365C
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Timing Waveforms (cont)

Early Write Cycle

RC

tRAS
X
RS n
—»{ tCRP |&— tcas
tRCD tRSH
I X
(7] / N
tcPN
tcsH
—»| tASR |e—
I
p
Address Row F Column F
| l
—»| le—tASC
le—— tRAH —|
e—twCs — tcAH
[+ twBS —» twp
—_— ‘4 y
WB/WE )]‘ Write Mask Select 'S‘
Wil
WBH:
QAn
~>| tDHS r<|— tewl
DT/OE j
I TR
le— tws —»| t tRWL
[+—1tDHH —*I twCH
4 : .
Wi/10; X‘ Write Mask Valid Input Data Valid
e tWH - ! toH
tps
tDHR
83-004366C
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Timing Waveforms (cont)

Late Write Cycle

tRC
tRAS { tRp
\ } X
AAS N 4 N
tRCD 1RSH————|
tcas I
—»|tcrp T_ tcwL
4 \
Cas / N ,/
tCPN
tAR ! l
tcsH
tASR [+—
I 1
Address Row Column X x
<|—- lRWL—O‘
——tRAH —| le——1tCAH ——-—v‘
[e—tWBS— twcH
le—taSC | tp ———|

§

®
7

D]

IG—‘WBH—’

—»{tDHS |+

X
Write Mask Select yﬁ [
2 ‘ K
_|.
!

DT/OE
twH tOEH
| . \
Wi/10; Write Mask Valid Input Data Valid JK
—| tw! +—1tps

1

83-004367C
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycles

RAS

tRwC

tRAS

—>{tCRP [¢—

te——IRC D~

tRSH
tcas

tRP———»]

CAS 7

tcPN———|

l
—{tASR T

tcsH

T— tasc

Address x‘

7(
Row Colum

tewp

le-tCAH |

trRwD

|+tws>| |e—twh

OE

tewL

— tDHH

Wi/10; —!:

Write Mask

tOEA

t0ED:

—|toEz

e——tDH ——|

Valid .

twBH —» Io—

tcac

Read

Write K

tRAC

X
|<- tos

83-004368C
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Timing Waveforms (cont)

RAS-Only Refresh Hidden Refresh
tRC ! tre
tRAS tRP s te———1tRAS tRP ——o{
— ¥
RAS N ] \_ RAS W
- -l— tcrp —>{tRPC !4— tcrp [
tCHR
=_/ 4
CAs
—tRAH I-—

Address

WB/WE

N toFF
BToE A

\ ._.l toEz
Wi/10; High-2 Wi/I0;  Read

83-004369A
83-004371A

CAS Before RAS Refresh Cycle

| tRC
<—‘RAS————J tRp——
RAS
N A
- |~— tCHR tRPC
l‘- tcsR
CAS
High-Z
Wi/10j
83-004370A
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Timing Waveforms (cont)

Page Mode Read Cycle
tRAS
s A /
RAS % ¥
— |*—tCRP tpc tRSH - RP ——
|le—tRCD—>]
tcas tcAs
4 \ 4
CAS
_/ \( 74 L—_;P
[e———tcPN——— le—tcp
— [+-tasr r—tcm
<_____—_| Ilcsu———-———» I tasc

X
Address Row Column X Column X
7
—»{ tRAH |« [e—tCAH —-»' tRRH
h—tAsc ‘»I —~ tRCS

tRCH —|

WB/WE

|
N X
DT/OE }‘ \
t{DHH L tOEA—»]

High-Z

Wi/10;

tcac

tRAC

83-004372B
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Timing Waveforms (cont)

Page Mode Write Cycle
' tRAS ' thp
RAS
—>{{CRP [+ tpc tRSH——>
’~—‘|Rco—->4———lCAs—— [e———tCAS————>
<—||lcpn———— tcp—e
4 p
CAS \
_/ R St 7
tesH———————] |e—tCAH
—»|le—tASC
[e— tASR
tAR I | | tasc
R 4
Address Row Column Column
. y 7 N
[+—1CAH—>| [+—twecH
—»{ tRAH F— tewL | | tRWL
»| twes T t+— twcH—] twp
T Write Mask / \
B/WE X Select X \ /
1 ] 0 |
[+~ tDHS Tl——lwp—> CWL l
l twcr
—r L—!WBH
DT/OE ] \ ]
tOED
[+ tws+| —>{| |j*+—toEH
twH
[+—] - toen
(——tDHH —

Wi/I0; 4 Write Mask Input Data 3 Input Data Y
! Valid Valid Valid
K y, 7
tps |- tps l'~
I‘—‘DH—’ L—loﬂ—f

83-004373C
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Timing Waveforms (cont)

Data Transfer Cycle (Port B Standby)

tRC

RC

— A

—\ )
[ \ \
K 7
- tRP
|« tcRP > tRSH L—-um-:—-—.l
tRCD tcas
_— \
CAs N /
K iy,
tcPN
tcsH
1ASR
s
Address Row Column
le—tRAH —— tcaH
[ tasc
WB/WE

W10

tDTR
‘AR : | DT !
oo tRDH————|
_ ' Y
DT/OE / \
K 7
‘fD_Ls.l |4—Icon—-—
le—t —
High-Z pTe
"4
SOE 7
| tspD tSDH

Standby
tsoz
\ High-z
S0j b
——— ]

83-004374C
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Timing Waveforms (cont)

Data Transfer Cycle (Port B Active)

tRAS
RAS \ \
K y
tRpP———»
tCRP
tRSH ADTH—>|
tRCD! tcas
'4 Y
cas / N Y
tcPN
tcsH
tASR
Address X X
<——(RAH—’I «——{CAH
—| |etasc
|
WB/WE
. | toTR
AR l | |

L——————JRDH———————»

toLs
tCOH——

|t —
High-2 prC
Wi/10j
== | tspp «—tspH—]
SOE
ViL
|
tscc
tscL ——— e——— tsCL ———|
sC V V
te———1SCH |e——1tsCH
l+—tsoH —»' |e—tsoH—s]

g S— 1, SR ()=

tsca 1

83-004375C
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Timing Waveforms (cont)

Serial Read Cycle
tsoE
1SOP: ‘302-01
SOE F
tscc tscc tscc |
tscL fe—tscL tsci
sC / L
tSCH—>| je——tSCH— le——tscH
‘lsool le—tsoH—>] le—tsOH—>]
— —
{s0A L—tsctx | I tsca |
fe————tscA
83-0043768
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NEC 4PD42101
. 910 x 8-BIT
NEC Electronics Inc. LINE BUFFER FOR NTSC TV
PRELIMINARY INFORMATION
Description Pin Configuration
The uPD42101 is a 910-word by 8-bit line buffer 24-Pin Plastic DIP or Miniflat
fabricated with a CMOS silicon-gate process. The
device helps to create an NTSC flicker-free television poure T\ 2 Home
picture (noninterlaced scan conversion) by providing poutt 02 23 P ome
intermediate storage and very high-speed read and Dour2 3 221Dz
write operation. Doyts ] 4 21 [1DiNs
RE(]s _  20[0WE

The uPD42101 can also be used as a digital delay line. RSTRC]s & 19 [JRSTW
The delay length is variable from 10 bits (at maximum eNo[]7 8 18flvec
clock speed) to 910 bits. RCK[Js = 17 Hwek

Douts [} 9 16 [1 Ding

DouTs [] 10 15 [1 DINs
Features voured] 11 141 Ding
[J 910-word x 8-bit organization Pourr i 13 H o

83-005025A

O Line buffer for NTSC, 4fgc digital television
systems

[0 Asynchronous and simultaneous read/write
operation

0O 1H (910-bit) delay line capability

O TTL-compatible inputs and outputs

[J Three-state outputs

[ Single 5-volt £10% power supply

[0 300-mil, 24-pin plastic DIP and 450-mil, 24-pin
plastic miniflat packaging

Ordering Information

Read Cycle Write Cycle
Part Number Time (min) Time (min) Package
uPD42101C-3 3ns 34ns 24-pin plastic DIP
C-2 34ns 69 ns
C-1 69 ns 69 ns
uPD42101G-3 34 ns 34ns 24-pin plastic
G2 s 6ons  miniflat
G-1 69 ns 69 ns
Pin Identification
Symbol Function
Dino-Din7 Write data inputs
DouTto-Dout? 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

Pin Functions
DiNno-DiN7 [Data Inputs]

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

DouTe-DouT7 [Data Outputs]

These 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 to a low level resets the internal
write addressto 0if WEis alsoatalow level. [f WE isata
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]

Strobed by the rising edge of RCK, this signal resets
theinternal read address to 0 if RE is also at a low level.
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 at a low
level, all write cycles proceed. If WEisata 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.
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RE [Read Enable Input]

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

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 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 auto-
matically 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

Block Diagram

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 increases with each RCK cycle unless RE
is at a high level to hold the read address constant.
Unless inhibited by RE, the internal read address will
automatically wrap around from 909 to 0 and begin
increasing again.

Absolute Maximum Ratings

Supply voltage, Vg —-15t0+70V
Voltage on any input pin, V; —15t0+70V
Voltage on any output pin, Vg ~15t0+70V
Short-circuit output current, lpg 20 mA
Operating temperature, Topg —20 to +70°C
Storage temperature, TgTg —55to +125°C

Comment: 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.

Read

Control ‘ RCK

l«———ASTR

Read
Row Selectors.

Data

8
DiNo~DiN7 —/-+] Input

Butfers

Write
Column
Selectors

Dual-Ported
Storage
Cell Array

Read
Column
Selectors

Data
Output
Buffers

8
——* DouTo—DouT?

Write
Row Selectors

WE —————»
WCK ————
RSTW ————»f

. Write
Control

83-0033398

3-48



NEC

uPD42101

Figure 1. Connection for Noninterlaced Scan Conversion
Reset [81sC = 28.6 MHz]
[—-—-—-———— REq
RSTW RSTR RCK RE
Actual Line
Data Inputs g O Pour
-
’/’, LA we ,__ Noninterlaced Li
- loninteriaced Line
-7 - ,J, 7% Data Ouiputs
- Ay
- - - \
Actual Line AN
\
RE \
RE2 N
\
RSTW RSTR RCK RE \
=
________ %
Interpolated Line /
oranpe ’ o oo -

Transr‘nl_ﬂed \ Displayed
T " wox W T
Interpo}ated Line /J7
WCK
[4fsc = 14.3 MHz]
83-0036388
Recommended DC Operating Conditions DC Characteristics
Ta=—20t0 +70°C; GND =0V Ta =—20t0 +70°C; Voc = +5.0 V £10%
Limits Limits
Parameter Symbol Min  Typ Max Unit Parameter Symbol  Min Typ Max Unit Test Conditions
Supply voltage Voo 45 50 55 \ Input leakage | -10 10 wA Vi=0to Vg all
- current other pins not
Input voltage, high \um 24 55 v under test = 0 V
Input voltage, low Vi 15 08 V' Outputleakage 1o T 0 uA Doy disabled;
current Vop=0t055V
Capacitance Output voltage, VgH 24 V. lgh=~1mA
Ta =25°C; Voo = +5.0 V £10%; f =1 MHz high
Limits Output voltage, Vo 04 V lg.=2mA
Parameter Symbol Min Typ Max Unit Pins Under Test low
Input capacitance G 5 pF WE, RE, WCK, Notes:
RCK, RSTW, (1) All voltages are referenced to ground.
RSTR, Dino-Dinz
Output capacitance  Cg 7 pF Douto-Dout?
Notes:

(1) These parameters are sampied and not 100% tested.
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AC Characteristics
Tp = —20 to +70°C; Vo = +5.0 V £10%

Limits
uPDA2101-3 pPD42101-2 uPD42101-1

Parameter Symbot Min Max Min  Max Min  Max Unit  Test Conditions
Write/read cycle operating current lec 70 60 35 mA
Write clock cycle time twek 34 1090 69 1090 69 1090 ns
WCK pulse width twow 14 25 25 ns
WCK precharge time twep 14 25 25 ns
Read clock cycle time trek 34 1090 34 1090 69 1090 ns
RCK pulse width tRow 14 14 25 ns
RCK precharge time trop 14 14 25 ns
Access time tac 27 27 48 ns Figure 5
Access time after a reset cycle . tacR 27 27 49 ns
Output hold time tox 5 5 5 ns
Output hold time after a reset cycle toHR 5 5 5 ns Figure 5 (Note 7)
Output active time tz 5 27 5 27 5 49 ns (Note 4)
Output disable time thz 5 27 5 27 5 49 ns
Data-in setup time s 14 18 18 ns
Data-in hold time tpH 5 5 5 ns
Reset active setup time trs 14 14 20 ns (Note 8)
Reset active hold time tRH 5 5 5 ns
Reset inactive hoid time tRN1 5 5 5 ns (Note 9)
Reset inactive setup time tRng 14 14 20 ns
Write enable setup time twes 14 20 20 ns (Note 10)
Write enable hold time tWEH 5 5 5 ns
Write enable high delay from WCK tWEN1 5 5 5 ns (Note 11)
Write enable low delay to WCK twen2 14 20 20 ns
Read enable setup time tReS 14 14 20 ns (Note 10)
Read enable hold time tREH 5 5 5 ns
Read enable high delay from RCK tREN1 5 5 5 ns {Note 11)
Read enable fow delay to RCK tREN2 14 14 20 ns
Write disable pulse width twew 0 (Note6) 0 (Note6) O (Note6) ms
Read disable pulse width tREW 0 (Note6) 0 (Note6) 0 (Note6) ms
Write reset time tRsTW 0 (Note6) 0 (Note6) O (Note®6) ms
Read reset time tRSTR 0 (Note6) O (Note6) O (Note6) ms
Transition time tr 3 35 3 35 3 35 ns
Notes:
(1) All voltages are referenced to ground. (4) Thisdelay ismeasured at200 mV from the steady-state voltage
(2) Inputpulse rise and fall times assume tT =5 ns. Input pulse levels with the load specified in figure 6. Under any conditions, t, 7 =

=GND to3 V. Transition times are measured between 3Vand0 V. thz.

See figure 3. (5) Input timing reference levels = 1.5 V.

@

Output timing reference levels are 0.8 and 2.0 volts. See figure 4.
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AC Characteristics (cont)

Notes [cont]:

(6) twew (max) and tgew (max) must be satisfied by the following
equations in 1 line cycle operation:
twew + trsTW +910 (tWCK) <1ms
tRew + trsTR + 910 (tgck) < 1 ms

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

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

(9) If either tgy1 OF trN2 is less than the specified value, internal
reset operations may extend to cycles immediately preceding
or following the period of desired reset operations.

Figure2. Connectionfora 1H (910-Bit) Delay Line

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

(11) If either twent or twen2 (tRent OF tRenz) is less than the
specified value, internal write (read) disable operations may
extend to cycles immediately preceding or following the period
of desired disable operations.

Figure5. OutputLoadfortsg,tacr, toH, and toyr
+5V
319k
p:
Dour y
EE 1.0kQ 30 pF
11

83-003652A

Figure 6. Output Load for t; 7 and t1;7

Reset
RSTW RSTR RCK RE
Data ya i Data
Inputs ' g PN Pour 78 Outputs
WCK WE
Clock =
83-003639A
Figure 3. AC Input Timing Reference
30V
ooV
5ns |[«—5ns

83-003650A

Figure 4. AC Output Timing Reference

<
:; 1.9k

Dout

H—AAA
I—vWv

83-003649A

20v

o8V

83-003651A
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Timing Waveforms

Read or Write Reset

}#—— Reset Cycles —»

RCK A
o L f L L f [
tRN2
re— tRN1 RS —>te——1tRSTW, tRSTR tRH

RSTW ) [

tRN1 RS le——trH 1RN2
ASTR ) ~

—-

Din Vin]

tACR—
—

oout Mx V[n-HhmR

ton

Note:

[1] WE=RE=V)_.

[2] V= Valid Data.

{3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the

firstcycle in a group of reset cycles, the read access time is defined as tocR. In all other cycles,
1A defines the read access time.

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

83-0036458
Write Disable
wew
_ / s j
" —_—"_] Disable Cycles L
Ilwsm twes | tWEH | twEN2
WwCK n n+1 l—\_( %f \ 7l \ n+2 / \ n+3 / \ n+4/_
VR
o XK XK e KUK JOUOCOOUOGOOU vz XK v XA
Note:
[1] V= Valid Data.
830037238
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Timing Waveforms (cont)

Read Disable
tREW

—{¢
RE 7( \

Disabte Cycles

tREN1 lRES | tRH tREN2
RCK n n+1 n+2 [—\_! .-*_\—7 n+3
tac toH HzZ tz
T
High-Z A
Dout M Vin] m Vin+1] Vin+2] - I"I
Note:
(1] V= Valid Data.
83-0036468

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

RCK —Jl \ 0-910 /—_—\ 1-910 /_-ﬂ-\m-mw-j
w\ LS

RSTW

Dout ” v xxgxgx V[0-910) xxgggx Vv[1-910] xig ‘I‘ [m-1-910] ‘x‘:* V[m-910] (’I‘x’ Vim+1-910] 'x’x‘ V{m+2.910] .I‘I‘Y*

D S ) ) G )
S CE ) GEE ) K G U G 1 )
S 1) 1 ) ) ) . )

Note:
[1]RE=VyL.
[2] v = Valid Data.

[ ~ m-910 / ~m+1-910’ ~m+2-910' ~

-2k
¢

DIn

V([913] v

83-0036588
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Timing Waveforms (cont)

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

L e e e\ [ e\
LS

WE

Cy
Dout v V{0-910] V[1-910] [m-1-91;mwm-9101 V[m+1-910] V{m+2-910]

DiN x V(o] vi1] m V(2

DIN x vmm vlsorm v[s09) m vmrm vist1)

Note:
[MRE=V)L.
[2]V = Valid Data.

g
i
:

V(3]

=
=

-
.

V[m+2] M V[m+3)
V“MW V[913]

5
§

83-0036598
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Timing Waveforms (cont)

uPD42101

910-Bit Delay Line

2H
WCK

9
[ T 10 Cycles

S () 8 ) 50 2 0 €2 (3

[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)

n-Bit Delay Line

\/ — U
o] o |
0 O 1 0 1 )

]
|-

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

83-0036438

Re-Read Operation

WCK
RCK

RSTW

.
—
1

1

S ) G 3 €0 VD 0
e . [T T. T T 7

Note:

[MRE = V..

[2] V = Valid Data.

[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms

following the writing of data into that location provided that a second write operation has not
re-written new data into that location.

83-003644B
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Timing Waveforms (cont)

Basic Timing for Noninterlaced Scan Conversion

S S U A WY A W s S S WY

RS tRH; twew tweP:
» n
- — 2
RSTW J-

ReTR ' tos: [*toH
o Y XN e RN X SO X

« UMM U

tRCw| tRCP
I tac—»! | toH»]

XD B8 0
Dout N V(o] v v[909] } s v
—

4 ite Cycl
e——— 455 or 910 Write Cycles ——»ta——355WriteCycles_____ |, 55 Write Cycles

910 Read Cycles 910 Read Cycles
2 2
« W
»
——

Note:
1] WE=Vy..
[2] V= Valid Data.
[3] For ility with NTSC ds the WCK is 14.3 MHz. RCK

cycles at twice this frequency, 28.6 MHz.

83-0036558
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Timing Waveforms (cont)

Application Timing for Noninterlaced Scan Conversion

904 905 906 907 ¢

i 1599‘ |901\ lgogl lgo

898 900 802 904

tac nH
{(
L DouT )y
0 1 2 3 4 897 899 901 903
898 900 902 9t
- [ A
RE I "

£ L

————————  nH—1H

oour —00000D0000C ;

3-58



uPD42101

U “ nH+1H
IDC:[jijﬁjijﬁﬁzDCDCDC]C]C]C:KDCDCDCDCZCDC

nH'+1H

OO0 O OO0 X OO0

[UUUUUUUUUUUUJUUUUUUUUUUUUWJUUUUUUUUUUUUl
I

|

)1

(« («
3 r— l_
NnH+1H —_—
; 00000000000C
)
909 )
Output data of cycles 800 to 0 234 897
909 may be that of 1H before.

(

; ] ” L

)]

I

£
) U )]
i

nH’
0000000000 s
T

83-0050188
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NEC Electronics Inc.
PRELIMINARY INFORMATION

uPD42102
1135 x 8-BIT
LINE BUFFER FOR PAL TV

Description

The uPD42102 is a 1135-word by 8-bit line buffer
fabricated with a CMOS silicon-gate process. The
device helps to create a PAL flicker-free television
picture (noninterlaced scan conversion) by providing
intermediate storage and very high-speed read and
write operation.

The uPD42102 can also be used as a digital delay line.
The delay length is variable from 12 bits (at maximum
clock speed) to 1135 bits.

Features

0O 1135-word x 8-bit organization

O Line buffer for PAL, 4fg¢ digital tetevision systems

O Asynchronous and simultaneous read/write
operation

O 1H (1135-bit) delay line

Pin Configuration

24-Pin Plastic DIP or Minifiat

Douto 1 \/ aph DiNo
Doutt 2 230 oine
Dout2 3 22 [T DIN2
Dours 4 21 1DiNg
RECs  220[WE
RSTRC]e § 19[JRSTW
enoC]7 &8 18[vee
RCK []8 8 v [1wek
Douts ]9 16 [1 Ding
Douts [ 10 15 [1 DINs
Douts O 11 14 1 Dine
Dout7 [} 12 13 [] DiN7
83-005026A

Pin ldentification

O TTL-compatible inputs and outputs Symbol Function -
[T Three-state outputs Dino-Dinz Write data inputs
0O Single +5-volt £10% power supply Douto-Doutz Read data outputs
O 300-mil, 24-pin plastic DIP and 450-mil, 24-pin RSTW Write address reset input
plastic miniflat packaging RSTR Read address reset input
Ordering Information WE Write enable input
Read Cycle Write Cycle RE Read enable input
Part Number Time {min) Time min) Package WCK Write clock input
uPD42102C-3 28 ns 28 ns 24-pin plastic DIP RCK Read clock input
Cc-2 28 ns 56 ns GND Ground
C-1 56 ns 56 ns Vee +5-volt power supply
uPD42102G-3 28 ns 28 ns 24-pin plastic
G2 28 ns 56 ns miniflat
G-1 56 ns 56 ns.
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Pin Functions
Dino-Din7 [Data Inputs]

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

DouTo-DouT? [Data Outputs]

These 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 nsis required to move data from the data inputs to
the data outputs.

RSTW [Write Address Reset Input]

Bringing this signal to a low level resets the internal
write addressto 0if WE is also ata low level. If WE isata
high level when the RSTW input is brought low, the
internal write address is set to 1134. The state of this
input is strobed by the rising edge of WCK.

RSTR [Read Address Reset Input]

Strobed by the rising edge of RCK, this signal resets
the internal read address to 0 if RE is also at a low level.
If RE is at a high level when the RSTR input is brought
low, the internal read address is set to 1134.

WE [Write Enable Input]

This input controls write operation. If WE is at a low
level, all write cycles proceed. if WEis ata 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 outputs become high
impedance and the internal read address stops in-
creasing. The state of RE is strobed by the rising edge
of RCK.

3-62

WCK [Write Clock Input]

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

Absolute Maximum Ratmgs

Supply voltage, Vg ~15t0+7.0V
Voltage on any input pin, V; —15t0+7.0V
Voltage on any output pin, Vg —15t0+7.0V
Short-circuit output current, lgg 20 mA
Operating temperature, Topg —~20 to +70°C
Storage temperature, Tg1g —55 to +125°C

Comment: 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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Block Diagram
| «————RE
Read

Control - ReCK

@«———RSTR
Read

Row Selectors 4_1
8 Data Write Dual-Ported Read Data 8
DiNo—DINT —F> Input Column Storage Column Output |+ DoyTo—DoOUT?
Buffers Selectors Cell Array Selectors Butfers

L’ Write

Row Selectors

WE ———+

RSTW —

WCK —»

Write

Control

83-0033398
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Figure 1.

Connection for Noninterlaced Scan Conversion

Actual Line _/
Data Inputs ‘g
~

Reset

RCK

[8tsc = 35.5 MHz]

Doyt

7 Din

WCK

SR H

Noninterlaced Line

8 Data Outputs
N\

RE2 \\
RSTW RSTR RCK RE AN
P
________ Ss——=—
Int fated Li;
Transmitted N \ Displayed
"o \ wee__we i
\
interpolated Line /7[7
WCK
[41sc = 17.7 MHz]

83-0037268
Recommended DC Operating Conditions DC Characteristics
Ta =20 to +70°C; GND =0V Ta = —20 to +70°C; Vo = +5.0 V £10%

Limits Limits
Parameter Symbol Min  Typ Max Unit Parameter Symbol Min Typ Max Unit Test Conditions
Supply voltage Vee 45 50 55 v Input leakage | -10 10 wA Vi=0to Vg all
Input voltage, high Vi 24 55 y  current other pins ot v
Input voltage, low Wi 15 08 v Output leakage lo -1 0 wA Doy disabled;
current Vo=0to55V
Capacitance Output voltage, Von 24 V. lon=—1mA
Ta =25°C; Vo = +5.0 V £10%; f = 1 MHz high
Limits Output voltage, Vo 0.4 V lgo=2mA
Parameter Symbol Min Typ Max Unit Pins Under Test low
Input capacitance ) 5 pF WE, RE, WCK, Notes:
RCK, RSTW, (1) Ali voltages are referenced to ground.

RSTR, Dyno-Din7

Output capacitance Cg 7

pF Doyro-Doutr

Notes:

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

Limits
pPD42102-3 1PD42102-2 1P042102-1
Parameter ] Symbol Min  Max Min Max Min  Max Unit Test Conditions
Write/read cycle operating current lcc 80 70 40 mA
Write clock cycle time twek 28 880 56 880 56 880 ns
WCK pulse width twew 12 20 20 ns
WCK precharge time twep 12 20 20 ns
Read clock cycle time tRoK 28 880 28 880 56 880 ns
RCK pulse width tRow 12 12 20 ns
RCK precharge time tacp 12 12 20 ns
Access time tac 21 21 40 ns Figure 5
Access time after a reset cycle tacr 21 21 40 ns
Output hold time toH 5 5 5 ns
Output hold time after a reset cycle toHR 5 5 5 ns Figure 5 (Note 7)
Output active time tz 5 2 5 21 5 40 ns (Note 4)
OQutput disable time thz 5 21 5 21 5 40 ns
Data-in setup time tos 12 15 15 ns
Data-in hold time toH 5 5 5 ns
Reset active setup time trs 12 12 20 ns (Note 8)
Reset active hold time tRH 5 5 5 ns
Reset inactive hold time tan1 5 5 5 ns (Note 9)
Reset inactive setup time tang 12 12 20 ns
Write enable setup time twes 12 20 20 ns (Note 10)
Write enable hold time twEH 5 5 5 ns
Write enable high delay from WCK twEN1 5 5 5 ns (Note 11)
Write enable low delay to WCK twenz 12 20 20 ns
Read enable setup time tReS 12 12 20 ns (Note 10)
Read enable hold time tREH 5 5 5 ns
Read enable high delay from RCK tRENT 5 5 5 ns (Note 11)
Read enable low delay to RCK tReN2 12 12 20 ns
Write disable pulse width twew 0 (Note6) O (Note6) O (Note6) ms
Read disable pulse width tRew 0 (Note6) O (Note6) O (Note6) ms
Write reset time tRSTW 0 (Note6) O (Note6) 0 (Note6) - ms
Read reset time tRSTR 0 (Note6) O (Note6) O (Note6) ms
Transition time tr 3 35 3 35 3 35 ns
Notes:
(1) All voltages are referenced to ground. (4) Thisdelay is measured at £200 mV from the steady-state voltage
(2) Inputpulserise and fall times assume t1 =5 ns. Input puise levels with the load specified in figure 6. Under any conditions, t, 7 =
=GND to 3V. Transition times are measured between3Vand0V. thz.
See figure 3. (5) Input timing reference levels = 1.5 V.

(3) Outputtiming reference levels are 0.8 and 2.0 volts. See figure 4.
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AC Characteristics (cont)

Notes [cont]:

(6) twew (max) and tgew (max) must be satisfied by the following
equations in 1 line cycle operation:
twew + trsTw + 910 (twek) =1 ms
trew T trsTR T 910 (trok) < 1 ms

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

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

(9) If either tgnq Or trN2 is less than the specified value, internal

reset operations may extend to cycles immediately preceding
or following the period of desired reset operations.

(10) If either twes or twenH (tres Or tRen) is less than the specified
value, write (read) disable operations are not guaranteed.

(11) If either twent O twenz (tREN1 OF 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.

Figure 2. Connection for a 1H (1135-Bit) Delay Line Figure 5. Output Load for tac, tacr, toH, and toyr
Reset +5V
| IE 1.9kQ
—t
RSTW RSTR RCK  RE j
Doyt — ¢
.,?:;:, /5 oIN Dout - o‘:";:“ ii 1.0k0 I 30 pF
L 4
WeK WE B - 83-003652A
L Figure 6. Output Load for t; 7 and t;;z
Clock =
83-003639A
+5V
Figure 3. AC Input Timing Reference ‘E 1940
3.ov Dout — ¢
ooV sns e ore EE 1.0k 5pF
83-003650A __.-L l

Figure 4. AC Output Timing Reference

83-003649A

20v

o8V

83-003651A
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Timing Waveforms

Read or Write Reset

[+——— Reset Cycles ——»

15 SRS ST T N N

¢

1RN2
|+—tAN1—>|e—tRS —»1«——tRSTW, tRSTR tRH
RSTW -\- [
”
@
[+—tRN1—{e—tRs—> le—— tRH ——} e tRN2-

RSTR )— N 7r

o D O I VI

}‘—:ACR — re——tac —» lc—l tac —| |
b AN ! 3
SO G ) N1 R 1 ST
toH toHR toH torn
Note:
1] WE=RE=vi_
[2] V= Valid Data.

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

[4] H = 1135 cycles.
[5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 63.0037276
Write Disable
twew
- ! T
Disable Cycles
(IWENT | twEs ) tWEH | tweNz
wek n n+1 {—\—&ﬂ 7l \ n+2 / \ nt3 / \n+4/—
VTNV
oo _YROX e XH00R e X OOOQOXO0OCOCN v KUK v YUY
Note:
{1] V= valid Data.
83-003723B {
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Timing Waveforms (cont)

Read Disable

tREW

%Y

RCK n

3

Disable Cycles

\

tRENT | tRES

t,

tRH

tREN2

AC
F
\
Dour Vv V[n] V[n+1] V[n+2] R

n+1 n+2 z_—\_‘k*_\__] n+3
Lz

toH tHz

F
&

3T

N
0

Note:
(1] V= Valid Data.

83-0036468

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

weK [ \ . / K W
il 0-1135 / \ 1-1135 )-\ 1-1135)

\ef

e e

w\ LS

S

¢

Oout W v W V[0-1135] m V[1-1135) mmvmq-mﬂMwm-ﬂw V{m+1-1135) Vim+2:1135) v
%

DIN

N

COBCOBEDE

¢

O

Dour m V[m-3]

ED ) ) ) G 1 G G0 1
e

DmX v(1132] M V[1133] M Vi1134] M V[1135] M V([1136) M v[1137] XM V[1138]

Note:
[IRE = vy,
[2] V = valid Data.

83-0036478
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Timing Waveforms (cont)

©xPD42102

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

weK i{ \ 0-1135 ’ \ 11135 / )-\m-i-ﬁasl \m-nas/ \“+1-11Sj -\m+2-1137 \
"
RSTW
RSTR
m Cycl
. | \

Din x V(0] vi1] vi2) V(3]
S CEE 1 2 ) G 1 G 1) G 1 G 1

nmX V{1132] m V[1133] m V[1134] Mmﬂls] M vmas)m vnunm V[1138] M v

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

83-0036488

1135-Bit Delay Line

i
S (0 (0 | S 00 1 G 8 {0 G R 0
—E"AC“"I‘—’

10HR

WE,RE

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

83-0036428
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Timing Waveforms (cont)

n-Bit Delay Line

U - \_/

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

83-003643B

Re-Read Operation

WCK
RCK

RSTW

tACR->] tACR-»]

w[xxxxx - nnfv—w?xxwzxw
- [T T T T 7

Note:
{1)RE = V).
[2]V = Valid Data.

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

83-003644B
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Timing Waveforms (cont)

Basic Timing for Noninterlaced Scan Conversion

twek

SN S U pn WY WY s U o WY o
tR tRH: [e—twCW—sje—lwCcP—>|

l

o Y R e Y I 10 N 1
= VU VUL
I tac—> e toH-»]

Dout 2 4 ‘ V(o] x’ v V[1134] 3 —{ x v

j— —] 567.5 Write Cycles 567.5 Write Cycles
567.5 or 1135 Write Cy:les —— ot Reng c;'cm ———*|*————1135 Read Cycles
< -
7\ / 1
>
@
Note:
1] WE=v_.
[2] V= Valid Data.
[3] For with PAL the WCK freq is app 17.7 MHz. RCK

cycles at twice this frequency, 35.5 MHz.

