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DATA SHEET

MB8116400A-50/-60-70/-80
CMOS 4M x 4 BIT FAST PAGE MODE DYNAMIC RAM

CMOS 4,194,304 x 4 BIT Fast Page Mode Dynamic RAM

The Fujitsu MBB116400A is a fully decoded CMOS Dynamic RAM (DRAM) that contains
16,777,216 memory celis accessible in 4-bit increments. The MB8116400A features a "fast page”
mode of operation whereby high-speed random access of up to 1,024 -bits of data within the same
row can be selected. The MB8116400A DRAM is ideally suited for mainframe, buffers, hand-held
computers video imaging equipment, and other memory applications where very low power
dissipation and high bandwidth are basic requirements of the design. Since the standby current of
the MB81168400A is very smalll, the device can be used as a non-volatile memory in equipment that
uses batteries for primary and/or auxiliary power.

) ) o . Plastle SOJ Package
The MB8116400A is fabricated using silicon gate CMOS and Fujitsu's advanced four-layer (LCC-26P-M09)

polysilicon and two-layer aluminum process. This procese, coupled with advanced stacked
capacitor memory celis, reduces the possibility of soft errors and extends the time interval between
memory refreshes. Clock timing requirements forthe M88116400A are not critical and all inputs are

TTL compatible.
PRODUCT LINE & FEATURES »
U parameter | MBB11640DA | MBB116400A | MBB1184D0A | MBE116400A
oo Foremeler |~ s | e | 70 | 80
RAS Access Time 50ns max. 60ns max. 70ns max. 80ns max. Plastic SVP Package
Randam Cycle Time 90ns min. 110ns min. 130ns min. 150ns min. (8VP-24P-M01)
Address Access Time 25ns min. 30ns max. 356ns max. 40ns max.
TAS Access Time 13ns max. 15ns max. 17ns max. 20ns max.
- - ” - Marking side
Fast Page Mode Cycle Time | 35ns min. 40ns min. 45ns min. 50ns min.
Low Power Dissipation 550mW max| 467.5mW max{ 385mW max.| 330mW max.
® Operating current
® Standby current 11mW max. (TTL lavel) / 5.5mW max. ({CMOS level)
® 4 194,304 words x 4 bit organization ) ¢ Early write or OE controlled write capability R
. 8?32{%?'8;?’108’ Advanced . géf?eosgly, CAS-before-RAS, or Hidden Plastic TSOP Packages
® Allinput and output are TTL compatible o Fast page Mode, Read-Modify-Write (F:;ﬁgtﬂg)s)
capability
® 4096 refresh cycles every 65.6ms « On chip substrate bias generator for high (Reverse Bend)
performance
ABSOLUTE MAXIMUM RATINGS (see NOTE)

' ' Parameter Symbal ’ "Value '  Unit: Package and Ordering Information
Voltage at any pin relative to VSS Vin, V our -1to+7 " b 52;;";: ',\733‘&(13:‘%8"}_?(?&]
Voltage of V o supply relative to VSS Vee -1to+7 v - 24-pin plastic (8.8 x 20mm) SVP,

order as MB8116400A-xxPV
Power Dissipation PD 1.0 w

- 26-pin plastic (300mil) TSOP-I!
Short Circuit Output Current - 50 mA with normal bend leads,
order as MB8116400A-xxPFTN

Operating Temperature Tore 0to 70 °c

11 - 26-pin plastic (300mil) TSOP-II

Storage Temperature T: - °c with reverse bend ieads,
ge empe sTe S5to+125 order as MBB116400A-xxPFTR

NOTE: Permanent device damage may oceur if the above Absolute Maximum Ratings are | This device contanns circuitry 1o protact the inputs against
exceeded. Functionat operation should be restricted to the conditions as detailed in the mﬁr ?“‘; ;gvi';'g(;‘ ‘:;?‘rﬁm:?'fages o "'Bg‘:f al'e’df

