


FMl's Corporate Headquarters, Santa Clara, California. 

About Fujitsu 
Fujitsu Microelectronics, Inc. is a U.S. subsidiary of 
Fujitsu Limited of Tokyo. A California Corporation, FMl's 
IC Division is responsible for the marketing and sales of 
all semiconductor products in North, Central and South 
America. 

Its parent company, Fujitsu Limited, was established in 
1935 as an offshoot of Fuji Electric Co. Ltd's Communi
cations Division. Today, Fujitsu Limited is Japan's 
leading computer manufacturer and one of the world's 
largest suppliers of telecommunicati.ons systems and 
semiconductors. 

With 12 manufacturing sites and operations in nearly two 
dozen countries, Fujitsu Limited employs more than 
37,000 people and enjoys sales of more than $3.8 billion. 

Major product lines include the FACOM computers, and 
data processing equipment, personal computers, tele
communications switching systems, microwave and 
lightwave transmission systems, satellite equipment and 
video, data and telemetering systems, electronic com
ponents and semiconductors. 

Fujitsu Microelectronics, Inc. 
FMI was founded in 1979 as an offshoot of Fujitsu 
America, the American sales and marketing arm for all 
other Fujitsu disk drives, magnetic tape units, printers, 
modems and telecommunications equipment. A separate 
Component Sales Division (FAI/CSD) headquartered in 
Chicago, markets the company's bubble memories, relay 
switches and hybrid ICs. 

In 1981, Fujitsu Limited also founded Fujitsu Mikroelec
tronik GmbH to market semiconductors in Europe and 
Fujitsu Eire, a semiconductor manufacturing company in 
Ireland. 

The first products FMI offered were dynamic RAMs, soon 
followed by EPROMS, Static RAMs, ECl RAMs, PROMs, 
ROMs, as well as special products like microprocessors, 
transistors and floppy disc controllers. 

In 1981 FMI entered the American custom logic market 
with its first Gate Array. (Fujitsu Limited had been 
making gate arays for the Japanese market since 1974.) 

FMl's San Diego Test and Assembly Plant. 

Fujitsu now offers a complete line of both CMOS and 
Bipolar Gate Arrays, as well as standard cells and pure 
custom circuits. FMI also has three regional Gate Array 
design centers to bring the designing process closer to 
customer. 

Fujitsu's first American test and assembly plant was 
opened in 1982 in San Diego, California. That plant now 
produces more than three and a half million RAMs and 
EPROMs a month for U.S. customers. It also has 
developed a customized Mil STD 883B process for FMl's 
parts. 

In that same year, FMl's product line expanded again, 
this time to include sophisticated microwave and op
toelectronic components. And, by the end of the year a 
third division was born, the Professional Microsystems 
Division, to market Fujitsu's new small business com
puter, the Micro 16s. 

Today, the tradition of selling only the highest quality 
products is carried on by FMI in its new corporate head
quarters. The 90,000 square foot building on Scott 
Boulevard in Santa Clara unites two of the three divi
sions under one roof, and offers all divisions the room to 
grow that they will need to continue to meet the needs of 
the electronics revolution. 

FMI offers its customers the highest quality and most 
reliable parts on the market today, whether it is 
memories, microprocessors, power transistors, or 
custom circuits. In the MOS memory product line, FMI 
offers dynamiC RAMs, static RAMs, Static Column 
RAMs, EPROMs, and ROMs. In Bipolar technology, FMI 
has some of the world's most advanced ECl RAMs and 
PROMs (contact your local sales office for our PROM 
data book.) 

Fujitsu's line of microprocessors and microcomputers, 
include a wide array of 4-bit, 8-bit and 16-bit NMOS and 
CMOS products. To accompany its microprocessors, 
Fujitsu also offers a full line of peripherals including an 
ETHERNET chip set and floppy disc controllers. 

In addition to these lSI products, FMI offers a broad line 
of linear devices including numerous power and 
switching transistors (contact your local sales office for 
our Linear Data Book. ) 
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• Fujitsu Microelectronics, Inc. makes no warranty for the use of its products described herein. 

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical semicon· 
ductor applications; consequently, complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and is believed to be entirely 
reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of ttw semiconductor devices described herein any license under 
the patent rights of Fujitsu Limited or others. Fujitsu Limited reserves the right to change device 
specifications. . 

No part of this document may be copied or reproduced in any form or by any means without the 
prior written consent of Fujitsu Microelectronics, Inc. 

Additional copies of this manual or other Fujitsu Microelectronics literature may be obtained by 
contacting your local Fujitsu sales office. 
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Ace ... Powe, 
Organization Time Supply Powe, Package Page 

(mall) Volta DI •• lpatlon 

16K x 1 lOOnS +5 182/20 mW n 1·2 
16Kx 1 120 nS +5 160/20 mW 1·2 

16K x 1 100 nS +5 182/17 mW 16·pin 1·14 
16Kx 1 120 nS +5 160/17 mW lEl·pin 1·14 

64K x 1 150 nS +5 275122 mW 1·23 
64K x 1 200 nS +5 248122 mW 1·23 

64K x 1 100 nS +5 275/22 mW 16-pin 1·34 
64Kx 1 120 nS +5 248122 mW 16-pln 1·34 
64K x 1 150 nS +5 220/22 mW 1·34 

64K x 1 120 nS +5 305133 mW 1·47 
64K x 1 150 nS +5 275/33 mW 1·47 

64K xl 150 nS +5 275128 mW 16-pin 1·54 
64K xl 200nS +5 248128 mW 16-pin 1-54 

64Kx 1 100 nS +5 275125 mW 16-pin 1-67 
64K x 1 120 oS +5 248125 mW 16-pin 1-67 
64K xl 150 nS +5 220/25 mW 16-pin 1-67 

64Kx 1 100 nS +5 275/25 mW 16·pin 1-Il2 
64K x 1 120 nS +5 248125 mW 16-pin 1·82 
64K xl 150 nS +5 220/25 mW 16-pin 1·82 

64Kx 1 120 nS +5 523*/33 mW 1·97 
64Kx 1 150 nS +5 523*133 mW 1·97 

256K xl 100 nS +5 385/25 mW 16·pin 1·99 
256K x 1 120 nS +5 358125 mW 16-pin 1·99 
256K xl 150 nS +5 314125 mW 1·99 

256K xl 100 nS +5 385125 mW 16-pin 1·110 
256K xl 120 nS +5 358/25 mW 16·pin 1·110 
256K x 1 150 nS +5 314/25 mW 1-110 

16K x4 100 nS +5 303/25 mW 18·pin 1·122 
16K x4 120 n~ +5 275125 mW la-pin 1·122 
16K x 4 150 nS +5 248125 mW 1·122 

64K x 4 100 nS +5 1110/88 mW 22-pin SIP 1·133 
64Kx 4 120 nS +5 990/88 mW 22-pin SiP 1·133 
64K x 4 150 nS +5 880/88 mW SiP 1·133 

64Kx8 120 nS +5 1980/176 mW 1·135 
64Kx8 150 nS +5 1760/176 mW 1·135 

256K x 1 120 nS 341199 mW 



FUJITSU 
MICROELECTRONICS. INC. 

NMOS 16,384·BIT DYNAMIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8117 is a fully 
decoded, dynamic NMOS ran
dom access memory organized 
as 16,384 one-bit words. The 
design is optimized for high
speed, high performance appli
cations such as mainframe 
memory, buffer memory periph
eral storage and environments 
where low power dissipation and 
compact layout are required. 
Multiplexed row and column ad
dress inputs permit the MB8117 
to be housed in a standard 16-pin 
DIP. Pin outs conform to the 
JEDEC approved pin out. 

FEATURES 
• 16,384 x 1 RAM, 16 pin 

package 
• Silicon-gate, Doubl, Poly 

NMOS single-transistor cell 
• Address access time 

100 ns max (MB8117-10) 
120 ns max (MB8117-12) 

• Cycle time, 
235 ns min (MB8117-10) 
270 ns min (MB8117-12) 

• Low power: 
182 mW max (MB8117-10) 
160 mW max (MB8117-12) 
19_5 mW max (Standby) 

• +5V single power supply, 
±10% tolerance 

• On-chip substrate bias 
generator 

• All inputs TTL compatible, 
low capacitive load 

The MB8117is fabricated using 
silicon-gate NMOS and Fujitsu'S 
advanced Double-Layer Polysili
con process. This process, 
coupled with single-transistor 
memory sto~agecells, permits 
maximum circuit density and 
minimal chip size. Dynamic cir
cuitry is employed in the deSign, 
including the sense amplifiers. 
Clock timing requirements are 
non-critical, and power supply 
tolerance is very wide. All inputs 
are TTL compatible; the output is 
three-state TTL. 

• Three-state TTL 
compatible output 

• Pin 1 auto refresh 
capability 

• Common 110 capability 
using "Early Write" 
operation 

• Output unlatched at cycle 
end allows extended 
page boundary and two
dimensional chip select 

• Read·ModifY-Write, RAS
orUy refresh, and Page
Mode capability 

• On-chip latches for 
Address and Data-in 

• Offers two variations of 
hidden refresh 

• Pin compatible with 
MK4516 and MCM4516 

MB8117 "'===E~~~==J . BLOCK DIAGRAM "'" 

A. 

A, 

A, 

A, 

A, 

A. 

DOUT 

1-2 

MB8117·10 
MB8117·12 

CEROIP PACKAGE 
OIP·16C·C03 

PLASTIC PACKAGE 
O!P-16j:)·M01 

PIN ASSIGNMENT 

RFSH Vss 

DIN 2 CAS 

WE 3 
~iC 

DOUT 

RAS 4 !!lUI A6 
... ~ 

Ao 5 )C-
~ .... A3 

A2 6 A4 

Al 7 As 

Vee 8 N.C. 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields. However, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
high than maximum 'rated voltages to this 
high impedance circuit. 



MBS117-10/MBS117-12 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to vss VIN, VOUT -1 to +7 V 
Voltage on VCC pin relative to VSS VCC -1 to +7 V 

Storage Temperature 
I Cerdip 

Tstg 
-55 to +150 °C 1 Plastic -55 to +125 

Power dissipation PD 1.0 W 
Short ci rcuit output current - 50 mA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operational should be 
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to VSS) 

Parameter Symbol Min 

Supply Voltage VCC 4.5 

Vss 0 
Input High Voltage, all inputs VIH 2.4 
Input Low Voltage, all inputs Vil -1.0 

CAPACITANCE (T A := 25°C) 

Parameter Symbol 

Input Capacitance Ao - As, DIN CIN1 
Input Capacitance RAS, CAS, WE, RFSH CIN2 
Output Capacitance DOUT COUT 

STATIC CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted.) 

Parameter INOTES I Symbol 

OPERATING CURRENT Average Power 
Supply Current (RAS, CAS cycling; tRC := Min) [J ICCl 
STANDBY CURRENT Power 
Supply Current (RAS := CAS = VIH 
DOUT := High Impedance) , 

ICC2 

REFRESH CURRENT 1 Average Power 
[I] ~Iy Current (RAS cycling, ICC3 

CAS = VIH; tRC := Min) 
PAGE MODE CURRENT Average Power 
~IY Current 1 (RAS:= Vll, [] ICC4 

A cycling, tpc := Min) 

REFRESH CURRENT 2 Average Power Supply OJ 
Current (RFSH cycling, RAS := CAS = VIH; tFC := Min) ICC5 
INPUT LEAKAGE CURRENT 
Current, any input (OVos; VIN os; 5.5V) 
Input pins not under test := OV, 

III 

4.5Vos; VCcos; 5.5V, Vss = OV 
OUTPUT LEAKAGE CURRENT (Data 
out is disabled, OV < VOUT <5.5V IOl 
OUTPUT LEVEL Output Low Voltage 
(IOl = 4.2 rnA) VOL 
OUTPUT LEVEL Output High Voltage 
(IOH = -5 rnA) VOH 

Operating 
Typ Max Unit Temperature 

5.0 5.5 V 

0 0 V 
O°C to +70°C - 6.5 V 

- 0.8 V 

Typ Max Unit 

- 5 pF 

- 8 pF 

- 7 pF 

MB8117·10 MB8117·12 

Min Max Min Max Unit 

- 33 - 29 rnA 

- 3.5 - 3.5 rnA 

- 25 - 22 rnA 

- 25 - 22 rnA 

- 28 - 25 mA 

-10 10 -10 10 pA 

-10 10 -10 10 pA 

- 0.4 - 0.4 V 

2.4 - 2.4 - V 

Notes: II] Icc is dependent on output loading. Specified values are obtained with the output open. 

1-3 



MBS117-10/ MBS117-12 

DYNAMIC CHARACTERISTICS 1 NOTES 1, 2, 31 
(Recommended operating conditions unless otherwise noted.) 

MB Bl17-10 
Parameter INQIESJ Symbol 

Min Max 

Time Between Refresh tREF - 2 

Random Read/Write Cycle Time tRC 235 -
Read-Write Cycle Time tRWC 285 -
Page Mode Cycle Time tpc 125 -
Access Time from RAS @I[§1 tRAC - 100 

Access Time from CAS [§II§] tCAC - 55 

Output Buffer Turn Off Delay tOFF 0 45 

Transition Time tT 3 50 

RAS Precharge Time tRP 110 -
RAS Pulse Width tRAS 115 10000 

RAS Hold Time tRSH 70 -
CAS Prechange Time (all cycles except page mode) tCPN 50 -
CAS Precharge Time (Page mode only) tcp 60 -
CAS Pulse Width tCAS 55 10000 

CAS Hold Time tCSH 100 -
RAS to CAS Delay Time [1j1§] tRCO 25 45 

CAS to RAS Precharge Time tCRP 0 -
Row Address Set Up Time tASR 0 -
Row Address Hold Time tRAH 15 -
Column Address Set Up Time tASC 0 -
Column Address Hold Time tCAH 15 -
Column Address Hold Time Referenced to RAS tAR 60 -
Read Command Set Up Time tRCS 0 -
Read Command Hold Time tRCH 0 -
Write Command Set Up Time ~ twcs 0 -
Write Command Hold Time t WCH 30 -
Write Command Hold Time Referenced to RAS tWCR 75 -
Write Command Pulse Width twp 30 -

Write Command to RAS Lead Time tRWL 60 -
Write Command to CAS Lead Time tCWL 45 -
Data In Set Up Time tos 0 -
Data In Hold Time tOH 30 -
Data In Hold Time Referenced to RAS tOHR 75 -
CAS to WE Delay [ljJ tcwo 55 -
RAS to WE Delay ~ t RWO 100 -
Read Command Hold Time Referenced to RAS tRRH 20 -
RFSH Set Up Time Referenced to RAS tFSR 110 -
RAS to R FSH Delay tRFO 110 -
RFSH Cycle Time tFC 235 -
RFSH Pulse Width tFP 100 -
RFSH Hold Time Referenced to RAS [Q] tFHR 0 -
R FSH Precharge Tiine tFI 110 -
RFSH to RAS Delay [Q] tFRO 55 -
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MB 8117-12 
Unit 

Min Max 

- 2 ms 

270 - ns 

320 - ns 

145 - ns 

- 120 ns 

- 65 ns 

0 50 ns 

3 50 ns 

120 - ns 

140 10000 ns 

85 -.- ns 

55 - ns 

70 - ns 

65 10000 ns 

120 - ns 

25 55 ns 

0 - ns 

0 - ns 

15 - ns 

0 - ns 

15 - ns 

70 - ns 

0 - ns 

0 - ns 

0 - ns 

35 - ns 

90 - ns 

35 - ns 

65 - ns 

50 - ns 

0 - ns 

35 - ns 

90 - ns 

65 - ns 

120 - ns 

25 - ns 

120 - ns 

120 - ns 

270 - ns 

120 - ns 

0 - ns 

120 - ns 

65 - ns 



Notes: 

An initial pause of 200J'S is required. Then several cycles 
are required after power up before proper device opera
tion is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 
If internal refresh counter is to be effective, a minimum 
of 64 active RFSH initialization cycles is required. The 
internal refresh counter must be activated a minimum of 
128 times every 2 ms if the RFSH refresh function is us· 
ed. 
Besides RFSH must be held high even if the RFSH 
refresh function is not used. 

Dynamic measurements assume tT = 5ns. 

V1H(min) and Vldmax) are reference levels for measur· 
ing timing of input signals. Also, transition times are 
measured between VIH and VIL' 

Assumes that tRCO < tRCO(max). If tRCO is greater than 
the maximum recommended value shown in this table, 
tRAC will increase by the amount that tRco exceeds the 
value shown. 

MBB117-10/MBB117-12 

m Assumes that tRCO > tRCO(max). 

ill Measured with a load equivalent to 2 TIL loads and 
100pF. 

Operation within the tRCO(max) limit insures that 
tRAc(max) can be met. tRCO(max) is specified as a 
reference point only; if tRCO is greater than the specified 
tRCO(max) limit, then access time is controlled ex
clusively by tCAC' 

tRAC(min) = tRAH(min) + 2tT + tASC(min). 

twcs, tcwo and tRWD are not restrictive operating 
parameters. They are included in the data sheet as elec
trical characteristics only. If twcs > twcs(mln), the cy
cle is an early write cycle and the data out pin will reo 
main open circuit (high impedance) throughout entire 
cycle. If tCWD > tCWD(mln) and tRWO > tRWO(mln), the 
cycle is a read-write cycle and data out will contain data 
read from the selected cell. If neither of the above sets 
of conditions is satisfied the condition of the data out is 
indeterminate. 

Test mode write cycle only. 

READ CYCLE 

RAS 

DOUT 

VIH- -----.I t-------'t'R·----~ 
V 1L -

VOH-__________ OPEN _______ -<I VALID 

VOL ~ __ D_A_T_A~_~ 

• Don'teare 

1-5 
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RFSH 

RAS 

CAS 

DOUT 

WE 

DOUT 

DIN 

WRITE CYCLE (EARLY WRITE) 

V IH-

VIL-
tFSR 

VIH-

VIL -

VIH-

VIL-

V
OH

- ____________________________ ___ 

VO L -

V'H-4 V IL-

tFSR 

VIH

VIL-

VIH-

VIL-

VOH-

VOL-

VIH-

VIL-

READ-WRITE/READ-MODIFY-WRITE CYCLE 

1-6 

III Don't Car. 

II Don't Car. 
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RAS-ONLY REFRESH CYCLE 
Note: RFSH = VIH, CAS = VIH, WE = Don't Care 

DOUT 
VOH- ___________________________ OPEN ______________________________ __ 

VOL-

• Don't Care 

PAGE-MODE READ CYCLE 

CAS 

ADDRESSES 

DOUT 

BDon'tCare 
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PAGE-MODE WRITE CYCLE 

HIDDEN HAS-ONLY REFRESH CYCLE 

RAS 
VIH-
VIL-

CAS 
VIH-
VIL-

ADDRESSES 

DOUT 
VOH-___________ ~ VALID DATA 
VOL- I'-__________________ ~ 

• Don't Care 

1·8 
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RFSH REFRESH CYCLE 

RAS 
V ,H-

V'L-

RFSH 
VIH'r' 

V'L-

ADDRESSES 

HIDDEN RFSH REFRESH CYCLE 

V'H-
RAS V ,L-

CAS 
V'H-
VIL-

ADDRESSES 

WE 
V'H-
V'L-

DOUT 
VOH-
VOL-

VALID DATA 

RFSH COUNTER TEST WRITE CYCLE 

IF'FI=\ 
----~~--~~~~=~t-R-A~S~-~ -=tC=A-S~~~~--p----j-~-~'>"" '----

ADDRESSES 

BDonOtCare 

1·9 
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DESCRIPTION 

Address Inputs 

A total of fourteen binary input ad
dress bits are required to decode a~y 
1 of 16,384 storage cell locations 
within the MB8117. Seven row-ad
dress bits are established on the in
put pins (Ao through As) and latched 
with the Row Address Strobe (RAS). 
Then seven column-address bits are 
esfablished on the input pins and 
latched with the Column Address 
Strobe (CAS). All input addresses 
must be stable on or before the fail
ing edge of RAS. CAS is internally in
hibited (or "gated") by RAS to permit 
triggering of CAS as soon as the Row 
Address Hold Time (tRAH) specifica
tion has been satisfied and the ad
dress inputs have been changed 
from row-addresses to column-ad
dresses. 

Write Enable 

The read mode or write mode is 
selected with the WE input. A logic 
"high" on WE dictates read mode; 
logic "low" dictates write mode. 
Data input is disabled when read 
mode is selected. WE can be driven 
by standard TIL circuits without a 
pull-up resistor. 

Data Input 

Data written into the MB8117 during 
a write or read-write cycle. The last 
falling-edge of WE or CAS is a strobe 
for the Data In (DIN) register. In a 
write cycle, if WE is brought low 
(Write mode) before CAS, DIN is 
strobed by CAS, and the set-up and 
hold times are referenced to CAS. In 
a read-write cycle, WE will be 
delayed until CAS has made its 
negative transition. Thus DIN is 
strobed by WE, and set-up and hold 
times are referenced to WE. 

Data Output 

The output buffer is three-state TIL 
compatible with a fan-out of two 
standard TIL loads. Data-out is 'the 
same polarity as data-in. The output 
is in a high impedance state 4"til 
CAS is brought low. In a read cycle, 
or a read-write cycle, the output is 
valid after tRAC from transition of 
RAS when tRCD (max) is satisfied, or 
after tCAC from transition of CAS 
when the transition occurs after 
tRCD (max). Data remains valid until 
CAS is returned to a high level. In a 
write cycle the identical sequence 
occurs, but data is not valid. 

Page-Mode 

Page-mode operation permits strob
ing the row-address into the MB8117 
while maintaining RAS at a logic 
"low" throughout all successive 
memory operations in which the row
address doesn't change. Thus the 
power dissipated by the negative go
ing edge of RAS is saved. Further, ac
cess and cycle times are decreased 
because the time normally required 
to strobe a new row-address is elimi
nllted. 

RAS-Only Refresh 

Refresh of the dynamic memory cell 
is accomplished by performing a 
memory cycle at each of the 128 row
addresses at least every two mil
liseconds. RAS-only refresh avoids 
any output during refresh because 
the output buffer is in the high im
pedance state unless CAS is brought 
low. Strobing each of the 128 row
addresses with RAS will cause all 
bits in each row to be refreshed. Fur
ther RAS-only refresh results in a 
substantial reduction in power dissi
pation. 

RFSH Refresh 

RFSH type refreshing available on 
the MB8117 offers an alternate 
refresh method. When RFSH (Pin 1) 
is brought low and RAS is inactive, 
on-Chip refresh control clock 
generators and a refresh address 
counter are enabled and an internal 
refresh operation takes place. When 
RFSH is brought high (inactive) the 
internal refresh address counter is 
automatically incremented in prepa
ration for the next RFSH cycle. Only 
RFSH activated cycles affect the in
ternal refresh address counter. The 
use of RFSH type refreshing elimi
nates the need of providing addi
tional external devices to generate 
refresh addresses. 

Hidden Refresh 

Hidden Refresh Cycle may take 
place while maintaining latest valid 
data at the output by extending CAS 
active time from the previous 
memory read cycle. 
The MB8117 offers two types of Hid
den Refresh. They are referred to as 
Hidden RAS-Only Refresh and Hid
den RFSR Refresh. 

1) Hidden RAS-Only Refresh 
Hidden RAS-Only Refresh is perform-

1-10 

ed by holding CAS at VIL and taking 
RAS high and after a specified 
precharge period (tRP), executing 
"RAS-Only" refresh, but with CAS 
held low. FWS'R has to be held at VIH. 
2) Hidden RFSH Refresh 
Hidden RFSH Refresh is performed 
~holding CAS at VIL and taking 
RAS high and after a specified pre
charge period (tRFD~Xecuting 
RFSH refresh, but with CAS held low. 
A specified precharge period (tCPN) 
is required before normal memory 
Read, Write or Read-Modify-Write cy
cle after performing either type of 
Hidden Refresh. 

RFSH (PIN 1) TEST CYCLE 

A special timing sequence using the 
PIN 1 counter test cycle provides a 
convenient method of verifying the 
functionality of the RFSH activated 
circuitry. 
When RFSH is activated prior to and 
remains valid through a normal write 
cycle, the DIN is written 'into the 
memory location defined by the cur
rent contents of the on-chip refresh 
counter and the column address pre
sent at the external address pins duro 
ing the high·to-Iow transition of CAS. 
(See PIN 1 counter test write timing 
diagram.) 
The following test procedure may be 
used to verify the functionality of the 
internal refresh counter. Tnere are a 
multitude of patterns and sequences 
which may also be used to verify the 
RFSH feature. This test should be 
performed after it has been confirm
ed that the device can uniquely ad· 
dress all 16,384 storage locations. 

SUGGESTED RFSH COUNTER TEST 
PROCEDURE 
1. Initialize the on-Chip refresh 

counter. 64 cycles are adequate 
for this purpose. 

2. Write a test pattern of zeroes into 
the memory at a single column ad
dress and all row addresses by lis
ing 128 RFSH (pin 1) refresh 
counter test write cycles. 

3. Verify the data written into the 
RAM by using the column address 
used in step 2 and sequence 
through all row address combina· 
tions by using conventional read 
cycles. 

4. Compliment the test pattern and 
repeat steps 2 and 3. 
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CURRENT WAVEFORMS (Vcc = 5.0V, TA = 25 "C) 
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TYPICAl CHARACTERISTICS CURVES. (Continued) 
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TYPICAL SUPPLY CURRENT vs SUPPLY VOLTAGE DURING POWER UP 
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FUJITSU 
MICROELECTRONICS, INC. 

NMOS 16,384·BIT DYNAMIC 
RANDO,M ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8118 is a fully de
coded dynamic NMOS random ac
cess memory organized as 16,384 
one-bit words. The design is op
timized for high-speed, high per
formance applications such as 
mainframe memory, buffer memory 
peripheral storage and environ
ments where low power dissipation 
and compact layout are required. 

Multiplexed row and column ad
dress inputs permit the MB8118 to 
be housed in a standard 16-pin DIP. 
Pin outs conferm to the JEDEC ap
proved pin out. 

FEATURES 
e16,384 x 1 RAM, 16 pin package 
• Silicon-gate, Double Poly 

NMOS, single transistor cell 
• Address access time: 

100 ns max (MB8118-10) 
120 n$ max (MB8118-12) 

• Cycle time: 
235 ns min (MB811S-10) 
270 ns min (MB8118-12) 

• Low power: 
182mW max (MB8118-10) 
160mW max (MB8118-12) 
16.5mW max (Standby) 

• +5V single power supply, ± 10% 
tolerance 

• On chip substrate bias 
generator 

MB8118 
BLOCK DIAGRAM 

A, 

A, 

A, 
A. 

A, 

The MB8118 is fabricated using 
Silicon-gate NMOS and Fujitsu's ad
vanced Double-Layer Polysilicon 
process. This process, coupled with 
single-transistor memory storage 
cells, permits maximum circ).!it den
sityand minimal chip size. Dynamic 
circuitry is employed in the design, 
including the sense amplifiers. 

Clock timing requirements are non
critical, and power supply tolerance 
is very wide. All inputs are TTL 
compatible; the output is three
state TTL. 

• All inputs TTL compatible, low 
capacitive load 

• Three-state TTL compatible 
output 

• Hidden refresh capability 
• Common 1/0 capability using 

"Early Write" operation 
• Output unlatched at cycle end 

allows extended page bound
ary and two-dimensional chip 
select 

• Read-Modify-Write, RAS-only 
refresh, and Page-Mode 
capability 

• On-chip latches for Addresses 
and Data-in 

• Pin compatible with Intel 2118 
and MCM4517 

-Vee 
_v§ 
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MB8118·10 
MB8118·12 

CERDIP PACKAGE 
Dlp·16C·C03 

PLASTIC PACKAGE 
Dlp·16p·M01 

PIN ASSIGNMENT 

N.C. vss 

DIN CAS 
WE DOUT 

RAS A6 

Ao A3 

A2 A4 

A1 As 

Vee N.C. 

This device contains circuitry 10 protect the 
inputs against damage due to high static vol
tages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi
mum rated voHages to this high impedance 
circuit. 
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ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Voltage on any pin relative to V SS VIN, VOUT -1 to +7 V 

Voltage on Vcc pin relative to VSS VCC -1 to + 7 V 

Storage temperature I~erdl~ 
TSTG 

5510 +150 
°C as Ie 5510 +125 

Power dissipation PD 1.0 W 

Short circuit output current - 50 rnA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the operational 
sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to VSS) 

Parameter Symbol Min 

Vcc 4.5 
Supply Voltage 

VSS 0 

Input High Voltage, all inputs VIH 2.4 

Input Low Voltage, all inputs VIL -1.0 

CAPACITANCE (TA = 25°C) 

Parameter Symbol 

Input Capacitance Ao - A6, DIN CIN1 

Input Capacitance RAS, CAS, WE CIN2 

Output Capacitance DOUT COUT 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter 

OPERATING CURRENT 

Average Power Supply Current (RAS, CAS cycling; tRC = Min) 

STANDBY CURRENT 

Average Power Supply Current (RAS = CAS = VIH, DOUT = 
High Impedance) 

REFRESH CURRENT 

Value 

Typ 

5.0 

0 

-
-

Min 

-
-
-

Notes 

[j] 

[j] 

Average Power Supply Current (RAS cycling, CAS = VIH; tRC = Min) 

PAGE MODE CURRENT [j] 

Average Power Supply Current (RAS = VIL, CAS cycling, tpc = Min) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV '" VIN '" 5.5) 
Input pins not under test = OV, 4.5V '" VCC '" 5.5V, VSS = OV 

OUTPUT LEAKAGE CURRENT 

(Data out is disabled, OV '" VOUT '" 5.5V) 

OUTPUT LEVEL 

Output Low Voltage (IOL = 4.2 rnA) 

OUTPUT LEVEL 

Output High Voltage (lOH = -5 rnA) 

Max Unit 

5.5 V 

0 V 

6.5 V 

0.8 V 

Value 

Typ 

-
-

-

MB8118-10 

Symbol Min Max 

ICC1 - 33 

ICC2 - 3.0 

ICC3 - 25 

ICC4 - 25 

IlL -10 10 

IOL -10 10 

VOL - 0.4 

VOH 2.4 -
Note: ill ICC is dependent on output loading. Specified values are obtained with the output open. 

1·15 

Operating 
Temperature 

O°Cto +70°C 

Max Unit 

5 pF 

8 pF 

7 pF 

MB8118-12 

Min Max Unit 

- 29 rnA 

- 3.0 rnA 

- 22 rnA 

- 22 rnA 

-10 10 /LA 

-10 10 /LA 

- 0.4 V 

2.4 - V 
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DYNAMIC CHARACTERISTICS NOTES 1,2,3 
(Recommended operating conditions unless otherwise noted.) 

Parameter Notes Symbol 

Time Between Refresh tREF 
Random Read/Write Cycle Time tRC 

Read-Write Cycle Time tRWC 

Page Mode Cycle Time tpc 

Access Time from RAS @](§J tRAC 

Access Time from CAS [§J[§J tCAC 
Output Buffer Turn Off Delay tOFF 

Transition Time tT 

RAS Precharge Time tRP 

RAS Pulse Width tRAS 
RAS Hold Time tRSH 
CAS Prechange Time (all cycles except page mode) tCPN 

CAS Precharge Time (Page mode only) tcp 

CAS Pulse Width tCAS 

CAS Hold Time tCSH 
RAS to CAS Delay Time mlID tRCO 

CAS to RAS Precharge Time tCRP 

Row Address Set Up Time tASR 

Row Address Hold Time tRAH 

Column Address Set Up Time tASC 

Column Address Hold Time tCAH 

Column Address Hold Time Referenced to RAS tAR 
Read Command Set Up Time tRCS 

Read Command Hold Time tRCH 

Write Command Set Up Time lID !wCS 
Write Command Hold Time tWCH 

Write Command Hold Time Referenced to RAS tWCR 

Write Command Pulse Width twp 

Write Command to RAS Lead Time tRWL 

Write Command to CAS Lead Time tCWL 

Data In Set Up Time tos 
Data In Hold Time tOH 
Data In Hold Time Referenced to RAS tOHR 

CAS to WE Delay lID tcwo 

RAS to WE Delay lID tRWO 

Read Command Hold Time Referenced to RAS tRRH 

Notes: 
ED An initial pause of 200/Ls is required. Then several cycles are 

required after power up before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this 
purpose. 

00 Dynamic measurements assume 1T=5ns. 
lID VIH (min) and VIL (max) are reference levels for measuring timing 

of input signals. Also, transition times are measured between VIH 
andVIL· 

@ Assumes that tRCO<tRCO (max). If tRco is greater than the maxi
mum recommended value shown in this table, tRAC will increase by 
the amount that tRCO exceeds the value shown. 

00 Assumes that tRCO>tRCO (max). 
lID Measured with a load equivalent to 2 TIL loads and 100pF. 
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Min Typ Max Min Typ Max Unit 

- - 2 - - 2 ms 

235 - - 270 - - ns 

285 - - 320 - - ns 

125 - - 145 - - ns 

- - 100 - - 120 ns 

- - 55 - - 65 ns 

0 - 45 0 - 50 ns 

3 - 50 3 - 50 ns 

110 - - 120 - - ns 

115 - 10000 140 - 10000 ns 

70 - - 85 - - ns 

50 - - 55 - - ns 

60 - - 70 - - ns 

55 - 10000 65 - 10000 ns 

100 - - 120 - - ns 

25 - 45 25 - 55 ns 

0 - - 0 - - ns 

0 - - 0 - - ns 

15 - - 15 - - ns 

0 - - 0 - - ns 

15 - - 15 - - ns 

60 - - 70 - - ns 

0 - - 0 - - ns 

0 - - 0 - - ns 

0 - - 0 - - ns 

30 - - 35 - - ns 

75 - - 90 - - ns 

30 - - 35 - - ns 

60 - - 65 - - ns 

45 - - 50 - - ns 

0 - - 0 - - ns 

30 - - 35 - - ns 

75 - - 90 - - ns 

55 - - 65 - - ns 

100 - - 120 - - ns 

20 - - 25 - - ns 

III Operation within the tRCO (max) limit insures that tRCO (max) can 
be met. tRCO (max) is specified asa reference point only; iftRCO is 
greater than the specified tRCO (max) limit, then access time is 
controlled exclusively by tCAC' 

lID tRco(min)=tRAH(min)+2tT(tT=5ns)+tAsc(min). 
lID twcs, tcwo and tRWO are not restrictive operating parameters. 

They are included in the data sheet as electrical characteristics 
only. If twcs>twcs (min), the cycle is an early write cycle and the 
data out pin will remain open circuit (high impedance) throughout 
entire cycle. Iftcwo>tcwo (min) and tRWO>tRWO (min), the cycle 
is a read-write cycle and data out will contain data read from the 
selected cell. If neither of the above sets of conditions is satisfied 
the condition of the data out is indeterminate. 
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READ CYCLE 

tRC 

tRAS 

V 1H - tAR 

I RAS 
VIL-

tCSH 

tRSH 

VIH- tCAS 
CAS 

VIL-

ADDRESSES 
VIH-

VIL -

WE VIH-

!----tCAC J VIL -

tRAC tOFF 

DOUT 
VOH-

OPEN 
VALID 

VOL- DATA 

WRITE CYCLE (EARLY WRITE) 

RAS 
tAR 

tRAS 
tRC 

• I 
; tCSH 

tRSH 
I 

I 
tCAS 

VIH
ADDRESSES VIL-

WE 
VIH-~"~~~~~ ~--~ 
VIL-~~~~~~~~~ __ ~ __ ~ ______ ~~~~~~~~~~~~~~~~~~~ 

VIH- VALID 

V I L - ....>L....l..<...>.<.....>.<...~+"'--'''--'''--Y "-_...;D;.;.A.;.T...;A,,,-_-'I ,,~...,:,t,...::.L..::.L~~:::.L:::.L~~"-"J..,J,.~~:....lo!~ 