83-0036408
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Timing Waveforms (cont)

Application Timing for Noninterlaced Scan Conversion

0 |1 2 3 4 5 1129 1130 113t 1132 113

gigigigigigigipigipipiniy

£ I\

P
[(§ . {(

J T 7
nH

® on - XOXOXOOOOC X OO OO
@ on DDDDDDDCDDDDDDCI’;DDDC

MU AR U U

o]lzllal IIIIIIIII
1124 1126 1128 1130
« 1 3 5 123 1125 1127 1129 1
e
| .
n
I «
e 4
® RSTR ||
tAC nH
£
R) I
0o 1 2 3 a 1122 1124 1126 1128 1

123 1125 1127 1128
£

r ¥
(4

p)

£ "

D) D]
po——————  nH'-1H U

98008000000 ;
"
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134

=]
1_
_

nH+1H

] {C
M
Output data of cycles 1123 to ) 0123 4 1122

1134 may be that of 1H before. «
| .

| l Wy
‘\ ( L
Y

£

l Y U f

nH’
000000000 n
7T

%
g

83-0050208
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NEC Electronics Inc.
PRELIMINARY INFORMATION

uPD42232

TRIPLE-PORT GRAPHICS BUFFER

Description

The uPD42232 is a highly integrated triple-port
graphics buffer specifically designed for graphics and
image processing applications. The device is config-
ured as 32K words by 8 bits with a serial input/output
portand a dual port for random access. Asynchronous
operation of the serial port allows the random access
port to draw graphics while data is output serially.
Serial input and output ports may be configured by 8, 4,
2, or 1 bit(s).

The random access port can be used to form a matrix
frame buffer with coexistent 8-bit plane and 1-bit pixel
operation. In plane operation, data across the screen
in one plane (x and y dimension) is accessed. In pixel
operation, data in multiple planes (z dimension) is
accessed. In the matrix frame buffer architecture,
selection of plane or pixel access is made in a special
command cycle. Furthermore, a selectable open-drain
connection allows the outputs to be wire-ORed.

The uPD42232 supports 256 trinomial raster opera-
tions, as well as bit, chip or plane writing and reading.
Refreshing is_accomplished by means of RAS-only,
CAS-before-RAS, and hidden refresh cycles. The
device is packaged in a 600-mil, 40-pin plastic shrink
DIP and a 400-mil, 40-pin plastic SOJ.

Features

O Triple-port organization
— 32K x 8-bit random access port
e 8-bit input/output port for plane access
o 1-bit input/output port for pixel access
— 128 x 8-bit serial input/output port
O Ten built-in registers
— 256 types of raster operations
— Random access of bit, chip, or plane data
— Compare function
[0 Each of 8 serial data registers configured as a split
buffer, allowing for relaxed data transfer timing
0 Bidirectional data transfer between random access
storage array and serial data registers
[0 RAS-only, CAS-before-RAS, and hidden refreshing
0 Serial port configuration by 8, 4, 2, or 1 bit(s)
[ Selectable open-drain or three-state random
access outputs
O Fully TTL-compatible inputs and outputs
[ Standard 40-pin plastic shrink DIP and 40-pin
plastic SOJ packaging

Contact your NEC sales representative for a copy of the complete data sheet.

Pin Configurations

40-Pin Plastic DIP

sc 1 \_/ 40 [ 1 SEN
SRO (]2 39 [ 1SOE
s10p 3 38[ 18107
s101 []4 3718106
S102 |5 3618105
S103 []6 35[ 1104
Csw 17 34 INC
Ao []8 33 1A7
A1 ]9 g 2 1 As
vss2 [J10 § 31|Jvccz
veeiCfn & 3o[dvsst
Az 12 2 29[ JAs
A3 []13 28[JAs
RAS []14 27[1CAS
DT/OE (]15 26 [ 1 WE/ME/MC
100/BMp []16 2571 107/BM7
101/BMy 17 24| 71106/BMs
102/8M2 (|18 23[1105/BMs
103/BM3 (|19 22 g 104/BMa
DBP []20 211 l10op/CSP
83-004538A
40-Pin Plastic SOJ
sc1 40 [ SEN
sRo[]2 39 1 SOE
$100 |3 38 [ s107
$101 4 37 [ si0g
S102[]5 36 [ 15105
s103[]6 35[1 5104
Tswl7? [ INC
Aol]8 333 A7
A1) 9 g 32 J As
vss2 ] 10 § 317 veez
vec1 11 E 30] 1 vsst
A2l 12 2 29[ as
A3(] 13 287 As
RAS[] 14 27[—1 CAS
DT/OE] 15 26| ] WE/ME/MC
100/BMg ] 16 25[7 107/BM7
101/BM1 ] 17 24 E 106/BMg
102/8M2 ] 18 23171 105/BMs
IO:;/BM:;E 19 22[7104/BMg
pBp[] 20 21| 1 10p/CSp

83-00453%A
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Pin Identification

Ordering Information

Random Serfal . Symbol Function
Write/Read  Write/Read RAS N ; ;
Cycle Time  Cycle Time  Access Time Ag/Co-A7/C7 Address inputs/command code inputs
Part Number [min) [max) (max) Package BMg/10p-BM7/107 Bit mask inputs/plane data inputs and outputs
uPD42232CU-12 220 ns 40ns 120ns  40-pinplastic  CAS Column address strobe
CUT5 260 ns 60 ns Bons SNk DIP CSp/10p Chip select mask inputs/pixel data inputs
WPDA2232AT2 220ns  40ns  120ns  40-pin plastic and outputs
A5 260ns 80 ns 50 ns S0J CSw Chip select for random access port
DBP Data bus precharge (selects open-drain output)
DT/0E Data transfer control/output enable
RAS Row address strobe
SC Serial clock
SEN Serial port enable
S10¢-Si07 Serial data inputs and outputs
S0 Serial output enable
SRO Serial runout output
WE/ME/MC Write enable/mask enable/memory command
Vss1/Vss2 Ground
Vec1/Vec2 +5-volt power supply
NC No connection
Block Diagram
RAM Ports
|-— BM1/101
|— BM2/102
input/ [~ BMsilOs
8 . .
M 0 Column Decoder | 127 =~ Output aor Aeraione)
[IITIIT] TTITITT] —» BMg/lOg
AfG . Sense Amplifier |— BM7/107
0 = - — BMg/tOg
AYIC) —f % . 1024 C o
— - ()
AgiCz —1%2 A0 '§ 10p/CSp  pccess pont
A¥Cz —1 3 2 256 R
Agcy —» £ g Storage Cell Array 56 Rows
(3
AslCs —+ & I Ag-Ag &
AglCg —+] §:
A7iC7 ; ) [IIIIILI TTIII11]
Transfer SI01
Gates — SI02
TIITITIT TITITTIT Serial |— S103
Pointer 8
Data °.] nputv |— SIO4 .
Register 7 Output |—» SI05 Serial Pgrt
[TTTIITIT TTIT Buffer | . s)10¢
sC { Address | | SI07
Counter 0 63164 127 — SI0g
I Selector T :
SEN
SRO
:__:—i Timi | S vee
—_ n
DY/OEF ——————»] Generagor * DBP GND
MC/MEWE SOE
83-0046628
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Example of Matrix Frame
Buffer Architecture

The following describes the configuration for an
8-plane, 512 x 512 dot matrix frame buffer using one
uPD42232 per plane and an 8-bit CPU interface bus. As
can be seen in figure 1, the 10y through 107 plane
access ports on each uPD42232 are connected to DBy
through DBy of the CPU interface bus. Pixel access
port 10p on the first uPD42232 is connected to DBy.
10p on the second uPD42232 is connected to DB4 and
so on.

This configuration supports two types of operation,
either of which can be selected in a special command
cycle:

e Plane—where 8 bits in the same plane are accessed
e Pixel—where 8 bits of the same pixel, 8 planes deep,
are accessed

In plane operation, one plane is selected by means of
the chip select or plane-mask function, causing the 8
bits of data specified by 10g through 10; to be
accessed. In pixel operation, one pixel (8 bits) of data
from the 10p pin of each chip is accessed using the
bit-mask function to select only one of the 8 bits at the
specified address.

The example shown in figure 1, where one bit from
each chip (plane) in a diagonal line is accessed (10¢
through 107), was chosen for the ease of explaining
the pixel access function, which was developed to
quickly change the color or shade of each pixel.
In most applications, a single pixel at the same 10y bit
is updated. Since all eight chips are accessed simul-
taneously, a pixel update can be accomplished in one
write cycle.

Split Buffer Configuration

A split buffer configuration is useful because it greatly
relaxes the synchronization of timing between the
random access and serial ports during data transfers,
making it possible to design a video system where the
serial port can be loaded at any time during the display

or horizontal retrace period. Furthermore, the ability to
perform serial register updates from the random access
port during any part of the display time allows the size
of the frame buffer to match CRT resolution, reducing
the number of data transfers required and making
more efficient use of video storage.

Item 1 of figure 2 shows the initial loading of both the
lower (L) and upper (U) halves of the split buffer, which
isrequired as part of the initialization sequence. ltem 2
indicates that serial read cycles begin executing at
location k and continue through location 63. The SRO
serial runout pin goes high after locations 63 and 127.
Items 3 and 4 show the beginning of serial reading in
theright buffer (U), while the left (L) is being reloaded.
Fult asynchronous operation is provided by the simul-
taneous reading of one serial buffer while the opposite
side is reloaded.

Logic Operation

The uPD42232 is equipped with a function that per-
forms trinomial logic operation for each bit using the
internal pattern and destination registers and write
data input from the random access port as source data.
To select this function, the raster operation code must
be set by means of a special command cycle. Once set,
it is retained until changed by another special com-
mand cycle. In a mask write cycle, this logic operation
can be performed in 256 ways using the 8-bit raster
operation code register.

The setup and execution of this logic operation takes
five cycles (figure 3):
e Loading of pattern or destination register (1 cycle)
o Setting of raster operation code during memory
command cycle
— Lower 4 bits (1 cycle)
— Upper 4 bits (1 cycle)
e Setting of raster operation enable function (1 cycle)
e Execution of raster operation by writing in the mask
write cycle (1 cycle)
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Figure 2. Serial Port Operation in Split Buffer Configuration

uPD42232

1. Initial Loading 3. Serial Read Operation Moves to the Upper Buffer (U)
STORAGE CELL ARRAY STORAGE CELL ARRAY

Row | rrr

Read Data
Transfer
(Down_Load)

Row |

Serlal Read
k¥
VAL W]
DATA REGISTER DATA REGISTER
SRO
4. Data Transfer to the Lower Buffer (L)
STORAGE CELL ARRAY STORAGE CELL ARRAY
Row | frr—r—rrrrr—rrrrer Row | fzrrreraarmree
1" Road 'Data
Transfer
(Down Load)
v Serlal Read
k

0

DATA REGISTER

DATA REGISTER

2. Serial Read Operation Starts at Location K
STORAGE CELL ARRAY

Row |

DATA REGISTER

831H-53908
Figure 3. Logic Operation
Logic Unit From Storage Cell
Write Data { Source ]——-b
of To Storage Celi
:l Bestinati
ul Pattern
Raster Operation Code Register
l b0| b11b2| bG!M‘ b5| bsle
A o
¥ f
831H-53918
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NEC Electronics Inc.
PRELIMINARY INFORMATION

uPD42270
NTSC FIELD BUFFER

Description

The uPD42270 is a field buffer designed for NTSC TV
applications and for other applications where serial
data is 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 4fgc.

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 applica-
tions 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 correc-
tion, 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 arbitra-
tion 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 —20 to +70°C.

Ordering Information

Access Time Cycle Time
Part Number (max} {min) Package
uPD42270C-60 40 ns 60 ns 28-pin plastic DIP

Features

0O Three functional blocks
— Four 263-line x 910-bit storage planes
— 910-bit write register for each plane
-— 910-bit read register for each plane
[0 Two data ports: serial write and serial read
O Asynchronous operation
— Dual-port accessibility
— Carry-out capability to indicate position of scan
line
— Line jump, line hold, line reset, and pointer clear
functions
0O Synchronous operation
— Variable field length: 260 to 263 lines
— Variable last line length: 896 to 910 bits
O Automatic refreshing
0O CMOS technology
O Fully TTL-compatible inputs, outputs, and clocks
O Three-state outputs
0O Single +5-volt £10% power supply
O On-chip substrate bias generator
O Standard 400-mil, 28-pin plastic DIP packaging

Pin Configuration

28-Pin Plastic DIP

2m k! = [ 1 MODE
RCK [} 2 271 RLRST
WCK ] 3 26| ] WLRST
RCLR |4 25 RLY
WCLR []5 24 1wWLY
LSo []6 E 23[71BS3/RLH
Ls1 7 § 22 1B8S2/WLH
GND (|8 E 21T vee
TEST (]9 3 20[1BS1/RCO
OE ({10 19171 8S9/WCO
Do [ 11 183 pig
Doy [ 12 170 b1y
Doz [}13 161 DI
pos (J14 151 pig
83-004635A
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Pin ldentification

Symbol Function

Dino-Din3 Write data inputs

DouTo-Douts Read data outputs

W Write enable

OF Output enable

WCK Write clock input

RCK Read clock input

WCLR Write pointer clear

RCLR » Read pointer clear

WLRST Write line reset

RLRST : Read line reset

wLu Write line jump

RLJ Read line jump

WLH Write line hold

RLH Read line hold

wCo Write data register carry output
RCO Read data register carry output
LSg-LS4 Line select inputs

BSy-BS3 Bit select inputs

MODE Mode control

GND Ground

Vee +5-volt power supply

TEST Test pin (connect to GND in system)

3-82

Pin Functions

Dino-Dina- These pins function as write data inputs,
e.g., for 4fgc composite color or brightness signals.

DouTto-DouTts. 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 synchronization with WCK, regardless
of W. ~ )

OE. This signal controls read data output. When Q__Eis
low, read data is output on DoyTo-DouTs. When OE is
high, DoyTto-DouTs are in a state of high impedance.
The read address pointer is incremented by RCK,
regardless 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
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, alternat-
ing 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.
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yPD42270

RCK. The rising edge of RCK initiates read operation.
Each time this signal is activated, the bit pointer
increments 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
continues 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
onerising 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 Dyyo-Dyns 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
3 us 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 DoyTo-
Douts 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
increments 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-

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
current 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
required to complete the function. If more than one line
jump is 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 calcuiated by
n+1+x (where“n” isthe current line and “x” equals the

number of positive WLJ pulses).

Changes in the 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.
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RLJ. Each positive pulse of this signal increments the
read scan line pointer by one line (asynchronous
operation 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.

A line 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
previous 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 loca-
tions 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.
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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 BS3 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 BSg 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.

BSo-BS3. These pins input control signals to change
the number of bits in the last line of the field. The
combined signals of BSp-BS;3 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, BSy and BS;3 are
multiplexed with WCO, RCO, WLH and RLH, respec-
tively, and are valid in synchronous operation only.
In asynchronous operation, the line length is fixed at
910 bits.

LS¢-LS1. These pins input control signals to change
the number of lines for one field in either synchronous
or asynchronous operation. The combined signals of
LSp and LS4 set the number of lines to 260, 261, 262, or
263 (table 2). The number of lines can be changed for
each field.

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 un-
reliable in the other (see table 3 forvalid pin functions).
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Table 1. Line Length Adjustment Table 3. Valid Pin Functions According to Mode
Number of Bits Synchronous Mode Asynchronous Mode
BS3 BSy BS; BSp In the Last Line Pin Name (Note 1) [Note 2)
L L L L Prohibited MODE 0 1
L L L H 896 BSp/WCO BSp wCo
L L H L 897 BS4/RCO BS¢ RCO
L L H H 898 BSo/WLH BS» WLH
L H L L 899 BS3/RLH BS3 RLH
L H L H 900 RCLR invalid valid
L H H L 901 RCK invalid valid
L H H H 902 RLRST invalid valid
H L L L 903 WCLR .valid valid
H L L H 904 WCK valid valid
H L H L 905 WLRST valid valid
H L H H 906 WLJ invalid valid
H H L L 907 RLJ invalid valid
H H L H 908 Notes:
H H H L 909 (1) Write_and read cycles are controlled by WCLR, WCK, and
H H H H 910 WLRST in synchronous operation.
(2) In asynchronous operation, write and read cycles are controlled
Notes: independently.
(1) LSp-LS4andBSy-BS3 must be held at astable high or low level to
maintain the number of bits per scan line and the number of capacitance
scan lines per field while the line pointer indicates the position Ta = —20 10 +70°C; Vg = 5.0 V £10%; GND =0 V; f = 1 MHz
between lines 258 and 262. .
Limits
Table 2. Line Number Adjustment Parameter Symbol Min Typ Max Unit Pins Under Test
LS, LSg Number of Lines Input capacitance G 5 pF Ding-Dina, W, OE,
L L 2% WCK, RCK, WCTR,
0 RCLR, WLRST,
L - H 261 RLRST, WLJ, RLJ,
LSq-LS1, BS2/WLH,
H t 262 BS3/RLH, MODE
H H 263 1/0 capacitance  Cyjg 8 pF BSg/WCO, BS1/RCO
Notes: Output capacitance Cg 7 pF Douroe-Douts

(1) LSg-LSqand BSy-BS3 mustbe 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.
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Device Operation

The uPD42270 supports two operating modes to
accommodate various NTSC TV applications. Depend-
ing 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
executed 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
addresses 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.
Synchronous 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
LSg-LS4. 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
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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 3 us during successive WCK and RCK
cycles initializes the internal pointers to starting
address 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 syn-
chronization 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 ali 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 syn-
chronization 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.



E uPD42270

Block Diagram

r DiNo-DiN3
] Write Bit Pointer I Write Bit Pointer I
Refresh —>]
Timer
l | Data
I I—-J Input
[Wrile Data Register l Write Data Register L__' Buffer
LSo-LS1 — Write 1 l
BSO/WCO — - Soan L [
BS1/RCO — Pointer
BS2/WLH — |
BS3/RLH — —
MODE — 910 Bits Per Line ————»]
Read
Sf:an
WCK — Line
— Pointer
W — Timing Storage Cell Array
WCLR — Generator Scan
—_ Line 263 Lines
WLRST — Selector Per Plane
WL —
Refresh |
Counter
RCK —
OE — -
RCLR — — T
RLRST — J
RLJ — l
"'J_. Data
| I——J Output
| Read Data Register I Read Data Register l:' Butfer
| Read Bit Pointer I Read Bit Pointer l
L.
DouTo-DouTs
83-0052008
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Special Functions

Line Reset. A line reset is similar to an address clear
cycle, except that it only affects the bit pointers within
a current 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 current scan line.
WCLR and WLRST (or RCLR and RLRST) must be
separated by at least one serial WCK (or RCK) cycle
(figure 1). After data in the first address of the current
line is rewritten or reread at the rising edge of WCK or
RCK, the bit pointer increments by 1 and the cycle
repeats for the next address (see timing waveform for
line reset cycles). In asynchronous operation, WLRST
and RLRST independently reset the write and read bit
pointers. During synchronous operation, WLRST resets
both pointers.

Line Jump. With the line jump function, itis 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+1+x, 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 LSg and LS4 pins (table 2).

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, restric-
tions pertaining to when this function can be initiated,
detailed in the descriptions for the WLH and RLH pins,
should be carefully followed.
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Figure 1. Separation of Clear and Reset Signals

t > twCK of tRCK-]

WCK/RCK I | | | | | I l I I I |

WCLR/RCLR

83-004701A

Absolute Maximum Ratings

Supply voltage on any pin except Vec —15te +70V
relative to GND, Vg4

Supply voltage on Vg relative to GND, Vg —-15t0+70V
Operating temperature, Topp ~20 to +70°C
Storage temperature, Tgrg —55 to +125°C
Short-circuit output current, lgg 50 mA
Power dissipation, Pp 15W

Comment: 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

Limits
Parameter Symbol Min  Typ Max Unit
Supply voltage Vee 45 50 55 v
Input voltage, high Vi 24 Voo v
Input voltage, low Vi -15 0.8 v
Ambient temperature Ta -20 70 °C
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DC Characteristics
Ta = —20 to +70°C; Vg = 5.0 V £10%; GND =0 V

Limits
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 loL —10 10 A Doyt disabled; Voyt =0V to Vg¢
Output voltage, high VoH 24 v lop=—1mA
Output voltage, low VoL 0.4 v loL=2mA
Standby current lect 6 20 mA WCK, RCK =V
Operating current lec2 40 80 mA twek = twek (Min); trek = trek (Min)
AC Characteristics
Ta = —20 to +70°C; Vog = +5.0 V £10%; GND =0V
Limits
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 tRek 60 ns (Note 5)
Read clock active pulse width tRew 20 ns
Read clock precharge time trep 20 ns
Output hold time ton 5 ns
Output low impedance delay Lz 5 40 ns (Note 6)
Data output buffer high impedance delay thz 5 40 ns (Note 7)
Input data setup time tps 18 ns
Input data hold time tpH 3 ns
WCLR (Rcﬁ) setup time before the rising edge tes 20 ns (Note 8)
of WCK (RCK)
WCLR (RCLR) hold time after the rising edge tcH 3 ns {Note 8)
of WCK (RCK)
WCLR (RCLR) invalid hold time after the rising tont 5 ns (Note 8)
edge of WCK (RCK)
WCLR (RCLR) invalid setup time before the tong 20 ns (Note 8)
rising edge of WCK (RCK)
WCLR (RCLR) low fevel valid time touR 3 us
Figure 2. Input Timing Figure 3. Output Timing
30V —————— }
ooV 83-004698A
5ns 5ns
83-004697A

2.R0Q
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AC Characteristics (cont)

Limits
Parameter Symbol Min Max Unit Test Conditions
WLRST (RLRST) setup time before the rising tLRs 20 ns (Note 8)
edge of WCK (RCK)
WLRST (RLRST) hold time after the rising tLRH 3 ns (Note 8)
edge of WCK (RCK)
WLRST (RLRST) invalid hold time after the tLRNA 5 ns (Note 8)
rising edge of WCK (RCK)
WLRST (RLRST) invalid setup time before the tLRN2 20 ns (Note 8)
rising edge of WCK (RCK)
WLRST (RLRST) low level valid time tLRsT 3 s
W setup time before the rising edge of WCK tws 20 ns (Note 9)
W hold time after the rising edge of WCK twH 3 ns (Note 9)
W valid hold time after subline (1/2) switch w1 5 ns (Note 9)
W valid setup time before subline (1/2) switch  tyyo 20 ns (Note 9)
WLH (RLH) setup time before the rising edge tLHS 20 ns
of WCK (RCK)
WLH (RLH) hold time after the rising edge tLHH 3 ns
of WCK (RCK)
WLH invalid hold time measured from the end twHN1 5 ns
of write cycle 227
WLH invalid setup time measured before twHN2 20 ns
write cycle 0
RLH invalid hold time measured from the end tRHNT 5 ns
of read cycle 681
RLH invalid setup time measured before tRHN2 20 ns
read cycle 453
WLJ (RLJ) setup time before the rising edge tus 20 ns
of WCK (RCK)
WLJ (RLJ) hold time after the rising edge tLH 3 ns
of WCK (RCK)
WLJ hold time measured from the end of twant 5 ns
write cycle 227
WLJ setup time measured before write twan2 20 ns
cycle 0
RLJ hold time measured from the end of tRINT 5 ns
read cycle 681
RLJ setup time measured before read tRUN2 20 ns

cycle 453
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AC Characteristics (cont)

Limits
Parameter Symbol Min Max Unit Test Conditions
(fsetup time before the rising edge of toEs 20 ns (Note 9)
RCK (WCK)
O hold time after the rising edge of toEn 3 ns (Note 9)
RCK (WCK)
OE valid hold time after the rising edge of toEN1 5 ns (Note 9)
RCK (WCK)
OE valid setup time before the rising edge of toEn? 20 ns (Note 9)
RCK (WCK)
LS, BS setup time before WCK (RCK), line 258 trss ns
LS, BS hold time after WCK (RCK), line 0 tesh 3 us
Write carry output high level delay tWGLH 40 ns
Write carry output low level delay tWCHL 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.
(2) Ac measurements assume tt =5 ns.

(3) Input timing reference levels = 1.5 V; input levels are measured
between GND and 3.0 V; output levels are measured between 0.8
and 2.0 V. See figures 2 and 3.

Vi (min) and V|_ (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
VIH and V"_‘

4

5

~

The minimum specifications are used only to indicate the cycle
time at which proper operation over the full temperature range
(Ta =—20to 70°C}) is assured.

This delay is measured at 200 mV from the steady-state voltage
with the load specified in figure 5.

~
2

7

-~

This delay is measured at the maximum steady-state output high
voltage —200 mV or the minimum steady-state output low
voltage +200 mV with the load specified in figure 5.

8

For proper execution of the pointer clear and line reset functions,

specifications for tcg, toH, ton1, ton2, tLrsy tLRH, tLRNT @nd
tLrN2 Must be met; otherwise, these functions may not affect the
desired cycles or may affect adjacent cycles erroneously.

Figure 4. Output Loading for tac, ton, twcLhs
twcHL, tReLHs tRCHL

9) Ifa W(or 55) pulse does not satisfy the specifications for tyg,
twH, twn1and twna (or togs, toeH: toent and toeng), the write
disable function (output high impedance) being executed may
not affect the desired cycles or may affect adjacent cycles
erroneously.

(10) 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:

Delay Between Write
Source of Read Data and Read Operation
0id data 0 to 450 cycles
indeterminate (either old 451 to 919 cycles

or new data)
New data

920 or more cycles

Figure 5. Output Loading for t; 7, i1z

5V

1.9K

Dout
1.0K

._I.SOpF

83-004699A

5V

1.9K
Dout

5 pF

—

83-004700A
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Timing Waveforms

Synchronous Write/Read Cycle

n-2 n-1 n n+1 n+2 n+3
" N S
tws
twew > twcp— re—twH —twck
w
tDS+ toH
n n+1
Dino-DiN3 n-2 n-1 Note mmw A
[+ tOEN1->t+-tOES | l*-tosn tOEN2
OE
[——tAC —= tHz [tz
tOH —»| I~
Douto- \/\/ \/\/ ] . High Impedance
LI AVAVAN AVAY ) il K

Notes:

[1] In synchronous mode, output data is delayed by one field from the input
data. .

{2] WLRST = WCLR = ViH. MODE = V|L. LSg and LS1 = ViH or VL. RLRST,
RCLR, and RCK are “don’t care” inputs.

[3] BSp-BS3 = VjH or VIL.

[4] 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.

83-0047058
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Timing Waveforms (cont)

Asynchronous Write and Read Cycles

WCK

g

DiINo-DIN3

RCK

Douto-
DouTs

Notes:

m-2 m-1
tRCw tRCP tOEN1 tOES —~

tOEH tOEN2 -+

[e—tHZ

le— tAC
tOH—

[1] WCLR = RCLR = VjH. WLRST = RLRST = VjH. MODE = ViH.

[2] RLJ, WLJ, WLH, and RLH = V)4 or ViL. LSg and LS4 = Vi or VL.

[3] Data is transferred into and out of the data registers in blocks of 455 x 4
bits. When W goes high before ail 455 words are input, write operation is
disabled and none of the words are transferred to the storage array.

m+3

t———1RCK

tz

High Impedance

83-004704B
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Timing Waveforms (cont)

Write Control Timing
909 0 y 1 to 453 454 455 456 ‘to 908 909 0
WCK ’
X ’\Jf\
twiz twN1 twg [e-ojes twy
L
w \ r’v‘v’v v‘v‘v‘v.v.v’v’v.v.v’v’v.v‘v
(Note 4) 4 g g % IR
tws le-wles| twn twNz
W R R RN
it & YOS ) 55 5;

Notes:

[11 WLRST and WCLR = ViH .

2] LSpandLSy=ViyorVp,, ___

3] WLJ, RLJ, WLH, RLH, RCK, OE, RCLR, and MODE = "don't care".

l41 W timing for writing only to locations 0 through 454 of a scan line.

5] W timing for writing only to locations 455 through 909 of a scan line.

[6] It W goes high, then write opaeration is Inhibited for that half-line.

83YL-54088
Synchronous Pointer Clear Cycle
Clear Line 0
n-1 n 0 1 2
wCK [_\_j! \ ?_/
[e——tCH—> tcN2

tcLR

te—tCN1 tcs
WCLR

” /

1

1

DiNo-DIN3

tDs -+ toH
n-1 n

T

mc-] Hlou

DouTo-
Douts

:

KOO XXX

Notes:
[1] W= OE = VjL. MODE = V.

{3] RLRST, RCLR, and RCK = don't care.
{4] WLRST = V|H during the clear cycle.

[2] LSp and LS1 = Viy or VjL. BSp, BS1, BS2, and BS3 = V| or V|L.

83-0047038
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Timing Waveforms (cont)

Asynchronous Pointer Clear Cycle

le—— Clear | Line 0

weK / \
tent tcs tCH —:I-— tonz
tcLR

B 7

J.

£
3]
Q
o

¢

tDS —» tbH

Clear Line 0

5
ga
s

tcH
tcN1 tcs —»| tCN2 —f

-—tAc—-l
XK X

Notes:
[l W = OE = VjL.. MODE = Vi4. WLRST and RLRST = ViH
during clear pulse.
[2] LSo and LS1 = V|H or V|L.
[3] WLH, RLH, WLJ, and RLJ = VjL during clear pulse.
83-0050218B
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Timing Waveforms (cont)

Synchronous Line Reset Cycle

Line
Reset

wCK i, j/_\

tLRN1 tLRS

tLRST

I-—'Ac toH l———

DouTo-
Douts n-2 n-1 n 0

V_—\z_—}
tos | tDH

[} WCLR = Vin. W, OE, and MODE = V|,
[21 LSo and LS1 = VIH or ViL. BS9-BS3 = VjH or V|L.
[31 RCLR, RLRST, RCK, WLJ, and RLJ = don't care.

83-0047148
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Timing Waveforms (cont)

Asynchronous Line Reset Cycle

Line

Reset
n 0 1 2 3

WCK \ ;/ \

tLRN1 tLRS tLRH —* tLRN2
tLRST
WLRST J/

tos toH

Line

toH

Douto- 3
DouTs m m-2 m-1m m J ] 1 2

Notes:

[1] WCLR, RCLR and MODE = V|H. WLH, RLH, WLJ, and RLJ = V| during
a reset cycle.

(2] LSg and LSt = VL.

(3] W=0E=V|L.

83-0047138
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Timing Waveforms (cont)

Write Line Jump Cycle

Line n+3

228 K’ 909

T twin2

F X\

WCK

L twint

wL

WLH viL

WCO
N

y

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 = VjH.

[4] LSp and LS1 = Vi or VL.

83-004711B

Read Line Jump Cycle

. Line
0 Line n ! ne3
& 452

—Linen-1
681

RCK

tRINT tLH tRIN2

RLJ

RLH
ViL

RCO
et/ 2 ol e

Vi

MODE

Notes:

[] WCLR, WLRST, WCK, WLH, WLJ, W, and OE = don’t care.
{2] Jand &’ =0 to 452 of line n or 682 to 909 of line n—1.

[3] RLRST and RCLR = V)H.

{4] LSo and LS1 = ViH or ViL.

83-0047128
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Timing Waveforms (cont)

Write Line Hold Cycle
Line n——
0
WCK
WLH
V|H b)Y h) = ‘
0 0
WCLR tweLH twCHL
wco ) j
b) N 3),
0 \
VIH 33, y)
W Y
MODE
Notes:
[} RLRST, RLJ, W, RLH, OE, RCLR, and RCK = don't care.
[2] K = 229 to 909.
[3] WLRST = ViH. WLJ = V).
[4] LSp and LS1 = VIH or VL.
83-0047098
Read Line Hold Cycle
Line n—-1 e @ Line n leLine n
J 451 452 908 909 0
RCK \_/
iLHn-' tRHN2
) e
W
RLH
AN X
& O
VIH
¢ e s
RCLR tRCLH IRCHL,
b) )RR ) | JL
0 el (s
VIH JL JL JL
A4 ALY AS)
MODE
Notes:
[] WLRST, WLJ, W, WLH, OE, WCLR, and WCK = don’t care.
[2] J = 682 to 909 in (n-1)th or 0 to 452 in nth line.
[3] RLRST = ViH. RLJ = V|L.
[4] LSg and LS1 = VIH or ViL.
83-0047108
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Timing Waveforms (cont)

Synchronous Field Buffer Size Adjustment

Line 257 ! Lines 258-262 [ Line 0
907 208

WCK

BS0-BS3
LSe-LSy Stable

Notes:
[l WLRST and WCLR = V}H.
[21 MODE = ViL.
[3] RLCRST, W, RCK, RCLR, and OE = don’t care.
83-005022B

Asynchronous Field Buffer Size Adjustment

—~Line 257 —wle——Lines 258-262 Line 0
909 0

AVAVAVAVAVAVAVAVAVAVAVAVAN

Lines 258-262 —»i«—— Line 0 —

WCK

P

RCK
trss tFSH
Jh )L
Ay 1w
LSo-LS1 _ Stable Stable
J) 31
W W
Notes:
{11 - WCLR, RCLR, WLRST, and RLRST = Vju.
{2] MODE = V|H. WLJ and RLJ = V).
[3] W, OE, WLH, and RLH = don't care.
83-0047078
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Timing Waveforms (cont)

Write Register Carry Out
Line n ! Line n+1
906
WCK
wCo ; / x
N
Notes:

[1] MODE, WCLR, RCLR, WLRST, RLRST = V.
[2] LSgand LS1=V|H or VjL.
[3] OF, W, WLH, RLH, WLJ, RLJ = don’t care.

83-005195B

Read Register Carry Out

Linem Linem +1

RCK

RCO

Notes:

[1] MODE, WCLR, RCLR, WLRST, RLRST = V|H.
{2] LSo and L.S1 = VjH or VL.

[3] OF, W, WLH, RLH, WLJ, RLJ = don’t care.

83-0047088
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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
applications, field buffer size is determined by the logic
levels applied to pins LSp-LSy and BSg-BS3. 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 controlled by the WCK clock period and the con-
figured size of the buffer.

Frame Synchronization or Time Base Correction

The uPD42270 has the capability of executing asyn-
chronous write and read cycles by independently
clocking WCK and RCK, respectively. The feature is
usefulin applications requiring frame synchronization,

Figure 6. Example of Delay Line

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 image
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.