N A N n - nY \ al precautions en to

?O;:eergleonr:jael gecnr?:dsso;:?s df?ta tscr;ee.t. Explpsglr‘? to absolute maximum rating conditions | ;g application of any vaitage highar than maximurn rated

pe y altect device reliability. voltages 1o this high impedance circuit

copyright© 1993 by FUJITSU LIMITED
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MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
Fig. 1 - MB8116400A DYNAMIC RAM - BLOCK DIAGRAM
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CAPACITANCE (.= 25°C, f = 1MHz2)
Parameter Symboi Typ - Max . Unit
Input Capacitance, A0 to At1 Cing — 7 pF
Input Capacitance, m,CAS, 'VE, OE C N2 — 7 pF
Input/Output Capacitance, DQ1 to DQ4 Coa — 9 pF

1-372
BN 3749756 0005527 698 WM



MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
26/24-Pin 80J : 26/24-Pin FPT
(TOP VIEW) (TOP VIEW)
<Normal Bend> <Reverse Bend>
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24-PinSVP:
(TOP VIEW)
Y
Deslgnator - Function 3
DQ1toDQ4 | Data Input/ Output g
WE Write Enable. §,
— 8
RAS Row address strobe. 3
A0 to A11 Address inputs. 3
13
vCcC +5 volt power supply. }g
OF Output enabie. iz
CAS Column address strobe. X
VSS Circuit ground.
S/L - Support Lead for vertical type
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MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
RECOMMENDED OPERATING CONDITIONS
v : ' ) . A BTN A IR B ARE © Ambient
Parameter Notes | Symbol | Min | Typ | ~ Max -~ | Unit ' | OperatingTemp
Vee 45 5.0 55
\
Supply Voltage E] e 5 . 5
Input High Voltage, all inputs m VIH 24 - 85 v 0% t0+70 °C
Input Low Voltage, all inputs/outputs * m VIL -0.3 - 08 "

* : Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable.

FUNCTIONAL OPERATION

ADDRESS INPUTS

Twenty-four input bits are required to decode any four of 16,777,216 cell addreeses in the memory matrix. Since only twelve address bits (A0 to A11)
are available, the row and column inputs are separately strobed by RAS and TAS as shown in Figure 1. First, twelve row address bits are input on pins
A0-through~A11 and latched with the row address strobe (RAS ) then, ten column address bits are input and latched with the column address strobe
(TAS). Both row and column addresses must be stable on or before the falling edge of RAS and TAS , respectively. The address latches are of the

flow-through type; thus, address information appearing after tran (min)+ tr is automatically treated as the column address.

WRITE ENABLE

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is
selected. During the read mode, input data is ignored.

DATA INPUT

Input data is written into memory in either of three basic ways--an early write cycle, an OE (delayed) write cycle, and a read-modify-write cycle. The
falling edge of WE or TAS, whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data (DQ1-DQ4) is strobed by
TAS andthe setup/holdtimes are referenced to CAS because WE goes Low before TAS . In a delayed write or a read-modify-write cycle, WE goes
Low after TAS ; thus, input data is strobed by WE and all setup/hold times are referenced to the write-enable signal.

DATA OUTPUT

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers
remainin the high-impedancs state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are
obtained under the following conditions:

tRAC : from the falling edge of RAS when tacp {max) is satisfied.

tCAC : from the falling edge of CAS when trco is greater than trco (max).

tAA from column address input when trap is greater than trap (max).

tOEA : from the falling edge of OE when OE is brought Low after trac , tcac, or taa

The data remains valid until sither TAS or O returns to a High logic level. When an early write is executed, the output buffers remain in a
high~impedance state during the entire cycle.