DOUT 

~-------tOHR--------~ 

~~~~-------------------------------OPEN---------------------------------
~ Don't Care 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 

RAS 
VIH-
VIL-

r:==================~~tAWC-------------------------~ II tAAS--------------------~ ~ ____ ~ 1-----tAA -I 
1-----7-----tRsH--------------~ 

-----t-------tCAs-----------i 

CAS Vlir 
VIL-

--~~------~~ r~r-----~ 

ADDRESSES~:~':: 

DOUT 

ADDRESSES 

DOUT 

VIH

VIL-

"RAS-ONLY" REFRESH CYCLE 
NQTE; CAS ~ VIH, WE ~ Don't care 

~::=~'''"AO'b'l.":" =xx=zxxxxxx>ocXX 

VOH-_________________________ 
OPEN 

____________________________ _ 

VOL-

~ Dcm't Care 
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PAGE-MODE READ CYCLE 

tRAS 

'"'"~ RAS 
VIH- tAR---j 
V 1L-

-tCSH; 

tR I I tCAS --t-CRP 

CAS 
VIH-

CD I 
VIL-

ADDRESSES 

DOUT 
VOH-

I 
I 

I VOL-

~f--'"~ 
If ,","J G 

WE 

tRCH 

XIYYYXXX 

PAGE-MODE WRITE CYCLE 

~---------------------------tRAS----------------------~ 

tASR 

ADDRESSES VVIW 
IL-

VIH- ..,....,....,.1.-. ....... :-7\1 

VIL-

V I H- -"--,,---..--;,, Ji""""1~:-:-;:~-.! 

VIL-

tDHR 

~ Don't Care 
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HIDDEN RAS-ONLY REFRESH CYCLE 

~------------tRC-------------" 

VIH-
---"""'lL 1-------tRAS----~-I J.----,L 

RAS VIL-

CAS 
VIH-
VIL-

ADDRESSES 

DOUT 

DESCRIPTION 
Address Inputs 
A total Of fourteen binary input address bits 
are required to decode anyone of 16,384 
storage cell locations within the MB8118. 
Seven row-address bits are established on 
the input pins (AD through As) and latched 
with the Row Address Strobe (RAS). Seven 
column-address bits are established on the 
input pins and latched with the Column Ad
dress Strobe (CAS). All input addresses must 
be stable on or before the falling ec;lge of RAS. 
CAS is internally inhibited .JQI:...:'gated") by 
RAS to permit triggering of GAS as soon as 
the Row Address Hold Time (tRAH) specifica
tion has been satisfied and tlie address inputs 
have been changed from row-addresses to 
column-adqresses. . 

Write Enable 
The read mode or write mode is selected with 
the WE inpul. A logic "high" on WE dictates 
read mode; logic "low" dictates write mode. 
Data inpu~ disabled when read mode is 
selected. WE can be driven by standard 
TTL circuits without a pull-up resistor. 

Data Input: 
Data is written into the MB8118 during a write 
or read-write cycle. The last falling edge of 

FIG. 1 HIDDEN REFRESH 

WE or CAS is a strobe for the Data In (DIN) 
register. In a write cycle, if WE is brought low 
~e mode) before CAS, DIN is strobed by 
CAS, and the set-up and hold times are refer
enced to CAS. In a read-write cycle, WE will 
be delayed until CAS has made its ~ative 
transition. Thus DIN is strobed by WE, and 
set-up and hold times are referenced to WE. 

Data Output 
The output buffer is three-state TTL compati
ble with a fan-out of two standard TTL loads. 
Data-out is the same polarity as data-in. The 
output is in a high impedance state until CAS 
is brought low. In a fead cycle, or a read-write 
cycle, the output is valid after tRAC from tran
sition of RAS when tRCD (max1.l§.§.atisfied, or 
after tCAC from transition of CAS when the 
transition occurs after tRCD (max). Data re
mains valid until CAS is returned to a high 
level. In a write cycle the identical sequence 
occurs, but data is not valid. 

Page-Mode 
Page-mode operation permits latching the 
row-address into the MB8118 and maintain
ing RAS at a logic "low" throughout all suc
cessive memory operations il") which the 

~ Don'teare 

row-address doesn't change. This saves the 
power required by a RAS cycle. Access and 
cycle times are decreased because the time 
normally required to strobe a new row
address is eliminated. 

RA8-0nly Refresh 
Refresh of the dynamic memory is accom
plished by performing a memory cycle at 
each of the 128 row-addresses at least every 
two milliseconds. RAS-only refresh prevents 
any output during refresh because the output 
buffer is in the high impedance state since 
CAS is at VIH. Strobing each of the 128 
row-addresses with RAS will cause all bits in 
the memory to be refreshed. RAS-only re
fresh results in a substantial reduction in 
power dissipation. 

Hidden Refresh 
RAS-ONLY REFRESH CYCLE may take 
place while maintaining valid output data. 
This feature is referred to as Hidden Refresh. 

Hidden Refresh is performed by holding CAS 
at VIL from a previous memory read cycle. 
(See Figure 1 below) 

--{'" ____ R_E_A_'D;,..y-C-LE---~t ..... _R_A_S_O_N_L_y..J;,..~_E_SH_C_y_C_L_E =t 
~ ..... __________________ -J/ 

DOUT ----OPEN~ ..... _______ V_A_Ll_D_D_A_T_A _______ _':»----
1-20 
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FIG. 2 - CURRENT WAVEFORMS (Vcc = 5.0V, TA = 25°C) 
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TYPICAL CHARACTERISTICS CURVES 
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vs SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS CURVES (continued) 
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FUJITSU 
MICROELECTRONICS, INC. 

NMOS 65,536-BIT DYNAMIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8264 is a fully de
coded, dynamic NMOS random ac
cess memory organized as 65536 
one-bit words. The design is optimiz
ed for high-speed, high performance 
applications such as mainframe 
memory, buffer memory, peripheral 
storage and environments where low 
power dissipation and compact lay
out are required. 

Multiplexed row and column address 
inputs permit the MB8264 to be hous
ed in a standard 16-pln DIP. Pin-outs 
conform to the JEDEC approved pin 
out. 

FEATURES 
• 65,536 x 1 RAM, 16-pln 

package 
• Silicon-gate, Double Poly 

NMOS, single transistor cell 

• Row access time: 
150ns Max (MB8264-15) 
200ns Max (MB8264-20) 

• Cycle time: 
270ns Min (MB8264-15) 
330ns Min (MB8264-20) 

• Low power: 
22 mW Max Standby 
275 mW Max Active (MB8264-15) 
248 mW Max Active (MB8264-20) 

• :10% tolerance on +5V Supply 
• On-chip substrate bias generator 
• All Inputs TTL compatible, 

low capacitive load 

The MB8264 is fabricated using sili
con-gate NMOS and Fujitsu's ad
vanced Double-Layer Polysilicon pro
cess. This process, coupled with 
Single-transistor memory storage 
cells, permits maximum circuit den
sity and minimal chip size. Dynamic 
circuitry is employed in the design, 
including the sense amplifiers. 

Clock timing requirements are non
critical, and power supply tolerance 
is : 10%. All inputs/outputs are TTL 
compatible. 

• Three-state TTL compatible output 

• "Gated" CAS 
• 128 refresh cycles 
• Common 1/0 capability using 

"Early Write" operation 
• Output unlatched at cycle 

end allows extended page 
boundary and two
dimensional chip select 

• Read-Modify-Write, RAS
only refresh, and 
Page-Mode capability 

• On-Chip latches for 
Addresses and Data-in 

• Hidden Refresh Capability 
• Pin compatible with HM4864, 

MK4164, TMS4164, MCM6665, 
p.PD4164 and IMS2600 

MB8264 BLOCK DIAGRAM 

iiAS ------,l~ 
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MB8264-15 
MB8264-20 

CERAMIC PACKAGE 
CERDIP 

DIP·16C·C04 

PLASTIC PACKAGE 
Dlp·16p·M03 

PIN ASSIGNMENTS 

N.C. 

DIN 2 

WE 3 

RAS 4 

Ao 5 

A2 6 

A1 7 

Vcc 8 

Vss 
CAS 

DOUT 

As 

A3 

11 A4 

As 

A7 

DIN N.C. Vss CAS 
2 1 18 17 

WE 3 

m 4 

N.C. 5 

Ao 6 

A, 7 

16 DOUT 

15 As 

14 N.C. 

13 Aa 

12 ~ 
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ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Voltage on any pin relative to vss VIN, VOUT -1 to +7.0 V 
Voltage on VCC supply relative to Vss VCC -1 to +7.0 V 

Storage Temperature I Cerdip 
Tstg 

-55to +150 
·C 

I Plastic -55 to +125 
Power Dissipation Po 1.0 W 
Short Circuit Output Current lOS 50 rnA 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed In the 
operational sections of this data sheet. This device contains circuitry to protect the Inputs against damage due to high static voltages or electric fields. However, It is 
advised that normal precautions be taken to avoid application of any Yoltage higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDmONS 
(Referenced to VSS) 

Parameter Symbol Min 

Vcc 4.5 
Supply Voltage 

Vss 0 

Input High Voltage, all inputs VIH 2.4 

Input Low Voltage, all inputs VIL -1.0 

CAPACITANCE (TA = 25·C) 

Parameter Symbol 

Input Capacitance Ao - A7, DIN CIN1 

Input CapaCitance RAS, CAS, WE CIN2 

Output Capacitance DOUT COUT 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter 

OPERATING CURRENT· 

Value 

Typ 

5.0 

0 

-
-

Min 

-
-
-

Average power supply current (RAS, CAS cycling; tRC = min) 
STANDBY CURRENT 

Power supply current (RAS = CAS = VIH) 
REFRESH CURRENT* 

Max 

5.5 

0 

6.5 

0.8 

Value 

Typ 

-
-
-

I MB8264·20 
I MB8264·15 

I MB8264·20 
Average power supply current (RAS cycling, CAS = VIH; tRC = min)1 MB8264·15 

PAGE MODE CURRENT· 
Average power supply current (RAS = VIL, CAS cycling, tpc = min) 
INPUT LEAKAGE CURRENT 
Input leakage current, any input (OV :s VIN :s 5.5V) 
Input pins not under test = OV, VCC = 5.5V, VSS = OV 

OUTPUT LEAKAGE CURRENT 

(Data out is disabled, OV :s VOUT :s 5.5V) 
OUTPUT LEVEL 

Output low voltage (lOL = 4.2mA) 
OUTPUT LEVEL 

Output high voltage (IOH = -5mA) 

Unit Temperature 

V 

V 

V 
O·C to +70·C 

V 

Max Unit 

5 pF 

8 pF 

7 pF 

Symbol Min Max Units 

ICC1 
45 mA 

- 50 rnA 

ICC2 - 4 rnA 

ICC3 
36 rnA 

- 42 mA 

ICC4 - 34 rnA 

IlL -10 10 pA 

10L -10 10 ,.A 

VOL - 0.4 V 

VOH 2.4 - V 

Note·: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 
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DYNAMIC CHARACTERISTICS Notes 11,2,3\ 
(Recommended operating conditions unless otherwise noted.) 

Parameter Notes Symbol 

Time between Refresh tREF 
Random Read/Write Cycle Time tRC 
Read-Write Cycle Time tRWC 
Page Mode Cycle Time tpc 

Access Time from RAS [ilffil tRAC 
Access Time from CAS [§)[ID tCAC 
Output Buffer Turn Off Delay tOFF 
Transition Time tT 

RAS Precharge Time tRP 
RAS Pulse Width tRAS 
RAS Hold Time tRSH 
CAS Precharge Time (Page Mode Only) tcp 

CAS Precharge Time (All Cycles Except Page Mode) tCPN 
CAS Pulse Width tCAS 
CAS Hold Time tCSH 
RAS to CAS Delay Time [z][ID tRCO 
CAS to RAS Precharge Time tCRP 
Row Address Set Up Time tASR 
Row Address Hold Time tRAH 
Column Address Set Up Time tASC 
Column Address Hold Time tCAH 
Column Address Hold Time Referenced to RAS tAR 
Read Command Set Up Time tRCS 
Read Command Hold Time [!QJ tRCH 
Write Command Set Up Time \]] twcs 
Wrjte Command Hold Time tWCH 
Write Command Hold Time Reference to RAS tWCR 
Write Command Pulse Width twp 

Write Command to RAS Lead Time tRWL 
Write Command to CAS Lead Time tCWL 
Data In Set Up Time tos 
Data In Hold Time tOH 
Data In Hold Time Referenced to RAS tOHR 
CAS to WE Delay [ID tcwo 
RAS to WE Delay 1]1 tRWO 
Read Command Hold Time Referenced to RAS I1QJ tRRH 
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Min 

-
330 

375 

225 

-
-
0 

3 

120 

200 

135 

80 

30 

135 

200 

30 

0 

0 

20 

0 

55 

120 

0 

0 

-10 

55 

120 

55 

80 

80 

0 

55 

120 

95 

160 

25 

MB8264·1S/MB8264·20 

MB8264-20 MB8264-15 

Typ Max Min Typ Max Unit 

- 2 - - 2 ms 

- - 270 - - ns 

- - 300 - - ns 

- - 170 - - ns 

- 200 - - 150 ns 

- 135 - - 100 ns 

- 50 0 - 40 ns 

- 50 3 - 35 ns 

- - 100 - - ns 

- 10000 150 - 10000 ns 

- - 100 - - ns 

- - 60 - - ns 

- - 25 - - ns 

- 10000 100 - 10000 ns 

- - 150 - - ns 

- 65 25 - 50 ns 

- - 0 - - ns 

- - 0 - - ns 

- - 15 - - ns 

- - 0 - - ns 

- - 45 - - ns 

- - 95 - - ns 

- - 0 - - ns 

- - 0 - - ns 

- - -10 - - ns 

- - 45 - - ns 

- - 95 - - ns 

- - 45 - - ns 

- - 60 - - ns 

- - 60 - - ns 

- - 0 - - ns 

- - 45 - - ns 

- - 95 - - ns 

- - 70 - - ns 

- - 120 - - ns 

- - 20 - - ns 
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Notes: 
1. An initial pause of 200,.s is required after power·up 

followed by any 8 RAS cycles before proper device 
operation is achieved. 

2. Dynarnic measurements assume tT = 5ns. 

3. V'H(min) and V,dmax) are reference levels for 
measuring timing of input signals. Also,transition 
times are measured between V'H(min) and V,dmax). 

4. Assumes that tRCo s tRCo(max). If tRCO is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRco ex· 
ceeds the value shown. 

5. Assumes that tRCO ~ tRCo(max). 

6. Measured with a load equivalent to 2 TTL loads and 
100 pF. 

7. Operation within the tRCO(max) limit insures that 
tRAC(max) can be met. tRCO(max) is specified as a 

TIMING DIAGRAMS 

reference pOint only; if tRCo is greater than the 
specified tRCO(max) limit, then access time is con· 
trolled exclusively by tCAC. 

8. tRCo(min) = tRAH(rnin) + 2tT(tT = 5ns) + 
tASC(min). 

9. twcs, tcwo and tRWO are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only. If twcs ~ twcs(min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high Impedance) throughout 
the entire cycle. 

If tcwo ~ tcWo(min) and tRwo ~ tRWo(min), the cy· 
cle is a read-write cycle and data out will contain 
data read from the selected cell. If neither of the 
above sets of conditions is satisfied the condition of 
the data out is indeterminate. 

10. Either tRRH or tRCH must be satisfied for a read cycle. 

READ CYCLE 

~--------------------tRC----------------------~ 

RAS 

V IH _ -----I t--_______ tAR---'----t-R.,A
j 
s 

V 1L -

tRCD ---- _J----~--tRsH----------j.., 

CAS 
VIH _ ----:----:----....... <1---. 1------~·tCAS-------I ,...;..--1..-----....... 1 

VIL -

ADDRESSES VIH
VIL -

WE VIH

VI L - ....... ..l.L...>.<....,;>L.-'''-t'''-'~ ~tCAC-------I J tOFF 1------------tRAC------------~ 

DOUT VOH- ----------OPEN-------(] VALID 
VOL- '-_D~A~T~A~~ 

~ Don't Car. 
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WRITE CYCLE (EARLY WRITE) 

~------------------------tRC 

'tcsw--
I tRsH--------jH 

VIH_-----lt==~!£!:~=~--II--tCAS---
VIL -

ADDRESSES ~IHL~ 
I , 

WE 

DOUT 

RAS 

CAS 

ADDRESSES 

WE 

DOUT 

DIN 

VIH-

VIL-~~~~~~~~~ ____ ~ __ ~ ____ ~~~~~~~~~~~~~~~~~~~~ 

V IH-

VIL-~~~~~~~~~ ~ __ ~~~ __ -' ~~~~~~~~~~~~~~~~~ 

VOH-__________________________________ 
OPEN 

________________________________ ___ 

VOL-

VIH-
VIL-

VIH-
VIL-

VIH-
VIL~ 

VIH-
VIL-

VOH-
VOL-

VIH 
VIL-

READ-WRITE/READ·MODIFY·WRITE CYCLE 

f--f--_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_-_ -_ -_ -_-_-t-R-A-S~tR~W~C=====-=-=-=--~~=-=--~=-~--~:.:::.:::.:::.::·--__.J 
1<.r--------t AR-------·.,1 

f-------'-------t RSHI----------------
,------r-----~------tCAS----------------~ 
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PAGE-MODE READ CYCLE 

~-------------------------tRAS------------------------~ 

RAS 
VIH-
VIL-

CAS 
V 1H-
VIL-

tASR 

ADDRESSES VV IH-
IL-

~ValidData 

P~GE·MODE WRITE CYCU 

~---------------------------tRAS;----------------------~ 

tASR 

ADDRESSES VVIH
IL-

V IH - A"A"'JhI'~'7\ 

VIL- ~~~~~+---~~~~~~~--~?L~~~~I~~~----~~~~~~~~~ 

V I H- .,........--.,.,--7\ )'...".,..".,,..,..:--'Il 

VIL-

I}{XI Don't Care 
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ADDRESSES 

DOUT 

DOUT 

"RAS-ONLY" REFRESH CYCLE 
NOTE: CAS = VIH, WE = Don't care 

MB8264-15/MB8264-20 

VOH- _____________________________ OPEN ________________________________ __ 

VOL-

HIDDEN "RAS-ONL Y" REFRESH CYCLE 

VIH- ~~~~~~~----~--------~--_T~~~~~~~~~~~~~~~~~, 
VIL-

~Don·tCare 
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DESCRIPTION 

Address Inputs 

A total of sixteen binary Input address bits are required 
to decode any 1 of 65536 storage cell locations within 
the MB8264. Eight row~address bits are established on 
the Input pins (Ao through A7) and latched with the Row 
Address Strobe (FiAS). Then eight column·address bits 
are established on the input pins and latched with the 
Column Address Strobe (CAS). All input addresses 
must be stable on or before the falling edge of RAS. 
CAS is internally inhibited (or "gated") by RAS to permit 
triggering of CAS" as soon as the Row Address Hold 
Time (tRAH) specification has been satisfied and the ad· 
dress inputs have been changed from row·addresses to 
column-addresses. 

Write Enable 

The read mode or write mode is selected with the WE in
put. A logic high (1) on WE dictates read mode; logic low 
(0) dictates write mode. Data input is disabled when 
read mode is selected. 

Data Input 

Data is written into the MB8264 during a write or read· 
write cycle. The last falling·edge of WE or CAS is a 
strobe for the Data In (D,N) register. In a write cycle, if 
WE is brought low (write mode) before CAS, D,N is 
strobed by CAS, and the set-up and hold times are 
referenced to CAS. In a read·write cycle, WE will be 
delayed until CAS has made its negative transition. 
Thus D,N is strobed by WE, and set·up and hold times 
are referenced to WE. 

Data Output 

The output buffer is three·state TTL compatible with a 
fan·out of two standard TTL loads. Data-out is the same 
polarity as data-in. The output is in a high impedance 
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state until CAS Is brought low. In a read cycle, or a read
write cycle, the output is valid after tRAC from transition 
of RAS when tRCD (max) is satisfied, or after tCAC from 
transition of CAS when the transition occurs after tRCD 
(max). Data remains valid until CAS is returned to a high 
level. In a write cycle the identical sequence occurs, but 
data is not valid. 

Page-Mode 

Page-mode operation permits strobing the row·address 
Into the MB8264 while maintaining RAS at a logic low 
(0) throughout all successive memory operations in 
which the row·address doesn't change. Thus the power 
dissipated by the negative going edge of FiAS is saved. 
Further, access and cycle times are decreased because 
the time normally required to strobe a new row-address 
is eliminated. 

Refresh 

Refresh of the tlynamic memory cells is accomplished 
by performing a memory cycle at each of the 128 row· 
addresses (Ao~As) at least every two milliseconds. Dur
ing refresh, either V,L or V,H is permitted for A7. FiAS· 
only refresh avoids any output during refresh because 
the output buffer Is in the high impedance state unless 
CAS is brought low. Strobing each of 128 row·ad· 
dresses with RAS will cause all bits In each row to be 
refreshed. Further RAS·only refresh results in a 
substantial reduction in power dissipation. 

Hidden Refresh 

RAS-ONL Y REFRESH CYCLE may take place while 
maintaining val.id output data. This feature is referred to 
as Hidden Refresh. 
Hidden Refresh is performed by holding CAS as V,L 
from a previous memory read cycle. 
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PAGE-MODE CYCLE 
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vs CYCLE RATE 
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TYPICAL CHARACTERISTICS CURVES (Continued) 

RAS, CAS AND WE INPUT 
VOLTAGE vs SUPPLY VOLTAGE 

4.0 

o z _ 
« > 
I'" - 3.0 « W 
u Cl . « 
« ...J I'" I-
II: 020 
.,j> . 
-I> :::l 
o Q. 

Z ~ 
~I~ 1.0 

:> 

o 
4.0 

T A!25'C 

V ,H (M;!.-

- -- V,L (Max) 

4.5 5.0 5.5 6.0 
Vee, SUPPLY VOLTAGE (V) 

0_ 
z> «-
I'" W « Cl 
u « 

. l-

I'" ...J « 0 
II: > 
~~ 

> Q. 

o ~ 
z IW « ;;: 
J: 

:> 

RAS, CAS AND WE INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 

4.0 

V~e = 5!ov 

3.0 

2.0 
V,H (Min) 

1.0 
VIL (Max) 

o 
-20 0 20 40 60 80 100 

T A. AMBIENT TEMPERATURE ('C) 

TYPICAL SUPPLY CURRENT vs SUPPL Y VOLTAGE DURING POWER UP SUBSTRATE VOLTAGE vS SUPPLY 
VOLTAGE DURING POWER UP 

15 

>-> 

I I I I ~~ 5':[71 I I I I 
UO » 

~ 
.§ 
I
Z 
W 
II: 
II: 
:::l 
U 

~ 
Q. 
Q. 
:::l 

'" U 
.S? 

15 

10 

TA~25'C 

RAS=CAS=Vss 

I 

l-t RAS=CAS=V cc 

1 OO~s/Djvisjon 

\1 II IIIIIII 
» O:=*==*==:=*=*=:=*~ 
~ 0 I-~I\rl_+--+_T .~~1;;=25'~ I _ 
Cl \ CAS=RAS=V cc 
~ -1.0 1--+-'\+ ,--t---t-+---1f--+--l 
o 
> -2.0 I--+-~-l---+--l-+-I--l 

~ -3.0 t--+-+-"-1"o_cl--t--if--i---l 
I- ~~--l--+--l 
~ -4.01--+-t---l---+--l-+-f---l 
:::l 

'" o 
25~s/Division 

SUPPLY CURRENT vs SUPPLY VOLTAGE DURING POWER UP (ON MEMORY BOARD) 

>-> 

~ i 5.0 t7t I I I I 
tl cl O~-==~=*. ==~. ==~. ===:. » 

10JJ.s/Division 

TA=25'C 
tRc"'270ns 

~ 
.§ 
I-z 
W 
II: 
II: 
:::l 
U 

>-
...J 
Q. 
Q. 
:::l 

'" U 
.S? 

1·33 

I I I I 
TA=25'C 
tAc=270ns 

80 

60 

MB 8264 + Decoupling 
40 Capacitor (O.l.uF) t---

20 I 
~OUPling:capac+ (0.1Ilt only 

100llS/Division 



FUJITSU 
MICROELECTRONICS, INC. 

NMOS 65,536·BIT DYNAMIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8264A is a fully decoded, 
dynamic NMOS random access memory 
organized as 65,536 one-bit words. The de· 
sign is optimized for high-speed, high per· 
formance applications such as mainframe 
memory, buffer memory, peripheral stor· 
age and environments where low power 
dissipation and compact layout are reo 
qulred. 

Multiplexed row and column address in· 
puts permit the MB8264A to be housed in a 
standard 16-pin DIP and 18-pad LCC. With 
a JEDEC approved pin out. 

FEATURES 
• 65,536 x 1·bit organization 

• Row Access Time/Cycle Time 
MB8264A·10 100 ns MaxJ200 ns Min. 
MB8264A·12 120 ns MaxJ230 ns Min 
MB8264A·15 150 ns MaxJ260 ns Min. 

• Low Max Power Dissipation (tRC = min) 
MB8264A·10 275 mW (Active) 
M88264A·12 248 mW (Active) 
MB8264A·15 220 mW (Active) 
All devices 22 mW (Standby) max. 

• Single +5V supply voltage, :!:10% 
tolerance 

• All inputs TTL compatible, low 
capacitive load 

• Three-state TTL compatible output 

The MB8264A Is fabricated using Silicon 
gate NMOS and Fujitsu'S advanced 
Double-Layer Polysilicon process. This 
process, coupled with single·transistor 
memory storage cells, permits maximum 
circuit density and minimal chip size. 
Dynamic circuitry is employed in the 
deSign, including dynamic sense 
amplifiers. 

Clock timing requirements are noncritical, 
and the power supply tolerance Is very 
wide. All inputs and the output are TTL 
compatible. 

• RAS only and hidden refresh 

• 2msl128 cycle refresh 
• Read·Modlfy·Wrlte and Page Mode 

capability 

• "Gated" CAS 
• Output unlatched at cycle end allows 

extended page boundary and two
dimensional chip select 

• Common I/O capability using "Early 
Write" operation 

• On.chlp Address and Data·ln latcMB 

• On-chlp substrate bias generator 

• tAR, twCR. tDHR eliminated 

MB8264A BLOCK DIAGRAM 

RAS----------__ ~ 

CAS-.-------------1~ 

A, 

A, 

A, 

A, 

A. 

A, 

A. 

A, 

COLUMN 
DECODER 

SENSE AMPS 
I/O GATING 

65,536 BIT 
STORAGE CELL 

---Vss 
__ GND 

D 

Q 

MB8264A·IO 
MB8264A·12 
MB8264A·15 

PLASTIC PACKAGE 
DIP·16p·M03 

CERDIP PACKAGE 
DIP·16C·C04 

Q 
CERAMIC LCC 
LCC·18C·F02 

PIN ASSIGNMENT 
N.C. Vss 

D en 
W Q 

RAi Ao 

Au ~ 

~ A., 

A. Ao 
vee A7 

DN.C.Vss~ 

2 • .8 17 

W .6 Q 

fin ,4 -<5 .s Ao On 
-a.:., 

N.C. <00 • 4 N.C . iii" Au E~ 13 A. 

A. 12 A., 

6 9 .0 11 

AI Vee A7 As 

NOTE: The following IEEE STD. 662·1980 symbols are used In this data sheet: D = Data In, W = Write Enable, Q = Data Out. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to vss VIN, VOUT -1 to + 7.0 V 

Voltage on Vcc supply relative to Vss Vcc -1 to +7.0 V 

Storage Temperature 
I Cerdip 

Tstg 
-55 to +150 

·C 
I Plastic -55 to +125 

Power Dissipation Po 1.0 W 

Short Circuit Output Current lOS' 50 mA 

Note: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation shQuld be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may effect device reliability. This device contains cir
cuitry to protect the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high Impedance circuit. 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Value 

Parameter Symbol Unit Operating Temperature 

Min Typ Max 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Vss 0 0 0 V 
O·C to +70·C 

Input High Voltage, all Inputs VIH 2.4 - 6.5 V 

Input Low Voltage, all Inputs VIL -1.0 - 0.8 V 

CAPACITANCE (TA = 25·C) 

Value 

Parameter Symbol Unit 

Min Typ Max 

Input Capacitance Ao - A7, D CIN1 - - 5 pF 

Input Capacitance FlAS, CAS, W CIN2 - - 8 pF 

Output Capacitance Q COUT - - 7 pF 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

MB8264A-10 MB8264A-12 MB8264A-15 

Parameter Symbol Unit 

Min Max Min Max Min Max 

OPERATING CURRENT" Average Power Supply Current 
ICC1 - 50 - 45 - 40 mA 

(RAS, CAS cycling; tRC = min.) 

STANDBY CURRENT Power Supply Current 
ICC2 - 4 - 4 - 4 mA 

(RAS/CAS = VIH) 
REFRESH CURRENT" Average Power Supply Current 

ICC3 - 38 - 35 - 31 mA 
(CAS' = VIH; RAS cycling, tRC = min.) 
PAGE MODE CURRENT" Average Power Supply Current 

1CC4 - 35 - 32 - 28 mA 
(RAS = VIL, CAS cycling; tpc = min.) 

INPUT LEAKAGE CURRENT, 
any input (OV:$VIN:$5.5V, VCC = 5.5V, Vss = OV, IlL -10 10 -10 10 -10 10 pA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
10L -10 10 -10 10 -10 10 pA 

(Data out is disabled, OV:$ VOUT S 5.5V) 

OUTPUT LEVEL Output High Voltage 
VOH 2.4 - 2.4 - 2.4 - V 

(IOH = - 5.0 mAl 
OUTPUT LEVEL, Output Low Voltage 

VOL - 0.4 - 0.4 - 0.4 V 
(IOL = 4.2 mAl 

Note'; Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 
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AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

MB8264A-10 MB8264A-12 MB8264A-15 

Parameter Notes Symbol Unit 
Alternate • Standard Min Max Min Max Min Max 

Time between Refresh tRE:F TRVRV - 2 - 2 - 2 ms 

Random ReadiWrite Cycle Time tRC TRELREL 200 - 230 - 260 - ns 

Read-Write Cycle Time tRWC TRELREL 230 - 265 - 280 - ns 

Page Mode Cycle Time tpc TCELCEL 105 - 120 - 145 - ns 

Page Mode Read-Write Cycle Time tPRWC TCEHCEH 135 155 180 ns 
Access Time from RAS (4),(6) tRAC TRELQV - 100 - 120 - 150 ns 

Access Time from CAS (5),(6) tCAC TCELQV - 50 - 60 - 75 ns 

Output Buffer Turn off Delay tOFF TCEHQZ 0 30 0 35 0 40 ns 

Transition Time tT TT 3 50 3 50 3 50 ns 
RAS Precharge Time tRP TREHREL 90 - 100 - 100 - ns 
RAS Pulse Width tRAS TRELREH 100 10000 120 10000 150 10000 ns 

RAS Hold Time tRSH TCELREH 50 - 60 - 75 - ns 

CAS Precharge Time (Page mode only) tcp TCEHCEL 45 - 50 - 60 - ns 

CAS Precharge Time (All cycles except page mode) tCPN TCEHCEL 25 - 30 - 30 - ns 

CAS Pulse Width tCAS TCELCEH 50 10000 60 10000 75 10000 ns 
CAS Hold Time tCSH TRELCEH 100 - 120 - 150 - ns 

RAS to CAS Delay Time (4),(7) tRCO TRELCEL 20 50 20 60 25 75 ns 

CAS to RAS Precharge Time tCRP TCEHREL 0 - 0 - 0 - ns 

Row Address Set Up Time tASR TAVREL 0 - 0 - 0 - ns 

Row Address Hold Time tRAH TRELAX 10 - 10 - 15 - ns 

Column Address Set Up Time tASC TAVC!OL 0 - 0 - 0 - ns 

Column Address Hold Time tCAH TCELAX 15 - 15 - 20 - ns 

Read Command Set Up Time tRCS TWHCEL 0 - 0 - 0 - ns 

Read Command Hold Time Reference to CAS (9) tRCH TCEHWX 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS (9) tRRH TREHWX 20 - 20 - 20 - ns 

Write Command Set Up Time (8) twcs TWLCEL 0 - 0 - 0 - ns 
Write Command Hold Time tWCH TCELWH 20 - 25 - 30 - ns 
Write Command Pulse Width twp TWLWH 20 - 25 - 30 - ns 

Write Command to RAS Lead Time tRWL TWLREH 35 - 40 - 45 - ns 

Write Command to CAS Lead Time tCWL TWLCEH 35 - 40 - 45 - ns 

Data In Set Up Time tos TDVCEL 0 - 0 - 0 - ns 

Data In Hold Time tOH TCELDX 20 - 25 - 30 - ns 

CAS to W Delay (8) tcwo TCELWL 40 - 50 - 60 - ns 

RAS to W Delay (8) tRWO TRELWL 90 - 110 - 120 - ns 

See notes on following page. 

'These symbols are described in IEEE Std. 662·1980: IEEE Standard Terminology for Semiconductor memory. 
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NoteI: 

1. An initial pause of 200pa Is required after power-up followed by 
any 8 AAS cycles before proper device operation Is aChieved. 

2. AC characteristics assume tT = 5ns. 

3. VIH (min.) and VIL (max.) are reference levels for measuring tim
Ing of input signals. Also, transition times are measured be
tween VIH (min.) and VIL (max.). 

4. tRCD Is specified as a reference point only. If tRCD s tRCD 
(max.) the specified maximum value of tRAC (max.) can be met. 
If tACO> tRCD (max.) then tRAC Is increased by the amount that 
tRCD exceeds tACO (max.). 

5. Assumes that tACO 2: tRCD (max.). 

B. Measured with a load equivalent to 2 TIL loads and 100pF. 

TIMING DIAGRAMS 

7. tACO (min.) = tRAH (min.) + 21T + tASC (min.); tT = 5ns. 

8. twcs, tCWD and tRWD are not restrictive operating parameters. 
They are included in the data sheet as electrical 
characteristics only. If twcs '" twcs (min.), the cycle Is an early 
write cycle, and the data out pin will remain open circuit (high 
impedance) throughout entire cycle. 
If tewD'" tCWD (min.) and tRWD'" tRWD (min.), the cycle is a 
read-write cycle and data out will contain data read from the 
selected cell. If neither of the above sets of conditions is 
satisfied, the condition of the data out is indeterminate. 

9. Either tRRH or tACH must be satisfied for a read cycle. 

READ CYCLE 

~--------------------tRc---------------------4~ 

~------------------tRAS---------------1 

AAS 
V IH -

V IL -

r----------------tcsHI-----------------
-~--------tRsH--------~ 

CAS VIH-
V IL -

VIH-
A 

VIL -

W VIH-

VIL-

r------------tRAC:---------------~ 

~tcAc-----., j 
tOFF 

a VOH-
VOL- -----------------------OPEN--------------~ ~~~~ 

~~c.;..;.;..'___...Il 

~ Don'tCare 
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TIMING DIAGRAMS (Continued) 

A 

w 

o 

a 

A 

w 

a 

o 

VIH-
VIL-

WRITE CYCLE (EARLY WRITE) 

_ ______ ~~-----------------==~tR~C~======~--=======:j 
~-----------------tRAS 

tCSH----
~--------tRSH------~~ 

__________ -Lt:::~~~~~1!~------tCAS--------~ 
VIH- ~"""'Ir------'--"\I 

VIL -

VOH-_____________________ OPEN ________ ~====~-------

VOL- ~ 
~ Don'tCare 

READ·WRITE/READ-MODIFY·WRITE CYCLE 

.. 
tCStI tRSH 

tRCD----~~-----------tCAS-------------
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MB8264A 

PAGE MODE READ CYCLE 

CAS 

A 

Q V OH - -----4-
VOL -

w 

~ Don'tCar. 

PAGE MODE WRITE CYCLE 

~---------------------------tRAS----------------------~ 

A 

w V I H - A""",.....,.rii:L1 
VIL- ~~~~~------~~~~~HL~--~~~~~~'~~~----~~~~~-¥~~~~ 

D 
V I H - ...-r-l ..... " V--:-=,-:-::---.I 

V I L - ""-'......, ....... " "-__ ===-..I[ 

~ Don't Car. 
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PAGE MODE READ·WRITE CYCLE 

VIH-------, ... 

VI~-

VIH-------~----~ 

VIL-

A 

w 

Q 

V IH- "X""X"'T""r"l~~~ Jt-~~~l. 
o 

VI L- ............................. o.....N ~----'f 

~ Don'tear. 
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A 

Q 

A 

w 

Q 

IIS-ONLY REFRESH CYCLE 
NOTE: CAS = VIH, W, D = Don't Care 

MB8264A 

VOH- ____________________________ 
OPEN 

________________________________ __ 

VOL-

~ Don'teare 

JUDDEN' RAS-ONLY REFRESH CYCLE 

~-----------tRC------------~-----------tRC----------~ 

t-------tRAS-----o-J 

V I H- --------++---.1-\. 
VIL-

VIH- ~7r~~~~7_--~--------~--~~~~~~~~~~~~~~~~~~ 
VIL-

VOH- _____ 1 

VOL- OPEN--------<~I-----------V-A-L-I-D-D-A-T-A-------~ 

~Don'tCare 
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MB8264A 

DESCRIPTION 
Address Inputs 

A total of sixteen binary input ad
dress bits are required to decode any 
one of 65,536 storage cell locations 
within the MB8264A. Eight row-ad
dress bits are established on the in
put pins (Ao through A7) and latched 
with the Row Address Strobe (FiAS). 
The eight column-address bits are 
established on the input pins and 
latched with the Column Address 
Strobe (CAS). All input addresses 
must be stable on or before the fail
ing edge of RAS. CAS is internally in
hibited (or "gated") by RAS to permit 
triggering of CAS as soon as the Row 
Address Hold Time (tRAH) specifica
tion has been satisfied and the ad
dress inputs· have been changed 
from row-addresses to column-ad
dresses. 

Write Enable 

The read mode or write mode is 
selected with the W input. A logic 
high (1) on W dictates read mode; 
logic low (0) dictates write mode. 
Data input is disabled when read 
mode is selected. 

Data Input 

Data is written into the MB8264A dur
ing a write or read-write cycle. The 
last falling edge of W or CAS is a 

strobe for the Data In (D) register. In a 
write cycle, if W is brought low (write 
mode) before CAS, 0 is strobed by 
CAS, and the set-up and hold times 
are referenced to~. In a read-write 
cycle, W will be delayed until CAS 
has made its negative transition. 
Thus 0 is strobed by W, and set-up 
and hold times are referenced to W. 

Data Output 

The output buffer is three-state TIL 
compatible with a fan-out of two 
standard TIL loads. Data-out is the 
same polarity as data-in. The output 
is in a high impedance state until 
CAS is brought low. In a read cycle, 
or a read-write cycle, the output is 
valid after tRAC from transition of 
RAS when tRCD (max) is satisfied, or 
after tCAC from transition of CAS 
when the transition occurs after 
tRCD (max). Data remains valid until 
CAS is returned to a high level. In a 
write cycle the identical sequence 
occurs, but data is not valid. 

Page Mode 

Page mode operation permits strob
ing the row-address into the MB8264A 
while maintaining RAS at a logic low 
(0) throughout all successive memory 
operations in which the row-address 

doesn't change. Thus the power dis
Sipated by the negative going edge of 
RAS is saved. Access and cycle times 
are decreased because the time nor
mally required to strobe a new row-ad
dress is eliminated. 

RAS Only Refresh 

Refresh of the dynamic memory cells 
is accomplished by performing a 
memory cycle at each of the 128 row
addresses (Ao - As) at least every two 
miliiseconds. During refresh, either 
VIL or VIH is permitted for A7. RAS
only refreSh avoids any output during 
refresh because the output buffer is in 
the high impedance state unless CAS 
is brought low. Strobing each of 128 
row-addresses with RAS will cause all 
bits in each row to be refreshed. RAS
only refresh results in a substantial 
reduction in power diSSipation. 

Hidden Refresh 

A RAS-ONLY REFRESH CYCLE may 
take place while maintaining valid 
output data. This feature is referred to 
as Hidden Refresh. 
Hidden Refresh is performed by 
holding CAS at VIL from a previous 
memory read cycle. 

CURRENT WAVEFORM «(VCC = 5.5V, TA = 25°C) 

RAS RASICAS CYCLE 
~ r-

CAS 
Vi 

~ 160 

1120 
(J 

.9 80 

40 

o 

'--h--- ...J 

N 

~" f.--' t\,.. 

h 

- -
/-.J 

!V 

II\,-

LONG RASICAS CYCLE RAS-ONLY REFRESH CYCLE PAGE MODE CYCLE 

= ~ r-h f--
t-- \.. r--

/I " 
~. 71 

IV n I I~\ n 1\ I I 
lJ\j.J I) \ [\.-k1 , 

\h.-W\ jl.- ll" 
__ lJ 

100nS/DIvision 

1-42 



TYPICAL CHARACTERISTICS CURVES 
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NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERATURE 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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MB8264A 

TYPICAL CHARACTERISTICS CURVES (Continued) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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.. .. Imlnary 

MOS Memories 

• MB8264A·12·W, MB8264A·15·W 
NMOS 65,536-Bit Dynamic 
Random Access Memory With 
Wide Temperature Range 

Description 

Features 

The M88264A-W is a 64K x 1 dynamic RAM intended for operation 
over the case temperature range -55·C to 110·C. The part is also 
available with Fujitsu's 8838 high reliability screening. 

The M88264A-W design has been optimized for high speed high 
performance applications such as mainframe memory, buffer 
memory, and peripheral storage where low power dissipation, com
pact layout, or wide temperature range operation are required. 

The M88264A-W has fully TTL compatible inputs and output. It 
operates on a single +5 V ± 10% power supply. An on chip 
substrate bias generator provides high performance operation. The 
M88264A-W contains on-chip latches for the address inputs and 
for the data input. 

The M88264A-W is fabricated with Fujitsu's advanced silicon gate 
NMOS double layer polysilicon process. This process along with 
the use of single transistor storage cells permits maximum circuit 
density and minimum chip size. Multiplexed row and column ad
dressing allows the M88264A-W to be packaged in a standard 16·pin 
DIP. 

• Wide Temperature Range 
TC= -55·C to 110·C 

• 65,536 x 1 organization 
• Row Access Time: 

120 ns max. (MB8264A-12-W) 
150 ns max. (MB8264A·15-W) 

• Cycle Time: 
230 ns min. (MB8264A-12·W) 
260 ns min. (MB8264A-15·W) 

• Low Power (Active) 
305 mW max. (MB8264A-12-W) 
275 mW max. (MB8264A·15-W) 

33 mW max. (Standby) 

• 1 msJ128 cycle refresh 
• RAS-Only and Hidden Refresh 
• Read-Modify·Write capability 
• Page Mode capability 
• Common 1/0 capability using 

the early write operation 
• Output unlatched at cycle end 

allows extended page boundary 
• TAR, TWCR, TDHR are 

eliminated 
• 883B processing available 

1-47 
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MB8284A·12.W 
MB8284A·15·W 

Blook Diagram and 
Pin A .. lgnmente 

CapacItanoa 
(TA=25°C) 

Raoommandacl Operating 
Condlllons 
(Referenced to V sS! 

FUJITSU 

CAS 

.. .. .. .. .. .. .. 
A, 

Parameter 

Input Capacitance Ao - A7, D 
Input Capacitance RAS, ~, W 
Output Capacitance Dour 

Paramat.r Symbol 

Supply Voltage Vee 
Vss 

Input High Voltage, all inputs V1H 
Input Low Voltage, all inputs V1L 

1·48 

WE 

... 

""'" 

Symbol Typ 

C1N1 
C1N2 
COIJT 

Min Typ Mu 

4.5 5.0 5.5 

0 0 0 
2.4 8.5 
-1.0 0.8 

0 N.C. Vss CAS 
2 1 18 17 

W 16 Q 

RAS 4 r- 15 A. .... n On 
N.C. "':' 14 N.C. 

;~ 
A. 6 :e2l 13 A, 

'" A2 12 A. 

10 11 
A, Vee A, As 

N.C. Vss 

0 CAS 

W Q 

!lAS A6 

Ao A3 

A2 -'4 

Al AS 

Vee A7 

Max Unit 

5 pF 

8 pF 
7 pF 

Unit Operattng 
Temperatura (ea .. ) 

V 

V 
V _55°C to +110°C 

V 



MB8284A·12·W 
MB8284A·11S.W 

AC Ch8l'11Ctw1et1cs 
(Recommended operating 
conditions unless otherwise 
noted.) 
(Notes 1, 2, 3) 

, 

FUJITSU 

MB82MA 
·12·A 

MB82MA 
.15.W 

PIIrameler MotH SyMIoI Min Max Min Max Unit 

Time between Refresh ms 

Random ReadlWrlte Cycle Time tRe 230 260 ns 
Read-Wrlte Cycle Time tRWC 265 280 ns 

Page Mode Cycle Time tpc 120 145 ns 
Page Mode Read·Wrlte Cycle Time tPRWC 155 180 ns 
Access Time from RXS' 120 150 ns 
Access Time from CAS 60 75 ns 
Output Buffer Turn off Delay o 35 o 40 ns 
Transition Time 3 50 o 50 ns 

m Precharge Time tRP 100 100 ns 

AAS Pulse Width tRAS 120 10000 150 10000 ns 

m Hold Time tRSH 60 75 ns 

CAS Precharge Time (Page mode only) tcp 50 60 ns 
CAS Precharge Time (All cycles except page mode) tCPN 30 30 ns 

CAS Pulse Width tCAS 60 10000 75 10000 ns 
CAS Hold Time 

RAS to CAS Delay Time 

CAS to RAS Precharge Time 

Row Address Set Up Time 

Row Address Hold Time 

Column Address Set Up Time 

Column Address Hold Time 

Read Command Set Up Time 

Read Command Hold Time Reference to CAS 
Read Command Hold Time Referenced to RAS 
Write Command Set Up Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data In Set Up Time 

Data In Hold Time 

~toWEDelay 

RAS to WE Delay 

NOI88: 

1) An initial pause of 200 p$ is required after power·up 
followed by any 8 ~ cycles before proper device 
operation Is achieved. 

2) AC characteristics assume tT = 5 ns. 
3) V1H (min) and VIL (max) are reference levels for 

measuring timing of Input Signals. Also, transition 
times are measured between V1H (min) and VIL (max). 

4) Assumes thet tACO s tACO (max). If tACO Is greater 
than the maximum recommended value shown In this 
table, tRAC will Increase by the amount that tACO ex· 
ceeds the value shown. 

5) Assumes that tRco '" tACO (max). 
6) Measured with a toad equivalent to 2 TTL toads and 

100pF. 
7) Operation within the tACO (max) limit insures that 

tRAC can be met. tACO (max) is specified as a 

1·49 

120 150 ns 

20 60 25 75 ns 

o o ns 

tABR o o ns 

10 15 ns 

tASe o o ns 

leAH 15 20 ns 

o o ns 

o o ns 

20 20 ns 

tID twcs o o ns 

tWCH 25 30 ns 

25 30 ns 

tRWL 40 45 ns 

40 45 ns 

tos o o ns 

25 30 ns 

1M tcwo 50 60 ns 

110 120 ns 

reference point only; If tRCO Is greater than the 
specified tACO (max) limit, then access time is con
trolled exclusively by !cAC. 

8) tRCO (min) = tRAH (min) + 2tT (tT = 5 ns) + tASe 
(min). 

9) twcs,!cwo and tRWO are not restrictive operating 
parameters. They are included in the data sheet as 
electrical cheracteristlcs only. If twcs '" twcs (min), 
the cycle is an early write cycle and the data out pin 
will nimaln open circuit (high Impedance) throughout 
entire cycle. 
If tcwo '" !cwo (min) and tRWO '" tRWO (min), the cy· 
cle is a read-write cycle and data out will contain data 
read from the selected cell. If neither of the abOve 
sets of conditions Is satisfied the condition of the 
data out Is indeterminate. 

10) Either tRRH or tACH must be satisfied for a read cycle. 
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MB8284A·12·W 
MB8284A.1 S·W 

DC Chllracte .... tlce 
(Recommended operating 
conditions unless otherwise 
noted.) 

Parameter 

OPERATING CURRENT· MB8264A·12·W 
Avera~ower Supply Current 
(~, A cycling; tAC = min) MB8264A·1S·W 

STANDBY CURRENT 
Standby Power Supply Current (RAS = CAS = Vlt!l 

REFRESH CURRENT· MB8264A·12·W 
Average Power Supply Current 
(CAS = VIH, ~ cycling; tRC = min) MB8264A·15-W 

PAGE MODE CURRENT· MB8264A·12-W 
Average Power Supply Current 
(RAS = VIL, CAS cycling; tpc = min) MB8264A·15-W 

INPUT LEAKAGE CURRENT 
Input Leakage Current, any input 
(OVsVINsS.SV, Vcc=S.SV, Vss=OV, all other pins not undertest=OV) 

OUTPUT LEAKAGE CURRENT 
(Data out Is disabled, 0 s VOUT S S.S) 

OUTPUT LEVELS 
Output High Voltage (loH = - SmA) 
Output Low Voltage (loL = 4.2mA) 

Srmbol Min Mu: Unit 

55 
Icc1 mA 

50 

IC02 6 mA 

40 
Icca mA 

35 
40 

1CC4 mA 
35 

I~l) -10 10 tLA 

1Cl(l) -10 10 tLA 

VOH 2.4 V 
VOL 0.4 V 

Note·: Icc Is dependent on output loading cycle rates. Specified values are obtained with the output 
open. 

Description 
Address Inputs for the Data In (~ register. In row-address doesn't change. 

A total of sixteen binary input a write cycle, if is br~ht Thus the power dissipated by 
low (write mode) before AS, the negative going edge of RAS 

address bits are required to 
DIN is strobed by CAS, and the is saved. Further, access and 

decode any 1 of 65,S36 storage 
cell locations within the 

set·up and hold times are cycle times are decreased 

MB8264A·W. Eight row·address 
referenced to CAS. In a read· because the time normally 
write cycle, WE will be delayed required to strobe a new row· 

bits are established on the in· until CAS haS made its negative address is eliminated. 
put pins (Ao through A7) and transition. Thus DIN is strobed latched with the Row Address 
Strobe (RAS). The eight column· 

by WE, and set-up and hold RAS-Only Refresh 

address bits are established on times are referenced to WE. Refresh of the dynamic memory 
the input pins and latched with Data Output 

cells is accomplished by 
the Column Address Strobe performing a memory cycle at 
(CAS). All input addresses must The output buffer Is three-state each of the 128 row-addresses 
be stabled on or before the TTL compatible with a fan·out (Ao - Af) at least every two milll-
falling edge of RAS. CAS is In· of two standard TTL loads. seconds. During refresh, either 
ternally Inhibited (or "gated'~ Data-out is the same polarity as ~r V1H is permitted for A7. 
RAS to permitlriggering of data·in. The output is in a high only refresh avoids any 
as soon as the Row Address impedance state until CAS is output during refresh because 
Hold Time (tRAH) specification brought low. In aread cycle, or the output buffer is in the high 
has been satisfied and the ad· a read·write cycle, the output is impedance state unless eAS is 
dress inputs have been valid af~c from the transi· brought low. Strobing each of 
changed from row·addresses to tion of RA when tACO (max) is 128 row·addresses with RAS 
column:addresses. satisfied, or after tCAc from the will cause all bits in each row 

transition of CAS when the to be refreshed. Further ~. 
Write Enable transition occurs after tACO only refresh results in a sub· 

The read mode or write mode is 
~). Data remain valid until stantial reduction in power dis-

selected with the WE' input. A 
A . is returned to a high level. sipation. 

In a write cycle the identical se-
logic high on WE dictates read quence occurs, but data is not Hidden Refresh 
mode; logic low dictates write valid. RAS·ONLY REFRESH CYCLE mode. Data input is disabled 

may take place while when read mode is selected. Page Mode maintaining valid output data. 

Data Input 
Page mode operation permits This feature is referred to as 
strobing the row·address Into Hidden Refresh. 

Data is written into the the MB8264A·W while 
MB8264A·W during a write or maintaining RAS at a logic low Hidden Refresh is performed by 
read·write cycle. The last falling throughout all successive holding CAS as VIL from a 
edge of WE or CAS Is a strobe memory operations in which the previous memory read cycle. 

FUJITSU 
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M88284&·12·W 
M88284&·15·W 

Timing Diagram. 

FUJITSU 

Read Cycle 
1--------"0'--------+1 

RAS VIH_ 

V IL -

I------' ... -------I~---,[ 

CAS 
Vllf _ 

VtL -

ADDRESSES 
V 1H-

V 1L -

WE V1H -

V tL -

Do", VOH -
vo, 

1--.. 00 - 1 I 
1_----',.0 • _ j=-Io" 

--------OPEN "l_ --.J~~il!¥AtD--',}--~------

Write Cycle (Early Write, 

lin V11t -

V1L -

CAS 
VIIt _ 

V tL -

WE V'H-

V" -

D,. vllt -

V1L -

0.., 
VOH -

VOL - -------------OPEN------------

Read·WrltelRead.Modlfy.Wrlte Cycle 
K 

WE 

D.., 

0.. 

~Don'tcare 
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Timing Dlagrame, Continued 

FUJITSU 

Page Mode Read.Wrlte C~cle 

RAS 
VIH -

V1L -

CAS 
V1H -

V'l-

WE 
V1H -

V1L -

DOUT 
VOH -

VOI.-

VIH -
D,N V'L-

RAS·ONLY R"reeh C~cle 
Note: CAS = VIH, WE, DIN = Don't Care 

~:~:-Cb'"----=~-,·=1-,;:~r"'~ ADDRESSES ~:::= xxxxxxxx AtD~~XXXXXxxxXXXXXXXX)() 

DOUT 

VOH-_~ ____________________ _ 
VOl. DPEN--------__ ------------------

Hidden Refreeh C~cle 

lWi V,H -
vlL -

CAS vlH -

v" -

ADDRESSES VIH -

V1L .... 

WE V,H - ~""'\'7IU\k_;~--~~------+_"'tr<:"''f'\J\'7IJ\7\i'\7'\7'i:A;rv\7'i:;t'''''\7'i:7\, 
V" - :>.L=i:>I.~~'" 

DOUT 

00 Don't Care 
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Timing Dlagrame, Continued 

FUJITSU 

Page Mode RHd Cycle 

�··.--------------------t~--------------------~~ 

V,H - --++-"....;;;~ 
V1L -

ADDRESSES 

DOUT 

lZ2I Valid Da .. 

Page Mode Write Cycle 

ADDRESSES 

D'N 

V,H_<"1<'~...,......L1 

VIL-~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~ 

V,H _ ,,"n r""'i7rn;F"ll 
VIL -=L.lwI:>/·jL-....!!!=--"''''~yl'-==~r'\l..~Q.,I~~\_==.....Jf~'-''..>L;'''-''l..:>I."''''"' 

~Don·tCare 
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PUJITSU. 
"!CROELECTRONICS. INC. 

NMOS 65,536 .. BIT DYNAMIC 
RANDOM ACCESS MElVIORY 

DESCRIPTION 
The Fujitsu MB8265 Is a fully de
coded, dynamic NMOS random ac
cess memory organized as 65536 
one-bit words. The design is optimiz
ed for high-speed, high performance 
applications such as mainframe 
memory, buffer memory, peripheral 
storage and environments where low 
power dissipation and compact lay
out are required. 

Multiplexed row and column address 
Inputs permit the MB8265 to be hous
ed In a standard 16 pin DIP. Pin-outs 
conform to the JEDEC approved pin 
out. 

FEATURES 
• 86,536 x 1 RAM, 16 pin 

package 

• SlIIcon-gate, Double Poly 
NMos, single transistor cell 

• Row acceSs time: 
1SO.ns Max (MB8285-15) 
200ns Max (MB826S-20) 

• Cycle time: 
270ris Min (MB8265-15) 
330ns Min (MB8265-20) 

• Low power: 
275 mW Active, (MB8265-15) 
248 mW Active, (MB8265-2O) 
26 mW Standby (Max) 

• +5V Supply, :10% tolerance 

• On chip substrate bias generator 
for high performance 

• Three-state TTL compatible output 

The MB8265 is fabricated using sili
con gate NMOS and Fujitsu's ad
vanced Double-Layer Polysilicon pro
cess. This process, coupled with 
single-transistor memory storage 
cells, permits maximum circuit den
sity and minimal chip size. Dynamic 
circuitry is employed in the deSign, 
including the sense amplifiers. 

Clock timing requirements are non
critical, and power supply tolerance 
is very wide. All Inputs and output are 
TIL compatible. 

• A" Inputs TTL compatible, 
low capacitive load 

• "Gated" CAS 
• 126 refresh cycles 
• Pin 1 Refresh capability 
• Common 110 capability using 

"Earty Write" operation 
• Output unlatched at cycle 

end allows extended page 
boundary and two
dimensional chip select 

• Read-Modlfy-Write, RAS
only refresh,and 
Page-Mode capability 

• On-chlp latches for 
Addresses and Data·in 

• Offers two variations of 
hidden refresh 

YB8265 BLOClC DIAGRAM 
""-----1 
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lVIB8265·15 
!JJB8265·20 

CERAMIC PACKAGI 
CERDIP 

Dlp·16C·C04 

PLASTIC PACKAGE 
Dlp·16p·M03 

CERAMIC LCC 
LCC·18C·A02 

PIN ASSIGNMENTS 

RFSH Vss 
DIN 15 CAS 

WE 3 14 DOUT a 
RAS ... 31: 13 Ae • III 

Ao 5 !I 12 A3 

A2 6 11 ~ 

A1 7 As 

Vee 8 A7 

DIN RFSH Vss CAs 

• 1 18 17 

WE 3 r- ,. Dour 
lIAs. -to 

00 15 Au 
N.C. 5 

'V.:. 
" N.C. <CD 

Au • -(> 
13 Ao ~~ 

Ao 7 N 1. Au 

8 • 1. 11 

At Vee A7 As 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to vss VIN, VOUT -1 to +7.0 V 
Voltage on VCC supply relative to Vss VCC -1 to +7.0 V 

Storage Temperature I Cerdip 
Tstg 

-55 to +150 
·C 

I Plastic -55 to + 125 
Power Dissipation PD 1.0 W 
Short Circuit Output Current lOS 50 mA 

Note: Permanent device damage may occur.f ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may effect deVice reliability. ThiS device contains cir
cuitry to protect the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to VSS) 

Parameter Symbol Min 

Supply Voltage VCC 4.5 

Vss 0 
Input High Voltage, all inputs VIH 2.4 
Input Low Voltage, all inputs VIL -1.0 

CAPACITANCE (TA = 25·C) 

Parameter Symbol 

Input Capacitance Ao - A7, DIN CINl 
Input Capacitance RAS, CAS, WE, RFSH CIN2 
Output Capacitance DOUT COUT 

STATIC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter 

OPERATING CURRENT' 
Average power supply current (RAS, CAS cycling; tRC = min) 
STAN DBY CURRENT 
Power supply current (RAS = CAS = RFSH = VIH ) 
REFRESH CURRENT 1 Average power current 
(RAS cycling CAS = RFSH = VIH; tRC = min) 
PAGE MODE CURRENT' 

Value 
Typ 

5.0 

0 
-
-

Min 

-

-
-

!MB8265.20 
IMB8265·15 

IMB8265·20 
IMB8265·15 

Average power supply current (RAS = VIL, CAS cycling, tpc = min) 
REFRESH CURRENT 2 Average power supply current 
(RFSH cycling; RAS = CAS = VIH, tFC = min) 
INPUT LEAKAGE CURRENT 
Input leakage current, any input (OV:s VIN :s 5.5V) 
Input pins not under test = OV, VCC = 5.5V, Vss = OV 
OUTPUT LEAKAGE CURRENT 
(Data out is disabled, OV:s VOUT:S 5.5V) 
OUTPUT LEVEL 
Output low voltage (IOL = 4.2mA) 
OUTPUT LEVEL 
Output high voltage (lOH = -5mA) 

Max Unit Temperature 

5.5 V 
0 V O·C to + 70·C 

6.5 V 
0.8 V 

Value 
Typ Max Unit 

- 5 pF 

- 8 pF 
- 7 pF 

Symbol Min Max Unit 

ICCl 
45 mA 

- 50 mA 

ICC2 - 5 mA 

ICC3 
- 36 mA 

42 

ICC4 - 34 mA 

ICC5 - 46 mA 

IlL -10 10 p.A 

10L -10 10 p.A 

VOL - 0.4 V 

VOH 2.4 - V 

Note': ICC is dependent on output loading and cycle rates. Specified values are obtained with the output open. 
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DYNAMIC CHARACTERISTICS Notes ~ 
(Recommended operating conditions unless otherwise noted.) 

Parameter I Notesl Symbol 

Time between Refresh tREF 
Random ReadMlrite Cycle Time tRC 

Read-Write Cycle Time tRWC 
Page Mode Cycle Time tpc 

Access Time from RAS 0 ffi] tRAC 
Access Time from eAS [[] rID tCAC 
Output Buffer Turn Off Delay tOFF 

Transition Time tT 

RAS Precharge Time tRP 

RAS Pulse Width tRAS 
"FfAS Hold Time tRSH 
CAS Precharge Time (Page Mode Only) tcp 

CAS Precharge Time (All Cycles Except Page Mode) tCPN 
CAS Pulse Width tCAS 
CAS Hold Time tCSH 
RAS to CAS Delay Time [1] rID tRCD 
CAS to RAS Precharge Time tCRP 
Row Address Set Up Time tASR 
Row Address Hold Time tRAH 
Column Address Set Up Time tASC 
Column Address Hold Time tCAH 
Column Address Hold Time Referenced to RAS tAR 
Read Command Set Up Time tRCS 
Read Command Hold Time [1QJ tRCH 
Write Command Set Up Time rID twcs 
Write Command Hold Time tWCH 
Write Command Hold Time Referenced to RAS tWCR 
Write Command Pulse Width twp 

Write Command to RAS Lead Time tRWL 
Write Command to CAS Lead Time tCWL 
Data In Set Up Time tDS 

Data In Hold Time tOH 
Data In Hold Time Referenced to RAS tDHR 
CAS to WE Delay I]) tCWD 
RAS to WE Delay I]) tRWD 
Read Command Hold Time Referenced to RAS aID tRRH 
RFSH Set Up Time Referenced to RAS tFSR 
FiAS to RFSH Delay tRFD 
~CycleTime tFC 
RFSH Pulse Width tFP 
RFSH Inactive Time tFI 

~ to RAS Delay [!] tFRO 
RFSH Hold Time ill] tFSH 

~ Address Set Up Time ITII tASF 
RFSH Set Up Time Referenced to CAS [ITI tFSC 
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MB8265-20 MB8265-15 

Min Typ Max Min Typ Max Unit 

- - 2 - - 2 ms 

330 - - 270 - - ns 

375 - - 300 - - ns 

225 - - 170 - - ns 

- - 200 - - 150 ns 

- - 135 - - 100 ns 

0 - 50 0 - 40 ns 

3 - 50 3 - 35 ns 

120 - - 100 - - ns 

200 - 10000 150 - 10000 ns 

135 - - 100 - - ns 

80 - - 60 - - ns 

30 - - 25 - - ns 

135 - 10000 100 - 10000 ns 

200 - - 150 - - ns 

30 - 65 25 - 50 ns 

0 - - 0 - - ns 

0 - - 0 - - ns 

20 - - 15 - - ns 

0 - - 0 - - ns 

55 - - 45 - - ns 

120 - - 95 - - ns 

0 - - 0 - - ns 

0 - - 0 - - ns 

-10 - - -10 - - ns 

55 - - 45 - - ns 

120 - - 95 - - ns 

55 - - 45 - - ns 

80 - - 60 - - ns 

80 - - 60 - - ns 

0 - - 0 - - ns 

55 - - 45 - - ns 

120 - - 95 - - ns 

95 - - 70 - - ns 

160 - - 120 - - ns 

25 - - 20 - - ns 

120 - - 100 - - ns 

120 - - 100 - - ns 

330 - - 270 - - ns 

200 - - 150 - - ns 

120 - - 100 - - ns 

50 - - 40 - - ns 

20 - - 15 - - ns 

0 - - 0 - - ns 

50 - - 40 - - ns 



Not,s: 

1. An Initial pause of 2OO,.s Is required after power-up follow
ed by any 8 FiAS cycles before proper device operation is 
achieved. If Internal refresh counter Is to be effective, a 
minimum of 8 active FWSR initialization cycles required. 
The Internal refresh counter must be activated a minimum 
of 128 times every 2ms if the RFSR refresh function Is 
used. The RFSR must be held at VIH If the RFSH function 
is not used. 

2. Dynamic measurements assume tT = 5ns. 

3. VIH(min) and Vldmax) are reference levels for measuring 
timing of input signals. Also, transition times are 
measured between VIH(mln) and Vldmax). 

4. Assumes that tRCO s tRCO(max). If tACO Is greater than 
the maximum recommended value shown in this table, 
tRAC will increase by the amount that tRCO exceeds the 
value shown. 

5. Assumes that tRCO '" tACO (max). 

TIMlNG DIAGRAMS 

:MB8265-15/MB8265·20 

6. Measured with a load equivalent to 2 TTL loads and 100 pF. 

7. Operation within the tRCO(max) limit insures that 
tRAC(max) can be met. tRCO(max) Is specified as a 
reference point only; If tRCO is greater than the specified 
tRCO(max) limit, then access time is controlled exclusively 
bytCAC· 

8. tRCO(min) = tRAH(min) + 2tT (tT = 5ns) + tASC(mln). 

9. twcs, tcwo and tRWO are not restrictive oper!!ting 
parameters. They are Included in the datIl sheet as elec
trical characteristics only. If twcs ~ twcs(min), the cycle 
is an early write cycle and the data out pin will remain open 
Circuit (high Ill1pedance) throughout entire cycle. 
If tcwo .:2: tcwo(mln) and tRWO ~ tRWO(min), the cycle Is a 
read-write cycle and data out will contain data read from 
the selected cell. If neither of the above sets of conditions 
is satisfied the condition of the data out is Indeterminate. 

10. Either tRRH or tRCH must be satisfied for a read cycle. 

11. RFSH counter test read/write cycle only. 

READ CYCLE 

VIH-
RFSH VIL- ·~~-+~------------------tRC------------------------~ 

tFSR ~----------------tRAS;------------__ --~ 

VIH-
tAR 

RAS VIL-
tCSH 

_f~----+--tRSH--------~ 

VIH- -----~-----....I--.... j..~----+--tCAS-----l ,...;.--1.------..... , 
VIL-CAS 

ADDRESSES VIH
VIL -

WE 

°OUT 

~:: -KXXXXXXY 
I· tRAC 

VOH
VOL ---------------'OPEN 
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tCAC .. 
__ tOFF 

VALID 
DATA 

~ Don't Car. 
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DOUT 

WRITE CYCLE (EARLY WRI'l'E> 

VIH-

VIL-~~~~~~~~~ __ ~ __ ~~ ____ ~~~~~~~~~~~~~~~~~~~ 

VIH-
V I L - ............................... T'~ ..... r...w 
VOH-________________________________ OPEN ________________________________ __ 

VOL-

READ-WRITEI READ-MODIFY·WRITE CYCLE 

~~~~----------------------tRWC----------------------------~ 

r:========~~=====::r_·tRAS----------------------~ ~----~ 
I- tAR ·1 

~----+_---------tRSH--------------~ 
---o+_--+---------tCAS,-------~ 

ADDRESSES ~:~-=-

DOUT 

011\1 
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RFSH 

RAS 
VIH-
VIL-

CAS 
VIH-
VIL-

ADDRESSES 

DOUT 
VOH-
VOL-

WE 

tASA 
.ADDRESSES VVIH

IL-

MB8265·15/MB8265·20 

PAGE-MOPE READ CYCLE 

tAAS-----Ig 

~====~~+=======~----~-----------1I--L:=====:t~A:S~H tAP 
tCAS tCAP 

II 

PAGE·MODE WRITE CYCLE 

V I H-<:""70~~-,r.i\iI 
VIL-~~~~~~ ____ ~~~~~~ ____ ~~~~~~~~~ ____ ~~~~~~~~~~ 

IZ]J Don't Care 
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"RAS-ONLY" REFRESH CYCLE 
NOTE: Ri=sR = VIH, CAS = VIH, WE = Don't Care 

ADDRESSES 

DOUT 

ADDRESSES 

RFSH 

RAS 

CAS 

ADDRESSES 

WE 

DOUT 

VOH-________________________ 
OPEN 

____________________________ _ 

VOL-

V 1H-

VIH-

tFSR 

V 1H-
VIL-

VIH-
VIL-

VIH 
VIL-

RFSH REFRESH CYCLE 
NOTE: CAS = VIH, WE = Don't Care 

HIDDEN "RAS-ONLY" REFRESH CYCLE 

tRC 

tRAS tRAS 

tCAS 

tRAH 

I t RCS4-
~:~-XXZXZ@ 

I---tRAC -

tRC 

~I-----------------------------------i VOH" IC" 

VO L- ------OPEN-------<1 VALID DATA ~ 

~DDn·tCar. 
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HIDDEN RFSH REFlm)H CYCLE 

RAS 
VIH-
V1L-

tCAP 

CAS 
VIH-
V1L-

RFSH 

~H 'W<xxxxxxxxxxxxxxxxxP<»<:= 

DOUT 

k----___ tOFFJ----.lr-

VALID DATA t--

RFSH COUNTER TEST READ/WRITE CYCLE 
Note: DOUT is the waveform in Read-Modify-Write Cycles 

V1H-------.l 

VIL-

VIH------.....,..---+I-.-----......L f-o----tCAS-----i Jr--

V 1L -
tAAH 

V1H- 'COLUMN 
ADDRESSES V 1L _ ROW ADD!'lESS (A7) AODRESS 

~::= I twcd rtWCHJ I 
I tDsH ~tDH=::] I 

~;:=~XXX~'IYXX~X~x~xx-=-lx~XXX~X~~1D DATAp<XXXXXXIDOOO 

VOH-_____ I.. tAAC lat tOFF--l }:-

OPEN ~ • VALID DATA VOL -
tCAC 

DOUT 

IRZI Don't Care 
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DESCRIPTION 
Address Inputs 

A total of sixteen binary input address bits are required 
to decode any 1 of 65536 storage cell locations within 
the MB8265. Eight row·address bits are established on 
the input pins (AO through A7) and latched with the Row 
Address Strobe (RAS). The eight column·address bits 
are established on the input pins and latched with the 
Column Address Strobe (CAS). All input addresses 
must be stable on or before the falling edge of RAS. 
CAS is internally inhibited (or "gated") by RAS to permit 
triggering of CAS" as soon as the Row Address Hold 
Time (tRAH) specification has been satisfied and the ad· 
dress inputs have been changed from row-addresses to 
column-addresses. 

Write Enable 

The read mode or write mode is selected with the WE in
put. A logic high (1) on WE dictates read mode; logic low 
(0) dictates write mode. Data input is disabled when 
read mode is selected. 

Data Input 

Data written into the MB8265 during a write or read
write cycle. The last falling-edge of WE or CAS is a 
strobe for the Data In (DIN) register. In a write cycle, if 
WE is brouQ!!Llow (write mode) before CAS, DIN is 
strobed by CAS, and the set-up and hold times are 
referenced to CAS. In a read-write cycle, WE will be 
delayed until CAS has made its negative transition. 
Thus DIN is strobed by WE, and set-up and hold times 
are referenced to WE. 

Data Output 

The output buffer is three-state TTL compatible with a 
fan-out of two standard TTL loads. Data-out is the same 
polarity as data-in. The output is in a high impedance 
state until CAS is brought low. In a read cycle, or a read
write cycle, the output is valid after tRAC from transition 
of RAS when tRCD (max) is satisfied, or after tCAC from 
transition of eAS when the transition occurs after tRCD 
(max). Data remains valid until CAS is returned to ahigh 
level. In a write cycle the identical sequence occurs, 
but data is not valid. 

Page-Mode 

Page-mode operation permits stro~the row-address 
into the MB8265 while maintaining RAS at a logic low (0) 
throughout all successive memory operations in which 
the row-address doesn't change. Thus the power dis
sipated by the negative going edge of RAS is saved. Fur
ther, access and cycle times are decreased because the 
time normally required to strobe a new row-address is 
eliminated. 

RAS-Only Refresh 

Refresh of the dynamic memory cells is accomplished 
by performing a memory cycle at each of the 128 row-ad
dresses (AO - As) at least every two milliseconds. Dur
ing refresh, either VIL or VIH is permitted for A7. RAS 
only refresh avoids any 'output during refresh because 
the output buffer is in the high impedance state unless 
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CAS is brought low. Strobing each of 128 row-addresses 
with RAg will cause all bits in each row to be refreshed. 
Further RAS-only refresh results in a substantial reduc
tion in power dissipation. 

RFSH Refresh 

RFSH type refreshing available on the MB8265 offers an 
alternate refresh method: (1) When ~ (pin 1) is 
brought low (active) during m (Pin 4) is high (inactive), 
on-chip refresh control clock generators and a refresh 
address 'counter are enabled and an internal refresh 
operation takes place. (2) When RFSH is brought high 
(inactive), the internal refresh address counter is auto
matically incremented in preparation for the next RFSH 
refresh cycle. Only RFSH activated cycles affect the in
ternal refresh address counter. 
The use of RFSH type refreshing eliminates the need of 
providing additional external devices to generate 
refresh addresses. 

Hidden Refresh 

Hidden Refresh Cycle may take place while maintaining 
iatest valid data at the output by extending CAS active 
time from the previous memory read cycle. 
The MB8265 offers two types of Hidden Refresh. They 
are referred to as Hidden ~-Only Refresh and Hidden 
RFSH Refresh. 
1) Hidden RAS-Only Refresh 
Hidden RAS-Only Refresh is performed by holding CAS 
at VIL and taking ~ high and after a specified 
precharge period (tRP), executing "RAS-Only" refresh, 
but with CAS held low. RFSH has to be held at VIH. 
2) Hidden RFSH Refresh 
Hidden RFSH Refresh is performed by holding -eAS at 
VIL and taking RAS high and after a specified precharge 
period (tRFD), executing RFSH refresh, but with CAS 
held iow. 
A specified precharge period (tCPN) is required before 
normal memory Read, Write or Read-Modify-Write cycle 
after performing either type of Hidden Refresh, 

Refresh Counter Test Cycle 

A special timing sequence provides a convenient 
method of verifying the functionality of the RFSH ac
tivated circuitry. 

(A) RFSH Test Read/Write Cycle 

When RFSH is given a Signal in timing as shown in tim
ing diagram of RFSH counter Test Read/Write Cycle, 
Read/Write Operation is enabled. A memory cell ad
dress (conSisting of a row address (8 bits) and a column 
address (8 bits» to be accessed can be defined as 
follows: 
* A ROW ADDRESS - Bits Ao - As are defined when 

contents of the internal address counter are latched. 
The other bit ARiS defined by latching a level on A7 
pin during RFS = "L" and RAS = "H" (tRFO)' 

* A COLUMN ADDRESS - All the bits Ao - A7 are defin
ed by latching levels on Ao - A7 pins in a high-to-Iow 
transition of CAS. 



DESCRIPTION (Continued) 

By using a 16-bit address latched into the on-chip ad
dress buffers by means of the above operation, any of 
64K memory cells can be read/written into/from. 

(8) RFSH Test Read-Modlfy·Wrlte Cycle 

Also, Read·Modify·Write Operation (not only the above 
normal Read/Write Operations) can be used in this 
RFSH Counter Test Cycle. 

(C) Example of Refresh Counter Test Procedure 
(1) Initialize the internal refresh counter. For this opera· 

tion, 8 RFSH cycles are required. 

MB8265·1SIMB826S·20 

(2) Write a test pattern of "O"s into the memory cells at a 
single column address and 128 row addresses by us
ing 128 RFSH Test Write Cycle or RFSH Test Read· 
Modify·Write Cycle. (At this time, A7 (row) must be fix· 
ed at "H" or "L".). 

(3) Verify the data written into the memory cells in the 
above step (2) by using the column address used in 
step (2) and sequence through 128 row address com· 
binations (Ao - As) by means of normal Read Cycle. 
(At this time, A7 (row) must be fixed at the same level 
as the above step (3).) 

(4) Compliment the test pattern and repeat steps (2) and 
(3). 
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TYPICAL CHARACTERISTICS CURVES (Continued) 

1 
f

OPERATING CURRENT 
w SUPPLY VOLTAGE 

5O,----,---,.---r----, 

~ 40 I---+---o~ 
II: 
II: 
::l 
tJ 

~ 30~~-~~~~-~ 

~ 
II: 

~ 20~~~~--~ 

U 
2 

"< 
E 
f
Z 
w 
II: 
II: 
::l 
tJ 

>., 
o 
z 

~ 
N 
U 

2 

"< 
E 
f-z 
w 
II: 
II: 
::l 
tJ 

r 
CI) 
w 
II: ... 
w 
II: 
M 
u 

2 

Vee. SUPPLY VOLTAGE IV) 

STANOBY CURRENT 
vs AMBIENT TEMPERATURE 

4 

......... Jee=5.~V 
~ 

"""'-r--I-

2 

1 

o -20 0 20 40 60 80 100 

TA • AMBIENT TEMPERATURE lOCi 

REFRESH CURRENT 1 

50 
vs AMBIENT TEMPERATURE 

40 

J 1. 
V1ee=5'r 

-~ 1e=Jons 
30 - tRC"'330ns -- t~e=5I:'" 
20 -r-- tRC==11J.s 

10 I T 
-20 0 20 40 60 80 100 

T A. AMBIENT TEMPERATURE 1°C) 

"< 
E 
f-z 
w 
II: 
II: 
::l 
tJ 

" z 
i= « 
II: 
w 
0-
0 

U 
2 

"< 
E 
f-z 
w 
II: 
II: 
::l 
tJ 

r 
'" w 
II: ... 
w 
II: 
M 
u 

2 

"< 
E 
f-
Z 
w 
II: 
II: 
::l 
tJ 

w 
0 
0 
::;; 
w 

" « 
0-.. 
u 
2 

OPERATING CURRENT 
vs AMBIENT TEMPERATURE 

50 
Vee=5.5V 

40 - I 
~ tAc=270ns -- tAe=~30ns 

30 I -- tRC=500ns 

20 - tAe~Ls-
10 r 
-20 0 20 40 60 80 100 

50 

40 

30 

20 

10 
o 

50 

40 

30 

20 

10 
o 

TA • AMBIENT TEMPERATURE I'C) 

REFRESH CURRENT 1 
vs CYCLE RATE 

TA=~5'C 
Vee=5.5V 

./ 

./ 
/ 

/ 
./ 

1.0 2.0 3.0 
l/tAe. CYCLE RATE (MHz) 

PAGE MODE CURRENT 
vs CYCLE RATE 

T)25'C 
Vee=5.5V 

-
~ ~ --

4.0 

1.0 2.0 3.0 4.0 
l/tAe. CYCLE RATE IMH.z) 

1·64 

"< 
E 
f-
Z 
w 
II: 
II: 
:> 
tJ 
>-., 
0 
z 
« 
f-
CI) 

N 
u 

2 

"< 
E 

4 

2 
;' 

STANDBY CURRENT 
vs SUPPLY VOLTAGE 

TA=25'C 

/' 

V 
/' 

L' 

o.~-~~-~-~~-~ 
4.0 4.5 5.0 5.5 6.0 

Vee. SUPPLY VOLTAGE IV) 

REFRESH CURRENT 1 
vs SUPPLY VOLTAGE 

5O,----,---,.---r---, 

~ 40 1---+---+---+---1 
w 
II: 
II: 
::l 
tJ 301---+----+-::_"7; 
r 
CI) 
w 
II: ... 
~ 201--'=-+---:::: .... -:::--<-; 
M 
jl 

Vee. SUPPLY VOLTAGE (V) 

PAGE MODE CURRENT 

6.0 

50 .-_V.:.:S:....rS;:.U,-,PP:..;L:;.Y:...,.V,-,O=L T.:.;A;...:Gr=E_--, 

"< 
E 
f
~ 401---+---+---+---1 
II: 
II: 
::l 
tJ 

~ 301---+--+--::;:' 
o 
::;; 
w 

~ 20 I-~-=t----::::::",,""=--+n 
.. 
u 

2 

Vee. SUPPLY VOLTAGE IV) 



MB826S·1S/MB8265·20 

TYPICAL CHARACTERISTICS CURVES (Continued) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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FUJITSU 
MICROELECTRONICS. INC. 

NMOS 65,536-BIT DYNAMIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8265A Is a fully decoded, 
dynamic NMOS random access memory 
organized as 65536 one-bit words. The de
sign Is optimized for hlgh·speed, high per· 
formance applications such as mainframe 
memory, buffer memory, peripheral stor· 
age and environments where low power 
dissipation and compact layout are re
quired. 

Multiplexed row and column address in· 
puts permit the MB82645 to be housed in a 
standard 16·pin DIP. Pln·outs conform to 
the JEDEC approved pin out. 

FEATURES 
• 65,536 x 1·bit organization 
• Row Access Time/Cycle Time 

MB8265A·10 100 ns MaxJ200 ns Min. 
MB8265A·12 120 ns MaxJ230 ns Min 
MB8265A-15 150 ns MaxJ260 ns Min_ 

• Low Maximum Power Dissipation 
MB8265A-10 275 mW (Active) 
MB8265A-12 248 mW (Active) 
MB8265A-15 220 mW (Active) 
All devices 25 mW (Standby) 

• Single +5V supply voltage, ±10% 
tolerance 

• All inputs TTL compatible, low 
capacitive load 

• Three-state TTL compatible output 

The MB8265A is fabricated using silicon 
gate NMOS and Fujitsu's advanced 
Double-Layer Polysilicon process. This 
process, coupled with single-transistor 
memory storage cells, permits maximum 
circuit density and minimal chip size. Dy
namic circuitry is employed in the design, 
including dynamic sense amplifiers. 

Clock timing requirements are noncritical, 
and the power supply tolerance is very 
wide. All inputs and output are TTL com
patible. 

• Common I/O capability using "Early 
Write" operation 

• Output unlatched at cycle end allows 
extended page boundary and two
dimensional chip select 

• Read-Modify-Write capability 
• Page Mode capability for faster access 
• "Gated" CAS 
• On-chip Address and Data-in latches 
• On-Chip substrate bias generator 
• tAR, tWCR, tDHR eliminated 
• Pin 1 on-chip refresh 
• RAS only refresh 
• Hidden refresh 
• 2mS/128 cycle refresh 

MB8265A BLOCK DIAGRAM 

AAS--------------~ 

CAS--.-------1-------+-~~ 

AO 

65,536 BIT 
STORAGE CELL 

WRITE 
CLOCK 

GEN. 

---Vee 

_Vss 

D 

Q 

MB8265A-IO 
MB8265A-12 
MB8265A-15 

CERAMIC PACKAGE 
CERDIP 

Dlp·16C·C04 

PLASTIC PACKAGE 
Dlp·16p·M03 

CERAMIC LCC 
LCC·18C·F02 

PIN ASSIGNMENTS 
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Vii 14 Q 

RAS 
iii: 

13 A6 0.1 
Ao 

~~ A3 ..... 
.:J> 

A2 11 A4 

Al 10 As 

Vee 8 A, 

o iiFsH vss CAs 
2 1 ,. 17 

Vi 3 ... 16 Q 

RAS 4 
-10 
00 15 A, 

NC 
"D':' 

NC 5 <co ,. 
Ao 6 iii~ 13 A3 

::e;!l 
A, 7 ... 

" Ao 

• 9 ,. 11 

A1 Vee A7 A, 

Note: The following IEEE Std. 662-1980 symbols are used In this data sheet: 0 = Data in, W = Write Enable, Q = Data Out_ 
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ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to vss VIN, VOUT -1 to +7 V 

Voltage on VCC supply relative to Vss Vcc -1 to +7 V 

Storage temperature I Cerdip 
Tstg 

-55 to +150 
·C 

I Plastic -55 to +125 

Power dissipation Po 1.0 W 

Short circuit output current - 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may effect device reliability. This device contains cir· 
cuitry to protect the inputs against damage due to high static voltages or electric fields. It Is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDmONS (Referenced to VSS) 

Parameter Symbol 
Value 

Unit Operating Temperature 
Min Typ Max 

Supply Voltage VCC 4.5 5.0 5.5 V 

VSS 0 0 0 V 
O·Cto +70·C 

Input High Voltage, all Inputs VIH 2.4 - 6.5 V 

Input Low Voltage, all Inputs Vil -1.0 - 0.8 V 

CAPACITANCE (TA = 25·C) 

Value 

Parameter Symbol 
Min Typ Max 

Unit 

Input Capacitance Ao - A7, 0 CINl - - 5 pF 

Input Capacitance RAS, CAS, W, RFSH CIN2 - - 8 pF 

Output Capacitance Q COUT - - 7 pF 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 
MB8265A-10 MB8265A-12 MB8265A-15 

Unit 
Min Max Min Max Min Max 

OPERATING CURRENT' Average power supply current 
ICCl - 50 - 45 - 40 mA 

(RFSH = VIH, RAS, CAS cycling; tRC = min.) 

STANDBY CURRENT Power supply current 
ICC2 - 4.5 - 4.5 - 4.5 mA 

(RAS, CAS, RFSH = VI H) 

REFRESH CURRENT l' Average power supply current 
ICGa - 38 - 35 - 31 mA 

(CAS, RFSH = VIH; RAS cycling, tRC = min.) 

PAGE MODE CURRENT* Average power supply current 
ICC4 - 35 - 32 - 28 mA 

(RAS == Vll, RFSH = VIH, CAS cycling; tpc = min.) 

REFRESH CURRENT 2' Average power supply current 
ICC5 - 42 - 38 - 34 mA 

(RAS/CAS = VIH, RFSH cycling; tFC = min.) 
INPUT LEAKAGE CURRENT 
any input (OV:$ VIN :$ 5.5V, VCC = 5.5V, Vss = OV, III -10 10 -10 10 -10 10 /LA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
IOl -10 10 -10 10 -10 10 pA 

(Data out is disabled, OV:$ VOUT:$ 5.5V) 

OUTPUT HIGH VOLTAGE 
VOH 2.4 2.4 2.4 V 

(IOH = -5 mAl - - -

OUTPUT LOW VOLTAGE 
VOL 0.4 0.4 0.4 V 

(IOl = 4.2 mAl 
- - -

Note': ICC is dependent on output loading and cycle rates. Specified values are obtained with the output opelt 
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AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

Parameter 
I Notesl Symbol MB8265A-10 MB8265A-12 MB8265A-15 

Unit 
Alternate • Standard Min Max Min Max Min Max 

Time between Refresh tREF TRVRV - 2 - 2 - 2 ms 
Random ReadIWrite Cycle Time tRC TRELREL 200 - 230 - 260 - ns 

Read-Write Cycle Time tRWC TRELREL 230 - 265 - 280 - ns 

Page Mode ReadIWrite Cycle Time tpc TCELCEL 105 - 120 - 145 - ns 
Page Mode Read-Write Cycle Time tpRWC TCEHCEH 135 - 155 - 180 - ns 

Access Time from RAS [4J lID tRAC TRELQV - 100 - 120 - 150 ns 

Access Time from CAS rn:J [[] tCAC TCELQV - 50 - 60 - 75 ns 

Output Buffer Turn off Delay tOFF TCEHQZ 0 30 0 35 0 40 ns 
Transition Time tT TT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP TREHREL 90 - 100 - 100 - ns 

RAS Pulse Width tRAS TRELREH 100 10000 120 10000 150 10000 ns 

RAS Hold Time tRSH TCELREH 50 - 60 - 75 - ns 

CAS Precharge Time (all cycles except page mode) tCPN TCEHCEL 25 - 30 - 30 - ns 

CAS Precharge Time (Page mode only) tcp TCEHCEL 45 - 50 - 60 - ns 

CAS Pulse Width tCAS TCELCEH 50 10000 60 10000 75 10000 ns 

CAS Hold Time tCSH TRELCEH 100 - 120 - 150 - ns 
RAS to CAS DelayTime @) III tRCO TRELCEL 20 50 20 60 25 75 ns 

CAS to RAS Precharge Time tCRP TCEHREL 0 - 0 - 0 - ns 

Row Address Set Up Time tASR TAVREL 0 - 0 - 0 - ns 

Row Address Hold Time tRAH TRELAX 10 - 10 - 15 - ns 

Column Address Set Up Time tASC TAVCEL 0 - 0 - 0 - ns 

Column Address Hold Time tCAH TCELAX 15 - 15 - 20 - ns 
Read Command Set Up Time tRCS TWHCEL 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to CAS lID tRCH TCEHWX 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS lID tRRH TREHWX 20 - 20 - 20 - ns 

Write Command Set Up Time [[] twcs TWLCEL 0 - 0 - 0 - ns 

Write Command Hold Time tWCH TCELWH 20 - 25 - 30 - ns 

Write Command Pulse Width twp TWLWH 20 - 25 - 30 - ns 

Write Command to RAS Lead Time tRWL TWLREH 35 - 40 - 45 - ns 

Write Command to CAS Lead Time tCWL TWLCEH 35 - 40 - 45 - ns 

Data In Set Up Time tos TDVREL 0 - 0 - 0 - ns 

Data In Hold Time tOH TCELDX 20 - 25 - 30 - ns 

CAS to W Delay lID tcwo TCELWL 40 - 50 - 60 - ns 

RAS to W Delay [[I tRWO TRELWL 90 - 110 - 120 - ns 

RFSH Set Up Time Referenced to RAS tFSR TFHREL 90 - 100 - 100 - ns 

RAS to RFSH Delay tFRO TREHFL 90 - 100 - 100 - ns 

RFSH Cycle Time tFC TFLFL 200 - 230 - 260 - ns 

RFSH Pulse Width tFP TFLFH 100 - 120 - 150 - ns 

RFSH Inactive Time tFI TFHFL 90 - 100 - 100 - ns 

RFSH to RAS Delay [jQJ tFRO TREHFL 20 - 30 - 40 - ns 

RFSH Hold Time [IQ] tFSH TRELFH 30 - 40 - 50 - ns 

See Notes on following page. 

·These symbols are described In IEEE Std. 662·1980: IEEE Standard Terminology for Semiconductor Memory. 
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Notes: 

1. An init~ause of 200,"s is required after power-up followed by 
any 8 RAg or RFSH cycles before proper device operation is 
achieved. If the internal refresh counter Is to be effective, a 
minimum of 8 active RFSH initialization cycles are required. The 
internal refresh counter must be activated a minimum of 128 
times every 2ms If t~e RFSH refresh function Is used. RFSH 
must be held at VIH if the RFSH function is not used. 

2. Dynamic measurements assume tT = 5ns. 

3. VIH (min) and VIL (max) are reference levels for measuring timing 
of Input signals. Also, transition times are measured between 
VIH (min) and VIL (max). 

4. tRCD is specified as a reference point only. If tRCD s tRCD (max) 
the specified maximum valve of tRAC (max) can be met. If 
tRCD > tRCD (max) then tRAC is increased by the amount that 
tRCD exceeds tRCD (max). 

TIMING DIAGRAMS 

5. Assumes that tRCD ., tRCD (max). 

6. Measured with a load equivalent to 2 TTL loads and 100pF. 

7. tRCD (min) = tRAH (min) + 2tT (tT = 5ns) + tASC (min). 

8. twcs, tCWD and tRWD are not restrictive operating parameters. 
They are included in the data sheet as electrical characteristics 
only. If twcs" twcs (min), the cycle is an early write cycle and 
the data out pin will remain open circuit (high impedance) 
throughout entire cycle. 
If tCWD" tCWD (min) and tRWD" tRWD (min), the cycle is a read
write cycle and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satisfied, the 
condition of the data out is Indeterminate. 