GND —E:w 1 y 28 Moﬁ GND
RCK |, 27 | _BLRST vee
Clock :’c_‘i: 3 26 :’LLJRST
vVee ——4 25 GND
S]] o X[Esvam
3.
6 R 23 vee
S BS2/
LS1 7 g 2 - 2/WLH
GND GND I, § g vec
TEST 9 1 20 BS1/RCO
OE 10 19 BSo/WCO
4——-000 | 11 18 Do
‘——001 12 17 ‘——Dh
Data | Data
Output <——————D—°2—— 13 16 422—-————- Input
DO3 Di3
—1 14 15 fe—m—m—m—mm—
Notes:
[1] W, O, MODE, WLJ, and RLJ = V|L.
[2] BS0-BS3, LS0-LS1, WCLR, and WLRST = VjH.
{3] RCK, RCLR, and RLRST = don’i care.
83-0053018
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Figure 7. Delay Line Timing

One Field

R 7
WCLR \ /
\.__.._._-“— _I

S o & o x 36D £ 663 &

=3 0 O O X X D 0D 0 O |

CCOCX X)(X)C

Notes:

[1] J =910 n+m.

[2] n =259, 260, 261, or 262.

(3] m = 896 to 910.

{4] MODE, W, and OE = VL.

{5] WLRST and WCLR = ViH.

[6] BSg-BS3 and LSp-LS1 = VIH or VjL.
[7] RLRST, RCK, and RCLR = don't care.

83-0053028
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Figure 8. Example of Frame Synchronization/Time Base Correction

GND
Read Clock
Write Clock
Read Clear
Write Clear
Vcc

GND —

Data
Output

_wn \_/ g} MODE _ ..
—  RCK ], 27 | _RLRST
WCK 3 26 WLRST
RCLR a 25 RLJ GND
w?.t‘;n s z ;VSL J/F! LH
Dol g 23f—>2
LS1 I BS2/WLH
ano|m 8 [ Tvec
8 Qo 21 Vi
TEST B BS1/RCO cc
—{9 20 f[~—~—————— Read Carry Out
OF 10 19 | BSo/WCO Write Carry Out
DOp Dio 4
) DOy :; : oy
5o, | ¢ | Data
—00 w2 finput
DO3 Di3
+—u 15 je—"——
Notes:

[1] W, OE, WLJ, RLJ, WLH, and RLH = VjL.
[2] LSo-LS1, MODE, WLRST, and RLRST = ViH.

83-0053038
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Figure 9. Asynchronous Read/Write Timing for Frame Synchronization or Time Base Correction

WCK -11‘_\
q tcs Ftcu
WCLR
tps

O G 1111 101,00 1 6 10,10 9.0 8 1 O

= I
surenours XX XX XX XA XA XD e XX B X X))

Notes:

[1] MODE, WLRST, and RLRST = Viy.
[2] W and OE = VL.

[3] LSg and LS1=V|H or V|L.

[4] WLH, RLH, RLJ, and WLJ = V) .

83-53238

3-105



uPD42270 N E C




NEC Electronics Inc.
PRELIMINARY INFORMATION

uPD42273
DUAL-PORT GRAPHICS BUFFER

Description

The uPD42273 is a dual-port graphics buffer equipped
with a 256K x 4-bitrandom access portand a512 x 4-bit
serial read port. The random access portis used by the
host CPU to read or write data addressed in any
desired order. The serial read port is connected to an
internal 2048-bit data register through a 512 x 4-bit
serial read output circuit. In addition to its conventional
features, the random access port also has a write-per-
bit capability that allows each of the four data bits to be
individually selected or masked for a write cycie.

The uPD42273 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; the serial read port, however, continues to
operate normally. Following the clock transition of a
data transfer, the 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 uPD42273 is fabricated with an advanced CMOS
silicon-gate process using polycide technology and
trench capacitors. The process 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
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
automaticaily.

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 pPD42273 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
O Two data ports: random access and serial read
O Dual-port accessibility except during data transfer
O Addressable start of serial read operation
O Real-time data transfer
O Single +5-volt + 10% power supply
O On-chip substrate bias generator
0 Random access port
— Two main clocks: RAS and CAS
~— Multiplexed address inputs
— Direct connection of 1/0O and address lines
allowed by OE to simplify system design
— Refresh interval: 512 cycles/8 ms
— Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and fast page
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 regarding four 1/0 bits
— Write bit selection multiplexed on 104-103
[0 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 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 or standby opera-
tion of serial port
O Fast serial read operation by means of serial control
pins
— Serial data presented on SOy-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
0 CMOS silicon-gate process with trench capacitors
[0 400-mil, 28-pin plastic SOJ and 28-pin plastic ZIP
packaging

2 4N
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Ordering Information

Pin Configurations

Row Access Serial Access
Part Number Time [max) Time (max) Package 28-Pin Plastic SOJ
uPD42273LE-10 100 ns 30 ns 28-pin plastic SOJ
sc 1 28] GND
LE-12 120 ns 40 ns 800 2 271 503
uPD42273V-10 100 ns 30 ns 28-pin plastic ZIP so1[]3 261 02
V-12 120 ns 40ns - bT/oE g 4 251 S0¢
Wo/100 5 24|71 W3/103
. o . w4/101 ] 6 @ 237 w2/102
Pin ldentification weWEL]7 § 22[dnc
NC[J8 @ 21[JCAS
Symbol Function 7A5 o L
Ag-Ag Address inputs As [ 10 19{] Ao
Wo/10g-W3/103 Write selects in write-per-bit/data inputs and outputs As E N 18 g A1
= As (12 17{1 A2
@ Row address strobe = 1617 A
CAS Column address strobe vee 14 157 A7
KB/_V!E Write-per-bit/write enable 43.004000A
DT/0E Data transfer/output enable
$09-S03 Serial read outputs 28-Pin Plastic ZIP
SC Serial control
SOE Serial output enable " "NOC
3/103
GND Ground SOz
Voo +5-volt +10% power supply GND
" iele]]
NC No connection BT/OF
W1/101
Absolute Maximum Ratings ’::
Voltage on any pin except Vg relative to GND, Vg4 —1.0to+7.0V As
Voltage on Vg relative to GND, Vo —1.0t0+7.0V viz :;
Operating temperature, Topp 0to +70°C Ay 25
Storage temperature, TgTg ~55 to +125°C NG 27
Short-circuit output current, lqs 50 mA 30043027
Power dissipation, Pp 15W

Comment: 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.

3-108
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Pin Functions

Ag-Ag [Address Inputs]. These pinsare multiplexed as
row address inputs and column address inputs. Since
each of four data bits in the random access port
corresponds to 262,144 storage cells, nine row
addresses and nine column addresses are required to
decode one celliocation. Nine row addresses are used
to select one of the 512 possible rows for a read, write,
data transfer, or refresh operation. 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 cycles.)

Wo/109-W3/103 [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 cycle, and then updated at the next
falling edge of RAS.

In a read cycle, these pins function as outputs for the
selected storage celis. In a write cycle, input data 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
ali 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 input WB/WE must be low and
CAS and DT/OE high to enable the write-per-bit
capability. A highWB/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, a high-level CAS and alow DT/OE initiate
a data transfer, regardless of the level of WB/WE.
A high DT/OE initiates conventional read or write
cycles and controls the output buffer in the random
access port.

§00-SO3 [Serial Data Output]. Four-bit data is read
from these pins. Data remains valid until the next SC
signal is activated.

SC [Serial Control]. By activating this signal repeatediy
the serial read operation (starting from the location
specified in the data transfer cycle) is performed within
the 2,048 bits in the data register. The rising edge of SC
activates the 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.

u1N0
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Block Diagram

o - Wo/lIOg
h 4 s
0 | 1 |Column Decoder| 510 | 511 fers] WO Walloy
Counter Buffer [*— W2/l02
LITIEI ] JEEEEENN ~— W3ll03
Sense Amps
Ao 2048 Cols
A = _ -
A2 33 Ao-As § P
A3 a 8 2
Aa @ 2 Storage -4
As o z Cell Array o
Ag —»| B o n
A7 —| 2 AocAg «
Ag
1111 IT]] I RERAEEN
Transfer
Gates
TTTIITI 11 11 " S00
. Data 4| Senel b s04
Register Buffer |— 502
[TTTIIT 1ITLIT | . S0
sc ———————l Address @ o | 1 Selector 510 | 511
Counter
SOE
RAS
TAS —————+ Timi -~——Vee
= ming
—_— e
_DTIOE Generator Vss
WB/WE —————————»
83-0048098
Device Operation Addressing

Overall Description

The uPD42273 consists of a random access portand a
serial read port. The random access port performs
standard read and write operation as well as the data
transfer operation, all of which are based on the
conventional RAS/CAS timing cycle. In a data transfer
cycle, 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 port and the serial read port
can operate asynchronously, except when the transfer
gate is turned on during the data transfer period.

3-110

The graphics storage array is arranged in a 512-row by
2048-column matrix. Each of 4 data bits in the random
access port corresponds to 262,144 storage cells.
Therefore, 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 setup 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. RAS is similar to a chip enable signal;
whenever it is activated, 2048 cells on the selected row
are sensed simultaneously and_the sense amplifiers
aufomatically 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. In
the 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.

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. By activating. SC repeatedly,
the serial read operation (starting from the location
specified in the data transfer cycle) is executed within
the 2048 bits in the data register.

Random Access Port Operation

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.

« DT/OE
o WB/WE
o Wi/I0; (i=0,1,2,3)

The OE, WE and IO; functions represent standard
operations. The DT, WB, and W; functions 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 DT level determines
whether a cycle is a random access operation or adata
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 capability. 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. Holding DT(/OE) high discon-
nects 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.

Read Cycle. A read cycle is executed by activating
RAS, CAS, and OE and maintaining a high (WB/)WE
during an active CAS. The (Wy/)IO; data pin (i=0, 1,

2, 3) remains in a state of high impedance until valid
data appears at the output at access time. Device
access time, tacc, will be the longest of the following
four calculated intervals:

* lrac

RAS to CAS delay (tgep) + tcac

RAS to column address delay (trap) + taa
o 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 RAS to 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. A
high CAS or OE returns the output to high impedance.

Truth Table (Random Access Port)

RS tas OT/0E  WB/WE  Function
| H H H Read/write
i H H L Write-per-bit
! H L X Data transfer
| L X X CAS before RAS refresh
Notes:

(1) X =“don't care”

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;/)10;
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 to which the write operation
is applied 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;(/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 capa-
bility 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 a state of 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 opera-
tion during an active CAS.

3111
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Read-Write/Read-Modify-Write [RW/RMW] Cycle. An
RW/RMW cycle is executed by bringing (WB/)WE low
with the RAS and CAS signals low. (W;i/)1O; shows read
data at access time. Afterward, in preparation for the
upcoming write cycle, (Wi/)10; is returned to a high-
impedance condition 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 1 can be activated just after (WB/)WE
falls, even when (WB/)WE is brought low after CAS.

Refresh Cycle. A cycle ateach of the 512 row-addresses
(Ag through Ag) will refresh all storage cells. Any
operation performed in the random access port (i.e.,
read, write, refresh, or data transfer) 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 of the storage cells in one row of the
graphics storage array. A high CAS is maintained
during an active RAS to keep (W;/}1O; in a state of high
impedance. This mode is preferred for refreshing,
especially when the host system consists of multipie
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
automatically performs refreshing for row addresses
specified by the internal refresh address counter. In
this cycle, the circuit operation based on CAS is main-
tained in a reset state. When internal refreshing is
complete, the address counter automatically incre-
ments 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 con-
trolled by CAS and OE. After the 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 refreshmg is the
same as CAS before RAS refreshing, the data output
remains valid during either operation. -

Fast-Page Cycle. This feature allows effectively faster
data access by keeping the same row address and
strobing successive column addresses onto thi the chip.
By maintaining alow RAS while successive CAS cycles
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are executed, data is transferred at a faster rate
because row addresses are maintained internally and
do not have to be reapplied. During this operation,
read, write and RW/RMW cycles are possible. Addi-
tionally, the write-per-bit controi specified in the entry
write cycle is maintained through the followmg fast-
page write cycle.

During a fast-page read cycle, the (W;/)1O; 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:

o tacp, when tagc = top and top < top (max)

o taa, When tagc < tasc (max) and top = tep (max) or
when tagc < top and tgp < tgp (mMax)

o tcac, When tasc = tasc (max) and tgp = top (max)

Data Transfer Cycle. A data transfer cycle is executed
by bringing DT(/OE) low as RAS falls. As described
previously, 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 in the serial
read port, are defined by address inputs. 57(/(_)_!.—”.Lmust
be low for a specified time, measured from RAS and
CAS, so that the data transfer condition may be satis-
fied. The low-to-high transition of DT causes two
transfer operations through the data transfer gates:
column address buffer outputs are transferred to the
serial address counters, and storage cell data amplified
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.

Serial Read Port Operation

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 the
datatransfer 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 outputdata appears at SO; after an access time of
tsca, measured from a high SC, only when alow SOE is
maintained. The SC cycle which includes the positive
transition of DT(/OE) shows old data iin 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 uPD42273 graphics buffers into the same
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external circuitry. When SOE is ata low logic level, 5O; Power Supply Current
is enabled and the proper datais read. When SOEisata  Ta =010 +70°C; Vg = 5.0V +10%; GND =0V
high logic level, SO; is disabled and in a state of high Limits
impedance. TP
Port 1PD42273
Recommended DC Operating Conditions  Random  Serial 0 2 Test Conditions
Tao =010 +70°C; GND=0V Access Read Symbol Max  Max Unit  [Note 1)
Limits RW STB lggy 70 60 mA
Parameter Symbol Min  Typ Max Unit ST8 STB Icc2 3 3 mA
Supply voltage Voo 45 50 55 v ROR STB locs 70 60 mA (Note 2)
Input voltage, high Viu 24 55 v PAGE STB Icca 60 50 mA  (Note 3)
Input voltage, low ViL ~1.0 0.8 v CBR STB lces 70 60 mA
DTR STB Iccs 70 60 mA
DC Characteristics RW ACT  lgg7 100 90 mA
— o~ = 0/, =
Ta =010 +70°C; Voc =5.0 V £10%; GND =0V P AT o ® ™ yy
_Limﬂs_ ROR ACT Icco 100 90 mA  (Note 2)
Parameter Symbol Min Typ Max Unit Test Conditions PAGE ACT lec1o 8 75 mA  (Note 3)
Input leakage i -10 10 wA Viy=0to55V;
current all other pins CBR ACT _ lect 10 % mA
not under DTR ACT  lggip 100 90 mA
test=0V
Output leak: i —10 10 A Dour (10;, SO;) Notes:
c:rfeunt sakage oL a d%;{nledl"quT (1) Noload on 10;or SO;. Except forlgca, Icca, and Igcg, real values
=0to 55 v depend on output loading and cycle rates.
T (2) CAS s not clocked, but is kept at a stable high or low level. The
Ra?tdong at;cess VOH(H) 24 v IOH(R) =—2mA column addresses are also assumed to be kept at a stable high or
port ou pl.{ low level.
voltage, high
— (3) Achangeincolumn addresses mustnot occur more than oncein
Random access VoL(r) 04 V lpgy=42mA a fast-page cycle.
port output
voltage, low -
29 ~ Capacitance
ge; 'a'tfsggapg";‘ Vonis) 24 Vo g =—1mA T, =0to+70°C; Voo =5.0 V +10%; f = 1 MHz; GND =0 V
utpu )
high , Parameter Symbol Limit {(max)  Unit  Pins Under Test
Serial read port VoLgs) 04 Vg =21mA Input capacitance Ci(a) 5 pF AgtoAg
:)oumtlput voltage, CIFT/55) 8 pF  DT/OE
Ci(WB/WE) 8 pF WB/WE
T C[(m) 8 pF RAS
Power Supply Current Definitions it
Port Operation Symbol  Operating Conditions C'(Cis) 8 PF SA_S
Random  Read/write RW RAS, CAS cycling; Ci{s08) 8 pF_ SOE
Access tre = trg (Min) ; Ci(sc) 8 pF  SC
’ Standby STB CAS =RAS =V Input/loutput Ciogw/10) 7 pF Wp/l0g to
RRS-only ROR  RAS cycling: CAS = Vir capacitance W3/103
refresh tre = trg (Min) Output capacitance  Co(sp) 7 pF. S0p to SO3
Fast page PAGE RAS =V ; CAS cycling;
tpg = tpc (Min)
CAS before CBR CAS low as RAS falls;
RAS refresh tpe = trg (Min)
Data transfer DTR DT low as RAS falis;
tRe = tpg (Min)
Serial Standby STB SOE = Viy; SC = Vi or Vi
Read Serial read ACT SOE = Vy;; SC cycling;

tscc = tsce (min)
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AC Characteristics
Ta=01t0+70°C; Vo =5.0V £10%; GND =0V
Limits Limits
uPDA2273-10 .PDA2273-12 Tost 1PD42273-10 .PD42273-12 Tost
Parameler Symbol Min Max Min Max Unit Conditions Parameter Symbol Min Max. Min Max Unit Conditions
Switching Characteristics ) Timing Requirements (cont)
Access time  tgac 100 120 ns (Notes 3,4 Transition time  t1 3 50 3 50 ns (Notes3, 10
from RAS and 12) (rise and fall) and 18)
Access time  tgac 25 30 ns (Notes 3, 4,13, RAS precharge tpp 80 90 ns
from falling 14 and 15) time
adge of CAS RASpulse  taas 100 10000 120 10000 ns
Access time  tap 55 65 ns (Notes3, 4, width
from column Wand15)  Eictpage  twasp 100 100000 20 100000 ns
b RAS pulse width
Access time  tacp 55 65 ns  (Notes3 Y "
from rising and 15) Ehow time tpsH 25 30 ns
edge of CAS CAS precharge tcpy 10 15 ns
- time (non-
Access time  1oga 25 30 ns  (Notes3
from OE and 4) page mode)
- Fast-page tep” 10 25 15 30 ns
Serial output  tgga 30 40 ns  (Note3)
access time Sﬁ precharge
from SC g
Serial output  tgpa 25 30 ns (Note3) mjs"?ulse fcas 25 10000 30 10000 ns
access time _
from SOE CAS hold time  tcgy 100 120 ns
Output disable tofr 0 25 0 30 ns (Noteh) RASt0CAS taep 25 75 25 90 ns  (Noted)
time from delay
CAS high CAShighte tegp 10 10 ns  (Note 16)
Output disable tggz 0 2 0 30 ns  (Note5) RAS low
time from precharge time
OE high Row address  tasm 0 0 ns
Sg.rial output gz 0 15 0 20 ns (Note 5) setup time
dleable time Row address  taaw 12 5 ns
high hold time
SOE fow 1o 1500 5 5 s ggliur;nsl tasc 0 25 0 30 ns (Note15)
serial output setup time
setup delay
Serial output  tgoy 5 10 ns ggmg; TcAH 5 ) 2 ns
hold time hold time
after SC high —_ i
RAS to column trap 17 4 20 5 ns  (Notes9
Timing Requirements address delay and 14)
Randomread tpg 190 . 220 ns  (Note 11) time .
or write
cycle time ?ooIF:leSn':ggress tRAL 55 65 ns
Read-write/  tawe 255 295 ns - (Note 11) time
read-modify-
write cycle ggtaudpct?r;:\;nand tres 0 0 ns
Fast-page tpe 60 70 ns  (Note 11) Read command
: RRH 10 10 ns  (Note6)
eycle time hold time after
Fast—pag_e tprwe 125 145 ns  (Note 11) RAS high
:gag:xr»(t;fl Read command tRcu ] 0 ns  (Note 6)
wr?te c;ciey hold time after
time CAS high
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AC Characteristics (cont)

Limits

uPD42273-10 ,PD42273-12

Limits
1PD42273-10 1PDA2273-12

Test Test

Parameter Symbol Min Max Min Max Unit Conditions Parameter Symbol Min Max Min Max Unit Conditions
Timing Requirements (cont) Timing Requirements (cont)
Write command twgs 0 0 ns (Note7) DT low hold teoon 30 35 ns
setup time time after
Write command tyey 20 30 ns CAS low __
hold time SC highto DT tgpp 10 15 ns
Write command twp 20 25 ns  {Note 17) high delay
pulse width SC low hold tspH 10 1% ns

: time after
Write command tpwi 30 35 ns =
to RAS lead DT high
time Serial clock tsce 30 40 ns  (Note 11)
Write command tcwy. 30 35 ns cycle time
to CAS lead SC pulse 1SCH 10 15 ns
time width
Data-in tps 0 0 ns  (Note 8) SC precharge  tggL 10 15 ns
setup time time
Data-in toH 20 25 ns  (Note8) DT high toHs 0 0 ns
hold time setup time
Column tawp 85 100 ns  (Note7) DT high toyy 15 2 ns
address to hold time
VEdelay_ D__T__high to 1R 10 10 ns
CAS to WE towp 55 65 ns  (Note7) RAS high
delay delay
RAS to WE thwp 130 155 ns  (Note7) DT high to totc 5 5 ns
delay CAS high
OEhighto  tomp 30 % ns delay
data-in setup OE to RAS 10ES 10 10 ns
delay inactive
OEhighhold  toen 25 30 ns setup time
time after Write-per- twes 0 0 ns
WE low bit setup time
CAS before tesR 0 0 ns Write-per- twey 15 20 ns
RAS refresh bit hold time
setup time Write bit tws 0 0 ns
CAS before tCHR 15 20 ns selection
RAS rgfresh setup time
hold time Write bit w1 20 ns
RAS high to trpC 0 0 ns selection
CASlow hold time
precharge time SOE pulse tsoe 10 15 ns
_Refresh time  1RgF 8 8 ms Addresses width
nterval Aos SOE precharge tgop 10 15 ns
QT lowsetup  tprs 0 0 ns time
time BT highhold oy 15 20 ns
DT low hold tROH 90 120 ns time after
time after RAS high
RAS low

Notes:

(1) All voltages are referenced to GND.
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Notes [cont]:

(2) Aninitial pause of 100 us is required after power-up followed by
any eight RAS cycles before proper device operation is
achieved. Also, SOE must be held high or SC must be held low
until completion of the first data transfer cycle.

(3) See input/output timing waveforms for timing reference volt-
ages. See figures 3 and 4 for output loads.

(4) Operation within the tgcp (max) limit ensures that trac (max)
can be met. The tgcp (max) limit is specified as a reference
pointonly. Iftgcp is greater than the specified trgp (max) limit,
access time is controlled exclusively by tcac. toga. 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.

(6) Either tgry or tgcn Must be satisfied for a read cycle.

(7) twcs: tawps towp. and trwp are restrictive operating parame-
ters in read-write and read-modify-write cycles only. If tycg =
twcs (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 = towp (Min), and tgwp = tgwp (Min), the
cycle is a read-write cycle and the data output will contain data
read from the selected cell. If neither of the above conditions is
met, the condition of the data out (at access time and until CAS
returns to V|y) is indeterminate.

(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.

(9) Assumes that trap (Mmin) = tgaH (Min) + typical t1 of 5 ns.

(10) Vi (min) and V) (max) are reference levels for measuring the
timing of input signals. Additionally, transition times are measured
between VIH and V||_4

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

(12) Assumes thattggp <tpcp (max) and trap <tgap (Mmax).!ftgcp
ortgpap is greater than the maximum recommended value in this
table, tgac increases by the amount that tggp or tgap exceeds
the value shown.

(13) Assumes that tgcp = trop (max) and trap < tgap (Max).
(14) If tgap = traD (Max), then the access time is defined by taa.
(15) For fast-page read operation, the definition of access time is as

Figure 1. Input Timing

Sns
83-004877A

83-004878A

follows.
CAS and Column Address
Input Conditions Access Time Definition
top < top (max), tasc = top tacp
tcp = tep (max), tasc = tcp taa
top = top (max), tage < tasc (max) taa

top = top (Max), tagc = tagc (max) tcac

(16) Thetcrp requirementshould be applicable for RAS/CAS cycles
C
preceded by any cycle.

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

(18) Ac measurements assume tt =5 ns.
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Figure 3. Random Access Port: Output Loading
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Figure 4. Serial Read Port: Output Loading
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Timing Waveforms

Read Cycle
="h
tRAS tRp———»]
RAS \‘ ) / \
trCD tRSH
la—tCRP —| -1CAS
4 \
chs w \E A
tcPN
tcsH
tasc
[+-tASR+| [*—tRAH le——tcaH ——-—-’
4 y
Address :><><X Row X Column
I+ tRRH _
tRAD tRAL [e—tRCH —=
N 4 \
WBIWE .
le———1RCS toES
taA
toHs
[+ tDHH > le— tOEA ——»
o 4 —
DTIOE \\ A
toEz
tRAC
tcac la—— tOFF ——]
;F ‘(
WoflOp-Ws/lO3 High Imped < Read Data b
N 7
83-0049038
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Timing Waveforms (cont)

Early Write Cycle
tRC
tRAS tRpP——
_ \
RAS
\‘ \_
trRCD tRSH:
le—tcRP— CSH
tcas
' \
=10 \ /
tcPN
+———1tRAD tRAL .
tasc
[+tASR>| [=—tRAH [——tCAH
4 '
Address m Row Column
X X
‘ tweh
twes +twan*' twp
4
[ Write-Per-Bit
twes
tDHS {DHH

. 4
o)

e~

i fe—tos—| |t

£ Write-Per-
Wo/l0o-W3/l03 M‘ Bit Select

b {
N

Write

83-004904B
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Timing Waveforms (cont)

vPD42273

Late Write Cycle

tre.
RC

—— "" tRp—»]
RAS \ | f——_
[e—————tRCD. tRSH:
[+~ tCRP— tosH
tcas
__ 4 \
CAS \
5 P 4
tceN
tRAD 1hA
tASR* tRAH tasc tcan
\ s
Address Row Column
twes e tweH: —J—L tRCS e twe
WB/WE £ Write-Per-Bit '4 \
N Enable )
‘——iRWL——I
DHS "
'4

- tOEH
'ws-q [+ tWH: tos IR
- - —
Write-Per-Bit Write
WollO0-W3flO3 léae lei‘ i Wit

83-0049058
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycles

tRSH RP

<—'RCD—“—T

tRAL
|+{CRP> |e——tRAD— tcas
— N
CAS \
N 7
tCPN
tCSH
tASR tRAH [e—tCAH—>/
4 .
Address Row Column
( -
tASC -~ | -—-lRWL-’I
tRCS e re—tCWL —>
twes twBH tAwWD twp
4 i b
b Write-Per-Bit
WEIWE @ Enable \( F
tcwb
‘I'\"u
tAA

, 10EH—» ‘——‘tozA
w01 I NN\ /] RAXAXXXX

tDHS tDHH tCAC————
tRAC tOED
WS fe—n] twH toez DS [+ tDH
2 WPB Read 2 Write
WollOg-W3/l03 P—-High Impedance —— P————
)‘ Select 7 Data 3y k Data ,

83-004906B
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Timing Waveforms (cont)

RAS-Only Refresh

tRC

tRP———»

R

RAS
\“ 7 \—
’*tcnp—- tRPC

tASR>| |e—tRAH—»

)
Address Row

¥,

WBIWE

— '4
DT/OE

toHs la- tDHH

Wo/l0p-W3/103 High Imped

83-0049018
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle

.'B'A‘Q

tRP

tCSR—»

tCHR

[e——RPC: —-|

/

|

s XXX KR

WollOp-W3/lO3

83-0049118

3-122



N E C yPD42273

Timing Waveforms (cont)

Hidden Refresh
|[e—————————tRA§ ————
tRAL tRAS [
RAS \ /
' ) n
[e———— tRSH ———| [&— tRp—-

le-tCRP-+| tRCD tcas
4 \
CAS \
R
teeN le—tcPN
[
tASR AR tasc | |e—tcan

4
Address @ Row Column

[——tRAD taa
X
WBIWE
tRcs
[e——tOES——| [ 1RRH—*
toEA
— 3 ¢
DT/OE /
X
tDHS tDHH le—>! toFF
tRAC: toez
4 p!
wonoo_wanos HI-Z <‘ ';::: ,E__—_——
tcac
83-0049128
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Timing Waveforms (cont)

Fast-Page Read Cycle
4 |
"y
tRASP
tRAL te—{RP
RAS
N 7
tRCD
trc tRSH
r-tCRP->| tcas [—tcaAs
\ S ) 4
CAS
X N / A
tceN tcp
tcsH
RAH |
tAsSR tasc tcAH tasc tcaH
4 4 4
Address Row Column Column
. \ N
'-—tnau—»
tRCH
le——tRAD—+| ‘——1 tRCS le——tRCH——>]
o '4
N o
tRCS | tacp
fe——tOFF —=
tOEA + tOEA -—tOFF—-l
o 4 X
DT/OE \ / /
toHs tDHH ! tcac t—10EZ ~+| L—QCAC-—*
tAA tAA [+tOEZ *|
Minh | " 7 Read Read
WollOg-Wal103 sigh mp “ Read ‘5__—<‘ Rea ’5_
2t A LN

83-0049078
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Timing Waveforms (cont)

Fast-Page Write Cycle

tRC
tRASP tRP—>1
—_—
RAS \ J \
tReD
tPc tRSH
tCRP tesh
tcas: [e——tCAS——+
—_ 4 \ e ]
=X \ T
tcpN ~tcp—>
[——tRAD—* tRAL
tASR)'——* F—QRAH tASC [+ Ftcm tasc tcaH
4 4 y
Address Row L Column " Column J
twes = tWCH->| twes fa—»! tweH
twBH
twas l—» H- twp—> twp
\
o WPB
WEIWE ><><><>¢ Enable 4 m( :WW

tDHS I—.»

+mnu*‘

towL ]

RWL

tws l-_>

e tWH —»

tos I-JDD'FO’ tps

Write-Per- Bii

Select

oo

Write
Data

Write
Data

83-0049088
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Timing Waveforms (cont)

Fast-Page Read-Modify-Write Cycle

Address

WBIWE

DT/OE

Wo/lOg-W3l/l03

tRwC
trRaASp—MmmMmMm———————————— tRp—
\ 7 \___
l———1RCD tPRWC ———————»]
tCRP tosH tRSH
le————tcAs———— tcas
4
N \
X 7 e ¥
tepPN————— tcp—»| tePN—+]
‘ran } tRAL
1ASR I‘—- tasc |-4 *mm-w‘ tlasc ﬂc»w‘ tRWL I—-—
\
Row Column Column
X X
towL L tawp ———l tewL
wes o l*t tRCS
tRWD o— wp-l ‘<———|cwb——J le—twp—|
|
WP 7 :\ )\
Enable 4 " 2
le———tcwp———
twes L» twBH tAWD
tRAD 1AA —| tAA —
RAD A o F— A
tOEA le——tacp —|
e tOEA 10EH
| XK
tDHs tDHH toEz | !oenl‘
tcac toEZ
l—————thRac———— ktou—» tcac le—tpH ]
7 Write
}—ngh Impodanco—g —4 Data E_
twH Read Read l‘ tos
Data Data

83-0049098B
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Standby)

tRC
1RAS trp
— ' \
RAS \( 7 \__
tRCD tRSH
tcsH

le—tCRP —| tcas

'4 y
cAS \ /

tCPN:

tasr [*—tRAH tasc F—- tcAH
4 y
Address :><><X‘ Row Column
X

tRAD
WB/WE
L—tcon—J <—~—'orn——’l
torc
toLs ROH +mm’l
e (0N RUAXXXXX
' !
Wo/lOp-W3/103 High Imped
ViH

SOE

83-0049138
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Active)
tRC
tRAS tRp—>]
RAS
N 7 \-——
tRCD RSH
evon
f+~{CRP—| tcAs
o '4 Y
CAs
N 7
CPN
tasc
e tAsR> [~—tRAH [e——tCAH—>
Y /
Address Row Column
N X
tRAD
WBIWE
|~—icm-|—> ~—lorn4—l
totc
toLs
tRDH <—lnn-|——|
Y
X )!
WoflOg-W3/103 High Imped:
SOE
ViL
tscc :.,094-| l-—!snu
tscL
s¢ _\___/ l_\__/_\
[+—-1SCH tsca tscaA
L——tscg—' }‘-!sou
O1d Data £ 01d Data £ old Data ¢
$00-S03 1 n New Data
n2 \ K X
83-004914B
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Timing Waveforms (cont)

Serial Read Cycle
tsop tSOE:
— 4
SOE
N
tsoz.
tscc tSCC: tsC
le—tscL tscL tscL
4 p 4 X 4 D 4
sC / \
[e——tSCH—— fe——tSCH——» [e——tSCH ———»
le——tSOA——s tsca. tsca
tS00 = e fe—— tSOH——1 [ tSOH——
4 4 z Y p
L )
§00-S03 Read Data Read Data Read Data
AN 7
83-0049158
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NEC Electronics Inc.
PRELIMINARY INFORMATION

©PD42274
DUAL-PORT GRAPHICS BUFFER

Description

The uPD42274 is a duai-port graphics buffer equipped
with a 256K x 4-bit random access portand a 512 x 4-bit
serial read port. The random access port is used by the
host CPU to read or write data addressed in any
desired order. The serial read port is connected to an
internal 2048-bit data register through a 512 x 4-bit
serial read output circuit.

In addition to its conventional features, the random
access port also has a write-per-bit capability that
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 is provided
by the FWE pin and enables data in the color register to
be written to a selected row in the random access port.

The uPD42274 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; the serial read port, however, continues to
operate normally. Foliowing the clock transition of a
data transfer, the serial read output data changes from
anold lineto anew line and the starting location on the
new line is addressable in the data transfer cycle.

The uPD42274 is fabricated with an advanced CMOS
silicon-gate process using polycide technology and
trench capacitors. The process 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
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
automatically.