FAST PAGE MODE OF OPERATION

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode is implemented by keeping the
same row address and strabing in successive column addresses. To satisfy these conditions, RAS is held Low for all contiguous memory cycles in
which row addresses are common. For sach fast page of memory, any ot 1,024-bits can be accessed and, when multiple MB 8118400As are used,
‘TAS is decoded to select the desired memory fast page. Fast pags mods operations need not be addressed sequentially and combinations of read,
write, and/or ready-modify-writa cycles are parmitted.
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MB8116400A-60
MB8116400A-70
MB8116400A-80
(Recommended operating conditions unless otherwise noted) Notes 3
L e Notes | symbol | contns . ® i LT3 Unit
i es m g —
L Teemeter ° e Foncians . Min Typ Max "
Output high voltage Vou tow =-5mA 24 - -
v
Output low voltage VoL I =4.2mA — — 0.4
OVSViNS 55V;
. | 45VE VoS 55V; _ _
Input leakage ourrent (any input) I(L) Vss = OV; All other pine 10 10
under test = OV LA
Output leakage current Yow 3‘;§‘£ﬁt’£:§;ﬁ -10 - 10
MBB116400A-50 100
Operating current  |MB&116400A-80 RAS & CAS cycling; 85
(Average power locs fAC = min - - mA
supply Current) MB8116400A-70 70
MB8116400A-80 60
Standby current TTL level RAS = CAS =V, 20
(Power supply loce —— - - mA
ourrent) CMOS level RAS = CAS 2V -0.2V 1.0
MB8116400A-50 100
Refresh current #1  {MB8116400A-80 CAS = Vin, RAS cydling; - - 85
{Average power sup- lecs trC = min mA
ply current) [j MB8116400A-70 = 70
MB8116400A-80 &0
MB8116400A-50 100
Fast Page Mode MBB118400A-60 RAS =VIL, CAS cycling; 85
current lee tec = mi - - mA
E MB8116400A-70 PG = min 70
MBB116400A-80 60
MB8116400A-50 100
Refresh current #2  |\B8116400A-60 RAS cycling; as
(Average power sup- bocs TAS-bsfore-RAS; - - mA
ply current) E MB8116400A-70 tR = min 70
MB8116400A-80 60
1-375




MB8116400A-50
MB8116400A-60
MB8116400A-70
MB8116400A-80

AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5

. barametor " Notes | Symbor [MBETISI0AS0 |mBB118400a:80 'u‘ammoomo fuaamaoon-ao ot
o : “Min ] Max | Min | Max:} -Min] o Max’ Min | - Max :
1 | Time Between Refrash t Rer — 65.6 — 65.6 - 65.6 - 656 | ms
2 | Random Read/Write Cycle Time tre 90 - 110 - 130 - 150 — ns
3 { Read-Modify-Write Cycle Time trwe 126 —_ 150 — 174 - 200 - ns
4 | Access Time from RAS L691] taac — 50 - 60 — 70 — 80 ns
5 | Access Time from CAS [78]] teac — 13 — 15 — 17 - 20 ns
6 | Column Address Access Time IE taa — 25 — 30 — 35 — 40 ns
7 | Output Hold Time ton 3" - 3 -~ 3 — 3 — ne
8 | Qutput Buffer Tum On Delay Time ton 0 — 0 — 0 — Q - ns
9 | Output Buffer Tum off Delay Tme [ 10 || toer - 13 — 15 — 17 —_ 20 ne
10 | Transition Time tr 3 50 3 50 3 50 3 50 ns
11 | RAS Precharge Time tep 30 — 40 — 50 — 80 — ns
12 | RAS Pulse Width tras 50 100000 60 100000 70 100000 80 100000| ns
13 | RAS Hold Time tasn 13 - 15 - 17 - 20 - | s
14 | CASto RAS Precharge Time teap 0 —_ 0 - 0 — 0 - ns
15 | RAS to CAS Dslay Time [2] tq., 20 37 20 45 20 53 20 60 | ns
16 | CAS Pulse Width toas 13 - 15 — 17 — 20 - ns
17 | CAS Hold Time tesh 50 - 60 - 70 - 80 — | ns
18 | CAS Precharge Time (Normal) tern 10 — 10 — 10 - 10 - ns
19 | Row Address Set Up Time tash 0 — 0 - 0 - 0 - ns
20 | Row Address Hold Time tpan 10 — 10 - 10 — 10 — ns
21 Column Address Set Up Time tasc o] —_ [¢] - 0 — 0 - ns
22 | Column Address Hold Time tean 13 — 15 - 15 — 15 — ns
23 | Column Address Hold Time from RAS tan 35 - 35 had 35 - 35 - ns
24 | RAS to Column Address Delay Time Gﬂ traD 15 25 15 30 15 35 15 40 ne
25 | Column Address to RAS Lead Time tRAL 25 — 30 — 35 — 40 - ns
26 | Column Address to CAS Lead time teal 25 — 30 - 35 — 40 — | ns
27 | Read Command Set Up Time tacs [¢] — 0 - 0 - 0 - ns
28 2:3;23:’3%“ Time II' trRH 0 — 0 - 0 — o] - ns
29 z::,;f:ﬂzr“c%ﬂd Tima tack 0 ~ Q - 0 — 0 - ns
30 | Write Command Set Up Time O35 tyes 0 — 0 — o — 0 ~ | ns
31 | Write Command Hold Time twen 15 — 15 - 15 _ 15 - ns
32 | Write Hold Time from RAS twen 35 — 35 - 35 — 35 - ns
a3 | WE Pulse Width twe 15 — 15 - 15 - 15 - ns
34 | Write Command to RAS Lead Time t R 13 — 15 — 17 - 20 - ns
35 | Write Command to CAS Lead Time towL 13 — 15 - 17 — 20 — ns
1-376
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MB8116400A-50
MB8116400A-60
MB8116400A-70
MB8116400A-80