9. Either tRRH or tRCH must be satisfied for a read cycle. 

10. RFSH counter test read/write cycle only. 

READ CYCLE 

CAS 

A 

Q 

~~~.-------------------tRC------------------------~ 

tFSR ~----------------tRAS:----------------~ 

tCSH 
___ -i"-------tRS HI--------i-l 

VIH- ------...;-i-----v-"'\ r---------tCAS--------i r+"-v------"'\I 
VIL-

~:: -<lXIXriXI 
1- tRAC 

VOH
VOL ---------------OPEN 
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TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

V1H-
RFSH V 1L-

tFSA 

RAS VIH-
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Q 
VOH-________________________________ OPEN ________________________________ _ 
VOL-

READ-WRITE/READ-MODIFY-WRITE CYCLE 

~-t~F~S~A~----------------------tAWC----------------------------~ 
r----------------------tAAS----------------------~ ~----~ 
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--~~ __ --------------tCAS,------------~~ 

A 

IN 

Q 

o 
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TIMING DIAGRAMS (Continued) 

PAGE MODE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
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D 
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TIMING DIAGRAMS (Continued) 

"RAS·ONL Y" REFRESH CYCLE 
NOTE: RFSH = VIH; CAS = VIH; W, D = Don't Care 
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TIMING DIAGRAMS (Continued) 
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DESCRIPTION 
Address Inputs 
A total of sixteen binary input ad- • 
dress bits are required to decode any 
one of 65536 storage cell locations 
within the MB8265A. Eight row-ad
dress bits are established on the In
put pins (Ao through A7) and latched 
with the Row Address Strobe (RAS). 
The eight column-address bits are 
established on the input pins and 
latched with the Column Address 
Strobe (CAS). All Input addresses 
must be stable on or before the fail
ing edge of iUi:S. CAS Is internally In
hibited (or "gated") by RAS to permit 
triggering of CAS as soon as the Row 
Address Hold Time (tRAH) specifica
tion has been satisfied and the ad
dress inputs have been changed 
from row-addresses to column-ad
dresses. 

Write Enable 
The read mode or write mode is 
selected with the W input. A logic 
high (1) on W dictates read mOde; 
logic low (0) dictates write mode. 
Data input is disabled when read 
mode is selected. 

Data Input 
Data is written into the MB8265A dur
ing a write or read-loWte c~. The 
last falling edge of W or CAS is a 
strobe for the Qjita In (D) register. In a 
write cycle, if W is brought low (write 
mode) before CAS, 0 is strobed by 
CAS, and the setj!(Land hold times 
are referenced to CAS. In a read-write 
cycle, W will be delayed until CAS 
has made its negative transition. 
Thus 0 is strobed by W, and setl!P 
and hold times are referenced to W. 

Data Output 
The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data-out is the 
same polarity as data-in. The output 
is in a high impedance state until 
CAS is brought low. In a read cycle, 
or a read-write cycle, the output is 
valid after tRAC from the transition of 
RAS when tRCO (max) is satisfie!l...Qr 
after tCAC from the transition of CAS 
when the transition occurs after 
!aCo (max). Data remains valid until 
CAS is returned to a high level. In a 
write cycle the identical sequence 
occurs, but data is not valid. 

Page Mode 
Page mode operation permits strob
ing the row-address into the MB8265A 
while maintaining RAS at a logic low 
(0) throughout all successive memory 
operations in which the row-address 
doesn't change. Thus the power dis-

~ted by the negative going edge of 
RAS is saved. Access and cycle times 
are decreased because the time nor
mally required to strobe a new row-ad
dress is eliminated. 

RAS-Only Refresh 
Refresh of the dynamic memory cells 
is accomplished by performing a 
memory cycle at each of the 128 roW
addresses (Ao - As) at least every two 
milliseconds. During refresh, either 
V,L or VIH is permitted for A7. RAS
only refresh avoids any output during 
refresh because the output buffer is in 
the high impedance state unless CAS 
is brought low. Strobing each of 128 
row-addresses with RAS will cause all 
bits in each row to be refreshed. RAS
only refresh results in a substantial 
reduction in power dissipation. 

RFSH Refresh 
RFSH type refreshing available on the 
MB8265A offers an alternate refresh 
method: (1) When RFSH.JE!!I 1) is 
brought low (active) when RAS (Pin 4) 
is high (inactive), on-Chip refresh con
trol clock generators and a refresh ad
dress counter are enabled and an in
ternal refresh operation takes place. 
(2) When RFSH is brought high (ihac
tive), the internal refresh address 
counter is automatically incremented 
in preparation for the next RFSH 
refresh cycle. Only RFSH activated 
cycles affect the internal address 
counter. 
The use of RFSH type refreshing 
eliminates the need of providing any 
additional external devices to 
generate refresh addresses. 

Hidden Refresh 
A Hidden Refresh Cycle may take 
place while maintaining valid data at 
the output by extending CAS active 
time from the previous memory read 
cycle. 
The MB8265A offers two types of Hid
den Refresh. They are referred to as 
Hidden RAS-Only Refresh and Hidden 
RFSH Refresh. 
1) Hidden RAS-OnlLRefresh is per
formed by holding CAS at VIL and tak
ing RAS high and after a specified pre
charge period (tRP), ex~ng "RAS
Only" refresh, but with CAS held low. 
RFSH has to be held at VIH. 
2) Hidden RFSH Refresh is performed 
by holding CAS at VIL and taking RAS 
high and after a specified precharge 
period (tRFO); executing RFSH refresh, 
but with ~ held loW. 
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A specified ptecharge period (tCPN) is 
required before normal memory Read, 
Write or Read-Modify-Write cycle after 
performing either type of Hidden 
Refresh. 

Refresh Counter Test Cycle 
A special timing sequence provides a 
convenient method of verifying the 
functionality of the RFSH activated 
circuitry. 

(A) RFSH Test ReadiWrite Cycle 
When RFSH is giYlill...W Input signal 
as shown in the RFSH counter test 
ReadIWrite cycle timing diagram, a 
ReadIWrite Operation is enabled. A 
memory cell can be accessed with an 
address consisting of 8 row and 8 col
umn bits defined as follows: 

·ROW ADDRESS-Bits Ao - As are 
defined when the contents of the in
ternal address counter are latched. 
(The other bit, A7, is set "low" internal
ly. 

·COLUMN ADDRESS-All the bits 
Ao - A7 are defined by latching levels 
on Ao -.Az..pins in a high-ta-Iow transi
tion of CAS. 

By using a 15-bit address latched into 
the on-Chip address buffers by means 
of the above operation, any of 32K (in 
the fixed half cell array) memory cells 
can be read or written. 

(8) RFSH Test Using the Read Modify 
Write Cycle 
In addition to the normal read or write 
operations, a read-modify-write opera
tion can be used in this RFSH Counter 
Test. 

(C) Example of the Refresh Counter 
Test Procedure 
(1) Initialize the internal refresh 

counter. For this operation, 8 
RFSH cycles are required. 

(2) Write a test pattern of "O"s into 
memory cells at a single column 
address and 128 row adresses by 
using 128 RFSH Test Write Cycles 
or RFSH Test Read-Modify-Write 
Cycles. 

(3) Verify the data written into the 
memory cells in step (2) above by 
using the column address used in 
step (2) and sequence through 128 
row address combinations 
(Ao - As) by means of the normal 
Read Cycle. 

(4) Compliment the test pattern and 
repeat the steps (2) and (3). 
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CURRENT WAVEFORM (Vee = 5.5V, TA = 25 ·C) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 

REFRESH CURRENT 1 
vs SUPPLY VOLTAGE 
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REFRESH CURRENT 1 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 

CURRENT WAVEFORM DURING POWER UP 
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FUJITSU 
MICROELECTRONICS. INC. 

NMOS 65,536-BIT DYNA!JIIC 
RANDOM ACCESS lVIEldORY 

DESCRIPTION 
The Fujitsu MB8266A is a fully decoded 
dynamic NMOS random access memory 
organ ized as 65,536 one-bit words. The 
design is optimized for high speed, high 
performance applications such as main· 
frame memory, buffer memory, peripheral 
storage and environments where low 
power disSipation and compact layout are 
required. 

The MB8266A offers new functional en· 
hancements that make it more versatile 
than I1revious dynamic RAMS. "CAS· 
before-RAS" refresh provides an on·chip 
refresh capability that is compatible with 
upward expansion to 256K dynamic 
RAMS, since pin 1 is left as a "no 
connect". The MB8266A also features Nib
ble Mode, which allows high speed serial 

FEATUREs 
• 65,536 x1·blt organization 
• Row Access Time/Cycle Time 

MB8266A·10 100 ns MaxJ200 ns Min. 
MB8266A·12 120 ns MaxJ230 ns Min. 
MB8266A.15 150 ns MaxJ260 ns Min. 

• Nibble Access Time/Cycle Time 
MB8266A·10 25 ns MaxJ60 ns Min. 
MB8266A·12 30 ns Mal(J70 ns Min. 
MB8266A·15 40 ns MaxJ90 ns Min. 

• Low Maximum Power Dissipation 
MB8266A·10 275 mW (Active) 
MB8266A·12 248 mW (Active) 
MB8266A·15 220 mW (Active) 
All devices 25 mW (Standby) Max. 

• Single +5V supply voltage, ±10% 
tolerance 

• All inputs TIL compatible, low 
capacitive load 

• Three-state TIL compatible Qutput 

access to up to four bits of data. Multiplex· 
ed row and column address inputs permit 
the MB8266A to be housed in a Jedec stan· 
dard 16·pin DIP and 18-pad LCC. 

The MB8266A is fabricated using silicon 
gate NMOS and Fujitsu's advanced 
Double-Layer Polysilicon process. This 
process, coupled with single transistor 
memory storage cells, permits maximum 
circuit density and minimal chip size. 
Dynamic circuitry is employed in the 
deSign, including sense amplifiers. 

Clock timing requirements are non·critical 
and the power supply tolerance is very 
wide. All inputs and output are TIL com· 
patible. 

• Nibble mode capability for faster 
access 

• CAS before RAS on chip refresh 

• RAS only refresh 

• Hidden CAS before RAS on chip 
refresh 

• 2msl126 cycle refresh 

• Read·Modlfy·Write capability 

• Common UO capability using 
"Earty Write" operation 

• Output unlatched at cycle end allows 
two-dimensional chip select 

• On-chip Address and Data·ln latches 

• On-chip substrate bias generator 

• tAR. tWCR. tDHR eliminated 

MB8266A BLOCK DIAGRAM 

RAll------t 
w 

~-------~~ 

A, 

A, 

A, 
Q 

A, 

... 
A, 

A, --Vee 
A, 

_V" 

lVIB8266A-10 
lVIB8266A-12 
lVIB8266A-15 

PLASTIC PACKAGE 
DIP·16P·M03 

CERDIP PACKAGE 
Dlp·16C·C04 

o 
CERAMIC LCC 
LCC·18C·F02 

PIN ASSIGNMENTS 

N.C. Vss 

CAS 

Q 

• A3 and As assignad for Nibble Address 

o NC vss CAs 
2 1 18 17 

Vi 3 18 Q 
r-

RAS 4 afl " A, 
"':' 

NC , 
~~ 

,. NC 

Ao 6 :ES 13 A3 

A, 7 " A. 

8 9 1. 11 

A1 Vee A7 A, 

Note: The following IEEE Std. 662·1980 symbols are used in this data sheet: 0 = Data in, IN = Write Enable, Q = Data Out. 
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ABSOLUTE :MAXIMUM RATING (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to vss VIN, VOUT -1 to + 7 V 

Voltage on Vcc supply relative to VSS VCC -1 to +7 V 

Storage Temperature 
I Cerdip 

Tstg 
-55 to +150 

°C I Plastic -55 to +125 

Power Dissipation Po 1.0 W 

Short circuit output current los 50 mA 

RECOMMENDED OPERATING CONDmONS (Referenced to Vss) 

Value 

Parameter Symbol Unit 
Ambient 

Temperature 
Min Typ Max 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Vss 0 0 0 V 
O°C to +70°C 

Input High Voltage, all inputs VIH 2.4 - 6.5 V 

Input Low Voltage, all inputs VIL -1.0 - 0.8 V 

CAPACITANCE (TA = 25°C) 

Value 

Parameter Symbol Unit 

Min Typ Max 

Input Capacitance Aa - A7, 0 CIN1 - - 5 pF 

Input Capacitance RAS, CAS, W CIN2 - - 8 pF 

Output Capacitance Q COUT - - 7 pF 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

MB8266A-10 MB8266A-12 MB8266A-15 

Parameter Symbol Unit 

Min Max Min Max Min Max 

OPERATING CURRENT* Average power supply current 
ICC1 - 50 - 45 - 40 mA (RAS, CAS cycling; tRC = min) 

STANDBY CURRENT Power supply current 
ICC2 - 4.5 - 4.5 - 4.5 mA 

(RAS/CAS = VIH) 

REFRESH CURRENT 1 * Average power supply current 
ICC3 - 38 - 35 - 31 mA 

(CAS = VIH, RAS cycling; tRC = min) 

NIBBLE MODE CURRENT* Average power supply current 
ICC4 - 21 - 21 - 21 mA (APS = VIL, CAS cycling; tNC = min) 

REFRESH CURRENT 2* Average power supply current 
ICC5 - 42 - 38 - 34 mA 

(RAS cycling, CAS-before-RAS) 

i INPUT LEAKAGE CURRENT 
any input (0:5 VIN :5 5.5V, VCC = 5.5V, Vss = av, IlL -10 10 -10 10 -10 10 pA 
all other pins not under test = OV) 
OUTPUT LEAKAGE CURRENT 

10L -10 10 -10 10 -10 10 pA (Data out is disabled, OV:5 VOUT os 5.5V) 

OUTPUT HIGH VOLTAGE 
VOH 2.4 2.4 2.4 V 

(IOH = -5 mAl 
- - -

OUTPUT LOW VOLTAGE 
VOL 0.4 0.4 0.4 V 

(IOL = 4.2 mAl 
- - -

Note: Icc Is dependent on output loading cycle rates. Specified values are obtained with the output open. 

1-83 



MB8266A 

AC CHARACTERISTICS (Recommended operating conditons unless otherwise noted.) 

I Notesl 
MB8266A·10 MB8266A-12 MB8266A·15 

Parameter Symbol Unit 

Alternate • Standard Min Max Min Max Min Max 

Time between Refresh tREF TRVRV - 2 - 2 - 2 ms 

Random ReadlWrite Cycle Time tRC TRELREL 200 - 230 - 260 - ns 

Read·Write Cycle Time tAWC TRELREL 230 - 265 - 280 - ns 

Access Time from RAS til L6J tRAC TRELOV - 100 - 120 - 150 ns 

Access Time from CAS I[] lID tCAC TCELOV - 50 - 60 - 75 ns 

Outpul Buffer Turn Off Delay tOFF TCEHQZ 0 30 0 35 0 40 ns 

Transition Time IT IT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP TREHREL 90 - 100 - 100 - ns 

RAS Pulse Width tRAS TRELREH 100 10000 120 10000 150 10000 ns 

RAS Hold Time tRSH TCELREH 50 - 60 - 75 - ns 

CAS Precharge Time Icp TCEHCEL 50 - 50 - 55 - ns 

CAS Pulse Width ICAS TCELCEH 50 10000 60 10000 75 10000 ns 

CAS Hold Time ICSH TRELCEH 100 - 120 - 150 - ns 

RAS 10 CAS Delay Time @:1m tRCO TRELCEL 20 50 20 60 25 75 ns 

CAS to RAS Set Up Time tCRS TCEHREL 30 - 30 - 30 - ns 

Row Address Set Up Time IASR TAVREL 0 - 0 - 0 - ns 

Row Address Hold Time tRAH TRELAX 10 - 10 - 15 - ns 

Column Address Set Up Time tASC TAVCEL 0 - 0 - 0 - ns 

Column Address Hold Time tCAH TCELAX 15 - 15 - 20 - ns 

Rilad Command Set Up Time tRCS TWHCEL 0 - 0 - 0 - ns 

Read Command Hold Time Referenced to RAS rID tRRti TREHWX 20 - 20 - 20 - ns 

Read Command Hold Time Referenced 10 CAS lID tRCH TCEHWX 0 - 0 - 0 - ns 

Write Command Set Up Time IWCS TWLCEL 0 - 0 - 0 - ns 

Write Command Hold Time tWCH TCELWH 20 - 25 - 30 - ns 

Write Command Pulse Width twp TWLWH 20 - 25 - 30 - ns 

Write Command 10 RAS LeadTime tAWL TWLREH 35 - 40 - 45 - ns 

Write Command to CAS Lead Time ICWL TWLCEH 35 - 40 - 45 - ns 

Data In Set Up Time tos TDVREL 0 - 0 - 0 - ns 

Data In Hold Time tOH TCELDX 20 - 25 - 30 - ns 

CAS to W Delay lID tcwo TCEl,WL 40 - 50 - 60 - ns 

RAS to W Delay rID tAWO TRELWL 90 - 110 - 120 - ns 

CAS Set Up Time Referenced to RAS (CAS before RAS) tFCS TCELREL 20 - 25 - 30 - ns 

CAS Hold Time Referenced to RAS (CAS before RAS) tFCH TRELCEX 20 - 25 - 30 - ns 

RAS Precharge to CAS Active Time tRPC TREHCEL 20 - 20 - 20 - ns 

Nibble Mode ReadlWrite Cycle Time tNC TCEHCEH 60 - 70 - 90 - ns 

Nibble Mode Read·Write Cycle Time tNAWC TCEHCEH 75 - 90 - 120 - ns 

Nibble Mode Access Time tNCAC TCELOV - 25 - 30 - 40 ns 

Nibble Mode CAS Pulse Width tNCAS TCELCEH 25 - 30 - 40 - ns 

Nibble Mode CAS Precharge Time tNCP TCEHCEL 25 - 30 - 40 - ns 

Nibble Mode Read RAS Hold Time tNRRSH TCELREH 25 - 30 - 40 - ns 

Nibble Mode Write RAS Hold Time tNWRSH TCELREH ~ - 40 - 45 - ns 

Nibble Mode Write Command to CAS Lead Time tNCWL TWLCEH 20 - 25 - 35 - ns 

Nibble Mode Write Command Set Up Time tNWCS TWLCEL 0 - 0 - 0 - ns 

Nibble Mode CAS to W Delay tNCWD TCELWL 15 - 20 - 30 - ns 

Refresh Counter Test Cycle Time [QI tATC TRELREL 300 - 350 - 405 - ns 

Refresh Counter Test RAS Pulse Width IJ]J tTRAS TRELREH 200 - 240 - 295 - ns 

See Notes on following page. 
"These symbols are described In IEEE !iTO 662·1980: IEEE Standard Terminology for Semiconductor Memory. 
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Notes: 

1. An initial pa!!M...of 200"s is required after power up follow· 
ed by any 8 RAS cycles before proper device operation is 
achieved. (If the intru:!!.al refresh counter is to be effective, 
a minimum of 8 CAS before RAS refresh initialization 
cycles are required.) 

2. Dynamic measurements assume tT = 5ns. 

3. VIH (min) and VIL (max) are reference levels for measuring 
timing of input signals. Also, transition times are 
measured between VIH (min) and VIL (max). 

4. tRCD is specified as a reference point only. If tRCD s tRCD 
(max) the specified maximum value of tRAC (max) can be 
met. If tRCD> tRCD (max) then tRAC is increased by the 
amount that tRCD exceeds tRCD (max). 

5. Assumes that tRCD ~ tRCD (max). 

TIMING DIAGRAMS 

MB8266A 

6. Measured with a load equivalent to 2 TIL loads and 
100pF. 

7. tRCD (min) = tRAH (min) + 2tT (tT = 5ns) + tASC (min). 

8. twcs, tCWD and tAWD are non·restrictive operating 
parameters. They are included in the data sheet as elec· 
trical characteristics only. If twcs ~ twcs (min), the cycle 
is an early write cycle, and the data out pin will remain 
open circuit (high impedance) throughout entire cycle. 
If tcwD ~ tCWD (min) and tAWD ~ tRWD (min), the cycle is a 
read·write cycle and data out will contain data read from 
the selected cell. If neither of the above sets of conditions 
is satisfied the condition of the data out is indeterminate. 

9. Either tRAH or tACH must be satisfied for a read cycle. 

10. Refresh counter test cycle only. 

READ CYCLE 

RAs 

CAS 

A 

W 

Q 

~-------------------tRC------------------------~ 
~ ________________ tRAS--------------~~ 

VIH-

V IL -
tCSH 

. ____ .J~-------tRSHI------~~ 

VIH-
------~~~------_i--, ~-------tCAS------~ r-~r-----------~ 

VIL-

VIH-

VIL -

VIH-

VIL-

VOH-

VOL 

I----tCAC-----~ 
~------------tRAC:------------~ 

-------------------OPEN---------------<I 
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MB8266A 

TIMING DIAGRAMS (Continued) 

A 

o 

Q 

A 

w 

Q 

o 

WRITE CYCLE (EARLY WRl'l'E) 

VOH-------------------------------__ OPEN ________________________________ __ 
VOL-

READ-WRITE/READ-MODIFY·WRITE CYCLE 

r.----------------------------tRWC----------------------------~~ 
~---------------------tRAS----------------------~ V-----~ 

tRSH 
--~~.-------------tCAS------------~ 

~Don.tCare 
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A 

Q 

A 

D 

Q 

MB8266A 

NIBBLE MODE READ CYCLE 

VIH-~~~~~~~--------~~~~------~~~------~~T-----------~~~ 

V I L - ........... '-¥-l'-~ 

NIBBLE MODE WRITE CYCLE 

V 1H- ..... ...,...,....,...,'"" 

VIL-~~~Q£~~--~~~~~4--f~~~--~~~~--~~~~~~ 

V IW ~...,.~ .... r":":"::":"':'=:-i. 

V I L - ~"-K...K..IV l'-------'r 
VOH- _______________________________ ,OPENI ______________________________ __ 

VOL-

~ Don't Care 
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A 

w 

Q 

D 

A 

a 

RAS 

CAS 

Q 

NIBBLE MODE READ·WRITE CYCLE 

v IH---!r+-+---.J 

V 1L-

VIH- 't""7'r""7I"",,,~~~7\ ,,~~~~ 

VIL- "'-l~~;.,..K,~..¥..T I"....:;.;..;..;.;.~~ 

"~ONLY" REFRESH CYCLE 
Note: CAS = VIH, VIi, D = Don't Care 

VOH-___________________________ 
OPEN 

________________________________ __ 

VOL-

"CAS-BEFORE-RAS" REFRESH CYCLE 
Note: A, Vii, D = Don't Care 

~--------------tRC:----------------~ 

VIH--------~ 1------tRAS-------I Je-------,,[ 
V 1L-

V1H-

VIL-

V OH -

V OL- ----------------OPEN------------------
~ Don'tCare 
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TIMING DIAGRAMS (Continued) 

CAS 

A 

WE (Read) 

o 

HIDDEN REFRESH CYCLE 

- --------tRC------------j 
tRP

----- tRAS-------i 

VIH-~~~r__r+_----_i~ 

VIL -

VIH-·~~~~~~~_D~--_r--------------------~~~~~~~~,,~7r,,~7r~~ 

VIL-~~~~~~~ 

VIH -
VIL----------+----~--~-----<~I ____________________________ ~I>--------

tCWD 
1---=-:.:c::...--+-~twP _ 

- VIH-~~r7~~~~~~~~--~ 
WE (Read-Write) VI L -l-l~'-l.'-lo~~-¥T 

A 

Iii (READ) 

'0 

Iii (WRITE) 

D 

CAS-BEFORE·RAS REFRESH COUNTER TEST CYCLE 

r--------------------------tRTC-------------------------~ 

VIH---------~ r------------------
V IL-

V I H-~l"'7<'""'X"'.,....., ....... ~..,....,....., ..... ""'X"'.,...,~~ Jt--++---------,{ 1J't"'7t~_m_*_l~'t"'7t""'X'..,.....,.....,~~ 
V IL- ...... ....¥...x... .............. """-""'-'''-JOUC'~ ............ ~ ~++--------r- ,,~~~+-1~~~~K....l~~ 

VIH-~~~~~7>~~~~~~,,7>~~_r+_------------------+_~----~~~~,,7 

VIL-~'-louc.~~~'-louc.~~~'-louc.J 

VOH- _______________________________ t1 ____ ~----~~~~~~~~----------
VOL-

VIH-~"~~l"'7<',,~~~?r.~l"'7<'~~----------_i 
V I L - {.lI.~~DtI.~~DtI.~~DtI.~\,Q;(J 

VIH-~~..,....I'!""l ....... ""'X'..,.....,.....,~~""'X"''7r'":~ ..... ""'X''7r''"7\ Jt--------..L r"'lr"'l~l"'7<'..,....,....., ..... ""'X"''ft'''7 

VIL- ......................... ....¥. ............................ ......,.....,. ...... ""-' ....... """" .... ,..~ ____ ~'\Uoj~~'-loC;..liL.-'~ ....... ~ 

~ Don't ear. 
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DESCRIPTION 

Address Inputs 
A total of sixteen binary input address 
bits are required to decode any 1 of 
65536 storage cell locations within the 
MB8266A. Eight row-address bits are 
established on the input pins (Ao 
through A7) and latched with the Row 
Address Strobe (RAS). The eight 
column-address bits are established 
on the input pins and latched with the 
Column Address Strobe (CAS). All in
put addresses must be stable....Q!l or 
before the falling edge of RAS. CAS is 
l!l1runally inhibited (or "gat~ by 
RAS to permit triggering of CAS as 
soon as the Row Address Hold Time 
(tRAH) specification has been 
satisfied and the address inputs have 
been changed from row-addresses to 
column-addresses. 

Write Enable 
The read mode-.Qr write mode is 
selecUlP with the W input. A logic high 
(1) on W dictates read mode; logic low 
(0) dictates write mode. Data input is 
disabled when read mode is selected. 

Data Input 
Data is written into the MB8266A dur
ing a write or rgad-w.ri1§..cycle. The last 
falling edge of W or CAS is a strobe for 
the Data In (D) register. In a write cy
cle, if W is brought low (write mode) 
before CAS, 0 is strobed by CAS, and 
the set-up and hold times are refereQQ: 
ed to CAS. In a read-write cycle, W 
must be delayed until CAS has made 
its negativQ..jransition. Thus 0 is 
strobed by W, and se!:l!P and hold 
times are referenced to W. 
Data Output 
The output buffer is three-state TIL 
compatible with a fan-out of two stan
dard TIL loads. Data-out is the same 
polarity as data-in. The outpuU§jn a 
high impedance state until CAS is 
brought low. In a read cycle, or a read
write cycle, the output is valid after 
tRAC from transition of RAS when 
tRCO (max) is satisfied, or after tCAC 
from transition of CAS when the tran
sition occurs afte!:.!Bco (max). Data re
mains valid until C~ is returned to a 
high level. In a write cycle the identical 
sequence occurs, but data is not valid. 

RA8-0nly Refresh 
Refresh of the dynamic memory 

cells is accomplished by performing a 
memory cycle at each of the 128 row
addresses (Ao - Ae) at least every two 
milliseconds. During refresh, either 

VIL or VIH is permitted for A7. RAS
only refresh avoids any output during 
refresh because the output buffer is in 
the high impedance state unless CAS 
is brought low. Stro.Ql!!g each of 128 
row-addresses with RAS will cause all 
bits in each row to be refreshed. RAS
only refresh results in a substantial 
reduction in power dissipation. 

Nibble Mode 
Nibble mode allows high speed serial 
read, write or read-modify-write ac
cess of 2, 3 or 4 bits of data. The bits of 
data that may be accessed during nib
ble mode are determined by the 8 row 
addresses and 6 column addresses. 
The 2 column address bits (Aa, Ae) are 
used to select 1 of the 4 nibble bits for 
initial access. After the first bit is ac
cessed by the normal mode, the re
maining nibble bits may be accessed 
by tog.9!!!!.g CAS "high" then "low" 
while RAg remains "low". Toggling 
CAS causes Ae and A3 to be in
cremented internally while all the 
other address bits are held constant 
thereby making the next nibble bit 
available for access. (See Table 1). 
If more than 4 bits are accessed dur
ing nibble mode, the address se· 
quence will begin to repeat. If any bit 
is written during nibble mode, the new 
data will be read on any subsequent 
access. If the write operation is ex
ecuted again on subsequent access, 
the new data will be written into the 
selected cell location. 
In nibble mode, read, write, and read
modify-write operations may be per
formed in any desired combination. 
-- --
CA8-before-RAS Refresh 

CAS-before-RAS refreshing available 
on the MB8266A offers an alternate 
refresh method. If CAS is held "low" 
for the specified period (tFCS) before 
RAS goes "low", on-chip refresh con
trol clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform
ed, the refresh address counter is au
tomatically incremented in prep-ara
tion for the next CA8-before-RAS 
refresh operation. 

Hidden Refresh 

A Hidden refresh cycle may take place 
while maintaining the latest valid data 
at the output by extending the CAS ar 
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tive time. For the MB8266A, a hidden 
refresh cycle is a CAS-before-RAS re
fresh cycle. The internal refresh ad
dress counter provides the refresh ad
dress as in a normal CAS before RAS 
refresh cycle. 

CAS·before·RAS Refresh Counter 
Test Cycle 
~ sGecial tirTlillil sequence using the 

A -before-AAS counter test cycle 
provides a convenient method of veri
.M!!9 the functionality of CAS-before
RAS refresh operation, if CAS goes to 
::t!iflh" and goes to "low" again while 
RAS is held "low", the read and write 
operation are enabled. A memory cell 
can be addressed with 8 row address 
bits and 8 column address bits defin
ed as follows: 
*A ROW ADDRESS-Bits Ao through 

Ae are defined by the refresh 
counter. The other bit A7 is set 
"low" internally. 

*A COLUMN ADDRESS-All the bits 
Ao through A7 are defined by lat
ching levels on Ao through Az at 
the second falling edge of CAS. 

Suggested CA8-before-RAS Counter 
Test Procedure 

The tirni!!.9, as shown in the CAS· 
before-RAS Counter Test Cycle, is us· 
ed for all the following operations: 
(1) Initialize the internal refresh 

counter. For this operation, 8 
cycles are required. 

(2) Write a test pattern of "Iow"s into 
the memory cells at a single col· 
umn address and 128 row ad· 
dresses. 

(3) Using a read-modify-write cycle, 
read the "low" written at the last 
operation (Step (2)) and write a new 
"high" in the same cycle. This cy
cle is repeated 128 times, and 
"high"s are written into the 128 
memory cells. 

(4) Read the "high"s written at the last 
operation (Step (3)). 

(5) Compliment the test pattern and 
repeat steps (2), (3) and (4). 



Sequence 

RASlCAS (normal mode) 
toggle CAS (nibble mode) 

toggle CAS (nibble mode) 
toggle CAS (nibble mode) 
toggle CAS (nibble mode) 

.. 
, , , 
~ 

'r--, 
.. 
10 --

.. 

.. --

AASICASCYCLE 

I-

1\ I~ 

\1'1---"'-

MB8266A 

NIBBLE MODE ~DRESS SEQUENCE EXAMPLE 

Nibble Bit Row Address Column Address 

~ At! 
10101010 101010 0 input addresses 

2 10101010 101010 1 1 

} 3 10101010 101010 0 0 generated internally 
4 10101010 101010 0 

10101010 101010 0 sequence repeats 

CURRENT WAVEFORM (Vee = 5.5V. TA = 25°C) 

LONGAA,S/ACYCLE RASONLYREFRESHCYCI NIBBLE MOOE CYCLE CAS PEFOFlE 'lAS REFRESH CYCLE -, 
r-' -t 

~j-- ---

--I~ 
--- -1--r- :--

IV r ..A. --- -- -_. ~ A 

1 I~ 1\ I~\ i It I , 
--+---- i 

~ ~ IJ IJ \ r'--: b1 \ l J\ U \ 
IOOnS/D,"".en 
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TYPICAL CHARACTERISTICS CURVES 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 
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TYPICAL CHARACTERISTICS CURVES (Continued) 

ADDRESS ~ND DATA INPUT VOLTAGE 
vs SUPPLY VOLTAGE 
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MB8266A 

TYPICAL CHARACTERISTICS CURVES (Continued) 

CURRENT WAVEFORM DURING POWER UP 
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• MB8281.12, MB8281·15 
MOS 65,536 Bit Static Column 
Dynamic Random Access Memory 

Description 

Features 

The MB8281 is a 64K x 1 static column dynamic RAM. It features 
a static mode of operation in which very fast random access 
within the same a row is performed by simply changing the col
umn address. In this mode the MB8281 operates like a static 
RAM. 

The MB8281 design has been optimized for high performance ap
plications such as word processing, fast buffer memory, graphics 
terminals, and peripheral storage devices where high speed ac
cess, low power dissipation, compact layout, and low cost are re
quired. 

The MB8281 has fully TTL compatible inputs and output. It 
operates on a single +5 V ± 10% power supply. An on-chip 
substrate bias generator provides high performance operation. 
The MB8281 contains on chip address input and data input latches. 

The MB8281 is fabricated with Fujitsu's advanced silicon gate 
NMOS double layer polysilicon process. This process along with 
the use of Single transistor storage cells permits maximum cir
cuit density and minimum chip size. Multiplexed row and column 
addressing allows the MB8281 to be packaged in a standard 
16-pin DIP. 

• Row Access Time 
120 ns (MB8281·12) 
150 ns (MB8281·15) 

• Static Access Time 
55 ns (MB8281·12) 
70 ns (MB8281·15) 

• Random Cycle Time 
230 ns (MB8281·12) 
260 ns (MB8281·15) 

• Static Cycle Time 
60 ns (MB8281·12) 
75 ns (MB8281·15) 

• Single +5 V Supply, ±10% 
tolerance 

• Low Power 
Active 523 mW (max) at 
TSC=60 ns 

Standby 33 mW (max) 
• Static mode read/write 
• Short read/write 
• Edge triggered write 
• Internal write period control 
• Fast chip select output control 
• 2 ms/128 cycle refresh 
• RAS·only refresh 
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M.8281.12 
M88281·18 

M88281 Block Diagram 
and Pin Assignment 
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MOS Memories FUJITSU 

• MB81256-10, MB81256-12, MB81256-15 
NMOS 262,144-Bit Dynamic 
Random Access Memory 

Description 

Features 

The Fujitsu MBB1256 is a fully decoded, dynamic NMOS random 
access memory organized as 262,144 one-bit words. The design is 
optimized for high speed, high performance applications such as 
mainframe memory, buffer memory, peripheral storage and en· 
vironments where low power dissipation and compact layout are 
required. 

the MBB·1256 features "page mode" which ailows high speed ran· 
dom access of up to 512·bits within the same row. Additionally, the 
MB81256 offers new functional enhancements that make it more 
versatile than previous dynamic RAMs. Multiplexed row and col· 
umn address inputs permit the MB81256 to be housed in a Jedec 
standard 16·pin dual in·line package and Hl·pad LCC. 

The MB81256 is fabricated using silicon gate NMOS and Fujitsu's 
advanced Triple-layer Polysilicon process. This process, coupled 
with single transistor memory storage cells, permits maximum cir· 
cuit density and minimal chip size. Dynamic circuitry is used in the 
design, including dynamic sense amplifiers. 

Clock timing requirements are noncritical, and the power supply 
tolerance is very wide. All inputs are TTL compatible. 

• 262,144 x 1·blt organization 
• Row Access Time/Cycle Time: 

""B81256-10 
1 00 ns Max/210 ns Min. 

MB81256-12 
120 ns Maxl230 ns Min. 

MB81256-15 
150 ns Maxl260 ns Min. 

• Low Power Dissipation: 
314 mW max. (tRC = 260 ns) 

25 rnW (Standby) 
• +5V supply voltage, 

±10% tolerance 
• All inputs TTL compatible, low 

capacitive load 
• Three-state TTL compatible out· 

put 
• Common I/O capability using 

"Early Write" operation 
• On-chip substrate bias 

generator 

• Page MOde Capability 
• Fast Read-INrlte Cycle, 

TRWC=TFic 
• tAR' twCR' tDHR• tRWD eliminated 
• CA8-before-RAS on ~ refresh 
• Hidden CA8-bilfore-RAS on-chip 

refresh 
• RA8-0nly refresh 
• 4 ms/256 cycle refresh 
• Output unlatched at cycle end 

allows two dimensional chip 
select 

• On-chip Address and Data·ln 
latches 

• Industry standard 16-pin 
package 
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MB81288.10 
MB81288·12 
MB81288.18 

MB81288 Block Diagram 
and Pin Assignments 

Absolute Maximum Ratings 
(See Note) 

Recommended Operating 
Conditions 
(Referenced to V ssJ 

FUJITSU 

262,144-8IT 
STORAGE CELL 

NOTE: The following IEEE Std. 662-1980 symbols are used in 

this data sheet: 0 = Data In, W = Write Enable, Q = Data Out. 

"",,-,-vcc 

4--Vss 

Rating Symbol 

Voltage on Any Pin relative to VSS 

Operating Temperature (ambient) 

Storage Temperature 

Power Dissipation 

Gerdip 
Plastic 

Short Circuit Output Current los 

a 

AS Vss 

D CAS 

W Q 

RAS A6 

AO A3 

A2 A4 

Al As 

Vee A7 

D AsVssCAS 

2 1 18 17 

W 3 .... 16 Q 

RAS 
-<n 

4 on 15 A6 "c.:. 
N.C. 5 <'" 14 N.C. -n 

Ao 6 m· 13 A3 :e~ 
A2 7 .. 12 A4 

9 1011 

A1 Vee A7 As 

Value Unit 

-1.0 to 7.0 V 

o to 70 DC 

-55 to +150 DC 
-55 to +125 
1.0 W 

50 mA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operations sections of this data sheet. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. This device contains circuitry to protect the input~ against damage due to 
high static voltages or electric fields. However, It Is advised that normal precautions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high impedance circuit. 

Value 

Parameter Symbol Min Typ Max Unit Operating TeinlMlrature 

Supply Voltage Vc:r: 4.5 5.0 5.5 V 
Vss !j !j 0 V o DC to + 70 DC (ambient) 

Input High Voltage All Inputs V1H 2.4 6.5 V 

Input Low Voltage All Inputs V1L -1.0 0.8 V 
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MB81258-10 
MB81258·12 
MB81258-15 

Capacitance 
(TA = 25°C) Value 

Parameter Symbol Min Typ Max Unit 

Input Capacitance Ao to Aa, D CIN1 7 pF 

Input Capacitance RAS, CAS and W CIN2 10 pF 

Output Capacitance Q COUT 7 pF 

DC Characteristics 
(Recommended operating MB81258-10 MB81258·12 MB81258·15 
conditions unless otherwise Parameter Symbol Min Max Min Max Min Max Unit 
noted.) 

OPERATING CURRENT" 
Avera~ower Supply Current Icc1 70 65 57 mA 
(RAS, CAS cycling; t RC = Min.) 

STANDBY CURRENT 
Power Supply Current Icc2 4.5 4.5 4.5 mA 
(RAS/CAS = VI H) 

REFRESH CURRENT 1 * 
Average Power Supply Current Icc3 60 55 50 mA 
(RAS cycling, CAS= VIH; t RC = Min.) 

PAGE MODE CURRENT* 
Average Power Supply Current Icc4 35 30 25 mA 
(RAS = VIL, CAS cycling; tpc = Min.) 

REFRESH CURRENT 2* 
Average Power Supply Current ICC5 65 60 55 mA 
(CAS before RAS; t RC = Min.) 

INPUT LEAKAGE CURRENT 
Any Input, (VIN = OV to 5.5V, 

Vcc = 5.5V, Vss=OV, IlL -10 10 -10 10 -10 10 I"A 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
10L -10 10 -10 10 -10 10 I"A (Data is disabled, VOUT = OV to 5.5V) 

OUTPUT LEVEL 
Output Low Voltage VOL 0.4 0.4 0.4 V 
(lOL = 4.2 rnA) 

OUTPUT LEVEL 
Output High Voltage VOH 2.4 2.4 2.4 V 
(IOH = - 5.0 mA) 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the output open. 

FUJITSU 
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MB81218-10 
MB81218-12 
MB81258.11 

AC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

Symbol MB81218-10 MB81218·12 MB81218.11 
Paramalar Not.. Altarnata • Standard Min Max Min Max Min Max Unit 

Time between Refresh 

Random Read/Write Cycle Time 

Read·Write Cycle Time tRWC 

Access Time from j!jAg (4), (6) tRAC 

Access Time from CAS (5), (6) tCAC 

Output Buffer Turn off Delay tOFF 

Transition Time 

RAS Precharge Time 

RAS Pulse Width 

RAS Hold Time 

CAS Pulse Width 

CAS Hold Time tCSH 

RAS to ~ Delay Time (4), (7) tRCD 

CAS to RAS Set Up Time tCRS 

Row Address Set Up Time 

Row Address Hold Time 

Column Address Set Up Time 

Column Address Hold Time tCAH 

Read Command Set Up Time 

Read Command Hold Time Referenced to CAS (10) 
Read Command Hold Time Referenced to RAS (10) 
Write Command Set Up Time (8) twcs 
Write Command Pulse Width 

Write Command Hold Time 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time tCWL 

Data In Set Up Time tDS 

Data In Hold Time 

CAS to W Delay (8) tCWD 

Refresh Set Up Time for CAS Referenced to RAS 
Refresh Hold Time for CAS Referenced to RAS 
Page Mode Read/Write Cycle Time tpc 
Page Mode Read·Write Cycle Time 

Page Mode CAS Precharge Time 

Refresh Counter Test RAS Pulse Width (9) trRAs 

Refresh Counter Test Cycle Time 

RAS Precharge to CAS Active Time 

Refresh Counter Test CAS Precharge Time 

CAS Precharge Time for CAS before 
RAS Refresh Cycle 

See Notes on following page. 

(9) t RTC 

(9) tCPT 

tCPR 

TRVRV 4 4 4 ms 

TRELREL 210 230 260 ns 

TRELREL 210 230 260 ns 

TRELQV 100 120 150 ns 

TCELQV 50 60 75 ns 

TCEHQZ o 25 0 25 0 30 ns 

IT 3 50 3503 50 ns 

TREHREL 90 100 100 ns 

TRELREH 110 100000 120 100000 150 100000 ns 

TCELREH 60 60 75 ns 

TCELCEH 60 100000 60 100000 75 100000 ns 

TRELCEH 110 120 150 ns 

TRELCEL 20 50 22 60 25 75 ns 

TCEXREL 15 20 20 ns 

TAVREL o o o ns 

TRELAX 10 12 15 ns 

TAVCEL o o o ns 

TCELAX 15 20 25 ns 

TWHCEL o o o ns 

TCEHWX o o o ns 

TREHWX 20 20 20 ns 

TWLCEL o o o ns 

TWLWH 15 20 25 ns 

TCELWH 15 20 25 ns 

TWLREH 40 50 60 ns 

TWLCEH 40 50 60 ns 

TDVCEL o o o ns 

TCELDX 15 20 25 ns 

TCELWL 15 20 25 ns 

TCELREL 20 25 30 ns 

TRELCEX 20 25 30 ns 

TCELCEL 100 120 150 ns 

TCEHCEH 100 120 150 ns 

TCEHCEL 40 50 65 ns 

TRELREH 230 10000 265 10000 320 10000 ns 

TRELREL 330 375 430 ns 

TREHCEL 20 20 20 ns 

TCEHCEL 50 60 70 ns 

TCEHCEL 20 25 30 ns 

Notes: *These symbols are described in IEEE STD. 662·1980: IEEE Standard terminology for semiconductor memory. 

FUJITSU 

1-102 



M8812 •• ·10 
M8812 •• ·12 
M8812 ••• 1. 

AC Characterletlce, 
continued 

Timing Dlagrame 

FWITSU 

Notes: 

1. An initial pause of 200"s is r~ed after 
power up, followed by any 8 RAg cycles, 
before proper device operation is achiev
ed. 
If the internal refresh counter Is to be ef
fective, a minimum of 8 CAS before ~ 
refre~h initialization cycles are required. 

2. AC characteristics assume tT = 5ns. 

3. V,H (Min.) and V,L (Max.) are reference 
levels for measuring timing of input 
signals. Also, transition times are 
measured between V,H and V,L' 

4. tRCD is specified as a reference point on· 
Iy. If tRCD s tRCD (Max.) the specified max· 
imum value of tRAC (Max.) can be met. If 
tRCD> tRCD (Max.) then tRAC is Increased 
by the amount that tRCD exceeds tRCD 
(Max.). 

5. Assumes that tRCD > tRCD (Max.). 

Read Cycle 

6. Measured with a load equivalent to 2 TTL 
loads and 100pF. 

7. tRCD (Min.) = tRAH (Min.) + 2tT + tASC 
(Min.). 

8. twcs and tCWD are non restrictive 
operating parameters, and are included In 
the data sheet as electrical 
characteristics only. If twcs> twcs (Min.), 
the cycle is an early write cycle, and the 
data out pin will remain open circuit (High 
Impedance) throughout the entire cycle. 
If tCWD> tCWD (Min.), the cycle is a read
write cycle and data out will contain data 
read from the selected cell. If neither of 
the above sets of conditions is satisfied, 
the condition of the data out Is Indeter
minate. 

9. Test mode write cycle only. 

10. Either tRCH or tRRH must be satisfied for 
a read cycle. 

�·c---------------------IRc--------------------~~ 

YIH ---- 1---------------- IRAs-------------_1 ],-------.1 
RAS 

VIL 
I+----,-------------ICSH -----------+-<~~I 

YIH ..,...,....,d.,.------~ 14-----IRSH --------.;.! 
I+-----------ICAS---~~~I~~---, 

VIL 

A 

Vol 

Q 

~ Don'leare 
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M881255-10 
M881255-12 
M881255-15 

Timing Diagrams, continued 

FUJITSU 

Write Cycle (Eerly Write) 

~.~--------------------IRC---------------------4~ 

I.-______________ �RAS ----------------1 .,J.:------::L 

i+--c:------------- ICSH -----~ 

A 

o 

1~_+--1_------tRwL------~--~1 

VIH ~IDS I. IDH-j 

<XXXXXX VALID DATA ~ 
VIL ----=r~ 

• 
Q 
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VOL ........ ------------------------OPEN .... ---------------------------

~ Don'ICar. 

Raad-WrlteIRead-Modlfy-Wrlte Cycle 

j.-------------IRWC-----------+j 

VIH ~----------------IR~--------------~Jr------~ 

VIL 
j.-------~----ICSH--------~~~ 

VIH 
I~~ .. ~ .... ------IRSH-----....... ~ 

\.I· .... -------IC~---------;-_.t}[ 
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A 
VIH 
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IRAC VOH 
Q VALID DATA 

VOL ~LIDH~~ 
::: XXXXXXXXXXXXXXXXX)O()O~ VALID DATQ<XXXXXXXXX o 

~Don'lcare 
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M881258·10 
M881258·12 
M881258·15 

Timing Dlagrama, continued 

FUJITSU 

"RAS·Only" Refre.h Cycle 
NOTE: c::AS = V,H, W, D = Don't Care 

:: r,-£:~ .. =l 
::~ XXXXX><X»f ROW ADDRESSfRXXXXXXXXXXXXX 

A 

Q 
VOH _________________________ 

OPEN 
________________________ _ 

VOL 

Page Mode Read Cycle 

RAS 
V,H 

VIL 

CAS 
V,H 

'RAS------------------aR 
~~~~~~----~Ir-___ ---'-RS-H-----~I --

".Je"'r-~ ..-tcAS 

VIL 

A 
V,H 

VIL 

W 
V,H 

VIL 

Q 
VOH 

VOL 

VALID 
DATA 

Page Mode Write Cycle 

RAS 

CAS 

A 
VIL 

Vi 
V,H 

VIL 

Q 
VOH 

VOL 

D 
V,H 

VIL 

'RAS-----------_ar-'RPa 
~~~~~--------~\lr-------~ 

~tRSH~ 

IJ<--~. 'CAS- 1------

~ Don'tea,. 
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.881258·10 
M881258·12 
.881258·111 

Timing Diagrams, continued 

FUJITSU 

Hidden Refresh Cycle 

A 
VIH 

W (Read) 

VIL "I 

~~ 

Q 

'"lQ!XXX r II VIL r- tCAC 

tRAC 
VOH I 

L 
Vi (Read·Write. 

VIH U'rn:ru~UI~:;t:--.;....-", 

VIL L.>I'""".>L.; .... .L.lo~ 

"CD·8efore·RAS" Refresh Cycle 
NOTE: A, W, D = Don't Care 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

VIH =~~f'OFF Q 
VIL 
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MB81258·10 
MB81258·12 
MB81258·15 

Timing Diagrams, continued 

FUJITSU 

Paga Moda Raad.Wrlta Cyela 

V,H 

RAS 
V,L 

CAS 
V,L 

V,H 

A 
V,L 

V,H 
Vi 

V,L 

V,H 
Q 

V,L 

VOH 
0 

VOL 

IXKi Don't Care 

"CAS·Bafora·RAS" Rafrash Countar T .. t Cyela 

~------------IRTC----------~ 

An 
V,H ----i-I.---------'ITRAS'---------.J J.:----.J. 
V,L 

I.----IRSH-----l..! 

V,H 
CAS 

V,L 

V,H 
A 

V,L 

VI (Read) 

Q VOH 

VOL 

VI (Write) 
V,H 

V,L 

o V,H <"7'1,.,... ........... .....,"'"",..,...,..., ...... ,.,...,..., ...... ,...... }--::-:..-___ -""' .. 'T'V't7'I~7'\"1ot'70" 
V,L OI.~.J:lI.~'O'DI.~D.L..l.Ll..a..Oo.L~D' ,. ____ -{~IAI~.c::..~I£J,t~ 

~ Don'teare 
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MB81258·10 
MB81268·12 
MB81268·16 

D •• crlptlon 

FWITsU 

Simplified Timing Requirement 
The MB81256 has improved cir· 
cuitry that eases timing re
quirements for high speed ac· 
cess operations. The MB81256 
can operate under the condi· 
tion of tRco (max) = tCAC' thus 
providing optimal timing for 
address multiplexing. In addi' 
tion, the MB81256 has minimal 
hold times for Addresses 
(tCAH)' Write· Enable (tWCH) and 
Data·in (tOH)' The MB81256 pro· 
vldes higher throughput in 
inter·leaved memory system 
applications. Fujitsu has made 
the tiniing requirements that 
are referenCed to RAS non
restrictive and deleted them 
from the data sheet. These in· 
clude tAR' tWCR' tOHR and tRWO' 
As a result, the hold times of 
the Column Add~ 0 and W 
as well as tcwo (CAS to 'iii 
Delay) are not restricted by 
tRCO' 

Fast Read·Wrlte Cycle 
The MB81256 has a fast read· 
modlfy·wrlte cycle which is 
achieved by precise control of 
the three-state output buffer as 
well as by the simplified tim· 
ings described in the previous 
section. The output buffer is 
controlled by the state of 'iii 
when CAS goes "low". When 
W is "low' during a CAS transi' 
tion to "low", the MB81256 
goes into the early write mode 
In which the output floats and 
the common I/O bus can be us· 
ed on the system level. When 
W goes "iow" after tcwo 
following a ~ transition to 
"low", the MB81256 goes into 
the deiayed write mode. The 
output then contains the data 
from the cell selected and the 
data from 0 is written into the 
cell selected. Therefore, a very 
fast read·write cycie 
(tAWC = tRc> is possible with 
the MB81256. 

Address Inputs 
A total of eighteen binary input 
address bits are required to 
decode any 1 of 262,144 cell 
iocations within the MB81256. 
Nine row·address bits are 
established on the input pins 
(Ao through A~ and are latched 
with the Row Address Strobe 
(RAS). Nine column address 
bits are established on the in· 
put pins and latched with the 

Column Address Strobe (CAS). 
All row addresses must be 
stable on or before the failing 
edge of RAS. CAS is internally 
inhibited (or "gated") bY.ffi\S 
to permit triggering of CAS as 
soon as the Row Address 
Hold/Time (tRAH) specification 
has been satisfied and the ad· 
dress inputs have been chang· 
ed from row addresses to coi· 
umn addresses. 

Write Enable 
The read or write mode is 
seiected with the W input. A 
logic "high" on 'iii dictates 
read mode. A logic "low" dic· 
tates write mode. The data in· 
put Is disabled when the read 
mode is selected. 

Data Input 
Data is written into the 
MB81256 during a write or 
read·write c~le. The last fall· 
ing edge of W or CAS is a 
strobe for the data·in (D) 
register. In a write cycle, if W 
is brou~'low" (write mode) 
before CAS, 0 is strobed by 
OAS, and the set·up and hold 
times are referenced to CAS. In 
a read·write cycle, W will be 
deiayed until CAS has made 
its negative transition. Thus 0 
is strobed by W, and set·up 
and hoid times are referenced 
toW. 

Datli Output 
The output buffer is three-state 
TTL compatlbie with a fan·out 
of two standard TTL loads. 
Data out is the same poiafity 
as data in. The output is in a 
!!!9!l impedance state until 
CAS is brought "low". In a 
read cyCle, or a read·write cy· 
cie, the output is valid after 
tRAC from transition of RA'S 
when tRCO(max) is satisfied, or 
after tCAC from transition of 
CAS when the transition oc· 
curs after tRCO(ma&,Qata re
mains valid until CAS is return· 
ed to "high". In a write cycle, 
the identical sequence occurs, 
but data is not valid. 

Page MOde 
Page mode operation permits 
strobing the row address into 
the MB81256 whiie maintaining 
FiAS at a iogic iow (0) through· 
out all successive memory 
operations in which the row 
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address doesn't change. Thus, 
the power dissipated by the 
negative going edge of RAS is 
saved. Access and cycle times 
are decreased because the 
time normally required to 
strobe a new row address is 
eliminated. 

RAS·Only Refresh 
Refresh of dynamic memory 
cells is accomplished by per· 
forming a memory cycle at 
each of the 256 row·adresses 
~ A7) at least every 4 ms. 
RAS·oniy refresh avoids any 
output during refresh because 
the output buffer is in th~h 
impedance state unless CAS is 
brought "low". Strobing each 
of the 256 row·addresses 
(Ao - A7) with RAS will cause 
all bits in each row to be 
refreshed. RAS-only refresh 
results in a substantial reduc· 
tion in power dissipation. 

CAS·b8for.RAS Refresh 
CAS·before-RAS refreshing 
availabie on the MB81256 of· 
fers an alternate refresh 
method. if CAS is held "low" 
for the ~cified period (tFcsl 
before RAS goes to "low", on· 
chip refresh control ciock 
generators and the refresh ad· 
dress counter are enabled, and 
an internal refresh operation 
takes place. After the refresh 
operation is performed, the 
refresh address counter is 
automatically incremented in 
preparation for the next OAS· 
before-~ refresh operation. 

Hidden Refresh 
A hidden refresh cycle may 
take piace while maintaining 
the latest valid data at the out· 
put by extending the CAS ac· 
tive time. For the MB81256, a 
hidden refresh cycie is a OAS· 
before·RAS refresh cycle. The 
internal refresh address 
cou nter provides the refresh 
addreSses as in a nornial CAS
before·RAS refresh cycle. 

CAS-before-RAS Refresh 
Counter Test Cycle 
A special timing se~ce us· 
ing the OAS-before·RAS 
counter test cycle provides a 
convenient method of v~ing 
the functionality of the CAS· 
before·RAS refresh activated 
circuitry. 
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After the CAS-before-RAS 
refrl;lsh operation, if CAS goes 
to "high" and then.J12!ls to 
"low" again while RAS is held 
"low", the read and write 
operation are enabled. 

This is shown in the CAS
before-RAS counter test cycle 
timing diagram. A memory cell 
can be addressed with 9 row 
address bits and 9 column ad
dress bits defined as follows: 

A ROW ADDRESS 
Bits Ao through A7 are defined 
by the refresh counter. The 
other bit As is set "high" inter
nally. 

A COLUMN ADDRESS 
All the bits Ao through As are 
defined by latching levels on 
Ao through As at the second 
falling edge of CAS. 

Suggested CA5-before-RAS 
Counter Test Procedure 
The timing, as shown in the 
CAS-before-RAS Counter Test 
Cycle, is used for all the 
following operations: 

(1). Initialize the internal 
refresh counter. For this opera
tion, 8 cycles are required. 

(2). Write a test pattern of 
"Iow"s into memory cells at a 
single column address and 256 
row address. 

(3). Using a read-modify-write 
cycle, read the "low" written at 
the last operation (Step 2) and 
write a new "high" in the same 
cycle. This cycle is repeated 
256 times, and "high"s are 
written into the 256 memory 
cells. 

(4). Read the "hlgh"s written at 
the last operation (Step 3). 
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(5). Complement the test pat
tern and repeat steps (2), (3) 
and (4). 



MOS Memories FUJITSU 

• MB81257.10, MB81257.12, MB81257·15 
NMOS 262,144-Bit Dynamic 
Random Access Memory 
With Nibble Mode 

De.crlptlon 

Feature. 

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random 
access memory organized as 262,144 one-bit words. The design is 
optimized for high speed, high performance applications such as 
mainframe memory, buffer memory, peripheral storage and en
vironments where low power dissipation and compact layout are 
required. 

The MB81257 features "nibble mode" which allows high speed 
serial access of up to four bits of data. Additionally, the MB81257 
offers new functional enhancements that make it more versatile 
than previous dynamic RAMs. "CAS·belore·RAS" refresh provides 
an on-chip refresh capability that is an upward compatible version 
of the MB8266A. Multiplexed row and column address inputs per
mit the MB81257 to be housed in a Jedec standard 16-pin dual in· 
line package and 18·pad LCC. 

The MB81257 is labricated using silicon gate NMOS and FUjitsu's 
advanced Triple·layer Polysllicon process. This process, coupled 
with single transistor memory storage cells, permits maximum cir· 
cuit density and minimal chip size. Dynamic circUitry is used in the 
design, including dynamic sense amplifiers. 

Clock timing requirements are noncritical, and the power supply 
tolerance Is very wide. All inputs are TTL compatible. 

• 262,144 x 1·bit organization • Nibble mode capability for 
• Row Access Time/Cycle Time: faster access 

MB81257·10 100 ns Maxi • Fast Read-Write Cycle, 
210 ns Min. TRWC = TRC 

MB81257·12 120 ns Maxi • !Aa.!WCR, tDltB!..!BWD eliminated 
230 ns Min. • CA5-before-RAS on chip 

MB81257·15 150 ns Maxi refresh 
260 ns Min. • Hidden CAS before-RA~ on· 

• Low Power Dissipation: ~ refresh 
314 mW max. (tRC = 260 ns) • ~only refresh 
25 mW (Standby) • Refresh 4 mS/256 cycles 

• +5V supply voltage, • Output unlatched at cycle end 
±10% tolerance allows two dimensional chip 

• All Inputs TTL compatible, low select 
capacitive load • On·chip Address and Data·in 

• Three-state TTL compatible latches 
output • Industry standard 16-pln 

• Common 1/0 capability using package 
"Early Write" operation 

• On·chlp substrate bias 
generator 
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MB81257·10 
MB81257·12 
MB81257·15 

MB81257 Block Diagram 
and Pin Aealgnmante 

Abeoluta Maximum Ratlnge 
(See Note) 

Recommended Operating 
Conditione 
(Referenced to V 55) 

FUJITSU 

262,144·8IT 
STORAGE Cell 

NOTE: The following IEEE Std. 662·1980 symbols are used in 

this data sheet: D = Data In, iii = Write Enable, Q = Data Out. 

-4-- Vcc 

-+---Vss 

Rating Srmbol 

Voltage on Any Pin relative to Vss 

Operating Temperature (ambient) 

S T Cerdip 
torage emperature Plastic 

Power Dissipation 

Short Circuit Output Current los 

a 

"AS Vss 

0 CAS 

W a 
RAS As 

Ao A, 

A, A, 

A, A, 

Vee A, 

": AS (Pin 1) is Assigned for 
Nibble (4·bit) Address. 

0 "As Vss ~ 

18 17 

W, ,s a 

liAS , 15 As 

N.C. , LCC·18C·A04 
TOP VIEW 14 N.C. 

Ao s 13 AJ 

A, , 12 A, 

10 11 

A, Vee A, As 

Value Unit 

-1.0 to 7.0 V 

o to 70 ·C 

-55 to +150 ·C 
-55 to +125 

1.0 W 

50 mA 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operations sections of this data sheet. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. This device contains circuitry to protect the inputs against damage due to 
high static voltages or electric fields. However, it is advised that normal precautions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high impedance circuit. 

Value 
Parameter Srmbol Min Trp Max Unit Operating Temperature 

Supply Voltage V~ 4.5 5.0 5.5 V 
iJss 0 [) rr iJ O·C to +70·C ambient 

Input High Voltage All Inputs V1H 2.4 6.5 V 
Input Low Voltage All Inputs V1L -1.0 0.8 V 
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MB81257·12 
MB81257·15 

Capacitance 
(TA =25"C) Value 

Parameter Symbol Min Typ Max Unit 

Input Capacitance Ao to As, D CINl 7 pF 

Input Capacitance RAS, CAS and W CIN2 10 pF 

Output Capacitance Q COUT 7 pF 

DC Characteristics 
(Recommended operating MB81257·10 MB81257·12 MB81257·15 
conditions unless otherwise 
noted.) 

Parameter Symbol Min Max Min Max Min Max Unit 

OPERATING CURRENT" 
Avera~ower Supply Current ICCl 70 65 57 mA 
(RAS, CAS cycling; tRC = Min.) 

STANDBY CURRENT 
Power Supply Current Icc2 4.5 4.5 4.5 mA 
(RAS/CAS = VI H) 
REFRESH CURRENT l' 
Average Power Supply Current Icc3 60 55 50 mA 
(RAS cycling, CAS = VIH; tRC = Min.) 

NIBBLE MODE CURRENT' 
Average Power Supply Current ICC4 22 20 18 mA 
(RAS = VIL, CAS cycling; tNC = Min.) 

REFRESH CURRENT 2' 
Average Power Supply Current Icc5 65 60 55 mA 
(CAS before RAS; tRC = Min.) 

INPUT LEAKAGE CURRENT 
Any Input, (VIN = OV to 5.5V, 
Vcc = 5.5V, Vss=OV, IlL -10 10 -10 10 -10 10 /LA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
10L -10 10 -10 10 -10 10 /LA (Data is disabled, VOUT=OV to 5.5V) 

OUTPUT LEVEL 
Output Low Voltage VOL 0.4 0.4 0.4 V 
(lOL = 4.2 mAl 
OUTPUT LEVEL 
Output High Voltage VOH 2.4 2.4 2.4 V 
(loH = - 5.0 mAl 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the output open. 

FUJITSU 
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MB81287.10 
MB81287·12 
MB81287·18 

AC Characterletlca 
(Recommended operating 
conditions unless otherwise 
noted.) 

Symbol MB81217·10 MB81287·12 M.81287·18 
Paramete, Notea Alternate ·Stendard Min Mall Min Mall Min Mall Unit 

Time between Refresh 

Random ReadlWrite Cycle Time 

Read·Write Cycle Time 

Access Time from RAS (4), (6) tRAC 
Access Time from CAS (5), (6) tCAC 

Output Buffer Turn off Delay tOFF 
Transition Time 

RAs Precharge Time 

RAS Pulse Width 

RAS Hold Time 

CAS Pulse Width 

CAS Hold Time 

RAS to CAS Delay Time (4), (7) tRCD 

CAS to RAS Set Up Time 

Row Address Set Up Time t ASR 
Row Address Hold Time tRAH 

Column Address Set Up Time tASC 
Column Address Hold Time tCAH 

Read Command Set Up Time tRCS 
Read Command Hold Time Referenced to CAS (10) tRCH 

Read Command Hold Time Referenced to 1'iAS (10) tRRH 

Write Command Set Up Time (8) twcs 

Write Command Pulse Width twp 

Write Command Hold Time tWCH 
Write Command to RAS Lead Time tRWL 

Write Command to CAS Lead Time tCWL 

Data In Set Up Time tos 

Data In Hold Time 

CAS to W Delay (8) tCWD 
Refresh Set Up Time for CAS Referenced to RAS tFCS 
Refresh Hold Time for CAS Referenced to RAs 
Nibble Mode Read·Write Cycle Time 

Nibble Mode ReadlWrite Cycle Time 

Nibble Mode Access Time 

Nibble Mode CAS Pulse Width 

Nibble Mode <::AS Precharge Time 

Nibble Mode Read RAs Hold Time 

Nibble Mode CAS Hold Time Referenced to FiA'§ tRNH 

Nibble Mode Write RAS Hold Time 

Refresh Counter Test Cycle Time 

Refresh Counter Test CAS Precharge Time 

Refresh Counter Test RAS Pulse Width 

RAS Precharge to CAS Active Time 

CAs Precharge Time for CAS before 
RAS Refresh Cycle 

See Notes on following page. 

(9) t ATC 

(9) tCPT 
(9) tTRAS 

tCPR 

TRVRV 4 4 4 ms 

TRELREL 210 230 260 ns 

TRELREL 210 230 260 ns 

TRELQV 100 120 150 ns 

TCELQV 50 60 75 ns 

TCEHQZ o 25 0 25 0 30 ns 

IT 3 50 3 50 3 50 ns 

TREHREL 90 100 100 ns 

TRELREH 110 100000 120 100000 150 100000 ns 

TCELREH 60 60 75 ns 

TCELCEH 60 100000 60 100000 75 100000 ns 

iRELCEH 110 120 150 ns 

TRELCEL 20 50 22 60 25 75 ns 

TCEHREL 15 20 20 ns 

TAVREL o o o ns 

TRELAX 10 12 15 ns 

TAVCEL o Q o ns 

TCELAX 15 20 25 ns 

TWHC.EL o o o ns 

TCEHWX o o o ns 

TREHWX 20 20 20 ns 

TWLCEL o o o ns 

TWLWH 15 20 25 ns 

TCELWH 15 20 25 ns 

TWLREH 40 50 60 ns 

TWLCEH 20 30 40 ns 

TDVCEL o o o ns 

TCELDX 15 20 25 ns 

TCELWL 15 20 25 ns 

TCELREL 20 25 30 ns 

TRELCEX 20 25 30 ns 

TCEHCEH 50 65 80 ns 

TCEHCEH 50 65 80 ns 

TCELQV 20 30 40 ns 

TCELCEH 20 30 40 ns 

TCEHCEL 20 25 30 ns 

TCELREH 20 30 40 ns 

TREHCEL 20 20 20 ns 

TCELREH 40 50 60 ns 

TRELREL 330 375 430 ns 

TCEHCEL 50 60 70 ns 

TRELREH 230 10000 265 10000 320 10000 ns 

TREHCEL 20 20 20 ns 

TCEHCEL 20 25 30 ns 

*These symbols are described in IEEE STD. 662·1980: IEEE Standard terminology for semiconductor memory. 

FUJITSU 
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M881257·12 
M881257·15 

AC Characteristics 

Timing Diagrams 

FUJITSU 

Notes: 
1. An initial pause of 2001's is r~red after 

power up, followed by any 8 RAS cycles, 
before proper device operation Is aChieved. 
if the internal refresh counter is to be effec· 
tive, a minimum of 8 CAS before RAS 
refresh Initialization cycles are required. 

2. AC characteristics assume tT = 5ns. 

3. V'H (Min.) and V'L (Max.) are reference levels 
for measuring timing of input signals. Also, 
transition times are measured between V'H 
and V'L' 

4. tRCD is specified as a reference point only. 
If tRCD S tRCD (Max.) the specified maximum 
value of tRAC (Max.) can be met. If 
tRCD > tRCD (Max.) then t RAC is increased by 
the amount that tRcD exceeds tACO (Max.). 

5. Assumes that iRcD > tRCD (Max.). 

Read Cycle 

6. Measured with a load equivalent to 2 TTL 
loads and 100pF. 

7. tRCD (Min.) = tRAH (Min.) + 2tT + tASC (Min.). 

8. twcs and tCWD are non restrictive operating 
parameters, and are included in the data 
sheet as eiectrical characteristics only. If 
twcs > twcs (Min.), the cycle is an early 
write cycle, and the data out pin will remain 
open circuit (High Impedance) throughout 
the entire cycle. 

If tCWD> tCWD (Min.), the cycle is a read· 
write cycle and data out will contain data 
read from the selected cell. If neither of the 
above sets of conditions is satisfied, the 
condition of the data out is indeterminate. 

9. Test mode cycle only. 

10. Either tRCH or tRRH must be satisfied for a 
read cycle. 

I~.~------------------IRC--------------------~~ 

RAS 

CAS 

A 

w 

Q 

V'H ---..L I'~------------- �RAS;--------------.: j.-----..,J 

V'L 
I~--~~----~-----ICSH-----------+_~~ 

V'H ~=~------...h. ... -----IRSH--------~ 1_---------lcAS------~~ Jz:----..... 
V'L 

V'H 
V,L~'~~-~--~~-------f~~~~~~~~~~~WL~~~ 

::~ XXXXX11~'""~ ~""-~ ~~~)zmz 
VVOOHL .. IRAC ~ ,..-_______ ~_..:...._Il-,OFF 

. . VALID DATA =l2 

~ Oon'tCare 
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Timing Dlagrame, continued 

FUJITSU 

Write Cvel. (Earlv Write) 

I~.~--------------------IRC--------------------~~ 

RAS 
VIH i--------------'IRAS --------------~ .J.----~ 
VIL 

f4------------:----ICSH ----~.I 

VIH 
,..,..n.--------:t:-I. '1-4-----IRSH.-::--:-r;l--r _____ -.... 

CAS 
VIL 

A VIH 

VIL 

Vi 
VIH 

VIL 

D 
VIH 

VIL 
'VALID DATAfXXXXX'XXXXXXXXXXX 

Q VOH 

VOL ---------------OPEN---------------
~ Don'ICare 

Read·WrltelR .. d·MocIltv·Wrlte Cvele 

RAS 
V1H ----1. f4---------------

VIL 

VIH '""""""'d::--:-+-----.t::--. 1_--------
VIL 

A 

VIH "<"'7<""1M"""'"7':""""C7':""""'"r---------:L 

VIL L::,L~~'::.L"'P''::.L').£:,/ 

Q VOH ______ ..,-______ -<l VALID DATA 

VOL ,IDsl L ~ I::! ~DH_ 

::~ XXXXXXXXXXXXXXX~ VALID DATA "'XXI""l'X"'XX~XAXAX"'X"'X D 

~ Don'ICare 
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MBa1287·10 
MBa1257.12 
MBa12.7·1. 

Timing Diagrams, continued 

~VJITSV 

tlJiIi.Only" R.f .... h Cyigl. 
NOTE: eAS = V1H, W, D = Don't Care 

:: r~£~ "t=, .. J-
::~ ~ ROW ADDRESSfXXXXXXXXXXXXX A 

Q 
VOH ________________________ OpEN------------------------

VOL 

Hldd.n R.fr •• h Cycl. 

t------IRC-----~ 

VIH ----...,oLfool----IRAS----tJ:----...,i. 

VIL 

CAS 
VIH 'M':~r-~--±-I. 

V1L 

A 

W (Raad) 

Q 

W (Read·Wrlla) 

.. CD·B.fo ... ·RAS" R.fr •• h Cycl. 
NOTE: Address, Vii, D .; Don't Care 

~-----IRC------~I 

RAS 
VIH 

,vIL 

CAS 
VIH 

Q '''=r VIH 

VIL 
~-------------OPEN------------------------

~Don'tCar. 
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Timing Diagrams, continued 
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Nibble Mode Read Cycle 

RAs 
VIH 

VIL 

CAS VIH 

VIL 

A 

Vi VIH~~~~~~~""""""""~~~""""~~77""""""~~~""""""r-""~~~ 

VILL.:lI.~lI..l=.:v 

VOH 
Q VOL---------------ilB~lP 

IZZ2I Don" Care 

Nibble Mode Write Cycle 

RAS 
VIH .. 
VIL 

~'CSH --CAS VIH 

VIL 

VIH 
A 

Vi 

Q 

,DS 

D 
VIL 

~Don"C.r8 
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Timing Diagram., continued 
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Nibble Mode Read·Wrlte Cycle 

RAS 

CAS 

W 

Q 

D 

VIH ~J.lJ~=rt--
VIL 

VIH 

VIL<J~~~7'~~~~~~~~~~~pL~~~~~~~~~~~~~~~ 

VIH' ,",,""'"7<""""''''';'''--:i. 

VIL L..>< ..... ....,'" 

~DON'TCARE 

"CAS·Before·RAS" Refre.h Counter Te.t Cycle 

~-------------------------tRTC---------------------~ 

liAS VIH J--------------~--tTRAS----------------_..j ..,,..----.1. 
VIL 

CAS 
VIH 

VIL 

VIH 
A 

VIL 

VIH 
W (Read) 

VIL l\IXXXx/xXXXXX 

VOH 
Q 

VOL 

VIH 
W(Wrlte) 

VIL 

VIH 

D 
VIL 

00 DON'T CARE 
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Description 

Table 1 
Nibble Mode Add,... 
Sequence lhample 

FUJITSU 

Simplified Timing Requirement 
The MB81257 has improved cir
cuitry that eases timing re
quirements for high speed ac
cess operations. The MB81257 
can operate under the condition 
of tACo (max) = tCAC' thus pro
viding optimal timing for ad
dress multiplexing. In addition, 
the MB81257 has minimal hold 
times for Addresses (tCAw, 
Write-Enable (tWCH) and Data-In 
(tOH)' The MB81257 provides 
higher throughput in inter
leaved memory system applica
tions. Fujitsu has made the tim
ing requirements that are refer
enced to FiAS non-restrictive 
and deleted them from the data 
sheet. These include tAR' tWCR' 
tOHA and tAWO' As a result, the 
hold times of the Column Ad
dress, 0 and Vii as well as tcwo 
(CAS tQ W Delay) are not 
restrictect by tRCO' 

Fast Read-Write Cycle 
The MB81257 has a fast read
modify-write cycle which Is 
aChleved\ by precise control of 
the thre&'state output buffer as 
well as by the simplified tim
ings described in the previous 
section. The output buffer is 
controlled by the state of Vii _ 
when CAS goes "low". When W 
is "low" during a CAS transition 
to "low", the MB81257 goes In
to the early write mode in which 
the output floats and the com
mon I/O bus can be used on the 
system level. When W goes 
"16w", after tcwo following a 
CAS transition to "low", the 
MB81257 goes into the delayed 
write mode. The output then 
contains the data from the cell 
selected and the data from 0 is 
written into the cell selected. 
Therefore, a very fast read-write 
cycle (tRWC = tRc> is possible 
with the MB81257. 

Address Inputs 
A total of eighteen binary Input 

Nibble 
Sequence 81t 

RAS/CAS (normal mode) 
toggle CAS (nibble mode) 2 
toggle CAS (nibble mode) 3 
toggle CAS (nibble mode) 4 
toggle CAS (nibble mode) 

address bits are required to 
decode any 1 of 262,144 cell 
locations within the MB81257. 
Nine row address bits are 
established on the input pins 
(Ao through A~ and are latched 
with the Row Address Strobe 
(RAS). Nine column address 
bits are established on the In
put pins and latched with the 
Column Address Strobe (CAS). 
All input addresses must be 
stable on or before the failing 
edge of RAS. CAS is internally 
Inhibited (or "gated") by RAS to 
permit triggering of CAS as 
soon as the Row Address 
Hold/Time (tRAw specification 
has been satisfied and the ad
dress Inputs have been chang
ed from row addresses to col-
umn addresses. . 

Write Enable 
The read or write mode Is 
selected with the W input. A 
logic "high" on W dictates read 
mode. A logic "low" dictates 
write mode. The data input is 
disabled when the read mode Is 
selected. 

Data Input 
Data is written into the 
MB81257 during a write or read
write cycle. The last failing 
edge of Vii or CAS is a strobe 
for the Data-il!.1D) register. In a 
write cycle, if W is brought 
"low" (write mode) before CAS, 
o is strobed by CAS, and the 
set-up and hold times are 
referenced to ~. In a read
write ~e, W will be delayed 
until CAS has made its negative 
transition. Thus 0 Is strobed by 
W, and set-up and hold times 
are referenced to W. 

Data Output 
The output buffer is three-state 
TIL compatible with a fan-out 
of two standard TIL loads. 
Data out is the same polarity as 
data in. The output is in a high 

impedance state until CAS is 
brought "low". In a read cycle, 
or a read-write cycle, the output 
is valid after tRAC from transi
tion of ~ when tACO(plax) is 
satisfied, or after tCAC from 
transition of CAS when the 
transition occurs after tRQQl!!tax)' 
Data remains valid until CAS is 
returned to "high". In a write 
cycle, the Identical sequence 
occurs, but data is not valid. 

Nibble Mode 
Nibble mode allows high speed 
serial read, write or read
modify-write access of 2, 3 or 4 
bits of data. The bits of data 
that may be accessed during 
nibble mode are determined by 
the 8 row addresses and the 8 
column addresses. The 2 bits of 
addresses (CAs, R~ are used 
to select 1 of the 4 nibble bits 
.for Initial access. After the first 
bit Is accessed by the normal 
mode, the remaining nibble bits 
'!1!!}' be accessed by toggling 
CAS "high" then "low" while 
RAS remains "low". Toggling 
CAS causes RAs and CAs to be 
incremented internally while all 
other address bits are held con
stant and makes the next nib
ble bit available for access. 
(See table I below). 

If more than 4 bits are access
ed during nibble mode, the ad
dress sequence will begin to 
repeat. If any bit is written dur
ing nibble mode, the new data 
will be read on any subsequent 
access. If the write operation is 
executed again on subsequent 
access, the new data will be 
written Into the selected cell 
location. 

In nibble mode, the three-state 
control of the DOUT pin is deter
mined by the first normal ac
cess cycle. 

The data output is controlled 

RA. Row Addre •• CA. Column Add,... Comments 

0 10101010 0 10101010 input addresses 

10101010 0 10101010 

0 10101010 10101010 generated internally 

1 10101010 1 10101010 

0 10101010 0 10101010 sequence repeats 
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D •• orlpllon, continued 
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only b~ W state referenced 
at the CAS negative transition 
of the normal cycle (first nibble 
bit). That is, when 
twos> twcs(min.) is met, the 
data output will remain open 
circuit throughout the sue
ceedin!l nibble cycle regardless 
of the W state. When 
tCWD > tcwD(min.) is met, the 
data output will contai n data 
from the cell selected during 
the succeeding nibble cycle 
regardless of the iN state. The 
write operation Is done during 
!!!!period In which the Wand 
CAS clocks are low. Therefore, 
the write operation can be per
formed bit by bit during each 
nibble operation regardless of 
the timing conditions of W 
(twcs and tcwa> during the nor
mal cycle (first nibble bit). (See 
table II and Figure 2 below). 

RAS-Only Refresh 
Refresh of dynamic memory 
cells is accomplished by perfor
ming a memory cycle at each 
of the 256 row-adresses 
(An - A7) at least every 4 ms. 
R"AS-only refresh avoids any 
output during refresh because 
the output buffer Is in th~h 
impedance state unless CAS is 
brought "low". Strobing each of 
the 256 row-addresses (Ao - A7) 
with RAS will cause all bits in 
each row to be refreshed. RA5-
only refresh results in a 
substantial reduction in power 
dissipation. 

CA5-before-RAS Refresh 
CAS-before-RAS refreshing 
available on the MB81257 offers 
an alternate refresh method. If 
CAS Is held "low" for the 
specified period (tFcsl before 
AAS goes to "low", on-Chip 
refresh control clock generators 
and the refresh address counter 
are enabled, and an internal 
refresh operation takes place. 

After the refresh operation is 
performed, the refresh address 
counter is automatically in
cremented in preparation for 
the next CAS-before-R"AS 
refresh operation. 

Hidden Refresh 
A hidden refresh cycle may 
take place while maintaining 
the latest valid data at the out
put by extending the CAS ac
tive time. For the MB81257, a 
hidden refresh cycle is a CA5-
before-AAS refresh cycle. The 
internal refresh address counter 
provides the refresh addresses 
as in a normal CAS-before-RAS 
refresh cycle. 

CAS-before-RAS Refresh 
Counter Test Cycle 
A special timing s~ce us
ing the CAS-before-RAS counter 
test cycle provides a convenient 
method of verifying the func
tionality of the CAS-before-R"AS 
refresh activated circuitry. 

After the CA5-before-RAS 
refreSh operation, if CAS goes 
to "high" and then..9Q!ls to 
"lOW" again while RAS is held 
"low", the read and write opera
tion are enabled. 

This is shown in the CA5-
before-AAS counter test cycle 
timing diagram. A memory cell 
can be addre\lsed with 9 row 
address bits and 9 column ad
dress bits defined as follows: 

A ROW ADDRESS 
Bits Ao through A7 are defined 
by the refresh counter. The 
other bit As is set "high" inter
nally. 

A COLUMN ADDRESS 
All the bits Ao through As are 
defined by latching levels on Ao 

. through As at the second falling 
edge of CAS. 
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Suggested CAS·before-RAS 
Counter Test Procedure 
The timing, as shown in the 
CAS-before-RAS Counter Test 
Cycle, is used for all the follow
ing operations: 

(1). Initialize the internal refresh 
counter. For this operation, 8 
cycles are required. 

(2). Write a test pattern of 
"Iow"s into memory cells at a 
single column address and 256 
row address. 

(3). Using a read-modify-write 
cycle, read the "low" written at 
the last operation (Step (2» and 
write a new "high" in the same 
cycle. This cycle is repeated 
256 times, and "high"s are writ
ten into the 256 memory cells. 

(4). Read the "high"s written at 
the last operation (Step 3). 

(5). Complement the test pat
tern and repeat steps (2), (3) and 
(4). 



M881217·10 
M881217·12 
M881217·11 

Plgu,. 2 
NlbblaModa 

Tabla 2 
Functional Truth Tabla 

RAS CAS W. 

H H Don't Care 

L L H 

L L L 

L L L 

L H Don't Care 

L L Don't Care 

H L Don't Care 

FUJITSU 

1) In this case the first nibble cycle is an Early Write cycle. 

RAS \ ~ ____________________________ -J~ 

CAS 

WE ~ / ,'-____ ...J/ 
D'N >CJ( ~---------~-------
Dour =:) )-------------High·Z----------------

1- Early Write -1--ope~~tion ... l-Write _I-write-l 
(increment 

nibble counter) D Valid Data 

2) In this case the first nibble cycle Is a delayed write (Read-Write) cycle. 

RAS ~ ,--
~~. ------------------------------~I 

\ I \'--__ -.11 

----~~---------~------
Dour 

I-Read-wrlte -I" Read.wrlte-.J_Read_I __ Read.write~ 
DValidData 

D'N Douz R .. d Wrlta Ratra.h Nota 

Don't Care High·Z No No No Standby. 

Don't Care Valid Data Yes No Yes Read. 
Valid Data High·Z No Yes Yes Early Write twcs 2: twes (min). 

Valid Data Valid Data Yes Yes Yes Delayed Write or Read-Write 
tewD 2: tewo (min). 

Don't Care High·Z No No Yes itliS Only Refresh. 

CAS-before-RAS Refresh. Valid 
Don't Care Valid Data No No Yes data selected at previous Read 

or Read-Write cycle is held. 

Don't Care High-Z No No No CAS disturb. 
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FUJITSU 
MICROELECTRONICS. INC. 

16,384 WORD BY 4·BIT NMOS 

MBSl416·10 
l\mS1416·12 
MBS1416·15 

DYNAMIC RANDOM ACCESS MEMORY 
DESCRIPTION 
The Fujitsu MB81416 is a fully decoded, 
dynamic NMOS random access memory 
organ ized as 16384 words by 4-bits. The de
sign is optimized for high speed, high per· 
formance applications such as mainframe 
memory, buffer memory, peripheral 
storage and environments where low 
power dissipation and compact layout are 
required. 

Multiplexed row and column address in· 
puts permit the MB81416to be housed in a 
standard 18-pin DIP that is compatible with 
the JEDEC approved pinout. Greater:..l!!: 
fresh versatility is provided by a new CAS 
before RAS" on-chip refresh capability. 
The MB81416 also features "page mode" 

FEATURES 
• Organized as 16384 words by 4-blts 
• Row Access Time/Cycle Time: 

MB81416-10 100nsec maxl200 min. 
MB81416-12 120nsec max/230 min. 
MB81416-15 150nsec maxl260 min. 

• Low Active Power (tlle = min) 
MB81416-10 303mW(maL) 
MB81416-12 275mW (max.) 
MB81416-15 248mW (maL) 
All devices 25rnW standby 

• Single +5V ±10% Power Supply 
• CAS before RAS Refresh 
• RAS Only Refresh 
• Hidden 00 before RAS Refresh 

which allows high speed random access of 
up to 64 nibble wide words within the same 
row address. 

The MB81416 is fabricated using silicon 
gate NMOS and FUjitsu's advanced 
Double·Layer Polysilicon process. This 
process, coupled with single-transistor 
memory storage cells, permits maximum 
circuit density and mlnim,,1 chip size. 
Dynamic circuitry is employed in the 
design, including the sense amplifiers. 

Clock timing requirements are non-critical, 
and the power supply tolerance is very 
wide. All inputs and outputs are TTL com· 
patible. 

• 2msl128 cycle Refresh (Ao-As) 
• Read·Modlfy·Write Capability 
• Pag!! Mode Capability for 
fastera~ss 

• Output unlatched at cycle end 
• jOarly Write or Output Enable controls 

output buffer impedance 
• On Chip Address and Data·ln latchlls 
• Standard 16-pln DIP 
• All Inputs TTL Compatible, low 

capacitive load 
Three-State TTL Compatible Outputs 

• On-chip Substrate Bias Generator 

MB81416 BLOCK DIAGRAM 
RAS -------1 CLO~~. ~EN. 1-_____ , 

CIrn-t-------r~~ 

Ao 

A, 

A, 

A3 

A, 

A, 

A, 

A, 

w 

PRELIMINARY 
Note: ......... BOt ...... Qedllcatloa. 
Some .... ...ndr: ....... -bJect to ...... 

PLASTIC PACKAGE 
DIP·18p·M01 

CERDIP PACKAGE 
Dlp·18C·C01 

PJN ASSIGNMENTS 

DO, G VSS DO. 

18 17 

D02 3 16 CAs 
Vi 4 

Lee 
15 D03 

RAs 5 TOP VIEW ,4 Ao 

As 6 LCC·18C·F02 13 A, 

As 7 12 A2 

,0 11 

A. Vee A, A3 

!!OTE: The following IEEE Std. 662·1980 Symbols are used In this data sheet: DQ = Data 1/0, G = Output Enable and 
W = Write Enable. 
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PRELIMINARY MB81416·10 IMB81416·12/MB81416·15 
Note:"... .. aot .............. . 
Som_ ........ etrIc ........... ..t.Ject to c ........ 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN, VOUT -1 to +7 V 
Voltage on Vcc supply relative to Vss VCC -1 to +7 V 

Storage Temperature 
I Ceramic 

TSTG 
-55 to +150 

L Plastic -55 to +125 
°C 

Power Dissipation Po 1.0 W 
Short Circuit Output Current - 50 mA 

Permanent deVIce damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operatton should be restricted to the conditions as detailed In the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periOds may effect device reliability. This device contains cir· 
cuitry to protect the inputs against damage due to high static voltages or electric fields. It Is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high impedance circuit. 

CAPAcrrANCE (TA = 25°C) 

Parameter Symbol Typ Max Unit 

Input Capacitance Ao-A7' CIN1 - 5 pF 

Input Capacitance RAS, CAS, W, G CIN2 - 8 pF 

Output Capacitance D01 - D04 CD - 7 pF 

RECOMMENDED OPERATING CONDmONS (Referenced to Vss) 

Parameter Symbol Min Typ Max Unit Operating Temperature 

Vec 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 

Input High Voltage VIH 2.4 - 6.5 V O°C to +70°C 

Input Low Voltage, 
VIL -2.0 - 0.8 V 

all inputs except DO 

Input Low Voltage, DO VILO* -1.0 - 0.8 V 

*The device will withstand undershoots to the -2.0V level with a maximum pulse width of 20ns at the -1.5V level. 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
.-

Parameter Symbol Min Max Unit 

OPERATING CURRENT* MB81416·10 55 
Average power supply current MB8141&12 ICC1 50 rnA 
(F!AS, CAS cycling; tRC = min) MB81416·15 4p 
STANDBY CURRENT 

ICC2 4.5 rnA Power supply current (!'lAS = CAS = VIH) 
REFRESH CURRENT1* MB81416-10 38 
Average power supply current MB81416·12 ICC3 35 rnA 
(CAS = VIH, RAS cycling; tRC = min) MB81416·15· 32 
PAGE MODE CURRENT MB81416·10 38 
Average power supply current MB81416·12 ICC4 35 rnA 
(RAS = VIL, CAS cycling; tpc = min) MB81416-15 32 
REFRESH CURRENT 2* MB8141&10 42 
Average power supply current MB8141&12 ICC5 38 rnA 
(RAS cycling, CAS before RAS) MB81416·15 35 
INPUT LEAKAGE CURRENT 
Inp'ut leakage current, any input (0~VIN~5.5V, VCC =5.5V, IlL -10 10 pA 
Vss = OV,all other pins not under test = OV) 
OUTPUT LEAKAGE CURRENT 

IOL -10 10 pA 
(Data out is disabled, OV:s; VOUT:S; 5.5V) 
OUTPUT LEVELS 
Output high voltage (IOH = -5mA) VOH 2.4 V 
Output low voltage (IOL = 4.2mA) VOL 0.4 

Note·: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 
Icc is dependent on input low voltage level VILD, VILD> -O.5V. 
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MBS1416·10/MBS1416·12/MBSl416-15 PRELIMINARY 
Note: TId. _Il0l:. fInal~. _...._ ___ 10 __ • 

AC CHARACTERISTICS (Recommended operating conditions unless otherwise ~oted.) " 

MB81416-10 MB81416-12 MB81416-15 

Parameter Notes Symbol Unit 

Alternate ·Standard Min Max Min Max Min Max 

Time between Refresh tREF TRVRV - 2 - 2 - 2 ms 

Random ReadNoJrite Cycle Time tRC TRELREL 200 - 230 - 260 - ns 

Read-Write Cycle Time tAWC TRELREL 290 - 330 - 375 - ns 

Access Time from RAS (4),(6) tRAC TRELQV - 100 - 120 - 150 ns 

Access Time from CAs- (5),(6) tCAC TCELQV - 50 - 60 - 75 ns 

Output Buffer Turn Off Delay tOFF TCEHQZ 0 30 0 35 0 40 ns 

Transition Time tT TT 3 50 3 50 3 50 ns 

RAS Precharge Time tRP TREHREL 90 - 100 - 100 - ns 

~ Pulse Width tRAS TRELREH 100 10000 120 10000 150 10000 ns 

RAS Hold Time tRSH TCELREH 50 - 60 - 75 - ns 

CAS Precharge Time (Page Mode only) tcp TCEHCEL 45 - 50 - 60 - ns 

CAS Precharge Time 
tCPN TCEHCEL 40 - 45 - 55 - ns (All cycles except page mode) 

CAS Pulse Width tCAS TCELCEH 50 10000 60 10000 75 10000 ns 

CAS Hold Time tCSH TRELCEH 100 - 120 - 150 - ns 

RAS to CAS Delay Time (4),(7) tACO TRELCEL 20 50 20 60 25 75 ns 

CAS to RAS Set Up Time tCRS TCEHREL 20 - 25 - 30 - ns 

Row Address Set Up Time tASR TAVREL 0 - 0 - 0 - ns 

Row Address Hold Time tRAH TRELAX 10 - 10 - 15 - ns 

Column Address Set Up Time tASC TAVCEL 0 - 0 - 0 - ns 

Column Address Hold Time tCAH TCELAX 15 - 15 - 20 - ns 

Read Command Set Up Time tRCS TWHCEL 0 - 0 - 0 - ns 

Read Command Hold Time 
tRRH TREHWX 20 Referenced to RAS (9) - 20 - 20 - ns 

Read Command Hold Time 
tACH TCEHWX 0 Referenced to CAS (9) - 0 - 0 - ns 

Write Command Set Up Time twcs TWLCEL -5 - -5 - -5 - ns 

Write Command Hold Time tWCH TCELWH 20 - 25 - 30 - ns 

Write Command Pulse Width twp TWLWH 20 - 25 - 30 - ns 

Write Command to RAS Lead Time tAWL TWLREH 45 - 50 - 60 - ns 

Write Command to CAS Lead Time tCWL TWLCEH 45 - 50 - 60 - ns 

Data In Set Up Time tos TDVCEL 0 - 0 - 0 - ns 

Data In Hold Time tOH TCELDX 20 - 25 - 30 - ns 

CAS_to W Delay (8) tewo TCELWL 85 - 100 - 120 - ns 

RAS to W Delay (8) tAWO TRELWL 135 - 160 - 195 - ns 

Access Time from ~ tOEA TGLQV - 25 - 30 - 40 ns 

G to Data in Delay Time tOED TGHDV 30 - 35 - 40 - ns 

G Hold Time Referenced to W tOEH TWLGL 0 - 0 - 0 - ns 

Output Buffer Turn Off Delay from G tOEZ TGHQZ 0 30 0 35 0 40 ns 

Page Mode Cycle Time tl'C_ TCELCEL 105 - 120 - 145 - ns 

Page Mode Read-Write Cycle Time tpAWC TCEHCEH 180 - 205 - 240 - ns 

CAS Set ~me Referenced 
to RAS ( A before RAS Refresh) tFCS TCELREL 20 - 25 - 30 - ns 

CAS Hold Time Referenced 
tFCH TRELCEH 20 to RAS (GAS before RAS Refresh) - 25 - 30 - ns 

RAS Precharge to CAS Active Time tRPC TREHCEL 20 - 20 - 20 - ns 

Refresh Counter Test RAS Pulse Width (10) f rRAs TRELREH 280 - 325 - 390 - ns 

Refresh Counter Test Cycle Time (10) tRTC TRELREL 380 - 435 - 500 - ns 

G to RAS Inactive Setup Time tOES TGLREH 0 - 0 - 0 - ns 

Data in to CAS Delay Time (11) tozc TDXCEL 0 - 0 - 0 - ns 

Data In to G Delay Time (11) tozo TDXGL 0 - 0 - 0 - ns 

CAS Precharge Time 
tCPR TCEHCEL 25 -(CAS before RAS cycle) 30 - 30 - ns 

Notes: See notes on next page "These symbols are described in IEEE Std. 662-1980: IEEE Standard Terminology for Semiconductor Memory. 
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Notes: 
1. An initial pause of 200"s is required after power up, 

followed by any 8 RAS cycles, before proper operation is 
achieved. If the internal refresh counter is to be effective, 
a minimum of 8 CAS·before-RAS initialization cycles in
stead of 8 RAS cycles are required. 

2. AC measurements assume tT = 5ns. 

3. VIH (min.) and VIL (max.) are reference levels for measur
ing timing of input signals. Transition times are measured 
between V1H (min.) and VIL (max.). 

4. tRCD is specified as a reference point only. If tRCD s tRCD 
(max.) the specified maximum value of tRAC (max.) can be 
met. If tRCD> tRCD (max.) then tRAC is increased by the 
amount that tRCD exceeds tRCD (max.). 

5. Assumes that tRCD 2: tRCD (max.). 

MB81416·I'O IMBSI416·12/MB81416·15 
6. Measured with a load equivalent to 2 TTL loads and 100pF. 
7. tRCD (min.) = tRAH (min.) + 2tT + tASC (min.): tT = 5ns. 

8. twcs, tCWD and tRWD are non-restrictive operating 
parameters. They are included in the data sheet as elec
trical characteristics only. If twcs 2: twcs (min.), the cycle 
is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle. 
If tCWD 2: tCWD (min.) and tRWD 2: tRWD (min.), the cycle is 
a read-write cycle and data out will contain data read from 
the selected cell. If neither of the above sets of conditions 
is satisfied, the condition of the data out is indeterminate. 

9. Either tRRH or tRCH must be satisfied for a read cycle. 

10. Refresh counter test cycle only. 
11. Either tDZC or tDza must be satisfied for all cycles. 

WRITE CYCLE (Early Write) 

RAS VIH 
YIL 

CAS 
YIH 
YIL 

A 
YIH 
YIL 

W YIH 
YIL 

DATAYIH 
(IN) YIL 

DATA VIH 

(OUT) VIL 

IT = Don't Care 
~---------------------tRC----------~------~~ 

-----.lI.--------------tRAS------------~~ 11----...1 

------------HIGH-Z--------------
~ Don't Care 
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RAS 
VIH 

VIL 

CAS 
VIH 

VIL 

VIH 
A 

VIL 

W 
VIH 

VIL 

DATA VIH 
(IN) 

VIL 

DATA VOH 

(OUT) 
VOL 

G 
VIH 

VIL 

WRITE CYCLE 
(Output Enable Controlled) 

r--------------------------tRC------------------------~ 

--_. 1---------------------tRAs----------------------I ..i<---.i. 

----+------------tCAs-----------~ 

I HIGH·Z 

~tOEH 

Nole 1: When 'cwo Is satisfied and G is low (Delayed·Wrlte Cycle), the data out will be "VALID". But when tcwo is not satisfied, the data out will be "INVALID". 

A 

DATA 
(IN) 

DATA 
(OUT) 

READ·MODIFY·WRITE CYCLE 
~------------------------tRWC---------------------~ 

--~~------------------tRAS-----------------~Z----1 

----i-------tCAS------------t 
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.... pan..tdc ................. to cIIaqe. 

A 

DATA 
(IN) 

DATA 
(OUn 

A 

Vi 

DATA 
(IN) 

VIH 

VIL 

VOH 

VOL 
-----....,.."'\1 

MB81416-10/MB81416·12/MB81416·15 

PAGE MODE READ CYCLE 

PAGE MODE WRITE CYCLE 
(G = Don't Care) 

HIGH-Z 

DATA 
(OUn -------------HIGH-Z---fl-I------------

~ Don'teare 
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A 

DATA 
(IN) 

DATA 
(OUT) 

G 

RAS 

A 

DQ 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

PAGE MODE READ·WRITE CYCLE 

R.AS om Y REFInSH CYCLE 
NOTE: CAS = VIH; A7, Iii, G, = Don't Care 

Note: 'J'ha. .. not .......... eeIIImtIoa. -.... --... -... -. 

~-----------------tRC--------------~ 

xxxxxxX»( AD~~~SS ~ XXX 

OPEN 

~ Don't Care 
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Note ........ aot ........... tIoa. __ --_10_. 

V'H 
ItQ 

V'L 
tCPR 

V'H -~ 
CAS 

V'L 

VOH 

.. 

MB81416-10/MB81416·12/MB81416-15 

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: A, W, G = Don't Care 

.. IRC 

_tRP_ .. tRAS ~I 

~ ) '\ 
tFCS 

.1 
tFCH tRPC .. • -

DQ .................................................... --OPEN ................................................ ----
VOL 

HIDDEN REFRESH CYCLE 

1 .... _---- tRC tRC----... , 

V'H 

, .... ___ tRAS .. -4-tRP~ 

RAS 
V'L 

tCRS 

V'H 
.. tFCH--~ ,.., .... _ .... _ 

CAS 
V'L 

V'H 
A 

V'L 

V'H 
W 

V'L 

DATA 
VOH 

(OUT) VOL 
VALID DATA OUT 

V'H 
tOEA 

G 
V'L 

DATA V'H 

(IN) 
V'L 

~ .................... ----HIGH·Z:---------~ 
~~~~~ ~~~~ 