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

The puPD42274 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
O Two data ports: random access and serial read
[ Dual-port accessibility except during data transfer
[0 Addressable start of serial read operation
O Real-time data transfer
O Single +5-volt £ 10% power supply
O On-chip substrate bias generator
[0 Random access port
— Two main clocks: RAS and CAS
— Multiplexed address inputs
— Direct connection of I/0 and address lines
allowed by OE to simplify system design
— Refresh interval: 512 cycles/8 ms
— Read, early write, late write, read-write/read-
modify-write, RAS-only refresh, and fast-page
capabilities
— Automatic internal refreshing by means of the
CAS before RAS on-chip address counter
— Hidden refreshing by means of CAS-controlied
output
— Write-per-bit capability regarding four |/O bits
— Write bit selection multiplexed on 10¢-103
[ Flash write option with write-per-bit control
[ 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 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 or standby opera-
tion of serial port
O Fast serial read operation by means of serial control
pins
— Serial data presented on SOy-SO3
— Direct connection of multiple serial outputs for
extension of data length
O Fully TTL-compatibie inputs, outputs, and clocks
O Three-state outputs for random and serial access
0 CMOS silicon-gate process with trench capacitors
[0 400-mil, 28-pin plastic SOJ and 28-pin plastic ZIP
packaging
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Ordering Information

Pin Configurations

Row Access Serial Access :
Part Number Time (max)} Time (max) Package 28-Pin Plastic SOJ
yPD42274f‘.E-10 100 ns 30ns 28-pin plastic SOJ
sc]1 28] GND
LE-12 120 ns 40 ns $00 ]2 2711 503
pPD42274V-10 100 ns 30'ns 28-pin plastic ZIP sO1}3 26[ 7 s0O2
V12 120 ns 40ns DT/OE | 4 251 SOE
Wo/100 (] 5 2417 W3/103
- .gs . w1101 ]6  §  23[0 w202
Pin ldentification WE/WE 7 § 227 Fwe
Symbol Function _NCHs E 211 CAs
- RAS[J9 I 20{INC
Ag-Ag Address inputs Ag |10 191 Ao
Wp/10g-W3/103 Write selects in write-per-bit/data inputs and outputs Ag L1 187 A1
= As [}12 171 A2
R;AS Row address strobe As 13 1617 As
CAS Column address strobe vee [C}1a 15[ A7
WB/WE Write-per-bit/write enable .
DT/OE Data transfer/output enable
FWE Flash write enable 28-Pin Plastic Zip
S0g-S03 Serial read outputs
SC Serial control w;::;j 2 W2/102
SOE Serial output enable $02 : :ge
3
GND - Ground GND s sc
SO0
Voo +5-volt :10% power supply BT/OE 10 501
12 Wo/10
NC No connection W1/':é 1 w—',’,,w~:
As 16 RAS
Absolute Maximum Ratings As b
Voltage on any pin except Vg relative to GND, VRq —1.0to+7.0V Viz 2 22 A7
Voltage on Vg relative to GND, Vo —1.0to+7.0V A1 25 |ext :: ::
Operating temperature, Topg 0to +70°C Ne 27 28 CAS
Storage temperature, Tstg —55 to +125°C 83.004876A
Short-circuit output current, lpg 50 mA
Power dissipation, Pp 15W

Comment: 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 address inputs and column address inputs. Since
each of four data bits in the random access port
corresponds to 262,144 storage cells, nine row
addresses and nine column addresses are required to
decode one cell location. Nine row addresses are used
to select one of the 512 possible rows for a read, write,
data transfer, or refresh operation. 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-W3/103 [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 function as outputs for the
selected storage cells. In a write cycle, input data 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 ampilifiers 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 inputs WB/WE and FWE must
be low and CAS and DT/OE high to enable the write-
per-bit capability. 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. Ahigh WB/WE can be used at the beginning ofa
standard write or read cycle.

DT/OE [Data Transfer/Output Enable]. At the falling
edge of RAS, a high-level CAS, a low FWE and a low
DT/OE initiate a data transfer, regardless of the level of
WB/WE. A high DT/OE initiates conventional read or
write cycles and controls the output buffer in the
random access port.

FWE [Flash Write Enable]. Ifthissignal islow and CAS
and DT/OE are high at the falling edge of RAS, aread 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.

S$0¢-SO3 [Serial Data Output]. Four-bit data is read
from these pins. Data remains valid until the next SC
signal is activated.

SC [Serial Control]. By activating this signal repeatedly,
the serial read operation (starting from the location
specified in the data transfer cycle) is performed within
the 2,048 bits in the data register. The rising edge of SC
activates the 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.
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Block Diagram
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Device Operation Addressing

Overall Description

The uPD42274 consists of a random access port and a
serial read port. The random access port performs
standard read and write operation as well as the data
transfer and flash write operations, ali of which are
based on a conventional RAS/CAS timing cycle. In a
data transfer, data in each storage cell on the selected
row is transferred simultaneously through a transfer
gate to the corresponding register location. Flash write
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 port
and the serial read port can operate asynchronously,
except when the transfer gate is turned on during the
data transfer period.
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The graphics storage array is arranged in a 512-row by
2048-column matrix. Each of 4 data bits in the random
access port corresponds to 262,144 storage cells.
Therefore, 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 setup 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. RAS is similar to a chip enable signal;
whenever it is activated, 2048 cells on the selected row
are sensed simuitaneously 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. In
the 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.

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. By activating SC repeatedly,
the serial read operation (starting from the location
specified in the data transfer cycle) is executed within
the 2048 bits in the data register.

Random Access Port Operation

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.

. @cﬁ

e WB/WE

e W/10;(i=0,1,2,3)
The OE, WE and |0 functions represent standard
operations. The DT, WB, and W; functions 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 DT level determines
whether acycle is arandom access operation or adata
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 capability. In the following 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 discon-
nects 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 (Random Access Port)
CAS DT/O0E WB/WE FWE Function
H H H L

Read or write cycle (Note 1)

H H L L Mask write cycle (Note 2)-

H L X L  Read data transfer cycle (Note 3)

H L H H

L X X X CAS before RAS refresh cycle (Note 4)

H H H H  Color register set cycle (Note 5)

H H L H  Flash write cycle (write-per-bit) (Note 6)
Notes:

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

(2) Enables the write-per-bit capability. 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.
(3) Initiates a read data transfer cycle.

(4) Initiatesa CAS before RAS refresh cycle. As RAS falls, WB/WE
DT/OE 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.

(5

Initiates a flash write cycle, where the storage cells on an entire
selected row can be set to the same data stored in the color
register with write-per-bit control. As RAS falls, the input level
of DT/OE = don't care.

(7) X=don't care.

(6

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

*trac

o RAS to CAS delay (tgrcp) + tcac

e RAS to column address delay (trap) + taa
» RAS to OE delay + toga

Access times from RAS (tgac), from CAS (tcac), from
the column addresses (taa), and from OE (toga) are
device parameters. The RAS to 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.
A high CAS or OE 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 capability, WB(/WE) must be low as RAS falls.
In this case, data bits to which the write operation is
applied 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;(/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 capa-
bility 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 a state of high
impedance for the entire cycle. As RAS falis, (DT/)OE
must meet the setup and hold times of a high DT; but
otherwise (DT/)OE does not affect any circuit opera-
tion during an active CAS.

Read-Write/Read-Modify-Write [RW/RMW] Cycle. An
RW/RMW cycle is executed by bringing (WB/)WE low
with the RAS and CAS signals low. (W;/)1O; shows read
data at access time. Afterward, in preparation for the
upcoming write cycle, (W;/)10; is returned to a high-
impedance condition by a high (DT/)OE. The datato be
written is strobed by (WB/)WE, with setup and hold
times referenced to this signal.

Late Write Cycle. Thns 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 ateach of the 512 row addresses
(Ao through Ag) will refresh all storage cells. Any
operation performed 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 of the storage celis in one row of the
graphics storage array. A high CAS is maintained
during an active RAS to keep (W;/)10; in a state of high
impedance. This mode 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.
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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
automatically performs refreshing for row addresses
specified by the internal refresh address counter. In
this cycle, the circuit operation based on CAS is main-
tained in a reset state. When internal refreshing is
complete, the address counter automatically incre-
ments 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 con-
trolled by CAS and OE. After the 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. This feature allows effectively faster
data access by keeping the same row address and
strobing successive column addresses onto the chip.
By maintaining a low RAS while successive CAS cycles
are executed, data is transferred at a faster rate
because row addresses are maintained internally and
do not have to be reapplied. During this operation,
read, write and RW/RMW cycles are possible. Addi-
tionally, the write-per-bit control specified in the entry
write cycle is maintained through the following fast-
page write cycle.

During a fast-page read cycle, the (W;/)10; data pin
(i=0, 1,2, or3) remains in a state of high impedance
until valid data appears at the output pin ataccess time.
Device access time in this cycle will be one of the
following calculated intervals:

o tacp, when tasc = top and tgp < tgp (max)

e taa, When tasc =< tasc (max) and tgp = tcp (max) or
when tagc < tcp and tep < tgp (max)

® tcac, when tasc = tasc (max) and top = tgp (max)

Data Transfer Cycle. A data transfer cycle is executed
by bringing DT(/OE) and FWE low as RAS falls. As
described previously, the specified 1 of the possible
512 rows invoived in the data transfer, as well as the
starting location of the following serial read cycleinthe
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 data transfer gates:
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column address buffer outputs are transferred to the
serial address counters, and storage cell data amplified
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 FWE high as RAS falls. In
this cycle, read or write operation is available to the
color register under the control of WE. In read opera-
tion, color register data is read out on the common 10;
pins. In write operation, common 10; 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 selected one of
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 Operation

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 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 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 a high SC, only when alow SOE is
maintained. The SC cycle which includes the positive
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 uPD42274 graphics buffers into the same
external circuitry. When SOE is ata low logic level, SO;
isenabled and the proper datais read. When SOEisata
high logic level, SO is disabled and in a state of high
impedance.

Recommended DC Operating Conditions
Ta =010 +70°C; GND=0V

Limits
Parameter Symbol Min  Typ Max Unit
Supply voltage Vee 45 50 55 v
Input voltage, high VIH 24 5.5 v
Input voltage, low ViL -1.0 08 v

DC Characteristics
Ta =0to +70°C; Vgg = +5.0 V £10%; GND =0V

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Input leakage i -10 10 wA Vy=0to55V;
current all other pins
not under
test=0V
Output leakage loL —10 10 pA Doyt (105, SO;)
current disabled; Vout
=0t 55V
Random access Vouwry 24 V. lgnRy=—2mA
port output .
voltage, high
Random access VoL(R) 04 V loyry=42mA
port output
voltage, low
Serial read port Vo) 24 V gy =-1mA
output voitage,
high
Serial read port VoL(s) 04 V  lgysy=21mA

output voltage,
low

3-137




NEC

uPD42274
Power Supply Current Definitions Power Supply Current
= °C: = : =
Port Cperation Symbol  Operating Conditions Ta =010 +70°C; Vo =5.0 V £10%; GND =0V
Random  Read/write RW RAS, CAS cycling; _ Hmits
Access FWE low as RAS falls; Port uPD42274
thc = tac (i) Random _ Serial L Test Condit
P T andom erial T @8t Conditions
ﬁ'dby STB C_AE = RAS "ﬂ Access Read Symbol  Max  Max Unit  (Note 1)
RAS-only ROR RAS cycling; CAS = Viy;
refresh FWE low as RAS falls; AW ST et 0 60 mA
tre = trg (Min) STB STB Ioc2 3 3 mA
Fast page PAGE  RAS=Vj; CAS cycling; ROR STB  logs 70 60 mA  (Note2)
_ tpG = tpc (min)_ PAGE  STB  lgca 60 50  mA (Note3)
CAS before CBR CAS low as RAS falls;
RAS refresh trg = tpg (Min) CBR ST8 _ lccs n__ 6 mA
Data transfer  DTR DT low as RAS falls; DTR T8 lec n_w mA
trc = tre (Min) RW ACT Ice7 100 90 mA
Color register ~ CRS FWE and WB/WE high as STB ACT  lgcs 35 30 mA
set cycle RAS falls; tgg = tgg (min) ROR ACT lcco 100 %0 mA  (Note2)
Flash write FW FWE high and WB/WE low
a5 FAS falls tyg = tag (min)  PAGE ACT  Igcio 8 75  mA (Note3)
Serial  Standby STB SOE=Vi, CBR ACT  lecr1 100 90  mA
Read SC=Viyor Vi DTR ACT leci2 100 90 mA
Serial read ACT SOE = Viy; SC cycling; CRS STB  lgcia 65 55 mA
tsce = tsce (min) W STB  lgc 65 5  mA
c Ita CRS ACT  Iggis 100 90  mA
apac nce
Ta =010 +70°C; Voo = 5.0 V £10%; f = 1 MHz; GND =0V Fw ACT  lccre 100 %0  mA
Parameter Symbol  Limit{max) Unit Pins Under Test ~ Notes:
- (1) Noload onIQ;jor SO;. Exceptforicca, lcca. Iccs, and lcc 14, real
Input capacitance c'(A) 5 Pk ’E‘E_AS - values depend on on.lnput loading in addition to cycle rates.
Ci(ov/08) 8 pF ?;r_{o_E__ (2) CASisnotclocked, but s kept at a stable high level. The column
C\(WEB/WE) 8 pF  WB/WE addresses are also assumed to be kept stable, at a high or low
Ci(FwE) 8 pF  FWE level. . .
p— — (3) Achange incolumn addresses must not occur more than oncein
Ci(RAS) 8 pF y\_s a fast-page cycle. ‘
C\(TAS) 8 pF  CAS
C(S0E) 8 pF  SOE
Cisc) 8 pF  SC
Input/output Cioqw/10) 7 pF  Wp/i0pto
capacitance W3/103
Output capacitance  Co(so) 7 pF  S0pto SO3
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AC Characteristics
Ta =010 +70°C; Voc =5.0V £10%; GND =0V,

Limits Limits
uPD42274-10 .PDA2274-12 1PDA2274-10 1PD42274-12

Test Test
Parameter Symbol Min Max Min Max Unit Conditions Parameter Symbol Min Max Min Max Unit Conditions
Switching Characteristics Timing Requirements (cont)
Access time  tgac 100 120 ns (Notes 3,4 Transition time  t1 3 5 3 50 ns (Notes3, 10
from RAS and 12) (rise and fall) and 18)
Access time  tcac 25 30 ns (Notes3,4,13, - RAS precharge tgp 80 90 ns
from falling 14 and 15) time
edge of CAS RASpulse  thas 100 10000 120 10000 ns
Access time  taa 55 65 ns (Notes3, 4, width
from column 14and 15) Fastpage  thasp 100 100000 120 100000 ns
RAS pulse width
azﬁsr?sti'nng]e tacp % & ns (:lr?;e%;i RAShold time trgy 25 30 ns
edge of CAS CAS precharge tcpy 10 15 ns
" time (non-
Access time  tgga 25 30 ns  (Notes3
from OE and 4) page mode)
: Fast-page top 0 25 15 30 ns
Serial output  tgca 30 40 ns (Note 3) CAS precharge
access time time
from SC —
Serial output  tga 25 30 ns  (Noted) aﬁjsmpulse lcas 25 10000 30 10000 ns
access time —
from SOE CAS hold time  tggy 100 120 ns
Outputdisable to,r 0 25 0 30 ns  (Note5) RAStoCAS tgep 25 75 25 9 ns  (Noted)
time from delay
CAS high CAShighto  tggp 10 10 ns  (Note 16)
Output disable togz 0 25 0 30 ns (Note5) RAS low
time from precharge time
O high Row address  tagg 0 0 ns
Serial output  tgoz 0 15 0 20 ns  {(Noteb) setup time
disable time
o Row address  tpan 12 15 ns
from SOE high hold time
SOElowto 150 5 5 s Column thsc 0 2 0 30 ns (Note15)
serial output address
setup delay setup time
peraloututtson 5 10 ns Column a5 20 ns
after SC high address
hold time )
Timing Requirements RAStocolumn tmap 17 45 20 55 ns  (Notes9
Random read tge 190 220 ns  (Note 11) address delay and 14)
or write time
cycle time Column address tga;. 55 65 ns
RW/RMW tawe 255 295 ns  (Note 11) to RAS lead
cycle time time
Fast-page tpc 60 70 ns  (Note 11) Read command tpgs 0 0 ns
cycle time setup time
Fast-page trwe 125 45 ns  (Note 11) Read command tgpy 10 10 ns  (Note 6)
RW/RMW hold time after
cycle time RAS high
Read command tgcy 0 0 ns  (Note6)
hold time after
CAS high
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AC Characteristics (cont)

Limits Limits

4PDA2274-10 PDA2274-12 Tost uPD42274-10 LPDA2274-12 Test
Parameter Symbol Min Max Min Max Unit Conditions Parameter Symbol Min Max Min Max Unit Conditions
Timing Requirements (cont) Timing Requirements (cont)
Write command twgs . 0 0 ns (Note?7) DT low hold ton 30 35 ns
setup time time after
Write command twey 20 30 ns CAS low .
hold time SC highto DT tgpp 10 15 ns
Write command twp 20 25 ns  (Note 17) high delay
pulse width SC low hold tspH 10 15 ns
Write command tgy, 30 35 ns time after
to RAS lead DT high
time Serial clock  tsgg 30 40 ns  (Note 11)
Write command tow 30 35 ns cycle time
to CAS lead SC pulse tscH 10 15 ns
time width
Data-in tps 0 0 ns  (Note8) SC precharge  tggL 10 15 ns
setup time time
Data-in tpH 20 25 ns  (Note8) DT high toHs 0 0 ns
hold time , setup time
Column tawp 85 100 ns  (Note7) DT high tpHH 15 20 ns
address to hold time
WE delay DThighte  tora 10 0 ns
CAS to WE tcwp 55 . 65 ns  (Note?7) RAS high
delay delay
RAStoWE  tgwp 130 155 ns  (Note7) DT high to tore 5 5 ns
delay CAS high
OE high to toep 30 35 ns Eilay _
data-in setup OE to RAS toEs 10 10 ns
delay inactive
OEhighhold  tosy 25 30 ns setup time
time after Write-per- twgs O 0 ns
WE low bit setup time
CAS before tcsg O 0 ns Write-per- twen 15 20 ns
RAS reTresh bit hold time
ﬂp time Flash write trws 0 0 ns
CAS before tcHR 15 20 ns enable setup
RAS rgfresh time
T time Flash write trwn 15 20 ns
RAS high to trRPC 0 0 ns enable hold
CAS low time
precharge time . Write bit tws 0 0 ns
Refresh time  tper 8 8 ms Addresses selection
interval Ag-Ag setup time
DT lowsetup tps O 0 ns Write bit twy 15 20 ns
time selectjon
DTlowhold  tpoy 90 120 ns hold time
time after
RAS low
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AC Characteristics (cont)
Limits
uPDA2274-10 LPDA2274-12

Test
Parameter Symbol Min Max Min Max Unit GConditions
Timing Requirements (cont)
SOE pulse tso 10 15 ns
width
SOE precharge tggp 10 15 ns
time
DThighhold tpry 15 20 ns
time after
RAS high
Notes:

(1) All voltages are referenced to GND.

(2) Aninitial pause of 100 us is required after power-up followed by
any eight RAS cycles before proper device operation is
achieved. Also, SOE must be held high or SC must be held low
until completion of the first data transfer cycle.

(3) See input/output timing waveforms for timing reference volt-
ages. See figures 3 and 4 for output loads.

(4) Operation within the tggp (max) limit ensures that tgac (max)
can be met. The tggp (max) limit is specified as a reference
pointonly. Iftgcp is greater than the specified tgcp (max) limit,
access time is controlled exclusively by tcac, toga. o 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.

(6) Either tryy or tygy Must be satisfied for a read cycle.

(7) twcs: tawp. tcwp. and trwp are restrictive operating parame-
ters in read-write and read-modify-write cycles only. If tycg =
twcs (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 = towp (min), and tgwp = tgwp (Min), the
cycle is a read-write cycle and the data output will contain data
read from the selected cell. if neither of the above conditions is
met, the condition of the data out (at access time and until CAS
returns to V) is indeterminate.

(8) These parameters are referenced to the failing edge of CAS in
early write cycles and to the falling edge of (WB/) WE in delayed
write or read-modify-write cycles.

(9) Assumes that tgap (min) = tgay (Min) + typical tt of 5 ns.

(10) Vjn (min) and V| (max) are reference levels for measuring the
timing of inputsignals. Additionally, transition times are measured
between V) and V.

(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 thattrgp <trcp (max) and tgap <trap (max). lftrcp
ortpap is greater than the maximum recommended value in this
table, tgac increases by the amount that tgcp or trap exceeds
the value shown.

(13) Assumes that tgcp = trop (max) and tgap < trap (Max).
(14) If trap = traD (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

tcp = tcp (Max), tasc = tcp tace
top < top (Max), tage <tcp tan
top = top (Max), tage < tasc (Max) taa
tcp = top (max), tasc = tasc (Max) tcac

(16) Thetcrp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

(17) Parameter typ is applicable for a delayed write cycle such asa
read-write/read-modify-write cycle. For early write operation,
both twcg and tycp must be met.

(18) Ac measurements assume tt =5 ns.

Figure 1. Input Timing
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Figure 3. Random Access Port: Output Loading
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Figure 4. Serlal Read Port: Output Loading
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Timing Waveforms (cont)
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le———1tRAD : tRAL
ASC
,"ASRT fe—tRAH l——tcan—s]
. |
tweH
twes - twBH twp

y - N
R Write-Per-Bit \
wEiwE Enasi ! KOO0
twcs
1DHS 'nuu*[
=X
tws la- twH tDs: ! |——'QDH

{ Write-Per- / Write

Wo/lOg-W3/lO3 man Select Data
tFws ‘ L

tFWH-|

83-004883B
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Timing Waveforms (cont)

Late Write Cycle

tRAS tRP—
—" \
RAS N \
le————1treD 1RSH
|- tcRp—=| tcsH
tcas
_ \
=« \ /
2\Il"‘
tRAD tRAL
,"ASR"J e—tRAH tasc le——tcaAH

Address w Row Column
twes [=-twBH "—,‘- tRCS [ twp———*>
4 " WR
WRwE Write-Per-Bit
L——~—mm———~’
tDHS tewL
i
4
DT/OE
™ tOEH
tws WH tps ‘L_'DH
WollOg-W3/lO. { Write-Per-Bit ¢ Write
0 3 " Select Data

tFws L—o-l “'FWH
5

83-004884B
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycles

trRwe
tRAS
tRSH tRP
RAS j
N ; \
tRCD
' tRAL
[+tCRP+| <——lRAD‘—|- tcas
— X
CAS N\
7
tcPN
tcsH
tASR ltRAH le—tCAH—*]
/
Address Row Column
! |
tasc» | l—trRwL—|
tRCS -+ I [—towL—s|
tWBS »| twBH tAwD retwp
WEIWE Write-Per-Bit \
Enable
tewp
tRWD
1AA

toEH— s
me OO0 11 NN \\\\{ / RUXOXXX

tbHS tDHH tcAC ———
tRAC [+——10ED
twH toez tps [+ toH
e High Imped { e {wrie ‘5._____
Wo/10g-W3/103 ' ig P ﬂ( Data y " Data j

tFws tFWH

FWE

83-0048858
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Timing Waveforms (cont)

RAS-Only Refresh
tRAS — tRP———»
_ \
RAS 9 ,[ \
|-tcnp-— tRPC -—-‘
w0 K4
le—tRAH—>

Iousna

o XA

]

WBIWE

R 4 3
DT/OE
toHs [e- tDHH-»{
Wo/l09-W3ll03 High imped:
Fws L‘FWH*
e OOON LIRRXXXIXXXIOOOOON

.

83-0048898
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Timing Waveforms (cont)

CAS Before RAS Refresh Cycle

\
n
tCSR—{ fe———tCHR——] ‘—mmﬁ‘l
WZX{ 4 \

wawe { X X XXRXX AKX XAIX X I KX X XX IRIXIXHKXHXKXHXXX)

Wol/lOo-W3/l03

FuE A‘A‘A‘A‘A‘X‘A‘A‘A’A‘A‘A‘A’A‘A’A’A’A‘A‘A’A‘A‘A‘A‘A‘A’A’A‘A’A‘A‘A‘A‘A’A’A B
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Timing Waveforms (cont)

Hidden Refresh
|
o RC
tRAS
tRAL (——1RAS le—1R
RAS ,Z \
‘———IRSH———T [+ tRP—=|
|e-tcrp- tRCD tcas —»
CAS y
tcPN tcPN
[
tAsR RAH tasc [+—tCAH—>|
\
Address Row | . Column
r——1tRAD tAA
IR 4
WBIWE
tRCS
te—o tOES—{ |=1tRRI
toEA
o 4 !
DTIOE /
A
tDHS tDHH . F“' tOFF
tRAC o€z
4 b
Read
. vz J‘k Road r—
tcac
FWE
83-0048918
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Timing Waveforms (cont)

Fast-Page Read Cycle

tRC
tRASP
tRAL r-—tnp
'
s N /
\ 7
tRCD
tpc tRSH >
[<-tCRP->| tcas [e———1CAS
'\ N /
| VN
tcPN tep
tcsH
tRAH
tASR tasc tCAH tasc tcaH
s - 4 /
Address Row Column L Column
L-QRRH -
tRCH
|+ trRaAD—| -—»1 tRCS te——tRCH——1

tRCsS T tacp

[—toFF

tOEA toEA <—'0FF‘-I
N
SvioE WF \\\\ \\
tDHS tDHH L——vlCAC———*’

tAA

Wo/lOp-W3/l03 High Imped:

..

tFws tFwH

FWE

83-0048868
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Timing Waveforms

Fast-Page Write Cycle

(cont)

R
RC

tRASP: tRP——]
—_—
RAS \( \
tRCD!
tpc {RSH
tcRp tcsH
tCAS: fe——1tCAS —>
4 p
CAS N N
tePN——} tep—+]
[——tnm————f tRAL
KASR'- tRAH—>]  tASC [+ n-tcm" tasc ICAH
\ Y \
Address Row Y Column Column
twes e rlwcu-—l twes fa—f twCH
tWBH
twas’-— twp— twp
\
T WPB
tewL: {
tDHS '-—» <—'DHH~" tRWL
tws "—twu» tos l—-ton tns—ol L—"DH
WollOp- Write-Per-Bit Write Write
0/100-W3103 Select Data Data
tFws I‘!qu——
FWE
Z

83-004887B
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Timing Waveforms (cont)

Fast-Page Read-Modify-Write Cycle

tRwC
tRASP tRP—={

RAS N\

|

trcD tPRWC

tcrp tcsH fe—————tRgH————=

tcas tcas

CAS

=
=

tcPN tcp—» tCPN—
) ' tRAL—————
RAH L
tAsR tASC |+ f+tcan tasc 'tcm-‘ tRWL ’*—
4
Address Row Column L Column
-
tcwt | '- tawp ‘-—-‘ tewL
trRcs P+ i+t tRCS L_
tRWD [—twp tcwp twp—=
N '4 ! h!
T wPB
WEIWE Enable 4 \i \ m
tcwp
twes tweH tawp
re——{RAD —>1e——tAA —— o <—Q?A—>‘
toEA tacP
le tOEA '——-l toEH
N X ’{
DTIOE \ /
toHS tDHH toEz *
tcac
tRAC
Wo/lOg-W3/l03 SVZ'Z Et >—High Impedanca—<
tws twH Read

Data

tFws +tFWH

FWE

i

83-0048888
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Timing Waveforms (cont)

Color Register Set Cycle

RC

tRAS

tRP

letasr+| [+—traH

—_—
RAS BL
le———————trcp RSH
Ie~tCRP—| tCSH
CAS

— 4 \

=0 \ )

tcPN

L

Address

twss

twes
le—————tweh——————]

e X7

WP

tDHS
<-mun-|

e 00

tDs

[+—1DH

Wo/l0p-W3/I03

Write
Data

tFws
tFWH >

‘ RUUXKHIXXXXKIXIXXXHKI QXXX

83-004894B
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Timing Waveforms (cont)

Flash Write Cycle

CAS

DTIOE

Woll0g~
Wa3/lO3

FWE

tRC

trRAS tRP
T
\K \—_

tcrP

*tcnn*‘

XX

tASR > I"RAH
Address Row

twss

WEWE m
A

+twBH

toHS

le—tDHH—|

XXX XX0

tws—>| *—twH

00
X

Write-Per-Bit

Select

tFws

et FWH”

RLUXXHIIXXHIIOOHIIXXAL)

83-0048958
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Active)

tRC
tRAS tRP——*
RAS \
\( 7
tRCD tRSH
tcsH —
]-—tcnp-— tcas
CAs [
. 7
JE'OPN
tasc
le-tasr+{ [«—tRaH le——tcAH—+]
4 -
Address Row k Column
N\ |
tRAD
WBIWE
|¢—tcm-|—> -—inm——*‘
totC
toLs
tRDH -—tDTH—-I
e XN /
DT/OE
X 7
FWE
Wo/l0p-W3/103 figh Imped:
SOE
ViL
tscc 1S0D—>| L—isoﬂ
tscL
sC \ /
—tscH 1scA » tsca
[———1SCA——*] re—tsoH
4
$00-S03 01d Data Old Data Old Data f New Data
n-2 - n1 n k
Notes:
[1] Refer to the Truth Table [Random Access Port] for details on the required
input levels for WB/WE and FWE. #3-0046335
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Timing Waveforms (cont)

Data Transfer Cycle (Serial Port Standby)

tRC
tRAS tRP
RAS N ) / N
tRCD tRSH
tcsH
tCRP tcas
‘
CAS /
w \L 7
:bl'“
tASR l—tran tasc [ tCAH—
—
Address Row Column
tRAD
WBIWE
‘-—tcnn——‘ ‘~———tn'm——-|
toTc
toLs RDH - ‘DTH*t
e 000N / RXKRRRR
X

FWE

Wo/l0g-W3/l03 High Imped

ViH
SOE

Notes:

[1] Refer to the Truth Table [Random Access Port] for details on the required
input levels for WB/WE and FWE.

83-0048928

3-155




yPD42274 N E C

Timing Waveforms (cont)

Serial Read Cycle
tsop tSOE : 1
- e
SOE L
tsoz
tsce tscc tsce
l——tscL. tscL tscL
y \ s Y g
sc 7 \
e—— tSCH——+] le——1SCH—| le———tSCH——]
le——tSOA— le————— tSCA——— f¢— - tSCA——————]
1500+ o [——tson—] —tsoH—s|
r X ' X \
$00-S03 4 ( ( ; Read Data M Read Data Read Data >—
N A
83-0049158
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NEC uPD42505
5048 x 8-BIT

NEC Electronics Inc. CMOS LINE BUFFER
S inc FOR COMMUNICATIONS SYSTEMS

Description Pin Configurations

The uPD42505 is a 5048-word by 8-bit dual-port line 24-Pin Plastic DIP
buffer fabricated with a silicon-gate CMOS process.

The device is capabl i
dg ceiscap ble of asynchronous read apd wrlt'e voure T\ 5 home
operation at high speed, and can be used as a time axis pourt 2 2sF1 ot
converter or a digital delay line of up to 5048 bits Dout2 [} 3 22[1DiN2
(at maximum frequency, the minimum delay line length Doura 4 21 gDma
is 10 bits). REQs , 20Q0WE
) ASTROe & twwpAsTW
Applications include image processing in facsimile ano7 &  18fvec
machines, plain paper copiers, video systems, and RCK[Js = 17pweK
other optical scanners; time base correction in video Douta [} 163 Oma
X L R Douts ] 10 15[ DINs
playback systems; and data communication buffering 14
i Itiprocessor systems and local area networks ooursy e
in muftip Y . Dourr ] 12 13 [1 Oy
Fea tu res 83-004023A
O 5048-word x 8-bit organization 28-Pin Plastic ZIP
O Dual-port operation i
O Image processing and data communications GND 1 2 GND
systems applications Ding 3 4 DNz
O Asynchronous and simultaneous read/write D1 5 & Ding
operation vee 7 8 Douto
. . s DouTt1 9
0 1H (5048-bit) delay line capability DPouts 1 10 Dour2
0O TTL-compatible inputs and outputs RSTR 13 12 GND
O Three-state outputs RCK 15 14 RE
O Single +5-volt + 10% power supply DouTta 17 ) :i gND
O 300-mil, 24-pin plastic DIP and 400-mil, 28-pin pours o[- |, JouTe
plastic ZIP packaging Vce 21 122 we
RSTW.
. . 24 DIN?
Ordering Information g'"‘ DiNs
INg
Read wek
Cycle Access Hold Sa-000250A
Device Time (min}  Time (max) Time (min)  Package . . .
uPDA2505C50 50 s 20ns sms  24pinpastc  Pin Identification
C75  75ns  55ns sms 0P Symbal Function
C-50H 50 ns 40 ns 20 ms Ding-Din7 Write data inputs
C-75H  75ns 55 ns 20ms Douro-Dout? Read data outputs
uPDA2505V-50 50 ns 40ns 5ms  28-pinplasic  RCK Read clock input
V75 75 ns 55 ns 5ms zp RE Read enable input
V50H 50 ns 40 ns 20 ms RSTR Read address reset input
V-75H  75ns 55 ns 20 ms WCK Write clock input
WE Write enable input
RSTW Write address reset input
GND Ground
Vee +5-volt power supply
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Pin Functions
Dino-DiN7 [Data Inputs]

New data is entered on these pins.

Dourto-DouT7 [Data Outputs]

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

RCK [Read Clock Input]

All read operations are performed synchronously with
RCK. The states of both RSTR and RE are strobed by
the rising edge of RCK at the beginning of a cycle. This
same edge of RCK starts the internal read operation,
andaccess time is referenced to thisedge. The internal
read address increases with each RCK cycle, untess 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 5047 to 0 and begin
increasing again.

RE [Read Enable Input]

This signal controls read operation. If RE is at a low
level, all read cycles proceed. If RE is at a high level, the
data outputs become high impedance and the internal
read address stops increasing. The state of RE is
strobed by the rising edge of RCK.