AC CHARACTERISTICS (Continued)

(At recommended operatlng conditions unless otherwise noted ) Notes 3,4, 5
: aramet : Notes | Symibol MBB11B400A-50 . HBBHMOOA-&O MBB116400A-70 |NBS1164D0A-80 - Unit
7 arametor. ' otes ‘"“ " Min: | Max | Min | Max [ Min ] Max | Min | Max
36 | DIN Set Up Time tos 0 - 0 - 0 - 0 = | ns
37 | DIN Hold Time toy 15 - 15 — 15 —_ 15 — ns
38 | Data Hold Time from RAS tonm s | — s | — 35 - 35 — | e
39 | RAS to WE Delay Time [20]] tawo 68 — 80 - 92 — 105 — | ns
40 | CAS to WE Delay Time @ tewn 31 - 35 - 39 - 45 - ns
41 | Column Address to \;\E'Delay Time |20 |{ tawo 43 - 50 - 57 - 65 - ns
RAS Precharge time to GAS It _ _ _ _ ns
42 Active Time (Refrash cycles) ApPG 5 5 5 5
CAS Sst Up Time for CAS-before- t 0 —_ — — -
43 | BAS Refresh O3 0 0 0 ne
CAS Hold Time for CAS-before~
— - - - ne
44 FAS Refresh t cum 10 10 12 15
45 | WE Set Up Time from RAS t wsr 0 - 0 — 0 — 0 — | ns
48 | WE Hold Time from RAS t whnr 10 — 10 — 10 - 10 — ns
47 | Acoess Time from OF [l toea = 13 - 18 - 17 - 20 | ns
48 | Output Buffer Turn Off Delay t oez _ 13 _ 15 _ 17 _ 20 ns
from OE
49 6—E to RAS Lead Time for Valid Data toeL 5 - 5 — 7 - 10 - ns
50 | OF Hold Time Referenced to WE [ 16 || t oen 5 - 5 — 5 — 5 — ns
51 | OF to Data In Delay Time t oep 13 - 15 - 17 — 20 — | ns
52 | CAS to Data in Dealy Time t cop — 13 - 15 - 17 - 20 | ns
53 —
DIN to GAS Dslay Time t bzc 0 - 0 - 0 - 0 — | ns
54 | DIN to OE Delay Time tnzo 0 - 0 — 0 — 0 - ns
55 { Fast Page Mode RAS Pulse width tpasp - 100000 — 100000 — 1000040 — 100000| ns
Fast Page Mode Read/Write t _ _ _ _
&0 Cycle Time PC 35 40 45 50 ns
61 | Fast Page Mode Read-Madify-Write t _ _ _ _ ne
Cycle Time PAWC 71 80 89 100
62 | Access Time from CAS Precharge  [9,18]| t cpa — 30 — 35 — 40 — 45 ns
63 | Fast Page Mode CAS Precharge Time tep 10 — 10 — 10 - 10 — ne
Fast Page Mode RAS Hold Time
84 | trom Precharge trrop 30 - 35 - 40 — 45 — ns
65 | Fast Page Mode CAS Precharge t - _ _ _
to WE Delay Time CPWO 48 55 62 70 ns
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MB8116400A-50
MB8116400A-60
MB8116400A-70
MB8116400A-80

Notes:

1.
2.

Refsrenced to VSS.