~ Don't Care 
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MB81416·10/MB81416·12/MB81416·15 PRELIMINARY 

CAS·BEfORE·RAS REFRESH COUNTER TEST CYCLE 

~~~------------------------tRTC----------------------~--~ 

VIL -l LC;..--tc-S-H--------~:~-=-:~=-:~-=-:~-=--:-t-C-=-AS-t=RS=H=~~=~~~:~~==::'l r -
VIH tFCS Jr----i. 

A 

VIH 
W(READ) 

VIL 

DATA VIH 
(READ) 

VIL (IN) 

DATA VOH 
(READ) 

VOL (OUT) 

VIH 
G(READ) 

VIL 

VALID DATA -------HIGH.z----+-
1 
+-1---<1 

1---------tOES---.------t-t+---I 
~~~~~~~~~~~~- Il~~~~~ 

VIH 
W(WRITE)V 

IL 

DATA VOH 
(WRITE) 
(OUT) VOL 

DATA VIH 
(WRITE) 
(IN) VIL 

G(WRITE) 
VIH 

VIL 

~ Don'tCar8 

Note 1: Whon lewD is satisfied and Gis lOW (Delayed-Wrlte Cycle), the data out will be "VALID". But when tCWD Is not satisfied, the data out will be "INVALID". 
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So-. ..... ...trIc ....... ani -bJect to chaD ... 

DESCRIPTION 
Address Inputs 

A total of 14 binary input address bits 
are needed to decode anyone of 
16,384 nibble wide words from the 
MB81416's 65,536 memory cells. Ad· 
dressing a Random 4·bit word is in· 
itiated by establishing 8 row address 
bits on the address input pins, (Ao 
through A7), and after they are stable, 
latching these address bits with the 
falling edge of the Row Address 
Strobe (RAS). Then 6 column address 
bits are established on the address in
put pins A1 through As. After the ad
dresses are stable, they are latched 
with the falling ge of the Column 
Address Strobe (CAS). Address timing 
is made non-critical by the MB81416's 
"gated CAS" circuitry which automat
ically inhibits CAS until the Row Ad
dress Hold time (tRAH) has been 
satisfied and the address inputs have 
changed from row to column ad
dresses. 
Data Input/Output 

The MB81416 has 4 common I/O pins 
(001, 002, 003, and 004). Read or 
write modes ar!Lselected with the 
write enable pin fYV). An output enable 
pin {G) controls the state of the output 
buffers making delayed write and 
read-modify-write cycles possible. The 
DO pins provide TIL compatible in
puts and three-state TIL compatible 
outputs with a fan-out of two standard 
TIL loads. Data-out has the same 
polarity as data-in. 

Write Enable 
The read mode or write modes are 
determined by the state of the write 
enable pin fYV). A logic high on W 
selects the read mode and a logic low 
on W selects the write mode. When W 
is high (read mode), the data inputs 
are disabled. If W goes low and 
satisfies the write command set-up 
time (twCS) before CAS goes low, the 
data outputs will remain in the high
impedance state for the duration of 
the cycle. This allows a write cycle to 
occur regardless of the state of the 
output enable (G). 

M:B81416·10 IMBS1416·12/MBS1416·15 

Output Enable 

The o.!:!!.p!!t buffers are controll~ by 
both CAS and_output enable (G). If 
either CAS or G are high the output 
buffers are in the high impedance 
state. During a read or read-modify
write cycle if both CAS and G are low, 
the output buffers are enabled. Duri ng 
an early write cycle G has no effect on 
the output buffers. 

Data Inputs 

Data may be written into the MB81416 
during a write or read-modi~ite ~ 
cle. The last falling edge of CAS or W, 
strobes the data into the 4 on-ch~ 
data latches. In an early-write cycle,W 
is brought low prior to CAS, and the 
data is strobed in by CAS with both 
the set-up time (tDS) and hold time 
l!!:llil referenced to the falling edge of 
CAK The outputs are in th!Lhigh im
pedance state regardless of G's state. 
In a delayeC!..ll!rite or a read-modify
write cycle, W is brought low after 
CAS, data is strobed-in by W, and set

.!:!.!? and hold times are referenced to 
W. To avoid buss contention on I/O 
pins, it is necessary during a delayed 
1!!rite or a read-modify-write cycle for 
G to be high prior to data input so that 
the output buffers are in the high im
pedance state when data is being 
written. 

Data Outputs 

Data can be read from the MB81416 
with either a read or a read-modify
write cycle. These cycles begin with 
the outputs in the high impedance 
state. The outputs contain activ~ 
valid data only after both CAS and G 
have been brought low and have satis
fied the minimum access time from 
RAS (tRAcl and the minimum access 
time from the output enable tOED. 
Outputs contai'lYalid data as long as 
both CAS and G are held low. They 
return to the high impedance state 
when either CAS or G go high. 

RAS-Only Refresh 

The MB81416's dynamic memory cells 
may be refreshed by performing any 
memory cycle at each of the 128 row 
addresses (Ao through As) at least 

every 2 milliseconds. When a row is 
accessed all bits in the row are 
refreshed. During refresh, A7 (Pin 10) 
is not used and either V,H or V,L may 
be applied to this pin. 
RAS-only Refresh is a simplified cycle 
that consis!L2.f strobi~ row ad
dress with RAS while CAS remains 
high. During a RAS-only Refresh cycle, 
CAS is high and the output buffers are 
in the high impedance state. Strobing 
each of the 128 row addresses (Ao 
through As) with RAS will refresh all 
§§.§.36 memory cells in the MB81416. 
RAS-only Refresh results in a substan
tial reduction in power dissipation 
compared to a full RAS/CAS memory 
cycle. 

CAS Before RAS Refresh 

CAS before RAS refresh is an on-chir. 
refresh capability that eliminates the 
need for external refresh addresses. If 
CAS is held low for the specified set
up time (tFCS) before RAS goes low, 
the on-Chip refresh control clock 
generators and refresh address 
counter are enabled. An internal 
refresh operation automatically oc
curs and the refresh address counter 
is internally incremented in prep-ara
tion for the next CAS before RAS 
refresh operation. 

Hidden CAS Before RAS Refresh 

A hidden refresh cycle may be per
formed while maintaining the latest 
valid data at the output by extending 
the CAS active time and cycling RAS. 
The refresh row address is provided by 
the on-chip refresh address counter. 
This eliminates the need for the exter
nal row address that is required by 
DRAMs that do not have CAS before 
RAS refresh capability. 

CAS Before RAS Refresh Counter 
Test Cycle 

A special timing sequence using the 
CAS before RAS Refresh Counter Test 
Cycle provides a convenient waL!2 
verify the functionality of the CAS 
before RAS refresh circuitry. The cycle 

'Note: CAS Before RAS Refresh available on request. 
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begins witl]JLQAS before RAS opera
tion_ Then CAS is cycled "high" and 
then "Iow"_ This enables a read, write, 
or read-modify-write operation to oc
cur_ Four memory cells are accessed 
with the location defined as follows: 

Row Address -Bits Ao through As 
are supplied by the 
on-chip refresh coun
ter. Bit A7 is set low 
internally. 

Column Address - Bits A1 through 
As are strobed-in 
by the falling 
edge of CAS as in 
a normal memory 
cycle. 

Suggested CAS Before RAS Refresh 
Counter Test Procedure 

The CAS before RAS Refresh Counter 
Test Cycle timing is used in each of 

the following steps: 
1. Initialized the internal refresh coun

ter by performing 8 cycles. 

2. Write a test pattern of "lows" into 
each set of 4 memory cells at a sin
gle column address and 128 row 
addresses. (The roW addresses are 
supplied by the on-chip refresh 
counter.) 

3. Using read-modify-write cycles, 
read the "lows" written during step 
2 and write "highs" into the same 
memory locations. Perform this 
step 128 times so that "highs" are 
written into the 128 sets of 4 
memory cells. 

4. Read the highs written during step 
3. 

5. Compliment the test pattern and 
repeat steps 2, 3, and 4. 
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PRELIMINARY 
Note:1'bI..aot.fIDaI. ........... . ___ ... nIojoctto-.,.. 

Page Mode 

Page mode memory cycles provide 
faster access and lower power 
dissipation than normal memory 
cycles. In page mode, it is possible to 
read, write, or read-modify-write. As 
long as the 'applicable timing re
quirements are observed, it is possi
ble to mix. these cycles in any order. A 
page mode c~begins with a normal 
cycle. While RAS is kmllJow to main
tain the row address, CAS is cycled to 
strobe in additional column ad
dresses. This eliminates the time re
quired to setup and strobe sequential 
row addresses for the same page. Up 
to 64 nibble wide words may be ac
cessed with the same row address. 



FUJITSU 

• MB85101A.10, MB85101A.12, MB85101A·15 
MOS 65,536 x 4-Bit 
Dynamic RAM Module 

Description 

Features 

The Fujitsu MB85101A is a 64K x 4 dynamic RAM high density 
memory module. It consists of four MB8264A DRAMs in 18-pad 
LCC packages mounted on a 22-pin multilayer ceramic substrate. 

The MB85101A is intended for use in memory applications in 
which large amounts of memory are required in a compact space 
or in which board space is limited. Significant size reduction can 
be realized in applications such as mainframe memory, buffer 
memory, desktop computers and peripheral storage. 

• 65,536 x 4-bit DRAM module 
• Row Access Time 

100 ns max_ (MB85101A·10) 
120 ns max. (MB85101A-12) 
150 ns max. (MB85101A-15) 

• Cycle Time 
200 ns min. (MB85101A-10) 
230 ns min. (MB85101A-12) 
260 ns min. (MB85101A-15) 

• Single +5 V supply, :!::10% 
tolerance 

• Low power (active) 
1100 mW max. (MB85101A·10) 
990 mW max. (MB85101A-12) 
880 mW max_ (MB85101A-15) 
88 mW max. (standby) 

• 2 msN28 cycle refresh 
• RAS-only and Hidden refresh 

capability 
• Read-Modify-Write and Page 

Mode capability 
• Common UO capability using 

Early Write operation 
• Output unlatched at cycle end 

allows extended page boundary 
and two dimentional chip 
selects. 

• On-chip latches for Addresses 
and Data·in 
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IIB85101A.10 
IIB85101A·12 
IIB88101A·18 

IIB88101 Block DI.gr.m 
.nd Pin A •• lgnm.nt 

Block DI.gram for 
E.ch Chip 

P.ck.g. Dlm.n.lon. 
Dimensions in inches 
(millimeters) 

FUJITSU 

ADDR~::::::1=~:::::::::::::::;l 

~==~~======~ D, .. 
D,NO -+-+-H--I 

CHIP 0 

DOUTO H-++--I 

D,", -t+H--I 

CHIP 1 

Doun '----; 

CHIP 3 

"AS _____ -.·lrcciLo~c~K~G~EiN.~------, 
NO.1 

~~-------+~--I 

22· .... dSlngl. 
In·Llne P.ckege 
(Module MDL·22S-CC01) 

65,536-BIT 
STORAGE CELL 

2.175155.251 
2.225156.521 

DOUT3 

-Vee 
~GND 

.03610.91) 

.04411.121 

D,. 

Vss 
Vee 2 

DINO 3 

DOUTO 4 

CAS 5 

A7 6 

As 7 

~ 8 

DINl 9 

DOUT1 10 

Vi 11 

Al 12 

A3 13 

As 14 

DOUT2 15 

DIN2 16 

Az 17 

Au 18 

RAS 19 

DIN3 20 

DOUT3 21 

Vss 22 
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• MB85103A.12, MB85103A·15 
MOS 65,536 x 8-Bit 
Dynamic RAM Module 

De.crlptlon 

Feature. 

The Fujitsu MB85t03A is a 64K x 8 dynamic RAM high density 
memory module. It consists of eight MB8264A DRAMs in 18-pad 
Lee packages mounted on a 22-pin multilayer ceramic substrate. 

The MB85103A is intended for use in memory applications in 
which large amounts of memory are required in a compact space 
or in which board space is limited. Significant size reduction can 
be realized in applications such as mainframe memory, buffer 
memory, desktop computers and peripheral storage. 

• 65,536 x 8-bit DRAM module 
• Row Access Time 

120 ns max. (MB85103A·12) 
150 ns max. (MB85103A·15) 

• Cycle Time 
230 ns min. (MB85103A·12) 
260 ns min. (MB85103A·15) 

• Single +5 V supply, ±10% 
tolerance 

• Low power (active) 
1980 mW max. (MB85103A·12) 
1760 mW max. (MB85103A·15) 

176 mW max. (standby) 

• 2 msN28 cycle refresh 
• RAS·only and Hidden refresh 

capability 
• Page Mode capability 
• Common 1/0 
• Output unlatched at cycle end 

allows extended page boundary 
and two dimentional chip 
selects. 

• On·chip latches for Addresses 
and Data·in 
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MB86103A·12 
MB86103A.16 

M886103 Blook Diagram 
and Pin A •• lgnment 

Block Diagram for 
Each Chip 

Package Dlmen.lon. 
Dimensions in Inches 
(millimeters) 

FUJITSU 

DO,-t+-t++i 
CHIPO CHIP 2 

DO,-++-t++i 
CHIP 1 CHIP3 

00, ..... ----' 

~ __ --------~~rCCUlO~C¥K~G~ENN..~------------, 
NO.1 

C~~-------------1-4 __ ~ 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

22·Lead Single 
In·Llne Package 
(Module MDL-22S-CC02) 

.09012.291 

.11012.791 

65,536·81T 
STORAGE CEll 

2.175155.251 
2.225156.521 

2.100153.341TVP 
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'+-Vcc 
~GND 

.03610.911 

.04411.121 

DO, 

CHIPS 

CHIP7 DQ, 

DOUT 

Vss 
Vee 2 

000 3 

00, 4 

CAS 5 

A7 6 

As 7 

A. 8 

DO. 9 

003 10 

W 11 

A, 12 

A3 13 

'" 14 

DO. 15 

DOs 16 

A. 17 

Ao 18 

MS 19 

DO. 20 

007 21 

Vss 22 



• MB85108A-12, MB85108A-15 
MOS 262,144 x 1-Bit 
Dynamic RAM Module 

Description 

Features 

The Fujitsu MB85108A is a 256K x 1 dynamic RAM high density 
memory module. It consists of four MB8266A DRAMs in 18-pad 
LCC packages mounted on a 22-pin multilayer ceramic substrate. 

The MB85108A is intended for use in memory applications in 
which large amounts of memory are required in a compact space 
or in which board space is limited. Significant size reduction can 
be realized in applications such as mainframe memory, buffer 
memory, desktop computers, and peripheral storage. 

The MB85108A features two new functional enhancements that 
make it more versatile than previous dynamic RAM's. The CAS
before-RAS refresh mode provides an on-chip refresh capability. 
The nibble mode function allows high speed serial access to up 
to 4 bits of data. 

.262,144 X 1-bit DRAM module 
• Row Access Time 

120 ns max. (MB85108A·12) 
150 ns max. (MB85108A·15) 

• Cycle Time 
230 ns min. (MB85108A-12) 
260 ns min. (MB85108A-15) 

• Nibble Cycle Time 
70 ns min. (MB85108A·12) 
90 ns min. (MB85108A-15) 

• Single +5 V supply, ±10% 
tolerance 

• Low power (active) 
341 mW max. (MB85108A·12) 
303 mW max. (MB85108A·15) 

99 mW max. (standby) 

• 2 ms/128 cycle refresh 
• RAS.on~idden ani! CAS. 
before-~ refresh capability 

• Read-Modify-Write capability 
• Nibble Mode capability 
• Common I/O capability using 

Early Write 
• On-chip Address and Data-in 

latches 
• Output unlatched at cycle end 

allows extended page boundary 
and two dimentional chip 
selects. 
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MB85108A-12 
MB86108A.16 

MB85108 Block Diagram 
and Pin Aaalgnment 

Block Diagram for 
"chChlp 

Package Dlmenalona 
Dimensions in inches 
(millimeters) 

PUJITSU 
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W 
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-
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"L"-
'--
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-

-
DOUT 

Vss 
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RAS 0 3 
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A3 5 

Ae 6 

DIN 7 

Vi 8 

iiAS 1 9 

Ao 10 

A7 11 
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CAS 13 
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w A, 16 
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A, 18 

RAS3 19 
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Pow ... 
Dleelpatlon 

2KxB 100 nS +5 5501110 mW 
2Kx B 150 nS +5 385/83 mW 

16Kx 1 55 nS +5 6801140 mW 
16Kx 1 70 nS +5 6601140 mW 



FUJITSU 
MICROELECTRONICS. INC. 

NMOS 16,384·BIT STATIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The MB8128 is fabricated using 
N-channel silicon gate MOS tech
nology. It uses fully static cir
cuitry throughout and therefore 
requires no clocks or refreshing 
to operate. 

FEA.TUIGS 
• 2048 words x &blt 

organization 
• Static· operation: no clocks 

or refresh required 
• Fast access time: 

MB8128-10 100 ns Max. 
MB8128-15 150 ns Max. 

• Single +5V supply voltage 
• Common data Inputs and 

outputs 
• TTL CQmpatible inputs and 

outputs 

MB8128 is designed for memory 
applications where high perfor
mance, low cost, large bit 
storage, and simple interfacing 
are required. The MB8128 is com
patible with TTL logic families in 
all respects; inputs, outputs and a 
single +5V supply. 

• Three-state output with 
OR-tie capability 

• Chip Enable for simplified 
memory expansion 

• Automatic power down 
• Industry standard 24-pin 

DIP package 
• Pin compatible with MB8416 

(CMOS Static RAM) and 
MBM2716 (EPROM) 

MB8128 BLOCK DIAGRAM 

A.--~-----C~===l 

000--------_>---1 

007---------~_H 

W ---\------l 

MEMORY ARRAY 

128 ROWS BY 

128 COLUMNS 

I/O CIRCUITS 

INPlIT COLUMN SelECT 
DATA 
CONT. 
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MB8128·10 
MBS128·15 

CERDIP PACKAGE 
Dlp·24C·C03 

PLASTIC PACKAGE 
DIP·24P·M01 

PIN ASSIGNMENT 

A, Vee 

A6 2 As 

As 3 A9 

A4 4 W 
A3 5 G 
A2 6 II AIO 

AI 7 )01'" E 
Ao 8 

S!~ 
DQ7 

DQo 9 006 
DQl 10 DQ5 

DQ2 11 

Vss 12 OQ3 



YB8J28.10/MB8J28.15 

ABSOLUTE :MAXIMtJ.M RATINGS (See NOTE) 

Rating Symbol Value Unit 

Voltage on Any Pin With Respect to Vss VIN, VOUT, Vee - 3.5 to+7 V 

Temperature Under Bias TA - 10 to +85 ·C 

Storage Temperature TSTG - 65 to +150 ·C 

Power Dissipation Po 1.2 W 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. This device contains circuitry to protect 
the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid 
application of any voltages higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDmONS (Referenced to VSS) 

Ambient (1) 
Parameter Symbol Min Typ Max Unit Temperature 

Supply Voltage Vee 4.5 5.0 5.5 V 
Input Low Voltage VIL -3.0 - 0.8 V O·C to +70·C 
Input High Voltage VIH 2.2 - 6.0 V 

NOTE: 1) The operating ambient temperature range Is guaranteed with traverse alr1low exceeding 2 linear meters/second. 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Typ 

Input Leakage Current 
(VIN = Vss to Vee, Vee = Max) ILl -10 -
Input/Output Leakage Current 
(Elor <3= VIH,IVIIO = Vss to Vee, Vee = Max) ILO -10 .-

MB8128·10 - 70 

Power Supply Current 
TA = 25°C 

MB8128·15 - 50 
(Vee = Max, E = VIL, ICC - -MB8128-10 
DQ= Open) TA = O·C 

MB8128·15 - -
Output Low Voltage (IOL = 2.1 mAl VOL - -
Output High Voltage (IOH = -1.0 mAl VOH 2.4 -
Standby Current (Vee = Min to Max, E = VIH) 

MB8128-10 - 8 

MB8128-15 
ISB 

6 -
!:leak Power·On Current (Vee = Vss to Vee Min, MB8128·10 - -
E·= Lower of Vee or VIH Min) MB8128·15 IPO - -

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

READCYCLE 

Parameter Symbol MB8128·10 MB8128-15 

Min Typ Max Min Typ 

Read Cycle Time TAVAV 100 - - 150 -
Address Access Time TAVQV - - 100 - -
Chip Enable Access Time TELQV - - 100 - -
Output Hold from Address Change TAXQX 15 - - 20 -
Chip Enable to Output Active TELQX 0 - - 0 -
Chip Enable to Output in High Z TEHQX - - 40 - -
Output Enable to Output Valid TGLQV - - 50 - -
Output Enable to Output Active TGLQX 10 - - 10 -
Output Enable to Output in High Z TGLQZ - - 40 - -
Chip Select to Power Up Time TELIH 0 - - 0 -
Chip Select to Power Down Time TEHIL - - 40 - -

2·3 

Max Unit 

10 !lA 

10 !lA 
-
-

100 mA 

70 

0.4 V 

- V 
20 

15 
mA 

20 

15 
mA 

Unit 

Max 

- ns 
150 ns 

150 ns 

- ns 

- ns 

60 ns 

60 ns 

- ns 

60 ns 

- ns 

60 ns 



YB8128-10/YB8128-15 

CAPACITANCE (TA = 25°C, f = 1MHz) 

Parameter Symbol Typ 

Input Capacitance (VIN = OV) CIN -
InputiOutputCapacitance(VOUT = OV) CliO -

AC TEST CONDmONS 

Input Pulse Levels: 

Input Pulse Rise and Fall Time: 
Timing Measurement Reference Levels: 

O.BV to 2.4V 

10 ns 
Input: 1.5V 

Output: 1.5V 

Max 

5 

7 

Output Load: 1 TTL Gate and CL = 100 pF 

Output D 
o---------][~--------~ ------~o 

rCL 

READ CYCLE 

READ CYCLE: ADDRESS CONTROLLED2) 

Unit 

pF 

pF 

ADDRESSES --_>K_ =t§ TAVAV----------------~~-i 

: TAVOV----..... -j' 

TAXOX 

Q DATA VALID 

READ CYCLE: ce'CONTROLLE03 ) 

Q 

Vec 
SUPPLY 
CURRENT 

Ice-------- ~---~==::::::=====:!:~:!!~f::~~-
50% 

IS8-----J 

.. : Don't Care 

Note:. 1) iii is high for Read Cycle._ 
2) Device Is continuously selected, E = VIL' G ~ VIL' 

~ : Undefined Data 

3) Addresses valid prior to or coincident with E transition low. 
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WRITECYCLE 

MB8128·10 
Parameter Symbol 

Min Typ 

Write Cycle Time TAVAV 100 -
Address Valid to End of Write TAVWH 95 -
Chip Select to End of Write TELEH 95 -
Data Valid to End of Write TDVWH 40 -
Data Hold Time TWHDX 5 -
Write Pulse Width TWLWH 85 -
Write Recovery Time TWHAX 5 -

TAVWL 0 -
Address Setup Time 

TAVEL 0 -
Output Active From End of Write TWHQX 10 -
Write Enable to Output In High Z TWLQZ - -

WRITE CYCLE 

WRITE CYCLE: W CONTROLLE02) 
t-------T,AWIV 

ADDRESSES 

Vi 

o 

Q 

WRITE CYCLE: ~ ICONTROLLE0 2) 

ADDRESS 

Vi 

o 

Q 

Note: 1) If E goes low simultaneously with W low, the outputs remain in a 
high Impedance state. 

2) £ or W must be high during address transitions. 
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MB8128-10 1108128·15 

MB8128·15 
Max Min Typ Max 

Unit 

- 150 - - ns 

- 140 - - ns 

- 140 - - ns 

- 60 - - ns 
- 5 - - ns 

- 130 - - ns 

- 10 - - ns 

- 0 - - ns 

- 0 - - ns 

- 10 - - ns 
40 - - 60 ns 

Ill: Don't Care 

m : Und.fined Data 

DD:Don'tCare 

m: Undefined Data 



MB8l28-10 1MB8l28-15 

OVERVIEW 

The MB8128 from Fujitsu is a 
high performance part, designed 
for high speed and low system 
power requirements. 

The high speed is obtained byad
vanced NMOS processing. The 
low system power requirements 
are achieved by the use of the 
MB8128 chip·enable (active low). 
The MB8128 automatically en
ters standby operation drawing 

only ISB whenever the chip enable 
is high. Upon activation of chip 
enable (e = LOW) the MB8128 
automatically powers up. This 
automatic power up/down is an 
extremely useful feature. Care 
must be used as proper decoupl
ing will minimize power line glit
ches. 

Input and data bus lines are an 
additional area of concern. Un
less bus lines are properly de-

2-6 

signed and terminated, cross 
coupling, cross talk and reflec
tions can occur. Of particular im
portance Is the undershoot on 
address lines. Once again, care
ful attention to good PC board 
layout and proper termination 
techniques will yield a well 
designed and reliable memory 
system. 



MOS Memories 

• MB8167A.55, MB8167A·70 
NMOS 16,384-Bit 
Static Random Access Memory 

Description 

Features 

The Fujitsu MB8167A is a 16,384 words by 1-bit static random ac
cess memory fabricated using N-channel silicon gate MOS technol
ogy. Separate Input/output pins are provided. All devices are fully 
compatible with TIL logic families in all respects: inputs, output 
and the use of a single +5 V DC supply. 

For ease of use, chip enable (E) permits the selection of an In
dividual package when outputs are OR-tied, and automatically 
powers down the MB8167A. This device offers the advantages of 
low power dissipation, low cost, and high performance. 

.Organlzed as 16,384 words x 
1·bit 

.Static operation: no clocks or 
refresh required 

• Fast Access Time: 
MB8167A-55 55 ns Max. 
MB8167A·70 70 ns Max . 

• Slngle +5 V DC supply voltage 
• Separate data input and output 
.TIL compatible Inputs and 

output 

.ThtH-state output with OR-tie 
capability 

.Chlp enable for simplified 
memory expansion and 
automatic power down 

.AII inputs and output have 
protection against static charge 

.Standard 2O-pin DIP package 
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MB8187A.45 
MB8187A·55 
MB8187A·70 

MB8187A Block Dla.ram 
and Pin Aa.lgnment 

Abaolute MlIXlmum Retlng. 
(See Note) 

Capecltance 
(TA.=25°C; f= 1 MHz, this 
parameter Is sample'a, 
not 100% tested.) 

Recommended Operating 
Condmon. 
(Referenced to VSS) 

FUJITSU 

Au -------f:::c=:::::i-j 
A, __ ~===j 

.. -------j 

A,-----{::6::===I 
~,------------~ 

~2---~:;:==:::::j 

Truth Table 

E Vi Mode 

ROW 
SELECT 

H X NOT SELECTED 

L L WRITE 

L H READ 

Retlng 

Voltage On Any Pin with Respect to Vss 

Temperature Under Bias 

Ceramic 
Storage Temperature 

Plastic 

Power Dissipation 

CELL ARRAY 
128 ROWS 

128 COLUMNS 

Output 

HIGHZ 

HIGHZ 

DOUT 

jO 

Power 

STANDBY 

ACTIVE 

ACTIVE 

Symbol 

VIN; VOUT, vee 
TA 

TSTG 

TSTG 

PO 

AO 

A1 

A2 

A3 

A4 

As 

As 

Q 

VSS 

Value 

-3.S to +7 

-10to +85 

-65 to +150 

-55 to +125 

1.2 

Vee 

A13 

A12 

A11 

A10 

Ag 

As 

A7 

D 

IE 

Unit 

V 

·C 

·C 

W 

Note: Pennanent device damage may occur if ABSOLUTE MAXIMU",", RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operations sections of this data sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect <levios reliability. 

Parameter Symbol Typ Max Un" 

Input Capacitance (VIN =OV) CIN 5 pF 

Output Capacitance (VOUT = OV) COUT 6 pF 

Ambient 1) 

Perameter Symbol Min Typ MIIX Un" Temperature 

Supply Voltage VCC 4.5 5.0 5.5 V 

Input Low Voltage VIL -3.0 0.8 V O°C to +70°C 

Input High Voltage VIH 2.0 6.0 V 

NOIe: (1) The operating ambient temperature range Is guaranteed with transverse airflow exceeding 2 linear meters/second. 
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MB8187A·45 
MB8187A.55 
MB8187A·70 

DC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

FUJITSU 

Parameter Symbol Min Typ Max UnH 

Input Leakage Current 
(VIN = VSS to VCC, vcc = Max) 

III 0.01 10 ,.A 

Output Leakage Current 
ILO 0.1 50 pA 

E = VIH, VOUT = VSS to VCC Min, VCC = Max) 

Power Supply Current 
ICC 90 120 mA 

(VCC = Max, E = VIL, lOUT = OmA) 
Output Low Voltage (IOL = 16mA) VOL 0.45 V 

Output High Voltage (IOH = -4mA) VOH 2.4 V 

Standby Current 
19B 15 25 mA 

(VCC = Min to Max, E = VIH 

Peak Power·On Current 
IPO 25 mA 

(VCC = VSS to VCC Min, E = Lower of VCC or VIH Min) 

Raad Cycle 

... 187W5 ... 181 ... 70 
Parameter Symbol Min Max Min Max UnH 

Read Cycle Time TAVAV 55 70 ns 
Address Access Time TAVQV 55 70 ns 

Chip Enable Access Time TELQV 55 70 ns 

Output Hold from Address Change TAVQX 5 5 ns 

Chip Enable to Output Active [!] [gJ TELQX 10 10 ns 

Chip Enable to Output in High Z ill ~ TEHQZ 0 30 0 40 ns 

Chip Enable to Power Up Time TELIH 0 0 ns 

Chip Enable to Power Down Time TEHIL 30 35 ns 

Read Cycle: Address ControUed 3•4 

§ TAvAV·----------Il _____ _ 

A ~ TAVQV'----j 

TAVOX 

Q DATA VALID 

Read Cycle: E Controlled 3. 5 

~-----------------TAVAV------------------~ 

TEHOZ 

HIGH·Z 

TELl H) TEHIL~ 
VCC ICC - - - -- - - ,.----------------------------------------::--
SUPPLY IS8 _ 50% 50% 
CURRENT ---------

Notes: 
1. Transition is measured at the point of ±5OOmV from steady state voltage. 
2. This parameter Is measured wtth specified loading in Fig.2. 
3. "iii is high for Read Cycle. 
4. Device is continuously selected, E':;: VIL 
5. Addresses valid prior to or coincident with E transition low. 
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M88187A.4. 
M88187A·15 
M88187A·70 

AC Characterliltlo. 
(Recommended operating 
conditions unless otherwise 
noted.) (continued) 

FUJITSU 

WrlteCycl. 

_187WI .. 187&-70 
PIIr'IIIMter INotea\ Symbol Min "Il Min "Il Unit 

Write Cycle Time TAVAV 55 70 ns 
Address Valid to End of Write TAVWH 45 50 ns 
Chip Enable to End of Write TELEH 50 60 ns 
Data Valid to End of Write TOVWH 35 45 ns 
Dat!! Hold Time TWHOX 0 0 ns 
Write Pulse Width TWLWH 35 45 ns 
Writ~ Rl!9Overy Time TWHAX 5 10 ns 

Address'Setup Time 
TAVWL 5 5 ns 

TAVEL 0 0 ns 
Output Ac~I'Ie From End of Write IZIIB1 TWHQX 0 0 ns 
Write Enable to Output in High Z IZIIm TWLQZ 30 35 ns 

Write Cycl.= W Controll ... 9 

TAVAV 

A ~ 
TELE 

~ k{ ~///I, :/1//////. 
TAVW TWHAX: 

I---TAVWL----j, -TWLWH---I-

Vi '\\. 

.t ~TDVWH . I TWHDX 

D xx :X .XXX .XXXX II DATA'IALID IX. .XXXXX .. X} 

~ I-TWHQX 
HIGH·Z 

.X .XXX 

Write Cyol.= i Control.leel9 

TAVAV 

~ XXXXXX .X -.,-ADDRESSES 

TAV EL- TELEH 

- h 

TAVWH 
r---- TWLWH- TWHAX 

Vi \\.\.\. ,\. \. \. \. \. \. \. \. \. \. \. \. \.' '/ / / / / / /I / / / / / / / 

t j-------TDVWH .ITWHQX 

D XXX XXX .XXXXXXXI DATA VALID .l.xxxxxxXXXX) 

~QX 
I-TWLQ:-J 

HIGH·Z 
,XX)\' xxx X.XXX Q _: 

6. If e goes high simultaneously wHh'ii'high, the output remains In a high Impjldance state. 
7. TransitiOn Is measurild at the point of ±500mV from steady state voltage. 
8. this parameter Is measured with speclfled loading in Fig. 2. 
9. E or Vi must be high during add", .. transitions. 

2·10 



MB8187A·45 
MB81e7A·1i5 
MB81e7A.70 

AC Test Conditions 

FUJITSU 

Input Pulse Levels: 
Input Pulse Rise and Fall Times: 
Timing Measurement Reference Levels: 

Load capacitance: 

Fig. 2: Output Load 

2V 

1000 

DouT--------------t 

CL 

0.8 V to 2.2 V 
5 ns 
Inputs: 1.5 V 
Output: 1.5 V 
5 pF for TEHQZ, lWLQZ, TELQX and lWHQX 
30 pF for all others 

(Including I Scope and Jig) 

2·11 



FUJITSU 
MICROELECTRONICS, INC. 

NMOS 16,384·BIT STATIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8168 Is a 4096 
word by 4·bit static random ac· 
cess memory fabricated using 
N·channel silicon gate MOS 
technology. The memory Is fully 
static and requires no clock or 
timing strobe. All pins are TIL 
compatible and a single 5V power 
supply is required. 

A separate chip select E pin 
simplifies multi package system 

FEATURES 
• Organized as 4096 words x 

4-blts 
• Fully Static Operation, no 

clocks or timing strobe 
required 

• Fast Access Time: 
MB8168-55 55 ns Max. 
MB8168-70 70 ns Max. 

• Low Power Consumption: 
Icc = 150mA Max. (Active) 
Iss = 40mA Max.(Standby) 

design. It permits the selection of 
an individual package when out· 
puts are OR·tied. Furthermore, 
wh!.n selecting a single package 
by E, the other deselected pack· 
ages automatically power down. 

All Fujitsu devices offer the ad· 
vantages of low power dissipa· 
tion, low cost and high perfor· 
mance. 

• Single +5V DC Supply 
Voltage, ±10% tolerance 

• Common data input and output 
• Thre.state output with OR·tle 

capability 
• Chip select for simplified 

memory expansion, automatic 
power·down 

• Standard 2CJ.pln DIP package 
• Pin compatible with Intel 2168 

MBS168·55 
MBS168·70 

CERDIP PACKAGE 
Dlp·20C·C03 

PLASTIC PACKAGE 
DIP·20P·M01 

MB8168 BLOCK DIAGRAM PIN ASSIGNMENT 

w 

"OW 
SELECT 

MEMORY ARRAY 
128 ROWS 
128 COLUMNS 

--oWSS 

2·12 

A7 

As 

As 

A4 

A3 

A2 

A1 

Ao 

E 
Vss 

vce 
As 

A9 

A10 

A11 

DQo 

DQ1 

DQ2 

DQ3 

W 



MBSl68-55/MBSl68-70 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage On Any Pin with Respect to Vss VIN, VOUT, Vee -3.5 to +7.0 V 

Short Circuit Output Current - 20 rnA 

Temperature Under Bias TA -10 to +85 'c 
Storage Temperature Tstg -65 to +150 'c 
Power Dissipation Po 1.2 W 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may effect device reliability. This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDmONS 
(Referenced to vss ) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Input Low Voltage Vil -3.0 

Input High Voltage VIH 2.0 

Ambient 1) 
Typ Max Unit Temperature 

5.0 5.5 V 

- 0.8 V O'C to +70'C 

- 6.0 V 

Note: 1. The operating ambient temperature range 15 guaranteed with transverse airflow exceeding 2 linear meters/second. 

CAPACITANCE (TA = 25'C, f = 1 MHz, this parameter is sampled, not 100% tested.) 

Parameter Symbol Typ Max Unit 

Input Capacitance Address, 'N,: VIN = OV CIN - 7 pF 

Input Capacitance E: VIN =OV CE - 8 pF 

Output Capacitance Data 110, VOUT = OV COUT - 8 pF 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit 

Input Leakage Current 
III -10 10 pA 

(VIN = Vss to Vee, Vee = Max) 
q,utput Leakage Current 

IlO -50 50 pA 
~E = VIH, VOUT = Vss to 4.5V, Vee = Max) 
Power Suppll. Current 

ICC - 150 rnA 
(Vee = Max, E = VIL, lOUT = OmA) 

Output Low Voltage (IOl = 8mA) VOL - 0.4 V 

Output High Voltage (IOH = -4mA) VOH 2.4 - V 

Standby Current 
ISB - 40 rnA 

(Vee = Min to Max, E = VIH, lOUT = OrnA) 
Peak Power-On Current 

IPO 50 rnA 
(Vee = Vss to Vee Min, IE" = Lower of Vee or VIH Min) -
Output Short Circuit Current 

lOS -200 200 rnA 
(VOUT = VSS to Vee) 

2·13 



MBa168·55 / MBal68-70 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 
READ CYCLE 

Parameter I NOTES I Symbol MB8168-SS MB8168-70 Unit 
Min Typ Max Min Typ Max 

Read Cycle Time TAVAV 55 - - 70 - - ns 
Addres.s Access Time TAVQV - - 55 - - 70 ns 
Chip Enable Access Time TEiLQV - - 55 - - 70 ns 
Output Hold from Address Change TAXQX 5 - - 5 - - ns 
Chip Enable to Output Active [III]] TElQX 10 - - 10 - - ns 
Chip Enable to Output In High Z III I]] TEHQZ 0 - 30 0 - 40 ns 
Chip Enable to Power Up Time l3J TEllH 0 - - 0 - - ns 
Chip Enable to Power Down Time 00 TEHll - - 55 - - 70 ns 

READ CYCLE, ADDRESS CHANGING 4,5 

ADDRESSES =:t§,..~_-_-_-_~-=--=--=--=--=--=-======_T_A_VA_V_ ----------------------------------O....,i~ ~-----
TAVQV------I 