RSTR [Read Address Reset Input)

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

3-158

RSTW [Write Address Reset Input]

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

WCK [Write Clock Input]

All write operations are performed synchronously with
WCK. The states of both RSTW and WE are strobed by
therising edge of WCK at the beginning of acycle, and
the data inputs are strobed by the rising edge of WCK
at the end of a cycle. The internal write address
increases with each WCK cycle, unless WE is at a high
level to hold the write address constant. Unless
inhibited by WE, the internal write address will auto-
matically wrap around from 5047 to 0 and begin
increasing again.

WE [Write Enable Input]

This input is similar to RE but controls write operation.
It WE is ata 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.

Absolute Maximum Ratings

Supply voltage, Vgg —-15t0+70V
Voltage on any input pin, V} —15t0+7.0V
Voltage on any output pin, Vg —15t0 +7.0V
Short-circuit output current, lgg 20 mA
Operating temperature, Topg —20 to +70°C
Storage temperature, TgTg —55to +125°C

Comment: 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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Block Diagram
«——RE
Read
Control I RCK
| —————RSTR
Read
Row Selectors 4—]
8 Data Write Dual-Port Read Data 8
DiNo—DIN? ——F] Input Column Storage Column Output |——~—» DouTo—-DouTt?
Buffers Selectors Cell Array Selectors Buftfers

L’ Write

Row Selectors

WE ————»]
Write
wek Control

RSTW —————»]

83-0033398
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Operation
Reset Cycle

The puPD42505 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.

A reset 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 synchronized 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 the 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 the read operation is measured
from the rising edge of RCK, either by tacr for an
access during the first cycle directly after a reset
begins, or by toc for an access under other conditions.
Stored data is read nondestructively; data can be
repeatedly read within a prescribed time of 5 ms
maximum (20 ms maximum for H versions).

Time Axis Conversion

In order to use the uPD42505 as a time axis converter,
write and read cycles must be controlied indepen-
dently. First, write/read ports are initialized separately
using the reset signals. Then, write cycles are executed
in synchronization with WCK and write data is 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.
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Digital Delay Line

The uPD42505 can easily be used as a digital delay line
of 5,048 bits or less.

After initializing the internal circuits using simul-
taneous RSTW/RSTR signals, write/read cycles are
executed simuitaneously by supplying the same pulse
to the write clock (WCK) and read clock (RCK). The
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) level for
several cycles while the other is maintained in a
selected (low) level, the delay line length can differ
from 5,048 bits.

For example, if only WE is a setto a high level (write
disable) for a small number of cycles, the read
operation is performed continuously and the delay line
length is large [see "(5048-m)-Bit Delay Line, No. 2”
timing]. Alternatively, if only RE is set to a high level
(read disable) for a small number of cycles, the write
operation is performed 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 is loaded for “m” cycles after
RSTW and then this datais 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 simultane-
ously loaded at every 1H (horizontal line) period. In
this case, write data loaded in the previous iine 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 diagram for
an “n-Bit Delay Line.”
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uPD42505
Recommended DC Operating Conditions DC Characteristics
Tp =—2010 +70°C; GND =0V Ta =—20t0 +70°C; Voc = 5.0 V £10%
Limits Limits
Parameter Symbol  Min Typ Max Unit Test Conditions Parameter Symbol- Min Typ Max Unit Test Conditions
Supply voltage  Vgg 45 50 55 V Write/read ) lge 60 mA
Input voltage, ViH 24 Voo Vv gzs: notperatmg
high
— Input leakage | -10 0 wA Vy=0to Vg all
:E&Ut voltage, Vi 15 08 v current other pins not
under test=0V

. Output leakage g -10 10  wA Doy disabled;

Capacltance current Vo=0to55V
= — °C: = 0/ f —
Ta = —20t0 +70°C; Vg = 5.0 V £10%; f = 1 MHz Output voltage, Vo 24 V lon=—1mA
Limits high
Parameter Symbol Min  Typ Max Unit Test Conditions Output voltage, Vo 04 V lgr=2mA
Input G 5 pF WE RE, WCK, low
capacitance RCK, RSTW, Notes:
RSTR, Dino-Dinz (1) All voltages are referenced to GND.

Output Co 7 pF Douto-Dout?

capacitance -

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

3-161



NEC

uPD42505
AC Characteristics
Ta = —20to +70°C; Vgc = 5.0 V £10%
Limits

uPD42505-50 P042505-75 1PD42505-50H PD42505-75H
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 trek 50 990 75 990 50 3960 75 3960 ns
RCK pulse width tRow 20 30 20 30 ns
RCK precharge time trep 20 30 20 30 ns
Access time tac 40 55 40 55 ns
Access time aftera tacr 40 55 40 55 ns
reset cycle
Output hotd time ton 5 5 5 5 ns
Output hold time after a toHR 5 5 5 5 ns  (Note7)
reset cycle
Output active time Wz 5 40 5 55 5 40 5 55 ns  (Note 4)
Output disable time thz 5 40 5 55 5 40 5 55 ns  (Note d)
Data-in setup time tps 15 20 15 200 ns
Data-in hold time tpH 5 5 5 5 ns
Reset active setup time trs 15 20 15 20 ns  (Note 8)
Reset active hold time tRH 5 5 5 5 ns  (Note 8)
Reset inactive hold time tRN1 5 5 5 5 ns (Note9)
Reset inactive setup time  tgyo 15 20 15 20 ns  (Note9)
Write enable setup time twes 15 20 15 20 ns  (Note 10)
Write enable hold time tWEH 5 5 5 5 ns  (Note 10)
Write enable high delay tweNs 5 5 5 ns  (Note 11)
from WCK
Write enable low delay twen? 15 20 15 20 ns (Note 11)
to 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 tREN1 5 5 5 5 ns  (Note 11)
from RCK
Read enable low delay tREN2 15 20 15 20 ns  (Note 11)
to RCK
Write disable pulse width  twew 0 0 0 0 ms  (Note 6)
Read disable pulse width  trew 0 0 0 0 ms  (Note 6)
Write reset time tRsTW 0 0 0 0 ms  (Note 6)
Read reset time trRSTR 0 0 0 0 ms  (Note 6)
Transition time tr 3 35 3 35 3 35 3 35 ns
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AC Characteristics (cont)

Notes:

(1) All voltages are referenced to ground.
2
3

Input pulse rise and fall times assume ty = 5 ns.

Input pulise levels = GND to 3 V. Transition times are measured
between 3Vand 0 V.

This delay is measured at = 200 mv from the steady state voltage
with the load specified in figure 2. Under any conditions,
tz=thz

(5) Input timing reference levels = 1.5 V.

(4

(7) This parameter applies when tgck = tacR (max).

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

(9) |If either tgy1 Or tyN2 is less than the specified value, internal
reset operations may extend to cyclesimmediately preceding or
following the period of desired reset operations.

(10) If either twes or tweH (tres of tRew) is less than the specified
value, write (read) disable operations are not guaranteed.

safi 11) if either t or t (t or t ) is less than the
6) t max) and t, max) must be satisfied by th xt ( WEN1 WEN2 \'REN1 REN2
© ev;E\zﬁic()ns ir: one Iir?eEg/éle o)gera:on' istied by the ne specified value, internal write (read) disable operations may
twew + trsTw + 5048tk <5 ms (2'0 ms for H versions) extend to cycles immediately preceding or following the period
tRew + tRsTR + 5048trck < 5 ms (20 ms for H versions) of desired disable operations.
Figure 1. Output Load for tsc, tacr, ton, and toyp AC Input Timing Reference Waveform
+5V
Tr 3.0V
e
S 1.9kQ ooV
9 5ns «—5ns
83-003650A
Doyt —— ¢
1E 1.0kQ 30 pF AC Output Timing Reference Waveform
;)
20V
83-003652A
08V
Figure 2. Output Load for t; 7z and 1,7 #3-003651A
+5V
—_
E; 1.9kQ
Dout
>
1.0kQ /I 5pF
83-003649A
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Timing Waveforms

Time Axis Conversion

oo v Y M N XL

(1] WE=RE=v|L.

[2] V= valid data.

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

4] Wrileldala is strobed into the device on the rising edge of WCK at the end of
acycle.

Y 83.004024B

5048-Bit Delay Line

|n—>’
S T (| (3 Y 2V € V €
1ACR | o

{1] V = valid data.
[2] 1H = the first group of 5048 bits.
2H = the second group of 5048 bits. 83.0040258

| 1H 2H

\ 5046 ’ ~5047 5048 5049 5050 5051

1,

5048 Cycl

tOHR
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Timing Waveforms (cont)

n-Bit Delay Line

2H

|

D 0 Y e

1H Data ! 2H

{1] V= valid data.
[2] 1H = the first group of “n” bits.
2H = the second group of “n” bits.

83-0036438

Re-Read Operation

Notes:

[1] RE=ViL.
[2] V = valid data.
[3] The datastored in any location can be re-read as many times as desired within a

period of 5 ms following the writing of data into that location, provided that a
second write operation has not re-written new data into that location.

83-0040298
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Timing Waveforms (cont)

Read or Write Reset

[+—— Reset Cycles —

RCK . | ° 1 2
wCK __] ]
Y
l— tRN1——le— IRS —mla——tRSTW, IRSTI RH L
T ) [
s
tRN1 tRs: tRH 'RN2
RSTR !— N 1
3

S 811 G G 1
I-——'!Acn—u N o——llAc ] I-—- tac —»]

SO I R (1 M 1) S (1 S 010
—

toH tOHR toH foH

Notes:

[1] WE =RE = Vi1 above to show the relationship of reset cycles to the reading and
writing of data [DOUT and DIN]. If reading and writing are not needed
during reset, then WE = RE = don't care.

[2] V = valid data.

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

[4] H = 5048 cycles.

[8] Write data is strobed into the device on the rising edge of WCK at the end of
acycle.

83-0040308

Write Disable

wWEwW

2

WE 71 N \(

Disable Cycles

fl'wsm twes I‘WEH twen2

SO0 (D1 D LN D 0 e

Notes:
[1] V = valld data.

83-0037238
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Timing Waveforms (cont)

Read Disable

/ N \

RE
7 Disable Cycles

| REH tREN2

XZ

tREN1 tRES

ReK " net f \_)
XX

toH

T
) |

Notes:
[1] V = valid data.
83-0036468

— e )

V[n+2]

(5048-m)-Bit Delay Line, No. 1

‘:,!22 _}!_\ 0-5048 /_—\ 1-5048 F F\ 15038 1

|

- 3 \ r

Dout W v W[o_s‘&s, M [1-5088] mm[mimmm[m-s\émm 12%1% 25068) XM
? X o m

™~

et [ \oBef  \aBaf

Din
%
<¢

S ' G 1) ) 01 G ) ) G 1,0

D.NX visoas] vwoaansom XXXXX visoss) XXXXX visoso] m visos1) M v

Notes:
] RE=VIL.
[2] V = valid data.
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Timing Waveforms (cont)

(5048-m)-Bit Delay Line, No. 2

R e[ e[\l

S

. @ \

S )11 R 1 1 1
Ny X V(o) m vi1} m V{2

e

ot [\t [\ o/

=

DIN Vi3]

2

=

@
1 S

N V([5045] m V([5046)

Notes:
[1] RE=VIL.
[2] V= valid data.

=

v[5047] V{5048)

V[Mds]m V([5050) m V([5051) m

=
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uPD42532
32,768 x 8-BIT
BIDIRECTIONAL DATA BUFFER

NEC

NEC Electronics Inc.
PRELIMINARY INFORMATION

Description Pin Configuration

The wuPD42532 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[J1 N~/ a[ONC
cycle time of 100 ns. Two sets of write and read DBoA ]2 3911 DBoB
registers between the I/0 pins and the storage cells DB1A[]3 38| 1DB1B
enable all data to be parallel-transmitted as a single DB2AL 14 371 DB28

X . . DB3A[]5 36 [ ] DB3B
register group when the registers are either full or oND 6 3 |5 vee
empty. The device’s main application is data trans- N 3|7 peeB
mission between devices having different processing pBsA 8 33 DBSB
speeds, such as between a central processor and a disk. DBeAl {9 o 32[70 DBeB
Automatic refreshing by means of an internal capa- REAZ‘:Z:E ::’ g :; gz:;ams
blllty‘ is performed regularlyforthepPD4?532—wnthoyt FEGUESTACl12 & 20 REGUESTE
any influence on write and read operation. A built-in FLAGT 13 281 ps
arbitration circuit performs each required read, write, FLAG2 ] 14 20 IR
or refresh operation sequentially (even if transparent vee 15 26 [ GND
refreshing overlaps with the transmission of data) to FLAG3[]16 25 [ ] RESET
simplify the device’s external timing requirements. FLAG4 |17 24 [ FL/RT
The uPD42532 operates from a single +5-volt power E';SEE :: :: 3 glc:"
supply and is packaged in a 600-mil, 40-pin plastic DIP. TEST ] 20 210 TEST
Four FLAG pins, plus FULL and EMPTY pins, are
provided to monitor the amount of data accumulated in 85-00i844A

storage.

The uPD42532 is capable of bidirectional input/output Ordering Information

by means of a port select function. Input and output Access Time Cycle Time
pins are also supplied for cascade connection. Cas-  Part Number (max) (min) Package
cade connection allows any number of uPD42532s to uPD42532C-10 50 ns 100 ns 40-pin plastic DIP

be linked together so as to expand word width and
length without limit.

Features

O 32,768-word by 8-bit organization

0 CMOS technology

0O Single +5-volt power supply

O Independent, asynchronous write/read operation

O Bidirectional transmission of input and output data
(exchange of port functions)

O Automatic, regular refreshing

O Internal addressing

0O Flag pin monitoring of accumulated data

O Unlimited expansion of word width and depth
(cascade connection)

[0 Retransmit (re-read) function

[0 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 Ildentification

Symbol Function

DBgA-DB;A Port A input/output data buses
DBgB-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
Cout Cascade connection output
TEST Test pin (connect to GND in system)
GND Ground

Vee +5-volt power supply

NC No connection

Pin Functions

DBoA-DB;A/DB¢B-DB7B. These pins function as 8-
bit data 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{-FLAG,4. 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 pinis 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.

Cin- This pin is used to expand word depth and is
connected to the Coyt pin of the device preceding itin
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 Ciy pin of the device following it in
cascade connections. If word depth is not expanded,
Court is connected to Cjy of the same device.
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Block Diagram
—— EMPTY
Refresh Status Flag E:UT
Timer Counter Decoder
|—~~—» FLAG1 to FLAG4
Write
I e Address |—1 ey
REQUEST A —+f Counter
Port A{ ]
READY A S
@
Port B{ RE:::;T{ : ] Gontroller Read 3 32K Word x 8-Bit
Cell A
ciy ——=} Timing Counter g i Storage Cell Arrey
G + ©
Cout 12
RESET * Refresh
FLIRT Add ~
PS Counter iL
IR I I
] 64 Word x 8-Bit
! J—— V{_me_ Qata J R;:gis[::‘ra Data Register x 4
110 Buffer /O Buffer
DBgA-DB7A DBoB-DB7B
(Port A) (Port B)
83-0048028
Operation A standard read cycle can be executed once data
Reset Cycle written to one of the 64-byte registers has filled that

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 areset 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 tgy 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.

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 low
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)

o 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 |M x8x2

/O Buffer

)

83-004809A

Figure 2. Read Register Operation

Storage Cells
32K x 8

J

Read Data
Register

4

/O Buffer

g

JMxBx2

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:

o Whenever the data accumulated is less than 64 bytes
e Whilearetransmit operation is 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 atotal 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 meansthattwo 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

Amount of Stored o o FLAG
Data (bytes) ULL EMPTY 1 2 3 4
32705 to 32768 0 1 1 1 1 1
30721 to 32767 1 1 1 1 1 1
28673 to 30911 1 1 0 1 1 1
26625 to 28863 1 1 1 1] 1 1
24577 to 26815 1 1 0 0 1 1
22529 to 24767 1 1 1 1 0 1
20481 to 22719 1 1 0 1 0 1
18433 to 20671 1 1 1 0 0 1
16385 to 18623 1 1 0 0 0 1
14337 to 16575 1 1 1 1 1 0
12289 to 14527 1 1 0 1 1 0
10241 to 12479 1 1 1 0 1 0
8193 to 10431 1 1 0 0 1 0
6145 to 8383 1 1 1 1 0 0
4097 to 6335 1 1 0 1 0 0
2049 to 4287 1 1 1 0 0 0
110 2239 1 1 0 0 0 0
0 1 0 0 0 0 0

Notes:

(1) 1=nhigh 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 signals are 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,
theinterruptread cycle is executed after termination of
the retransmit cycle.

The retransmit function is only useful in 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.

Sincetheﬁpin is multiplexed as the firstload (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 Cjy 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 Cin 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 Coyr
pin should be connected to its own Cyy 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 multiple 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 Coyt pin should be connected to Cy of
the device following it; Coyt on the last device should
be connected to C;y 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 Cour 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 low, 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. At the 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 aiso begin with the lead device (n) and
shift to the next (n + 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 ata low level; READY (R) wiil 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
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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 Capacitance

Ta =010 +70°C; Voo =+5.0 V £10%
Terminal voltage, V1 —1.5t0+70V A ° ce -
Operating temperature, Topg 0to +70°C ﬂ .
Storage temperature, Ts7g 55 to +125°C Parameter . Symbol Min Typ Max Unit Pins Under Test
Output current, Ig 50 mA Input capacitance  C 10 pF glsioglisthEEl/E%
Power supply voltage, Voc —1510 470V Oytput capacitance Go 10 pF  READY, FLAG-
Comment: Exposure to Absolute Maximum Ratings for extended FLAG4, Cour,
periods may affect device reliability; exceeding the ratings could FULL, EMPTY
cause permanent damage. The device should be operated within the Input/output Ciro 10 pF DBy-DBy

limits specified under DC and AC Characteristics.

Recommended DC Operating Conditions
Ta=0to +70°C; Voo = +5.0 V £10%

Parameter Symbol Min  Typ Max Unit
Input voltage, high VIH 24 Vee v
Input voltage, low ViL -1.0 0.8 v
DC Characteristics
Ta =0to +70°C; Voc = +5.0 V £10%

Limits
Parameter Symbol  Min Typ Max Unit Test Conditions
Standby supply  lgc1 20 mA REQUESTA,B
current =Vy
Write/read cycle lgco , 80 mA twc=100ns;
supply current trc = 100 ns
Write cycle lccs 60 mA twc=100ns;
supply current REQUEST (R} = Vi
Read cycle Icca 60 mA tgc=100ns;
supply current REQUEST (W) = Vi
Input leakage I —10 10 wA V=0to Vg
current other inputs =0V
Output leakage lg —10 10 wA Vp=0to Vg
current output disabled
Output voltage,  VoH 2.4 V o lgh=-1mA
high
Output voltage, VoL 04 V lgp=4mA
low

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 traw 50 10000 ns (Note 5)
REQUEST (R) precharge time trop 30 ns
REQUEST (R) low hold time after READY (R) high tRoN 50 10000 ns (Note 6)
READY (R) low 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 ton 10 ns
Output data off time toFF 40 ns
Low-impedance output delay Lz 5 ns
Low-impedance output delay after READY (R) high tLzr 0 ns
READY (R) low time when empty tsRR 4800 + 64 twc ns (Note 8)
READY (R) low time when almost empty tEMR 0 4800 + 63 twg 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 twon 50 10000 ns (Note 6)
READY (W) low output time twRrF 30 ns
Write data setup time tow 30 ns
Write data hold time tpH 10 ns
REQUEST high setup time taRp tt+30 ns (Note 6)
READY (W) low time when full tFLw 0 3200 + 64 tpe ns
FLAG-FLAGy4 output times trio 4800 ns
EMPTY and FULL output valid times teFo 40 ns
EMPTY and FULL output hold times terH 0 ns
FULL output off time troF 3200 ns (Note 9)
Cour output off time when read request is executed  tgoRr 40 ns
Cout output on time when write request is executed  tgow 40 ns
Cyy setup time for REQUEST (R) IR 10 ns
Ciy setup time for REQUEST (W) tow 10 ns
Reset pulse width tsw 100 ns
READY, FULL, and EMPTY output times after reset tSWR 80 ns
FLAG+-FLAG4 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

3-178



NEC

uPD42532

AC Characteristics (cont)

Limits
Parameter Symbol Min Max Unit Test Conditions
Cour 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  tpwp 50 ns (Note 7)
READY (W) on time after interrupt read tiRw 100 ns (Note 11)
REQUEST (W) hold time after IR input troa 60 ns (Note 13)
REQUEST (W) setup time before IR input tras 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 tpea 100 ns
READY output time after port selection tpsR 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  trspy 0 ns
is executed
EMPTY reset time after retransmit is executed tRTE 3200 ns
FLAG1-FLAGy4 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) Alt ac measurements assume input pulse rise and fall times of
5ns.

(3) Theinputvoltage reference levels for timing ratings are V) (min)
and Vj_ (max). Transition time ty is defined between V|y 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 torp +
tran (or twqn) interval.

Figure 6. Input Timing for IR and RT: Method 1

(7) 1fanRT (IR) pulse is applied during IR (RT) operation, the RT
(IR) operation is delayed until IR (RT) operation is released.

(8) “Empty” isdefined as the state where the amount 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 defined 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 froma
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

" n

83-004803A

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

rFInal Read During IR Operation

REQUEST (R) —\_/
RESET /——\_

83-004805A
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Figure 9. Input Timing

08V

i
|
I
I
I
:._

5ns —

|
|
=

83-004806A

Figure 10. Output Timing

83-004807A

Figure 11. Output Loads

Output Terminal

83-005011A




NEC

uPD42532

Timing Waveforms

Reset Cycle

Notes:
1) IR

RESET

FLRT

READY(W)

REQUEST(W)

READY(R)

EMPTY

FULL

FLAG1 to

FLAG4

Cout

= low

[—tsw
ZZZ/!
N — )
¢

tsRT

/777 X777 7777777

))
U

[+ tswa

[/ N\ S

tEFH |

i( i ) N J
w7771 N7 777777777775

-~

[—1ssSF

L—iswc

= 5
3>

(2) PS = high or iow

83-004814B
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Timing Waveforms (cont)

Write Cycle

N

A

T7X

twaw

2) FURT = high
(3) PS = high or low
(4) RESET = low

)
e {
REQUEST(W) N\ V / / \
)
e
twaw |+ twap twRF toRp twan
trLw
b)) )]
i (S
READY(W) \
ow | 2
tbH
D
4 {8
N /H
T(
teFo
tEFH
) J L )
¢ U o
EMPTY
teFo
teEFH
) b))
149 o
FULL " /
)
A4
[+ tFLO™~
) ) J)
FLAG1 to (S X[ 149 148
FLAGa J) 3} JL
(99 1§ 1
Notes:
(1) IR = low

83-004815B
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Timing Waveforms (cont)

Read Cycle
tRC——= tRQW
J)
_ 4 b 1{m
REQUEST(R) \ ]ﬁ / \_/ / i >d \ /
b,
- ms_ :
tRow traP tRRF tQrP tRQN
e tEMR ]
) J)
¢ 1 4
READY(R) Z
N h) 7
(¢
-t (Ac
tACR
tLzr
pour __—M ‘(“L
VOH J) ) J))
EMPTY U 1 (o
-—lF0F-|
) 3
¢ 144
FULL
)
T
tFLo
J) J) )
FLAG1 to T( ‘X ¢ (o
FLAG4 ) )3 )
(s ¢ s(em
Notes:
(1) IR = low
(2) FURT = high
(3) PS = high or low
(4) RESET = low
83-0048168
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Timing Waveforms (cont)

Interrupt Read Cycle

tFw

IR \
)Y b )
A4 tC
tFoB '—-i tFQa

w777 | N/LL7777777T7% N N\

tFWR tarpP
READY(W) \
N
REQUEST(R) ; \_/_—\j \ /_
'l' Laly}

READY(R) /

tEFO

S aamr
EMPTY /
—

tEFH

Notes:

(1) PS = high or low
(2) FL/RT = high

(3) RESET = low

83-0048188

3-184




N E C uPD42532

Timing Waveforms (cont)

Retransmit Cycle

tRTW

.
FL/RT \

twRT

READY(W) \ /

[+~tQRp=+—twaN

REOUEST(W)_MZ !(///////////X \

tRRT

iRTR

READY(R) \( /

tBRT I+ tRTQ > "iQnP-"L—lRQN
=/ /) \LLLLL LA N
Ewers iy
" X/ /K

(3) RESET = low
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Timing Waveforms (cont)

Port Select Cycle

PS

e ] \
REQUEST(A) \
tPBQ t——tpAQ——*

\

REQUEST(B)

S

tPSR

READY(A) X

READY(B)

83-004820B
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Timing Waveforms (cont)

Cascade Cycle

REQUEST(W) _\__/_\
REGUEST(R) _\__/_

~

=

tcow

Cout
(n)

tcor

s
>~

tWRF

READY(W)
(n)

i —

S S

F\_/ \__

L’* tRRF

READY(R)
(n)

CiN
(n+1)

tciw

-~
i

tCIR

READY(W)
(n+1)

X
3

—

READY(R)
(n+1)

Notes:

M IR = low

(2) FLIRT = high or low
(3) PS = high or low

(4) RESET = low

83-0048178
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NEC Electronics Inc.
PRELIMINARY INFORMATION

Description

The uPD42601 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.
Ifambient temperature s limited to 50 °C (max), as little
as 30 uA (max) is required to maintain all data.

The pPD42601 is available in high-density 18-pin
plastic DIP, 20-pin plastic ZIP, or 26/20-pin plastic
SO0J packaging.

Features

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

O Single +5-volt £10% power supply

0O CMOS technology

O Low operating power: 12 mA maximum

[ 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

O CAS before RAS refreshing

0 512 refresh cycles during 32-ms period

O Automatic self-refreshing by RAS input cycling

Ordering Information

Self-Refresh
Page-Mode Current
Part Number Cycle (min) {max, 50°C) - Package
uPD42601C-60 200 ns 120 pA 18-pin plastic DIP
C-60L 200 ns 30 A
uPD42601LA-60 200 ns 120 uA 26/20-pin plastic S0J
LA-60L 200 ns 30 uA
uPD42601V-60 200 ns 120 WA 20-pin plastic ZIP
V-60L 200 ns 30 uA

uPD42601
1,048,576 x 1-BIT
Pin Configurations
18-Pin Plastic DIP
DINC] 1 J slaeno
WE[ |2 17 ] Dout
RAS(|3 _ 1[1cCAS
RFSH[ |4 § 1571 A9
Aol]5 g 14 Ag
mCje & 1B3[A7
AzI; 7 1217 Ae
As]8 1 As
vee]o 107 A
83-004633A
26/20-Pin Plastic SOJ
DIN ] 1 26 1GND
WE |2 25[71 bout
RAS {3 24 CAS
RFSH (|4 23INC
NC|5 _ 22 A9
o
©
~N
<
o
o
ES
Ao]9 18 [ Ag
A1 10 1711 A7
Al 11 16 [ 1 As
Az 1517 As
vee [ ]13 141 A
83-004632A

20-Pin Plastic ZIP

Ag 1 —

Dout 3 2 CAS

4 GND

Dbin s 6 WE
RAS 7 s NG
RFSH 9 10 NC
Ao M 12 Ay
A2 13 18 A3
Vce 15 16 Ag

As 17

18 Ag
20 Ag

83-004634A
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Pin Identification Absolute Maximum Ratings

Name Function Voltage on any pin relative to GND, V1 —1.0to +7.0V

Ay-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 10W

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

Decoder

1_\L___

Ao Ag
R ‘
Refresh Address Row Address Column Address
Counter Latch Latch
Multiplexer

Refresh Timer RcowB ‘Il\;:::oss Colun;: '?edrdress
| A 1
Row Address
Decoder
0
[
-1
Storage 2
Cell <3
Matrix £ §
3
°
o
i [ L L
Timing Data-Out Data-In
Generator Timing Generator Buffer Buffer

booobdb 5

RFSH RAS CAS WE Dour DIN

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 holding
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 yA (max) is required to
maintain all data.

Recommended DC Operating Conditions
Tao=0to+70°C; GND =0V

Limits

Parameter Symbol  Min  Typ  Max Unit
Supply voltage Vee 45 5.0 55 v
Input voltage, high Viy 24 Vg +10 'V
Input voltage, low ViL -1.0 0.8 v
Capacitance
Ta=25°C; f=1MHz
Parameter Symbol Max  Unit Pins Under Test
Input capacitance Cry 5 pF Address, Dy

Cio 8 pF RAS, CAS, WE,

RFSH

Output capacitance Cp 7 pF Dout

3-191
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DC Characteristics
Ta =010 +70°C; Vo = +5.0 V £ 10%

(2) trcr depends on operating temperature as reflected in the table
below (see figures 2 and 3).

~'_L|mli_ Operating trcr [max]
Parameter Symbol Min Typ Max Unit Te_slcidlllons Temperature [Tl 4PDA2601-L 4PD42601
Operating current, lggq 12 mA RAS, CAS cycling;
average lo=0mA; 0to 50°C 20 us 5us
tre = tre (Min) 0 to 60°C 10 us 5us
Standby current  Igco 20 mA RAS=TAS=RFSH 0to 70°C 5us 5 us
=V
; = (3) Average power supply current required for self refreshing is
05 mA RAS.=CAS = RFSH measured according to the following conditions: RAS is cycling
2 Vg — 04; Ag-Ag, at50, 100 or 200 kHz; Vi = Vo — 0.4 V; Vi <0.4V; ty <50ns; Ag
Diy and WE > Vgg to Ag, Dy, WE and CAS =Vgc to GND; RFSH =V, . When RFSH
—040r=04V =V|L (£0.4V), the RAS input must be cycled at or exceeding the
L
Operating current, Ices 10 mA tgg = tgc (min); minimum frequency requirements.
RAS-only refresh, lg=0mA (4) This specification applies to the uPD42601-L only. For the non-L
average ) version, Iggs is 120 uA, maximum, at all Ta.
Operating current, Igcq 10 mA tge=trc (Min);
CAS before RAS lo=0mA AC Characteristics
refresh, average Ta =010 +70°C; Vg =+5.0 V £10%
Operating current, lggs 30 uA RAS cycling at 50 Limits
self-refresh mode, kHz (Notes 1,2, 3,4 T r——
average ___( ) Parameter Symbol  Min  Max  Unit Test Conditions
60 wA RAS cycling at 100 -
kHz (Notes 1,2,3,4)  Random read or write tgg 1000 ns  (Note 5)
120 A RAS cycling at 200 cycle time
Y1 "
kHz (Notes 1, 2, 3) Page-mode cycle tl_rE tpg 200 ns  (Notes 5, 15)
Operating current, Iggg 12 mA tpg = tpg (min); Access time from RAS  trag 600 ns (Notes$,7)
page mode, lp=0mA Access time from CAS  tgac 100 ns (Notes6,8)
average (falling edge)
Input leakage he -1 1 wA Viy=0to Vg; all Output buffer turnoff  torf 0 100 ns (Note9)
current other pins notunder  delay
test=0V
0 Transition time (rise  tr 3 50 ns (Notes 3, 4)
Output leakage loL -1 1 pA Doyt disabled; and fall)
current Vour=0to V, =
ovtatvelt v YR OUT4 A £e RAS precharge time  tgp 390 ns
utput voltage, . =42m = -
o orage, o 0 RAS pulse width tmas 600 100000 ns
Outputvoltage,  Vous 24 vV lp=—-5mA RAS hold time tRSH 100 ns
high Vorz 0.7 Voo V lg=—05mA (f pulse width tas 100 10000 ns
Notes: CE holdlme . tosH 600 ns
(1) When tpag < 2.5 ms, Igcs does not depend on the RAS clock; EE to ?f delay time tacp 150 500 ns (Note10)
Iccs (max) =500 uA. Whentras =2.5ms, Iccs (max) =500uAin  CAS to RAS precharge topp 30 ns  (Note 11)
the first 2.5 ms after RFSH falls (it does not depend on the RAS time
clock). Subsequently, Iccs is 120 A for the uPD42601 or is as 53 -
shown in the following table for the uPD42601-L. CAS precharge time tcpy 0 ns
(non-page cycle)
Operating Clock Sell-Refresh CAS precharge time  tcp 90 ns (Note 15)
Temperature [Ts] Frequency {min]  Current [max] (p_age cycle) _
010 50°C 50 kHz 30 uA at 50 kHz ma %‘:ﬁg"afge CAS  trpc 0 ns
00 60°C 100 kHz 60 uA at 100 kHz
0to70°C 200 kHz 120 uA at 200 kHz
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AC Characteristics (cont)
Tao=01t0 +70°C; Vo =+5.0 V £10%

Limits Limits
Parameter Symbol  Min  Max  Unit Test Conditions Parameter Symbol  Min  Max Unit Test Conditions
Row address setup taSR 0 ns Self-Refresh Cycle (cont)
time RAS puise widthin  tagr 600 ns
Row address hold time tgan 90 ns self-refresh mode
Column address setup tasg 0 ns RFSH to RAS delay  trgp 100 ns
time time
Column address hold  tcay %0 ns RAS hold time in self-  trpy 200 ns
time refresh mode
Column address hold_ tpr 590 ns Notes:
ime referen RA
time referenced to RAS (1) All voltages are referenced to GND.
gﬁ?g command setup  trcs 0 ns (2) An initial pause of 100 us is requirei_a_fter power-up (Vg =

+5.0 V £10%), followed by any eight RAS cycles, before proper 3

Read command hold _ tgpy 75 ns (Note 12) device operation is achieved. RAS, CAS, and RFSH must equal
time referenced to RAS Vi during the initial pause.
Read command hold _ tpcH 0 ns (Note 12) (3) Ac measurements assume ty =5 ns.
time referenced to CAS (4) Vjy (min) and V_ (max) are reference levels for measuring
Write command hold  twcn 00 ns timing of input signais. Transition times are measured between
time Vi and V.
Write command hold_ twcr 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
Wit ol % (Ta =0to +70°C) is assured.

e man se
widtn e b twp ns (6) Load =2 TTL loads and 100 pF (Vou = 2.4 V, Vo, = 0.4 V).