Icc depends on the output load conditions and cycle rates; The
specified values are obtained with the output open. Icc depends
onthe number of address change as RAS1, HAS? =V, TAST,
TASB= ViH and ViL > -0.3V

lces, leea, lecs and Iccs are specified at one time of address
change during TTAST, WAS2= ViL and CAST, TAS2 = ViH. lcc2
is speoified during FAS=VH and ViL>-0.3V.

An initial pause (RAST, RAS2=TAST, CTAS2=VIH) of 200Hs is
required after power-up followed by any eight TTAS —only oycles
before proper device operation is achieved. In case of using
intemnai refresh counter, a minimum of eight TAS -bsfore-RAS
initialization oycles instead of 8 WAST, RASZ cyoles are
required. :

AG characteristica assume tr = 5ns.

Vi (min) and V. (max) are reference levels for measuring
timing of input signals. Also transition times are measured
between V 4 (min) and Vi (max) as input amplitude are 3.0V and
ov..

Assumes that tRco < trep (max), tRap S trao (max). If tReo is
greater than the maximum recommended value shown in this
table, trac will be increased by the amountthattrcp exceeds the
value shown. Refer to Fig. 2 and 3.

Iftrop 2 tRoD (Max), trap 2trap (max), andtasc 2taa -tcac -
t 1, access time is {cac.
Iftrap 2trRap (max) and tasc Staa -tcac -7, accesstimeis

taa .

Measured with a load equivalent to two TTL loads and 100 pF.
torr and toez is specified that output buffer change to high
impedance state.

1-378

1.

12.
13.

14,
15.

18
17.
18.

19.
20.

Operation within the trcp (max) limit ensures that trac  (max)
can be met. tacp (max) is specified as a reference point only; if
treo ie greater than the specified trco (max) limit, access time is
controlled exclusively by tcac ort aa .

trco (min) = tran (min)+ 2t T +tasc (min).

Operation within the trap (max) limit ensurea that trac (max)
oan be met. trap (Mmax) is specified as a reference point only; if
trap is greaterthan the specified trap (max) limit, acoess time is
oontrolled exolusively by tcac ortaa .

Either tarn or tacH must be satisfied for a read cyole.

twes  is speoified as a reference point only. Iftwes 2twes (min)
the data output pin will remain High-Z state through sntire cycle.

Assumes that twos <twes (min).
Either tpzc or tozo must be satisfied.

tcpa is acoess time from the selection of a new column address
(that is caused by changing TAST, TAS2 from “L" to “H").
Therefore, if tce is long, tcra is longer than tcpa (max).
Assumes that TAS -before-RAS refresh.

t wes , t cwp , t,AwD and tawp are not restrictive operating
parameters. They are included in the data sheet as an electrical

characteristic only. lftwcs >twcs (min), the oyole is an early
write cyole and Dout pin will maintain high impedance state

thoughout the entire eycle. if t cwp > t cwp (min), trwp >t

AWD (min) , and t awp >t awp (min), the cycle is a read
modify-write oycle and data from the selected cell will apper at
the Dout pin. If neither of the above conditions ie satisfied, the
cycle is a delayed write cycle and invalid data will appearthe Dout
pin , and write operation can be executed by satisfying trRw. , t

cwL , and traL specifications.

B 374975L 0005533 991 WA



MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
Fig. 2 -t gac V8.t Fig.3 -t pac V8.t
80ns Version
‘ 3 \ 70ns Versicn
Ons Version ) 80ns Version
t pac (n8) 100 |- 70ns Version t ., (ns) 100 |-
60ns Version 50ns version
%0 - 50ns version 0 -
80 I 80
70 | 70 | {
80 |- 60 |- 1l
11
= [ I 50 |- [[{
=% | <+ [
T bl 1N
20 40 60 80 100 120 20 40 80 80 100 120
t rop (n8) t aap (n8)

FUNCTIONAL TRUTH TABLE

Operation Mode "~ Clock lnput Address . i . inputData - . |° L
o [ TAS | -ﬁ_ﬁ Row Column input © | Output:. |’ M".ﬁh ) Note

Standby H H X X — — - High~Z -
Read Cycle L L H L Valid Valid — Valid Yes * tresatAcs (min)
Write Cycle
(Early Write) L L L X Valid Valid Valid High-Z Yes * twesatwes (min)
Read-Modify-
Write Cycle L L {H=-L L—H Valid Valid Valid Valid Yes *
RAS-only
Refrash Cycle L H X X Valid - - High-Z Yos
CAS~-before-
RAS Refresh L L H X — — - High~Z Yes tesmxtess {min)
Cycle
Hidden Refresh Hall L |H-X L - - - Valid Yes Previous data
Cycle is kept.