TAXQX 

DQ DATA VALID 

~ Undefined Data 

READ CYCLE, CS CHANGING 4,.6 

TAVAV 

E ~ 

TELQV TEHQZ 
I-----TELQX I---

DQ 
HIGH-Z 

l' X X DATA VALID 
HIGH-Z 

I--TELIH I--TEHIL 

~~~PLY :cscB------)-so-O-yO------------------sooL 

CURRENT 

~ Undefined Data 

Notal: 1. Tranaition ia meaaured at tha point of :tSOOmV from steady atate voltage. 
2. Thia parameter Is measured with specified loading in Fig. 2. This parameter is sampled and not 100% tested. 
3. Iii';; ICC (Max)o IL = ISB (t,Aax) 

4. 'Ii Is high for Read Cycle. 
S. Device ia continuously selected. E = VIL. 
6. Addresses valid prior to or coincident with E transition low. 

2-14 



MBSl68-55 / MB8168-70 

WRITE CYCLE 

MB8168-55 MB8168-70 

Parameter I NOTESI Symbol Min Typ Max Min 

Write Cycle Time TAVAV 55 - - 70 
Address Valid to End of Write TAVWH 50 - - 60 
Chip Enable to End of Write TElWH 50 - - 60 
Data Valid to End of Write TDVWH 25 - - 30 
Data Hold Time TWHDX 0 - - 0 

Write Pulse Width TWlWH 50 - - 60 
Write Recovery Time TWHAX, TEHAX 0 - - 0 

Address Setup Time TAVWl, TAVEL 0 - - 0 
Output Active From End of Write J]] [ID TWHQX 0 - - 0 

Write Enable to Output in High Z rn rnI TWlQZ 0 - 30 0 
Chip Enable to Output Active TElQX 10 - - 10 

WRITE CYCLE, W CONTROLLED10 

TAVAV 

ADDRESSES ---
~ 

TELWH 

:\\\' III III/III 
TAVWH 

-I-TAVWL--I f-TWLWH-- TWHAX 

\\ 

!--TDVWH-=I TWHDX 
HIGHZ m VALID 

~X -
TWLQZ- - TWHQX 

HIGH Z 
:xxx xxx [X 

WRITE CYCLE, E CONTROLLED10 

ADDRESSES 

TAVE L-

E11 
--, 

\\\ 

-

TAVAV 

ADDRESS VALID 

TELWH 

TEHAX 
TAVWH 

f---TWLWH-
\\\\\\\\\\\\ / I I I I I I I I I I I II 

HIGHZ 
I--TDVWH-=ITWHDX 

VALID )l()(XXXXXXXX 
rTELQX - I-TWLQZ 

HIGH Z 
.XXXXXXXXXA 

bC:.OI tLA Can Change Any Time 
I'V'iiI Undefined Data IT7l } 

~ In the Direction Shown 

Notes: 7. Transition Is measureed at the point of ±500 mV from steady state voltage. 
8. This parameter Is measured with specified loading in Fig. 2. 

Typ 

-
-
-
-
-
-
-
-
-
-
-

9. If E goes high simultaneously with Vii high, the output remains in a high impedance state. 
10. E or Vii must be high during address transitions. 
11. If W Is low for the entire cycle Data Out remains High Z throughout the cycle. 

Max 

-
-
-
-
-
-
-
-

-
40 
-

12. Q shows when the DQ pin Is driven by the memory chip. D shows when the DQ pin Is externally driven. 
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Unit 

ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
ns 

ns 



MB8168-55 IMB8168· 70 

Input Conditions: 
Input Pulse Levels: 
Input Pulse Rise/Fail Times: 
Input Timing Reference Level: 

AC TEST CONDmONS 

OV to 3.0V 
5 ns 
1.5V 

vcc 

Output Conditions: 
Output Timing Reference Level: O.8V to 2.0V 

DOUT ___ ~ ___ -.. 
(1/0) 

Output Load: 

R1 R2 C Parameters Measured 

Load I 4800 2550 30pF except TELQX, TEHQZ, lWLQZ, and 
lWHQX 

Load II 4800 2550 5pF TELQX, TEHQZ, lWLQZ, and lWHQX 

DEVICE OPERATION 

Controls 

The MB8168 has two control in
puts, ChJE Enable .lE> and Write 
Enable (IN). When E ~ VIH, the 
device is deselected and auto
matically controlled to the stand
by mode, reducing the power re
quirements to less than one-sixth 
of the selected state. When E :s 
VIL, the device is selected (active) 
and read or write cycles may be 
performed. E should be controlled 
to track Vcc during the initial 
system power-on to prevent all of 
the MB8168's in a system from 
drawing active ICC during power
up. 
When W ~ VIH and the chip is 
selected, a read cycle may be per-

formed. When W :s VIL and the 
chip is selected a write cycle may 
be performed. 

Read Cycle 

A read cycle is selected when E :s 
VIL and W ~ VIH. Read access 
time is measured from either the 
E high to low transition or from 
valid address as shown in the 
read cycle timing diagrams. 

Write Cycle 

A write cycle is seleted when E :s 
VIL and W :s VIH. The actual 
beginning of the write 2Ycle is in
itiated by the latter of E or W go
ing low as shown in the write cy
cle timing diagrams. The address 
setup times shown in the timing 

2-16 

OUTPUT LOAD 

diagrams must be met and the ad
dresses must remain stable for 
the entire write cycle. The w...!ite 
.2}'cle is terminated by either E or 
W going high. If the timing 
specifications are not met, data 
may be'altered or lost. 
In summary, the write cyc~ m~ 
be initiated by the latter of E or W 
going low and may be terminated 
by E or W going high, whichever 
occurs first, and the setup and 
hold times must be referenced to 
the controllinQJ!ignal transitions. 
Either E or W must be high 
(greater than VIH), during an ad
dress transition. 



A ___ 
Pow •• 

Organization TI .... Suppl, Pow •• 

' .... "1 Volts 

2Kx8 200 nS +5 

2Kx8 200 nS +5 

2Kx8 120 nS +5 

2Kx8 150 nS +5 

2Kx 8 120 nS +5 

2Kx 8 150 nS +5 

2Kx 8 200 nS +5 

2Kx8 200 nS +5 

2Kx8 120 nS +5 

2Kx 8 150 nS +5 

2Kx 8 120 nS +5 

2Kx 8 150 nS +5 

2Kx8 200 nS +5 

2Kx 8 200 nS +5 

2Kx8 120 nS +5 

2Kx 8 150 nS +5 

2Kx 8 120 nS +5 

2Kx 8 150 nS +5 

8Kx8 100 nS +5 

8Kx8 150 nS +5 

8Kx 8 100 nS 



FUJITSU 
MICROELECTRONICS, INC. 

CMOS 16384·BIT STATIC 
RANDOM ACCESS MDAORY 

DESCRIPTION 
The Fujitsu MB8416 is a 2048 
word by 8-bit static random ac
cess memory fabricated with high 
density, high reliability Comple
mentary MOS silicon-gate tech
nology. 

The memory utilizes asynchro
nous circuitry and may be main
tained in any state for an in
definite period of time. All input 
and output pins are TIL-compat
ible, and a single 5 volt power sup-

FEATURES 

ply is used. It is possible to retain 
data at low power supply voltage. 

The MB~16 can be optimized for 
high performance applications 
such as microcomputer systems 
where fast access time and ease 
of use J!l"e required. Output 
Enable (G) input permits the 
disable of all outputs when out
puts are OR-tied. The MB8416 is 
packaged in an industry standard 
24-pin dual in-line package, or 
32-pin lead less chip carrier. 

• Extended temperature range: • Completely Static operation, 
M88416-2O: _40° to +S5°C no clocks required 
M88416-2O-L: _40° to +70°C • Single +5 Volt Power Supply 

• Organized as ~ words by • TTL Compatible 
S-bl.. . Inputs/Outputs 

• Fast Access TIme: 200 ns Max. • Low Data Retention Voltage: 
• Low Standby Power: 2_0V Min. 

M88416-2O: 55 p.W • Pin compatible with HM6116, 
M88416-2OL: 5.5 p.W TC5517 and p.PD446 

MB84l6 BLOCK DIAGRAM 
.------, ---0 Vee 

---0 v •• 

BUFFER ROW 
DEC. 

MEMORY MATRIX 
128 x 16 x 8 

DO, 

TRUTH TABLE 

i ii W SUPPLY 
MODE CURRENT 

H X X Not Selected '.8 
L H H Dour Disable Icc 
L L H Reed Icc 
L X L Write Icc 

3-2 

I/O PIN 
Hlgi>Z 

Hlgi>Z 

Dour 
D,N 

MB8416·20 
MB8416·20L 

CERDIP PACKAGE 
DIP-24C-C03 

PLASTIC PACKAGE 
DIP-24P-M01 

<> LEAD LESS CHIP CARRIER 
LCC-32C-A02 

PIN ASSIGNMENTS 
A, Vee 

As As 
As As 

"- Vi 
A3 li 
A. A'0 
A, E 
Ao DQ7 

000 D06 

DQl 005 

DQ' DQ4 

V •• DQ3 

A, NC Ne NC vec NC NC 

A8 s· 3 • 1 32 31 30 28 A8 

AS 8 28 A9 

A4 7 .7 NC 

A3 8 28 W 
A2 9 MB8.,6 

(2048 x 8) 
.6 G 

A1 10 •• A10 

AD 11 .3 ~ 

NC ,. •• DOr 
DOo 13 21 00, 

14 15 18 17 18 19 20 

DQ,!oo.!VSS NCOO. ba.IPQ. 



YB84l6-20 IMB84l6·20 L 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Min Max Unit 

I Cerdip -65 150 
Storage Temperature I Plastic Tstg -40 125 ·C 

Temperature Under Bias Tblas -40 85 ·C 

Supply Voltage Vee -0.5 8.0 V 

Input Voltage VIN -0.5 Vee + 0.5 V 

Input/Output Voltage VI/O -0.5 Vee + 0.5 V 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. This device contains circuitry to protect the Inputs against damage due to high static Yoltages or electric fields. However, It is 
advised that normal precautions be taken to avoid applications of any voltage higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDmONS (Referenced to Vss = OV) 

MB8416 

Parameter Symbol Min Typ Max Unit 

I MB8416·20L -40 - +70 
·C Ambient Temperature TA I MB8416·20 -40 - +85 

Supply Voltage Vee 4.5 5.0 5.5 V 
Input High Voltage VIH 2.2 - Vee +0.3 V 

Input Low Voltage VIL -0.3 - 0.8 V 

CAPACITANCE 
(fA = 25·F, f = 1 MHz) 

Parameter Symbol Min Max Unit Condition 

Input Capacitance CIN - 7 pF VIN =OV 
Input/Output Capacitance CliO - 10 pF VI/O=OV 

STATIC CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted.) 

Parameter Condition Symbol Min Max Units 

E = Vee - 0.2toVee + 0.2V MB8416·20L - 1 
Standby Supply Current ISB1 pA 

VIN = -0.2V to Vee +0.2V MB8416-20 - 10 

Standby Supply Current E=VIH 
ISB2 mA 

VIN'= -0.2V to Vee +0.2V - 2 

Active Supply Current E=VIL 
lee1 mA 

VIN = VIL or VIH; lOUT = 0 - 60 

Operating Supply Current 
Cycle = Min, Duty = 100% 

lee2 mA 
IOUT=O - 60 

Input Leakage Current VIN - OV to Vee III -1.0 1.0 pA 

Output Leakage Current '!JIO - OV to Vee 
ILO -1.0 1.0 pA 

E=VIH 
Output High Voltage lOUT = -1.0 mA VOH 2.4 - V 
Output Low Voltage lOUT = 4.0 mA VOL - 0.4 V 
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i MB8416.20 /MB8416-~O.L 

Input Pulse Levels: 
Input Pulse Rise and Fall Times: 
Input Timing Reference Level: 
Output Timing Reference Level: 
Output Load: 

Output 
0 

DYNAMIC CHARACTERISTICS 

Parameter 

Read Cycle Time 

Write Cycle Time 
Address Access Time 
Chip Enable Access Time 
Output Hold from Address Change 

Output Low Z from E 
Output High Z from E 
Output Low Z from G 
Output High Z from G 
Output Low Z from W 
Output High Z from W 

Output Enable to Output Valid 
Address Set Up Time 

Read Set Up Time 
Read Hold Time 
Write Set Up Time 

Write Hold Time 
Address Valid to End of Write 

Chip Enable to End of Write 
Write Pulse Width 

Write Recovery Time 
Data Set Up Time 

Data Hold Time 

AC TEST CONDmONS 

0.6V to 2.4V 
10 ns 
0.8V to 2.2V 
0.8V to 2.2V 
1 TTL Gate and 
CL = 5 pF for TEHQZ, TGHQZ and TWLQZ 
CL = 100 pF for all others. 

D I 
0 

rel 

-= 

Symbol Min 

TAVAV 200 
TAVAV 200 
TAVQV -
TELQV -
TAVQX 15 
TELQX 15 
TEHQZ -
TGI-QX 15 
TGHQZ -
TWHQX 15 
TWLQZ -
TGLQV -

TAVEL, TAVWL 0 
TWHEL, TWHAV 0 
TAXWL, TEHWL 0 

TWLEL 0 
TEHWH 0 
TAVWH 160 
TELEH 160 

TWLWH 140 
TWHAX, TEHAX 10 
TDVEH, TDVWH 60 
TWHDX, TEHDX 0 

3·4 

Max Unit 

- ns 

- ns 

200 ns 
200 ns 

- ns 

- ns 

60 ns 

- ns 
60 ns 

- ns 

60 ns 
100 ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 



WAVEFORMS 

MODE L W Controlled: (E = Low. G = Low) 

Read Cycle 

:MB84l6-20l:MB84l6·20iL 

fo4---------TAVAV----------.,~ 

ADD 

Vi 

fo4------TAVQV------.J 

Q Q VALID 

D 
HIGH·Z 

WnteCycle 

1-+--------TAVAV----------l~ 

ADD 

Q 

D------------------------~ 
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MB84l6-20/MB8416-20L 

WAVEFORMS (Continued) 

MODE 2,! Controlled, (G = Low) 

Read Cycle 

i-4---------J' AVAV----------..l 

ADD 

TWHEL 

~---TELQV------J~ 

Q------------------------~ 

D ________ HI_G_H_-Z _________________________________________ _ 

Write Cycle 

1-4---------'TAVAV---------~ 

ADD 

1-4------TELEH-------t 

w 

HIGH-Z 
Q- - - - - ----------------------------------+-1------ - - - --

---- - ------------------------
D _______________ J 
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MB84l6·20 1:MB84l6·20 L 

WAVEFORMS (Continued) 

Enable/Disable G Controlled; (E = Low,W = High) 
Read Cycle 

DYNAMIC CHARACTERISTICS 

Data Retention Characteristics, NOTES ~(Recommended operating conditions unless otherwise noted.) 

Parameter Notes Symbol 

Data Retention Supply Voltage m VDR 

Data Retention Supply Current jg] lOR 

Data Retention Set Up Time ~ TEHVCL 
Recovery Time ~ 

NOTES: 

[I E = 2.2V to VDR + 0.3V when VDR = 2.5V to 5.5V 

E = VDR ± 0.3V when VDR = 2.0 to 2.5V. 

TVHEL 

~Vcc = VDR = 2.0V, E = VDR ± 0.2V VIN = - 0.2V to VDR + 0.2V. 

Min Max Unit 

2.0 5.5 V 
MB8416·20 - 10 p.A 

MB8416·20L - 1 p.A 

60 - ns 
60 - ns 

I!lVL = 4.5V on the falling transition, VH = 4.5V on the rising transition. DATA RETENTION 
MODE 

4.SV ,~ 1<". ... ' 4.SV , , 
"'--(VDRl--J 

Vec 

?FEHVL T~HEL 
_ 2.2V , , 2.2V 
E --------
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MOS Memorie • 

• MB8416A-12, ~B8416A-12L, 
MB8416A-15, MB8416A-15L 
CMOS 16,384-Bit 
Static Random Access Memory 

Description 

Fe.tures 

The Fujitsu MB8416A is a 2048-word by 8-bit static random ac
cess memory fabricated with CMOS silicon gate process_ The 
memory utilizes asynchronous circuitry and may be maintained in 
any state for an indefinite period of time_ All pins are TIL com
patible, and a single 5 volt power supply is required_ 

The MB8416A is ideally suited for use in microprocessor systems 
~nd other application:; where fast access time and ease of use 
are reQuired_ All devices offer the advantages of low power 
dissipation, low cost, and high performance_ 

• Organization: 2048 words x 
8-blts 

• Fa,t Access Time: 
120 ns max. (MB8416A·12112L) 
150 ns mllX. (MBf416A.15115L) 

• Completely static operation: 
NO clcicks required 

• nL c9mpatlble inputs/outputs 
• Three-state output 
• Common data input/output 

• Single +5V power supply 
• Low power standby: 

5.5 mW max. (MB8416A·12115) 
275/l-W max. (MB8416A·12U15L) 

• Data retention: 2.0V min. 
• Jedec Standard 24'pin DIP 

(Cerll!llic Cl!rdipiPlastic Mold) 
• Also Jedec Standard 32 pad 

LCC package.' 
• Pin compatible with HM6116, 

TC5517 and I'PD.¥6 
• Output Enable (G) pin for 

precise data bus control 

3-8 
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MB8418A·12 
MB8418A·12L 
MB8418A·15 
MB8418A·15L 

MB8418A Block Diagram 
and Pin Assignment 

Absolute Maximum Ratings 
(See Note) 

Capacitance 

Recommended Operating 
Conditions 
(Referenced to GND) 

FUJITSU 

" 

ADDRESS 
BUFFER 

Truth Table 

ROW 
DECODER 

Supply 

-4---{) Vee 

~Vss 

128 x 16 x 8 
MEMORY CELL 

ARRAY 

DO, 

ill 0 Vi Mode Current 110 Pin 

H X X Not Selected ISB High·Z 

L H H DOUT Disable lee High·Z 

L L H Read lee DOUT 
L X L Write lee DIN 

Rating Symbol 

Storage Temperature Cerdip 
T.'g Plastic 

Temperature Under Bias Tbias 

Supply Voltage Vee 
Input Voltage VIN 
Input/Output Voltage VI/O 

A7 Vcc 

As As 

As Ag 

A4 4 21 W 
A3 5 

~;r: 
G 

A2 6 t~ 19 A10 .. 
E A1 7 X'" 

Ao 8 
g; 

D07 

DOO 9 D06 

D01 D05 

D02 14 D04 

VSS D03 

Value Unit 

-65 to +150 
'C -40 to +125 

-10 to + 85 'C 

-0.5 to +7.0 V 

-0.5 to Vee+0.5 V 

-0.5 to Vee + 0.5 V 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operatiohal sections of this data sheet. This device contains circuitry to protect the In· 
puts against damage due to high static voltages or electric fields. However, it is advised that normal precautions be taken to avoid ap· 
plications of any voltage higher than maximum rated voltages to this high impedance circuit. 

Parametar Symbol Min Typ Max Unit 

I/O Capacitance (V I/O = OV) CliO 10 pF 

Input Capacitance (VIN = OV) CIN 7 pF 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage VIL -0.3 0.8 V 

Input High Voltage VIH 2;2 Vee +0.3 V 

Ambient Temperature TA 0 70 'C 
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MB8418A·12 
MB8418A·12L 
Mil8418A·15 
MB8418A·15L 

DC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Test Conditions 

AC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

FUJITSU 

MB8418A· MB8418A· 

Paramater Condition Symbol 

Standby Supply Current 1 E=Vcc -0.2 to Vcc+0.2V, 
ISB1 VIN = -0.2V to V cc +0.2V 

Standby Supply Current 2 E=VIH, 
ISB2 VIN = -0.2V to Vcc+0.2V 

Active Supply Current E- VIL ICC1 VIN = VIL or VIH; 10UT=0 

Operating Supply Current Cycle = Min, Dlity = 100% 
1CC2 lOUT = 0 

Input Leakage Current VIN=OV to Vcc ILl 

Output Leakage Current VI/O=OV to Vce 
E=VIH or G=VIH ILa 

Output High Voltage 10UT= -1.0 mA VOH 
Output low Voltage lOUT = 4.0 mA VOL 
Note: All Voltages are referenced to GND. 

Input Pulse Levels: O.6V to 2.4V 
Input Pulse Rise and Fall Times: 5ns 

(Transient Time between O.8V and 2.2V) 
Timing Reference Levels: Input: VIL =O.8V, VIH=2.2V 

Output: VOL = O.8V, VOH = 2.2V 
Output Load: CL = 5PF for TEHQZ, TGHQZ and TWLQZ 

CL = 100 pF for all others. 

12/15 
Min 

-1.0 

-1.0 

2.4 

MB8418A· 
12/12L 

Paramater Symbol Min Max 

Read Cycle Time TAVAV 120 

Write Cycle Time TAVAV 120 

Address Access Time TAVQV 120 

Chip Enable Access Time TElQV 120 

Output Hold from Address Change TAXQX 15 

Output low Z from E TElQX 15 

Output High Z from E TEHQZ 40 

Output Low Z from G TGLQX 10 

Output High Z from G TGHQZ 40 

Output Low Z from W TWHQX 15 

Output High Z from W TWLQZ 40 

Output Enable to Output Valid TGLQV 50 

Address Set Up Time TAVEL, TAVWL 0 
Read Set Up Time TWHEL, TWHAV 0 

Read Hold Time TAXWL, TEHWL 0 

Write Set Up Time TWLEL 0 

Write Hold Time TEHWH 0 

Address Valid to End of Write TAVWH 100 

Chip Enabled to End of Write TELEH 100 

Write Pulse Width TWLWH 70 

Write Recovery Time TWHAX, TEHAX 5 

Data Set Up Time TDVEH, TDVWH 35 
Data Hold Time TWHDX, TEHDX 0 

3·10 

12L115L 
Max Min Max 

0.05 

2 

60 60 

60 60 

1.0 -1.0 1.0 

1.0 -1.0 1.0 

2.4 

0.4 0.4 

MB8418A· 
15/15L 
Min Max 

150 

150 

150 

150 

15 

15 

50 

10 

50 

15 

50 

60 

0 

0 

0 

0 

0 

1:10 

120 

90 

5 

40 
0 

Unit 

mA 

mA 

mA 

mA 

"A 

"A 
V 

V 

2.2'1 

320Il 

3KO 

Ulilt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MB8418A·12 
MB8418A·12L 
MB8418A·15 
MB8418A·15L 

Mode 1 - W Controlled 
(10 = Low, G = Low) 

FUJITSU 

Reed Cycle Timing Diagram 

~------------------'TAVAV------------------~ 

ADDRESS ADDRESS VALID 

f4-----------TAVQV----------+i 

Q Q VALID 

o HIGH·Z 

Write Cycle Timing Diagram 

f4-------------------TAVAV------------------~ 

ADDRESS ADDRESS VALID 

f4---------------TAVWH-------------~ 

~----------TWLWH----------~ 

TWHQX 

Q 

TWHDX 

o HIGH·Z HIGH·Z 
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MB8418A.12 
MB8418A·12L 
MB8418A·115 
MB8418A·111L 

Mode 2 - i Controlled 
(Il = Low) 

FUJITSU 

Reed Cycle Timing Diagram 

ADDRESS 

w 

Q 

D 
HIOH·Z 

Write Cycle Timing Diagram 

f+--------TAVAV'----------+-l 

ADDRESS ADDRESS VALID 

r------------TELEH-----------~ 

w 

Q 
HIGH·Z 

TEHDX 

D 

3·12 



MB8418A·12 
MB8418A·12L 
MB8418A·15 
MB8418A.15L 

Mode 3 - Q Controlled 
{e = Low, W = High, Address 
Valid) 

Data Retention 
Characterlatlca 
(Recommended operating 
conditions unless otherwise 
noted.) 

Data Retention Timing 
Diagram 

FUJITSU 

G 

brnLQV~ {rn~z 
TGLQX 

HIGH·Z 
Q Q VALID 

MB8418A· MB8418A· 
12115 12L115L 

Parameter Symbol Min Max Min Max 

Data Retention Supply Voltage VOR 2.0 5.5 2.0 5.5 

Data Retention Supply Current lOR 0.5 0.03 

Data Retention Set Up Time TEHVL 40 40 

Recovery Time TVHEL 40 40 

Note 1. E=2.2V to VOR+O.3V when VOR=2.5V to 5.5V, E=VOR±O.3V when VOR=2.0 to 2.5V. 

Note 2. VCC=VOR=3.0V, ~=VOR-O.2V to VOR+O.2V, VIN= -O.2V to VOR+O.2V. 

Note 3. VL =4.5V on the falling transition, VH =4.5V on the rising transition. 

Vee 4.5V" 

TEHVL 

DATA RETENTION 
MODE 

, , 
""--(VDRl-- J 

3·13 

HIGH·Z 

Unit Teat Condition 

V Note 1 

mA Note 2 

ns Note 3 
ns Note 3 



MB84184·12 
MB84184·12L 
MB84184.15 
MB84184·15L 

Typloal Characterlstlos 
Curves 

FUJITSU 

§ 
~~ 
tl 
m~ 
!!. 
~ , 

I 
~ 

m 
~ 

i 
~ 
= 
~ 

", 

'" 

10-1 

1A 

..• .. .. 

Standby Supply Currant 
VS. Ambient Temp 

r- Vcc·r .. s.sv 

V V 
/ 

...... 
.,/ 

10 20 30 40 50 80 70 
rA AMSIENT TEMPERATURE l°e) 

Supply Currant 
(ActlvelOperatlng) 
VS. Supply Voltage 

T ... =25°C / 

V 
./ 

/ 

4.15 6.0 6.26 
Vee SUPPLY VOLTAGE IV) 

Access Times 
VS. Load Capacitance 

Vcc=4.SY 
T,,=25°C ..--

../ 
./ 

... ... ... 
CL LOAD CAPACITANCE (pF) 
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~ 
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I 
I 
~ 
~ 

'" ~ 

... 

..• 
u 

Standby Supply Current 
VS. Supply Voltage 

r-' ~A= .. vfi*C 
.,/ 

V 
V 

V 

3 3.5 4 4.6 
Vee SUPPLY VOLTAGE (Y) 

Access Times 
VS. Ambient Temp 

Vcc = 4.lV 

~ 

~ ....-
~ -

to 20 30 40 so eo 7tI 
TA AMBIENT TEMPERATURE '0e) 

Supply Current 
vs. Frequency 

'" VCC .. 5•5V 

1.2 -iN:~:~V'L--+---~ 

•• ~+----~---~ 
'.1 t±:::::=j==::::j 

10-1 1 101 
f FREQUENCY (MHI) 

Supply Currant 
(ActlveJOperatlng) 
vs. Ambient Temp 

vcc·s.sv 

I' r-... --
10 20 30 40 50 10 70 

TA 4MBIENT TEMPERATURE l°e) 

Access Times 
VS. Supply Voltage 

T ..... 2Ii*C 

""'- r--..... 
............. 

4.75 U 5.25 
Vee SUPPLY VOLTAGE (V) 

5.' 



FUJITSU 
MICROELECTRONICS. INC. 

CMOS 16,384·BIT STATIC 
RANDOM ACCESS :MEMORY 

D:acRIPTlON 
The Fujitsu MB8417 is a 2048 
word by 8-bit static random ac
cess memory fabricated with high 
density, high reliability Comple
mentary MOS silicon-gate tech
nology. 

The memory utilizes asynchro
nous circuitry and may be main
tained in any state for an in
definite period of time. All input 
and output pins are TIL-compat
ible, and a single 5 volt power sup-

FEArtJRfS 
• Extended temperature range: 

MB8417-20: -40°C to +85°C 
MB8417-20L: -40°C to +70oC 

• Organized as 2048 words by 
8-bits 

• Fast Access Time: 
200 ns Max_ (E" Controlled) 
100 ns Max. (I Controlled) 

• Low Standby Power. 
MB8417-2O: 55 p.W 
MB8417-2OL: 5.5 p.W 

ply is used. It is possible to retain 
data at low power supply voltage. 

The MB8417 can be optimized for 
high performance applications 
such as microcomputer systems 
where fast access time and ease 
of use are required. Chip Select S 
permits the fast access time. The 
MB8417 is packaged in an in
dustry standard 24-pin dual in-line 
package or 32-pin lead less chip 
carrier. 

• Completely Static Operation, 
no clocks required 

• Single +5 Volt Power Supply 
• TTL Compatible Inputs/Outputs 
• Low Data Retention Voltage: 

2_0V Min_ 
• Pin compatible with TC5516 

and p.PD447 

MB84l7 BLOCK DIAGRAM 

"0 

BUFFER ROW 
DEC. 

MEMORY MATRIX 
128x18.8 

---0 Vee 

----OVss 

TRUTH TABLE 
SUPPLY 

MODE CURRENT I/O PIN 
Not Selected I High·Z 
Not Selected I High·Z 

Reed Icc 0 
Wrtte Icc IN 

3-15 

MB8417·20 
MB8417·20L 

CERDIP PACKAGE 
DIP·24C·C03 

PLASTIC PACKAGE 
Dlp·24p·M01 

<:> 
LEADLESS CHIP CARRIER 

LCC·32C·A02 

PIN ASSIGNMENT 

" As .. 
A3 

A, 

A, 

Au 
HC 

" At ... 
" 

DQ, 

DQ, 

oss-... __ .... 

A7 He He He Vee He NC 

5' 3 • 1 .. 31 30 .. 

I .. , ZT 

I .. 
I MB8417 .. 
I. M 

11 •• 
12 .. 

... 
As 
HC 

iii 
ii 
A,o 

E 

DO, 
DOO 13 21 DOe 

14 15 11 17 18 1. 20 

001 DQ2 Vss.NC DQ3 DQ4 DQs 



MB8417·20 IMB84l7·20L 

ABSOLUTE MAXIMUM p,TINGS 

Parameter Symbol Min Max Unit 

Storage Temperature I Cerdip Tsig -65 150 ·C I Plastic -40 125 

Temperature Under Bias Tblas -40 85 ·C 

Supply Voltage Vee -0.5 8.0 V 

Input Voltage VIN -0.5 Vee +0.5 V 
Input/Output Voltage VI/O -0.5 Vee + 0.5 V 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. This device contains circt,lltry to protect the Inputs against damage due to high static voltages or electric fields. However, it is 
advised that normal precautions be taken to avoid applications of any yoltage higher than maximum rated voltages to this high impedance circuit. 

RECOMMENDED OPERATING CONDmONS, VSS = GND 

Parameter 

Ambient'Temperature 

Supply Voltage 
Input High Voltage 
Input Low Voltage 

CAPACITANCE 
(TA = 25·C,f=1 MHz) 

Parameter 

Input CapaCitance 
Input {Output Capacitance 

Symbol 

I MB8417·20L 
TA I MB8417·20 

Vec 
VIH 

VIL 

Symbol Min 

CIN -
CI/O -

STA'11C CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Condition 

E = Vec - 0.2toVee + 0.2V 
Standby Supply Current 

VIN = -0.2V to Vcc +0.2V 

Standby Supply Current E=VIH 
VIN = -0.2V to Vcc +0.2V 

Active Supply Current E=VIL 
VIN = VIL or VIH; lOUT = 0 

Operating Supply Current Cycle = Min, Duty = 100% 
IOUT=O 

Input Leakage Current VIN = OV to Vec 

Output Leakage Current YJ/O = OV t~ Vee 
E=VlH or S=VIH 

Output High Voltage lOUT = -1.0 mA 
Output Low Voltage IOUT-4.0 rnA 

3-16 

Min 
-40 
-40 
4.5 
2.2 
-0.3 

Max 

7 
10 

Symbol 

IS81 

IS82 

ICC1 

lec2 

III 

ILO 

VOH 
VOL 

MB8417 
Typ Max Unit 

- +70 

+85 
·C -

5.0 5.5 V 

- Vee + 0.3 V 

- 0.8 V 

Unit Condition 

pF VIN =OV 
pF VI/O=OV 

Min Max Units 

MB8417-20L - 1 
pA 

MB8417·20 - 10 

mA - 2 

mA 
- 60 

mA - 60 
-1.0 1.0 pA 

-1.0 1.0 pA 

2.4 - V 

- 0.4 V 



MB84l7·20 1MB84l7·20L 

AC TEST CONDmONS 

Input Pulse Levels: 
Input Pulse Rise and Fall Times: 
Input Timing Reference Level: 
Output Timing Reference Level: 
Output Load: 

0.6V to 2.4V 
10 ns 
0.8V to 2.2V 
0.8V to 2.2V 
1 TTL Gate and 
CL = 5 pF for TEHQZ, TGHQZ and TWLQZ 
CL = 100 pF for all others. 

Output D 
O---------J[e-------~ ~-----o 

rCL 

DYNAMIC CHARACTERISTICS 

Parameter Symbol Min Max 

Read Cycle Time TAVAV 200 -
Write Cycle Time TAVAV 200 -
Address Access Time TAVQV - 200 
Chip Enable Access Time TELQV - 200 
Chip Select Access Time TSLQV - 100 
Output Hold from Address Change TAXQX 15 -
Olitput Low Z from E or S TELQX, TSLOX 15 -
Output High Z from E or S TEHQZ, TSHQZ - 60 
Output Low Z from W TWHQX 15 -
Output High Z from W TWLQZ - 60 
Address Set Up Time TAVWL, TAVSL, TAVEL 0 -
Read Set Up Time TWHAV, TWHEL, TWHSL 0 -
Read Hold Time TEHWL, TAXWL, TSHWL 0 -
Write Set Up Time TWLSL, TWLEL 0 -
Write Hold Time TSHWH, TEHWH 0 -
Address Valid to End of Write TAVSH, TAVWH 160 -
Chip Enable to End of Write TELEH 160 -
Chip Selection to End of Write TSLSH 100 -
Write Pulse Width TWLWH 140 -
Write Recovery Time TEHAX,TWHAX,TSHAX 10 -
Data Set Up Time TDVWH, TDVEH, TDVSH 60 -
Data Hold Time TEHDX, TWHDX, TSHDX 0 -

3·17 

Unit 

ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 

ns 

ns 
ns 
ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 
ns 



MB84l7·20 IMB84l7·20L 

WAVEFORMS 

MODE I. W Controlled. (E = Low,S = Low) 

ReadCyele 

~-----------------TAVAV----------------~ 

ADD 

TAXWL 

w 

~---------TAVQV ---------.,~ 

Q Q VALID 

HIGH·Z D _______________________________ _ 

Write Cycle 

1'4-------~------- TAVAV---------------__t--l 

Q 

D--------------~ 
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WAVEFORMS (Continued) 

MODE 2: E COntrolled, (5 = Low) 

Read Cycle 

MB84l7·20/UB8417·20L 

1-4--------- TAVAV ---------..j 

ADD 

~---I"", TAVEL 

w 

i"4----TELQV---+i 

Q--------------------------(X 

HIGH·Z D- - - - - --....;.. ...... -------------------------_________ - _ -_ 

Write Cycle 

fo+-------- TAVAV -----------1"'" 

ADD 

~---I"", ~~-----TE~H----~~ 

w 

HIGH·Z 
Q - - - - - -------------------------------+-~------ - - --

-- -- - -----------------------
D 

---------------...1 

3·19 



WAVEFORMS (Continued) 

MODE 3: S Controlled, (E = LoW) 

Read Cycle 

ADD _J~_--_ -_ -___ TA_VAV-=-===X_ 
I'1::----TAVEL~ 

i 

TWHSL 

I_TSLQ~_ 
I ..... --------,TAVQV .. I_TSLQV-+-I 

Q -- - - --------------<x 

HIGH·Z D----------__________________ _ 

Write Cycle 

ADD -----lTA__ 1 ... "'Il-T_AV_.T_ .. _VA_VTS·~-LS-H----:-I-~:::-~-~-TS_-H_A~X=::::~ 
TWLSL 

W &\\ \\\\\\\f 
_I~HWH 

Yl/JI/2 
Q ____ ~HIGH.Z __ -----:-1-;----1 _ 

------x-.... ·J LxTS_HDX 
D D' VALID ----------------
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YB8417·20/MB84l7·20L 

DYNAMIC CHARACTERISTICS 
Data Retention Characteristics, NOTES 1LI~(ReCOmmended operating conditions unless otherwise noted.) 

Parameter Notes Symbol 

Data Retention Supply Voltage ill VDR 

Data Retention Supply Current lID lOR 
MB8417-20 
MB8417-20L 

Data Retention Set Up Time lID TEHVL 
Recovery Time ~ TVHEL 

NOTES: 

1. E=2.2V to VDR+ O.3V when VDR=2.5V to 5.5V, E = VDR±O.3V when VDR=2.0 to 2.5V. 
2. VCC=VDR=2.0V, E=VDR±O.2V VIN= -O.2V to VDR+O.2V. 
3_ VL = 4.5V on the falling transition, VH = 4.5V on the rising transition. 

Yee 4.5Y" 

DATA RETENTION 
MODE 

, , 
~--(VDR>--J 

3-21 

Min Max Unit 

2.0 5.5 V 

- 10 pA 

- 1 PA 
60 - ns 
60 - ns 



MOS Memories 

• MB8417A-12, MB8417A-12L, 
MB8417A-15, MB8417A-15L 
CMOS 16,384-Bit 
Static Random Access Memory 

D •• crlptlon 

F •• tur •• 

The Fujitsu MB8417A is a 2048·word by 8-bit static random ac· 
cess memory fabricated with CMOS silicon gate process. The 
memory utilizes asynchronous circuitry and may be maintained in 
any state for an indefinite period of time. All pins are TTL com· 
patible, and a single 5 volt power supply is required. 

The MB8417A is ideally suited for use in microprocessor systems 
and other applications where fast access time and ease of use 
are required. All devices offer the advantages of low power 
dissipation, low cost, and high performance. 

• Organization: 2048 words x 
8-bits 

• Fast Access Time: 
j[ Controlled: 
120 ns max. 

(MB8417A·12112l) 
150 ns max. 

(MB8417A·15115L) 
S Controlled: 

50 ns max. 
(MB8417A·12112L) 

60 ns max. 
(MB8417A·15115L) 

• Completely static oparation: 
No clocks required 

• TTL compatible inputs/outputs 
• Three·state output 
• Common data Input/output 
• Single +5V power supply 
• Low power standby: 

5.5 mW max. (MB8417A·12115) 
275/LW max. (MB8417A-12U15L) 

• Data retention: 2.0V min. 
• Jedec Standard 24-pln DIP 

(Ceramic CerdipiPlastic Mold) 
• Jedec Standard 32·pin leadless 

chip carrier 
• Pin compatible with TC5516 

3·22 
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MB8417A·12 
ilB8417A.12L 
MB8417A·11 
MB8417A·1IL 

MB8417A Block Diagram 
and Pin A •• lgnmant 

Ab.olute Maximum Rating. 
(See Note) 

Capacitance 

Recommended Operating 
Conditions 
(Referenced to GND) 

FUJITSU 

"" 
........--0 Vee 

AT Vec 
-+--0 VSS 

AS 2 23 As 
ADDRESS ROW 128 x 16 x 8 
BUFFER DECODER MEMORY CELL As 3 22 As ARRAY 

A4 4 21 Vi 
" A3 5 20 S 

iii!!: 
A2 6 !I 19 A10 

" A1 7 >< ... E 

.~ Ao 8 
S~ 

17 D07 

DOO 9 18 D06 

D01 15 D05 
W~CEB· D02 11 14 D04 
5 Vss 12 13 D03 

DC. Da, 
E 

Truth Table 

i S W 
Supply 

"ode Current 110 Pin 

H. X X Not Selected ISB Hlgh-Z 
L H X Not Selected Icc Hlgh-Z 
L L H Read Icc Dour 
L L L Write Icc DIN 

Rating Symbol Value Unit 

Storage Temperature Cerdip 
T.tg 

-65 to +150 ·C Plastic 40 to +125 

Temperature Under Bias Tbias -10 to +85 ·C 

Supply Voltage Vcc -0.5 to +7.0 V 

Input Voltage VIN -0.5 to Vcc+0.5 V 

Output Voltage VIIO -0.5 to Vcc+0.5 V 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS ara exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. This device contains circuitry to protect the in· 
puts against damage due to high static voltages or electric fields. However, it is advised that normal precautions be taken to avoid ap
plications ot any voltage higher than maximum rated voltages to this higH Impedance circuIt. 

Parameter Symbol Min Typ Max Unit 

110 Capacitance (VIIO = OV) CliO 10 pF 

Input Capacitance (VIN = OV) CIN 7 pF 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage VIL -0.3 0.8 V 

Input High Voltage VIH 2.2 Vee +0.3 V 

Ambient Temperature TA 0 70 ·C 
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MB8417A·12 
MB8417A·12L 
MB8417A.15 
MB8417A·15L 

DC Characteristics 
(Recommended operating MB8417A· MB8417A· 
conditions unless otherwise 12115 12L115L 
noted.) Parameter Condition Symbol Min Max Min Max Unit 

Standby Supply Current 1 E=Vee-0.2 to Vcc+0.2V, 
ISBl 0.05 mA 

VIN = -0.2V to Vee +0.2V 

Standby Supply Current 2 E=VIH, 
ISB2 2 mA VIN = -0.2V to Vee+0.2V 

Active Supply Current E=VIL 
ICCl 60 60 mA 

VIN = VIL or VIH; lOUT = 0 

Operating Supply Current Cycle = Min, Duty = 100% 
IC02 60 60 mA 

10UT=0 
Input Leakage Current VIN=OV to Vcc III -1.0 1.0 -1.0 1.0 pA 

Output Leakage Current YI/o = OV to V cc 
E=VIH or S=VIH ILa -1.0 1.0 -1.0 1.0 pA 

Output High Voltage 10UT= -1.0 mA \ VOH 2.4 2.4 V 
Output Low Voltage lOUT = 4.0 mA VOL 0.4 0.4 V 

Note: All voltages are referenced to GND. 

AC Characteristics 
(Recommended operating MB8417A· MB8417A· 
conditions unless otherwise 12112L 15115L 
noted.) Parameter Symbol Min Max Min Max Unl1 

Read Cycle Time TAVAV 120 150 ns 

Write Cycle Time TAVAV 120 150 ns 

Address Access Time TAVQV 120 150 ns 

Chip Enable Access Time TELQV 120 150 ns 

Output Hold from Address Change TAXQX 15 15 ns 

Output Low Z from E TELQX 15 15 ns 

Output High Z from E TEHQZ 4() 50 ns 

Output Low Z from S TSLQX 10 10 ns 

Output High Z from S TSHQZ 40 50 ns 

Output Low Z from W TNHQX 15 15 ns 

Output High Z from W rwLQZ 40 50 ns 

Chip Select to Output Valid TSLQV 50 60 ns 

Address Set Up Time TAVEL, TAWiL 0 0 ns 

Address Set Up Time TAVSL 20 20 ns 

Read Set Up Time 
TWHEL, TWHAV, 

0 0 ns 
TWHSL 

Read Hold Time TAXWL, TEHWL, 
0 0 ns 

TSHWL 

Write Set Up Time TWLEL, TWLSL 0 0 ns 

Write Hold Time TEHWH, TSHWH 0 0 ns 

Address Valid to End of Write TAVWH, TAVSH 100 120 ns 

Chip Enabled to End of Write TELEH 100 120 ns 

Chip Selection to End of Write TSLSH 50 60 ns 

Write Pulse Width TWLWH, TWLSH 70 90 ns 

Write Recovery Time TSHAX,TWHAX, 
5 5 ns 

TEHAX 

Data Set Up Time 
TDVSH, TDVEH, 35 40 ns TDVWH 

Data Hold Time 
TSHDX, TWHDX, 

0 0 ns TEHDX 

FUJITSU 
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MB8417A·12 
MB8417A.12L 
MB8417A·18 
MB8417A·1SL 

AC Test Conditions 

Mode 1 - W Controlled 
(E = Low, S = Low) 

FUJITSU 

Input Pulse Levels: O.SV to 2.4V 
Input Pulse Rise and Fall Times: 5ns 

(Transient Time between O.BV and 2.2V) 
Timing Reference Levels: Input: VIL = O.BV, VIH = 2.2V 

Output: VOL = O.BV, VOH =2.2V 
Output Load: CL = 5PF for TEHOZ, TSHOZ and TWLQZ 

CL = 100 pF for all others. 

Read Crele Timing Diagram 

~------------------TAVAV------------------~ 

ADDRESS ADDRESS VALID 

~-----------TAVQV----------~~ 

Q Q VALID 

D HIGH·Z 

Write Crele Timing Diagram 

~-------------------TAVAV------------------~~ 

ADDRESS ADDRESS VALID 

~----------------'TAVWH--------------~ 

w ~------------TWLWH----------~~ 

TWHQX 

Q 

TWHDX 

D 
HIGH·Z 

3·25 

2.2V 

3200 

3KD 

HIGH·Z 



M.8417&.12 
M.8417&.12L 
M.8417&.11 
M .. 417 &·1 ilL 

Mod. 2 - • Controlled 
(§= LoW) 

FUJITSU 

R.ad Cwo •• Timing Diagram 

ADDRESS 

w 

o 

D 
HIGH·Z 

Wrlta Cwol. Timing Diagram 

~-----------------TAVAV------------------~ 

ADDRESS ADDRESS VALID 

f----------T ELEH -------------1 

Q 
HIGH·Z 

TEHDX 

D 
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.884171.·12 

.88417A·12L 

.884171.·111 

.88417A·1IL 

.od. 3 - i Controlled 
(~ = Low, W = High, Address 
Valid) 

D ... Retention 
Cllereoterl.tlc. 
(Recommended operating 
conditions unless otherwise 
noted.) 

De .. Retention Tlmln, 
Dle,rem 

FUJITSU 

.... d C~cl. Tlmln, Dle,rem 

..J4 TAVAV >t= ADDR~7Jl/ ____ ...J/~,.~-- .~. 

IV 1///// II! II II ~I_TSLQV_ ~ 
[- TSHQX I.. ~TAVQV ., 

TSLQX--. Jr---""\I 

Q--------------~ 

D-----~H~'O=H~~~-----------------

Writ. C~cl. Tlmln, Dle,rem 
,--------TAVAV--------, 

ADDRESS ADDRESS VALID 

T7"7"'l""--"":";:""-"':"::='-..;..,L ..--TSLSH-------.. 

TSHWH 

TWLSH_1
11

-· 

Q _______ ~H~'O~H.~Z _____________________ ~~ ____ ___ 

D---------------------~>I""':::.:! l~~H-DX----

• 884171.· .884171. . 
12115 12L111L 

Perem ... r S~mbol .In • e. .In .e • 

Data Retention Supply Voltage VDR 2.0 5.5 2.0 5.5 
Data Retention Supply Current IDR 0.5 0.03 

Data Retention Set Up Time TEHVL 40 40 

Recovery Time TVHEL 40 40 

Nole 1. E=2.z.I to VDR+ 0.3V whon VDR=2.5V to 5.5V, E=VDR±0.3V whon VDR = 2.0 to 2.5V. 

NoIe2. VCC=VDR= 3.0V, ~=VDR-0.2V to VDR+0.2V, VIN= -0.2V to VDR+O.2V. 

Note 3. VL =4.5V on the failing transition, VH=4.5V on the rising transition. 

Vee 4.5V' 

TEHVL 

DATA RETENTION 
MODE 

, , 
.. --(VDR)--" 

~, ___ '!!'!!!..-j'2~.2~V~~~ 
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Unit T .. t Condition 

V Note 1 

mA Note 2 

ns Note 3 

ns Note 3 



·.8417A.12 
•• 8417A·12L 
•• 8417A.15 
.88417A·15L 

~p'oa' Cheraoter'stiH 
Curv .. 

FUJITSU 

i 
~~ 
t; 
~~ r 
j 

", 

", 

10-1 

Standby Supply Current 
vs. Ambient Temp 

_ Vcc=E=S.SV 

/' 
/' 

V 

/' 
V 

10 20 30 40 &0 10 10 
T" AMBIENT TEMPERATURE (OCI 

Supply Current 
(Active/Operating) 
vs. Supply Voltage 

T" .. 25"C 

V 

/' 
/' 

./ 

/ 

.... 5 5.0 5.25 

i. .. 
I ,. 
l 

i 

Vee SUPftLY VOLTAGE (V) 

Access Times 
vs. Load Capacitance 

Vcc· 4.5Y 
TA=25"C ,.,/ 
~ 

/' 

... '" ... 
CL LOAD CAPACITANCE (pF) 
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1.' 

.. 
0.' 

Standby Supply Current 
vs. Supply Voltage 

_ ~A".Vilf.c 

,;' 

V I-"" 

,/ 

,/ 

3 3.5 .. 4.5 . .. 
Vee SUPPLY VOLTAGE(¥) 

Access Time 
VS. Ambient Temp 

Vcc· 4.6V 

.... -~ --
10 20 30 40 &0 eo 70 
TA AMILIENT TEMPERAlURE f-c) 

Supply Current 
VS. Frequency 

Vee = 5.5V 
1 _25ec 

0.' I-~ ___ ""= __ -I 

'" I FREQUENCY (MHz) 

0.7 

'I 1.3 

I 
i 
~ 
j 

Supply Current 
(Active/Operating) 
VB. Ambient Temp 

VCC·5.6V 

........ ........ 
r-r-

10 20 50 10 70 
TA AMBIENT TEMPERATURE ("C) 

Access Time 
vs. Supply Voltage 

T,.= 2S·C 

~ 
........... 

................. 

4.75 5.0 5.25 
Vee SUPPLY YOLTAGE IV) 



FUJITSU 
MICROELECTRONICS, INC. 

CMOS 16,384·BIT STATIC 
RANDOM ACCESS J.V1ElV.[ORY 

DESCRIPTION 
The Fujitsu MB8418 is a 2048 
word by 8-bit static random ac· 
cess memory fabricated with high 
density, high reliability Comple· 
mentary MOS silicon·gate tech· 
nology. 
The memory utilizes asynchro· 
nous circuitry and may be main· 
tained in any state for an in· 
definite period of time. All input 
and output pins are TTL·compat· 
ible, and a single 5 volt power sup· 
ply is used. It is possible to,retain 
data at low power supply voltage. 

FEATURES 
• Extended temperature range: 

MB8418·20: -40°C to +85°C 
MB8418·20L: -40°C to +70°C 

• Organized as 2048 words by 
8·bits 

• Fast Access Time: 200 ns 
Max. 

• Low Standby Power: 
MB8418-20: 55p.W 
MB8418-20L: 5.5p.W 

The MB8418 can be optimized for 
high performance applications 
such as microcomputer systems 
where fast access time and ease 
of use are required. Two Chip 
Enables (E2 and E'1) permit the 
selection of an individual device 
when the outputs are OR·tied. E2 
controls minimum power con· 
sumption. The MB8418 is packag· 
ed in an industry standard 24·pin 
dual in·line package, or 32'pin 
lead less chip carrier. 

• Completely Static Operation, 
no clocks required 

• Single +5 Volt Power Supply 
• TTL Compatible 

Inputs/,Outputs 
• Low Data Retention Voltage: 

2.0V Min. 
• Pin compatible with HM6116, 

TC5517 and p.PD446 

MB84l8 BLOCK: DIAGRAM 

A. 

Vi 

E, 

r---..., 

BUFFER ROW 
DEC. 

MEMORY MATRIX 
1211111 •• 

E:. E, 
H X 

X H 

L L 

L L 

~vcc 

--0 v .. 

TRlJTB TABLE 

Vi SUPPLY 
MODE CURRENT UO PIN 

X Not Selected Iss High·Z 

X Not Selected Iss Hlgh·Z 

H Read Icc Dour 
L Write Icc D,N 

3·29 

lVIB8418·20 
MB8418·20L 

CERDIP PACKAGE 
Dlp·24C·C03 

PLASTIC PACKAGE 
DIP·24P·M01 

o 
LEADLESS CHIP CARRIER 

LCC·32·A02 

PIN ASSIGNMENTS 

A. 
A. 
IN 
E, 
A,. 
E2 
D07 
D08 
005 
D04 

DO' 

", Ne Ne Ne vee Ne Ne 

AI 54 3 2 1 32 31 3029 AI 

AS I .. AI 

A4 7 27 NC 

A3 I .. IV 

A2 • MBM1. .. E, ,. (2048 II 8) 
24 A'. A' 

AO 11 21 E2 

NC '2 .. D07 

Dao 13 21 D08 
14 1& 18 17 18 18 ZO 

DO, DO. vsa NCDOIIDO.IlO. 



YI841a-20/:Ml8418-20L 

AISOLUTE'MAXD4lJM RATINGS 
Parameter 

I ~rdlp 
$torage Temperature I Plastic 

Temperature Under Bias 

Supply Voltage 

Input Voltage 

Input/Output Voltage 

Symbol 

Tstg 

Tblas 

Vee 

VIN 

VI/O 

Min Max Unit 

-65 150 

-40 125 ·C 

-40 85 ·C 

-0.5 8.0 V 

-0.5 Vee + 0.5 V 

-0.5 Vee + 0.5 V 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed In the operational sections of this data sheet. This device contains circuitry to protect 
the Inputs against damage due to high statiC voltages or electriC fields. However, It Is advised that normal precautions be 
taken to avoid applications of any voltage higher than maximum rated voltages to this high impedance circuil. 

RECOMMENDED OPERATING CONDmONS. (Referenced to Vss = GND) 

MB8418 

'. Parameter Symbol Min Typ Max Unit 

Ambient Temperature TA 
I MB8418-20L -40 - +70 

·C 
I MB8418·20 -40 - +85 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input High Voltage VIH 2.2 - Vee + 0.3 V 

InPlJtLow Voltage . VtL -0.3 - 0.8 V 

e "," . 

CAPA~AliCE 
eTA :0 25'C, f=1MHz) 

.Parameter Symbol Min Max Unit Condition 

Input' Cap$cltance' CIN - 7 pF VIN = OV 

h'\j:rutIOutpu~ capacitance CliO - 10 pF VIIO - OV 

stA"l'ICCHARACIERISTICS 
(Recommended operating condition:s unless otherwise noted.) 

Parameter Condition Symbol Min Max Units 

E'2:oVee:tO.2 OR _ MB8418-20L - 1 
Standby Supply Current @1 == Vee + 0.2V and E2:O Vss :to.2V IS81 pA 

VIN= -02V to Vee+0.2V MB8418-20 - 10 

StanQby Supply Current E2 orE1=VIH ISB2 rnA 
VIN= -02Vto Vee+0.2V - 2 

Active Supply Current E2=VIL 
lee1 rnA 

VIN = VrL or VIH; lOUT = 0 - 60 

OperaUngSupply Current Cycle = Min, Duty:o 100% 
1CC2 rnA 

lour = 0 - 60 
Input Leakage Current VIN:O OV to Vee III -1.0 1.0 pA 

Output Leakage Current ~/O = OV to"yCC 
2= VIH or E1=VIH ILO -1.0 1.0 pA 

Output High VOltage lOUT = -1.0 mA VOH 2.4 - V 

Output low. Voltage lour = 4.0 mA VOL - 0.4 V 

3·30 



~~20/~20L 

AC TEST CONDmONS 

Input Pulse Levels: 
Input Pulse Rise and Fall Times: 
Input Timing Reference Level: 
Output Timing Reference Level: 
Output Load: 

0.6V to 2.4V 
10 ns (O.BV to 2.2 V) 
O.BV to 2.2V 
O.BV to 2.2V 
1 TTL Gate and 
CL = 5 pF for TEHQZ and TWHQZ 
CL = 100 pF for all others. 

Output D 0 

I 
0 

rel 

-= 

DYNAMIC CHARACTERISTICS 

Parameter Symbol Min Max 

Read Cycle Time TAVAV 200 -
Write Cycle Time TAVAV 200 -
Address Access Time TAVQV - 200 
Chip Enable Access Time TELQV - 200 
Output Hold from Address Change TAVQX 15 -
Output Low Z from 1:2 or E1 TELQX 15 -
Output High Z from E2 or E1 TEHQZ - 60 
Output Low Z from W TWHQV 15 -
Output High Z from W TWLQZ - 60 
Address Set Up Time TAVEL, TAVWL 0 -
Read Set Up Time TWHEL, TWHAV 0 -
Read Hold Time TAXWL, TEHWL 0 -
Write Set Up Time TWLEL 0 -
Write Hold Time TEHWH 0 -
Address Valid to End of Write TAVWH 160 -
Chip Enable to End of Write TELEH 160 -
Write Pulse Width TWLWH 140 -
Write Recovery Time TWHAX, TEHAX 10 -
Data Set Up Time TDVEH, TDVWH 60 -
Data Hold Time TWHDX, TEHDX 0 -

3·31 

Unit 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 



M:B8418-20/MB8418·20 L 

WAVEFORMS 

MODE I: W Controlled: (E2 = El = LOW) 

Read Cycle 

~----------------TAVAV----------------~~ 

ADD 

TAXWL 

TAVQX 
~------'TAVQV'-----------I~ 

Q Q VALID 

o HIGH·Z 

Write Cycle 

~----------------TAVAV----------------~ 

Q 

D--------------------------{X 
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WAVEFORMS (Continued) 

MODE 2: E2 or El Controlled (E2 = Low or El = LoW) 

Read Cycle 

MB84l8·20 I MB8418·2 0 L 

~---------------TAVAV----------------~ 
Ir----

1'4----TElQV---~ 

TElQX 

Q - - - - - ---------{ 

D ______ ....;.;.HI;.;;;G,;.;,H.,.;;Z _______________________ _ 

Write Cycle 

~----------------TAVAV----------------~~ 

ADD 

f-4----------- TElEH -----------i 

Q _______ H_IG_H_._Z ______________ -++-____ _ 

-- --------------
o - ______________ J 
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MB84l8-2,O,/MB8418-20:L 

DYNAMIC CHARACTERISTICS . . 
Data Retention Characte~cs, NOTES 11, 2, 3j(Recommended operating conditions unless otherwise noted.) 

Parameter N9tes Symbol 

Data Retention Supply Voltage III VDR 

Data Retention Supply Current lID 
MB8418-20 

lOR 
MB8418-20L 

Data Retention Set Up Time [3J TEHVCL 
Recovery Time (3] 

Notes: 
JI] E2 = 2.2V to Vee ± O.3V for VOR = 2.5V to 5.5V 

E2=VeC±O.3V for VOR=2.0 to 2.5V. 

TVHEL 

[gJ Vee = VOR, E2 = VOR -O.2V to VOR +O.2V, VIN = -O.2V to VOR +O.2V. 

00 VL = 4.5V on the failing transition, VH = 4.5V on the rising transition. 

Vce 

DATA RETENTION 
N!ODE 

3-34 

Min Max Unit 

2.0 5.5 V 

- 10 pA 

- 1 pA 

60 - ns 
60 - ns 



MOS Memories 

• MB8418A.12, MB8418A.12L, 
MB8418A.15, MB8418A·15L 
CMOS 16,384-Bit 
Static Random Access Memory 

D •• crlptlon 

F •• tur •• 

The Fujitsu MB8418A is a 2048·word by 8·bit static random ac· 
cess memory fabricated with CMOS silicon gate process. The 
memory utilizes asynchronous circuitry and may be maintained in 
any state for an indefinite period of time. All pins are TIL com· 
patlble, and a single 5 volt power supply is required. 

The MB8418A is ideally suited for use in microprocessor systems 
and other applications where fast access time and ease of use 
are required. All devices offer the advantages of low power 
dissipation, low cost, and high performance. 

• Organization: 2048 words x • Low power standby: 
8-blts 5.5 mW max. (MB8418A·12115) 

• Fast Access Timae 275mW max. (MB8418A· 
120 ns max. (MB8418A·12112L) 12U15L) 
150 ns max. (MB8418A·15J15L) • Data retention: 2.0V min. 

• Completely static operation: • Standard 24-pin DIP (Ceramic 
No clocks required CerdipiPlastic Mold) 

• TIL compatible inputs/outputs • Standard 32·pin leadless chip 
• Three-state output carrier. 
• Common data input/output • Dual chip enable inputs for 
• Single +5V power supply battery back·up use. 

3·35 
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M88418A·12 
M88418A.12L 
M88418A·1I1 
M88418A·1aL 

M88418A 8100k Diagram 
and Pin A •• lgnment 

Ab.olute Maximum Rating. 
(See Note) 

Capacitance 
(f=1 MHz, TA =25·C) 

Recommended Operating 
Condition. 
(Referenced to GND) 

FUJITSU 

A, 

.2 

ADDRESS 
BUFFER 

ROW 
DECODER 

Truth Table 

E2 E1 W Mode 

H X X Not Selected 

X H X Not Selected 

L L H Read 

L L L Write 

Paramater 

128x18x8 
MEMORY CELL 

ARRAY 

Supply 
Currant 110 Pin 

ISB Hlgh-Z 

ISB Hlgh-Z 

Icc DOUT 
Icc DIN 

Storage Temperature ~rdlr 
ast c 

Temperature Under Bias 

Supply Voltage 

Input Voltage 

Input/Output Voltage 

..-......0 Vee 

--oVss 

Symbol Value 

-65 to +150 
-40 to +125 

-10 to +85 
-0_5 to +7.0 

-0.5 to Vee +0.5 

-0.5 to Vcc+0.5 

Vcc 

A8 

Ag 

W 
E1 
A10 

E2 
DQ7 

D06 

DOS 

D04 

D03 

Unit 

·C 

·C 

V 

V 

V 

NOTE: Permanent device" damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation Should be 
restricted to the conditions as detailed In the operational sections of this data sheet. This device contains circuitry to protect the In
puts against damage due to high static voltages or electric fields. However, It is advised that normal precautions be taken to avoid ap
plications of any voltage higher than maximum rated voltages to this high Impedance Circuit. 

Paramater Symbol Min Max Unit 

I/O Capacitance (VI/O = OV) 10 pF 

Input Capacitance (VIN = OV) 7 pF 

Symbol Min Unit 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input Low Voltage -0.3 0.8 V 
Input High Voltage 2.2 Vee +0.3 V 
Ambient Temperature o 70 ·C 

3-36 



MB8418A·12 
MB8418A·12L 
MB8418A·111 
MB8418A·15L 

DC Charaoterletlce 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Taet Conditione 

AC Charaoterletlce 
(Recommended operating 
conditions unless otherwise 
noted.) 

FUJITSU 

MB8418A· MB8418A. 

Parameter Condition Symbol 

Standby Supply Current 1 
~=Vee±0.2 ,OR 
_1 = Vee + 0.2V and IS81 
E2=VSS±0.2V 
V,N = -0.2V to Vee+0.2V 

Standby Supply Current 2 ~ or El = V,H, 
IS82 V,N = -0.2V to Vee +0.2V 

Active Supply Current El = E2= V,L 
ICCI V,N = V,L or V,H; lour = 0 

Operating Supply Current Cycle = Min, Duty = 100% 
ICC2 lour = 0 

Input Leakage Current V,N=OV to Vee ILl 

Output Leakage Current V,/O-OV to Vee 
E2=V,H or El =V,H ILO 

Output High Voltage lour= -1.0 mA VOH 
Output Low Voltage lOUT = 4.0 mA VOL 
Nolo: All voltages are referenced to GND. 

Input Pulse Levels: O.6V to 2.4V 
Input Pulse Rise and Fall Times: 5ns 

(Transient Time between O.BV and 2.2V) 
Timing Reference Levels: Input: V'L =O.8V, V'H=2.2V 

Output: VOL = O.8V, VOH = 2.2V 
Output Load: CL = 5PF for TEHQZ and lWHQZ 

CL = 100 pF for aI/ others. 

12115 
Min 

-1.0 

-1.0 

2.4 

MB8418A· 
12112L 

Parameter Symbol Min Mell 

Read Cycle Time TAVAV 120 

Write Cycle Time TAVAV 120 

Address Access Time TAVQV 120 

Chip Enable Access Time TELQV 120 

Output Hold from Address Change TAXQX 15 

Output Low Z from E:! or El TELQX 15 

Output High Z from E2 or El TEHQZ 40 

Output Low Z from W TWHQX 15 

Output High Z from W TWLQZ 40 

Address Set Up Time TAVEL, TAVWL 0 

Read Set Up Time TWHEL, TWHAV 0 

Read Hold Time TAXWL, TEHWL 0 

Write Set Up Time TWLEL 0 

Write Hold Time TEHWH 0 

Address Valid to End of Write TAVWH 100 

Chip Enabled to End of Write TELEH 100 

Write Pulse Width TWLWH 70 

Write Recovery Time TWHAX, TEHAX 5 

Data Set Up Time TDVEH, TDVWH 35 

Data Hold Time TWHDX, TEHDX 0 
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12U18L 
Mall Min Mall 

0.05 

2 

60 60 

60 60 

1.0 -1.0 1.0 

1.0 -1.0 1.0 

2.4 

0.4 0.4 

MB8418A· 
1 1111 ilL 
Min Mell 

150 

150 

150 

150 

15 

15 

50 

15 

50 

0 

0 

0 

0 

0 

120 

120 

90 

5 

40 

0 

Unit 

mA 

mA 

mA 

mA 

,.A 

,.A 

V 

V 

2.2V 

3200 

3KD 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



.B8418A·12 

.B8418A·12L 

.B8418A.11 

.B8418A.1IL 

.ode 1 - if Controlled 
(E= Low) 

FUJITSU 

.... d Cyole Timing Diagram 

~------------------TAVAV------------------" 

ADDRESS ADDRESS VALID 

~----------TAVQV----------~ 

Q Q VALID 

D HIGH·Z 

Wrl .. Cyole Timing Diagram 

~------------------TAVAV------------------~ 

ADDRESS ADDRESS VALID 

Q 

D 
HIGH·Z 
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M88418A.12 
M88418A·12L 
M88418A·15 
M88418A.15L 

Mode 2 - &1 or E1 
Controlled 
(E= Low) 

FUJITSU 

Read Cycle Timing Diagram 

~------------------TAVAV------------------~ 

ADDRESS 

w 

Q 

D 
HIGH·Z 

Write Cycle Timing Diagram 

~------------------TAVAV------------------~ 

ADDRESS ADDRESS VALID 

~----------TELEH------------~ 

Q 
HIGH·Z 

TEHDX 

o 
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M88418A·12 
M88418A·12L 
M88418A·15 
M88418A·15L 

Data ..... ntlon 
Charaoterl.tlc. 
(Recommended operating 
conditions unless otherwise 
noted.) 

Data R.tentlon Timing 
Diagram 

FUJITSU 

M88418A· M88418A· 
12115 12U1SL 

Parameter S.mbol Min Ma. Min 

Data Retention Supply Voltage VOR 
Data Retention Supply Current lOR 
Data Retention Set Up Time TEHVL 

Recovery Time TVHEL 

Note 1. ~2=2.2V 10 Vcc+ O.3V forVOR=2.SV 10S.SV 

~= VCC±O.3V for VOFl=2.0 10 2.SV. 

2.0 5.5 2.0 

0.5 

40 40 
40 40 

Note 2. Vcc= VOFI= 3.0V. ~2=VOFl-o.2VIO VDR+O.2V. VIN= -O.2V 10 VOR+O.2V. 

Note 3. VL = 4.SV on ~he falliflQ transition, VH = 4.5V on the rising transition. 

Vee 4.5V~ 
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DATA RETENTION 
MODE 

, ; 
.... --(VDR)--J 

Ma. 

5.5 

0.03 

Unit T •• t Condition 

V Note 1 

mA Note 2 
ns Note 3 

ns Note 3 



MB8418A·12 
MB8418A·12L 
MB8418A·15 
MB8418A.15L 

Typical Characteristics 
Curves 

FUJITSU 

", 

Standby Supply Current 
VS. Ambient Temp 

_ Vcc","E .. s.sv 

./ 

,/ V 
V 

,/ 
V 

10 20 30 40 
TAAMBIENT TEMPERATURE ("C) 

Supply Current 
(Active/Operating) 
vs. Supply Voltage 

TA=25'C / 
V 

/' 
./' 

L 

Vee 5UPPlY VOLTAGE IV) 

Access Time 
vs. Load Capacitance 

VCC=4.5V 
..,/"' T,. = 250(: 

/ 
/ 

<GO 
CL LOAD CAPACITANCE (pF) 
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Standby Supply Current 
vs. Supply Voltage 

E=VCC 
_TA,,2S"C 

,/ 

/ 
/' 

/ 

Vee SUPPLY VOl.TAGE(VI 

Access Time 
VS. Ambient Temp 

Vee = 4.5V 

V 
i-"" --r-

10 20 30 40 50 60 70 
TA AM&ENT TEMPERATURE ("C) 

Supply Current 
vs. Frequency 

Vee "'5.5V 
1", = 25"C 

'" 

10-1 1 

I FREQUENC\, (MHII 

Supply Current 
(Active/Operating) 
VS. Ambient Temp 

Vee "S,5V 

r--. ...... -r--

T.to AMBIENT TEMPERATURE (OCI 

Access Time 
VS. Supply Voltage 

1A "25"C 

.......... 
"-..... 

.............. 1--... 

4.75 5.0 5.25 
Vee SUPPLY VOLTAGE(Vj 



FUJITSU 
MICROELECTRONICS, INC. 

CMOS 65,536·BIT STATIC 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MB8464 is a 8192 word by Sobit 
static random access memory. This device 
is fabricated using a combination of Fujit
su's high-speed N-Channel MOS silicon
gate technology and the low power con
sumptive complementary MOS silicon· 
gate technology. 

The memory utilizes asynchronous cir
cuitry and may be maintained In any state 
for an indefinite period of time. All inputs 
and output pins are TTL compatible, and a 
single +5V power supply Is used. It Is pos-

• Organized as 8192 words by II-blts 
• Fast acCess times: 

MB8464-121-12L: 120 ns Max., 
MB8464-15/·15L: 150 ns Max. 

• Low Power Consumption: 
MB84e4-121-15: 500 mW Max. (ActIve) 
MB8464-12U-15L: 330 rrtN Max. (Active) 
MB8464-121-15: 11 mW Max. (Standby) 
MB8464-12U-15L: 0.55 mW Max.(Standby) 

sible to retain data at low power supply 
voltage. 

The MB8464 can be used for high perfor· 
mance applications such as microcom
puter systems where fast access times 
and ease of use are required. Output 
Enable G input permits the disable of all 
outputs when outputs are OR-tied. The 
MB8464 is packaged in an Industry stan
dard 28-pin dual in-line package and is also 
available In a 32-pin lead less chip carrier. 

• Completely static operation: no clock 
or refresh needed 

• Single +5V supply voltage, :1:10% 
tolerence 

• Common data Inputs and outputs 
• TTL compatible inputs and outputs 
• Low data retention voltage: 2.0V min_ 
• Standard 28-pln DIP and 32-pln leadless 

Chip canter 

MB8464 BLOCK DIAGRAM 

E, 
E, 

Vi 

"'-~:::::::l--' 
",,---C=:::::1 

",--C==::l ROW 
As SEt.ECT 

A .. --C==::l 
A,,---I:;=::::::l 
A,,-"'<----l_---' 

00,-.,--,..--. 

OO,"4"H-D>-----I 

G _--'==<Lr------+---' 

TRUTH TABLE 
SUPPLY 

~ _E:z G W MODE CURRENT 
H X X X Not Selected ISB 
X L X X Not Selected ISB 
L H H H Dour Disable Icc 
L H L H Read Icc 
L H X L Write Icc 

-Vee 

-v .. 

1/0 PIN 
High·Z 
Hlgh·Z 
High-Z 

DOUT 
DIN 
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MB8464·L 
PRELIMINARY 
Note ThIll ill DOt. a..a~ . 
.... ..........,s.: ................ m ..... 

PLASTIC PACKAGE 
Dlp·28p·M02 

LEADLESS CHIP CARRIER 
LCC·32C·A02 

PIN ASSIGNMENTS 

A7A1ZNCNCVCC Vi ~ 

A.e 5 4 3 2 1 32 31 3029 Aa 

AsS 28Ag 

A4 7 27 A11 

A38 26NC 

... MB8464 25 Ii 
At 10 

.. 11 
He 12 

DQo 1~4 15 16 17 18 19 2021 DQs 

001 DQ2 Vss NCDQ3 D04 DQs 



PRELIMINARY MB8464/MB8464·L JioI-= .......... __ .... ........... ................... --....... ...... 
ABSOLUTE MAXD4lJM RATINGS 

Parameter Symbol Value Unit 

Storage Temperature i Cerdlp 
Tstg 

-65 to +150 ·C 
Plastic -40 to +125 ·C 

Temperature Under Bias Tblas -10to +85 ·C 
Supply Voltage Vee -0.5 to +7.0 V 
Input Voltage VIN -0.5 to Vee + 0.5 V 
Output Voltage VI/O -0.5 to Vee + 0.5 V 

NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed In the 
operational sections of this data sheet. This device contains circuitry to protect the Inputs against damage due to high static Yoltages or electric fields. However, It Is 
advised that normal precautions be taken to avoid applications of any voltage higher than maximum rated voltages to this high Impedance circuit. 

RECOMMENDED OPERATING CONDmONS (Referenced to Vss) 

Parameter Symbol Min Typ Max Unit Ambient Temperature 
Supply Voltage Vee 4.5 5.0 5.5 V 
Input High Voltage' VIH 2.2 - Vee + 0.3 V O·C to 70·C 

Input Low Voltage VIL·· -0.3 - 0.8 V 

CAPACITANCE (TA = 25·C) 

Parameter Symbol Min Max Unit Condition 

Input Capacitance CIN - 7 pF VIN =OV 
Input/Output Capacitance CliO - 10 pF VIIO=OV 

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Max Unit 

Input Leakage Current (VIN = Vss to Vee) III - ±10 p.A 

Output Leakage Current ( E1 ::.YIH OR E2 = VIL OR G .. = VIH J ILO - ±10 p.A 
OR W = VIL, VI/O = Vss to Vee 

Standby Power Supply Current ( -0.2V sE2S Q,2VOR ) Standard - 2 mA 
Vee-0.2V sE1sVee+0.2V IS81 
Vee -0.2V sE2s Vee +0.2V L·Version - 0.1 mA 

StandbyPowerSupplyCurrent (~~ ~:~ VIL ) 
Standard 

IS82 
- 5 mA 

L·Version - 3 mA 

( E1 = VIL, E2 = VIH ) Standard 
ICC1 

- 30 mA 
Active Power Supply Current V V V 10 L·Verslon 25 mA IN = IHor IL,OUT= -

. ( Cycle = Min. Duty = 100% ) Standard - 90 mA 
Active Power Supply Current lOUT = 0 ' L·Version lee2 - 60 mA 
Output High Voltage (IOH = -1.0mA) VOH 2.4 - V 