I : (7) Assumes that trep < trep (max). If trep is greater than the
Data-in setup time oS g ns_(Note t4) maximum recommended value in this tabie, tgac increases by
Data-in hold time tpH 90 ns (Note 14) the amount that tgcp exceeds the value shown.

Data-in hold time_ toHR 590 ns (8) Assumes that trgp = trop (max).
referenced to RAS (9) torr (max) defines the time at which the output achieves the
Write command setup  twcs 0 ns open-circuit condition and is not referenced to Von or Vg, .
time (10) Operation within the tggp (max) limit assures that tgac (max)
CAS setup time for tesr 30 ns can be met. trep (Max) is specified as a reference point only; if
CAS before RAS refresh trcp is greater than tgop (max), access time is controlled
T35 hold tima for CAs o exclusively by tcac.

im n N
before"m r:fr:srh (oHR s (11) Thetggp requirement should be applicable for RAS/CAS cycles

- preceded by any cycle.
Refresh period TREF 32 ms zgi\r:sses (12) Either tgrp or trcH Must be satisfied for a read cycle.

(13) When tpag < 2.5 ms, Igcs does not depend on the RAS clock;

Self-Refresh Cycle locs (Max) = 500 uA. When teag = 2.5 ms, lccs (Max) =500 uA
RFSH pulse width tras 810 ns (Note 13) for the first 2.5 ms after RFSH falls (it does not depend on the
= = RAS clock). Subsequently, Iccsis 120 uA for the uPD42601 or is
RAStRFSHdelay  tarp 100 n as shown in the following table for the uPD42601-L.
RAS setup time trrs 200 ns Operating Clock Self-Refresh
to RFSH Temp e [Ta] Frequency [min]  Current [max]
RAS cycle time in self- tgcr 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  tppr 390 ns
self-refresh mode 0to 70°C 200 kHz 120 uA 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) tgcr depends on operating temperature as reflected in the table
below (see figures 2 and 3).

Operating trer [max]
Temperature [Tl uPDA42601-L uPD42601
0to 50°C 20us 5us
010 60°C 10 us 5us
0to 70°C Sus 5us
Figure 1. Internal Address Generation in Self-Refresh Operation
RFSH \ Self-Refresh Operation
b)S ) M
Il A{Y W
19 RAS Clocks ! 19 RAS Clocks { 19 RAS Clocks
1 2 (Note 1) 19 1 2 2
—
RAS
\‘\‘ ‘\)(} ‘\,\"
Address n-t n n+1 n+2
Counter N 3 Y
Y A RAY
Address (n— 1) Refresh Address (n) Refresh Address (n+1)
Refresh
Notes:
(1) Onei | add is refreshed every 19 RAS pulses.
(2) The self-refresh mode is intended primarily for long
periods of refresh-only operation.
83-0045038
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Figure 2. Special Requirement for tpcr Near Periods of Limited Standard Refresh Cycles

l¢—————— Seif-Refresh Op | Self-Refresh Operation
Normal Read and Write Operation

J— \ )
RFSH (Note 3)

tRFS

3|
&
wl
g

tRSF | | tRPF tRPF

— tFRD 4 } { l— tRFD
‘-—mcs T tRCF 1

Notes:

[1) The value for tRCF [min] is specifiedin AC Characteristics. The {4] The time delay between the last self-refresh puise in one self-
value for trcr [max]isdep upon temperature and shown refresh cycle, and the first self-refresh pulse in the next cycle, is
in the table below. defined by tRCF [max] when the intervening period of read and

write operation meets the conditions in Note 3.

'RCF [max] [5] The built-in counter generates the refresh address in self-

TA #PDA42601-L #PD42601 refresh and CBR refresh cycles. Since this address increments
50°C 20 us 5us sequentially from the last cycle in either self-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, itisnecessarytodo a
burstrefresh 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 | read/write operation, there are no CBR
refresh cycles or less than 512 RAS-only refresh cycles.

83-004502B

Figure 3. Timing Restrictions for Entering and Exiting Self-Refresh Operation

e Self-Refresh : : Self-Refresh
RFSH Operation / Normal Read/Write Operation \ Operation

Last . First
Self-Refresh First CBR Last CBR Self-Refresh
Pulse Cycle Cycle Pulse
! tRCF | I tRCF {
Notes:
[1] The value for trcF [min] is specified in AC Characteristics. The [3] The built-in counter generates the refresh address in self-
value for tRcF [(max] is d dentupon p and shown refresh and CBR refresh cycles. Since this address increments
in the table below. sequentially from the last cycle in either self-refresh or CBR
operation to the first cycle in the alternate refresh mode, CBR
tacF [max] refreshing should be used during normal read and write
TA 1PD42601-L uPD42601 operation to refresh one address location every 62 us or less. If
50°C 20 us 5us some other means of refreshing is used, it is necessary to do a
60°C 10 us 5us burstrefresh 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 puise.
83-0045018
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Timing Waveforms

Read Cycle
tRC
tRAS
tAR
\ 4 !
RAS
\ £/
tcsH tRp ——
tRCD tRSH
tcrP
tcas tcen
4 X
s / N\ /7
. A 2
tRAH
tcAH
taSR + tasc [
)/ R Col
ow olumn
Address Address

Address

) NI

L

tRCS

F—lncuj

w /[

[//

tcac

~tRAC

High Impedance

Dour

Note:
(1) RFSH = VK.

tRRH ,
Malalel
toFF )
4 i High Impedance
— Valid Data

83-0049468
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Timing Waveforms (cont)

Write Cycle (Early Write)

/ NURARRN

\\

L7 AN

tRAH
tcaH
ASR-+} A' ASC

Row
Address / / / /)ﬂ( Address

X/ /7777 777777777777,

Column
Address
twes

twCH

777777

/X

T,

-

H

}U///Z/U[//////////

Note
(1) RFSH = ViH.
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Timing Waveforms (cont)

Page-Mode Read Cycle
tar
- 4
RAS k 7 \—-—-
tRP
tpc L+ tRgH-~
[e—tcp—+ l+——tcAS le— tcAs o tern——r]
,._.-\ —\ p
—

tcaH tcAH

e tasc for-tasc

] C | b
Address / lg;s K// A:d‘r':'s'; / [ / 4 / / / / /

L—tncs —~» |=—tRCH
I+ tRRH-+/
\
w/ \
L——tcAc—*
tRAC ~—tcnc—~‘ r—tCAc—:‘
A — toFF toFF

High Impedance

High Impedance

Dout

Note:
(1) RFSH = Vn.

83-0049488
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Timing Waveforms (cont)

Page-Mode Write Cycle (Early Write)

tRAS 7
tAR
)2 J/
189
tRSH =—tRP
le—1cAs [——tcaAs
tcaH
tcp—+ tcAH le—tcPN

T tasc tasc ™~

J L
Column / Column
Address, [ Address
(

rtwCH rtwcH
twes: [ - twcs [ twes

= //, , /777 ]// [L// ]
- Al Lo

ios-‘ Ltou
DIN // Valid Data

tDHR

tps

[ tDH — f+— tpH—*

\ ? \
Valid Data W/ Valid Data K/// /
¥, 2 ¥,

Note:
(1) RFSH = ViH.

83-0049498
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Timing Waveforms (cont)

RAS-Only Refresh Cycle

tRC
RC

tRAS tRp———*

e o
=/ 7

tasr [+ tRAH

wass [/ /[ [ [ /R _siis X[/ /LSS s

High Impedance

Dout
Notes:
(1) RFSH = V.

(2) WE and DiN = don’t care.

83-004951B

CAS Before RAS Refresh Cycle Self-Refresh Cycle
tRC ' te———tRCF ———| tRPF
e——trp—| } tRAS
o / \ RAS \
RAS /
7 :
tRSF> [+1RPF* RFD tFRH
tRPC tCSR— tcHR—+]

RFSH

TAs / 2 —v
tFAS -

Note:
Dout High Impedance (1) CAS, WE, DN, Address = don’t care.
Notes 83-004952A
(1) RFSH = V|u.
(2) WE, DIn, Addresses = don’t care.

83-004950A
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©PD43501

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
uPD43501R 8.192 Mbps 132-pin ceramic pin grid
array (PGA)

Features

O Separate switch storage and control storage to
allow construction with one VLS| 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
» :8.182 MHz operating frequency
¢ 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

0 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)

[0 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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E

Block Diagram
SWE2 l
WE
COo0-
Clgo-Clo7 DN Dout P/s COa7
s/P Switch or
orPIN . Storage 2 P OUT
ADg AD1
SWE1 1
WE
Sloo-Slo7 —] DIN Dout $000-
SérP Switch SEL Po/f SOo7
PIN Storage 1 |1 P OUT
ADo AD1
Pout
TNgo- TNog Din
TWE WE
I Tone Storage
WAQo-WAQ9 <+—1  write ADo AD1
WCqgo-WCog —»| Address
CTiD — Counter
s TSEL
FH —»
CLK —»
CLK1 <—]
CLKg <  Timing DouT1 DouT1
MOD Generator Control Stor. Tone Control
0 — ontrol Storage Storage
MOD1 —»| r—jPout2 DIN DIN Dout2
TSPg —+] SEL: Selector
S/P: Serial-to-Parallel
TSP1 —»f ADq ADg AD1 ADo Converter
[ P/S: Parallel-to-Serial
l Converter
Read Address
RAgo-RA09 <+—] Counter CPU Interface
RCRY TRCR RCTL RCoo- VOIC TONE ADST DTST SCNi SCN2 DBg- DBo-
RCo9 DBg DBy
83-0052188
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Switching Functions
Mode 0

In this mode, the uPD43501 inputs eight 128-channel
muitiplexed lines from ports Slgg through Slg7 (or
from Clgg through Clgz) and outputs eight 128-channel
multiplexed lines to ports SOgg through SOgp7 (or COqg
through COg7). Refer to figure 1 for a functional pin
diagram.

Serial input data from the input ports first is converted
to paraliel 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 muitiplexed 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 data in 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-channe! 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 uPD43501 inputs 1,024-channel multi-
plexed lines (8.192 Mbps by 8 bits), 8 bits in parallel,
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 0 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

Counter Present input
{20]

——

Sloo-Slo7

Cloo-Clo7

DBg-DB7
DBg-DBg

EFF

bod
=]
7]
-

1

o
1
7
S

»
(e}
2
=

[72d
0
k4
N

TNoo-TNo7

RST

WCo0-WCog

~—— RCpo-RCo9

$000-S007
COpo-CO07
WAQo-WAQ9

RAp0-RA09

CTLD
RCRY
TRCR
CLK1
CLK2
TSEL

MODo
MOD1
TEST
TSPo
TSP1

132-Pin PGA

Data Output
[16]

Counter Ouput

[20]

Basic Timing
Output
[6]

Mode Set Input
8]

83-0052238

3-204



N E C ©uPD43501

Figure 2. Time Slot Versus Frame Configuration

Mode 0

Slgp (ILO) Slgp (OLO)
[}

Serlal Data Serial Data |

Slgg (IL7) TOSW LS| Slgp (OL7)

1024 x 1024

FH
CLK

Frame Configuration

125 ps
en 1 i T
fL
Sloo 1 TS0 (ILO CHO) | TS8 (IL0 CH1) | 1] ] TS1016 (IL0 CH127) |
9y
I
: fL
) T TS7 (IL7 CHO) | TS15 (IL7 CH1) ] i1 | TS1023 (IL7 CH127) {
Sigr 4
ot 1L
SOgo 1 TS0 (OLO CHO) | TS8 (OLO CH1) | 11 | TS1016 (OLO CH127) |
r
i
1
: L
sog7 | TS7 (OL7 CHO) | TS15 (OL7 CH1) | 11 | TS1023 (OL7 CH127) |
L
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FH I I {{
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Sl:m ] B7 [ B | Bs | B4 T B3 T B2 T B1 | B | B7 | B6E [ | |
1 - T VR 1/
[} A 3
[} 1
1 1 {L
stgz | B7 | B6 | B5 | B4 | B3 | B2 [ B1 | BOo | B7 | B | Jf |
L4
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1 ]
1 1 1L
S0 T 87 | ®6 | ®B5 | B4 | B3 | B2 | B1 | BO | B7 | BS | ]| |
L4
Notes:
[1} IL = input line
[2] OL = output line
[3] TS = time slot
[4] CH = channel 831H.5215B

3-205



yPD43501 N E C

3-206



NEC

NEC Electronics Inc.
PRELIMINARY INFORMATION

xPD43608
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
[0 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
[0 Bus monitoring circuit
O LRU replacement algorithm
O Prefetch on miss—one block lookahead
[T Fetch bypass and wraparound load
O Asynchronous 32-bit system bus interface
[0 Multichip configuration increases cache size
[T Write-through storage update policy with one-level
write buffer
O 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 125 ns 132-pin ceramic pin
R3 50ns o0ns  dridarray

Organization

The uPD43608 is organized as a 4-way set associative
cache, with 8K bytes of on-chip data storage 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 DRAMs.

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 replacement biock 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 replacement block is loaded
into the block load buffer, the data is wraparound-
loaded 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
cache performance, a check must be made to deter-
mine that the 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

3-208

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 uPD43608 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 Update 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
PIOOOCOOOOOO0O0O0OO0O0
NJOOOOOOOOOOOOO0D
MIOOOOOOOOOOOO0O0O0
LIOOO 000
KIOOO 000
JJOO O 000
HIO OO 0000
GJOOO 000
FIOOO Insertion Mistake O OO
EJOQO J Prevention Pin O00
D000 000
Index Mark cC|OO0O00O000OO0O00O00
\b BIOOOOOOOOOO0OOO0O0
AlIODOOODOOOO0OO0OO00O0
1413121110 9 8 7 6 5 4 3 2 1 12 3 456 7 8 9101 121314
83-004721A
Pin Number Function Pin Number Function Pin Number Function Pin Number Function
Al D5 Cs Vee Hy D3g Mio ADyy
Az D12 Cr GND Hy D3y M ADy7
A3 Dy Cs Vee H3 GND M1z ADys5
Ag Dg Cg Ay Hip GND Mi3 ADy3
As D7 Co Ag H13 ADy M1q ADg
Ag s C1y An Hia AD4 Ny PBE,
A7 D3 Cy Avg 1 PRDY Ny SMC
Ag Do Ci3 A Ja PAS N3 AMC
Ag Ay Ciq Agp 3 PCS Ny BRO
Agg Ay Dy Daq iz AD; Ns BACK
Ay As Dy Doy i3 ADg Ng MBE,/WAIT
A A7 D3 Dig Ji4 AD3 N7 AD3y
A3 A Dy2 Ats Ky PRD/PWT Ng ADgg
Ay Atz Di3 Aig Ko CAEN Ng ADg7
By Dag Dy Azt K3 STy Nig AD24
By Dz Ey D25 K2 ADyy N1g AD2p
By D13 E D23 Kiz ADg N1z AD1g
B4 Dyq E3 Voe K1q ADg N1z AD1g
Bs Dg Eyp At Ly ST Nig AD1a
Bg Dg Ei3 Axx Ly STy Py ERR
By Dy Eyg Aoy L3 PBEg Py WBsY
Bg D4 Fy Dy7 L2 AD14 Py MAS/MBS
Bg Dy Fy Dyg L3 ADqg Py WBEy/EOC
Byp A3 F3 GND Lg ADg [ WBE+/UERR
By Ag Fi2 Az3 My PBE; Pg MBE;/CERR
B12 Ag Fi3 A2 M2 PBE; P MWA
Byg A1z Fia Azg Mg PCLK Pg AD3g
Byy Mz 6y Dag My RST Pg ADag
Cq Do Gy Dyg Mg BCLK Pio ADog
Cy Dyg G3 GND Mg MDS Pyy ADgs
C3 Dig 61z GND M7 Vee P12 AD23
Ca D1a 613 ADg Mg GND P AD2g
Cs GND G1q Aoz Mg Vee P14 Ab1g
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Block Diagram
#PDA43608 Single-Chip Cache Subsystem
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[ N Data Bits Syst
<¢> cPU IR Black Bus
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| | Eay
CcPU | 32
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|i:> Tag Bits Bits Butfor
27 |
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Write Add 7
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1PD43608 Single-Chip Cache Subsystem

83-0047238

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.
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Bus Monitoring

In multiprocessor system applications, maintaining
data consistency is a major concern. In such a system
architecture, an integrated circuit is 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.



N E C ~PD43608

Functional Pin Diagram

PCLK BCLK
Clock ———————» le-———————  Clock
A1-A27 ADo-AD31
Address
PR -
Do-Da1 MAS/MBS
2R Ga— oS
PAS | WBEYEOC
PCS — Bus Cycle
_— 1PD43608 BEWUERR  ( control
Cache CAEN —
A BE2/WAIT
Control PRDY —————
D E— BES/CERR
ERR
PRD/PWT |, MWA Bus
e — Monitor
Bus Cycle PBE3-PBEg BRO 8
— ™ us
Definition ST2-STo BACK } Arbitration
s | 4 11
Vec GND RST WBSY AMC SMC
e l
™ T
CPU Power Supply Memory
Interface and Controt Interface
83-0047228
Signal Summary
CPU Interface Memory Interface
Signal input/ . Signal Input/ .
Name Output Signal Function Name Output Signal Function
PCLK | Processor clock ADy-AD34 170 Address/data bus
Aq-Ag7 | Address bus AD3y = MEM/T0 0 Memory/i0
Dg-D3t 170 Data bus AD3g = MRD/MWT Read/write During an
PAS | Address strobe ADyg = LOCK Bus lock address cycle
PCS | Command strobe ADpg = PRF Prefetch
CAEN I Cache output enable MAS/MBS 0 Address strobe/bus strobe
PRD/PWT | Read/write MDS 0 Data strobe
PBE3-PBE, 1 Byte enable MBEy/EOC 0 Byte enable 0/end of cycle
ST,-STg | Status MBE;/UERR 1/0 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
RST | Reset BRQ 0 Bus request
WBSY 170 Write buffer busy BACK ' Bus acknowledge
ANC | Test pin BCLK | Bus clock
SMC | Scan path mode
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NEC Electronics Inc.

1PD71641
CACHE CONTROLLER

Description

The uPD71641 cache controller is an LS| chip whose
advanced features, unequalled flexibility, and built-in
reliability make the use of sophisticated caches in
microprocessor-based systems practical and econom-
ical. Configurable as direct mapping, or two- or four-
way, set-associative mapping, the uPD71641 supports
up to 128 Kbytes of cache storage, as well as sub-block
and burst mode features for efficient execution of
cache updates. Implementation of the cache controller
is transparent to the application program.

The uPD71641 can be easily interfaced to many
general-purpose, high-performance 16- or 32-bit
microprocessors. Bus monitoring and duai-comparator
techniques ensure data consistency, and a write-
through strategy to update main memory guarantees
the best cache consistency in multiprocessor and
multimaster systems. External data storage which is
flexible in size and organization also means that the
uPD71641 can operate with any word width. Other
unique features such as multiple reliability checking,
address tag parity checking, multiple hit detection,
and self-diagnosis of directories greatly facilitate the
implementation of a highly reliable cache subsystem.
If an erroneous condition is detected, the cache con-
troller can be degraded or disabled.

Ordering Information

Part Number Package

uPD71641R 132-pin ceramic grid array

Features

O General-purpose interface compatibility to many
high-performance 16- and 32-bit microprocessors
O Transparent implementation
O Flexible placement algorithm: direct 2- or 4-way
set-associative
O Large tag storage
— 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
O Programmable sub-block size
— Up to 64 bytes (max)
— From 1 to 16 words
O Up to 128 Kbytes of cache storage
[0 Up to 4 Gbytes of main storage
O Least recently used (LRU) replacement algorithm
O Write-through strategy
[0 Data consistency check by means of bus
monitoring
O Externai PURGE input to flush tag storage
O Internal error detection
— Parity checking on tag storage
— Incorrect match checking
— Multiple hit checking
— LRU output checking
O Level degradation to maximize cache system up
time
O 16- and 20-MHz operation
[0 132-pin ceramic pin grid array packaging

Contact your NEC sales representative for a copy of the complete data sheet.
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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.

Features

[0 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
O Drawing hold input
0O 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 ali 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
[0 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
O NMOS technoiogy
0O Single +5 V power supply
O DMA capability
— Bytes or word transfers
— 4 clock periods per byte transferred
O On-chip pull-up resistor for VSYNC/EXT, HSYNC
and DACK, and a pull-down resistor for LPEN/DH

Contact your NEC sales representative for a copy of the complete data sheet.
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Ordering Information

Pin Identification

Part Package Max Frequency
Number Type

uPD7220AD 40-pin ceramic DIP

1PD7220AD-1 40-pin ceramic DIP

pPD7220AD-2 40-pin ceramic DIP

Pin Configuration

2xWCLK [
DBIN ]
HsYNC
" VIEXTSYNC [
BLANK (]
ALE [
pra (]
DACK [
RD ]
WRO

A O

0B, [ 12

o, {13

DB, []14
os, []15
pB,[]16
DB, [J17
DB, (18
o8B, []19
Guoq 20

© @ NO G s N -

>

uwPD7220A

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

Character Mode Pin Utilization

Pin
No. Symbot Function
35-37  ADq3-ADqs Line counter bits 0 to 2 outputs
38 ADqg Line counter bit 3 output
39 ADy7 Cursor output and line counter bit 4

Mixed Mode Pin Utilization

Pin
No. Symbol Function
35-37  AD43-ADy5 Address and data bits 13 to 15
38 Ag Attribute blink and clear line counter
output
39 As7 Cursor and bit-map area flag output

3-216

Pin

No. Symbo! Function

1 2XWCLK Clock input

2 DBIN Display memory read input fiag

3 HSYNC Horizontal video sync output

4 V/EXT SYNC Vertical video sync output or external
VSYNC input

5 BLANK CRT blanking output

6 ALE Address latch enable output

7 DRQ ~ DMA request output

8 DACK DMA acknowledge input

9 RD Read strobe input for microprocessor
interface

10 WR Write stobe input for microprocessor
interface

11 Ay Address select input for microprocessor
interface

1219 DBy-DBy Bidirectional data bus to host micro-
processor

20 GND Ground

21 LPEN/DH Light pen detect input drawing hoid
input

22-34 ADg-AD42 Address data lines to display memory

35-37 AD43-AD15 Utilization varies with mode of
operation

38 Ag Utilization varies with mode of
operation

39 Ay7 Utilization varies with mode of
operation ,

40 Veo 45V +10% power supply

Graphics Mode Pin Utilization

Pin :
No. Symbol : : Function
35-37  ADy3-ADys Address and data bits 13 to 15
38 A Address bit 16 output
39

A7 Address bit 17 output
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Block Diagram

DREQ
DACK

RD
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+5V 0—»
GND o—»
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DB-0 to 7
A-0
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Interface with
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Regl! and
Data Read
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16x9
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Pr

L Buffer

Internal 8-bit Bus

with
Control ROM
128 x 4

RAM
16 x8

Video Sync HSYNC
—* Generator |—»0 V/EXT SYNC
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Memory
—  iming >OALE
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——| Zoom and Pan
___" Controller
] Drawing
—
Controller
]
—>0 A-17
Display Memory [0 A-16
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©xPD72120
ADVANCED GRAPHICS
DISPLAY CONTROLLER

Description

The uPD72120 advanced graphics display controller
displays characters and graphics on a raster scan
device from commands and parameters received from
a host processor or CPU. Features of the uPD72120
include high-speed graphic drawing capabilities, video
timing signal generation, large-capacity display stor-
age control (including video buffers), and a versatile
CPU interface. The features allow the uPD72120 to
control graphics drawing and display of bit-mapped
systems.

O High-speed graphics drawing functions

— Dot, straight line, rectangle, circle, arc, sector,
and segment

— Ellipse, ellipse arc, ellipse sector, and ellipse
segment

O Filling :

— Area filling (high-speed processing in word
units) of triangle, trapezoid, circle, ellipse, and
rectangle

— Painting of any arbitrary enclosed area (bit
boundary retrieval)

O Data transfer in display storage

— Multiplane transfers

— Data transformation (90°, 180°, 270° rotation
and reversal)

— Multiwindow transfers

— Maximum word transfer speed of 500 ns

O Image processing

— Slant

— Arbitrary angle rotation

— 16/n enlargement and n/16 shrinkage (where n
is any integer from 1 through 16)

0O Position specification by X-Y coordinates
O Logical operations between planes

O Video timing signal generation
— Display clock for video synchronizing signal
generation
— Graphics drawing clock for high-speed
processing
— External synchronization capability
[0 Large-capacity display memory
— Display memory bus interface with 24-bit
address and 16-bit data bus for addressing
up to 16 Mwords at 16 bits per word
— Video buffer controtl
— Display memory bus arbitration
[0 Host processor (CPU) interface
— System bus interface with 20-bit address bus
and 8- or 16-bit data bus
— Data transfer with external DMA controller
e 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/0 mapping of internal
registers and display memory for efficient
system interface
0O 8-MHz system clock
O CMOS technology
0O Single +5-volt power supply
[J 84-pin PLCC, 94-pin plastic quad flatpack, and
132-pin ceramic PGA packaging

Ordering Information

Part Number Package

uPD72120L 84-pin plastic leaded chip carrier (PLCC)
uPD72120J-5BG 94-pin plastic quad flatpack

uPD72120R 132-pin ceramic pin grid array

Contact your NEC sales representative for a copy of the complete data sheet.
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Block Diagram
CLK —»
RESET —»
Voo . —— scLk
GND —» Synchronizing Signal > BLANK
> Generation Circuit » HS/EXHS

WAIT ——f

GDC Interface

|— VS/EXVS

)

ADy 5- ADg

DMARQ
DMAAK ‘ GDC Interface
Interrupt
INT ——» Control
READY ————»
CSIR ————»f
CSDM ———»
RD —»
WA M intorface
ASTB c—
UBE ————»
Atg-Ae

iy

Preprocessor

il

Display
Processor
Display
H Memory
Interface
Drawing
Processor

| Sequence ROMJ [Sequenco ROM |

——= HLDRG
|~ HLDAK

|—= DWR
|——— DRD
|— DASTB

|——» DT/DISP
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xPD72185
ADVANCED COMPRESSION/
EXPANSION PROCESSOR

Description

The yPD72185 is a high-speed processor that com-
presses and expands the binary image data necessary
in facsimile equipment, electronic filing systems, and
other image processing systems. Direct management
of image memory by means of an on-chip DMA
controller allows the uPD72185 to process images by
line, block or page, as directed by commands from the
host CPU.

Features

[0 High-speed compression and expansion
processing of CCITT-standard test chart (A4 size
at 400 PPI x 400 LP!) in 1 second

O Encoding and decoding of CCITT-standard MH,
MR, and MMR methods

O Maximum 32K pixels in main scanning section

[0 Main scanning direction
— x 2 enlargement on encoding
— x 1/2 shrinkage on decoding

[J Subscanning direction
— X 2 and x 4 enlargement on encoding
— x 1/2 and x 1/4 shrinkage on decoding

Block Diagram

[0 Bit boundary processing

O Multitasking function

[0 High-speed data processing (internal 4-stage basic
pipeline)

[ Dual bus system
— 24-bit address bus and 8- or 16-bit data bus on

image memory side

— 8- or 16-bit data bus on host CPU side

[J On-chip DMA controller

[0 CMOS technology

0O Single +5-volt power supply

0O Maximum 8-MHz system clock

[0 Standard 750-mil, 64-pin plastic shrink DIP and
68-pin PLCC packaging

Ordering Information
Part Number
uPD72185CW
uPD72185L

Package
64-pin plastic shrink DIP
68-pin plastic leaded chip carrier (PLCC)

RESET ——¥

“+—CLK

INT ——>
UBE —*|
CS —»

Command

Response <:> cPU

Register

<+—Vpp
<+——GND

TORD —*|
{OWR —*
DREQ —|
DACK —*

10Ag - 10A3 :>
10D,- 10Dy 5 <:>

Host
Interface

ASTB —
AEN —¥

Reference

Counter

Encoder

-

MREQ —¥
MACK —¥

MH/MR
Analyzar

MRD —¥]
MWR —¥
READY —¥

DMAC

Code

Counter

j image >
Generation

o (2

A

ADg - ADy 5
A16/DotoA23/Dy

< e K

83IH-54008

Contact your NEC sales representative for a copy of the complete data sheet.
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APPLICATION NOTE 54
nPD42505

LINE BUFFER FOR
COMMUNICATIONS SYSTEMS

Introduction

The current trend in storage devices is toward larger,
faster, better-performing products. There is a comple-
mentary trend toward the development of storage
devices designed for specific purposes. The video
buffer is an example of a dedicated device. Line
buffers, field (frame) buffers for TV and broadcast
equipment, and graphics buffers for computers are
examples of video storage devices. Table 1 shows some
of NEC’s dedicated video buffers.

Table 1. Video Buffers
Function Product Storage Configuration Serial Cycle Time Application in Vides/Optical Systems
Line buffers 1PD42505 5048 x 8 50 or 75 ns Line storage in facsimile machines,
copiers, and scanners
uPD41101/uPD42101 910x 8 34 0r69ns Double-speed scan conversion for
NTSC TV, luma/chroma separation
uPD41102/4PD42102 1135x 8 28 or 56 ns Double-speed scan conversion for
PAL TV, luma/chroma separation
Field buffer uPD42270 263 x910x 4 60 ns Image field storage
Dual-port graphics uPD41264 64K x 4/256 x 4 40 or 60 ns High-speed drawing device
buffers APDA22T4]uPD42273 256K x 4/512 x 4 30 0r 40 s
Triple-port graphics uPD42232 32K x 8/256K x 1/128 x 8 40 or 60 ns High-speed drawing/image
buffer processing device
Bidirectional data 1uPD42532 32K x 8 100 ns Data transfer rate conversion

buffer

This application note introduces the uPD42505, a high-
speed serial access device with the same general
interface specifications as those of the uPD41101. The
uPD42505 was developed specifically for office auto-
mation equipment that handles a large amount of data
in each horizontal line, equipment such as G3 and G4
digital facsimile machines, high-performance copiers,
and image scanners.

There has been a great deal of technical progress
toward higher quality and performance in the devel-
opment of this image-processing equipment. For
example, there are already advances in image quality
using two-dimensional filtering, image contraction
and expansion, and high-speed video signal transfer.
The uPD42505 achieves optimal processing with a
storage array of 5048 x 8 bits, and by use of an internal
algorithm to read out data in the order in which it was
input. The fast cycle time of 50 ns allows the uPD42505
to perform various types of image processing.

Figure 1 shows a typical application for the uPD42505
using a digital copier as an example.

A digital copier mainly consists of a reader and a
printer section. The image reflected from the original
document placed in the scanner section is input to an
image sensor (e.g., a CCD or contact-type image
sensor) and photoelectrically converted to a digital
signal. The digital signal is then input to the image
processing section forimage quality improvement and
processing. The electronic image signal processed in
the reader block is sent to the printer block, converted
to light in the laser modulation section, developed,
fixed, and printed out. If a communication facility is
added to this copier, it can function as a facsimile
machine. )

Digital copiers and facsimile machines configured in
this way can use dedicated video buffers in the image
processing or transmission section.
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Figure 1. Configuration and Data Flow in a Digital Copier
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Uses for the uPD42505

The following discussion describes the types of
applications for which the uPD42505 was developed:
frequency (speed) conversion, a data delay line for one
horizontal scanning line, and buffering for data trans-
fer operations in a simple configuration with simple
control.

Consider the need for a device that asynchronously
converts the read and write speed for frequency
conversion, e.g., a serial access device used for image
contraction or expansion, with a word length of one to
two horizontal lines. The buffer must be written to and
read from asynchronously and at different rates. High
speed is also a requirement. Figure 2 illustrates a
frequency conversion application.
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Figure 2. Frequency Conversion
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Another application might require a data delay line
with a delay length of one to two lines. This type of
buffer could be used for image quality improvement in
two-dimensional filtering, especially for filtering in the
vertical direction, because it could be written to and
read from simultaneously in synchronization with a
single clock signal. Figure 3 illustrates two-dimen-
sional filtering.

A third application is a buffer for data transfer
operations. This application requires a device large
enough to store the amount of data handled, with the
capability to read and write asynchronously, simul-
taneously, and at different speeds. An outputsuchasa
flag to indicate the amount of data in the storage array
might also be required. Figure 4 illustrates buffering for
data transfer.

Figure 3. Two-Dimensional Filtering

Contour enhancement,

O O O detail processing,
Q@ Q) — b
00O neighboring data in four

directions [up, down, left, and right].

83-004955A

Figure 4. Data Transfer Buffering
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These applications typically require a double-buffer
configuration using high-speed SRAMs for data stor-
age in bits, as shown in figure 5.

In the first phase, data is written to the first SRAM while
data in the second SRAM is read simuitaneously,
alternating operations between the two SRAMs. How-
ever, this operation requires components such as read
and write address counters, a multiplexer to switch
address signals according to the read and write state of
each device, a multiplexer to switch write data input
and read data output, and a sophisticated controller to
control the SRAMs and the other components. The
uPD42505, by performing some of these functions
itself, considerably simplifies these applications.

Figure 5. Typical System Using High-Speed SRAMs
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Features of the uPD42505

The uPD42505 is a 5048-word x 8-bit high-speed serial
access device that uses 1.5-um CMOS processing and
dual-port storage cell circuits allowing simultaneous,
asynchronous read and write cycles at different
speeds. An internal algorithm makes an external
address signal unnecessary.