X; *Hor "L*

*, Itis impossible in Fast Page Mode
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MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
Fig. 4 - READ CYCLE
t RC I
t RAS
1 s T ’
RAS '“ S
e tore \ Y
tos =I| tep
f— t RCD t ASH
]
P VI t CAS
CAS v:— — t oo _.)ﬁ \ /H} t oo
t o |
tasn Ran tasc : 1 toal T =_II__| |
P—b - k— | CAH r_ QEL |

»‘\OtoA11

DQ
{Output)

DQ
(Input)

Hrer

DESCRIPTION

To implement a read operation, a valid address is latched in by the RAS and CAS address strobes and with WE set to a High level
and OF set to a low level, the output is valid once the memory access time has elapesed. The access time is determined by
RAS(tRAC), CAS(tCAC), OE (tOEA) or column addresses (tAA) under the following conditions:
If tRCD > tRCD (max), access time = tCAC.
if tRAD > tRAD (max), access time = tAA.
1FOE is brought Low after tRAG, tCAC, or tAA (whichever occurs later), access time = tOEA.
However, if either TAS or OF goes High, the output returns to a high-impedance state after tOH is satisfied.
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MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
Fig. 5 — EARLY WRITE CYCLE (OE = “H” or “L")
the
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Qv — S o VALID K
(input) v, — DATA IN -\

pg Vo=

(Output) Voo —

HIGH-Z

D o

A write cycle is similar to a read cycle except—WE is set to a Low state and OE is a "H" or “L" signal. A write cycle can be implem-
ented in sither of three ways - early write, OE write (delayed write), or read-modify-write. During all write cycles, timing parameters
tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DQ pin is latched with the
talling edge of CAS and written into memory.

DESCRIPTION

1-381
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MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
Fig. 6 — OE (DELAYED WRITE CYCLE)
tao
RAS
CAS
A o to A11
WE
P
ja— ‘py ——w
Q. Vu— VALID R N
(Input) vy — DATA IN GRS IR M
DQ Von —
HIGH-Z
(Output) v, —
P v
OE iH
Vi
. Invalid Data
DESCRIPTION
In the OE (delayed write) cycle, tWCS is not satisfied ; thus, the data on the DQ pins is latched with the falling edge of WE and
written into memory. The Output Enable (OF) signal must be changed from Low to High before WE goes Low (tOED + tDS).

1-382 |
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MB8116400A-50

MB8116400A-60
MB8116400A-70
MB8116400A-80
Fig. 7 — READ-MODIFY-WRITE-CYCLE
t e
RAS |
tar ™
CAS
tasn
CAS y
RAL 1
A ot A » : x
N towe " I
) tawe
WE
:' tue
f-— tm—q
DQ VALID :
(Input) ty DATAIN
l‘— t — !
t CAC
Ll et
| tac I
ba  You — I HIGH-Z == HIGH-Z
(Output) Vo — - . 1 VALID, -~
t ON|
OEA t OEH
oz Yoez
J— Vi —
OE v
b o
. \
e
DESCRIPTION
The read--modify-write cycle is executed by changing WE from High to Low after the data appears on the DQ pins. Inthe
read-modify-write cycle, OF must be changed from Low to High after the memory access time.
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Fig. 8 - FAST PAGE MODE READ CYCLE
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AotoA"

DQ
{(Input)

DG
(Output)

[] =
7

A Valid Data
DESCRIPTION

The fast page mode of operation permits faster successive memory operations at multiple column locations of the same row address.
This operation is performed by strobing in the row address and maintaining RAS at a Low level and WE at a High level during all
sucoessive memory cycles in whioh the row address is latched. The access time is determined by tCAC, tAA, tCPA, or tOEA, which-

ever one is the latest in ocouring.
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Fig. 9 — FAST PAGE MODE WRITE CYCLE (OE = “H” or “L”)
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DESCRIPTION
The fast page mode write cycle is executed in the same manner as the fast page mode read cycle except the states of ‘WE and OF
are reversed. Data appearing on the DQ_pins is latched on the falling edge of and written into memory. During the fast page

maode write cycle, including the delayed (OE} write and read-modify-write cycles, tCWL must be satisfied.
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Fig. 10 — FAST PAGE MODE OE WRITE CYCLE
A bt
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AA ja— ', ¢
t t