Output Low Voltage (IOL = 2.1 mAl VOL - 0.4 V 

··VIL(min)= -O.3V for DC leval, VIL<min)= -3.0V, for s50 nsec pulse. 
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MB8464/MB8464-L PRELIMINARY 

AC TEST CONDmONS 

Input Pulse Levels: 
Input Pulse Rise and Fall Times: 
Timing Reference Level: 

Output Load: 

0.6V to 2.4 V 
5 ns 
Input = 0.8 V, 2.2 V 
Output = 0.8V, 2.0 V 
1 TTL gate + 5pF (Including scope & jig) for 
TGHOZ, TWLOZ, TEHOZ, TWHOX, TGLOX and TEHOX 
1 TTL gate + 100pF for all others. 

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 

READ CYCLE 

MB8464-12112L MB8464-15115L 

Parameter Symbol Min Max Min Max 

Read Cycle Time TAVAV 120 150 

Address Access Time TAVQV 120 150 

E1 Access Time TE1LQV 120 150 

E2 Access Time TE2HQV 120 150 

Output Enable to Output Valid TGLQV 50 60 
Output Hold from Address Change TAXQX 10 10 

Chip Enable to Output Low·Z TE1 LQX, TE2HQX 10 10 

Output Enable to Output Low-Z TGLQX 5 5 
Chip Enable to Output High-Z TE1 HQZ, TE2HQZ 40 50 
Output Enable to Output High-Z TGHQZ 40 50 

READ CYCLE No . .11) 2) 

~ TAVAV 

AD""" ----n: 'AVO. ~ 
Q PREVIOU::~~ VALID • ~ DATA VALID 

READ CYCLE No. 21) 

ADDRESS~r_:-_-_~~-_-_~~-_-_~~~_TA_V_A_V ____________ ~>t~ ________ -
---11--:---TAVQV-----l 

Q 

Note: 1) W is high for Read Cycle. 
2) Device is continuosly selected, E1 = G = VIL> E2 = VIH. 
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PRELIMINARY MB8464/MB8464·L ............................... 
.... p.......e&: .... - ................ 

WRITE CYCLE 

MB8464-12112L MB8464-15115L 

Parameter Symbol Min Max Min Max 

Write Cycle Time TAVAV 120 150 

Address Valid to End of Write TAVWH,TAVE1H,TAVE2L 85 - 100 -
Chip Enable to End of Write TE1LE1H, TE2HE2L 85 - 100 -
Data Valid to End of Write TDVWH, TDVE1 H, TDVE2L 40 - 50 -
Data Hold Time TWHDZ, TE1 HDZ, TE2LDZ 0 - 0 -
Write Pulse Width TWLWH 70 - 90 -
Address Setup Time TAVWL, TAVE1L, TAVE2H 0 - 0 -
Write Recovery Time TWHAX,TE1HAX,TE2LAX 5 - 5 -
Chip Enable to Output Low-Z TE1 LOX, TE2HOX 5 - 5 -
Write Enable to Output Low-Z TWHOX 5 - 5 -
Write Enable to Output High-Z TWLQZ - 40 - 50 

WRITE CYCLE TIMING DIAGRAMS 

WRITE CYCLE NO.1 (W Controlled) 

ADDRESS 

TAVAV 
I 

~ X -
TAVWH -'TWHAX 

TE1LE1H 

\\\\\\~ .\\\\\\W '11111111/1/11111//11 

I 
TE2HE2L 

'IIIII/' 'IIIIIF ,\\ \ \ \ \\ \\ \\\ \ \ \ \ \ \ 
TAVWL I----TWLWH-I Vi 

'\.\\\\\\\ 

iTDVWH- !---jTWHDZ 
HIGH-Z 

D DATA IN VALID 
HIGH-Z 

TWLQZ-
I TWHQZ 

HIGH-Z I 
XXX)(XXXx ,x X,XXXXXX, XXXXXXXXlc Q 

Note: 1) IF G, El, and E2 are In the READ Mode during this period, 110 pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 
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MB8464/MB8464-L PRELIMINARY ............................ ..... ..-.... ..... - ............... 
WRITE CYCLE NO.2 ( Et Controlled.) 

TAVAV 
I --ADDRESS 

TAVE1H 

TAVE1L f- - TE1LE1H t--- - TE1 HAX 

TE2HE2L 

/1111111111 1\\\\\\\'\\\\\\\\\\\\\\ 

TWLWH 

w 0.\\\\\\\\\\\ .\\\\\' VIIII/IIIIIIIIIII, 
r-TDVE1 H- r- 1 TE1HDZ 

D 
HIGH·Z 

DATA IN VALID HIGH·Z 

TE1LQX(1) ~ ---jTWLQZ(1) 
HIGH·Z x X HIGH·Z 

Q 

WRITE CYCLE NO.3 (" E2 Controlled.) 

TAVAV 
I -- ![ ADDRESS 

TAVE2L 

TE1LE1H 

~\\\\\ I.\\\\' 1/'1111111, /,'11111 

T~ TE2HE2L TE2LAX 

TWLWH 

w ~\\\\\\\\\\ I,.\\\.\.\ fl. 'II I I 11.'1 I I I I.'/. 

HIGH·Z 
J-TDVE2L-- ~TE2LDZ 

HIGH·Z D DATA IN VALID 

TE2HQX(2) I-----j TWLQZ(2) 

Q 
HIGH·Z .Xxx HIGH·Z 

Note: 1) If G, E2 and iN. are In the READ Mode during this period, 1/0 pins are in the output state so that the input 
signaJs of opposite phase to the outputs must not be applied. 

2) IfG, E1 and iN are in the READ Mode during this period, 1/0 pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 
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PRELIMINARY MB8464/MB8464-L ............................... .... ~ .... -...... ~ 
DATA RETENTION CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 

Parameter Notes Symbol 

Data Retention Supply Voltage 1 VDR 

I L·Verslon 
lOR Data Retention Supply Current 2 I Standard 

Data Retention Set Up Time 3 TE2LVL, TE1HVL 

Recovery Time 3 TVHE1L, TVHE2H 

Note 1: E2 controlled: E2 s O.2V 
E1 controlled: E1",VOR-O.2V (E2s0.2Vor E2",VOR-O.2V) 

Note 2: E2 controlled: VOR = 3.0V, E2s O.2V 
E1 controlled: VOR=3.0V, E1",VOR-O.2V (E2s0.2V or E2",VOR-O.2V) 

Note 3: VL = 4.5V on falling transition, VH = 4.5V on rising transition. 

DATA RETENTION TIMING 

CONDITION A: 

Vee 

OR 

CONDITION B: 

I-----DATA RETENTION MODE----I 

4.5V 4.5V 

\ VDR 
'- ____________ .J 

' .... _--DATA RETENTION MODE ---II'; 

Vee 4.5V V 4.5iV 
\ _______ ~R _____ _' 

Min Max 

2.0 5.5 
0.1 -
50 

0 

TAVAV 

~TE1HVL~ ............... TVHE1L~ 
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MB8464/MB8464-L 

TYPICAL CHARACTERISTICS CURVES 

100 

~ 50 

11 

<' 
§. 

o 

10 

o 

40 

4 

4 

IS81 vs. VCC 

5 

VCC (V) 

ICC1 vs. Vcc 

5 

Vcc (V) 

ICC2 vs. Vce 

TA=25°C 
teyc=1oo ns 

6 

6 

8 - ~ ~------~----~--~ 

o 
4 5 6 

Vce (V) 
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100 
Vcc= 5.5V 

o 

~) 
o 

10 ...------...--...---
Vce=5.5V 

1 r-----t--
(; 5 

.9 

o 

40 

o 

o 

o 

Vcc= 5.5V 
tCyc=1oo ns 



PRELIMINARY 
MB8464/MB8464-L 

TYPICAL CHARACTERISTICS CURVES (Continued) 

IS81 VS. TA tM vs. TA 
150 150 

Vee=4.SV 

CO' .s 
> 100 a ..--
~ ~ 

50 50 
4 5 6 0 50 70 

Vee (V) TA (OC) 

TE1LOV, TE2HOV vs. Vee TE1LOV, TE2HOV VS. TA 

150 150 
TA=2SoC Vee = 4.5V 

CO' 
CO' .s .s > 
> a 
a J: 
J: N 

f&I 100 
w 
I- 100 

I- '> 
'> a 
a ..... 
..... Iii 
Iii l-

----V 
"....-

I-

50 50 

4 5 6 o 70 

Vee (V) 

TGLOV vs. Vee TGLOVvs. TA 

TA=2S0C Vee=4.5V 

40 40 ~----------+---~----~ 

r---- -- ~--20 ~~~------+---~----~ 

4 5 6 o 70 

Vee (V) 
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D .... • 
Pow •• patlon Packag. Pag. 
Aollv. Standbl' 

MBM2764·20 NMOS 8Kx8 200 nS +5 550 mW 143mW 
MBM2764·25 NMOS 8Kx8 250 nS +5 550mW 193 mW 
MBM2764·30 NMOS 8Kx8 300 nS +5 550mW 
MBM2764·30X NMOS 8Kx8 300 nS +5 550mW 

MBM27C64·25 CMOS 8K x 8 250 nS +5 40mW/MHz 
MBM27C64·30 CMOS 8Kx 8 300nS +5 40mW/MHz 

MBM27128-25 NMOS 16K 8 250 nS +5 550mW 
MBM27128-30 NMOS 16K 8 300 nS +5 550mW 

NMOS 32K x 8 200 nS +5V 525 mW 
NMOS 32K x 8 250 nS +5V 525mW 
NMOS 32Kx8 +5V 525mW 

32K x 8 40mW/MHz 



FUJITSU 
MICROELECTRONICS, INC. 

NMOS 65,536·BIT UV ERASABLE AND 
ELECTRICALLY PROGRA.Ml4ABLE 
READ ONLY MEMORY 

DESCRIPTION 
The Fujitsu MBM2764 is a high
speed 65,536-bit static N-channel 
MOS erasable and electrically 
reprogrammable read only mem
ory (EPROM). It Is especially 
suited for applications where 
rapid turn-around and/or bit pat
tern experimentation are impor
tant. 
A 28-pln dual in-line package with 
a transparent lid is used to 
package the M BM2764. The trans
parent lid allows the user to ex
pose the device to ultraviolet light 

FEATURES 
• Organized as 8192 words 

by &bits, fully decoded 
• Fast Access Time: 

MBM2764-20 200 ns 
MBM2764-25 250 ns 
MBM2764-30 300 ns 
MBM2764-30-X 300 ns 

• Simple programming 
requirements 

• Single location 
programming 

• Programs with Quick ProTM 
(see page 4·7) 

• Low power requirement: 
550mW active 
193mW standby 

MBM2764 BLOCK DIAGRAM 

Ao .. 
A, 

A" 

t 
V" 

In order to erase the memory bit 
pattern previously programmed. 
At the completion of erasure, a 
new pattern can then be written 
into the memory. 
The MBM2764 is fabricated using 
N-channel double polysilicon 
gate technology with single tran
sistor stacked gate cells. It is 
organized as 8,192 words by 8 bits 
for use in microprocessor ap
plications_ Single + 5V operation 
greatly facilitates its use in 
systems. 

• Extended temperature 
range: MBM2764-30-X: 
-40°C to +85°C 

• No clocks required, Fully 
static operation 

• TTL compatible 
inputs/outputs 

• Three·state output 
with OR·tle capability 

• Output Enable G pin for 
simplified memory 
expansion 

• Single +5V Operation 
• Standard 2&pln DIP 

package 
• Pin compatible with 

Intel 2764 

DO D, 

0, 

Y, COLUMN 
GATING 

: 
Y" 

2581<256 
X, CELL MATRIX 

)(155 

t t 
Vee Vss 
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1OM2764-2 0 
1OM2764·25 
1OM2764·30 
MBM2764-3o.X 

CERDIP PACKAGE 
Dlp·28C·C01 

LCC Package 
LCC·32C·A01 

PIN ASSIGNMENT 

Vpp Vee 

A7 A12 NC If NC. 

t • I 3 : ~ : ' : 32: 31 : 30: 
'-_L . .L_l J. __ L_L_J 

-.:; 
00 ..... 
<'" -~ 

~~ 

V55 

i-it As 

[~ Ag 
L~ A11 
: 2& Ne 
t:~ G 
: z,t A10 

rn ~ 
[~2 a-, 
L~' 06 
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MBM2764 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Parameter Symbol Value Unit 

Temperature Under Bias 
I MBM2764-20/-25/30 

TA 
-25 to +85 

·C I MBM2764-3()..X -50 to +95 
Storage Temperature Tstg -65to +125 ·C 

Inputs/Outputs with Respect to VSS VIN, VOUT -0_6 to +7 V 

VCC with Respect to VSS VCC -0_6 to +7 V 

Vpp with Respect to VSS Vpp -0.6 to + 22 V 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating con
ditions for extended periods may effect device reliability. 

FUNCTIONS AND PIN CONNECTIONS Vcc (28) = +5, VSS (14) = GND 

~ 
ICC 

. (DIP Pin Address Input Data 'Q E G Ii Supply Vpp 
No_) (2 -10,21,23 - 25) (11 -13,15 -19) (20) (22) (27) (28) (1) 

Mode 

Read AIN DOUT VIL VIL VIH ICC2 Vcc 

Output Disable HighZ VIL 
VIH Don't Care 

ICC2 VCC AIN Don't Care VIL 
Stand By Don't Care HighZ VIH Don't Care Don't Care ICC1 VCC 
Program AIN DIN VIL VIH VIL ICC2 Vpp 
Program Verify AIN DOUT VIL VIL VIH ICC2 Vpp 
Program Inhibit Don't Care HighZ VIH Don't Care Don't Care ICC1 Vpp 

Note: 1. P works as if G (output enable) during reading operation. 

CAPACITANCE 
(TA = 25·C, f = 1 MHz) 

Parameter Symbol Typ Max Unit 

Input Capacitance (VIN = OV) CIN 4 6 pF 

Ouput Capacitance (VOUT = OV) COUT 8 12 pF 

RECOMMENDED OPERATING CONDmONS 
(Referenced to Vss = GND) 

Operating Temperature 
Paremeter Symbol Min Typ Max Unit 

MBM2764-20/-251-30 . MBM2764-30-X 

Supply Voltage Vcc 4.50 5.0 5.50 V 
Supply Voltage Vpp Vcc -0.6 - Vcc + 0.6 V 

O·C to +70·C -40·C to +85·C 
Supply Voltage Vss - GND - V 
Input High Voltage VIH 2.0 - Vee +1 V 
Input Low Voltage VIL -0.1 - 0.8 V 
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MBM2764 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Conditions Symbol 

Input Load Current V,N = 5.5V ILl 
Output Leakage Current VOUT= 5.5V ILO 
Vpp Supply Current Vpp = Vcc ± 0.6V Ipp 

Vcc Standby Current E=V,H ICC1 
Vcc Supply Current (Active) E=V,L ICC2 
Input Low Voltage - V,L 
Input High Voltage - V,H 
Output Low Voltage IOL=2.1mA VOL 
Output High Voltage IOH = -4oopA VOH 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MBM2764·20 MBM2764-25 
Parameter 

Address to Output Delay 

E to Output Delay 

G to Output Delay 

Output Enable High to Output Float 

Address to Output Hold 

AC TEST CONDmONS 
Input Pulse levels: 
Input Rise and Fall Time: 

Symbol 

Min 

TAVQV -
TELQV -
TGLQV 10 

TGHQZ, 0 
TEHQZ 
TAXQX 0 

O.8V to2.2V 
:s20nsec 

Max Min 

200 -
200 -
70 10 

60 0 

- 0 

Timing Measurement Reference Levels: 1.0V and 2.0V for inputs 
O.8V and 2.0V for outputs 
1 TTL gate and CL = 100 pF 

Max 

250 

250 

100 

60 

-

Min ! 

-
-
-
-
-

-0.1 

2.0 

-
2.4 

MBM2764-30 
MBM2764-30-X 

Unit 

Min Max 

- 300 ns 

- 300 ns 

10 120 ns 

0 105 ns 

0 - ns 

Output Load: 

OPERATION TIMING DIAGRAM 

Max 

10 

10 

15 

35 
100 

+0.8 

Vcc+ 1 
0.45 

-

Test Conditions 

E = G = V,L 

E- V,L 

E=V,L 
E=V,L 

E=G =V,L 

ADDRESSES _____ ..I~r-----A-D~-~-~-~-E-S----
r,--------------

OUTPUT ----HIGH z-----t-t+f< ~H_~-HIGH z-

Notes: (1) G may be delay up to TAVQV-TGLQV after the falling edge of E without Impact on TAVQV. 
(2) TGHQZ or TEHQZ are specified from G or E, whichever occurs first. 
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MBM2764 

TYPICAL CHARACTERISTICS CURVES 

SUPPL Y CURRENT (STANDBY) 
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MBM2764 

TYPICAL CHARACTERISTICS CURVES (Continued) 
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YBM2764 

PROGRAMMING/ERASING INFORMATION 
MEMORYCELL Fig. 1 - MEMORY CELL 
DESCRIPTION 
The MBM2764 is fabricated using a 
single-transistor stacked gate cell 
construction, implemented via 
double-layer polysllicon technology. 
The individual cells consist of a bot
tom floating gate and a top select 
gate (see Fig. 1). The top gate is con
nected to the row decoder, while the 
floating gate is used for charge 
storage. The cell is programmed by 
the injection of high energy electrons 
through the oxide and onto the float
ing gate. The presence of the charge 
on the floating gate causes a shift in 
the cell threshold (refer to Fig. 2). In 
the initial state, the cell has a low 
threshold (VTH1) which will enable the 
transistor to be turned on when the 
cell is selected (via the top select 
gate). Programming shifts the thresh
old to a higher level (VTHO), thus 
preventing the cell transistor from 
turning on when selected. The status 
of the cell (Le., whether programmed 
or not) can be determined by examin
ing its state at the sense threshold 
(VTHS), as indicated by the dotted line 
in Fig. 2. 

CONVENTIONAL 
PROGRAMMING 
Upon delivery from Fujitsu, or after each 
erasure (see Erasure section), the 
MBM2764 has all 65,536-bits in the "1" 
or high state. "O's" are loaded into the 
MBM2764 through the procedure of pro
gramming. 

The programming mode is entered 
when +21V is applied to the Vpp pin 
and E and P are both at VIL. During 
programming, E is kept at VIL. A 0.1 pF 
capacitor between Vpp and VSS is 
needed to prevent excessive voltage 
transients, which could damage the 
device. The address to be programmed 
is applied to the proper address pins. 
Eight bit patterns are placed on the 
respective output pins. The voltage 
levels should be standard TTL levels. 
When both the address and data are 
stable, 50 msec, TTL low level pulse is 
applied to the P input to accomplish 
the programming. 

The procedure can be done manually, 
address by address, randomly, or au
tomatically via the proper circuitry. All 
that is required is that one 50 msec 
program pulse be applied at each ad
dress to be programmed. It is neces
sary that this program pulse width not 
exceed 55 msec. Therefore, applying a 
DC level to the P input is prohibited 
when programming. 
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SELECT GAT~ I: 1_-----I FLOATING GATE 

A-_-- SOURCE 

Fig. 2 - MEMORY CELL THRESHOLD SHIFl' 
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QUICKPROTM 
In addition to the standard 50 milli
second pulse width programming pro
cedure, the MBM2764 can be program
med with a fast programming algorithm 
designed by Fujitsu called Quick ProTM. 
The algorithm (shown in figure 3) 
utilizes a sequence of 1 millisecond 
pulse to program each location. This al
gorithm will typically yield a savings of 
86% in programming time per device 
when utilized in commercially available 
programmers. However, in custom pro
grammer designs that require less over
head the savings can be even greater. 

The programming mode is entered 
when +6V is applied to the VCC pin 
followed by applying +21V to VPP pin. 
A TTL low input must be applied to the 
E input. Conversely, a TTL high input 
must be applied to the G input. After the 
programming voltages and TTL levels 
have stabilized, a sequence of 1 milli
second pulses must be applied to the P 
pin for programming. After each pulse, 
a pulse counter must be incremented 
and the location should be checked for 
accuracy. Upon verification, an addi
tional sequence of 1 millisecond pulses 
equal to the present value of the pulse 
count{lr must be applied to the location 
to ensure proper levels of stored 
charge. An alternate approach to the 
additional pulses would be to apply a 
Single TTL low pulse with a width equiv
alent to the value of the pulse counter 
multiplied by 1 millisecond. When the 
pulse counter reaches a maximum of 
20, the verification procedure is skipped 
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and a flag is set to indicate a program 
failure. Upon completion of program
ming of the entire device, a final array 
verification (all locations) is required. 
All Fujitsu devices will typically require 
only two 1 millisecond pulses (one in
itial and one additional) to reach proper 
stored charge levels. 

ERASURE 
In order to clear all locations of their 
programmed contents, it is necessary 
to expose the MBM2764 to an 
ultraviolet light source. A dosage of 
15W-seconds/cm2 is required to com
pletely erase an MBM2764. This 
dosage can be obtained by exposure 
to an ultraviolet lamp (wavelength of 
2537 Angstroms (A) with intenSity of 
12,000pW/cm2 for 15 to 20 minutes. 

The MBM2764 should be about one 
inch from the source and all filters 
should be removed from the UV light 
source prior to erasure. 
It is important to note that the 
MBM2764 and similar devices, will 
erase with light sources having 
wavelengths shorter than 4000 A. 
Although erasure times will be much 
longer than with UV sources at 2537 
A, nevertheless, the exposure to 
fluoresc,-,t light and sunlight will 
eventually erase the MBM2764 and 
such exposure should be prevented to 
realize maximum system reliability. If 
used in such an environment, the 
package windows should be covered 
by an opaque label or substance. 



MBM'2764 

PROGRAMMING/ERASING INFORMATION (Continued) 

DC CHARACI'ERISTICS 
(TA = 25±5°C, Vee = 5V ±5%, Vpp = 21V ±0.5V) 

Parameter Symbol Min Max 

Input Leakage Current III - 10 
Output Low Voltage VOL - 0.45 
Output High Voltage VOH 2.4 -
Vee Supply Current Icc - 100 
Input Low Voltage VIL -0.1 O.B 
Input High Voltage VIH 2.0 Vee +1 
Vpp Supply Current Ipp - 30 

AC CHARACTERISTICS 
(TA = 25±,5°C, Vee = 5V ±5%, Vpp = 21V ±0.5V) 

Parameter Symbol Min 

Address Setup Time TAVPL 2 
E Setup Time TELPL 2 

Data Setup Time TDVPL 2 
Address Hold Time TGHAX 0 
Data Hold Time 111 TPHDZ 2 
Chip Enable to Output Float Delay TGHQZ -
Vpp Setup Time TVPPHL 2 
P Pulse Width-Conventional TPLPH 45 
j5 Pulse Width-Quick·Pro™ TPLPH 0.45 
GSetupTime III TDZGL 2 
Data Valid from G TGLQV -
Notes; 
[] TPHOZ + TOZQL ~ 50l's. 

PROGRAMMING WAVEFORM 

ADDRESSES ) ADDRESS N 

TAVPL 

HIGHZ 
DATA DATA IN STABLE 

TDVPL TPHDZ TGLQV 

Vpp 
Vpp 

Vee 
/ 

T,{PPHPL 

VIH 
E \ 

VIL 
TELPL 

ji 
VIH 

VIL 

'ti 
V1H 

VIL 

TPLPH 
I--TDZGL-j 

~ 
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Unit Te.t Condition. 

pA VIN = 0.45V-5.25V 
V IOL = 2.1 mA 
V IOH = -400pA 

mA -
V -
V -

mA CE- PGM - VIL 

Typ Max Unit 

- - ,.s 

- - ,.s 

- - ,.s 

- - ,.8 
- - ,.s 

- 130 ns 

- - ,.s 
50 55 ms 

1.00 1.05 ms 

- - ,.8 
- 150 ns 

K 
TGHAX 

DATA OUT 
VALID 

TGHQZ 

I 



MOS Memories 

• MBM27C6~25,MBM27C6~30 
CMOS 65,536-Bit UV Erasable and 
Electrically Programmable 
Read Only Memory 

De.crlptlon 

Feature. 

The Fujitsu MBM27C64 is a high speed 65,536-bit static Comple
mentary MOS erasable and electrically reprogram mabie read only 
memory (EPROM). It is especially suited for applications where the 
extremely low power consumption of CMOS is essential. The 
device dissipates only 40 mW/MHz when active, typically 5p.W when 
in standby, yet It provides the same high speed performance as the 
NMOS MBM2764·type devices. 

This package is available in either a Jedec Standard 2B-pin dual·in· 
line package or a Jedec Standard 32·pln LCC package both of 
which have a transparent lid. The transparent lid allows the user to 
expose the device to ultraviolet light in order to erase the memory 
bit pattern previously programmed. At the completion of erasure, a 
new pattern can be programmed into the memory. 

The MBM27C64 is fabricated using CMOS double polysilicon gate 
technology with single transistor stacked gate cells. It is organized 
as 8192 words by B-bits for use in microprocessor applications. Sin· 
gle +5V operation greatly facilitates its use In systems. 

• CMOS Power Consumption: 
550p.W max. (Standby) 
5.51' W tyPo (Standby) 

40mW/MHz (Active) 

• Fast Access Time: 
MBM27C64-25 250 ns max. 
MBM27C64-30 300 ns max. 

• Utilizes the same simple pro
gramming requirements as 
MBM2764 

• May be programmed 8 times 
faster than conventional 
methods using FuJitsu's 
QUICKPRO algorithm (see page 
4-14) 

• Single +5V operation 
.10% Vee tolerance standard 
• TTL compatible inputS/outputs 
• Three--state output provides OR· 

tie capability 

• Output Enable G pin provides 
precise data bus control 

• Pin and function compatible 
with 2764-type devices 

• -40°C to +85°C and -55°C to 
+125°C temp. ranges available 
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MBM27C84-25 
MBM27C84-30 

MBM27C84 Block Diagram 
and Pin Assignments 

G 
E 
l' 

A. 

A. 

A, 

A" 

t 
v •• 

Absolute Maximum Ratings 
(See Note) 

Functions snd 
Pin Connections 
(Vcc(28) = +5, Vss(14) = GND) 

FUJITSU 

Vpp vee 
A'2 IS 

A7 NC 

A6 As 

As Ag 

A, A" 

A3 Ci 

A2 A10 

A, E 
AD 07 

00 06 

0, 05 
---------

02 a, 
Vss 03 

Y. COLUMN 
GATING 

Y" 

Vpp Vee 
256)(256 

X. CELL MATRIX A7 A12 N9 is' ~c. 

X2SS 

t t 
Vee VSS 

Parameter Symbol Value Unit 

Temperature Under Bias -25 to +85 'C 

Storage Temperature -65 to +125 'C 

Inputs/Outputs with Respect to Vss -0.6 to +7 V 

Vcc with Respect to Vss -0.6 to +7 V 

Vpp with Respect to Vss -0.6 to +22 V 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed In the operational sections of this data sheet. Exposure to absolute maximum rating condi
tions for extended periods may effect'devlce reliability. This device contains circuitry to protect the inputs against damage due to 
higl1 static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. 

Function 
(DIP Pin No.) 

E Q P 
Icc 

Address Input DatsllO Supply Vpp 
Mode (2-10,21,23-25) (11-13,15-19) (20) (22) (27) (28) (i) 

Read AIN DoUT VIL VIL VIH ICC1 Vec 
VIH Don't Care 

Output Disable AIN HighZ VIL 
Don't Care VIL 

Icc1 Vcc 

Stand By Don't Care HighZ VIH Don't Care Don't Care 1581 Vcc 
Program AIN DIN VIL V1H VIL lec1 Vpp 

Program Verify AIN DOUT V1L V1L V1H 1CC1 Vpp 

Program Inhibit Don't Care High Z VIH Don't Care Don't Care 1581 Vpp 
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MBM27ce4.25 
MBM27Ce4·30 

Capacitance 
(TA = 25·C, f = 1 MHz) 

Recommended Operating 
Conditions 
(Referenced to Vss = GND) 

DC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC T.st Conditions 

FUJITSU 

Parameter Symbol Typ Max Unit 

Input Capacitance (VIN = OV) 4 6 pF 
Output Capacitance (VOUT = ov) COUT 8 12 pF 

Operating 
Parameter Symbol Min Typ Max Unit Temperature 

Supply Voltage (Note 1) Vee 4.50 5.0 5.50 V 

Supply Voltage Vpp Vee -0.6 Vee +0.6 V O·C to +70·C 

Supply Voltage Vss GND V Note 2 

Input High Voltage V1H 2.0 Vee +0.3 V 

Input Low Voltage V1l -0.1 0.8 V 

Nota 1. Vee must be applied either before or coincident with Vpp and removed either after or coincident with Vpp. 
Nota 2. -40·Cto +85·C available as MBM27C64-25-X, MBM27Cfl4.3O.X -55·Cto +125·C available as MBM27Cfl4.3O.W. 

Parameter Symbol Min Typ Max 
(Note 1) 

Input Load Current (V1N = 5.50V) III 10 

Output Leakage Current (V OUT = 5.50V) ILO 10 
Vpp Supply Current Ipp 100 

Vee Standby Current (E = V1H) ISB1 
~ Standby Current 
( = Vee -0.3V to Vee + 0.3V, lOUT = OmA) ISB2 100 

Vee Active Current (E = V1J lee1 30 

Vee Operation Current (f = 4MHz, lOUT = OmA) 1CC2 30 

Output Low Voltage (Iol = 2.1 rnA) VOL 0.45 
Output High Voltage (loH = -400p,A) VOH 2.4 

Nota 1. Vee = 5.0V and TA = 25·C. 

Parameter Symbol 
MBM27Ce4·25 MBM27Ce4.30 

Min 

~ddr~ss to O!!.tput Delay TAVQV 
(E = G = V1l, P = V1H) 
E to Output Delay (G = V1l, P = V1H) TELQV 

~ to Output Delay (E = V1l, P = V1H) TGLQV 10 

P to Output Delay (E = G = V1J TPHQV 10 
Output Enable High to Output Float TGHQZ 0 (See Note 2) 

Address to output Hold TAXQX 0 

Note 2. TGHQZ is specified from E, G, or P, whichever occurs first. 

Input Pulse Levels: 0.8 V to 2.2 V 
Input Rise and Fall Time: ,; 20nsec 
Timing Measurement Reference Levels: 1.0 and 2.0V for inputs 

0.8 and 2.0V for outputs 
1 TIL gate and Cl = 100 pF 
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Max Min Max 

250 300 

250 300 

100 10 150 

100 10 150 

60 0 105 

0 

Output Load: 

Unit 

"A-
"A-
"A-
rnA 

p,A 

rnA 

rnA 

V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 



MBM27C84·25 
MBM27C84·30 

Operation Timing Diagram 

Typical Characteristics 
Curves 

FUJITSU 
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Standby Current 
vs Ambient Temperature 
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-------MBM27Ce4.2I 
MBM27Ce4.aO 

Typical Characteristics 
Curv .. , continued 

Programming I Era.lng 
Informetlon 

FUJITSU 

20 

10 

Output Source Current 
vs Output High Voltage 

VCC=5V -
TA,=25°C_ 

- ...... 
....... 

"-

" 3.0 4.0 5.0 
VOH. OUTPUT HIGH VOLTAGE (V) 

Memory Cell De.crlptlon 
The MBM27C64 is fabricated 
using a single-transistor stack
ed gate cell construction, im
plemented via double-layer poly
silicon technology. The in
dividual cells consist of a bot
tom floating gate and a top 
select gate (see Fig. 1). The top 
gate Is connected to the row 
decoder, while the floating gate 
is used for charge storage. The 
cell is programmed by the injec
tion of high energy electrons 
through the oxide and onto the 
floating gate. The presence of 
the charge on the floating gate 
causes a shift in the Cell thresh
old (refer to Fig. 2). In the initial 
state, the cell has a low thresh
old (VTH1) which will enable the 
transistor to be turned on when 
the cell is selected (via the top 
select gate). Programming 
shifts the threshold to a higher 
level (VTHOl, thus preventing the 
cell transistor from turning on 
when selected. The status of 
the cell (I.e., whether program
med or not) can be determined 
by examining Its state at the 
sense threshold (VTHsl, as in
dicated by the dotted line In 
Fig. 2. 
Upon delivery from Fujitsu, or 
after each erasure (see Erasure 
section), the MBM27C64 has all 
65,536 bits In the "1" or high 
state. "0'5" are loaded Into the 
MBM27C64 through the pro
cedure of programming. 

Conventional Programming 
The programrning mode is 
entered when +21Y,is aPElied 
to the V pp pin and E and Pare 
both a!. V1L• During program
ming, E is kept at V1L• A 0.11'F 
capacitor between Vpp and Vss 
is needed to prevent excessive 

Output Sink Current 
vs Output Low Voltage 

I-- VCC=5V ./ 
or-TA=2SOC 

f 

0 

0 

If 

/ 

/ 

o 0.2 0.4 0.6 0.8 1.0 1.2 

VOL. OUTPUT LOW VOLTAGE (V) 

voltage transients, which could 
damage the device. The ad
dress to be programmed Is ap
plied to the proper address 
pins. A pattern of eight bits are 
placed on the respective output 
pins. The voltage levels should 
be standard TTL levels. When 
both the address and data are 
stable, 50 msec, TTL low level 
pulse Is applied to the P input 
to accomplish the program
ming. 

Fig. 1 - Memory Cell 
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The procedure can be done 
mlilnually, address by address, 
randomly, or automatically via 
the proper circuitry. All that Is 
required is that one 50 m!lec 
program pulse be applied at 
each address to be program
med. It is necessary that this 
program pulse width not exceed 
55 msec. Therefore, applying a 
DC level to the 'j5 input is pro
hibited when programming. 

~
DRAIN 
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SOURCE 

Fig. 2 - Memor), Cell Threshold Shift 
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MBM27C14·21 
M8M27CI4·30 

Itrogrammlng'Era.lng 
Information, continued 

FUJITSU 

Qulok Pro ™ Programming 
I n addition to the standard 50 
millisecond pulse width pro
gramming procedure, the 
MBM27C64 can be programmed 
with a fast programming 
algorithm designed by Fujitsu 
called Quick Pro TM. The 
algorithm (shown in figure 3) 
utilizes a sequence of 1 millise
cond pulses to program each 
location. This algorithm will 
typically yield a savings of 86% 
in programming time per device 
when utilized in commercially 
available programmers. 
However, In custom program
mer deSigns that require less 
overhead the savings can be 
even greater .. 

The programming mode is 
entered when +6V is applied to 
the vee pin followed by apply· 
ing +21V to VPP pin. A TTL low 
Input must be applied to the E 
Input and a TTL high input 
must be applied to the G input. 
After the programming voltages 
and TTL levels have stabilized, 
a sequence of 1 millisecond 
pulses must be applied to the IS 
pin for programming. After each 
pulse, a pulse counter must be 
incremented and the location 
should be checked for ac
curacy. Upon verification, an 
additional sequence of 1 
millisecond pulses equal to the 
present value of the pulse 
counter must be applied to the 
location to ensure proper levels 
of stored charge. An alternate 
approach to the additional 
pulses would be to apply. a 
single TTL low pulse with a 
width equivalent to the value of 
the pulse counter multiplied by 
1 millisecond. When the pulse 
counter reaches a maximum of 
20, the verification procedure is 
skipped and a flag is set to in
dicate a program failure. Upon 
completion of programming of 
the entire device, a final array 
verification (all locations) Is re
quired. All Fujitsu devices will 
typically require only two 1 
millisecond 'pulses (one Initial 
and one additional) 10 reach 
proper stored charge levels. 

Era.ur. . 
In order to clear all locations of 
their programmed contents, It is 
necessary to expose the 
MBM27C64 to an ultraviolet 
light source. A dosage of 

15W-secondslcm2 is required to 
completely erase an 
MBM27C64. This dosage can be 
obtained by exposure to an 
ultraviolet lamp (wavelength of 
2537 Angstroms (A) with Inten
sity of 12,000"W/cm2) for 15 to 
20 minutes. The MBM27C64 
should be about one inch from 
the source and all filters should 
be rempved from the UV light 
source prior to erasure. 

It Is Important to note that the 
MBM27C64 and similar devices, 

will erase with light sources 
having wavelengths shorter 
than 4000 A. Although erasure 
times will be much longer than 
with UV sources at 2537 A, nev· 
ertheless, the exposure to fluo
rescent light and sunlight will 
eventually erase the MBM27C64 
and such exposure should be 
prevented to realize maximum 
data retention. If used in such 
an environment, the package 
windows should be covered by 
an opaque label or substance. 

Fig. 3 - Quick Pro ™ Program Flow Chart 

Vee. 8V ::t O.25V 
Vpp = 21V ::t O.5V 

Tpw = 1m.:t 50,.18 
( ... Xms::t 5%) 

G: START ADDRESS 
N: STOP ADDRESS 

MAXIMUM 40 ml + a/BYTE 
MINIMUM 2 ms + a/BYTE 

(FOR EXAMPLE 
14K BIT EPROM 
MAXIMUM 320sec + (J 
MINIMUM 181eC + {J 

QUICK PRO TM IS A TRADEMARK OF FUJITSU LIMITED 
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MBM27C84-25 
MBM27C84-30 

DC Characlerl.tlc. 
(TA = 25 ±5'C, 
Vee = 5V ±10% (Conventional), 
Vee=BV ± 0.25V (Quick Pro™) 
Vpp = 21V ±0.5V) 

AC Characterl.tlea 
(TA = 25 ±5'C, 
Vee = 5V ±10% (Conventional), 
V cc = BV ± 0.25V (Quick Pro TM) 
Vpp = 21V ±0.5V) 

Programming Waveform 

FUJITSU 

Parameter Symbol Min Mall Unit Te.t Condition. 

Input leakage Current III 10 pA VIN = 0.45V-5.25V 
Output low Voltage During Verify VOL 0.45 V IOL=2.1 mA 
Output High Voltage During Verify VOH 2.4 V 10H = -400mA 
Vcc Supply Current Icc1 30 mA 
Input low Voltage VIL -0.1 0.8 V 
Input High Voltage VIH 2.0 Vcc+0.3 V 
Vpp Supply Current 

IpP2 30 mA During Programming Pulse E = P= VIL 

Note 1. Vcc must be applied either coincidently or before Vpp and removed either cOincidently or after Vpp. 
Note 2. Vpp must not be greater than 21.5 volts including overshoot. ~rm~nent device damage may occur if the device 
is taken out or put into socket remaining Vpp = 21 volts. Also, during E = P = VIL• Vpp must not be switched from 5 
volts to 21 volts or vise-versa. 

Parameter Symbol Min Typ 

Address Setup Time TAVPl 2 

ESetupTime TElPl 2 

Data Setup Time TDVPl 2 
Address Hold Time TGHAX 0 

Data Hold Time ITI TPHDZ 2 

Chip Enable to Output Float Delay TGHQZ 0 

Vpp Setup Time TVPPHPl 2 

is Pulse Width-Conventional TPlPH 25 50 
P Pulse Width-Ouick·Pro™ TPlPH 0.95 1.00 

GSetupTime ITI TDZGl 2 

Data Valid from G TGlQV 

Notel1l TPHDZ + TDZGL", 50,.... 

ADDRESSES ,~ ADDRESS N 

Q 

Vpp 
Vpp 

Vec .-.-J 

~ 

TAVPL 

DATA IN STABLE 

TDVPL TPHDZ 

TVPPHPL 

TELPL 

~ ~ r TPLPHl 
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HIGHZ 

~ 

TDZGL 

I 

~ 

Mall Un" 

ps 

pS 

pS 

ps 

pS 

130 ns 

ps 

55 ms 

1.05 ms 

ps 

150 ns 

V-
"'---

TGHAX 

D~lft.l~UT 
TGHQZ 
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MOS Memories 

• MBM27128-25, MBM27128-30 
UV Erasable 131,072-Bit 
Read Only Memory 

Description 

Feature. 

The Fujitsu MBM27128 is a high speed 131,072·bit static N·chan· 
nel MOS erasable and electrically reprogrammable read only 
memory (EPROM). It is especia!ly well suited for applications 
where rapid turn·around and/or bit pattern experimentation are 
important. 

A 28·pin dual in·line package or leadless chip carrier (32·pin) with 
a transparent lid is used to package the MBM27128. The trans· 
parent lid allows the user to expose the device to ultraviolet light 
in order to erase the memory bit pattern previously programmed. 
At the completion of erasure, a new pattern can then be written 
into the memory. . 

The MBM27128 is fabricated using N·channel double polysilicon 
gate technology with single transistor stacked gate cells. It is 
organized as 16,384 words by 8·bits for use in microprocessor ap· 
plications. Single + 5V operation greatly faCilitates its use in 
single supply systems. 

• Organized as 16,384 x 8 fully 
decoded 

• Low power requirement: 
(550 mW (act), 
1113 mW (standby)) 

• No clocks required (fully static 
operation) 

• Programmable utilizing the 
Quick Pro ™ Algorithm 

• Program compatible with the 
Intel Inteligent Programming ™ 
Algorithm 

• Fast access Time: 
MBM27128·25 250 ns Max. 
MBM27128·30 300 ns Max. 

• TTL compatible 
inputs/outputs 

• Three-state output with OR·tle 
capability 

• Output Enable G pin provides 
precise control of the data bus 

• Single +5Voperation 
• Standard 28·pin DIP package 
• Pin compatible with Intel 27128 

Quick Pro ™ is a trademark of Fujitsu Microelectronics Inc. 

intellgent Programming ™ is a trademark of Intel Corporation. 
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MBM27128.2. 
MBM27128·30 

MBM27128 Block Diagram 
and Pin Assignments 

Absolute Maximum RatIngs 
(See Note) 

Functions and 
Pin Connections 

FUJITSU 

Vpp 'CC 

A12 P 
A, A13 .. .. 
As .. .. A" 
A, i 
A, A,. 

A, E 
Ao a, 
o. a. 
a, a. 
0, a. 

A, '" 0, 

A, 

~ 
A., 

~ .. 
! I I 

v .. Vee '" 

... [k 
-to [!i 00 
"tic:. ~6 • <'" IE ." -0 
m' ; 
:e~ !li 

I!! ., 

Parameter Symbol Unit 

Temperature Under Bias TA -25 to +85 'C 

Storage Temperature Tot9 -65 to + 125 'C 

InputsJOutputs with Respect to Vss VIN' VOUT -0,6 to +7 V 

Vpp with Respect to Vss Vpp -0.6 to +22 V 

Vee with Respect to Vss Vee -0.6 to +7 V 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operations sections of this data sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. This device contains circuitry to protect the Inputs against damage due to high static voltages or elec
tric fields. It is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this 
high impedance circuit. 

Function 
(DIP Pin No.) 

Address Input Date E 0 P Vec Vpp V •• 
Ao·An QO·Q7 (20) (22) (27) (28) (1) (14) 

Mode (2·10,23.26,21) (11.13,15·19) 

Read AIN Dour VIL VIL VIH Vee Vee Vss 

Output Disable Don't Care High Z VIL 
VIH Don't Care 

Vee Vee Vss Don't Care VIL 
Stand by Don't Care High Z VIH Don't Care Don't Care Vee Vee Vss 
Program AIN DIN VIL VIH VIL Vee Vpp Vss 
Program Verify AIN Dour VIL VIL VIH Vee Vpp Vss 
Program Inhibit Don't Care High Z VIH Don't Care Don't Care Vee Vpp Vss 
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MB_27128·25 
MB_27128·80 

Capacltanca 
(TA = 25·C, f = 1MHz) 

Recommendad Operating 
Conditions 
(Referenced to V ss! 

DC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Test Conditions 
(Including programming) 

FUJITSU 

Parametar Symbol Min Typ Max Unit 

Input Capacitance (VIN = OV) CIN 4 6 pF 

Ouput Capacitance (Vour = OV) COUT 8 12 pF 

Parameter Symbol Min Typ Max Unit Operating Tamperatura 

Vcc Supply Voltage Vcc 4.5 5.0 5.5 V 

Vpp Supply Voltage Vpp Vee-0.6 Vee+ 0.6 V O·C to +70·C 
Input High Voltage VIH 2.0 Vee +1 V 

Input Low Voltage VIL -0.1 0.8 V 

Parameter Symbol Min Typ Max Unit 

Input Load Current (VIN = 5.5V) III 10 ~ 
Output Leakage Current (Vour = 5.5V) ILO 10 ~ 
Vcc Standby Current (E = VIH) ICCl 35 mA 

Vee Supply Current (E = VIJ ICC2 100 mA 

Vpp Supply Current (Vpp = Vee ±0.6V) Ipp 5 mA 

Output Low Voltage (VOL = 2.1mA) VOL 0.45 V 

Output High Voltage (IOH = - 4oottA) VOH 2.4 V 

MBM27128.25 MB_27128·80 
Paramatar 

Address Access Time 

E to Output Delay 

G to Output Delay 

Address to Hold Time 

E or G High to Output Float 

Input Pulse levels: 
Input Rise and Fall Time: 

Symbol 

TAVQV 

TELQV 

TGLQV 

TAXQX 

TGHQZ, TEHQZ 

O.BV to 2.2V 
,;;20nsec 

_In 

0 

0 

Timing Measurement Reference Levels: 1.0V and 2.0V for inputs 
O.8V and 2.0V for outputs 

Output Load: 1 TIL gate and CL = 100 pF 

4·18 

_u 
Min Max 

250 300 ns 

250 300 ns 

100 120 ns 

0 ns 

60 0 105 ns 



M8M27128·2. 
M8M27128·30 

Operation Timing Diagram 

ProgremmlnglEra.lng 
Information 

FUJITSU 

ADDRESSES 

Q 

Note 1. G may be delayed up to TAVQV·TGLQV alter failing edge of E without Impact on TAVQV. 
Notes 2. TGHDZ or TEHQZ is specified from G or E respectively, which ever occurs first. 

Memory Cell De.erlptlon 
The MBM27128 Is fabricated 
using a single·transistor 
stacked gate cell construc· 
tion, Implemented via double· 
layer polysilicon technology .. 
The Individual cells consist of 
a bottom floating gate and a 
top select gate (see Fig. 1). 
The top gate is connected to 
the row decoder, while the 
floating gate Is used for 
charge storage. The cell is 
programmed by the injection 
of high energy electrons 
through the oxide and onto 
the floating gate. The 
presence of the charge on the 
floating gate causes a shift in 
the cell threshold (refer to Fig. 
2). In the initial state, the cell 
has a low threshold (VTH1) 

which will enable the tran· 
sistor to be turned on when 
the cell Is selected (via the top 
select gate). Programming 
shifts the threshold to a 
higher level (VTHO), thus 
preventing the cell transistor 
from turning on when 
selected. The status of the 
cell (i.e., whether programmed 
or not) can be determined by 
examining its state at the 
sense threshold (VTHS), as in
dicated by the dotted line in 
Fig. 2. 

Conventional Programming 
Upon delivery from Fujitsu, or 
after each erasure (see 
Erasure section), the 
MBM27128 has all 131,072-bits 
in the "I" or high state. "a's" 
are loaded into the MBM27128 

through the procedure of pro
gramming. 

The programming mode Is 
entered when +21'[is ape.lied 
to the Vpp pin and E and Pare 
both at VIL• During programm· 
ing, E Is kept at VIL. A O.I"F 
capacitor between Vpp and 
V ss is needed to prevent ex
cessive voltage transients, 
which could damage the 
device. The address to be pro
grammed Is applied to the 
proper address pins. Eight bit 
patterns are placed on the 
respective output pins. The 
voltage levels should be stan
dard TIL levels. When both 

Fig. 1 - Memory Cell 

the address and data are 
stable, 50 msec, TIL low level 
pulse Is applied to the P Input 
to accomplish the programm
ing. 

The procedure can be done 
manually, address by address, 
randomly, or automatically via 
the proper circuitry. All that is 
required is that one 50 msec 
program pulse be applied at 
each address to be programm· 
ed. It Is necessary that this 
program pulse width not ex· 
ceed 55 msec. Therefore~ ap
plying a DC level to the'" In
put is prohibited when pro· 
gramming. 

~
DRAIN 

SELECT GATE 

~ : FLOATING GATE 

SOURCE 

Fig_ 2 - Memory Cell Thre.hol Shift 

NOT PROGRAMMED PROGRAMMED 
"1" "0" 

PROGRAM 

ERASE 

VTH1 Vn S 
(NOT PROGRAMMED) tsrNSE THRESHOLD) IPROGRAMMEQ) 

SELECT GATE VOLTAGE IVI 
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MBM27128·2S 
MBM27128·aO 

ProgrammlnglEraaur. 
Information, continued 

FUJITSU 

"Quick Pro"'" Programming 
In addition to the standard 50 
millisecond pulse width pro
gramming procedure, the 
MBM27128 can be program
med with a fast programming 
algorithm designed by Fujitsu 
called Quick Pro TM. The 
algorithm (shown in figure 3) 
utilizes a sequence of 1 millise
cond pulse to program each 
location. This algorithm will 
typically yield a savings of 
86% in programming time per 
device when utilized in com
mercially available pro
grammers. However, in custom 
programmer designs that re
quire less overhead the sav
ings can be even greater. 

The programming mode is 
entered when +6V is applied 
to the vee pin followed by ap
plying +21V to VPP pin. A TTL 
low.!!lput must be applied to 
the E input and a TTL high ill
put must be applied to the G 
input. After the programming 
voltages and TTL levels have 
stabilized, a sequence of 1 
millisecond Qulses must be ap
plied to the "P pin for program
ming. After each pulse, a pulse 
counter must be incremented 
and the location should be 
checked for accuracy. Upon 
verification, an additional se
quence of 1 millisecond pulses 
equal to the present value of 
the pulse counter must be ap
plied to the location to ensure 
proper levels of stored charge. 
An alternate approach to the 
additional pulses would be to 
apply a single TTL low pulse 
with a width equivalent to the 
value of the pulse counter 
multiplied by 1 millisecond. 
When the pulse counter 
rEjaches a maximum of 20, the 
verification procedure is skip
ped and a flag is set to in
dicate a program failure. Upon 
completion of programming of 
the entire device, a final array 
verification (all locations) is re
quired. All Fujitsu devices will 
typically require only two 1 
millisecond pulses (one initial 
and one additional) to reach 
sufficient stored charge levels. 

Eraaur. 
In order to clear all locations 
of their programmed contents, 

it Is necessary to expose the 
MBM27128 to an ultraviolet 
light source. A dosage of 
15W-seconds/cm2 is required 
to completely erase an 
MBM27128. This dosage can 
be obtained by exposure to an 
ultraviolet lamp (wavelength 
of 2537 Angstroms (A) with in
tensity of 12,OOOl'W/cm2 for 
15 to 20 minutes. The 
MBM27128 should be about 
one inch from the source and 
all filters should be removed 
from the UV light source prior 
to erasure. 

It is important to note that the 

MBM27128 and similar 
devices, will erase with light 
sources having wavelengths 
shorter than 4000 A. Although 
erasure times will be much 
longer than with UV sources 
at 2537 A, nevertheless, the 
exposure to fluorescent light 
and sunlight will eventually 
erase the MBM27128 and 
such exposure should be pre
vented to realize maximum 
system reliability. If used in 
such an environment, the 
package windows should be 
covered by an opaque label or 
substance. 

Figure a. - Quick Pro'" Flow Chart 

Vee::; 8V ~ O.25V 
Vpp = 21V :t: O.5V 

Tpw=1ms±SO,l'S 
(*=Xms±S%) 

G: START ADDRESS 
N: STOP ADDRESS 

MAXIMUM 40 ms ... a/BYTE 
MINIMUM 2 ms + alBYTE 

(FOR EXAMPLE 
B4K BIT EPROM 
MAXIMUM 320sec + (:J 

MINIMUM 1Ssec + fJ 

QUICK PRO TM IS A TRADEMARK OF FUJITSU LIMITED 
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M •• 27128-215 
iI •• 27128.30 

Programming Char8Cterletlce 

DC Characterletlce 
(TA = 25 ±5°C, 
Voo = 5V ±5% (Conventional), 
Voo=6V ± O.25V (Quick Pro™) 
Vpp = 21V ±0.5V) 

AC Characteristics 
(TA=25±5°C, 
Voo = 5V ±5% (Conventional), 
V 00 = 6V ± O.25V (Quick Pro TM) 
Vpp = 21V ±O.5V) 

Programming Waveform 

FUJITSU 

Parameter Symbol Min Max Unit T .. t Conditione 

Input Leakage Current III 10 p.A VIN = 5.25V/0.45V 

Vpp Supply Current During Programming Pulse IpP2 30 mA E- P- VIL 
Vpp Supply Current During Verify IpP3 5 mA E=VIL P=VIH 
Vpp Supply Current Program Inhibit (Active) Ipp4 5 mA E=VIH 
VOO Supply Current Program Inhibit 1001 35 mA E=VIH 
V 00 Supply Current Program & Verify 1002 100 mA 

Input Low Voltage VIL -0.1 +0.8 V 

Input High Voltage VIH 2.0 Voo +1 V 

Output Low Voltage During Verify VOL 0.45 V IOL= 2.1 mA 

Output High Voltage During Verify VOH 2.4 V 10H = -400"A 

Note 1. Vcc must be applied either coincidently or before Vpp and removed either coincidently or after Vpp. 

Note 2. Vpp must not be greater than 21.5 volts including overshot. Permane,!! d'!Yice change may occur If the 
device is taken out or put Into socket remaining Vpp = 21 volts. Also, during E = P = VIL, Vpp must not be 
switched from Voo to 21 volts or vise·versa. 

Parameter Symbol Min Typ Max Unit 

Address Setup Time TAVPL 2 ",s 
Chip Enable Setup Time TELPL 2 ",s 
Output Enable Time [j] TDZGL 2 ",s 
Data Setup Time TDVPL 2 ",s 
Address Hold Time TGHAX 0 /LS 
Data Hold Time 111 TPHDZ 2 "'S 
Output Enable to Output Float Delay TGHQZ 130 ns 
Data Valid from Output Enable TGLQV 150 ns 

Vpp Setup Ti(!)e TVPPHPL 2 "'s 
P Pulse Width.conventional TPLPH 25 50 55 ms 

P Pulse Width·Quick·Pro™ TPLPH 0.95 1.00 1.05 ms 

Note III TPHDZ + TDZGL " 5OILS. 

Q 

Vpp 
Vpp 

Vee 

VIH 
i VIL 

ji 
VIH 

VIL 

G 
VIH 

VIL 
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MOS Memories FUJITSU 

• MBM27256-20, MBM27256-25, MBM27256-30 
CMOS 32,768 X 8-Bit UV Erasable and 
Electrically Programmable 
Read Only Memory 

De.crlptlon 

Feature. 

The Fujitsu MBM27256 is a high speed 262,144·bit static N·channel 
MOS erasable and electrically reprogrammable read only memory 
(EPROM). It is especially well suited for applications where rapid 
turn·around and/or bit pattern experimentation, and low·power con· 
sumption are important. 

A 2B-pin dual in·line package with a transparent lid and 32·pad 
lead less chip carrier (LCC) are used to package the MBM27256. The 
transparent lid allows the user to expose the device to ultraviolet 
light in order to erase the memory bit pattern previously programm· 
ed. At the completion of erasure, a new pattern can then be written 
into the memory. 

The MBM27256 is fabricated using N-channel double polysilicon 
gate technology with single transistor stacked gate cells. It is 
organized as 32,768 words by B-bits for use in microprocessor ap· 
plications. Single +5V operation greatly facilitates its use in 
systems. .: 

• 32,768 words by B-blts organlza· 
tlon, fully decoded 

• Programming utilizing the 
Quick Pro TM Algorithm 

• Programs with two 1 ms pulses 
• Low Power requirement 

[525 mW (act.), 
210 mW (standby)] 

• No clocks required (fully static 
operation) 

• TTL compatible inputs and 
outputs 

• Three stata output with OR·tie 
capability 

• Output Enable (OE) pin for 
simplified memory expansion 

• Fast Access Time: 
MBM27258-20 200 ns max. 
MBM27258-2525O ns max. 
MBM27258-35 300 ns max. 

• Single +5V operation 
• Standard 28-pln DIP 

package/32·pad LCC 
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M8Ma72l1l1·ao 
M8Mnalle·all 
M8Ma7alle·30 

M8Ma7alle 810ck Diagram 
and Pin A •• lgnmenta 

Ab.oluta Maximum Rating. 
(See Note) 

Function. and 
Pin Connection. 

FUJITSU 

,0, 

Do 

II, 

l---------
Yo } COLUMN 

'A, GATING 

Ao 
Y127 

X, 
512 It 512 

CEll MATRIX 

A,. 
X'" 

! 
v •• Vee GND 

Parametar Swmbol 

Temperature Under Bias 

Storage Temperature 

Inputs/Outputs with Respect to GND 

Vpp with Respect to GND Vpp 

Vee with Respect to GND 

0, v •• 
A12 

A, 

As 

As 

A, 

A, 

A, 

A, 

Ao 

0 0 

a, 
a, 

Vss 

Vpp vee 
A7 A12! NC I A'4 A13 

0, Q21NC03Q40S 

Vss 

vee 
,A14 

Au 

As 

A, 

Al1 

G 
AlO 

E 
a, 
a, 
as 
a, 
a, 

Value Unit 

-25 to +85 ·C 

-85 to +125 ·C 

-O.S to +7 V 

-O.S to +22 V 

-O.S to +7 V 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions 8S detailed In the operational s8ctlons of this data sheet. Exposure to absolute maximum rating condl· 
tlons for extended periods may effect device reliability. This device contains circuitry to protect the Inputs against damage due to 
hIgh static voltages or electric fields. It Is advised that normal precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. 

"unction 
(DIP Pin No.) Addreulnput Date 110 CB OB Vee Vpp GND 

(a-10, a1, (11-13, (aO) (aa) (a8) (1) (14) 
a3-a7) 111-18) 

Mode 

Read AIN DOUT V,l V1l Vee Vee GND 

Output Disable AIN HlghZ V,L V,H Vee Vee GND 

Stand By Don't Care HighZ V,H Don't Care Vee Vee GND 

Program A'N D'N V,L V1H Vee Vpp GND 

Program Verify A'N DOUT V,L V1L Vee Vpp GND 

Program Inhibit Don't Care HighZ V,H Don't Care Vee Vpp GND 
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M8M27211·20 
MBM27211·2S 
MBM272se·so 

Capacltailca 
(TA = 25·C. f = 1 MHz) 

Recommended Operating 
Conditions 
(Referenced to GND) 

DC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Test Conditions 

AC Characteristics 
(Recommended operating 
conditions unless otherwise 
noted.) 

FUJITSU 

Parameter S,mbol Min Tp Max Unit 

Input capacitance (VIN = OV) 4 6 pF 
Output capacitance (V OUT = OV) COUT 8 12 pF 

Operating 
Parameter S,mbol Min T,p Max Unit Temperature 

Vee Supply Voltage(1) Vee 4.75 5.0 5.25 V 
Vpp Supply Voltage Vpp Vee-0.6 Vee +0.6 V O·C to +70·C 
Input High Voltage VIH 2.0 Vee +1 V 
Input Low Voltage VIL -0.1 0.8 V 

Note 1. Vee must be applied either before or coincident with Vpp and removed either after or COincident with Vpp. 

Parameter S,mboI Min TrP Max Unit 

Input Load Current (VIN = 5.25V) lu 10 pA 

Output Leakage Current (V OUT = 5.25V) 10 pA 

Vee Standby Current (CE = VIH! 40 mA 
Vee Supply Current (CE = VII) 1ci;2 100 mA 
V pp Standby Current (V pp - Vee ± 0.6V) Ipp 5 mA 
Output Low Voltage (IOL = 2.1 mAl 0.45 V 
Output High Voltage (loH = -400pA) 2.4 V 

0.8Vt02.2V ~ 
:s 20 ns 
1.0 V and 2.0 V for Inputs 
0.8 V and 2.0 V for outputs CL 

Input Pulse Levels: 
Input Rise and Fall Times: 
Timing Measurement Reference Levels: 

Output Load: 1 TTL gate and CL = 100 pF I 

MBM2725.·20 MBM2725e.26 MBM2725 .. 80 
Parameter S,mbol Min TrP Max, Min TrP Max Min t,p Max lInlt 

Address to Output Delay·1 tAee 200 250 300 ns 
CE to Output Delay tCE 200 250 300 ns 
OE to Output Delay"1 tOE 10 70 10 100 10 120 ns 
Address to Output Hold tOH 0 0 0 ns 
Output Enable High 

tOF 0 60 0 60 0 105 ns to Output Float"2 

Notes: 
"I. OE may be delayed up to tACC-tOE after the failing edge of CE without impact on tACC. 
"2. tOF Is specified from OE or CE, whichever occurs first. Output Float Is defined as the pOint where data is no 

longer driven. 
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M8M27211e·20 
M8M272I1e·211 
M8M27211e·ao 

Operation Tlmlnll Dlallram 

Prollrammlng'Eraslng 
Information 

FUJITSU 

ADDRESS V,H -
VIL -

) A~~~f.fS 

'i 
I-Ic.-

'i 
'-10 .... 

K 

IOF -
_IOHf4" 

_I..,c-
HIGH·Z 

OUTPUT 

Memory Cell Description 

The MBM27256 is fabricated 
using a single-transistor 
stacked gate cell construction, 
implemented via double-layer 
polysllicon technology. The 
individual cells consist of a 
bottom floating gate and a top 
select gate (see Fig. 3). The top 
gate is connected to the row 
decoder, while the floating gate 
is used for charge storage. The 
cell is programmed by the 
injection of high energy 
electrons through the oxide and 
onto the floating gate. The 
presence of the charge on the 
floating gate causes a shift in 
the cell threshold (refer to Fig. 
4). In the Initial state, the cell 
has a low threshold (VTH1) 
which will enable the transistor 
to be turned on when the cell is 
selected (via the top select 
gate). Programming shifts the 
threshold to a higher level 
(VTHol, thus preventing the cell 
transistor from turning on when 
selected. The status of the cell 
(i.e., whether programmed or 
not) can be determined by 
examining its state at the sense 
threshold (VTHsl, as indicated by 
the dotted line in Fig. 2. 

Conventional Programmlnll 

Upon delivery from Fujitsu, or 
after each erasure (see Erasure 
section), the MBM27256 has all 
262,144 bits in the "1", or high, 
state. "O's" are loaded Into the 
MBM27256 through the pro
cedure of programming. 

Quick Pro ™ Prollrammlnll 

The programming mode is en· 
tered when + 12.5V and +6V 
are applied to the Vpp pin and 
Vee ~respectively, and eE 
and OE are V1H• A 0.1",F 

//1 ~'\ HIGH·Z 
VALID OUTPUT 

'\'\ fL V 

Fill. 2 - Memory cen Threshold ShiH 

Not Programmed 
"1" 

Programmed 
"0" 

Program 

Erase 

VTH1 YTHS YTHO 
(Not Programmed) (Sense Threshold) (Programmed) 

Select Gate Voltage (V) 



••• 1171111·110 
••• 1171111·111 
••• 1171111·30 

Prolrammlnl'·rulnl 
Information, continued 

Programming Wavatorm 

FUJITSU 

8) Compare the number of pro
gramming pulse. If X = 20, 
jump to the 10). If X<2O, 
proceed the next step. 

9) Verify the data. If program
med data are the same as 
Input data, proceed the next 
step. If programming data 
are not the same as input 
data, repeat the 6) thru 8). 

10) Apply the additional pro
gramming pulse to the CE 
pin (1 ms x X or X ms x 1). 

11) Compare the address. If the 
programmed address Is end 
address, proceed the next 
step. 
If the programmed address 
is not end address, proceed 
from step 3) for next ad
dress (G+). 

12) Verify the data. If program
med data are not the same 
as input data, the part is no 
good. If programmed data 
are the same as input data, 
programming is end. 

All that Is required Is that one 1 
msec program pulse be applied 
at each address to be program
med. It Is necessary that one 
program pulse width does not 
exceed 1.05 msec. Therefore, 
applying a DC level to the PGM 
Input is prohibited when pro
gramming. 

Bra.uN 
In order to clear all locations of 
their programmed contents, it is 
necessary to expose the 
MBM27256 to an ultraviolet 
light source. A dosage of 
15W-secondsJcm2 is required to 
completely erase an 
MBM27256. This dosage can be 
obtained by exposure to an 
ultraviolet lamp (wavelength of 
2537 Angstroms (A) with Inten' 
sity of 12,OOO"W/cm2j for 15 to 
20 minutes. The MBM27256 
should be about one Inch from 
the source and all filters should 
be removed from the UV light 
source prior to erasure. 

It Is important to note that the 
MBM27256 and similar devices, 
will erase with light sources 
having wavelengths shorter 
than 4000 A. Although erasure 
times will be much longer than 
with UV sources at 2537 A, nev
ertheless, the exposure to fluo
rescent light and sunlight will 
eventually erase the MBM27256 
and such exposure should be 
prevented to realize maximum 
system reliability. If used in 
such an environment, the 
package windows should be 
covered by an opaque label or 
substance. 

ADDITIONAL I- PROGRAM-----I-VERIFY_I_ "I 
PROGRAM 

ADDRESSES ==Ii : dc::= 
DATA 

v •• 

-1DF 1081_ I 
I 

v •• 
Vee --'---' 

V1H -

V1L -

VV',HL: ~ c ___ 3 r~ ~ ":r-l ---------
~ , J ·:I.w=1xXms 
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MBM272118·20 
MBM2721.·211 
MBM2721.·aO 

Progr.mmlng , Er.alng 
Inform.tlon, continued 

DC Ch.r.olarlatlea 
(TA = 25°±5°C, 
Vcc = 6V ±.025V, 
Vpp = 12.5V ±0.5V) 

AC Ch.r.olarlatlea 
(TA = 25 ±5°C, 
Vcc = 6V ± 0.25V, 
Vpp = 21V ±0.5V) 

FUJITSU 

P.ra ...... r 

Input Leakage Current 
(VIN = 5.25V/O.45V) 
Vpp Supply Current During 
Programming Pulse (~ = VII) 
Vcc Supply Current 
Input Low Voltage 