Read and write operations are fully and independently
controlled by their own set of controi signals. The
storage array length of 5048 words meets the size
required to sample one line of JIS A3-size paper on the
shorter side (297 mm) with a sampling rate of 16
dots/mm (400 dots/in). On the longer side (418 mm),
the sampling rate is 12 dots/mm (300 dots/in). The
uPD42505 can easily process document data for each
line. The configuration of 8 bits to 1 word corresponds
to the number of bits for one sampling point, which
allows the device to process natural-looking images.

The uPD42505 can be used in video applications that
require high-speed processing because of its minimum
simultaneous write/read cycte time of 50 ns and
maximum access time of 40 ns. For example, the cycle
time of 50 ns is fast enough to digitally process an
NTSC or PAL composite video signal ata sampling rate
of four times the color subcarrier frequency (4fsc).

The uPD42505 is particularly suitable for use as a
digital delay line with a delay length of up to 5048
cycles in one-cycle steps. The device is mounted in a
300-mil, 24-pin plastic stim DIP. The 300-mil width
allows high-density mounting.
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uPD42505 Pinout

Pins 1 through 12 control read operation (Doyto-DouT7,
RSTR, RE, and RCK) and the GND pin. Pins Pins 13through
24 control write operation (Djno-Din7, RSTW, WE, and
WCK) and the power supply (Vce)-

RSTW and RSTR are control signal inputs that reset
the internal read and write address pointers to starting
address 0. These pins are useful for initializing the chip
after power-on or for returning the address to 0.

Figure 6. uPD42505 Pin Configuration

® NGB WN o

83-004023A
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WE and RE are control signals that enable (low) or
disable (high) write and read operation. When WE is
high, write operation is disabled and the write address
stops at the current value. When RE is high, read
operation is disabled, the read address stops at the
current value, and the output goes to high impedance.
WE and RE may be input at any time, but they are
latched in each cycle at the rising edge of WCK or RCK,
respectively.

WCK and RCK are the write and read system clock
inputs. One write or read cycle is executed in syn-
chronization with each WCK or RCK input when WEor
RE is low. The write or read address is incremented
internally in single steps and wraps around auto-
matically from 5047 to 0.

Dino-Din7 are the write data input pins. Write data..is
clocked into the chip at the rising edge at the end of the
WCK cycle. Doyto-DouyTt7 are the read data output
pins. Read data is output when the access time has
elapsed from the rising edge at the beginning of the
RCK cycle.
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Read and Write Timing

Input a low-level signal to RSTW (for writing) or RSTR
(for reading) to satisfy the setup and hold times measured
from the rising edge at the beginning of the WCK or
RCK cycle. This returns the cycle to starting address 0.
Figure 7 shows read and write timing for the uPD42505.

As the figure shows, the RSTW or RSTR signal can end
in one write or read cycle or can be repeated for
successive write or read cycies. Repeating the reset
cycle holds the address at 0. The address is incre-
mented to address 1 only in a cycle when RSTW or
RSTR is set high at the rising edge of the WCK (RCK)
cycle. For write reset, the write data clocked in the last
reset cycle is written to address 0. For read reset, the
data in address 0 is output continuously. After the
reset, write or read operation continues as the address
is incremented by 1 for each cycle in synchronization
with its appropriate clock. When the internal address
reaches 5,047 (i.e., when write or read cycles are
executed 5,048 times), the address returns to address 0
and the write or read operation starts over at that point.

Speed Conversion. Independently controlling the read
and write operations of the uPD42505 allows you to
perform speed conversion. For example, when the read
and write addresses are initialized by RSTW and RSTR,

Figure 7. Read and Write Timing

data is written in synchronization with WCK and the
write data is written to the chip from device address 0.
Data written can be read out from address 0. In this
case, the reset signal input timing and the clock signal
speed (cycle time) can be independently controlled for
read and write operation. The uPD42505 can be used
for speed (frequency or time axis) conversion by
outputting the data previously input with an arbitrary
drive frequency and time at a different drive frequency
and time.

Digital Delay Line. To use the uPD42505 as a digital
delay line, input the same clock to WCK and RCK and
reset the read and write cycles in parallel. Written data
is read out after 5,048 cycles to provide a 5,048-cycle
digital delay line.

There are three ways to control the delay length:
® By controlling the WE and I_R—Esignals

® Byinputting RSTW and RSTR at different times (the
delay length is determined by the offset between the
signals)

® By changing the reset signal interval when RSTW
and RSTR are concurrently controlled (the delay
length is determined by the reset signal input
interval)

1ACR

S5 ) 0 ) 0 ) 1 0 0 0 20 ) €0 25 ) 0 |

Notes:
[1] WE=RE=V|L.
[2] V = Valid data.

L(AC toE

83-0049588

3-227




©uPD42505

NEC

The delay length can be changed in one-cycle steps by
controlling WE and RE. When WE and RE are high,
write and read operation is disabled. The write and
read addresses remain where they were when the
operations were disabled, regardless of WCK and RCK.

When RSTW and RSTR are used to control the delay
length, the data written at address 0 when. RSTW is
input is read out from address 0 when RSTR is next
input. The offset between RSTW and RSTR determines
the delay length.

In the third method, changing the reset signal input
interval, the same signal is used for WCK and RCK so
that RSTW and RSTR are controlled together. The
data, written after a reset signal, is read out after the
next reset signal in the order it was written. This
interval determines the delay length. For example, if
the reset signal is input every 4,800 cycles, the delay
length is 4,800 cycles Figure 8 shows the timing for
this method.

Figure 8. Controlling Delay Length with the Reset Interval

[ 2H
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[2] 1H = the tirst group of n bits. 2H = the second group of n'bits.

83-0036438

3-228



NEC

uPD42505

Functional Blocks

The write data input from pins Dino-Din7 goes through
the Dyy buffer and is serially written to either a static
cell in an 8-byte configuration, or a dynamic cell in a
5,040-byte configuration, one byte (8 bits) at a time, in
synchronization with WCK. The data read out from

Figure 9. uPD42505 Block Diagram

these cells is serially output from the Dgyt pins
through the sense amplifier and the Doyt buffer, one
byte at a time, in synchronization with RCK. The read
and write control circuits control these operations.
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Storage Celis

The uPD42505 uses dual-port storage cells to allow
read and write cycles to be executed asynchronously
and at different speeds. Figure 10 shows a circuit
diagram of a static dual-port storage cell, and figure 11
shows a dynamic dual-port storage cell.

In the static cell, read and write data are input as a
differential signal so that it can operate at a higher
speed. The circuit size is larger because it requires
more components.

Figure 10. Static Dual-Port Storage Cell

WW [Word Line for Write Operation]

L 1
T T

RD RD

RW [Word Line for Read Operation)

83-004960A

Figure 11. Dynamic Dual-Port Storage Cell
RW [Word Line for
Read Operation}
) WW [Word Line for
L Write Operation]
J;
wD RD

83-004961A
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The dynamic cell has only one bit line for read
operation and one for write operation. It requires a
longer data sense phase, reducing the speed. However,
it can be configured with fewer components.

Both types of cells are used in the uPD42505 to exploit
the advantages of each. Other than initializing the
internal address pointer to the starting address with the
reset signal, the uPD42505 is configured so that the
internal address is incremented one bit at a time and
data is serially accessed. After a reset operation
(immediately changing the addressing sequence), a
static dual-port storage cell that can operate at higher
speed is accessed. Simultaneously or subsequently, a
dynamic cell is used as a pipeline, allowing both types
of cells to be accessed at high speed.

Pipeline operation refers to an instance where the word
line (row) to be selected next is set to the selected level
in advance, so that it can be written or read at high
speed in the time required to select a column in
dynamic static-column mode.

Shift registers are used as read and write column and
row selectors to enable the sequential selection of
write or read addresses in pipeline processing.

Applications

Signal processing technology aims toward higher
quality in the development of digital copiers and
facsimile machines. As examples, consider image
quality improvement processing such as the adaptive
bilevel control technique, which produces a stable and
accurate binarization regardless of the original docu-
ment type, and the two-dimensional equalizing filter,
which corrects fading in photoelectric signal conver-
sion. The uPD42505 fits easily into these processes. It
can also reduce system size and cost.

Two-Dimensional Filter

In handling an image with half-tones, e.g., a photo-
graph, there is some deterioration in the image quality,
such as thin lines and small characters fading out;
fading is usually caused by the lens or photoelectric
signal conversion system in a CCD sensor. A two-
dimensional filter is very effective in enhancing
contours where contrast changes sharply and in
reducing the fading problems. Figure 12 shows a
contour enhancement circuit.
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Figure 12. Contour Enhancement Circuit
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In this example, the video input is handled as a 4-bit
signal so that a circuit with a delay length equal to two
scanning lines can be configured with a single
pPD42505. Adding adders or subtractors and multi-
pliers to the uPD42505 completes the contour
enhancement configuration.

The video signal of the n+1th line (delayed by one
scanning line) is input to Dino-Dins and output from
DouTto-DouTs as the nth line. Applying this output
directly to Djng-Din7 delays the video signal another
scanning line before it is output from Doyt4-DouT7 @s
the n—1th line. There is a delay of one scanning line
between the signal input to D|no-Dinz and the signal
output from Doyto-Dourts, and a delay of another
scanning line between the signal input to Dyng-Din7
and the signal output from Doyrt4-Doytr Processing
these signals in the adders and multipliers provides

contourenhancementin the vertical direction. You can
control the delay length by controlling the reset signals
(RSTW and RSTR) and the clock signals (WCK and
RCK) in common, and by controlling the reset signal
input interval.

The delay length of one scanning line is used in various
applications for two-dimensional data processing. The
uPD42505 can aiso be used in applications such as
VTR jitter compensation (time axis variation) caused
by the variance in head drum rotation rate or the expansion
or shrinkage of the tape, applications requiring
variable-length delay lines to contract or expand a
video image in the horizontal direction, applications
involving the synchronization of two or more digital
signal inputs, and as a line buffer in data transfer
operations between devices using different data trans-
fer rates.
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Introduction

The uPD41101 and uPD41102 are high-speed serial
access line buffers organized as 910 words x 8 bits and
as 1135 words x 8 bits, respectively. An algorithm that
enables data to be read out in the order in which it was
input makes these devices suitable for use as data
delay lines or for converting data transfer rates, e.g., as
buffer storage used for data transfer between devices
with different data processing rates.

The uPD41101 can process an NTSC composite video
signal (the TV system used in Japan and North
America) that has been previously digitized. The fast
access times of the device allow a sampling frequency
of four times the color signal subcarrier frequency
(where fgc = 3.58 MHz and 4fgc = 14.32 MHz) for
each scanning line to be used. This means that 910
addresses are required for each scanning line when
sampling at 4fsc.

The uPD41102 can process a PAL composite video
signal (the TV system used in European countries
other than France) that has been previously digitized.
This device also uses a sampling frequency of four
times the color signal subcarrier frequency (where fsc
= 4.43 MHz and 4fgc = 17.72 MHz) for each scanning
line, which means that 1135 addresses are required for
each scanning line when sampling at 4fgc.

Figure 1 shows the pin configuration for these devices.
The Dyno-Ding, RSTW, WE, and WCK pins control write
operation, while Doyto-Doyt7, RSTR, RE, and RCK
control read operation. The pins are organized to
operate asynchronously and at different speeds simul-
taneously. A built-in serial address generator auto-
matically generates read and write addresses so that
an address need not be supplied externally.

High-Speed Operation
Write and Read Operation

Write and read cycles are executed identically. One
address of data (8 bits) is written or read in one cycle
in synchronization with WCK or RCK when WE or RE
is low. The write or read address is incremented by 1
at the falling edge of each write or read clock. Write
data must satisfy setup and hold times as measured
from the rising edge of WCK.

Figure 1. Pin Configuration
pouro {1/ 24[0Dine
Oout1 2 23] DiN1
Dout2 [3 221 DIN2
Douts []4 21 1 DiN3
RE[]s 20 [JWE
RSTRL]6 19 [JRSTW
GND 7 18 [JVce
RCK[]8 17 [JweK
Douta (@ 16 [ DiNg
Douyts [] 10 15 ] Dins
Douts O} 11 14 [1'DiNe
Doyt [} 12 13 [ DiN7
83-005222A

The RSTW and RSTR reset signals initialize the write
and read address pointers to 0. A reset signal must be
input to satisfy the setup and hold times as measured
from the rising edge of WCK or RCK. Once the address
is initialized, a write or read cycle is executed in
synchronization with its respective clock and the
pointer is incremented by 1. in the uPD41101, the
pointer returns to 0 after address 909. In the uPD41102,
the pointer returns to 0 after address 1134.

When WE is high, write operation is disabled and the
line address is held regardless of the status of WCK.
When RE s high, read operation is disabled, the output
goes to high impedance, and the line address is held
regardless of the status of RCK.

Functional Blocks

The write data from Dyno-Dyn7 goes through an input
buffer and is serially written to either a static cell in an
8-byte configuration, or a dynamic cell in an 1136-byte
configuration, one byte (8 bits) at a time, in synchroni-
zation with WCK. The data read from these celis is
serially output from the Doyt pins through a sense
amplifier and the output buffer, one byte at a time, in
synchronization with RCK. The read and write circuits
control these operations.

WCK, WE, and RSTW are input to the write control
circuit. RCK, RE, and RSTR are input to the read
control circuit. These segments are composed of simple
gate circuits (figure 2).
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Figure 2. Block Diagram of the uPD41101 and uPD41102
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Storage Cells

The uPD41101 and uPD41102 use dual-port storage
cells to execute read and write cycles asynchronously
and at different speeds (figures 3 and 4).

Static Cell Organization. In the static cell, two pairs of
transfer gates (one pair each for read and write
operation) are connected to the flip-flop in the middle.
The other end is connected to a pair of bit lines for read
operation_(RD, RD), and another pair for write opera-
tion (WD, WD). One word line each for RWand WW are
connected to the transfer gate pins.

When the word line for a write cycle (WW) goes to the
selected level, and write data is applied to the pair of bit
lines (WD, W) of the selected column, a write cycle is
executed on the cell where the row (word line) and
column (bit line) intersect.

A read cycle is executed independently. When the
word line goes to the selected level (RW), data is trans-
ferred to the bit line pair (RD, RD) through a transfer
gate. Data is selected by the column signal and read
externally. Datain the storage cell at the intersection of
the selected row and column is also read.

Read and write data are input as a differential signal so
that the static dual-port cell can operate at a higher
speed. The circuit size is larger because it requires
more components.

Dynamic Cell Organization. Each dynamic array in
the uPD41101 and uPD41102 consists of two subarrays
with 71 rows apiece. Each row of the subarray consists
of 8 (number of bits) x 8 addresses (bytes). Each row of
each subarray therefore has 8 subword lines. Figure 5
shows the organization of a dynamic array.

Figure 3. Dual-Port Static Storage Cell

WW [Word Line for Write Operation]

wD WD

RD RD

RW {Word Line for Read Operation]

83-004960A

Figure 4. Dual-Port Dynamic Storage Cell

RW [Word Line for
Read Operation]

WW [Word Line for
Write Operation]

—
|||»-——-{

wD RD
83-004961A
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Figure 5. Organization of Dynamic Storage Array
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The dynamic cell has only one bit line for each read
(RD) and write (WD) operation, one word line for each
read (RW) and write (WW) operation, three transistors,
and one capacitor. Although the longer data sense
phase reduces its speed, a dynamic cell can be con-
figured with fewer components and used for high-
density integration.

In a write cycle, write data input through the bit line
(WD) is guided through a transfer gate made conduc-
tive by the word line (WW). The gate charges or
discharges the storage capacitor.

In a read cycle, the transistor with the gate connected
to one end of the storage capacitor is turned on or off
depending on whether or not the capacitor is charged.
Data is transferred to the bit line (RD) through the
transfer gate, made conductive by the word line (RW),
and then read externally. Word and bit lines for each
operation are independent of each other so that read
and write cycles can be executed asynchronously.
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Data Transfer

The uPD41101 and uPD41102 are configured so that the
internal address is incremented one bit at a time and
data is accessed serially. After a reset signal initializes
the device, a static cell that can operate at higher speed
is accessed. Simultaneously or later, a dynamic cell is
used as a pipeline, allowing access to both types of
cells at high speed.

Stored information is defined by the state of the
storage capacitor. When the word line for the write
cycle goes to a selected level, the write transfer gate of
each storage cell connected to the word line becomes
conductive, and the data (electrical level) given to the
bit line is rewritten to the capacitor connected to the
end of the transfer gate. The precharge level of the
write bit line (typically a high level) is rewritten to the
storage cells on the selected word line, other than the
one to which the column signal applies data, thereby
destroying data stored there.
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The yPD41101 and uPD41102 prevent this destruction
of data by using a main word line and a subword line.
The subword line is driven by the ANDed signals of the
main word line and the write column. The transfer gate
of each cell corresponding to each address is con-
nected to asubword line. Therefore, the write word line
of the storage cells at the selected row and column
address is the only one which goes to a high level,
preventing the destruction of data in other cells on the
same write line.

Address Selection

A dynamic storage array consists of subarrays 1and 2,
each of which is 568 (71 x 8) bytes. A column selector
and a row selector circuit are provided for independent
read and write operation for each subarray.

The first step of address selection involves the access-
ing of an 8-byte static cell immediately after a reset
cycle. The address selector moves to the first row of the
subarray, and subarray 1 is accessed from left to right,
one byte at a time. When 8 bytes of subarray 1 have
been accessed, the address selector moves to the first
row of subarray 2, also accessed from left to right, one
byte at a time. When 8 bytes of subarray 2 have been
accessed, the address selector alternately selects
8 bytes from addresses in both subarrays, so that rows
are selected from the higher row to the lower row.

When the number of access cycles to the static cell
array (8 addresses) and the dynamic cell array reaches
910 (for the uPD41101) or 1135 (for the uPD41102), the
pointer moves to address O of the static array.

This method of sequential address selection increases
the access speed of the dynamic cell by selecting row
addresses in the pipeline method. Pipeline operation
occurs when the word line (row) to be selected next is
set to the selected level in advance so that it can be
written or read at high speed, i.e., in the time required
to select one column in static-column mode.

After a reset cycle, when 8 bytes of the static cell are
being accessed, the first row of subarray 1, which is
accessed next, is set to the selected level in advance.
When the selected address moves to the first row of
subarray 1 (after 8 bytes of static storage are accessed),
a read or write cycle can be executed at high speed for
that row. The first row of subarray 1 can be accessed at
high speed even after the static array is selected. This
process continues with the first row of subarray 2, the
second row of subarray 1, and so on.

While the static cell is being accessed immediately
after a reset cycle, the address on the dynamic cell is
held on the first column and row of subarray 1. The
dynamic array is not accessed at this time. Pipeline

operation is performed independently for write and
read cycles by the row and column selectors for each
subarray. :

Shift registers are used as read and write column and
row selectors for the sequential selection of write or
read addresses and pipeline processing. Shift registers
are provided for each column and row, and each node
level is set in advance so that when reset, each shift
register outputs a high signal for the first column or
row and a low signal for other columns or rows.

The column selector (shift register) is driven by WCK
or RCK and the address is incremented by 1 for each
clock cycle, i.e., the node that outputs a high signal
changes in synchronization with the clock, and the
column selector changes with it.

The row selector (shift register) is related to pipeline
control and is driven by the pulse generated when the
column address selector moves from subarray 1 to
subarray 2 or vice versa. The row selector is incre-
mented by one row address after the change from one
subarray to another.

Each shift register used as a column or row selector is
configured as a ring counter so that when the last

~column or row is reached, it automatically returns to

the first column or row.

Applications

For the most part, the applications described below
pertain to noninterlaced digital TV. The descriptions
apply to NTSC systems, unless otherwise specified.

Comb Filter

A composite TV signal (output of a TV tuner) is the sum
of the luminance (Y) and chrominance (R-Y, B-Y) color
signals. The Y, R-Y, and B-Y signals must be separated,
and the R, G, and B signals input to the picture tube
generated from them.

A comb filter with line buffers derives the color or
luminance signal by cancelling it from the composite
signal, using the correlation between neighboring
lines. This filtering fully separates the color and
luminance signals, especially when there is a strong
correlation between lines, to produce a clear picture.

If the signals are not well separated, the color signal
may interfere with the luminance signal and cause dot
crawl. The luminance signal may also interfere with the
color signai and cause cross-color. This interference
degrades the picture quality, especially where color or
luminance changes sharply. Figure 6 shows a typical
comb filter using line correlation.
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This example compares target line B with neighboring
lines Aand C. Two uPD41101s are used as 910-bit delay
lines. The color signal (C = R-Y, B-Y) is separated by
subtracting the data of the upper and lower lines (A +C)
from the target line data (B) and filtering the separated
signal through the 3.58-MHz bandpass filter. The
luminance signal is the result of subtracting the
separate color signal from the original data (B). See the
description of the “Variable-Length Delay Line” appli-
cation for information on controlling a delay line of
910 bits or less.

Double-Speed Scan Conversion

The current NTSC and PAL TV systems use interlaced
scanning to eliminate the flickering caused by field
transition. Scanning is performed every two lines,

Figure 6. Interline Y/C Separation with a Comb Filter

reducing the pixel density and doubling the field
frequency (number of fields-per-second), as illustrated
in figure 7. :

Ininterlaced scanning inthe NTSC system, a compiete
frame consists of two fields of 262.5 scanning lines
each. The field frequency is 60 Hz, i.e., the sum of 30
first fields-per-second and 30 second fields-per-
second. In the PAL system, a complete frame ‘is
comprised of two fields of 312.5 scanning lines each.
The field frequency is 50 Hz, the sum of 25 first
fields-per-second and 25 second fields-per-second. In
both cases, interlaced scanning reduces the flicker in
motion scenes caused by field transition. The pixel
density in the vertical direction is also reduced,
diminishing the level of detail.
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Figure 7. Relationship of Field to Frame in NTSC Systems
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The uPD41101 or uPD41102 can be used to convert
interlaced scanning to noninterlaced scanning. Doub-
ling the pixel density (humber of scanning lines) in the
vertical direction without changing the field frequency
produces clear and precise images (figure 8). In inter-
laced scanning, the first field of solid lines and the
second field of broken lines are scanned alternately at
30 fields-per-second (25 fields-per-second in PAL). In
noninterlaced scanning, the number of scanning lines
per field is doubled, and 60 fields-per-second are
scanned (50 fields-per-second in PAL).

In noninterlaced scanning, the data of the skipped line
is created using the buffer. It is read at twice the
sampling frequency of interlaced scanning (8 fg¢ if the
interlaced sampling rate is 4 fgg). Noninterlaced scan-
ningscans two lines in the time that one line is scanned
in interlaced scanning. The horizontal frequency of the
CRT must also be doubled for noninterlaced scanning.

Figure 8. Interlaced and Noninterlaced Scanning

The data of the skipped line can be created

e Using the data of the previous line (reading out the

same data twice)

Using the average value of the lines before and after
the skipped line

Using data that is one-field-old (the data for 262 lines
before for NTSC, or 312 lines before for PAL)

In the first option, one uPD41101 (or one uPD41102
for PAL) is used for one input signal. The data is written
at 4 fgc and read out at 8 fgc. Reading starts when data
is written to half of the line (455 bytes). The same data
is read twice (910 bytes x 2) at 8 fgg. Data read in the
latter half is used as interpolated data (figure 9).

In the second method, one uPD41101 delays the data of
one line, and two uPD41101s convert the current data
and the interpolated data for double-speed scanning.

Interlaced Scanning

Noninterlaced Scanning
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Figure 9. Using the Previous Line as Interpolated Data
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The two uPD41101s used for scan_conversion are
written at 4 fgc and read at 8 fgc. The RE signal is con-
trolled to first read the uPD41101 to which the current
line data is written, and then read the uPD41101 to
which the interpolated data is written (figure 10).

In the last option, as in the previous one, one buffer
delays the data for one field and two other uPD41101s
perform scan conversion. The control sequence is the
same as described in the second method. Using data
from aline of the previous field produces a clearimage,
especially in a still scene (figure 11).

Figure 10.° Using the Average of the Previous and Following Lines

RCK (8 fsc)

(4 ts0) WCK (4 fgc)
WCK, RCK Wit Ui ]
’ to Line -+ l uPD41101 I:—s-f-b Dout
8 i
uPD41101 1\0 %
Write Line Dout
¥ O 1PD41101 8 (Interpolation Data)
DiN
Write Line | Line n Linen +1 Linen + 2 1 Linen + 3 1 Input Lines
(41s0) | [ | | (Interlaced)
| | |
1 1 1
. ] } f
m+{n+1) In+1)+(n+2) In+2+(n+3) ln+3)+(n+4)
Read Line | 2 | n+t | 2 n+2 | 2 | n+s | 2 | Output Lines
8tsc) I T T ] T T I (Noninterlaced)
83-004930B
Figure 11. Using a Line from the Previous Fleld
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Dropout Compensation

Dropout compensation cancels the noise in a VTR
picture reproduction. If a line contains noise, the por-
tion of the previous line in the same position as the
noise is reproduced instead, eliminating the noise
from the reproduced image (figure 12).

Figure 12. Example of Dropout Compensation
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n+1th Data with Noise
Line
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Video data from a tape normally is written to the
uPD41101, delayed for one scanning line (910 bits), and
then used as image data to a TV system. The noise-
detection circuit senses noise in the video signal.
When data containing noise is input to the uPD41101,
theinputis switched to the data already in the buffer so
that the previous data line is written again. Data
containing the noise is not output to the TV system
(figure 13).

Figure 13. Dropout Compensation Circult

l Video Signal
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} I TV Sy
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The uPD41101 can also be used as a 910-bit (one
scanning line) delay. If the write data fed back by
switching is delayed, the delay length must be reduced
to compensate for it. For example, if switching causes
two bits of delay, the delay length must be adjusted to
908 bits.

Jitter Compensation [Time Base Correction]

Ina VTR, variation in head drum rotation speed or tape
contraction or expansion can cause jitter in the repro-
duced image. The image can be reproduced clearly
when jitter is adjusted and the image is reproduced
with accurate clocks (figure 14).

Figure 14. Basic Jitter Compensation Circuit
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The video signal input from the tape is written to the
uPD41101 with a clock that can be accurately slaved to
the time axis variation of the input video signal. Video
data with the same time axis is reproduced by reading
data using the synchronized read clock as a reference.
If ajitter compensation circuitis configured so that the
device to which the data is written, or from which it is
read, is selected from among two or more devices by
the RE or WE signal, the circuit can have adelay length
of two or more lines.

Variable-Length Delay Line

The pPD41101, driven at 8 fgg, can be used as a
variable-length delay line with a delay length of 10 to
910 bits (12 to 1135 bits for the uPD41102). Driven at
4 fgc, it can produce a delay of 5 to 910 bits (6 to 1135
bits for the uPD41102). If an analog-to-digital (A/D)
and a digital-to-analog (D/A) converter are connected
to the input and output sides, respectively, it can also
be used as an analog signal delay line (figure 15).

Figure 15. Analog Signal Delay Line

Analog AID DIA Delayed
sllgnal Converter uPD41101 > Converter |~ Analog Signal
nput f Output
Delay Length
Control
83-004935A
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When reading data at a certain address, the uPD41101
requires 300 ns + 0.5 write cycles (maximum) to read
data once the write cycle is complete. For example,
when the yPD41101 operates on a 34-ns clock, the
minimum delay length is (300 + 34/2)/34 = 9.3, or 10
cycles. When the uPD41102 operates on a 28-ns clock,
the minimum delay length is (300 + 28/2)/28 = 11.2, or
12 cycles. The maximum delay length of the uPD41101
is 910 cycles and 1135 cycles for the uPD41102.

Delay length can be controlled by

e Controlling the reset input interval

e |nputting the write and read reset signals at different
times (the delay length is determined by the offset
between the inputs)

e Controlling the WE and RE signals

Figure 16.

In the first method, the same signal is used for WCK
and RCK. RSTW and RSTR are controlled together.
Data written after a reset signal is read after the next
reset interval. If the reset signal is input every 900
cycles, the delay length is 900 bits. This option pro-
duces a delay length determined by the reset interval
to control the delay length (figure 16).

In the second method, using the write and read reset
signals, data written from address 0 by the RSTW
signal is read out from address 0 when the next RSTR
signal is input. The delay length is determined by the
offset between the write reset signal and the next read
reset signal input (figure 17).

Controlling Delay Length with the Reset Interval

2H

—

Notes:

[1] V = valid data.

{2] 1H = the first group of “n” bits.

[3] 2H = the second group of “n” bits.
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3-242



N E C ©xPD41101/,PD41102

Figure 17. Controlling Delay Length with RSTW and RSTR
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Inthethird method, using the WE and RE signals, write
or read operation is disabled when WE or RE is high;
the ‘interval pointer remains at the address where
operation is disabled, regardliess of the status of WCK
or RCK. The delay length_can be controlled in one-
cycle units by controlling WE and RE. After the reset
interval, read data is delayed by 910 cycles (1135 cycles
for the uPD41102) from the write data (figure 18).

Time Axis Conversion

You can use the uPD41101 for time axis conversion by
changing the write clock frequency (WCK) and the
read clock frequency (RCK). One application for time
axis conversion involves image contraction or expan-
sion in the horizontal direction. The image contracts if
the read clock frequency is higher than the write clock
frequency, and it expands if WCK is higher than RCK
(figure 19).

Figure 18. Controlling Delay Length with WE and RE in the uPD41101
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Figure 19. Time Access Conversion Application
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Digital Signal Input Synchronization

When performing timeshared data processing in an
electronic telephone exchanger or in a star-configured
local area network, the phase between input streams
may be offset because of differences between the
terminal and the central line exchange module. The
nPD41101 can be used to correct the phase offset
(figure 20).

Inputs 1 to n are serial data input streams. However, the
frame heads (flags indicating the beginning of the
data) of each input stream are not synchronized.

Figure 20. Digital Signal Input Synchronization

The solution requires controlling write operation for
each stream. When a frame head is detected, the write
address is reset to 0. A clock extracted from each input
can be used as the clock for that write cycle. When data
is written to all uPD41101s, the read address isresett0 0
by inputting RSTR with appropriate timing. All data
streams then can be read out in the same phase by
reading all uPD41101s simultaneously, even if the input
streams are not synchronized.

The serial-to-paralliel and parallel-to-serial conversion
circuits shown in figure 20 may be used only when
serial data is handled at each input and output.
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General Application

The uPD41101 and uPD41102 are suitable for use as
buffer storage in data transfer operations between
devices of different speeds. Because they use dynamic
circuits, the maximum hold time for storage cell datais
1 ms. To hold data ionger than 1 ms, you must rewrite it
to the same address within 1 ms (figure 21).

The read and write addresses must coincide when
rewriting data. If the feedback data is not delayed by a
multiplexer, input the RSTW and RSTR signals simul-
taneously so that the output data of address n is fed

back to the input as it is, and then written again to
address n.

If the feedback data is delayed, adjust the input timing
of RSTW and RSTR, depending on the delay (number
of cycles) of the feedback data. RSTR must be
advanced according to the feedback data delay.

In either case, WCK and RCK must be the same. Toread
the data written to an address after the write cycle for
that address is complete, 300 ns + one-half write cycle
is required.

Figure 21. Static Hold Circuit for Storage Cell Data
RCK WCK RSTW RSTR
(Note 2)
Data Hold
(Note 1)
L] oPFFo |-
Clock
DIN —— RCK WCK RSTW RSTR
MPX |—] Din uPD41101 Dout DouT

-

Notes: .
delayed.

a true (high) logic level.

[1]1 A D-type flip-flop must be provided when the data is

{2] RSTW must be input at least once while Data Hold is at

83-004941A
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Figure 22. uPD41101/uPD41102 High-Speed Line Buffer
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Introduction

In the field of computer-aided design and manufactur-
ing (CAD/CAM), running software with many utility
programs results in time-consuming disk accesses.
Workstations operating in a local area network (LAN)
also are performance-limited by the heavy burden on
magnetic disks serving multiple users. These systems
receive a performance boost when the magnetic disk is
replaced with a solid-state disk.

NEC developed the uPD42601 silicon file, a 1,048,576 x
1-bit semiconductor disk, precisely for such applica-
tions. The CMOS-fabricated uPD42601 operates much
faster than hard disks, with simplified circuitry and
fewer sense amplifiers than standard DRAMs. Although
access times from RAS (tpac) and CAS (tcac) of 600 ns
and 100 ns, respectively, make this device slower than
standard DRAMs such as NEC’s uPD421000, the use of
word-width system architecture and page-cycle
accesses achieves very high data transfer rates and
can therefore improve system efficiency.

Applications

Because the device’s high capacity, battery-support-
able nonvolatility, and environmental hazard resistance
are expected to challenge the niche previously defined
by bubble devices, the uPD42601 should find its major
market in large solid-state disk applications. However,
as shown in table 1, other potential markets exist. For
example, the uPD42601’s very low data retention cur-
rent, which reduces heat buildup and simplifies
thermal design, means that a cool die operating in a
300-mil SOJ offers greater flexibility in packaging and
stimulates new ideas for other product applications
(see figure 1 for packaging options and pin assign-
ments of the uPD42601).

Table 1. Potential Markets for uPD42601 Silicon File

Market Requirements Applications

Solid-state disks High capacity High-end engineering
Reliability workstation (100
Battery backup Mbytes to 1 Gbyte)

Portable handheld  Light weight Personal computers

products Low power Retail point-of-sale
Small size terminals

Industrial Immunity to a Process control
hazardous environ- Robotics

ment: vapors, dust,
vibration

uPD42601
SILICON FILE
Figure 1. Pin Configurations
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Power and Speed Enhancements

All access cycles and timing specifications for the
uPD42601 are similar to those of generic DRAMSs.
However, the uPD42601 requires only 25% of the
operating power and 5% of the standby power of a
standard DRAM, and therefore provides a better silicon
solution for the aforementioned applications. The
silicon file has a specified access time from RAS (trac)
of 600 ns. A quick page access time from CAS (tcac) of
100 ns is also available. Heavy system use of page
cycles makes the best choice for two reasons: the first
is speed enhancement over standard RAS/CAS cycles
and the second is disk sector size, which closely
matches the number of bits accessible in page cycles.