Input High Voltage 
Output Low Voltage During Verify 
(loL = 2.1 rnA) 
Output High Voltage During Verify 
(loH = -400pA) 

Notes: 

Symbol 

Ipp 

Icc 

Min Typ M811 

10 

30 

30 
-0.1 0.8 
2.0 Vcc+0.3 

0.45 

2.4 

(1) Vcc must be applied either coincidently or before Vpp and removed either colncldently or after Vpp. 

Unit 

pA 

rnA 

rnA 
V 
V 

V 

V 

(2) Vpp must not be greater than 13 V including overshoot. Permanent device damage may occur If the device is taken 
out or put into socket remaining Vpp = 12.5 volts. Also, during e£'= VII .. Vpp must not be switched from 5 volts to 12.5 
volts or vise-versa. 

P.ra ...... r S"mboI Min Typ M.lI Unit 

Address Setup Time tAS 2 ,.s 
CE Setup Time tcES 2 ,.s 
OE Setup Time 10ES 2 ,.s 
Data Setup Time tos 2 ,.s 
Vpp Setup Time tyS 2 ,.s 
Address Hold Time tAH 2 ,.s 
OE Hold Time· toEH 2 ,.s 
Data Hold Time tOH 2 ,.s 
OE'Recovery Time· lOA 2 ,.s 
CE to Output Valid tOY ,.s 
Output Disable to Output Float Delay tOF 130 ns 
Programming Pulse Width tPIII 0.95 1.05 ms 

• tOEH + loR'" 5Oi<S 

A "'7 



MBM272.8·20 
MBM272 •• ·28 
MBM272 •• ·30 

ProtirammlngJEreelng 
InfonnIItIon, continued 

FUJITSU 

Fig. 3 - Quick Pro ™ Program Flow Chart 

Vcc = BY :t O.25V 
vPP • 21V :t O.5V 

Tpw = 1 ml % SO",s 
(* = Xms:!: ~%) 

G: START ADDRESS 
N: STOP ADDRESS 

MAXIMUM 40 m. + a/BYTE 
MINIMUM 2 ms + a/BYTE 

(FOR EXAMPLE 
84K BIT EPROM 
MAXIMUM 320 ... + ~ 
MINIMUM 18 ••• + ~ 

QUICK PRO TM IS A TRADEMARK OF FUJITSU LIMITED 

4·28 
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MOS Memories FUJITSU 

• MBM27C256-25, MBM27C256.30, MBM27C256-45 
CMOS 32,768 X 8-Bit UV Erasable and 
Electrically Programmable 
Read Only Memory 

De.crlptlon 

Feature. 

The Fujitsu MBM27C256 Is a high speed 262,144·bits complementary 
MOS erasable and electrically reprogram mabie read only memory 
(EPROM). It is especially well suited for application where rapid 
turn·around and/or bit pattern experimentation, and low·power con· 
sumption are important. 

A 26·pin dual·in line package with a transparent lid and 32·pad 
lead less chip carrier (LCC) are used to package the MBM27C256. 
The transparent lid allows the user to expose the device to ultra· 
violet light in order to erase the memory bit pattern previously pro
grammed. At the completion of erasure, a new pattern can then be 
written into the memory. 

The MBM27C256 is fabricated using CMOS double polysilicon gate 
technology with single transistor stacked gate cells. It is organized 
as 32,766 words by S·bits for use in microprocessor applications. 
Single +5V operation greatly facilitates Its use in systems. 

• CMOS Power Consumption: 
550 ",W max. (Standby) 

40 mW/MHz (Active) 

• 32,766 words by 8·bits organiza· 
tion, fuly decoded 

• Simple progremmlng re
quirements 

• Single location programming 
• High speed programming 

algorythm (typically two 1 ms 
pulses) 

• No clock raquired (fully static 
operation) 

• TTL compatible Inputs and out· 
puts 

• Three state output with OR·tle 
capability 

• Output Enable G pin for 
simplified memory expansion 

• Fast Access Time: 
MBM27C256-25 250 ns max. 
MBM27C256-30 300 ns max. 
MBM27C256·45 450 ns max. 

.Single +5Voperatlon 
• Jedec Standard 28-pin DIP 

package/32·pad LCC 
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MBM27C288.28 
MBM27C21S8·30 
MBM27C288·48 

MBM27C288 Block Diagram 
and Pin Aeelgnments 

Abeolu" Maximum Ratlnge 
(See Note) 

Functlone and 
Pin Connections 

FUJITSU 

G 

E 

Ao 
lie 

A, 
Ai,. 

Parameter 

1 
Vp• 

Temperature Under Bias 
Storage Temperature 

Yo 

Y12,7 

Xo 

XS:11 

1 
Vee 

InputstOuiputs with Respect to GND 
Vpp with Respect to GND 
Vee with Respect to GND 

Q. 

---------
COLUMN 
GATING 

512 x 5:1:2 
CELL MATRIX 

1 v,, 

Symbol 

Vpp 

Vee 

Q, 
v •• 
A" 

A, 

A. 

As 

A, 

A, 

A, 

A, 

A, 

Q, 

Q, 

Q, 

vss 

Vpp Vee 

Value 

-25 to +85 
-65 to +125 
-0.6 to +7 
-0.6 to +22 
-0.6 to +7 

Vee 
!A14 

A13 

A. 

A, 

All 

G 
AlO 

E 
Q, 

Q. 

Q, 

Q, 

Q 3 

r-it As 

C~ Ag 
i 21 A11 

:-~ NC 
:-~ G r;. A10 

:-~ t 

t~f, ~ 

Unit 

·C 
·C 

V 
V 
V 

Nota: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed In the operational sections of this data sheet. Exposure to absolute maximum rating condi
tions for extended periods may effect device reliability. This device contains circuitry to protect the Inputs against damage due to 
high static voltages or electric fields. It Is advised that normal precautions be taken to avoid application of any Yoltage higher than 
maximum rated voltages to this high Impedance circuit. 

Function 
(DIP Pin No.) Add ..... Input Data E ii Vee Vpp V .. 

(2-10,21,23-27) (11-13,15-19) (20) (22) (28) (1) (14) 
Mode 

Read AIN DOUT VIL VIL Vee Vee GND 
Output Disable AIN HighZ VIL VIH Vee Vee GND 
Stand By Don't Care HighZ VIH Don't Care Vee Vee GND 
Program AIN DIN VIL VIH Vee Vpp GND 
Program Verify AIN DOUT VIL VIL Vee Vpp GND 
Program Inhibit Don't Care HighZ VIH Don't Care Vee Vpp GND 

4-30 



MBM27C258·25 
MBM27C258·30 
MBM27C258·45 

Capacitance 
(TA = 25°C, f = 1 MHz) 

Recommended Operating 
Conditione 
(Referenced to GND) 

DC Characterlatlca 
(Recommended operating 
conditions unless otherwise 
noted.) 

AC Teat Condltlona 

AC Characterlatlca 
(Recommended operating 
conditions unless otherwise 
noted.) 

FUJITSU 

Parameter Symbol Min Typ Max Unh 

Input Capacitance (VIN = OV) 4 6 pF 

Output Capacitance (VOUT = OV) COUT 8 12 pF 

Operating 
Parameter Symbol Min Typ Max Unh Temperature 

V cc Supply Voltage(1) Vcc 4.50 5.0 5.50 V 

Vpp Supply Voltage Vpp Vcc -0.6 Vcc+0.6 V 
O°C to +70°C 

Input High Voltage VIH 2.0 Vcc+0.3 V 

Input Low Voltage VIL -0.1 0.8 V 

Note 1. Vce must be applied either before or coincident with Vpp and removed either after or coincident with Vpp. 

Parameter Symbol Min 

Input Load Current (VIN = 5.25V) III 

Output Leakage Current (V OUT = 5.25V) ILO 
Vpp Supply Current Ipp 

Vcc Standby Current (E = VIH) IS61 
if; Standby Current 
( = Vec -0.3V to Vcc + 0.3V, lOUT = OmA) ISB2 

Vcc Active Current (E = VIU Icc1 

Vee Operation Current (f = 4MHz, lOUT = OmA) Icc2 
Output Low Voltage (lOL = 2.1mA) VOL 
Output High Voltage (IOH = -4DOpA) VOH1 2.4 

Output High Voltage (loH = -,l00pA) VOH2 Vee-0.7 

Input Pulse Levels: 
Input Rise and Fall Time: 
Timing Measurement Reference Levels: 

Output Load: 

Parameter Symbol 

~ddr~ss to Output Delay TAVOV 
(E = G = VIU 

E to Output Delay (G = VIU TELOV 

G to Output Delay (E = VIU TGLOV 

Output Enable High 
TGHOZ to Output Float (See Note) 

Address to Output Hold TAXOX 

0.8 V to 2.0V 
:$20 ns 
1.0 V and 2.0 V for inputs 
0.8 V and 2.0 V for outputs 
1 TIL gate and CL = 100pF 

MBM27C258 MBM27C258 
·25 ·30 
Min Max Min Max 

250 300 

250 300 

100 120 

0 60 0 105 

0 0 

Note: TGHQZ is specified from E, or G, whichever occurs first. 

4·31 

Typ Max Unh 

10 pA 

10 pA 

100 pA 

mA 

100 pA 

30 mA 

30 mA 

0.45 V 

V 

V 

MBM27C258 
-45 
Min Max Unit 

450 ns 

450 ns 

150 ns 

130 ns 

0 ns 



MBM27C21S8·25 
MBM27C21S8.30 
MBM27C258·48 

Programmlng'Eraslng 
Information, continued 

DC CharaolaFlstlos 
(TA = 25 ;l:5°C, 
Vee =6V;l:0.25V, 
Vpp "" 21V ;l:0.5V) 

FUJITsU 

The programming mode is 
entered when +6V is applied 
io the VCC pin followed by ap· 
plying +21V to VPP pin. A TTL 
low input must be applied to 
the E input and a TTL high in· 
put must be applied to the G 
input. After the programming 
voltages and TTL levels have 
stabilized, a sequence of 1 
millisecond pulses must be ap
plied to the P pin for program
ming. After each pulse, a pulse 
counter must be Incremented 
and the location should be 
checked for accuracy. Upon 
verification, an additional se
quence of 1 millisecond pulses 
equal to the present value of 
the pulse counter must be ap· 
plied to the location to ensure 
proper levels of stored charge. 
An alternate approach to the 
additional pulses would be to 
apply a single TTL low pulse 
with Ii width equivalent to ihe 
value of the pulse counter 

Parameier 

Input Leakage Current 
(V'N = 5.25V/0.45V) 

V pp Supply Current D.!:!ring 
Programming Pulse (E = V,J 

Vcc Supply Current 

Input Low Voltage 

Input High Voltage 

Output Low Voltage During Verify 
(loL = 2.1 mAl 
Output High Voltage During Verify 
(loH = - 400!<A) 

Notes: 

multiplied by 1 millisecond. 
When the pulse counter 
reaches a maximum of 20, the 
verification procedure Is skip
ped and a flag Is set to in· 
dicate a program failure. Upon 
completion of programming of 
the entire device, a final array 
verification (all locations) is re
quired. All Fujitsu devices will 
typically require only two 1 
millisecond pulses (one initial 
and one additional) to reach 
sufficient stored charge levels. 

Erasur. 

In order to clear all locations of 
their programmed contents, it is 
necessary to expose the 
MBM27C256 to an ultraviolet 
light source. A dosage of 
15W·secondslcm2 is required to 
completely erase an 
MBM27C256. This dosage can 
be obtained by exposure to an 
ultraviolet lamp (wavelength of 

Min 

Ipp 

Icc 
-0.1 

2.0 

2.4 

2537 Angstroms (A) with inten
sity of 12,OOOI'W/cm2) for 15 to 
20 minutes. The MBM27C256 
should be about one inch from 
the source and all filters should 
be removed from the UV light 
source prior to erasure. 

It is important to note that the 
MBM27C256 and similar 
devices, will erase with light 
sources having wavelengths 
shorter than 4000 A. Although 
erasure times will be much 
longer than with UV sources at 
2537 A, nevertheless, the ex· 
posure to fluorescent light and 
sunlight will eventually erase 
the MBM27C256 and such ex· 
posure should be prevented to 
realize maximum system 
reliability. If used in such an en· 
vironment, the package win· 
dows should be covered by an 
opaque label or substance. 

Typ Ma. Unit 

10 !<A 

30 mA 

30 mA 

0.8 V 

Vcc+0.3 V 

0.45 V 

V 

(1) Vee must be applied either coincidently or before Vpp and removed either coincidently or after Vpp. 
(2) Vpp must not be greater than 21.5 V Including overshoot. PermalJ!lnt device damage may occur if the device Is 
taken out or put into socket remaining Vpp = 21 volts. Also, during E = V'L, Vpp must not be switched from 5 volts to 21 
volts or vise-versa. 
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MBM27C258.25 
MBM27C218·30 
MBM27C218·41 

Operation Timing Diagram 

Programming' Era.lng 
Information 

FUJITSU 

ADDRESSES ADDRESSES VALID 

HIGH z-OUTPUT ----HIGH z----~t==~O~UT~P~UT~VA~L~ID~=j~ 
Notes: 1. G may be delayed up to T~VQy-TGLQV after the hilling edge of E without impact on TAVQV. 

2. TGHQZ is specified from E or G. whichever occurs first. 

Memory Cell De.crlptlon 

The MBM27C256 is fabricated 
using a single-transistor stack
ed gate cell construction, im· 
plemented via double-layer poly
Silicon technology. The in
dividual cells consist of a bot
tom floating gate and a top 
select gate (see Fig. 3). The top 
gate is connected to the row 
decoder, while the floating gate 
is used for charge storage. The 
cell is programmed by the injec
tion of high energy electrons 
through the oxide and onto the 
floating gate. The presence of 
the charge on the floating gate 
causes a shift in the cell thresh
old (refer to Fig. 4). In the initial 
state, the cell has a low thresh· 
old (VTH1) which will enable the 
transistor to be turned on when 
the cell is selected (via the top 
select gate). Programming 
Shifts the threshold to a higher 
level (VTHO>, thus preventing the 
cell transistor from turning on 
when selected. The status of 
the cell (i.e., whether program
med or not) can be determined 
by examining its state at the 
sense threshold (VTHS>' as in
dicated by the dotted line in 
Fig. 4. 

Conventional Programming 

Upon delivery from Fujitsu, or 
after each erasure (see Erasure 
section), the MBM27C256 has 
all 262,144 bits in the "1", or 
high, state. "O's" are loaded in
to the MBM27C256 through the 
procedure of programming. 

The programming mode is en· 
tered when +21V is applied to 
the Vpp pin and E ~ at V,L. Dur
ing programming, E is kept at 
V,L. A 0.1/,F capacitor between 
V pp and V ss is needed to pre-

vent excessive voltage tran· 
sients, which could damage the 
device. The address to be pro
grammed is applied to the pro· 
per address pins. A pattern of 
eight bits are placed on the 
respective output pins. The 
voltage levels should be stan
dard TTL levels. 

The procedure can be done 
manually, address by address, 
randomly, or automatically via 
the proper circuitry. All that is 
required is that one 50 msec pro
gram pulse be applied at each 
address to be programmed. It is 
necessary that th is program 
pulse width not exceed 55.0 
msec. 

Fig. 1 - Memory Cell 

"Quick Pro" Programming 

In addition to the standard 50 
millisecond pulse width pro
gramming procedure, the 
M BM27C256 can be program
med with a fast programming 
algorithm designed by Fujitsu 
called Quick Pro TM. The 
algorithm (shown In figure 3) 
utilizes a sequence of 1 millise
cond pulse to program each 
location. This algorithm will 
typically yield a savings of 
86% in programming time per 
device when utilized in com· 
mercially available pro· 
grammers. However, in custom 
programmer deSigns that re
quire less overhead the sav· 
ings can be even greater. 

Drain 

So", G.~ ~ lJL------ Floating Gate 

oL_--- Source 

Fig. 2 - Memory Cell Threshold Shift 

~ 
.!!! 
co c 

~ 
~ 
.c 
01 
:::J e .c 
I--~ 
:::J 
U 

Not Programmed 
"1" 

VTHl 
(Not Programmed) 

Programmed 
"0" 

Program 

Erase 

VTHS VTHO 
(Sense Threshold) (Programmed) 

Selecl Gale Vollage (V) 



MBM27C21Se·21S 
MBM27C2Se·30 
M8M27C21Se·41S 

AC Charao"rlatloa 
(TA = 25 ±5°C, 
Vee = 5V ±5% 
Vpp = 21V ±0.5V) 

Programming Waveform 

FUJITSU 

Paramater 

. Address Setup Time 

ESetupTlme 

G Setup Time 

Data Setup Time 

Vpp Setup Time 

Address Hold Time 

G Hold Time m 
Data Hold Time 

G Recovery Time [l 
E" to Output Valid 

Output Disable to Output Float Delay 

Programming Pulse Wldth-Qulck·Pro™ 

Programming PulseWidth·Conventional 

m TEHGL + TGLEL '" 50 "" 

ADDRESSES 

DATA 

V •• 
V .. 

Vee 

VIH 

E" VIL 

G VIH 

VIL 

4·34 

."mbol Min T"p Max Unit 

TAVEL 2 p.S 

TEHGH 2 p.S 

TGHEL 2 p.S 

TDVEL 2 p.S 

TVPPHEL 2 p.S 

TEHAX 2 p.S 

TEHGL 2 p.S 

TEHDZ 2 p.S 

TGLEL 2 p.S 

TELQV p.S 

TEHQZ 130 ns 

TELEH 0.95 1.00 1.05 ms 

TELEH 45 50 55 

TElQV TEHQZ -
DATE IN STABLE 
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FUJITSU 
MICROELECTRONICS. INC. 

EeL 256 X 4-BIT BIPOLAR 
RANDOM ACCESS MEMORY· 

Dm;cmpnON 
The Fujitsu MB7072 is a fully 
decoded 1024-bit ECl read/write 
random access memory designed 
for high-speed scratch pad, con
trol and buffer storage applica
tions. The MB7072 offers extreme
ly small cell and chip sizes, realiz
ed through the use of Fujitsu's 
patented DOPOS (Doped Polysili-

FEA1'tJ'mS 
• Organized as 256 words by 

4-bits 
• On-chip voltage 

compensation for improved 
noise margin 

• Fully compatible with 
industry standard 10K·series 
Eel families 

con), as well as lOP (Isolation by 
Oxide and Polysilicon) proces
sing. As a result, very fast access 
time with high yields and out
standing device reliability are 
achieved in volume production. 
Operation for the MB7072 is 
specified over a temperature 
range of O·C to 75·C (ambient). 

• Address Access Time: 
MB7072E 12ns Max. 

• DOPOS and lOP Processing 
• Two block select pins for 

flexibility in organization 

Fig. 1·YB7072E BLOCK DIAGRAM 

AO 

INPUT 

B W 

H X 
L L 

L L 
L H 

BLOCKO 

I 
I 
I 

256 X 4 BITS CELL ARRAY 

BLOCK1 

I 
I 
I 
I 
I 
I 
I 

BLOCK2 BLOCK3 

TRUTH TABLE 

DI OUTPUT 

X L 

H L 

L L 
X DO 

MODE 

DISABLE 

WRITE "H" 

WRITE "L" 

READ 

H = HIGH VOLTAGE LEVEL 

L = LOW VOLTAGE LEVEL 

X = DON'T CARE 

5-2 

:MB7072E 

CERAMIC PACKAGE 
Dlp·22C·F01 

PIN ASSIGNMENT 

81 Vi 
io Vcc 

Ao Vcco 
A1 00 

A2 01 

A3 02 

A.4 03 

As Dlo 

As D1 

A7 ~ 
VEE 03 

Small geometry bIpolar integrated Circuits 
are occasionally susceptible to damage 
from static voltages or electric fields. It Is 
therefore advised that normal precautions 
be taken to avoid application of any voltage 
higher than maximum rated voltages to this 
device. 



MB7072E 

ABSOLUTE :MAXIMUM RATINGS (see Note) 

Rating Symbol Value Unit 

Vee Pin Potential to Ground Pin Ncd Vee +0.5 to -7.0 V 
Input Voltage VIN +0.5 to VeE V 
Output Current (DC, Output High) lOUT -30 rnA 
Temperature Under Bias TA -25 to +125 ·C 

Storage Temperature TSTG -65 to +150 ·C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded, Functional operation should be restricted 
to the conditions as detailed In operational sections of this data sheet. 

GUARANTEED OPERATING RAN(2) 

Supply Voltage (VEE> 
Part Number Ambient Temperature 

Min Typ Max 

MB7072E -5.46V -5.2V -4.94V O·C to 75·C 

CAPACITANCE 

Parameter Symbol Min Typ Max Unit 

• Input Pin Capacitance CIN - - 8 pF 
Output Pin CapaCitance GoUT - - 8 pF 

"BCapacltance = 12pF (max) 

DC CHARAC'IERISTICS 
Ncc = VCCO = OV, Vee = -5.2V, Output Load = 500 to -2.0V, with transverse airflow ~ 2.5 mIs, unless otherwise noted.) 

Parameter 

Output High Voltage 
NIN = VIHmax or VILmin) 

Output Low Voltage 
NIN = VINmax or VILmln) 

Output High Voltage 
NIN = VIHmin or VILmax) 

Output Low Voltage 
NIN = VIHmin or VILmax 

Input High Voltage (Guaranteed Input 
Voltage High for All Inputs) 

Input Low Voltage (Guaranteed Input 
Voltage Low for All Inputs) 

·Input High Current (VIN = VIHmax) 

• "Input Low Current NIN = VILmin) 
Power Supply Current 
(All Inputs and Output Open) 

"8 Input High Current = 3OOpA(max) 
""8 Input Low Current = 240pA(max) 

Symbol 

VOH 

VOL 

VOHC 

VOLC 

VIH 

VIL 

IIH 

IlL 

lee 

Min Typ Max Unit TA 

-1000 - -840 O·C 
-960 - -810 mV 25°C 
-900 - -720 75·C 

~1870 - -1665 O·C 
-1850 - -1650 mV 25·C 
-1830 - -1625 75·C 

-1020 - - O·C 
-980 - - mV 25·C 
-920 - - 75·C 

- - -1645 O·C 

- - -1630 mV 25·C 
- - -1605 75·C 

-1145 - -840 O·C 
-1105 - -810 mV 25·C 
-1045 - -720 75·C 

-1870 - -1490 O·C 
-1850 - -1475 mV 25·C 
-1830 - -1450 75·C 

- - 220 pA. O· to 75·C 

0.5 - 170 pA. O· to 75·C 

-200 - - rnA O· to 75·C 

5·3 



MB7072E 

AC CHARACTERISTICS 

(Vee = veeo = OV, VEE = -5.2V ±5%, TA = O· to +75·C with transverse airflow ~ 2.5 mIs, Output Load = 50!} to -2V 
and 15 pF to GND, unless otherwise noted.) 

Q 

Fig. 2 - AC nsT CONDmONS 
GND 

Vcc.VCCO 

READ CYCLE 

Parameter 

Address Access Time 
Block Select Access Time 
Block Select Recovery Time 

~'A'--lr ~-::, 
50% 50% 

t, 

t, = tf = 2.5n5 typo 

OUTPUT LOAD: RL = 50n 
CL = 15 pF 

80% 

20% 

(INCLUDING JIG AND STRAY CAPACITANCE) 

MB7072E 
Symbol Unit 

Min Typ Max 

tAA - - 12 ns 

tAB - 3.0 5.0 ns 

tRB - 3.0 5.0 ns 

READ CYCLE 

80% 

ADDR~q~50_%_. --tA-A-3c--~---
Q ~ -------
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MB7072E 

WRITE CYCLE 

MB7072E 

Parameter Symbol Unit 
Min Typ Max 

Write Pulse Width tww 9.0 5.5 - ns 

Write Recovery Time tWR - 6.0 9.0 ns 
Write Disable Time tws - 3.0 5.0 ns 
Address Set Up Time tSA 3.0 - - ns 
Block Select Set Up Time tSB 2.0 - - ns 

Data Set Up Time tso 2.0 - - ns 
Address Hold Time tHA 2.0 - - ns 
Block Select Hold Time tHB 2.0 - - ns 
Data Hold Time tHO 2.0 - - ns 

WRITE CYCLE 

~ 7'--\ 

ADDRESSES ~~ 
JI\ 

~~ 
/1\ 

\ ~~ /\ 1\ 
o 

~ tso - ~ tHO r-
~r 7 '=----. tHA-

f--tSA tww tHB---------- -----
Q tSB 1\ 50% /150% 

- tws I--
~--tWR-

RISE TIME AND F AU.. TIME 

MB7072E 
Parameter Symbol Unit 

Min Typ Max 

Ouput Rise Time tr - 3.0 - ns 
Output Fall Time tf - 3.0 - ns 
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MB7072E 

~CAnON~~nON 

The Fujitsu MB7072 E is a fully decoded 256 word 
by 4-bits ECl memory. High speed makes them 
ideally suited to mainframe applications, including 
cache and microprogram control. Figure 3 il-

lustrates one application; a 4K word x S-bit 
memory. As with all ECl memory systems, ex
treme care must be taken in PC board layout and 
bussing to minimize reflections and crosstalk. 

Fig. 3 - 4K WORD X 8-BIT MEMORY SYSTEM 

COLUMN 0 - - - - - - - - - - - - - -COLUMN 3 
Do 00 0, 0, 06 06 07 07 

50n 
-ZV 

ROWO 
son oQ _ZvAo 

I..!-
COLUMN 0 

I COLUMN 1 
ROW, I COLUMN Z 

son I COLUMN 3 
-2V I TO ADDRESS 

I INPUTS OF 

ROW2 ~ 
MB7072IN 
SAME COLUMN 

son A7 I 

-2V L_ 

ROW 3 

50n 
-2V 

ROW4 

~n r--, } 
-2V: COLUMN 0 

iii COLUMN 1 ,~. -I '''-, 
son l COLUMN 3 

.. 2V L. ___ J _ 

TO WE 

ROW6 
INPUT OF 
MB7072IN 

50n SAME COLUMN 

-2V 

ROW 7 

50n son 

-ZV -ZV -2V -2V 
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FUJITSU 
MICROELECTRONICS, INC. 

ECL l024·BIT BIPOLAR 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MBM10415AH is a ful
ly decoded 1024-bit ECL readl 
write random access memory 
designed for high-speed scratch 
pad, control and buffer storage 
applications. It is organized as 
1024 words by one bit, and 
features on-Chip voltage compen
sation for improved noise margin. 

The MBM10415AH offers ex
tremely small cell and chip sizes, 
realized through the use of 
Fujitsu's patented DOPOS 

FEATURES 
.1024 words x 1-bit organization 

• On-Chip voltage compensation 
for improved noise margin 

• Fully compatible with industry
standard 10K·series ECL 
families 

• Address access time: 
MBM10415AH: 20 ns Max. 

MB:Ml0415AH 
BLOCK DIAGRAM 

(Doped Polysilicon), as well as 
lOP (Isolation by Oxide and Poly
silicon) processing. As a result, 
very fast access time with high 
yields and outstanding device 
reliability are achieved in volume 
production. 

Operation for the MBM10415AH 
is specified over a temperature 
range of from O'C 75'C (ambient). 
It also features frit-sealed 16-pin 
dual in-line packaging, and is fully 
compatible with industry
standard 10K-series ECL families. 

• Chip select access time: 
MBM10415AH: 8 ns Max . 

• Open emitter output for ease 
of memory expansion 

• Low power dissipation of 
0.5mWlblt 

• DOPOS and lOP processing 
• Pin compatible with 

F10415 and MCM10146 

!JIBMl0415AH 

CERAMIC PACKAGE 
Dlp·16C·F01 

PIN ASSIGNMENT 

Q VCC· 

AO 0 

A, S 

A2 iN 
A3 Ag 

A4 AS 

AS A7 

VEE AS 

'Vee grounded 

32 x 32 
MEMORY CELL ARRAY 

TRUTH TABLE 

S 
IN 
o 

Q 
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INPUT 

S W D,N 
H X X 

L L L 

L L H 

L H X 

H =HIGH VOLTAGE LEVEL 
L = LOW VOLTAGE LEVEL 
X = DON'T CARE 

OUTPUT MODE 

L DISABLED 

L WRITE"L" 

L WRITE"H" 

Dour READ 



MBMl04l5AH 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin (Vee) VEE +0.5 to -7.0 V 
Input Voltage VIN +0.5 to VEE V 
Output Current (DC, 9utput High) lOUT -30 mA 
Temperature Under Bias TA -55 to +125 ·C 
Storage Temperature TSTG -65 to +150 ·C 

Note: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed In the 
operational sections of this data sheet. Small geometry bipolar integrated circuits are occasionally susceptible to damage from static voltages or electric fields. It is 
therefore advised that normal precautions be taken to avoid app!lc4tlon of any voltage higher than maximum rated voltages to this device. 

GUARANTEED OPERATING CONDmONS 
(Referenced to Vee) 

Parameter Symbol Min 

Supply Voltage VEE -5.46 

CAPACITANCE 

Parameter Symbol 

Input Pin Capacitance CiIN 
Output Pin Capacitance COUT 

DC CHARACTERISTICS 

Typ Max Unit Ambient Temperature 

-5.2 -4.94 V O·C to + 75·C 

Min Typ Max Unit 

- 4 5 pF 

- 7 8 pF 

(Vee = OV, VEE = -5.2V, Output load = 500 to -2.0V and Airflow ~ 2.5 m/s unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

Output High Voltage -1000 - 840 O·C 
(VIN = VIH max. or VIL min.) VOH - 960 - - 810 mV 25·C 

- 900 - 720 75·C 

Output Low Voltage -1870 -1665 O·C 
(VIN = VIH max. or VIL min.) VOL -1850 - -1650 mV 25·C 

-1830 -1625 75·C 

Output High Voltage -1020 O·C 
(YIN;:: VIH min. or VIL max.) VOHC - 980 - - mV 25·C 

- 920 75·C 

Output Low Voltage -1645 O·C 
(VIN = VIH min. or VIL max.) VOLC - - -1630 mV 25·C 

-1605 75·C 

Input High Voltage -1145 - 840 O·C 
(Guaranteed Input Voltage High for All Inputs) VIH -1105 - - 810 mV 25·C 

-1045 - 720 75·C 

Input Low Voltage -1870 -1490 O·C 
(Guaranteed Input Voltage Low for All Inputs) VIL -1850 - -1475 mV 25·C 

-1830 -1450 75·C 

Input High Current (VIN = VIH max.) IIH - - 220 p.A O· to 75·C 

Input Low Current (VIN = VIL min.) IlL - 50 - - p.A O· to 75·C 

S Input Low Current (VIN = VIL min.) IlL 0.5 - 170 p.A O· to 75·C 

Power Supply Current 
lEE 

-125 mA 75·C 
(All Inputs and Outputs Open) -150 - - O·C 
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MBMl0415AH 

AC CHARACTERISTICS 
(Full Guaranteed Operating Ranges, Output Load = 50n to -2.0V and 30pf to GND and Airflow ~ 2.5 m/s unless 
otherwise noted.) 

AC TEST CONDmONS 

GND 

-O.9V- -
80% 

\ 20% 
-1.7V---JI 

~ tr ...-- --....- If 4--

I, ~ If ~ 2.5ns Iyp 

Oulpul Load: RL ~ SOil 
CL ~ 30pF 
(including jig and slray capacilance) 

NOTE: All timing measurements referenced to 50% input levels. 

READ CYCLE 

MBM10415AH 
Parameter Symbol Typ Max Unit 

Address Access Time tAA 13 20 ns 
Chip Select Access Time tAC 5 8 ns 
Chip Select Recovery Time tRB 5 8 ns 

READ CYCLE 

ADDRESSES ~~ 
----J/\'--------r--

Q \,J-V 1H MIN 

____________________ -'~ VILMAX 
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MBMlO415AH 

WRITE CYCLE 

MBM10415AH 
Parameter Symbol Unit 

Min Typ Max 

Write Pulse Width tww 14 9 - ns 
Write Disable Time tws - 5 10 ns 
Write Recovery Time tWR - 5 10 ns 
Address Set Up Time tSA 5 3 - ns 
Chip Select Set Up Time tsc 4 0 - ns 
Data Set Up Time tso 4 0 - ns 
Address Hold Time tHA 3 0 - ns 
Chip Select Hold Time tHe 4 0 - ns 
Data Hold Time tHO 4 0 - ns 

WRITE CYCLE 

'\-1\ ] f-

\ ~~ 
7 /1\ ADDRESS 

D ~~ -.? 
/1\ 

- !so - - tHO -
~. 7 f:..-tHA-

-!sA tww tHC --------- -----
Q tsc \ VILMAX / 

V1H MIN 

- tws I-- !---tWR-

RISE TIME AND FALL TIME 

MBM1D415AH 
Parameter Symbol Min Typ Max Unit 

Output Rise Time tr - 5 - ns 
Output Fall Time tf - 5 - ns 
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APPLICATIONS INFORMATION 

LARGE SYSTEM APPIJCATION 
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FUJITSU 
MICROELECTRONICS. INC. 

ECL l024·BIT BIPOLAR 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MBM10422 is a fully 
decoded 1024-bitECl reaq/write 
random access memory designed 
for high-speed scratch pad, con
trol and buffer storage applica
tions. This device is organized as 
256 words by 4-bits and features 
on-Chip voltage compensation for 
improved noise margin. 

The MBM10422 offers extremely 
small cell and chip size, realized 
through the use of Fujitfiu'S pa
tented DOPOS (Doped Polysili-

FEATURES 
• 256 words x 4-bits organization 
• On-Chip voltage compensation 

for improved noise margin 
• Fully compatible with industry

standard 10K-series ECl 
families 

• Address access time: 10ns max. 

con), as well as lOP (Isolation by 
Oxide and Polysilicon), proces
sing. As a result, very fast access 
time with high yields and out
standing device reliability are 
achieved in volume production. 

Operation for MBM10422 is speci
fied over a temperature range of 
O· to 75·C (ambient). It features 
metal sealed 24-pin dual in-line 
packaging, and is fully compati
ble with industry standard 
10K-series ECl families. 

• Block select access time: 
5nsmax. 

• Open emitter output for easy 
memory expansion 

• Power dissipation of 0.7 mW/bit 
• DOPOS and lOP processing 
• Pin compatible with F10422 

BLOCK DIAGRAM 

MEMORY CELL ARRAY 
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MBMl0422 

CERAMIC PACKAGE 
DIP-24C-A02 

PIN ASSIGNMENT 

vcc• Vcc . 
Q, Q. 

ii., H". 
Q. Q. 

8. 8'. 
0, D. 

D. D. 
W A. 

As A. 

1.0 A, 
A7 A, 

VEE Ao 

·Vee Grounded 

Small geometry bipolar integrated circuits 
are occasionally susceptible to damage from 
static voltages or electric field. It is therefore 
advised that normal precautions be taken to 
avoid appliction of any voltage higher than 
maximum rated voltages to this device. 

TRUTH TABLE 
INPUT 

B. W 01 OUTPUT 

H X X L 

L L H L 

L L L L 

L H X DO 

H= HIGH VOLTAGE LEVEL 
L= LOW VOLTAGE LEVEL 
X = DON'T CARE 

MODE 

DISABLED 

WRITE"H" 

WRITE"L" 

READ 



MBM10422 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin (Vecl VEE +0.5 to -7.0 V 
Input Voltage VIN +0.5 to VEE V 
Output Current (DC, Output High) lOUT -30 mA 
Temperature Under Bias TA -55 to +125 °C 
Storage Temperature TSTG -65 to +150 °C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. 

GUARANTEED OPERATING CONDmONS 
(Referenced to Vecl 

Parameter Symbol Min Typ Max Unit Ambient Temperature 

Supply Voltage VEE -5.46 -5.2 -4.94 V O°C to + 75°C 

CAPACITANCE 
Parameter Symbol Min Typ Max Unit 

Input Pin Capacitance CIN - 4 - pF 

Output Pin Capacitance COUT - 6 - pF 

DC CHARACTERISTICS 
(Vee = OV, VEE = -5.2V, Output load = 500to -2.OV and Airflow 2: 2.5 m/s unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

Output High Voltage -1000 - 840 O°C 

(VIN = VIH max. or VIL min.) VOH - 960 - - 810 mV 25°C 
- 900 - 720 75°C 

Output Low Voltage -1870 -1665 O°C 
(VIN = VIH max. or VIL min.) VOL -1850 - -1650 mV 25°C 

-1830 -1625 75°C 

Output High Voltage -1020 O°C 
(VIN = VIH min. or VIL max.) VOHC - 980 - - mV 25°C 

- 920 75°C 

Output Low Voltage -1645 O°C 
(VIN = VIH min. or VIL max.) VOLC - - -1630 mV 25°C 

-1605 75°C 

Input High Voltage -1145 - 840 O°C 
(Guaranteed Input Voltage High for All Inputs) VIH -1105 - - 810 mV 25°C 

-1045 - 720 75°C 

Input Low Voltage -1870 -1490 O°C 
(Guaranteed Input Voltage Low for All Inputs) VIL -1850 - -1475 mV 25°C 

-1830 -1450 75°C 

Input High Current (VIN = VIH max.) IIH - - 220 /LA 0° to 75°C 

Input Low Current (VIN = VIL min.) IlL - 50 - - /LA 0° to 75°C 

W Input Low Current (VIN = VIL min.) IlL 0.5 - 170 /LA 0° to 75°C 

Power Supply Current 
lEE -180 - - mA 0° to 75°C 

(All Inputs and Outputs Open) 
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MBM10422 

AC CHARACTERISTICS 
(Full Guaranteed Operating Ranges, Output Load = 500 to -2.0V and 30pF to GND and Airflow 2: 2.5m/s 
unless otherwise noted.) 

AC TEST CONDmONS 
GND 

-O.9V- - -

-1.7V---JI 

I 
-1 1,1- -I'l-

l, = I, = 2.5ns typ 

Output Load: RL = 50n 
CL = 30pF 
(including jig and stray capacitance) 

NOTE: All timing measurements r!lferenced to 50% input levels. 

READ CYCLE 

Parameter Symbol Min Typ Max Unit 

Address Access Time tAA - - 10 ns 

Block Select Access Time tAB - - 5 ns 

Block Select Recovery Time tRB - - 5 ns 

READ CYCLE TIMING DIAGRAM 

ADDRESSES 50% 

I~----IAA----~~I 

Q Q 
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MBM10422 

WRn'ECYCLE 
Parameter Symbol Min Typ Max Unit 

Write Pulse Width tww 7 - - ns 
Write Disable Time tws - - 5 ns 
Write Recovery Time tWR - - 10 ns 

Address Set Up Time tSA 1 - - ns 
--

Block Select Set Up Time tSB 1 - - ns 

Data Set Up Time tso 1 - - ns 

Address Hold Time t HA 2 - - ns 

Block Select Set Up Time tHB 2 - - ns 

Data Hold Time tHO 2 - - ns 

WRITE CYCLE TIMING DIAGRAM 

~r\ -i-J 

ADDRESS ~ 
/ 
~ 
r\. 

~t 
I\. 

D ~ 
1 
~ 
1\ 

~~ 
11\ - 'so -- . -- 'HO 1--

~<-
\ -; ~--'HA-

-'SA---'ww--'HB---------- -----
~I\ 50% -.'1- 50% ~ 'S8 • Q 

-- 'ws -- --'WR--' 

RISE TIME AND FALL TIME 
Parameter Symbol Min Typ Max Unit 

Output Rise Time t, - 2 - ns 

Output Fall Time t f - 2 - ns 
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MBM10422 

TYPICAL CHARACTERISTICS CURVES 
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OUTPUT LOW VOLTAGE 
v. AMBIENT TEMPERATURE 

20 40 60 

ADDRESS ACCESS TIME 
vs SUPPLY VOLTAGE 

80 

i 

-- ---- r--'r--

-
I 

--~ _. 
I 

-4 -4.5 -5 -5.5 

VEE. SUPPLY VOLTAGE IV) 

-

-4 

WRITE PULSE WIDTH 
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-4.5 -5 -5.5 

VEE. SUPPLY VOLTAGE (V) 
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FUJITSU 
MICROELECTRONICS. INC. 

ECL l024·BIT BIPOLAR 
RANDOM ACCESS lVIEMORY 

DESCRIPTION 
The Fujitsu MBM10422A is a fully 
decoded 1024-bit ECl read/write 
random access memory designed 
for high-speed scratch pad, con
trol and buffer storage applica
tions. This device is organized as 
256 words by 4-bits and features 
on-Chip voltage compensation for 
improved noise margin. 

The MBM10422A offers extremely 
small cell and chip size, realized 
through the use of Fujitsu's pa
tented DOPOS (Doped Polysili
con), as well as lOP-II (Isolation by 

FEATURES 
• 256 words x 40bits organization 
• On·chip voltage compensation 

for Improved noise margin 
• Fully compatible with industry· 

standard 10K·series Eel 
families 

• Address access time: 7ns max. 

Oxide and Polysilicon), proces
sing. As a result, very fast access 
time with high yields and outstan
ding device reliability are achiev
ed in volume production. 

Operation for MBM10422A is 
specified over a temperature 
range of O°C to 75°C (TA for DIP, 
Tc for flat package). It features 
cerdip 24-pin dual in-line and flat 
packaging, and is fully compati
ble with industry standard 10K
series ECl families. 

• Block select access time: 
5nsmax. 

• Open emitter output for easy 
memory expansion 

• Power dissipation of O.7mW/bit 
• DOPOS and IOp·1I processing 
• Pin compatible with F10422 

MBMl0422 BLOCK DIAGRAM 

I 
I 
I I 

MEMORY CELL ARRAY 
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MBMI0422A· 7 

CERDIP PACKAGE 
DIP·24C·C05 

FLAT PACKAGE 
FPT·24C·C02 

PIN ASSIGNMENT 
VCCA Vee . 

Q, Q. 
jjI, ii. 
Q. Q-
Sia B, 
0" D. 

D~ o_ 
W] A. 

As As 
A. As 
A7 A, 

VEE A" 

'Vcc Grounded 
Small geometry bipolar integrated circuits 
are occasionally susceptible to damage from 
static voltages or electric field. It is therefore 
advised that normal precautions be taken to 
avoid appliction of any voltage higher than 
maximum rated voltages to this device. 

TRUTH TABLE 
INPUT 

B W DIN OUTPUT 

H X X L 

L L H L 

L L L L 

L H X DOUT 

H = HIGH VOLTAGE LEVEL 
L=LOW VOLTAGE LEVEL 
X = DON'T CARE 

MODE 

DISABLED 

WRITE"H" 

WRITE"L" 

READ 



MBMlO422A.' 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin (Vee) VEE +0.5 to -7.0 V 
Input Voltage VIN +0.5 to VEE V 
Output Current (DC, Output High) lOUT -30 mA 
Temperature Under Bias TA -55 to +125 °C 
Storage Temperature TSTG -65 to +150 °C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Small geometry bipolar Integrated circuits are occasionally susceptible to damage from static voitages or electric fields. It Is 
therefore advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this device. 

GUARANTEED OPERATING CONDmONS 
(Referenced to Vee) 

Parameter Symbol Min Typ Max Unit Temperature· 

Supply Voltage VEE -5.46 -5.2 -4.94 V O°C to + 75°C 

• Ambient Temperature. for DIP, case temperature for flat package 

CAPACITANCE 
Parameter Symbol Min Typ Max Unit 

Input Pin Capacitance CIN - 4 5 pF 

Output Pin Capacitance COUT - 6 8 pF 

DC CHARACTERISTICS 
(Vee =OV, VEE = - 5.2V, Output load = 501l to - 2.0V, TA = O°C to 75°C for DIP, Te = O°C to 75°C for flat package, and 
Airflow = ;z: 25 mIs, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

Output High Voltage -1000 - 840 O°C 
(VIN = VIH max. or VIL min.) VOH - 960 - - 810 mV 25°C 

- 900 - 720 75°C 

Output Low Voltage -1870 -1665 O°C 
(VIN = VIH max. or VIL min.) VOL -1850 - -1650 mV 25°C 

-1830 -1625 75°C 

Output High Voltage -1020 O°C 
(VIN = VIH min. or VIL max.) VOHC - 980 - - mV 25°C 

- 920 75°C 

Output Low Voltage -1645 O°C 
(VIN = VIH min. or VIL max.) VOLC - - -1630 mV 25°C 

-1605 75°C 

Input High Voltage -1145 - 840 O°C 
(Guaranteed Input Voltage High for All Inputs) VIH -1105 - - 810 mV 25°C 

-1045 - 720 75°C 

Input Low Voltage -1870 -1490 O°C 
(Guaranteed Input Voltage Low for All Inputs) VIL -1850 - -1475 mV 25°C 

-1830 -1450 75°C 

Input High Current (VIN = VIH max.) IIH - - 220 p.A 0° to 75°C 

Input Low Current (VIN = VIL min.) IlL - 50 - - p.A 0° to 75°C 

B Input Low Current (VIN = VIL min.) IlL 0.5 - 170 p.A 0° to 75°C 

Power Supply Current 
lEE -200 - - mA 0° to 75°C 

(All Inputs and Outputs Open) 
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FUNcnONALD~ON 

The Fujitsu MBM10422A-7 is fully decoded 1024-bit 
read/write random access memory organized as 256 
words by 4-bits. Memory cell selection is achieved 
by means of a 8-bit address designated AO - A7. The 
active low Block Select B input is provided for 
memory expansion. The read and write operations 
are controlled by the state of the active low Write 

AC CHARACTERISTICS 

MBMlO422A-7 

Enable W input. With Wand B held low, the 
data at DIN is written into the addressed location. To 
read, W is held high, while B is held low. Data at 
the addressed location is then transferred to DOUT 
and read out non-inverted. Open emitter outputs are 
provided to allow for maximum flexibility in output 
wired-OR connection. 

Output Load = 500 to -2.0V and 30pF to GND, TA=O·C to 75·C for DIP, Tc=O·C to 75·C for flat package, and 
Airflow = O!! 25 mis, unless otherwise noted. 

AC TEST CONDmONS 
GND 

-0.9V-

- 1.7V---JI 

-It, 1..- -t'l-t, = I, = 2.5ns Iyp 

OUlpul Load: RL = 5011 
CL = 30pF 
(including jig and slray capacilance) 

NOTE: All timing measurements referenced to 50% input levels. 

READCYCLE 

Parameter Symbol Min. Typ Max Unit 
Address Access Time tAA - 5 7 ns 
Block Select Access Time tAB - 2.5 4 ns 
Block Select Recovery Time tRB - 2.5 4 ns 

READ CYCLE TIMING DIAGRAMS 

ii ADDRESS 50% 

...----tAA---.1 

Q 
Q 
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MBMlO422A·' 

WRITE CYCLE 
Parameter Symbol Min Typ Max Unit 

Write PUlse Width tww 5 - - ns 
Write Disable Time tws - - 4 ns 

Write Recovery Time tWR - - 8 ns 

Address Set Up Time tSA 1 - - ns 

Block Select Set Up Time tSB 1 - - ns 

Data Set Up Time Iso 1 - - ns 

Address Hold Time t HA 1 - - ns 

Block Select Hold Time IHB 1 - - ns 

Data Hold Time IHo 1 - - ns 

WR1TECYCLE 

i 
~ 
~ J ~ 

Addresses ~ t ~t 
J \ J\ 

D \t 
-''" - Iso ..- --. IHO 1"-

~ 
~ 7 

/ 
':4t- '1iA-w 

-ISA----Iww---IHB -._-------- -----
...,tsO% \ ... ISB ~ -,50% Q 

-+ Iws ..- ---IWR--' 

RISE TIME AND FALL TIME 
Parameter Symbol Min Typ Max Unit 

Oulpul Rise Time I, - 1.5 - ns 

Oulput Fall Time If - 1.5 - ns 
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TYPICAL CHARACTERISTICS CURVES 
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OUTPUT HIGH VOLTAGE 
vs AMBIENT TEMPERAtURE 

-~ ~ -
20 40 60 80 

T A, AMBIENT TEMPERATURE ( C) 

ADDRESS ACCESS TIME 
vs AMBIENT TEMPERATURE 

20 40 60 80 

TA . AMBIENT TEMPERATURE ("CI 

? -1.4 
w 
<:J « 
~ -1.5 
a 
> 
~ g -1.6 

.... 
ir 
~ -1. 
o 
~ 

o 

7 

> -1.8 

OUTPUT LOW VOLTAGE 
vs AMBIENT TEMPERATURE 

20 40 60 80 
T A. AMBIENT TEMPERATURE I C) 

ADDRESS ACCESS TIME 
vs SUPPL Y VOL TAGE 

8r-+-~-r-+-f~r-t-+-~~ 

2r-4--+~--+--r-+--r-4--+~ 

4.5 5.5 6 

VEE. SUPPLY VOLTAGE (V) 

WRITE PULSE WIDTH 
vs SUPPLY VOLTAGE 

4r-+-+-+--r--+--+~r-+-+--1 

Or-+--+--+-+--r-+--r-+~---1 

4 4.5 -5 5.5 
VEE, SUPPLY VOLTAGE (VI 
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MBMl0422A·7 

SUPPLY CURRENT 
vs AMBIENT TEMpERATURE 

200 
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100 

50 

20 40 60 80 
T A. AMBIENT TEMPERATURE ('Cl 

WRITE PULSE WIDTH 
vs AMBIENT TEMPERATURE 
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Bipolar Memories 

• MBM10470A·10 
Eel 4096-Bit Bipolar Random 
Access Memory 

Dncrlptlon 

Features 

The Fujitsu MBM10470A-10 is fully decoded 4096-bit ECl read/write 
random access memory designed for high-speed scratch pad, con
trol and buffer storage applications_ This device is organized as 
4096 words by one bit, and it features on-chip voltage compensa
tion for improved noise margin. 

The MBM10470A·10 offers extremely small cell and chip size, 
achieved through the use of Fujitsu's patented DOPOS (Doped 
Polysilicon), as well as lOP (Isolation by Oxide and Polysilicon), 
processing. As a result, very fast access time with high yields and 
outstanding device reliability are achieved in volume production. 

Operation for the MBM10470A·10 is specified over a temperature 
range of from O· to 75·C (ambient). It also features 1S-pin dual-in
line ceramic packaging, and is fully compatible with industry
standard 10K-series ECl families. 

• 4096 words x 1-bit organization 
• On-chip yoltage compensation 

for improved noise margin 
• Fully compatible with industry· 

standard 10K-series ECl 
families 

• Address Access Time: 
10 ns max. 

• Chip Select Access Time: 
6 ns max_ 

• Open emitter output for ease of 
memory expansion 

• low Power Dissipation: 
0.22mW/bit 

• DOPOS and lOP II processing 
• Pin compatible with the F10470 
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MBM10470A·10 

MBM10470A Block Diagram 
and Pin Assignment 

Absolute Maximum Ratings 
(See Note) 

Capacitance 

Guaranteed Operating 
Conditions 
(Referenced to V cd 

Functional Description 

FUJITSU 

Q Q vee 

Ao D 

A, S 

A2 W 

A3 Al1 

w 
A. A,o 

A5 A. 

As As 

VEE AT 

ltV cc grounded 
Truth Table 

Inf!ut .- iN DIN Q Mode 

H X X L Disabled 

L L H L Write"H" 

L L L L Write "l" 
L H X DOUT Read 

H == High Voltage Level L = Low Voltage Level x = Don't care 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin +0.5 to -7.0 V 
Input Voltage +0.5 to VEE v 
Output Current (DC, Output High) -30 mA 

Temperature Under Bias -55 to +125 ·C 
Storage Temperature -65 to +150 ·C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in operational sections of this data sheet. Small geometry bipolar integrated circuits are 
occasionally susceptible to damage from static voltages or electric fields. It is therfore advised that normal precautions be taken 
to avoid application of any voltage higher than maximum rated voltages to this device. 

Parameter 

Input Pin Capacitance 

Output Pin Capacitance 

Paremeter Symbol 

Supply Voltage 

The Fujitsu MBM10470A·10 is 
fully decoded 4096·bit read/write 
random access memory 
organized as 4096 words by one 
bit. Memory cell selection is 
achieved by means of a 12·bit 
address designated Ao - All' 
The active low Chip Select S 

Symbol Min 

CIN 
COUT 

Min Typ Max 

-5.46 -5.2 -4.94 

input is provided for memory 
expansion. The read and write 
operations are controlled by the 
state of the active low Write 
Enable Vii input. With Wand 
S held low, the data at DIN is 
written into the addressed loca· 
tion. To read, W is held high, 

5·23 

Typ Max Unit 

4 pF 

6 pF 

Unit Ambient Temperature 

V O·C to +75·C 

while S is held low. Data at 
the addressed location is then 
transferred to DOUT and read 
out non-inverted. Open emitter 
outputs are provided to allow 
for maximum flexibility in out· 
put wired·OR connection. 

. 



MBM10470A·10 

DC Characteristics 
(Vcc = OV, VEE = -5.2V, 
Output Load = 500 and 30 pF to 
-2.0V, TA=O'C to 75'C, 
Airflow '" 2.5 mis, unless 
otherwise noted.) 

AC Characteristics 

Parameter 

Output High Voltage 
(VIN = VIH max or VIL min) 

Output Low Voltage 

Svmbol 

(VIN = VIH max or VIL min) VOL 

Output High Voltage 
(VIN = VIH min Or VIL maJ VOHC 

Output Low Voltage 
(VIN = VIH min or VIL max) VOLC 

Input High Voltage 
(Guaranteed Input Voltage VIH 
High for All Inputs) 

Input Low Voltage 
(Guaranteed Input Voltage VIL 
Low for All Inputs) 

Input High Current (VIN = VIH maJ IIH 

.Input Low Current (VIN = VIL min> IlL 

S Input Low Current (VIN =VIL min) IlL 

Power Supply Current lEE 
(All Inputs and Output Open) 

(Full Guaranteed Operating Figure 2-AC Test Conditions 
Ranges, Output Load = 5011 to 
-2.0V and 30 pF to GND, GND 
T A = O'C to 75'C and Airflow'", 
2.5 m/s unless otherwise noted.) 

FUJITSU 

L....._-r:_......I RL 

Read Cvcle 

Parameter 

Address Access Time 

Chip Select Access Time 

Chip Select Recovery Time 

r 
Svmbol 

Read Cvcle Timing Diagrams, 

5·24 

Min Tvp Max Unit 

-1000 -840 
-960 -810 mV 
-900 -720 

-1870 -1665 
-1850 -1650 mV 
-1830 -1625 

-1020 
-980 mV 
-920 

-1645 
-1630 mV 
-1605 

-1145 -840 
-1105 -810 mV 
-1045 -720 

-1870 -1490 
-1850 -1475 mV 
-1830 -1450 

220 p.A 

-SO p.A 

0.5 170 p.A 

-200 mA 

I, 
I, = I, = 2.5ns Iyp 

OulpUI Load: RL = 501l 
CL =30pF 

TA 

O'C 
25'C 
75'C 

O'C 
25'C 
75'C 

O'C 
25'C 
75'C 

O'C 
25'C 
75'C 

O'C 
25'C 
75'C 

O'C 
25'C 
75'C 

O'C to 75'C 

O'C to 75'C 

O'C to 75'C 

O'C to 75'C 

I, 

(including jig and slray capacilance) 

Nole: All liming measuremenls referenced 10 50% Inpul levels. 

Min Max Unit 

10 ns 

6 ns 

6 ns 

ADDRESSEq_ ... 50_·Io_· __ IAA_~ ____ r-__ 

Q ~ 



MBM10470A·10 

AC Characteristics 
(Full Guaranteed Operating Write Cycle 
Ranges, Output Load = 500 to 
-2.0V and 30 pF to GND, Parameter Symbol Min Typ Max Unit 
T A = O'C 10 75'C and Airflow", 

Wrile Pulse Width 12 2.5 m/s unless otherwise noted.) Iww ns 

Write Disable Time Iws 6 ns 

Write Recovery Time tWA 10 ns 

Address Set Up Time tSA 0 ns 
Chip Select Set Up Time tsc 0 ns 

Data Set Up Time tso 0 ns 

Address Hold Time tHA 2 0 ns 

Chip Select Hold Time tHe 2 0 ns 

Data Hold Time tHO 2 0 ns 

Write Cycle Timing Diagram 

\ .. l 
I\. / 

\/ \V 
/'\ /i\ 

ADDRESSES 

D 

-JISD ,.,f - -\ I 
I\. J-IHA-

w 
"'-ISA~ _Iww---' _IHC ----- ---

50%\ )"50% .. Isc • Q 

- Iws - ___ I
WR 
__ 

Rise Time and Fall Time 

Parameter Symbol Min Typ Max Unit 

Output Rise Time IT 1.5 ns 

Output Fall Time 1.5 ns 

FUJITSU 
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FUJITSU 
MICROELECTRONICS, INC. 

ECL 4096·BIT BIPOLAR 
RANDOM ACCESS MEMORY 

DFSCRIPTION 

The Fujitsu MBM10474 is a fully 
decoded 4096-bit ECl read/write 
random access memory designed 
for high speed scratch pad, con
trol and buffer storage applica
tions. 

The MBM10474 offers extremely 
small cell and chip sizes, realized 
through the use of Fujitsu's pat
ented DOPOS (Doped Polysili
con), as well as lOP (Isolation by 
Oxide and Polysilicon) process-

FEATURES 
• 1024 words x 4-bits 

organization 
• On-Chip voltage compensa

tion for improved noise margin 
• Fully compatible with 

Industry-standard 10K-series 
ECl families 

• Address access time: 
15ns Max. 
11ns Typ_ 

ing. As a result, very fast access 
time with high yields and outstan
ding device reliability are achiev
ed in volume production. 

Operation for the MBM10474 is 
specified over a temperature 
range of O·C to 75·C (ambient). It 
features 24-pin dual in-line 
ceramic packaging and is fully 
compatible with industry
standard 10K-series ECl families. 

• Chip select time: 
8ns Max . 
4ns Typ. 

• Open emiHer output for easy 
memory expansion 

• low power dissipation: 
O.2mW/bit 

• DOPOS and lOP proceSSing 
• Pin compatible with F10474 

MBMl0474 BLOCK DIAGRAM 

TRIlTH TABLE 

INPUT 
CS W! DIN OUTPUT 

H X 

MODE 

DISABLED 

WRITE"H" 

WRITE"L" 

DOUl READ 

H", HIGH VOLTAGE LEVEL X= DON'T CARE 
L= LOW VOLTAGE LEVEL 

Ao a:: w 
A1 

Q 
0 
0 

A2 w 
Q 

A3 
I/) 
I/) 
w 

A4 
a:: 
Q 
Q 

As ~ 

5 
Vi 

, , 
I 

1024 x 4 
MEMORY CELL ARRAY 
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CERAMIC PACKAGE 
DIP-24C·A02 

PIN ASSIGNMENT 

VCCA VCC 

Q3 ~2 

Q4 Q1 
Ao 04 
A1 03 
A2 02 
A3 01 
A4 S 
A5 iN 
NC A9 
A6 As 

VEE A7 



MBMl0474-15 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin (Vee) VEE +0.5 to -7.0 V 
Input Voltage VIN +0.5 to VEE V 
Output Current (DC, Output High) lOUT -30 mA 
Temperature Under Bias TA -55 to +125 ·C 

Storage Temperature TSTG -65 to +150 ·C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. Small geometry bipolar integrated cir· 
cuits are occasionally susceptible to damage from static voltages or electric fields. It is therefore advised that normal precau
tions be taken to avoid application of any voltage higher than maximum rated voltages to this device. 

GUARANTEED OPERATING CONDmONS 
(Referenced to Vee) 

Parameter Symbol Min Typ Max Unit Ambient Temperature 

Supply Voltage VEE -5.46 -5.2 -4.94 V O·C to + 75·C 

CAPACITANCE 

Parameter Symbol Min Typ Max Unit 

Input Pin Capacitance CIN - 4 6 pF 

Output Pin Capacitance COUT - 6 8 pF 

DC CHARACTERISTICS 
(Vee = OV, VEE = -5.2V ,Output load = 500 to -2.0V and Airflow 2:: 2.5m/s unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

Output High Voltage -1000 - 840 O·C 
(VIN = VIH max. or VIL min.) VOH - 960 - - 810 mV 25·C 

- 900 - 720 75·C 

Output Low Voltage -1870 -1665 O·C 
(VIN = VIH max. or VIL min.) VOL -1850 - -1650 mV 25·C 

-1830 -1625 75·C 

Output High Voltage -1020 O·C 
(VIN = VIH min. or VIL max.) VOHC - 980 - - mV 25·C 

- 920 75·C 

Output Low Voltage -1645 O·C 
(VIN = VIH min. or VIL max.) VOLC - - -1630 mV 25·C 

-1605 75·C 

Input High Voltage -1145 - 840 O·C 
(Guaranteed Input Voltage High for All Inputs) VIH -1105 - - 810 mV 25·C 

-1045 - 720 75·C 

Input Low Voltage -1870 -1490 O·C 
(Guaranteed Input Voltage Low for All Inputs) VIL -1850 - -1475 mV 25·C 

-1830 -1450 75·C 

Input High Current (VIN = VIH max.) IIH - - 220 p.A O· to 75·C 

Input Low Current (VIN = VIL min.) IlL -50 - - p.A O· to 75·C 

S Input Low Current (VIN = VIL min.) IlL 0.5 - 170 p.A O· to 75·C 

Power Supply Current 
lEE -200 - - mA O· to 75·C 

(All Inputs and Outputs Open) 
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MBMl0474·15 

FUNCTIONAL DESCRIPTION 
The Fujitsu MBM10474 is fully decoded 4096-bit 
read/write random access memory organized as 
1024 words by 4-bits. Memory cell selection is 
achieved by means of a 10-bit addre~s designated 
Ao - Ag. The active low Chip Select S input is pro
vided for memory expansion. The read and write 
operations are controlled by the state of the active 

AC CHARACTERISTICS 

low Write Enable W input. With Wand S held 
low, the data at ~ is written into the addressed 
location. To read, W is held high, while S is held 
low. Data at the addressed location is then transfer
red to DOUT and read out non-inverted. Open emitter 
outputs are provided to allow for maximum flexibili
ty in output wired-OR connection. 

(Full Guaranteed Operating Ranges, Output Load = 500 to -2.0V and 30pF to GND and Airflow O?! 2.5m/s 
unless otherwise noted.) 

AC TEST CONDmONS 
GND 

vee 

Q1·Q41----.-.., 

I 
-2.0V -

READ CYCLE 

Parameter Symbol 
Address Access Time tAA 
Chip Select AccessTime tAC 
Chip Select Recovery Time tRC 

S 50% 

q 50% 

-0.9V-

-1.7V---.J1 

-It. I-t.= tf = 2.5ns typ - tf 1-
Output Load: RL = SOil 

CL = 30pF 
(including jig and stray capacitance) 

NOTE: All timing measurements referenced to 50% input levels. 

Min Typ Max Unit 
- 11 15 ns 

- 4 8 ns 

- 4 8 ns 

READ CYCLE 

ADDRESSES 

tAA 

80% 
Q 

20% 
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MBMl0474·15 

WRITECYCLE 
Parameter Symbol Min Typ Max Unit 

Write Pulse Width tww 15 - - ns 

Write Disable Time tws - - 8 ns 
Write Recovery Time tWR - - 8 ns 

Address Set Up Time tSA 2 - - ns 

Chip Select Set Up Time tsc 2 - - ns 

Data Set Up Time tso 2 - - ns 

Address Hold Time tHA 3 - - ns 

Chip Select Hold Time tHC 2 - - ns 

Data Hold Time tHO 2 - - ns 

WRITE CYCLE 

\ ,~ -~ J 

Addresses ~ 
I 
t 
\ 

~t 
/\ 

D ~ t 
I i\ - 'so ...... --.. 'HO I ...... 

~ 
~ I if--'HA-w 

-'SA----'ww--'HC---------- -----
~I\ 50% 7t5O% .. Isc .. 

Q 

--.. 'WS ...... --- 'WR----' 

RISE TIME AND FALL TIME 
Parameter Symbol Min Typ Max Unit 

Output Rise Time t, 1.5 2 5 ns 

Output Fall Time t f 1.0 2 5 ns 
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FUJITSU 
MICROELECTRONICS. INC. 

ECL 16,384-BITBIPOLAR 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MBM10480 is a fully 
decoded 16,384-bit Eel read/write 
random access memory designed 
for main frame memory, control 
arid buffer storage applications. 
This device is organized as 16,384 
words by one bit, and it features 
on-Chip voltage compensation for 
improved noise margin. 

FEATURES 
• Organized as 16,384 x 1 
• On·chlp voltage compensation 

for improved noise margin 
• Fully compatible with 

industry·standard 10K·series 
ECl families 

• Address Access Time: 
25 ns max. 

• Chip select access time: 
15 ns max. 

Operation for the MBM10480 is 
specified over a temperature 
range of O·C to 75·C (TA for DIP, 
Tc for flat package). It features 
cerdip 20-pin dual in-line and flat 
packaging, and is fully compat
ible with industry-standard 10K
series ECl families. 

• Open emitter output for easy 
memory expansion 

• low power dissipation of 
O.05mW/bit 

• DOPOS processing (Doped 
Polysillcon) 

• Pin compatible with the 
F10480 

MBM10480 BLOCK DIAGRAM 

WORD 
DRIVER 

ADDRESS 
DECODER 

H = High Voltage Level 
L = Low Voltage Level 
X = Don't care 

S 

H 

L 

L 
L 

Q 

D 

TRUTH TABLE 
INPUT OUTPUT MODE 

W DIN 

X X L Disabled 

L H L W,ite"'H"' 

L L L W,ile"'L"' 

H X DOUT Read 

5-30 

MBMI0480 .. 25 

PRELIMINARY 

CERDIP PACKAGE 
Dlp·20C·C03 

FLATPACK 
FPT·20C·C01 

PIN ASSIGNMENT 

Q Vcc' 

Ao D 

A1 S 

A2 Iii 

A3 A13 

A4 A12 

As A11 

AS A10 

A7 Ag 

VEE As 

'Vee grounded 



PRELIMINARY MBMl0480·25 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Parameter Symbol Value Unit 

VEE Pin Potential to Ground Pin (Vecl VEE +0.5 to -7.0 V 
Input Voltage Y,N +0.5 to VEE V 
Output Current (DC, Output High) lOUT -30 mA 

Temperature Under Bias 
IDIP TA 

-55 to +125 ·C 
IFlat Te 

Storage Temperature TSTG -65 to +150 ·C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may effect device reliability. This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high impedance circuit. 

GUARANTEED OPERATING CONDmONS (Referenced to Vecl 

Parameter Symbol Min Typ Max Unit Temperature· 

Supply Voltage VEE -5.46 -5.2 -4.94 V O·C to +75·C 

• Ambient Temperature for DIP, case temperature for flat package 

CAPACITANCE 

Parameter Symbol Min Typ Max Unit 

Input Pin Capacitance C'N - 5 - pF 
Output Pin Capacitance COUT - 6 - pF 

DC CHARACTERISTICS 
(Vee = OV, VEE = -4.5V, Output Load = 500 and 30 pF to - 2.0V, T A = O·C to 75·C for DIP, T e = O·C to 75·C for Flat 
package and Airflow <!: 2.5 mis, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit TA 

-1000 - 840 O·C 
Output High Voltage VOH - 960 - - 810 mV 25·C 
(V,N = V,H max. or V,Lmin.l -900 - 720 75·C 

-1870 -1665 O·C 
Output Low Voltage VOL -1850 - -1650 mV 25·C 
(V,N = V,H max. or V,Lmin.l -1830 -1625 75·C 

-1020 O°C 
Output High Voltage VOHe -980 - - mV 25·C 
(V,N = V,H min. or V,Lmax.l - 920 75°C 

-1645 O°C 
Output Low Voltage VOLe - - -1630 mV 25°C 
(V,N = V,Hmin. or V,Lmax.l -1605 75·C 

-1145 - 840 O°C 
Input High Voltage V,H -1105 - - 810 mV 25°C 
(Guaranteed Input Voltage High for All Inputs) -1045 - 720 75·C 

-1870 -1490 O°C 
Input Low Voltage V,L -1850 - -1475 mV 25·C 
(Guaranteed Input Voltage Low for All Inputs) -1830 -1450 75°C 

Input High Current (V,N = V,H max.l I'H - - 220 ,..A 0° to 75·C 

Input Low Current (V'N = V,Lmin.l I,L -50 - - ,..A O· to 75°C 

S Input Low Current (V,N = V,Lmin.l I,L 0.5 - 170 ,..A O· to 75°C 

Power Supply Current 
lEE -200 - - mA 0° to 75·C 

(All Inputs and Outputs Open) 
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FUNCTIONAL DESCRIPTION 
The Fujitsu MBM10480 is a fully decoded 16,384-bit 
read/write random access memory organized as 
16,384 words by one bit. Memory cell selection is 
aChieved by means of a 14-bit address designated 
Ao - A13. The active low Chip Select S input is 
provided for memory expansion. The read and write 
operations are controlled by the state of the active 

AC CHARACTERISTICS 

PRELIMINARY 
Note; ........ not .... ~ 
s-................. _..a.:tectto ..... 

low Write Enable W input. With Wand S held 
low, the data at Q1N is written into the aQ!lressed 
location. To read, W is held high, while S is held 
low. Data at the addressed location is then transfer
red to DOUT and read out non-inverted. Open emitter 
outputs are provided to allow for maximum flexibili
ty in output wired-OR connection. 

(Vcc=OV, Output Load =500 to -2.0V and 30pF to GND, TA=O°C to 75°C for DIP, TC=O°C to 75°C for flat 
package, and Airflow = ;:, 25 mIs, unless otherwise noted.) 

AC TEST CONDITIONS 
GND 

-O.9V-

vee -1.7V---JI 

QI--_--, -11,1- -I'l-
l, = I, = 2.5ns Iyp 

Oulpul Load: RL = SOil 

I 
CL= 30pF 
(including jig and slray capacilance) 

-2.0V - NOTE: All timing measurements referenced 10 50% input levels. 

READ CYCLE 

Parameter Symbol Min Typ Max Unit 

Address Access Time tAA - - 25 ns 
Chip Select Access Time tAC - - 15 ns 
Chip Select Recovery Time tRC - - 15 ns 

READ CYCLE TIMING DIAGRAMS 

Addresses 50% 

.... --- IAA----I 

Q 
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PRELIMINARY 
Note:,... .. DOt ...... ~ 
................. _..w.ctto ..... 

WRITE CYCLE 

Parameter 

Write Pulse Width 
Write Disable Time 
Write Recovery Time 
Address Set Up Time 
Chip Select Set Up Time 

Data Set Up Time 

Address Hold Time 
Chip Select Hold Time 

Data Hold Time 

Symbol Min Typ 

tww 25 -
tws - -
tWR - -
tSA 5 -
tsc 5 -
tSD 5 -
tHA 5 -
tHC 5 -
tHD 5 -

WRITE CYCLE TIMlNG DIAGRAM 

s 
~Ir- 7 t 1\ 

Addresses ~ 
I 
t 
\ 

~t J\ 

D \t 

- Iso -- --... IHO 1--
~o-

\ 7 
L 
-IHA-

-ISA- '-Iww--.-IHC-
--------- -----

~\SO% ..,lso% .. Isc • Q 

--... Iws -- --IWR~ 

RISE TIME AND FALL TIME 

Parameter Symbol Min Typ Max 

Output Rise Time tr - 3 -
Output Fall Time tf - 3 -
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MBMl0480-25 

Max Unit 

- ns 

15 ns 
20 ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

Unit 

ns 

ns 



FUJITSU 
MICROELECTRONICS. INC. 

TTL 576·BIT BIPOLAR 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MBM93419 is a high 
speed TIL read/write random· 
access memory, organized as 64 
words by 9 bits, with open
collector outputs. 

MBM93419 is packaged in a 
28-pin dual-in-line package, and is 
plug-in replaceable with F93419. It 

FEATURES 
• Organization: 

64 words x 9-bits 
• +5V Single Power Supply 
• TTL Inputs and Outputs 
• Open Collector Outputs 
• Address Access Time: 

45 ns Max. 

is ideally suited for scratch pad, 
small buffer and other applica
tions where the number of re
quired words is small and the 
number of required bits per word 
is relatively large. The ninth bit 
can provide parity for 8-bit word 
systems. 

• Chip Select Access Time: 
40ns Max. 

• Power Dissipation: 
1.3mWlbit Typ. 

• Compatible with F93419 

MBM93419 BLOCK DIAGRAM 

AS 

Ao 
ADDRESS A3 
DECODER 

A2 

A, 

Ao 

°0_8 

S 

Vi 

INPUT 
OUTPUT 

S VI D 

H X X H 
L L H H 
L L L H 
L H X DOUT 

32x 18 WORD 
DRIVER CELL 

ARRAY 

SENSE 
AMP 

WRITE 
DRIVER 

QO-B 

x9 

TRUTH TABLE 

MODE 

DISABLED 

WRITE"H" 
WRITE "L" 
READ 

I H = HIGH VOLTAGE LEVEL 
L = LOW VOLTAGE LEVEL 

X = DON'T CARE 
"DATA OUTPUT IS THE 
COMPLEMENT OF DATA INPUT 
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MBM93419 

CERAMIC PACKAGE 
DIP·28C·A01 

PIN ASSIGNMENT 

A3 Vee 
A4 A2 
A5 A1 
DO AO 
01 00 
02 01 
03 Q2 
04 03 
05 fQ4 
06 05 
07 06 
Os 07 
iN Os 

GNO S 

Small geometry bipolar Integrated circuits 
are occasionally susceptible to damage from 
static voltages or electric field. It is therefore 
advised that normal precautions be taken to 
avoid application 01 any voltage higher than 
the maximum rated voltages to this device. 



MBM93419 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage (DC) VIN -0.5 to +5.5 V 

Input Current (DC) lIN -12.0 to +5.0 mA 

Output Voltage (VOUT = "H") VOUT -0.5 to +5.5 V 

Output Current (DC, VOUT = "L") lOUT +20.0 mA 

Storage Temperature TSTG -65 to +150 °C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. 

GUARANTEED OPERATING RANGES 

Parameter Symbol Min Typ Max Unit Ambient Temperature 

Power Supply Voltage Vee 4.75 5.0 5.25 V 

Input High Voltage V,H 2.1 - - V O°C to +75°C 

Input Low Voltage Vil - - 0.8 V 

CAPACITANCE 
(TA = 25°C, Vee =5.0V, VIN = 2.0V, f = 1 MHz) 

Parameter . Symbol Min. Typ . Max. Unit 

Input Pin Capacitance CIN - - 5.0 pF 

Output Pin Capacitance COUT - - 8.0 pF 

DC CHARACTERISTICS 
(Vee = 5V ±5%, TA = O°C to 75°C, Air Flow 2: 2.5m/sec, After Warm-up 2: 2 min.) 

Parameter Symbol Test Condition Min Typ Max Unit 

Output Low Voltage VOL Vee = Min, IOl = 12mA - 0.4 0.5 V 

Input High Voltage V,H - - 1.6 - V 

Input Low Voltage Vil - - 1.5 - V 

Input Low Current III Vee - Max, VIN - 0.4V - -250 -400 /l-A 
Input High Current IIH1 Vee = Max, VIN = 4.5V - 1.0 40 /l-A 
Input High Current IIH2 Vee - Max, VIN - 5.25V - - 1.0 mA 

Output Leakage Current leEx Vee = Max, VOUT = 4.5V - 1.0 100 /l-A 
Input Clamp Diode Voltage VeD Vee = Max, VOUT = 4.5V - -1.0 -1.5 V 

Power Supply Current Icc Vee = Max, TA = 25°C - 160 200 mA 

AI/Input GND 
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MBM93419 

AC CHARACTERISTICS 
(Vee = 5V ± 5%, TA = boc to 75°C, Air Flow ~ 2.5 m/sec, After Warm·up ~ 2 min.) 

Vee 

vee RLl 

Q 
o-a 

RL2 eL 

READCYCLE 
Parameter Symbol 

Address Access Time tAA 
Chip Select Access Time tAc 
Chip Select Recovery Time tRC 

Input Pulse Vollage:3.SVp-p 
Input Pulse Rise and Fall Time: 10n5 
Output Load: RL1 = 4S0n 

RL2 = 7S0n 
CL = 30pF (Including Jig) 

Timing Measurement Levels: Input = 1.SV 
Output = 1.SV 

Min Typ 

- 26 
- 18 
- 18 

READ CYCLE 

Max Unit 

45 ns 

40 ns 

40 ns 

..-.. *-
Q _----f ___ ~ ...... ~~~~~~_t_A_A_-_-_-_-_-_-~*=~1 
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MBM93419 

WRITECYCLE 
Parameter Symbol Min Typ Max Unit 

Write Pulse Width tww 35 7 - ns 

Write Recovery Time twR - 20 45 ns 

Write Delayed Time tws - 20 40 ns 

Address Setup Time tSA 5 0 - ns 

Chip Select Setup Time tsc 5 0 - ns 

Data Setup Time tso 5 0 - ns 

Address Hold Time tHA 5 0 - ns 

Chip Select Hold Time tHC 5 0 - ns 

Data Hold Time tHO 5 0 - ns 

WRITE CYCLE 

s ~k- -i 
1\ / 

~? V 
/\ }f\ 

~I \/ 
1\ }~ D 

~r 
\ 

-i 7 - tso .- - tHO --tSA-- .. tww --tHA--

_tsc -tHC-

-,L 
/ 

~l-
~ - tws - - tWR -
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FUJITSU 
MICROELECTRONICS, INC. 

ECL lO:24·BIT BIPOLAR 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MBM100422A is a fully 
decoded 1024·bit ECl read/write 
random access memory designed 
for high speed scratch pad, con· 
trol and buffer storage applica· 
tions. This device is organized as 
256 words by 4·bits, and it fea· 
tures on·chip voltage compensa· 
tion for improved noise margin. 

The MBM100422A offers extreme· 
Iy small cell and chip sizes, realiz· 
ed through the use of Fujitsu's 
patented DOPOS (Doped Polysili· 
con), as well as IOP·II (Isolation by 

FEATURFS 
• 256 words x 4-bits organization 
• On-chip voltage compensation 

for improved noise margin 
• Fully compatible with industry· 

standard 100K·series ECl 
families 

• Address Access Time: 
7 ns max. 

Oxide and Polysilicon) process· 
ing. As a result, very fast access 
time with high yields and outstan· 
ding device reliability are achiev· 
ed in volume production. 

Operation for the MBM100422A·7 
is specified over a temperature 
range of O·C to 85·C (T A for DIP, 
Tc for flat). It features cerdip 
24·pin dual in·line or flat packag· 
ing, and is fully compatible with 
industry·standard 100K·series 
ECl families. 

• Block Select Access Time: 
4 ns max_ 

• Open emiHer output for easy 
memory expansion 

• low power dissipation of 
O.7mW/bit 

• DOPOS and IOp·1I processing 
• Pin compatible with 

the F100422 

MBMl00422A BLOCK DIAGRAM 

TR1ITII TABLE 

i D,. OUTPUT 

H X 

L 

Dour 

H = HIGH VOLTAGE LEVEL 
L=LOW VOLTAGE LEVEL 

Ao 
II: 
W 

A1 
Q 
0 
0 
W 
Q 

A2 III 
III 
W 

A3 O~-
II: 
Q 
Q 
~ 
)( 

A4 

Vi 

MODE 

DISABLED 

WAITE'"W 

WRITE"L" 

READ 

I 
I 

256 X 4 BITS 
MEMORY CELL ARRAY 
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MBMI00422A· 7 
PRELIMINARY 
Note: ThIs ... ot • final specification. 
Some ~ IiaIiq ... _bjed to c:haaae. 

CERDIP PACKAGE 
Dlp·24C·C05 

FLAT PACKAGE 
FPT·24C·C02 

PIN ASSIGNMENT 

04 03 

83 A4 

03 ~ 
9'4 A2 

.04 A1 

VCC' Ao 
VCCA VEE 

01 A7 
B1 As. 
02 A5 

B'2 W 
0 1 D2 

'Vce Grounded 

NOTE: DIP and Flat package styles con· 
form to the same pin assignment. 



PRELIMINARY 
Note: This .. not _ ..... 1 spedlk.atlon. 
So-II! p8.r_.etrk: 1Im1 ........ bject to ch .... e. 

FUNCTIONAL DESCRIPTION 
The Fujitsu MBM100422A is fully decoded 1024·bit 
read/write random access memory organized as 256 
words by 4 bits. Memory cell selection is achieved 
by means of a a·bit address designated Ao - A7. The 
active low Block Select B input is provided for 
memory expansion. The read and write operations 
are controlled by the state of the active low Write 

ABSOLUTE MAXIMUM RATINGS (See Note) 

MBMlOO422A·7 

Enable W input. With Wand B held low, the 
data at DIN is written into the addressed location. To 
read, W is held high, while B is held low. Data at 
the addressed location is then transferred to DOUT 
and read out non·inverted. Open emitter outputs are 
provided to allow for maximum flexibility in output 
wired·OR connection. 

Rating Symbol Value Unit 

VEE Pin Potential to Ground Pin (Vccl VEE +0.5 to -7.0 V 
Input Voltage VIN +0.5 to VEE V 
Output Current (DC, Output High) lOUT -30 mA 
Temperature Under Bias DIP=TA, Flat=TC -55 to +125 ·C 
Storage Temperature TSTG -65 to +150 ·C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Small geometry bipolar integrated circuits are occasionally susceptible to damage from static voltages or electric fields. It is 
therefore advised that normal precautions be taken to avoid application of any voltage higher than maximum rated VOltages to this device. 

GUARANTEED OPERATING CONDmONS 
(Referenced to Vccl 

Parameter Symbol Min 

Supply Voltage VEE -5.7 

• Ambient for DIP, case for Flat package. 

CAPACITANCE 

Typ 

-4.5 

Parameter Symbol Min 

Input Pin CapaCitance CIN -
Output Pin Capacitance COUT -

DC CHARACTERISTICS 

Max Unit Temperature* 

-4.2 V O·C to +85·C 

Typ Max Unit 

4 - pF 

6 - pF 

(Vcc = OV, VEE = -4.5V, Output Load = 500 and 30 pF to -2.0V, TA = O·C to 85·C and Airflow 2: 2.5 mis, 
unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit 

Output High Voltage 
VOH -1025 - -880 mV 

(VIN = VIHmax. or VILmin.l 
Output Low Voltage 

VOL -1810 - -1620 mV 
(VIN = VIHmax. or VILmin.l 
Output High Voltage 

VOHC -1035 - - mV 
(VIN = VIHmin. or VILmax.l 
Output Low Voltage 

VOLC - - -1610 mV 
(VIN = VIHmin. or VILmax.l 
Input High Voltage 

VIH -1165 - -880 mV 
(Guaranteed Input Voltage High for All Inputs) 
Input Low Voltage 

VIL -1810 - -1475 mV 
(Guaranteed Input Voltage Low for All Inputs) 

Input High Current (VIN = VIHmax.l IIH - - 220 p.A 

Input Low Current (VIN = VILmin.l IlL -50 - - p.A 

B Input Low Current (VIN = VILmin.l IlL 0.5 - 170 p.A 

Power Supply Current 
lEE -200 - - mA 

(All Inputs and Outputs Open) 
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MBMl00422A·' PRELIMINARY 
Note; ......... not • n .. 1 speeifkadon. 
SollIe p ..... etrk ...... lIN .abject to c: ........ 

AC CHARACTERISTICS 
(Vee = OV, VEE = -4.5V ±5%, TA = O·C to SS·C for DIP, Te= O·C to SS·C for Flat package, Output Load = SOO to -2.0V 
and 30pF to GND, and Airflow 2: 2.5 mis, unless otherwiSe noted.) 

AC TEST CONDmONS 
GND 

-0.9V- - -

Vee -1.7V----J 

Q,-Q4 -1 1,1- -I'l-
l, = t, = 2.5ns Iyp 

Cl Output Load: RL = son 
Rl. 

I VEE 
- 2.0V 

Cl = 30pF 
(including jig and slray capacitance) 

NOTE: All timing measurements referenced to 50% input levels. 

READCYCLE 

Parameter Symbol Min Typ Max Unit 

Address Access Time tAA - 5 7 ns 
Block Select Access Time tAB - 2.5 4 ns 
Block Select Recovery Time tRB - 2.5 4 ns 

READ CYCLE 

B ~~ _________________ o __ 

Q Addresse_s ___ Ys_O_OI._O ______ -;-__ _ 

/!~ IAA----I··I 
Q ------~------------~~ 
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PRELIMINARY 
MBMl00422A-7 Note: Dis is not a final apeclfk:atlGn. 

Some parametric UmiU llI'e .ubject to change. 

WRITECYCLE 

Parameter Symbol Min Typ Max Unit 

Write Pulse Width tww 5 - - ns 

Write Disable Time tws - - 4 ns 

Write Recovery Time tWR - - 8 ns 

Address Set Up Time tSA 1 - - ns 

Block Select Set Up Time tSB 1 - - ns 

Data Set Up Time tSD 1 - - ns 

Address Hold Time tHA 1 - - ns 
Block Select Hold Time tHB 1 - - ns 

Data Hold Time tHD 1 - - ns 

WRITE CYCLE 

\ I 
-K 7~ 

Addresses ~ 
/ 
t 
\. 

~~ 
/1\ 

D ~ I ~ 1\ 
~ 
J 
t 
\. - Iso -- --- tHO 1--

~ 
\. 7 'I -tHA-

-tSA----'ww--tH8 ---------- -----
Q 

~'\ 50% )'1- 50% .. IS8 .. 
j --- IWR------' 

Iws --

RISE TIME AND FALL TIME 

Parameter Symbol Min Typ Max Unit 

Output Rise Time t, - 1.5 - ns 

Output Fall Time t f - 1.5 - ns 
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FUJITSU 
MICROELECTRONICS. INC. 

ECL 4096·BIT BIPOLAR 
RANDOM ACCESS MEMORY 

DESCRIPTION 
The Fujitsu MBM100474 is a fully 
decoded 4096-bit ECl read/write 
random access memory designed 
for high speed scratch pad, con
trol and buffer storage applica
tions. This device is organized as 
1024 words by 4-bits, and it fea
tures on-chip voltage temperature 
compensation for improved noise 
margin. 

The MBM100474 offers extremely 
small cell and chip sizes, realized 
through the use of Fujitsu's 

FEATURES 
• 1024 words x 4-bits 

organization 
• On·chip voltage/temperature 

compensation for improved 
noise margin 

• Fully compatible with 
industry·standard 100K·series 
ECl families 

• Address Access Time: 
MBM100474-15: 15 ns max. 

• Chip select access time: 
MBM100474-15: 8 ns max. 

patented DOPOS (Doped Polysili
con), as well as lOP (Isolation by 
Oxide and Polysi licon), process
ing. 

Operation for the MBM100474 is 
specified over a temperature 
range of O·C to 85·C (T A for DIP, 
T c for Flat Package). It features 
24-pin cerdip dual in-line packag
ing and flat package, and is fully 
compatible with industry-stan
dard 100K-series ECl families. 

• Open emitter output for easy 
memory expansion 

• low power dissipation: 
MBM100474-15: 

0.2mW/bit typo 

• DOPOS and lOP processing 
• Pin compatible with the 

F100474 

MBMI00474 BLOCK DIAGRAM: 

, 
I 
I 
I 
I 
I 

MEMORY ~Ell ARRAY 

TRUTH TABLE 
INPUT 

AS OUTPUT MODE 
i Vi D,N 

H X X Disabled 

l L H Wrlte"H" 

L L L Wrlte"L" 

L H X DOUT Read 
q. 

H = High Voltage Level 
L = Low Voltage Level 
X = Don't care 
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MBMI00474·15 

CERDIP PACKAGE 
DIP·24C·C05 

CERDIP PACKAGE 
FPT·24C·C02 

PIN ASSIGNMENTS 
D. D, 

i 

D. W 

As 

As 
Vee A7 

Vee VEE 

Q. A. 

NC 

As 

A, 

A. 

As As A7 VEE As NC 

WI As 

At 

MBM100474 As 
(1024.4) Az 

D. Ao 

Q, Qo Vee vee Qs Q. 

*Ycc grounded 



FUNCTIONAL DESCRIPTION 
The Fujitsu MBM100474 is fully decoded 4096-bit 
read/write random access memory organized as 
1024 words by 4 bits. Memory cell selection is 
achieved by means of a 10-bit addre§..s designated 
An - Ag. The active low Chip Select S input is pro
vided for memory expansion. The read and write 
operations are controlled by the state of the active 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Parameter Symbol 

VEE Pin Potential to Ground Pin (Vecl VEE 
Input Voltage VIN 
Output Current (DC, Output High) lOUT 
Temperature Under Bias TA 
Storage Temperature TSTG 

MBMl00474·15 

low Write Enable W input. With Wand S held 
low, the data at DIN is written into the addressed 
location. To read, W is held high, while S is held 
low. Data at the addressed location is then transfer
red to DOUT and read out non-inverted. Open emitter 
outputs are provided to allow for maximum flexibili
ty in output wired-OR connection. 

Value Unit 

+0.5 to -7.0 V 

+0.5 to VEE V 

-30 mA 

-55 to +125 ·C 

-65 to +150 ·C 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as detailed in the operational sections of this data sheet. Small geometry bipolar integrated cir
cuits are occasionally susceptible to damage from static voltages or electric fields. It is therefore advised that normal precau· 
tions be taken to avoid application of any voltage higher than maximum rated voltages to this device. 

GUARANTEED OPERATING CONDmONS 
(Referenced to Vecl 

Parameter Symbol Min Typ Max Unit Temperature * 

Supply Voltage VEE -5.7 -4.5 -4.2 V O·C to +85·C 

• Ambient for DIP, case for flat package. 

CAPACITANCE 
Parameter Symbol Min Typ Max Unit 

Input Pin Capacitance Cn'l - 4 5 pF 

Output Pin Capacitance CaUT - 7 8 pF 

DC CHARACTERISTICS 
(Vee = OV, VEE = -4.5V, Output Load = 500 to -2.0V, TA = O·C to 85·C for DIP, Te=O·C to 85·C for Flat package and 
Airflow ~ 2.5 mis, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit 

Output High Voltage 
VOH -1025 - -880 mV 

(VIN = VIH max. or VILmin.l 
Output Low Voltage 

VOL -1810 - -1620 mV 
(VIN = VIH max. or VILmin.l 
Output High Voltage 

VOHe -1035 - - mV 
(VIN = VIH min. or VILmax.l 
Output Low Voltage 

VOLe - - -1610 mV 
(VIN = VIHmin. or VILmax.l 
Input High Voltage 

VIH -1165 - -880 mV (Guaranteed Input Voltage High for All Inputs) 

Input Low Voltage 
VIL -1810 - -1475 mV (Guaranteed Input Voltage Low for All Inputs) 

Input High Current (VIN = VIHmax.l IIH - - 220 pA. 

Input Low Current (VIN = VILmin.l IlL -50 - - pA. 

S Input Low Current (VIN = VILmin.l IlL 0.5 - 170 pA. 
Power Supply Current 

lEE -200 - - mA (All Inputs and Outputs Open) 

5-43 



rvIBMI00474·15 

AC CHARACTERISTICS 
(Vcc = OV, VEE = -4.5V ±5%, TA = O·C to 85·C for DIP, TC = O·C to 85·C for Flat package, Output Load = SOO to -2.0V 
and 30pF to GND, and Airflow 2: 2.5 mis, unless otherwise noted.) 

AC TEST CONDITIONS 

GND 

-0.9V- -
80% 

\ ·20% 

Vee -1.7V----' 

01-Q 4 
- ________ tr ......-----.- -----... If -4---

I, = I, = 2.5ns Iyp 

Cl Oulpul Load: RL = son 
Rl 

I VEE 
- 2.0V 

Cl = 30pF 
(including jig and slray capacilance) 

NOTE: All timing measurements referenced to 50% input levels. 

READ CYCLE 

MBM100474·15 

Parameter Symbol Unit 

Min Typ Max 

Address Access Time tAA 4 15 ns 
Chip Select Access Time tAC 2 8 ns 
Chip Select Recovery Time tRC 2 8 ns 

READ CYCLE 

Addresses 

o o 
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WRITECYCLE 

MBM100474-15 

Parameter Symbol Unit 
Min Typ Max 

Write Pulse Width tww 15 - - ns 
Write Disable TiMe tws - - a ns 
Write Recovery Time tWR - - 8 ns 
Address Set Up Time tSA 2 - - ns 
Chip Select Set Up Time tsc 2 - - ns 
Data Sel Up Time Iso 2 - - ns 
Address Hold Time IHA 3 - - ns 
Chip Select Hold Time tHC 2 - - ns 
Dala Hold Time IHO 2 - - ns 

WRITE CYCLE 

\ -J ... -~ I 

Addresses ~ 
I 

If-r-.. 
~'(.. Ir-.. 

D ~If-lr-.. ~If-11\ - Iso -- ...... IHO --
~ 

\: 
/ 

....,~IHA-
-ISA---Iww--tHC-

--------- -----
\.:50% ,/.50% .. IsC .. 

Q 

-- Iws -- --IWR---

RISE TIME AND FALL TIME 

Parameter Symbol Min Typ Max Unit 

Outpul Rise Time tr 1.5 2 5 ns 

Oulput Fall Time If 1.0 2 5 ns 
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MBMl00474-15 

TYPICAL CHARACTERISTICS CURVES 

OUTPUT HIGH VOLTAGE 
va AMBIENT TEMPERATURE 

:E III -0.7 1-+-+--+--+--+-+--+-+----1-1 
c:I 
~ 
... -0.8 1--1-+-+--+-+-+-+--+-+-+ 
~ 
:J: 

~ -0.91-t-t-+-+++-+-+-+--+ 

1-1.01-t-t-+-+++-+-+-+--+ 

~ -1.1 I-t-t-+-+++-+-+-+--+ 
> 

o 20 40 80 80 
TA. AMBIENT TEMPERATURE (OC) 

ADDRESS ACCESS TIME 
VB AMBIENT TEMPERATURE 

1SI--I-t-t-t-t-t-+-+-+-1 

51-+-+-+--+--+--+-+--+-+-+ 

01-+-+-+--+--+--+-+--+-+-+ 

o 20 40 80 80 
TA. AMBIENT TEMPERATURE (OC) 

OUTPUT LOW VOLTAGE 
va AMBIENT TEMPERATURE 

~ -1.41--t--t--HHHH-l-j-l 

..... ~ 
-1.5 1-+-+--+--+--+-+--+--+-+-1 

~ 

~ -1.81-t-+-+++-+-+-+--+-j 
!; 
~ -1.71-.... .j... ............. ~~~~:.....j 
o 
g -1.8 1-+-+--+--+--+-+--+--+-+-1 
> 

20 

15 

10 

5 

o 

o 20 40 80 80 
TA. AMBIENT TEMPERATURE (OC) 

ADDRESS ACCESS TIME 
VB SUPPLY VOLTAGE 

.... 

-4 -4.5 -5 -5.5 -6 
VEE. SUPPLY VOLTAGE (VI 

WRITE PULSE WIDTH 
va SUPPLY VOLTAGE 

201--t-t-+-+-+-+-+--+--+-, 

101-+-+--+--+--+-+--+-+----1-1 

SI--t-t-+-+-+-+-+--+--+-, 

-4 -4.5 -5 -5.5 -8 
VEE. SUPPLY VOLTAGE (VI 
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SUPPLY CURRENT 
va AMBIENT TEMPERATURE 

... -200 

i -I- -r-. !5 150 
a: 
a: 
~ 
U 

~ ... ... 
~ 
II) 

~ 

100 

50 

o 

o 20 40 80 80 
TA. AMBIENT TEMPERATURE (OC) 

WRITE PULSE WIDTH 
va AMBIENT TEMPERATURE 

1SI--I-I-I-t-t-t-t-t-+-1 

SI-I--I--I--+-+-+-+-+-~ 

o 20 40 80 80 
TA. AMBIENT TEMPERATURE (OC) 



FUJITSU 
MICROELECTRONICS. INC_ 

ECL 16,384-BIT BIPOLAR 
RANDOM ACCESS MEMORY 
D~RIPTION 

The Fujitsu MBM100480-25 is a 
fully decoded 16384-bit ECl 
read/write random access mem
ory designed for main, control 
and buffer storage applications. 
This device is organized as 16384 
words by 1-bit, and it features on
chip voltage/temperature com
pensation for improved noise 
margin. 

The MBM10048Q-25 offers ex
tremely small cell and chip sizes, 

FEATURES 
• 16384 words x i-bits 

organization 
• On-Chip voltage/temperature 

compensation for improved 
noise margin 

• Fully compatible with 
industry-standard i00K-series 
ECl families 

• Address Access Time: 
25 ns max. 

realized through the use of 
Fujitsu's patented DOPOS (Doped 
Polysilicon), as well as lOP-II (Iso
lation by Oxide and Polysilicon) 
processing. 

Operation for the MBM10Q480-25 
is specified over a temperature 
range of O°C to 85°C (TA for DIP, 
T c for Flat Package). It features 
20-pin Cerdip dual in-line or flat 
packaging. It is fully compatible 
with industry-standard 100K-series 
ECl families. 

• Chip select access time: 
15 ns max. 

• Open emitter output for easy 
memory expansion 

• Low power dissipation of 
O.04mW/bit 

• DOPOS and IOp·1I 
• Pin compatible with the 

F100480 

MBMl00480 BLOCK DIAGRAM 

WORD 
DRIVER 

ADDRESS 
DECODER ADDRESS 

DECODER 

H = High Voltage Level 
L = Low Voltage Level 
X = Don't care 

S 

H 
L 
L 
L 

Q 

w 

D 

TRUTH TABLE 
INPUT OUTPUT MODE 

W DIN 

X X L Disabled 
L H L W,ileuHu 

L L L W,ile'·L" 
H X DOUT Read 
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MBMI00480-25 

PRELIMINARY 

CERDIP PACKAGE 
Dlp·20C·C03 

CERDIP PACKAGE 
FPT·20C·C01 

PIN ASSIGNMENT 

Q Vcc· 

Ao D 

A1 5 

A2 W 

A3 A13 

-'4 A12 

As A11 

A6 A10 

A7 As 

VEE As 

·Vcc grounded 

Note: DIP and Flat Package styles con· 
form to the same pin assignment. 



MBMl00480 

FUNCTIONAL DESCRIPTION 
The Fujitsu MBM100480 is fully decoded 16,384-bit 
read/write random access memory organized as 
16,384 words by 1 bit. Memory cell selection is 
achieved by means of a 8-bit address designated 
A() - A13· The active low Chip Select S input is 
provided for memory expansion. The read and write 
operations are controlled by the state of the active 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Parameter 

VEE Pin Potential to Ground Pin (VCe) 
Input Voltage 
Output Current (DC, Output High) 

PRELIMINARY 
Note: ....... aot .... ............ 
.... ............, ............... to~. 

low Write Enable W input. With Wand S held 
low, the data at DIN is written into the addressed 
location. To read, W is held high, while S is held 
low. Data at the addressed location is then transfer
red to DOUT and read out non-inverted. Open emitter 
outputs are provided to allow for maximum flexibili
ty in output wired-OR connection. 

Symbol Value Unit 

VEE +0.5 to -7.0 V 

VIN +0.5 to VEE V 

lOUT -30 mA 
Temperature Under Bias TA for DIPfTc for Flat Pack -55 to +125 ·C 

Storage Temperature TSTG -65 to +150 ·C 

GUARANTEED OPERATING CONDmONS (Referenced to VCe) 

Parameter Symbol Min Typ Max Unit Temperature* 

Supply Voltage VEE -5.7 -4.5 -4.2 V O°C to +85·C 

• Ambient for DIP, case for Flat package. 

CAPACITANCE 

Parameter Symbol Min Typ Max Unit 

Input Pin Capacitance CIN - - - pF 

Output Pin Capacitance GoUT - - - pF 

DC CHARACTERISTICS 
01cc = OV, VEE = -4.5V, Output Load = 500, 30pF to -2.0V, TA = O°C to 85°C for DIP, TC=O°C to 85°C for Flat package 
and Airflow <!: 2.5 mIs, unless otherwise noted.) 

Parameter Symbol Min Typ Max Unit 

Output High Voltage 
VOH -1025 - -880 mV 

01IN = VIHmax. or VILmin.l 
Output Low Voltage 

VOL -1810 - -1620 mV 
01IN = VIHmax. or VILmin.l 
Output High Voltage 

VOHC -1035 - - mV 
01IN = VIHmin. or VILmax.l 
Output Low Voltage 

VOLC - - -1610 mV 
01IN = VIHmin. or VILmax.l 
Input High Voltage 

VIH -1165 - -880 mV (Guaranteed Input Voltage High for All Inputs) 

Input Low Voltage 
VIL -1810 - -1475 mV (Guaranteed Input Voltage Low for All Inputs) 

Input High Current 01IN = VIHmax.l IIH - - 220 pA. 
Input Low Current 01IN - VILmin.l IlL -50 - - pA. 
S Input Low Current 01IN = VILmin.l IlL 0.5 - 170 pA. 
Power Supply Current 

lEE -200 - - mA (All Inputs and Outputs Open) 
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PRELIMINARY MBMl0048 0 

AC CHARACTERISTICS 
(Vcc = OV, VEE = -4.5V :!:5%, TA = O°C to 85°C for DIP, Tc = O°C to 85°C for Flat Pack, 
Output Load = 500 to -2.0V and 30pF to GND, and Airflow <!!: 2.5 mIs, unless otherwise noted.) 

AC TEST CONDmONS 

GND 

-O.9V- - -

Vee -1.7V---..J 

Q 
i I ------. tr ~ ---+- tf -4---

I t, = t, = 2.Sns typ I 
Cl Output Load: RL = son 

Rl 

I VEE 
- 2.0V 

Cl = 30pF 
(including jig and stray capacitance) 

NOTE: All timing measurements referenced to 50% input levels. 

READCYCLE 

Parameter Symbol Min Typ Max Unit 

Address Access Time tAA - - 25 ns 
Chip Select Access Time tAC - - 15 ns 
Chip Select Recovery Time tRC - - 15 ns 

READ CYCLE 

S\'---__ _ 
Address_es ___ VS_O_OA_O ______ ,... __ _ 

/!~ tAA---;··r 
Q ----'-------........ ~ 

Q 

5-49 



MBMl00480 PRELIMINARY 

WRITE CYCLE 
Parameter Symbol Min Typ Max Unit 

Write Pulse Width tww 25 - - ns 
Write Disable Time tws - - 15 ns 
Write Recovery Time tWR - - 20 ns 
Address Set Up Time tSA 5 - - ns 

Chip Select Set Up Time tsc 5 - - ns 
Data Set Up Time tso 5 - - ns 
Address Hold Time tHA 5 - - ns 
Chip Select Hold Time tHC 5 - - ns 
Data Hold Time tHO 5 - - ns 

WRITE CYCLE 

" -i -" J 

Addresses ~ j if-~ ~~ 
I~ 

D ~if-
/1\ - tso --- ~ tHO 1---

" ] ~--, -tHA-
_____ -t;A-----tww---tHC---------- .. tsc ~ 

Q 

\ 
~50% ....,{.50% 

--, tws ---
-----twR--

RISE TIME AND FALL TIME 

Parameter Symbol Min Typ Max Unit 

Output Rise Time tr - 3 - ns 
Output Fall Time t, - 3 - ns 
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Fujitsu Microelectronics offers a full line of Schottky TIL bipolar PROMs 
ranging from 4K to 64K. All FMI PROMs are manufactured using our 
patented DEApTM (diffused eutectic aluminum process) technique which 
produces unmatched reliability and performance. The DEAP technique is 
responsible for a smaller cell size of 0.56 mil2 - less than half the size of 
conventional PROMs. Two passive isolation techniques, SVG (shallow 
V-groove) and lOP (isolation by oxide and polysilicon) also give a closer cell 
spacing. These processes increase PROM density, cut die size in half, and 
ultimately, result in lower chip costs, higher speeds and higher programm
ing yields. 

Fujitsu Microelectronics also offers extended temperature range versions 
of our PROMs which operate between _55°C and 125°C. 

For more information on all Fujitsu Microelectronics PROMs, consult our 
198.3 PROM Data Book. 



L 'i~~~//~#~~//ft/ 
MB7117 2048 256 x 8 OC 18 53/6308 54/74S470 TBP185A22 

MB711S 2048 256 x8 35 20 53/6309 54/74S471 TBP18522 
MB7121 4096 1024 X 4 OC 18 AM27532 93452 HM7642 HN25044 3605 53/6352 MCM7642 DM54/74S572 i<PB406 N/5825136 TBP245A41 

MB7122 4096 1024 X 4 35 18 AM27S33 93453 HM7643 HN25045 3625 53/6353 MCM7643 DM54/745573 pPB426 N/S825137 TBP24541 

MB7123 4096 512 X 8 OC 20 AM27528 HM7648 53/6348 DM54/74S473 29620 N/S825146 TBP285A42 

MB7124 4096 512 X 8 35 20 AM27529 HM7649 53/6349 DM54/74S472 29621 N/5825147 TBP28S42 

MB7127 8192 2048 X 4 OC 18 AM275184 HM7684 HN25084 53/6368 MCM7684 DM77/875184 29650 N/S825184 TBP245A81 

MB7128 8192 2048 X 4 35 18 AM275185 HM7685 HN25085 53/6389 MCM7685 DM77/875185 29651 N/5825185 TBP24581 

MB7131 8192 2048 X 8 OC 24 AM275180 93450 HM7680 HN25096 3608 53/6360 MCM7680 DM77/87S180 29630 N/5825180 TBP285A86 

(1) 
MB7131-5K 8192 1024 X 8 OC 24 

.300 mil 
AM275280 DM77/875280 narrow pkg 

~ MB7132 8192 1024 X 8 35 24 AM27S181 93451 HM7681 I-iN25089 3628 53/6381 MCM7681 DM77f87S181 "PB417 29631 N/S825181 TBP28S68 

MB7132-5K 8192 1024 X 8 35 24 
.300 mil 

AM275281 DM77I875281 narrow pkg 
MB7134 16384 4096 X 4 35 20 

MB7137 16384 2048 X 8 OC 24 AM275190 93510 HN25168 MCM76160 DM77/875190 pPB409 29680 N/5825190 TBP285A166 

MB7137-SK 16364 2048 X 8 OC 24 
.300 mil 

AM275290 DM771875290 narrow pkg 

MB7138 16384 2048 X 8 35 24 AM275191 93511 HM76161 HN25169 3636 6351681 MCM76161 DM77/87S191 pPB429 29681 N/5825191 TBP28S166 

MB7138-5K 16384 2048 X 8 35 24 .300 mil 
narrow pkg 

AM27S291 DM77I87S291 

MB7141 32768 4096 X 8 OC 24 29670 N/S825320 

MB7142 32768 4096 X 8 35 24 AM27S43 HM76321 3632 6353281 DM77/875321 29671 N/5825321 

MB7143 65536 8192 x 8 OC 24 

MB7144 65536 8192 x8 35 24 HM76641 

MB7151 16384 4096 x 4 OC20 AM27S40 

MB7152 16384 4096 x 4 35 20 AM27S41 HM76165 53/63S1641 N/S825195 

... 
'S' o ;-.. 
I a 
~ 
I 
ir cr 
i 
i 
C') 
c: a: 
CD 



c-..... I T .... ,. ........ Ran .. PROMS (O'C to +75'C Operating Temperature) 

~ 
_r 

Devlc. Or.-n_ TI .... Supplr -. .......... , .... ,,' Voltlo 01 .. 1",-

MB7117E 256 x B 45nS +5 140mA 2O-pin 
MB7117H 256 x B 35nS +5 140mA 2O-pin 
MB711BE 256xB 45nS +5 140mA 2O-pin 
MB7118H 256 x B 45nS +5 140mA 2O-pln 

MB7121E 1K x4 45nS +5 150mA HI-pin 
MB7121H 1K x 4 35nS +5 150mA HI-pin 
MB7122E lK x4 45nS +5 150mA IS-pin 
MB7122H lK xB 35nS +5 150mA 1S-pin 
MB7123E 512 x B 45nS +5 170mA 2O-pin 
MB7123H 512 x B 35nS +5 170mA 2O-pin 
MB7124E 512 x B 45nS +5 170mA 2O-pin 
MB7124H 512 x B 35nS +5 170mA 2O-pin 
MB7127E 2K x 4 55nS +5 155mA IS-pin 
MB7127H 2K x 4 45nS +5 155mA IS-pin 
MB712BE 2K x 4 55nS +5 155mA IS-pin 
MB712BH 2K x 4 45nS +5 155mA 1S-pin 
MB712BY 2K x 4 35nS +5 155mA IS-pin 
MB7131E lK x B 55nS +5 175mA 24-pin 
MB7131H lK x B 45nS +5 175mA 24-pin 
MB7132E lK x B 55nS +5 175mA 24-pin 
MB7132H lK x B 45nS +5 175mA 24-pin 
MB7132Y 1K x B 35nS +5 175mA 24-pin 
MB7133E 4K x 4 55nS +5 170mA 2O-pin 
MB7133H 4K x 4 45nS +5 170mA 2O-pin 
MB7134E 4K x 4 55nS +5 170mA 2O-pin 
MB7134H 4K x 4 45nS +5 170mA 2O-pin 
MB7134Y 4K x 4 35nS +5 170mA 2O-pin 
MB7137E 2K x B 55nS +5 180mA 24-pin 
MB7137H 2K x B 45nS +5 180mA 24-pin 
MB713BE 2K x B 55nS +5 180mA 24-pin 
MB713BH 2K x B 45nS +5 180mA 24-pin 
MB713BY 2K x B 35nS +5 lBOmA 24-pin 

MB7141E 4K xB 65nS +5 185mA 24-pin 
MB7141H 4K x B 55nS +5 185mA 24-pin 
MB7142E 4K xB 85nS +5 185mA 24-pin 
MB7142H 4K x B 55nS +5 185mA 24-pin 
MB7143E BK x 8 65nS +5 190mA 24-pin 
MB7143H BK x B 55nS +5 190mA 24-pin 
MB7144E BK x B 65nS +5 190mA 24-pin 
MB7144H BK x 8 55nS +5 190mA 24-pin 

MB7151E 4K x 4 45nS +5 l70mA 2O-pin 
MB7151H 4K x4 55nS +5 170mA 2O-pin 
MB7152E 4K x 4 45nS +5 170mA 2O-pin 
MB7152H 4K x 4 55nS +5 170mA 2O-pin 
MB7152Y 4K x4 35nS +5 l70mA 2O-pin 

Exte_ T ............... Range PROMS (-55'C to + 125'C Operating Temperatures) 

Me" 
M." 

_ .. 
Devl ... Size Or.-nl- Output Polek ... A_ 01 .. 1 ... - PoIeDge Alternate 

ZIllion PI ... TI .... ' ... ' tIon,mAl -.... 
MB712BE-W 8192 2048 x 4 3S 18 55 155 Z, F, V 825185 

MB7132E-W 8192 1024 x 8 3S 24 55 175 Z, F, V 825181 

MB713BE-W 16384 2048 x 8 3S 24 55 180 Z, F, V 82S191 

MB7142E-W 32788 4096 x 8 3S 24 85 185 Z, F, V 825321 

MB7144E-W 65.536 8000 x 8 3S 24 70 190 Z, F, V 

Fujitsu also offers a family of DEAP PROMs available in extended temperature range (-5S'C to 
+125'C)_ These PROMs are of the same generic family as the commercial temperature range pro-
duct and utilize the same programming methods and more elaborate testing procedures_ This pro-
duct is available processed to Mil. Std_ 883B or 883C_ 
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Reliability Testing 

Reliability testing includes 
three types of tests - lot tests 
(after production starts), 
periodic tests, and "occa· 
sional" tests. This section ex· 
plains the details of each test 
in turn. 

Lot Tests 
The particulars of lot tests are 
listed in Table 5. There are two 
types of lot tests, called group 
A tests and group B tests. 
Group A tests and Group B 
tests are performed· on items 
that are tested regularly, usU· 
ally every week. 

Details of individual tests vary 
with the product under test, but 
all samples are selected at ran· 
dom from every cycle lot. Tests 
are not performed in any par· 
ticula( order unless specified. 
Rather, they are performed for 
each device type. 

Note that the high·temperature 
storage and continuous· 
operation tests usually take 
500 hours, although they may 
take only 168 hours In special 
cases. Good samples are 
returned to their lots after non· 
destructive testing. Bad 
samples and samples that 
have undergone destruction 
testing are disposed. 

Table 6 Sampling Plan for Reliability Testing. 

Gaylee CI .. slflcatlon 

G.-p Subgroup Test Iiams 

Periodic Testa 
Particulars of the periodic tests 
are also I isted I n Table 5. There 
are two types of periodic tests
group Ctests and group 0 tests. 
GroupCtests are performed on 
items that are tested regularly, 
usually every 13weeks.Group 0 
tests Include special reliability 
test and very long life tests. The 
Group Dtest is usuallydone 
once every 26 weeks. 

Detai Is of individual tests vary 
with the product undertest, but 
all samples areselected at ran· 
dom. Tests are not performed in 
any particular order un less 

Gaylce Group 1 

Sampllnll Plan 

specified. Rather, they are per· 
formed for each device type. 

Notethatthehigh·temperature 
storage and cont I nuous opera· 
tion tests for group Ctake 1000 
hours and those for group Dtake 
3000 hours. 

Occasional Testa 
Occasional tests are performed 
on products whenever neces· 
sary. Thetestsareslmilarto 
periodic tests, buttheirdetails 
are specified bytheQC/Reliabili· 
ty Engineering Department ac· 
cordingtothepurposeofthe 
test. 

Gaylce Group 2 

Al External Visual Inspection 100% Test of Sampling Devices (All Sampled Devices) 

A2 Fuction Test LTPD 5% Ac=O 

A A3 Electrical Static Characteristics LTPD 5% Ac=O 
Characteristics 

A4 Dynamic/Switching Characteristics LTPD 5% Ac=O 

Sample AcoepIaIICe Sample AccepaICe 
Size Number Size Number 

Bl Physical Dimensions 9 6 

B2 Environmental Thermal Environmental Test 9 9 

B3 Tests Mechanical Environment!!1 Tests 9 9 

B4·1 Solderability (230·C, 5S)"1 9 3 

B B4-11 Solderability (260·C, 5S)"1 9 3 

B5 Lead Integrity'1 9 3 

B6 Pressure·Temperature-Humidity Storage '2 9 1'3 9 1'3 

B7 High·Temperature Storage '5 14 1'4 7 1'4 

B8 Continuous Operation 24 1'4 11 1'4 

B9 High·Humidity Storage 85·C, 85%RH"2 24 1'4 11 1'4 

Cl High·Temperature Storage '5 14 1'6 7 1'6 

C C2 Endurance Continuous Operation 24 1'6 11 1'6 

C3 Test High·Humidity Storage 85 ·C, 85%RH'6 24 1'6 11 1'4 

01 High·Temperature Storage'5'7 14 7 
-

0 02 Continuous Operation'7 24 11 

03 High·Humidity Storage 85·C, 85%RH '2 '7 24 11 
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Reliability Testing continued 

Test Cycle: Groups A and B for every weekly lot, Goup C every 13 weeks, Group D every 26 weeks 

Notes 

·1: Electrical reiect devices can be used in this test. 
·2: These tests are perlormed on resin-sealed devices. 
·3: This test takes 96 hours. 
·4: These tests normally take 500 hours. But If no 

defects are found in the first 168 hours, the lot can 
be passed and the test may be terminated. 

·5: These tests are performed if the junction 
temperature during continuous operation Is less 
than the maximum rated storage temperature 
specified for such devices. 

·6: These tests take 1000 hours. 
·7: These tests take 3000 hours. 

Tabla 6 - Device Clanlflcatlon 

Element Classification 
Capacity In bits 
Bipolar MOS 

Group 1 (551 and MSI devices) up to 5000 up to 10,000 
Group 2 (LSI devices) over 5000 over 10,000 

LoglclAnalog (No. Elementsl 
Power Consumption) 

up to 1000/500 mW 
Other 
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Quality Control Flow Chart 

FIG. 3 THE QUALITY CONTROL FLOW CHART 

WAFER SURFACE INSPECTION AND SAMPLE 
TESTS OF THICKNESS, SURFACE RESISTANCE. 

DIFFUSION DEPTH, ELECTRICAL PARAMETERS, AND DOPING. 

WAFER SURFACE INSPECTION, MONITOR TEST OF FILM THICKNESS 

WAFER SURFACE INSPECTION, MONITOR TEST OF FILM THICKNESS 

TEST OF ELECTRICAL CHARACTERISTICS, STRESS TEST 

WAFER SURFACE AND PATTERN SAMPLING INSPECTION CHIP SHIPPING INSPECTION 

BOND· POSITION AND SURFACE INSPECTION, SAMPLE WIRE BOND STRENGTH TEST, MONITOR TEST OF SAMPLE RUN FOR MACHINE CALIBRATION 

LEGEND: 

o PRODUCTION PROCESS 

o TESTIINSPECTION 

[Q] PRODUCTION PROCESS AND TESTIINSPECTION 

<) QC GATE (SAMPLING) 

INTERNAL SAMPLING VISUAL INSPECTION 

NOTE: THE FLOW SEQUENCE MAY VARY SLIGHTLY WITH INDIVIDUAL PRODUCT TYPE. 
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Quality Control Flow Chart Continued 

TABLE 2. SAMPLING PLAN FOR THE SHIPPING TESTS. 

TEST ITEM 

Electrical Characteristics 

Appearance 

Marking 

Hermeticity (Fine and Gross Leak Tests)' 

Appearance 

Note: • Applies to hermetic packages only. 

EXTERNAL MECHANICAL INSPECTION 

EXTERNAL SAMPLING VISUAL INSPECTION 

HERMETICITY (FINE AND GROSS LEAK TESTS.) EXTERNAL AND MARKING INSPECTIONS, 
ELECTRICAL CHARACTERISTICS TESTS. ALL SAMPLING TESTS 

SHIPPING TESTS 

RELIABILITY TESTS 

ENDURANCE AND ENVIRONMENTAL TESTS 
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SAMPLING PLAN 

AOLO.25% (Level II) 

A0L2.5% (Level II) 



Package Dimensions Dimensions in Inches (millimeters) 

DIP·16C·A02 

16-LEAD CERAMIC 
METAL SEAL 
DUAL IN·L1NE PACKAGE 

Dlp·16CC03 

16-LEAD CERDIP 
DUAL IN·L1NE PACKAGE 

DIP·16C·C04 

16-LEAD CERDIP 
DUAL IN·L1NE PACKAGE 

R.050ll.27JA 
'~ 
~ ~ ~ 

INDEX AR 

.760(19.30) 
.8oo(20.32} 

I 
.287l7.291 -=r5

•
, 

m·17714.50IMAX 

.120(3.05) 

.150(3.81) 

.020(0.51) 

.043(1.091 

R.025(O'64JR~l I "> .2B4f7.211 

ho","",,,,",,,::ra:::o-,,,,,,.,,,,,,-.:::s-=" -=r'o" 
.754119,15) 
.788/20.02) 
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Package Dimensions Dimensions in inches (millimeters) 

Dlp·16C·F01 

16-LEAD CERAMIC 
FRIT SEAL 
DUAL IN·LlNE PACKAGE 

Dlp·16C·F02 

16-LEAD CERAMIC 
FRIT SEAL 
DUAL IN·LlNE PACKAGE 

DIP·16p·M01 

16-LEAD PLASTIC 
DUAL IN·LlNE PACKAGE 

~.:'=~ [ ~::~ I 1+ 
1- -, .760119.301 _.~ 
t---------- .800120.321 

.-~ REF 

INDEX AREA 

I 
[~~]]j~ 

I 

.29017.371 

.31017.871 

.090(2.291 

.110(2.79) 

.760(19.30) 

.8()O/20.321 

.000t t .27JMAX 

,032(0.811 

ffij.20015.08IMAX 

.12013.05) 

.160(3.811 

REF :g~~:~:~l 
.042(1.071,70007.781 REF .01S(0.38} 

.062(1.57) .023(0.581 

,~,e ~ ~ ~ ~ ~IT 
I . .748f19.001 I 

.798120.271 
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Package Dimensions Dimensions in inches (millimeters) 

Dlp·16P·M03 

16-LEAD PLASTIC 
DUAL IN·LINE PACKAGE 

DIP·18C·C01 

18·LEAD CERDIP 
DUAL IN· LINE PACKAGE 

Dlp·18C-F02 

18-LEAD CERAMIC 
FRIT SEAL 
DUAL IN·LlNE PACKAGE 

:~:1:::::]~~ 
I .748(19,0} I 

.776119.7) 

--j r-.056I1 .431MAX 

.='=~ 
INDEX AREA 

I 

7·8 

~fI"OO(5'08IMAX 
.120(3.05) 
.150(3.811 

.020(0.51) 

.050(1.271 



Package Dimensions Dimensions in Inches (millimeters) 

DIP·18p·M01 

18·LEAD PLASTIC 
DUAL IN·LlNE PACKAGE 

FPT·18C·C01 

18·LEAD CERDIP 
FLAT PACKAGE 

LCC·18C·A02 

18-PAD CERAMIC 
METAL SEAL 
LEADLESS CHIP CARRIER 

mC .. ~. 
'··"f~: : :~: : ]3~ ~T·~l 

I B98I22B2IMAX I .00910.241 I 
.014(0.361 

PIN #1 IDENT 

.050(1.27)TVP 

.49 (1.25) MAX 

.435(11,05) 

.450/11.431 
.025tO.64)MAX 

·Shape of Pin 1 index: Subject to change without notice 

7·9 

l 
I .030(0.761 

,045(1.14) 

.250(6.351 :162) 

; ;T'· 
:r1 
.00410.101 
.00610.15) 

.09012.29IMAX 



Package Dimensions Dimensions in inches (millimeters) 

LCC·18C·A04 

18·PAD CERAMIC 
LEADLESS CHIP CARRIER 

LCC·18C·F02 

18-PAD CERAMIC 
FRITSEAL 
LEADLESS CHIP CARRIER 

LCC·18C·F04 

18-PAD CERAMIC 
FRIT SEAL 
LEADLESS CHIP CARRIER 

• PIN NO 1 INDEX 

/ 
0 

.48511 

.50011 
2.32) 
2.701 

.145{3.68} 

.280(7.11) 

.29517.491 

TLJ 
D.'OOI2.54IMAX '-j-:"rw.;>W""-t"4l--j~'04:!-'5'"11""'4) 

·Shape of Pin 1 Index: Subject to change wIthout notice 

'PIN NO 1 INDEX 

/ 

.28017.111 

.295(7.491 

I 
.420(10.67) 
.435(11.05) 

·Shape of Pin 1 index: Subject to change without notice 

·PIN NO 1 INDEX 

/ 

.280(7.11) 

.295(7.49) 

1 
.485(12.32) 
.500112.70) 

"Shape of Pin 1 index: Subject to change without nottce 

7·10 

TY, 

.1125(2.061 
R,0121O.30)TYP TVP 

(4PLCSI r-~V-~~~~~r-~r-. 



Package Dimensions Dimensions in inches (millimeters) 

Dlp·20C·A01 

20·LEAD CERAMIC 
METAL SEAL 
DUAL IN·LlNE PACKAGE 

DIP·20C·C03 

20·LEAD CERDIP 
DUAL IN·LlNE PACKAGE 

Dlp·22C·F01 

22·LEAD CERAMIC 
FRIT SEAL 
DUAL IN·LlNE PACKAGE 

~~. .1 1::::". mnrrm ·.15013.811 

.090(2.29) --11 .015!O.3~' 

.110(2.79) .023(0.58/ .020(0.511 
.900(22.86\REF - .050(1.21) 

.040(1.021 

.060(1.52) 

--j -.050(1.27)MAX 

-~ 

~:::r=;=:r==;::r=;:::n:::r=;=:r==;::r=;:::n:=R~ !.20015.0SIMAX 

I : I --="rl12013.0Sl , ' _+ __ J15013.81) 

090(2.24) --i i- L -l ,032(0,811. i~I~~20(O'511 
.110(2.79) L --- TYP .050(1.27\ 

~-:900[2~-~ 

'~:;:~:~:i ---. ~~:~:;~; 

.10"_9" 

,,:~{~ I ~ ~ ~ ~ [ ~ ~~l~:i9~~1~!\1 
I 1.070(27.18) I 

1.100{27.94) 
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Package Dimensions Dimensions in inches (millimeters) 

DIP·24C·A01 

24-LEAD CERAMIC 
METAL SEAL 
DUAL IN·L1NE PACKAGE 

Dlp·24C·A02 

24-LEAD CERAMIC 
METAL SEAL 
DUAL IN·L1NE PACKAGE 

DIP·24C·C02 

24-LEAD CERDIP 
WITH TRANSPARENT LID 
DUAL IN·L1NE PACKAGE 

R.025(O.64I~ D J4681 
INDEX AREA~J!&'-=~~;:";;'-_=~~~~~=-iJ5191 

.590114.99} 

.610(15.49) 

1.186(30.12\ 
1.214(30.84) 

.057/1.45)MAX 

~"77(4'50)MAX 
.120(3.05) 
.160(3.81) 

--11 ,015(0.38) .040(1.02) 
,023(0.58) .060( 1.521 

'"::.:~~:~ I ~ ]3~ 
! 1.168(29.66\ I 

1.212(30.78) 

.056(1.42)MAX 
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Dlt-p'177(4'501MAX 

.120(3.05) 

.150(3.81) 

.032Ia.Sl} ,025(0.64) 
REF .045(1.14) 

.015(0.38) 

.023(0.58) 



Package Dimensions Dimensions in inches (millimeters) 

DIP·24C·C03 

24·LEAD CERDIP 
DUAL IN·LlNE PACKAGE 

Dlp·24P·M01 

24·LEAD PLASTIC 
DUAL IN·LINE PACKAGE 

Dlp·24P·M02 

24-LEAD PLASTIC 
DUAL IN·LINE PACKAGE 

R,Q2SID.54) 
AEF 

i n r _==~115' 
.570/14.48} .600/15.24) 600(1524!TYP 

~==~:r="1=~_:=:J~r'1) .. 2"0 ~J 
1.200130.48) T 
1.300/33.02) 

1~'00'2.54IMAX 

-11~'-~ .120/3.05) 
.150(3.81) 

:~6:~:;:: . .~~~O.81' ~ :g~\~:~~l 
1.100127.94JREF 

.042/Ul61 .013 to.33) 

.062(1.58) .02310.581 

R.025(O.64)REF n 
.350!8.89)DIA .514113.06) .600/15.24) 

h-nr-rrT"-'--rrTT,T,~~-nrrrrrru-;r741.2]~ 
~. ~:~::~~:~~:----l 

'1 I- --,100IZ.54)MAX 

INDEX - 1 

---T 
~l .23015.S4JMAX 

,4.,2013.051 
__ +_...L.t50/3.S11 

.020'(0.51) 

.050/1.27) 

.013(0.331 

.023/D.58} 

r 'EJECTOA MAAK' l D .524113.31) 

!IA=;='A'=;=;=;='F=;=;='A'=;=;=;='F'i=;='A'=;=;9\J

3
.
791 

.590114.99). 

.610116.49) 

11'---,118(3.00)MIN 

.02010.51IMIN 
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Package Dimensions Dimensions in inches (millimeters) 

FPT·24-C02 

24-LEAD CERDIP 
FLAT PACKAGE 

FPT·24C·F01 

24-LEAD CERAMIC 
FRIT SEAL 
FLAT PACKAGE 

Dlp·28C·A01 

28-LEAD CERAMIC 
METAL SEAL 
DUAL IN·LlNE PACKAGE 

INDEX l 
.524(13.31) 

~FFi'=n==rF;=;=FFi'=n='FTiFFi'mIJ3.79) 
1.171(29.74) . 
1.197{30.40) 

.050(1.27)MAX 

INDEX 

.039(0.99) 

.059(1.501 

.05~~p27) ~ --l~ 
.550{13.97)TYPE 

I .390(9.91) I 
.406(10.311 

[===L 

, I"~~-
.118(3.00IMIN 

.02Q(O.51)MIN 

n 
.260(6.60) 
.280(7.11) 

~ -I 
.900(22.86}TVP 

.272(S.91} 

.400\10.161 

,003(0.081 
.000(O.20} 

.100(2.54)MAX 

1~0571'.45)MAX 

~ ~"11(4'50)MAX , lb&J .120(3.05) U I 150(3.811 

.090(2.29) I ! -=---I .046(1.17) --H ,015{O.3S) 040(102) . 

. 110(2.79) ,054(1.37) .023(0.58) :06011 :52) 

1.JOO\33.02)REF 

7-14 



Package Dimensions Dimensions in inches (millimeters) 

DIP·28C·C01 

28-LEAD CERDIP 
WITH TRANSPARENT LID 
DUAL IN·LlNE PACKAGE 

LCC·32C·A01 

32·PAD CERAMIC 
METAL SEAL 
LEAD LESS CHIP CARRIER 

R .025/0.641 
REF 1 

.570114.481 

i'-.:r-cT"<".....".,=n=-=-=--=-=-.=.-cr-.:T""C~J5.,1l 
L:J ~.4;t:.45~ w ..... w c::J W I 

1.500(38.10) 

g;;;;;;;;;;;;;;~;:;;~~~;;;;;;;;;;:]~15.84IMAX 
~.120(3.o51 
---f-1.15013.B1 ) 

.090(2.29) .. 042(1.07) .032(0.81) .02010.511 

.110t2.79II--____ .06_2.,.,'."'"~~;;;;7 ... :33 •. 0 .. 2""R".'"F--·-F--tt--j .050(1.27) 

PIN NO.1 
/TNDEX" 
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II "PLeS) 

LL.130i3.301MAX 

.013(0,33) 
.023(0.581 



Ordering Information 

Product Marking 

Ordering Code MB 8264-15 Z t PACKAGE 
C·CERAMIC 
P·PLASTIC 
Z·CERDIP 

PERFORMANCE VARIATIONS (WHEN USED) 
E, HOR DASH NUMBERS QENOTE ACCESS TIME VARIATIONS 
L-DENOTES LOW POWER 

~--- DEVICE TYPE 

~---~- MANUFACTURER DESIGNATOR 
MB·DEVICE TYPE IS FUJITSU INTERNAL NUMBER 
MBM·DEVICE TYPE IS INDUSTRY STANDARD MEMORY NUMBER 
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Sales Office Listing 

Field Sale. Office. 

Repre.entative. 

HEADQUARTERS 
Fujitsu Microelectronics, Inc. 
3320 Scott Boulevard 
Santa Clara, CA 95051 
(408) 727-1700 
Telex 1/11: 910-338-0190 

NORTHERN CALIFORNIA 
Fujitsu Microelectronics, Inc. 
595 Mlilich Drive 
Suite 210 
Campbell, CA 95008 
(408) 866-5600 

SOUTHERN CALIFORNIA 
Fujitsu Microelectronics, Inc_ 
840 Newport Center Drive 
Suite 460 
Newport Beach, CA 92660 
(714) 720-9688 

ATLANTA 
Fujitsu Microelectronics, Inc. 
3169 Holcomb Bridge 
Suite 506 
Norcross, GA 30071 
(404) 449-8539 

AUSTIN 
Fujitsu Microelectronics, Inc. 
8240 Mopac EXpwy. 395 G 
Austin, TX 78759 
(512) 343-0320 

Arizona 
Thorn Luke Sales, Inc. 
2940 N. 67th Place 
Suite H 
Scottsdale, AZ 85251 
(602) 941-1901 

California 
Harvey King Inc. 
8124 Miramar Road 
San Diego, CA 92126 
(619) 566-5252 

NorComp Inc. 
2975 Scott Blvd. 
Santa Clara, CA 95050 
(408) 727-7707 

Colorado 
Straube Associates 
7970 Sheridan Ave. 
SuiteC 
Westminster, CO BOO03 
(303) 426-0890 

Connecticut 
Comp Rep Associates 
605 Washington Ave. 
North Haven, CT 06473 
(203) 239-9762 

Georgia 
Dixie Technical Marketing 
925 Main Street, Suite 203 
Stone Mountain, GA 30066 
(409) 962-2530 

Idaho 
Cascade Components 
2419 W. State Street, No. 10 
BOise, 1083702 
(208) 343-9886 

illinois 
ZMS Electronic Sales 
3227 N. Frontage Road, #2702 
Arlington Heights, tL 60004 
(312) 394-4422 

BOSTON 
Fujitsu Microelectronics, Inc. 
57 Wells Avenue 
Newton Centre, MA 02159 
(617) 964-7080 

CHICAGO 
Fujitsu Microelectronics, Inc. 
1501 Woodfield Road 
Suite 202, South Bldg. IV 
Schaumburg, IL 60195 
(312) 885-1500 
TWX: 910-667-7378 

DALLAS 
Fujitsu Microelectronics, Inc. 
1101 East Arapaho Road 
Suite 225 
Richardson, TX 75081 
(214) 669-1616 

HOUSTON 
Fujitsu Microelectronics, Inc. 
10550 W. Office Drive 
Suite 102 
Houston, TX 77042 
(713) 784-7111 

MINNEAPOLIS 
Fujitsu Microelectronics, Inc. 
3460 Washington Avenue 
Eagan, MN 55122 
(612) 454-0323 

Indiana 
Gaertner Associates 
6505 E. 82nd Street, #107 
Indianapolis, IN 46250 
(317) 842-0373 

Iowa 
EJectromec Sales Inc. 
1500 2nd Ave., S.E. 
Suite 205 
Cedar Rapids, IA 52403 
(319) 362-6413 

Kansas 
PMR Corporation 
P.O. Box 6264 
Overland Park, KS 66206 
(913) 381-0004 

PMR Corporation 
P.O. Box 18089 
Wichita, KS 67218 
(316) 684-4141 

Maryland 
Component Sales, Inc. 
3701 Old Court Rd., #14 
Baltimore, MD 21208 
(301) 484-3647 

Massachusa"s 
Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
(617) 329-3454 

Michigan 
AP Associates 
98BO E. Grand River 
Brighton, MI 48116 
(313) 229-6550 

Minnesota 
Electromec Sales, Inc. 
101 W. Burnsville Parkway 
Burnsville, MN 55337 
(612) 894-8200 
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N_Cal 1_ (408) 866-5600 

S_Cal 2. (714) 720-9688 

Dallas 3_ (214) 669-1616 

Chicago 4_ (312) 934-8400 

Boston 5_ (617) 984-7080 

New York 6_ (516) 361-6565 

NEW YORK 
Fujitsu Microelectronics, Inc. 
601 Veterans Memorial Highway 
Hauppauge, NY 11788 
(516) 361-6565 
TWX: 510-227-1049 

Missouri Oregon 
PMR Corporation Olson, Ferree and Associates 
P.O. Box 1539 2215 N.E. Cornell 
Maryland Heights, MO 63043 Hillsboro, OR 97124 
(314) 569·1220 1503) 640·9660 

New Jersey Pennsylvania 
Technical Applications Marketing Omni Sales 
389 Passaic Avenue 1014 Bethlehem Pike 
Fairfield, NJ 07006 Erdenheim, PA 19118 
(201) 575-4390 (215) 233-4600 

New Mexico Utah 
Straube Associates, Inc. Straube Associates 
11701 Menaul Blvd. N.E. 3509 S. Main Street 
Suite E Salt Lake City, UT 84115 
Albuquerque, NM 87112 (810) 263-2640 
(505) 292-0428 

Washington 
New York Olson, Ferree & Associates 
Tech-Mark/Upstate Associates 12727 N.E. 20th 
P.O. Box 173 Suite 4 
Mendon, NY 14506 Bellevue, WA 98005 
(716) 624-3840 (206) 883-7792 

Technical Applications Marketing Wisconsin 
1727 Veterans Highway ZMS Electronic Sales 
Suite 408 250 N. Sunnyslope Road, #337 
S. Hauppauge, NY 11722 Brookfield, WI 53005 
(516) 348·0800 (414) 782-2222 

Ohio Canada 
Makin & Associates Pipe·Thompson Ltd. 
3165 Linwood Road 5468 Dundas Street West 
Cincinnati, OH 45208 Suite 206 
(513) 872·2424 Islington, Ontario M9B 6E3 

1416) 236-2355 
Makin & Associates 
5077 Olentangy River Road Woodbery Electronics Sales Ltd. 
Suite 28 107A·3700 Gilmore Way 
Columbus, OH 43214 Burnaby, Be V5G 4M1 
(614) 459·2423 (604)430-3302 

Makin & Associates Puerto Rico 
1640 Frankland Ave. Comp Rep Associates 
Suite 5 KQH8 Miradero 
Kent, OH 44240 P.O. Box 724 
(513) 872·2424 Mayaguez, PR 00708 

(809) 832·9529 



Distributors Arizona Connecticut Marshall Industrles Rome ElectroniCS 
Cetec Moltronics Marshall Industries One Wilshire Road 216 Erie Blvd. East 
3617 N. 35th Ave. Village Lane Burlington, MA 01830 Rome, NY 13440 
Phoenix, AZ 85017 Barnes Industrial Park (617) 272·8200 (315) 337·5400 
(602) 272·7951 Wallingford, CT 06492 

(203) 265-3822 MUgray New England Ohio 
Marshall Industries 79 Terrace Hall Marshall Industries 
835 West 22nd Street Milgray Connecticut Burlington, MA 01803 6212 Executive Blvd. 
Tempe, AZ 8&281 378 Boston Post Road (617) 272·6800 Dayton, OH 45424 
(802) 9BU181 Orange, CT 06477 (513) 236-8088 

(203) 795-0711 Time Electronics New England 
Time Electronics Arizona 150C New Boston Street Marshall Industries 
1203 W. Geneva Drive Florida Woodburn, MA 01801 59058 Harper Road 
Tempe, AZ 85252 Marshall Industries (617) 935-6080 Solon, OH 44139 
(802) 967·2000 1101 NW 62nd Street (216) 246-1788 

Suite 3060 Michigan 
california Ft. Lauderdale, FL 33309 Caulder Associates Reptron Electronics 
Cetec ElectroniCS (305) 928-0661 6731 28th St. S.E. 830 Busch Court 
3940 Ruffin Street Grand Rapids, MI 49503 Columbus, OH 43229 
Suite E Marshall Industries (616) 949·2900 (614) 436-6675 
San Diego, CA 92123 4205 34th Street S.W. 
(619) 276-5020 Orlando, FL 32805 Marshall Industries Oklahoma 

(305) 84t-1878 13760 Merriman Road RadiO, Inc. 
Cetec Electronics Livonia, MI 48150 1000 South Main 
721 Charcot Avenue Mllgray Florida (313) 525·5850 Tulsa, OK 74119 
San Jose, CA 95131 1850 Lee Road, Suite 104 (918) 587·9123 
(408) 263-7373 Winter Park, FL 32789 Reptron Electronics 

(305) 647·5747 34403 Glendale Oregon 
Cetec Electronics Livonia, Mf 48150 Marshall Industries 
5610 E. Imperial Hwy Time Electronics Florida (313) 525-2700 8230 S.W. Nimbus Ave. 
Southgat~, CA 90280 6610 N.W. 21st Avenue Beaverton, OR 97005 
(213) 773-6521 Ft. Lauderdale, FL 33309 Minnesota (503) 644-5050 

(305) 974-4800 Marshall Industries 
Image Electronics 13810 24th Ave., North Moore Electronics 
15052 Red Hill Ave. Georgia Suite 460 15824 S.W. Upper Boones Ferry Rd. 
Unit A Marshall Industries Plymouth, MN 55441 Lake Oswego, OR 97034 
Tustin, CA 92680 4350J International Blvd. (612) 559-2211 (503) 684-3100 
(714) 730-0303 Norcross, GA 30093 

(404) 923·5750 Missouri Pennsylvania 
Marshall Industries Time Electronics Time Electronics Mid Atlantic 
8015 Deering Ave. Mllgray Atlanta 330 Sovereign Court 620 Parkway Ave. 
Canoga Park, CA 91304 17 Dunwoody Park St. Louis, MO 63011 Broomall, PA 19008 
(213) 999·5001 Suite 102 (314) 391-6444 (215) 359·1200 

Atlanta, GA 30338 
(404) 393·9668 New Hampshire Texas 

Marshall Industries C & H Electronics Active Component Technology 
17321 Murphy Avenue illinois 19 Park Avenue 4951 Airport Parkway 
Irvine, CA 92741 Classic Component Supply Hudson, NH 03051 Suite 590 
(714) 556-6400 3336 Commercial Ave. (603) 882·1133 Dalias, TX 75248 

Northbrook, I L 60062 (214) 980-1888 
Marshall Industries (312) 272·9650 New Jersey 
10105 Carroll Canyon Road Marshall Industries Active Component Technology 

San Diego, CA 92131 Intercomp Inc. 101 Fairfield Road 6448 Hwy. 290 E. 

(619) 578-9800 2200 N. Stonington Fairfield, NJ 07004 Bldg. A No.1 08 

Hoffman Estates, IL 60195 (201) 882·0320 Austin, TX 78723 

Marshall Industries (312) 843·2040 (512) 452·5254 

788 Palomar Ave. Marshall Industries Marshall Industries 
Sunnyvale, CA 94086 Marshall Industries 102 Gaither Drive 8705 Shoal Creek Blvd. 
(408) 732·1100 1261 Wiley Dr. MI. Laurel, NJ 08054 Suite 202 

Schaumburg, IL 60195 (215) 627·1920 Austin, TX 78753 
Pacesetter Electronics (312) 490-0155 (609) 234-9100 (512) 458-5654 
3137 W. Warner Street 
Santa Ana, CA 92704 NEP Electronics Mllgray Del Valley Marshall Industries 
(714) 557·713t 8300 W. Addison 3002 Greentree Exec. Campus 14205 Proton Road 

Chicago, IL 60834 Suite 8 Dallas, TX 75234 
Time Electronics West (312) 825·8400 Marlton, NJ 08053 (214) 233-5200 
2410 E. Cerritos Ave. (609) 983·5010 

Marshall Industries Anaheim, CA 92806 Iowa 
3698 Westchase Drive (714) 937-0911 DEECO New York 
Houston, TX 77036 2500 16th Ave., South West Current Components 

Time Electronics Norcal cedar Rapids, IA 52406 215 Marcus Blvd. (713) 789-6800 

1339 Moffett Park Drive (319) 365·7551 Hauppauge, NY 11787 
Washington Sunnyvale, CA 94086 (516) 273-2600 

(408) 734-9888 Kanaas Marshall Industries 

Milgray Kansas Marshall Industries 14102 NE 21st Street 

Time Electronics West 6901 W. 63rd. Street 10 Hooper Road Bellevue, WA 98007 

19210 S. Van Ness Overland Park, KS 66202 Endwell, NY 13780 (206) 747-9100 

Torrance, CA 95051 (913) 236-8800 (607) 754·1570 
WisconSin (213) 320-0960 
Classic Components Maryland Marshall Industries 

Western Mlcrotechnology Marshall Industries 275 Oser Ave. 2925 S. 160th Street 

10040 Bubb Road 8445 Helgerman Hauppauge, NY 11787 New Berlin, WI 53151 

Cupertino, CA 95014 Gaithersburg, MD 20760 (516) 273·2424 (414) 786-5300 

(408) 725·1660 (301) 940·9450 Marsh Electronics 
Marshall Industries 1563 S. 101st Street Colorado Mllgray Washington 1260 Scottsville Road Milwaukee, WI 53214 Bell Industries 11820 Parklawn Drive Rochester, NY 14624 (414) 475-6000 8155 West 48th Avenue Room 102 (716) 235·7620 

Wheat ridge, CO 80033 Rockville, MD 20652 Canada 
(303) 424·1965 (301) 488-6400 Mast Distributors Future Electronics Corporation 
Marshall Industries 215 Marcus Blvd. 237 Hymus Blvd. 
7000 N. Broadway MassachUI.HI Hauppauge, NY 11788 Pointe Claire, Quebec H9R 5C7 
Denver, CO 80221 Future Electronics Corp. (516) 273-4422 (514) 694-7710 
(303) 427·t818 133 Flanders Road 

Milgray Electronics Westboro, MA 01581 Carsten Electronics Ltd. 
IEC JACO 

(617) 366·2400 77 Schmitt Blvd. 25 Howden Road Unit 5 
5750 N. Logan 51. Farmingdale, NY 11735 Scarborough, Ontario M1 A 3E8 
Denver, CO 80216 (516) 420·9800 (416) 751·2371 
(303) 292·6121 
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