In target applications for the uPD42601, low power is
required. Both operating and standby power are impor-
tant: low operating power results in cooler device
temperatures and higher reliability, while standby
currents in the microampere range allow for battery
backup and small packaging options.

Self-Refreshing

The uPD42601 has a self-refresh feature similar to the
one found in pseudostatic DRAMs. Bringing the RFSH
pin low and clocking RAS permits the silicon file to
retain data while using only 30 uA of power. In large
solid-state systems, the solid-state disk would use
byte-wide or word-wide banks of silicon file storage,
with only one bank of devices active at a time, and all
others in a state of self-refreshing. In this low-power
operation, total power consumption of the system

Figure 2.

would be very low, making battery backup possible
with compact batteries.

During self-refresh cycles, a relatively slow RAS clock
can be applied and data integrity stili be maintained. To
enter this power-down quiescent state, the user can
pull RFSH low and start the RAS clock at a slow cycle
time (trgr). Since data loss is caused by leéakage, and
leakage current increases with temperature, NEC has
specified the trge rating at 50°C, 60°C and 70°C. Each
temperature rating has a corresponding refresh current
(directly proportional to the refresh rate) which is
required to maintain data, with faster rates required for
higher temperatures (table 2).

Table 2. Self-Refresh Conditions

Ta ther (max) Sell-Refresh Current (max)
50°C 0us 30pA
60°C 10 us 60 uA
70°C Sus 120 A

It is important to make a distinction between self-
refresh cycles and the more familiar CAS before RAS
refresh cycles. When low, the RFSH pin enables self-
refreshing and disables most of the internal circuits.
Only those circuits required for self-refresh operation
are active. Because of the rate of tgcr required for
substrate bias generation, nineteen RAS clocks are
used in the uPD42601 to refresh one row (figure 2).

Internal Address Generation in Self-Refresh Operation

RFSH \
)
¢

Self-Refresh Operation

N

==¢ (s

Counter

19 RAS Clocks 19 RAS Clocks 19 RAS Clocks
(Note 1)
1 2 19 1 2 19 1 2
 —
RAS
)l b))} )
i ALY W
Address n=1 n n+1 n+2

2 N
1y

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.

Address (n) Refresh Address (n+1)

Refresh

83-0045038

3-250



NEC

©PD42601 SILICON FILE

Figure 3 shows a simplified block diagram of the
uPD42601 during self-refresh operation. The low level
of RFSH disables the ring oscillator and initializes the
RAS buffer and 19-bit counter. The external RAS clock
is reduced in frequency by the 19-bit counter. The
outputs of the counter and the timing generator are
then used to generate the slow-speed timing, decod-
ing, and sensing operations, while the substrate bias
generator functions at a reduced frequency to keep the
substrate stabilized but minimize power consumption.

Figure 4 shows the transition and delay times for Ipp1,
Ipp2, Ippa. and Ipps. When RFSH goes low, a 2.5-ms
delay occurs before the device enters true self-refresh-
ing. The timing shown in figure 4 depends on internal
temperature-compensated delay circuits and is
required to allow the die to stabilize at a lower
temperature. During this 2.5-ms period, the standby
current is specified as Ipps, or 500 uA. After the die
cools, the substrate bias generator operates at a lower
frequency and power consumption is composed of five
components: the RAS buffer, the 19-bit counter, the
decoder, the substrate bias generator, and the sense
amplifiers. All other peripheral circuits are disabled.

Figure 3. Circuit Operation in Self-Refresh Operation

Figure 4. Transition and Delay Timing
In Self-Refresh Operation

RFSH — |
RAS MU L

oo Meen

>l 1oDs
[Note 3]

la la
! ! pp2/lopa
fe T »

[Note 2]

lop1

[1] Power is reduced to standby after the
last RAS cycle. .

[2] After goes low, the internal delay
circuit determines the length of T.

[3] The substrate bias generator operates at
a lower frequency to reduce the current.

83YL-5403A
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CAS Before RAS Refreshing

The uPD42601 does not incorporate its own automatic
refresh circuits on-chip, but requires pulsing RAS in
the self-refresh state to hold data. Another more
descriptive term for this function is “pulse refreshing.”
In most pulse-refreshed devices, the method of enter-
ing and exiting self-refresh operation is crucial;
however, the 1M x 1 silicon file makes transitioning
between operating and self-refresh modes simpler
than previous-generation pseudostatic devices.

In the case shown in figure 5, no CAS before RAS
cycles are executed during a period of normal write
and read cycles. Re-entering self-refresh operation
after short write/read bursts limits the number of bits
that could have been accessed in the relatively short
time specified for trcr (i.e., the maximum cycle time
for RAS in self-refresh operation).

If system timing remains in normal write or read
operation longer than trcr (max), then refresh logic is
needed to control CAS before RAS refreshing. Every
32 ms, 512 refresh cycles are needed to refresh the 512

row addresses, an average rate of one every 62 us.
Because of the reduced operating current and the
resultant lower die temperature, the refresh period can
be extended to four times the 8-ms value specified for
most 1M x 1 DRAMs.

In CAS before RAS cycles, addresses need not be
supplied because an internal counter supplies them to
the decoders. Since the clocks for both CAS before
RAS refresh cycles and self-refresh cycles increment
the same internal address counter, there are orderly
and sequential transitions from self-refreshing to CAS
before RAS refreshing and back to self-refreshing.
Ensuring that the row addresses are refreshed in a
timely fashion is the function of the refresh counter,
which is clocked by CAS before RAS during normal
cycles and at the rate of 1/(19x tgcr) during self-refresh
cycles. The uPD42601 runs cooler than other self-
refreshing devices and does not require a burst of
extra CAS before RAS cycles before self-refreshing to
ensure data integrity.

Figure 5. Special Requirements for tace Near Periods of Limited Standard Refresh Cycles

{1] The value for tRcF [min] is specified in AC Characteristics. The

value for tRCF [max] is dependent upon t ture and shown
in the table below.
tRCF [max]
TA uPDA42601-L uPD42601
50°C 20 us 5us
60°C 10 us Sus
70°C 5us 5us

[2] When exiting self-refresh to a period ot 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

tering self-refresh op , tRCF is the delay between the
last CBR cycle and the tirst 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.

Self-Refresh Operation - - Self-Refresh Operation
Normal Read and Write Operation
e T\ \
RFSH (Note 3)
N~
tRFS
RAS
e,
—= tFRD [*— tRFD
tRCF T tRCF !
Notes:

[4] The time delay between the last self-refresh putse in one self-
refresh cycle, and the first self-refresh pulse in the nextcycle, is
defined by tRCF [max] when the intervening period of read and
write operation meets the conditions in Note 3.

[5] The built-in counter generates the refresh address in self-
refresh and CBR refresh cycles. Since this address increments
sequentially from the last cycle in either self-refresh or CBR
operation to the first cycle in the alternate refresh mode, CBR
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
burstrefresh of all storage cells just before changing to and just
after exiting self-refresh operation.

83-0045028
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As discussed earlier, a lower die temperature permits
both a relaxed refresh rate and simplified transition
timing between self-refresh and normal write and read
cycles. The die temperature is a function of the ambient
temperature, operating power, and the junction-to-
ambient thermal resistance (8;4). The calculations
showingtheincrease of junction temperature (T,) over
ambient temperature (Ta) at maximum power con-
sumption (Pp max) are shown in the sequence below.

(1) Ty=(8yaxPp) +Ta
(2) Ty=[95°C/W x (5.5 V x 12 mA)] + 55°C
(8) Ty=61.27°C

In a solid-state disk system where the air temperature
stabilizes at 55°C, the silicon file chip temperature
would not exceed 61.27°C, comparing favorably with
the die temperature of 81°C or more for a standard
DRAM encapsulated in a plastic SOJ and operating in
similar conditions.

Figure 6 shows the maximum specification for tgcr, the
critical parameter when transitioning between CAS
before RAS and self-refresh cycles. When exiting self-
refresh operation, tgcr (max) is measured between the
falling edges of RAS, from the last self-refresh cycle to
the first CAS before RAS refresh cycle. After transition-
ing from self-refresh operation to a period of normal
write or read cycles, writing and reading can proceed

foronly 5 us (at 70°C) before a CAS before RAS refresh
cycle is required. When transitioning from write and
read operation to self-refresh operation, the process is
simply reversed, with tgcr (max) referenced between
the last CAS before RAS refresh cycle and the first
self-refresh cycle.

RAS-only refreshing does not increment the refresh
counter, complicating the procedure for moving be-
tween refresh modes. In refresh methods other than
CAS before RAS, a burst of 512 refresh cycles is
required before entering and also after exiting self-
refresh operation. Complete refreshing of all rows is
needed since, in refresh modes other than CAS before
RAS, the status of the refresh counter is unknown and
the maximum specification for tgcp may be exceeded.
When the self-refresh capability is used, then CAS
before RAS refreshing is recommended.

Soft Error Performance

Like the 1M x 1 DRAM, the uPD42601 uses the trench
cell for asmall die size and excellentimmunity to alpha
particles. Accelerated soft error results are less than
1000 FITs (Failures In Time, or errors in 10° device-
hours) . With low manufacturing cost as an objective,
the device includes no error correction circuit (ECC),
parity, or data checking functions on-chip. Most
customers prefer to implement these functions off-chip.

Figure 6. Timing Restrictions Entering and Exiting Self-Refresh Operation

SEET Self-Refresh
RFSH Operation /

RAS
Last
Self-Refresh First CBR
Pulse ycle
tRCF
! 1

Notes: )

[1] The value for tRCF [min] is specified in AC Characteristics. The
value for tRcF [max] is dep upon P! and shown
in the table below.

tRCF [max]

TA ©PD42601-L uPDA42601
50°C 20 us 5us
60°C 10us Sus
70°C 5 us 5us

[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.

Normal Read/Write Operation

Self-Refresh
Operation

First
Self-Refresh
Pulse

Last CBR
Cycle
I tRCF >

[3] The built-in counter generates the refresh address in self-
refresh and CBR refresh cycles. Since this address increments
sequentially from the last cycle in either self-refresh or CBR
operation to the first cycle in the alternate refresh mode, CBR
refreshing shouid. be used during normal read and write
operation to refresh one address location every 62 us or less. If
some other means of ref ing is used, itis ytodoa
burstrefresh of all storage cells just before changing to and just
after exiting self-refresh operation.
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Silicon File-Based Solid-State Disk System

To assist our customers in the design-in of the
pPD42601, NEC undertook a 20-Mbyte solid-state disk
hardware project, a block diagram of which appears in
figure 7 and a photograph in figure 8 (the hardware
enclosure was designed for expansion to 40 Mbytes).
Contained within the same package form factor as a
5.25-inch Winchester, the solid-state disk system
includes batteries, a power supply, and the necessary
power fail logic to provide complete nonvolatility for up
to one month. The error correction device is a gate
array developed at NEC and is not commercially
available. A specification summary of this application
project is shown in table 3.

Table 3. Specification Summary

Parameter Specification

Capacity 20 Mbytes

Interface SCSI (host)

Data transfer rate 1.5 Mbytes/sec (max)
Access time 0.1 ms (max)

Error correction 1-bit correction and 2-bit detection
Sector size 256 or 512 bytes
Power supply 5 volts, 2 amps
Package size 5.25-inch disk
Battery voitage 4.8 volts

Battery backup One month

Operating temperature 510 50°C

Description of the Block Diagram

For the purpose of explanation, the block diagram in
figure 7 and the following system description are
detailed according to the format shown in table 4.

Table 4.

Major Functional Blocks Major Components

Power source/switch
Silicon file and ECC
Timing generator circuits

Battery, power control circuits
uPD42601LA, ECC gate array
RAS, CAS, WE logic

Data/address control V40™, WD33C93™, RAM, ROM

Power Supply and Power Fail Circuits

The upper left corner of the block diagram consists of
the battery, power switch, voltage detector, and power
fail circuits. Included in the power switch is a 5-volt

V40 is a trademark of NEC Corporation.
WD33C93 is a trademark of Western Digital.
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switching regulator and the power conversion circuits.
When the detector senses the falling power supply
voltage, the power switch supplies the battery voltage
to the components shown within the shaded block
(battery backup). At the same time, the power fail logic
sends a nonmaskable interrupt (NMI) to the V40, which
initiates an internal subroutine and places the micro-
processor in the low-current HALT mode.

When system power is restored, the rising voltage is
detected. After a delay, the power switch disconnects
the battery source and allows the 5-volt supply to
power the system. Once the V40 receives the second
NMI and resets the processor, RFSH goes inactive and
normal timing resumes.

To ensure nonvolatility and reduced battery current
drain, the silicon file devices must be placed in self-
refresh operation when system power fails. In figure 7,
the power fail logic has two outputs: one called self-
refresh, which pulls RFSH low on all the storage chips,
and a second output connected to the control pins of
the V40 and the timing generator block. This output is
actually two lines: one for the V40 NMI input initializing
HALT mode and the second for initializing the timing
generator circuits. When this output signal is active,
the power fail logic switches the timing for RAS from
normal read/write/refresh timing to the self-refresh
oscillator. For this application, the self-refresh fre-
quency is set at 50 kHz because this system is specified
to operate at 50°C (maximum).

Storage Organization with ECC

The solid-state disk is organized as five banks of 39
devices, a 32-bit internal data word and an additional 7
bits for the ECC check bits. The ECC device is capable
of 2-bit detection and 1-bit correction.

A 32-bit data bus is acceptable for the ECC chip, but
the V40 and the SCSI interface controller require a
byte-wide bus. The lower right corner of figure 7 shows
a four-section register to accomplish this 32- to 8-bit
conversion. This register is composed of eight octal
bus transceivers with eight enable lines generated in
the timing generator block. Four of these transceivers
are used for-the input side and four are used for
the output side. The four octal bus transceivers
(4 x 8 bits) comprise the 32-bit-wide data bus. The
enable signals select one of the four transceivers
receiving and sending each byte to or from the 8-bit
data bus. :
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Figure 7. Block Diagram of Silicon File Disk
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Figure 8. Photograph of Silicon File Disk

Timing Generation and Decoding

The timing generator block consists of a delay line,
several PALs®, and glue logic. Its purpose is to control
write and read operation and CAS before RAS timing.
One of the PALs is used for decoding the eight enable
signals used in the 32- to 8-bit multipiexing and
demultiplexing operation discussed in the preceding
section. Selecting one of five of the storage banks is
accomplished by decoding RAS, CAS and WE. This
function, together with the selection of the self-refresh
oscillator, is contained in the logic blocks shown to the
left of the storage array. The self-refresh oscillator is
contained in the power fail logic block.

Data Transfer Control [V40 and SCSI Controller]

In this system, the SCSI controller is the target and the
host computer connected to the SCSI controller is the
initiator. Although a solid-state device is not a disk in
that it has no cylinders, heads, or sectors, the V40 has
been designed to handie all the control, data transfer,
and address translation functions. Used as a micro-
controller, the V40 makes the silicon disk look like
a magnetic disk to the WD33C93.

PAL is a registered trademark of Advanced Micro Devices, Inc.
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Read Operation

Upon receiving the input/output command from the
host system, the host adapter arbitrates and wins bus
control. The target, the SCSI controller in this case, is
selected and receives the read instruction and starting
address from the host adapter. This information is
stored as part of the command data block in the SCSI
controller’s internal register. At this point, the host
disconnects. The V40 first recognizes the read com-
mand and the address and then sets the proper bits in
the WD33C93 address register. Under V40 control, data
is accessed from the correct logical address in the
silicon file and moved to the uPD43256A buffer RAM.

Once the silicon file has started filling the RAM, the
SCSI adapter can reconnect to the host. During this
phase, the target arbitrates for the bus and wins control
of it. The host is selected and the target sends the
message that it is reconnecting. Under control of the
V40, data is moved from the RAM to the SCSI controller
and is received by the host adapter completing the
operation. With this fast semiconductor disk, the data
transfer rate depends more on arbitration time than on
device access time.
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#PD41101/uPD41102/,PD42505
HIGH-SPEED LINE BUFFERS

Introduction

The need for storage devices to provide delay and
speed conversion in a variety of computer, telecom-
munication, and consumer applications has led to
NEC'’s development of several new high-speed line
buffers. The synchronous or asynchronous operation
of these devices allows them to be used as elastic
storage to synchronize data flow between two asyn-
chronous parts of a system, e.g., between communica-
tion and microcomputer chips.

In graphics systems, line storage devices can act as
high-speed source and destination registers during
raster operations. In television and VCR products, the
1K x 8 buffers provide the raster line storage required

Figure 1.

for luminance and chrominance separation and non-
interlaced scan conversion. The larger 5K x 8 devices
are perfectly suited for facsimile and printer applica-
tions because they can store a line of information ora
page of text at high speed.

This application note describes NEC’s uPD41101,
uPD41102 and uPD42505, three functionally equivalent
buffers with different capacities and speeds. Each
device has independent, 1-byte write and read ports
with separate write and read clocks. High-speed per-
formance is achieved by means of unique circuitry
rather than a submicron process. Fast access times

Die Photograph of the uPD41101 and uPD41102
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and low cost are possible because of specialized
dynamic circuit designs using the best of MOS tech-
nology (figures 1 and 2).

Features

The uPD41101, uPD41102, and uPD42505 are identical
except in organization and cycle times (table 1). The
following discussion applies to the three devices
collectively, unless noted otherwise.

Serial Addressing. Addresses are generated automat-
ically by an internal address counter and need not be
supplied externally. The clocks provided by the WCK
and RCK signals increment the respective write and
read address counters, enabling data to be read out in
the order in which it was input.

Wraparound Addresses. The internal address pointers
are implemented as ring counters; they return to
address 0 afterthe last bytein aline has been accessed.

Asynchronous Operation. Separate write and read
clocks, coupled with their respective enable inputs,
allow for independent write and read operation.

Reset Function. The RSTW and RSTR pins reset the
internal pointers to address 0. Resetting of the read
pointercan beinitiated after “n” write cycles to provide
an adjustable delay line of “n” cycles.

High-Speed Address Selection. By interleaving the
internal storage arrays and using a novel pipelining
technique for high-speed address selection, the devices
achieve very fast access times. The uPD41102-3, for
example, has a specified minimum cycle time of 28 ns.

Large’Capacity. All devices are 1-byte wide. Their line
lengths vary as shown in table 1. The uPD42505is con-
figured as 5048 by 8 bits to store a page of information.’

Figure 2. Die Photograph of the uPD42505

Table 1. Configurations and Cycle Times

Part Number Organization Cycle Times
uPDA1101 910 x 8 bits 34 or 69 ns
uPD41102 1135 x 8 bits 28, 34, or 56 ns
uPD42505 50 or 75 ns

5048 x 8 bits

Functional Description

Historically, line buffers were designed with shift
registers that suffered from fall-through delay as data
tumbled down the stack. With NEC’s new generation of
buffers, which provide independent write and read
clocks for asynchronous writing and reading, the write
data requires a delay of at least 10 or 11 cycles before
appearing at the output. The minimum line delay
(specified in 'thebindivi,dual data sheets for each device)
is not a problem in most applications because the
required delay is usually longer than the specified
minimum delay.

In synchronous operation, where write and read cycles
are controlled together (and write and read addresses
coincide), the internal logic causes a write cycle to be
delayed by one-half cycle from the read cycle. Read
data is output from the previous line, while new input
data is written just one-half cycle later.

Storage Arrays

Unlike other devices based solely on static cells, NEC'’s
line buffers have two types of storage elements: a static
cell for high-speed operation and a dynamic cell for
achieving large capacity in a small die area. To operate
at high speed, the fast static cell is used as a prefetch
buffer. While the first 8 bytes of data are being accessed
from the static cell, the first row of the dynamic ¢ell is
preselected for subsequent access (see Addressing).
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Figure 3. Dual-Port Static Storage Cell Array
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Figure 4. Dual-Port Dynamic Storage Cell Array
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The static storage cell has separate word lines for
write and read cycles (RW and WW), as well as differen-
tial data inputs (RD/RD and WD/WD) for high-speed
operation (figure 3). The three-transistor, one-capacitor
dynamic storage cell contains separate write and read
dataand word lines, two access transistors, and a third
transistor for cell signal pre-amplification (figure 4).
Pre-amplification is required since there are only eight
data amplifiers, one each for the eight input/output
ports.

Unlike the static cell, the dynamic cell uses only one
write and read data line and cannot take advantage of
differential sensing. Although the speed is siower, its
fewer components make this cell more suitable for
compact layout and high device integration. The suc-
cess of these high-speed buffers lies in the matching of
the static and dynamic cells to achieve high perfor-
mance at a low cost (figure 5).

Addressing

On acold start, initial writing and reading to the device
requires fast access times from the six-transistor static
cell. While the first eight bytes are being accessed from
the static cell, the first row of the dynamic cell is
preselected. To achieve relatively fast dynamic access,
the dynamic array is split into two segments and
storage interleaving is employed.

From a functional point of view, the line buffer isalong,
eight-bit-wide shift register. Its layout is compacted to
produce a small die size. The chip has two arrays, each
representing one-half of the line length. For the 1135 x 8
device, each subarray is organized as 568 bytes
(71 x 8 bytes).

The serial addresses are generated automatically using
column and row selectors for both write and read
operation. The following steps summarize the inter-
leaving sequence.

e In a reset cycle, data is read from the 8-byte static
cell, and the first row of subarray 2 is preselected.

e Row 1 of dynamic subarray 2 is accessed, and the
address pointer moves to subarray 1 for preselection.

e Row1ofsubarray 1isread, and row 2 of subarray 2 is
preselected.

¢ Interleaving continues between the subarrays until
the last address is accessed, at which time the
internal pointer automatically resets to address 0.

The address pointers are shift registers wired as ring
counters and clocked in a wraparound fashion to
control writing and reading of data at specific locations.
The shift registers are incremented by one address for
each WCK or RCK clock. Separate write and read
address pointers are required to execute write and read
cycles independently and at different speeds.
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Figure 5. Block Diagram
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Write and Read Timing

The uPD41101, uPD41102, and uPD42505 are equipped
with the following pins: Ding through Dyn7, RSTW, WE,
and WCK for_write operation and Doyrg through
DouT7, RSTR, RE, and RCK for read operation (figures
6and 7). Serial addresses are automatically generated
by an internal address counter. When WE is low, one
byte is written to each address in synchronization with
the WCK write clock (refer to the individual data sheets
fortiming diagrams); the internal write address pointer
increments by 1 with each falling edge of WCK. Write
data must meet the specified setup and hold times as
measured from the rising edge of WCK.

Figure 6. Configuration of 24-Pin Plastic DIP (and
Miniflat for uPD41101, uPD41102 only)
DouTto O 1 -/ z2apomno
bour1 2 231 DiNd
bour2]3 221 Din2
Douts 4 21 [0 DiNg
RE[]s 20 [JWE
RSTR]6 19 [JRSTW
GND[]7 18 [1vee
RCK[]8 17 Qwek
Douta {9 16 [ DiNa
Dourts [] 10 15 [ Dins
Doute (] 11 14 [ Dine
Dourr [ 12 13 [J DIN?
83-005222A
Figure 7. Configuration of 28-Pin Plastic ZIP
(uPD42505 only)
GND 1 G
3 : GND
5 DiN2
7 DiNo
9 Dourto
Dout2
GND
RE
GND
Dourts
Dout?
WE
DiN7
DiNs
WCK
83-005256A

The signal on RSTW, which is used to reset the write
address pointer to 0, also has setup and hold require-
ments with respect to the write clock.

When the signal on the read enable (RE) pin is low, one
byte of data is read out of the device for each RCK clock
cycle, and the read address pointer increments by 1.
The read address pointer is totally independent of the
write address pointer.

The control functions of WE and RE are shown in
figure 8. Bringing these two signals high (inactive)
stops the internal address pointers; activating them
again causes the internal pointers to increment to the
next sequential address.

Synchronous Operation

Figure 8 shows the internal timing sequences, inciuding
those for address transitions and write cycles, during
synchronous operation of these devices. With a com-
mon write and read clock, the internal write period is
delayed from the write address. This delay, required
when the write and read addresses are identical, allows
aread cycle and then a write cycle to be executed to the
same cell location. Read data is taken from the pre-
viously written line.

Designing with NEC’s Line Buffers
Initialization

After power has been applied, the write and read
address pointers are undefined and therefore need to
be set to address 0. Proper timing fora RSTR or RSTW

reset cycle is described in the individual data sheet for
each device.

Refreshing

Refreshing of the dynamic storage cells must be
performed at regular intervals. Data remains valid for
1 or 5 ms, depending on the line length of the device
(1 ms for the uPD41101 or uPD41102 and 5 ms for the
pPD42505). Since NEC’s line buffers contain only data
amplifiers and no sense amplifiers, a standard read
cycle does not refresh the storage cell. If longer hold
times are required, the original data must be rewritten
to the same address.
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Figure 8. Internal Timing for Synchronous Operation
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Minimum Delay Length

Unlike register-based line buffers, which use a data
flow-through cycle, NEC'’s line storage elements are
not capable of reading data immediately after it has
been written. Each device requires a minimum delay, as
calculated by the equations shown in table 2.

Table 2. Calculating Minimum Delay

Part Number Equation
uPDA1101 1/2 write cycle + 300 ns

(34 ns/2 + 300 ns)/34 = 9.3 or 10 cycles
uPD41102 1/2 write cycle + 300 ns

{28 ns/2 + 300 ns)/28 = 11.2 or 12 cycles
uPD42505 1/2 write cycle + 500 ns

(50 ns/2 + 500 ns)/50 = 10.5 or 11 cycles

Delay length, as measured by the number of cycles, is
dependent on the speed of the clock, i.e., at 14.3 MHz,
the minimum delay for the uPD41101 would be 5 cycles.

Storage Contention

Inasynchronous operation, when write and read cycles
contend forthe same line, the last “n” bytes (where “n”
may be 5-12 bytes) of line output are taken from the
previous line. This type of contention occurs most fre-
quently when executing continuous write and read
cycles at different rates, such as when converting video
images from interlaced to noninterlaced scanning. In
this case, the read clock operates at twice the speed of
the write clock. Near the end of the line, the read cycle
catches up and contends with the write cycle.

Setting Delay Length

Varying the Reset Interval in Synchronous Operation.
Depending on the application, some schemes for
implementing delay length suit system timing better
than others (see individual data sheets for timing).

In synchronous operation, the delay is set simply
by varying the interval between the reset pulses.
In this case, the reset clocks are tied together. Since
write and read clocks are common, line delay is deter-
mined by the offset between resets.

Varying the Reset Interval in Asynchronous Operation.
In asynchronous operation, the reset interval can be
varied using independent clocks and reset signals.
Delay length is calculated as the timing difference
between the write and read reset puises.

Controlling the RE Pin. in the third option, the read
enable pin (RE) can be used to control read operation
and the read address counter. When RE is high
(disabled), the read address counter does not incre-
ment and no data is output. After the desired delay, RE
can be brought low to begin executing read cycles. For
delays exceeding one line length, care must be taken
to ensure that new data is not written into an address
before the old data is read.

uPD42505 Large-Capacity Line Buffer

The uPD42505 was designed for applications where a
large amount of data is handled per line, e.g., in high-
performance digital copiers and G3 or G4 facsimile
machines requiring buffer storage for image compres-
sion, expansion, data transmission, and in some cases,
image enhancement using filtering techniques for
digital signal processing. The 5K x 8 line length has
also been used in some designs to hold the data tokens
in digital filtering arrays.

Although line buffering can be achieved using fast
static RAMs as shown in figure 9, the need for two
devices and other complicated peripheral circuits
necessarily increases the cost of asystem and makes it
more difficult to implement. The uPD42505 eliminates
the complexity and high cost by providing the same
functions and more advantages in one package.
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Figure 9. System Design Using Static RAMs Versus High-Speed Line Buffer
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Figure 10. Line Buffering in Local Area Networks
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Figure 11. Elastic Storage for Digital Signal Processing Applications
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Figure 12. Image Enhancement Techniques in High-Performance Digital Copiers
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{1} Inthis application, a large-capacity line buffer is used to hold token data for
digital signal processing.

Figure 13. Doubling the Line Rate in Scan Conversion
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INTERLACED TO NONINTERLACED
VIDEO SCANNING USING THE
vPD41101 HIGH-SPEED LINE BUFFER

NEC

NEC Electronics Inc.

Introduction

Interlaced scanning is used in television, videotape,
and videocassette recording applications to reduce
bandwidth and maintain an acceptable amount of
screen flicker in video signals. The procedure involves
lowering the vertical resolution and doubling the
number of fields so that one complete frame is formed
from the first and second fields. When a video signal
subsequently is decoded and ready for display on a
monitor or TV, bandwidth generally is no longer
a problem and the higher vertical resolution of
a noninterlaced signal may be used to produce a
sharper image on the screen.

In NTSC TV systems, there are 262.5 scan lines per
field, 2 fields per frame, and 30 frames per second
(figure 1). With the resolution per field in the vertical

Figure 1.

direction lowered by interlaced scanning, the lines
become rougher and the gap between scanned lines
more visible. This drawback becomes all the more
conspicuous in larger-screen TVs.

Vertical resolution problems caused by interlaced
scanning can be resolved by first repeating the signal
of each scan line. The number of scan lines per field
then can be doubled by doubling the horizontal
frequency and keeping the vertical frequency ‘intact.
Subsequently, an interlaced signal can be converted to
anoninterlaced signal to increase the resolution of the
picture in the vertical direction (figure 2).

The conversion from interlaced to noninterlaced scan-
ning can be achieved by temporarily storing each
line in a buffer and then displaying it twice to double
the number of lines per field (figure 3).

Relationship of Field to Frame in Interlaced Scanning

262.5 Scanning Lines

262.5 Scanning Lines
M

525 Scanning Lines
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Figure 2. Difference Between Interlaced and Noninterlaced Scanning
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Noninterlaced Scanning
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Figure 3. Doubling the Line Rate
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Figure 4. Block Diagram
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The uPD41101 High-Speed Line Buffer

The type of scan conversion described in this applica-
tion note requires buffer storage for each line. Required
storage is calculated by dividing the scanning period
per line by the sampling period to determine the
number of samples per line. Required storage for
NTSC systems is computed as shown in the following
sequence.

(1) Scanning period per line:
1

=63.5us
(525 lines x 30 frames)

frame second
(2) Minimum sampling frequency:
3.58 MHz x 4 = 14.32 MHz = 69.83 ns
(3) Samples per line:
63.5 us/69.8 ns = 909.7 samples

This application requires the storing of 910 words,
exactly one horizontal scanning line of data. NEC’s
uPD41101 high-speed line buffer, configured as 910
words by 8 bits, is ideally suited for the digital process-
ing of video signals because one-line delays and time
axis conversions can be executed easily.

The uPDA41101 differs from general-purpose static
devices in that it doesn’'t require a double-buffer
configuration (figure 4). Writing and reading can be

executed independently and asynchronously. Since an
internal address pointer eliminates the need for exter-
nal address generation, the only external controls
required are those for the WCK and RCK write and read
clocks and the RSTW and RSTR write and read reset
signals (see figure 5 for pin assignments). As shown in
table 1, three versions of the uPD41101 are available.

Table 1. Access and Cycle Times of the uPD41101

Access Time Write Cycle Read Cycle
Part Number {max) Time (min) Time (min)
pPDA1101-3 27 ns 34ns 34 ns
uPDAN01-2 27 ns 69 ns 34ns
uPD41101-1 49 ns 69 ns 69 ns

Figure 5. uPDA41101 Pin Configuration

DouTo EH_UTD Dino
bours 42 23 DiINt
boyt2]3 22 {1DiN2
Douts 4 21 [1DIN3
RE[]5 - 20 {IWE
RSTR]e £  19[IRSTW
ano []7 § 18 [vec
RCK ] 8 3 17[Iwek
Douts []9 16 {71 DiNg
Douts [] 10 15 {1 DINS,
Dourts (] 11 14 []DiNe
Doutr [} 12 13 {1 DyN7
83-003653A
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Operation

Write and Read Reset Cycles. After powerisappliedto
the uPD41101, its internal address pointers are unde-
fined and must be initialized to address 0. As shown in
figure 6, the inputs on RSTW and RSTR have required
setup and hold times as measured from the rising
edges of WCK and RCK, respectively.

Write Cycles. Write cycles are executed in synchroni-
zation with the WCK clock (figure 7). When WE is low,
8 bits of data are sampled from Dno-Dyn7 at the rising
edge of WCK and the internal write pointer increments
to the next sequential address. When the pointer
reaches the last address, it wraps around to address 0
again. When high, WE disables write operation and
inhibits the write address pointer. Write data must
satisfy required setup and hold times as specified from
the rising edge of WCK.

Figure 6. Write or Read Reset Cycle

Read Cycles. When REis low, read cycles are executed
in synchronization with the RCK clock (figure 7). Read
data is output from Doyto-DouTt7 after a specified
access time as measured from the rising edge of RCK.
The internal read pointer functions identically to the
write pointer, except that the read address increments
sequentially with each RCK clock.

Example of System Configuration

The block diagram in figure 8 shows a hardware
system designed to convert a standard NTSC inter-
laced video signal to a noninterlaced signal. In this
configuration, described on the following pages, the
input signals derive either from an NTSC composite
signal (video input), from a TV/VTR/VCR, or from the
R-G-B signal output of a personal computer.
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(3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the
{irst cycle in a group of reset cycles, the read access time is defined as tACR. In all other cycles,

(5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle.
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Figure 7. Write or Read Cycle
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Figure 8. Scan Converter Block Diag