ED “aa
i ’ t
t OEH

oa Vor
tput \ —_—
(Output) oL t 7o _.1

OEH
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DESCRIPTION

The fast paggmode OE (delayed) write cycle is executed in the same manner_as the fast page mode write cycle except for the states
of WE and OE. Input data on the DQ pins are latched on the falling edge of WE and written into memory. In the fast page mode
delayed write cycle, OE must be changed from Low to High before WE goes Low (tOED +tDS).
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Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE

RAS Vi
Vg —
tasn
Vg — k[ toas
CAS v
L= t asc
t
|l t can RAf
A toA Vin : coo M
o v, — 1 L) i .
]
t F '| tawL
oW acs tow I“
_ Vi — we
WE ViL — N WP

oQ Vorn—

(Qutput) VoL —

| :
DS J_
] t e {5
OH
DQ Vip — : E_‘
VALID
(Input} Vi — ! :
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DESCRIPTION

During the fast page mode of operation, the read-modify-write cycle can be exscuted by switchi?g WE from High to Low after
input
date appears at the DQ pins during a normal cycls.
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Fig. 12—  RAS-ONLY REFRESH (WE = OE = “H” or “L")
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DESCRIPTION

Refresh of RAM memory cells is accomplished by performing aread, awrite, or aread-modify-write cycle ateach of 4096 row addresses every
65.6-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh.

RAS-only refresh is performed by keeping RAS Low and CAS High throughout the aycle; the row address to be refreshed is latched on the
falling edge of RAS. During RAS—-only refresh, DouT pin is kept in a high-impedance state.

Fig. 13 — CAS-BEFORE-RAS REFRESH (ADDRESSES = OE = “H” or “L")
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t
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WE ) — s N
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——
oQ  Von — HIGH-Z
(Output) Vo = 2 B

DESCRIPTION

TAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the
specified setup time (tcsr) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next
TAS-before-RAS refresh operation.
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Fig. 14 - HIDDEN REFRESH CYCLE
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DESCRIPTION

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling
RAS. The refresh row address is provided by the on-chip refresh address counter. This eliminates the need forthe external row addressthatis
required by DRAMs that do not have CAS-before-RAS refresh capability.
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Fig.15 - TEST MODE SET CYCLE (A0 to A11, OE = "H” or "L")
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DESCRIPTION
Test Modes ;
The purpose of this test mode is to reduce device test time to one sixteenth of that required to test the device conventionally.
The test mode function is entered by performing a WE and CAS-before-RAS (WCBR) refresh for the entry cycle.
In the test mods, read and write operations are executed in units of sixteenth bits which are selected by the address combination of
CAQ and CA1. In the write mods, data is written into sixteenth cells simultaneously. But the data must be input from DQ1 only. in the
read mode, the data of sixteenth cells at the selected addresses are read out from DQ and checked in the following manner.
When the sixteenth bits are all "L” or all "H", a2 "H" level is output..
When the sixteenth bits show a combination of "L" and "H", a "L" level is output..
The test mode function is exited by performing a RAS-only refresh or a CAS-before"HAS refresh for the exit cycle.
In test mode operation, the following parameters are delayed approximately 10ns from the specified value in the data sheet.. ‘
tRC, tRWC, tRAC, tCAC, tAA, tRAS, tRSH, ICAS, tCSH, tRAL, tCAL, tRWD, tCWD, tAWD
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Fig. 16 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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DESCRIPTION

A special timing sequence using the CAS-before-RAS refresh counter test cycle provides a convenient method to verify the functionality of
TAB-before-RAS refresh circuitry. If, after a TAS-before-RAS refresh cycle CAS makes a transition from High to Low while RAZ is held Low,
read and write operations are enabled as shown above. Row and column addresses are defined as follows:

Row Address: Bits AQ through A11 are defined by the on-chip refresh counter.
Column Address: Bits A0 through A11 are defined by latching levels on AG-A11 at the second falling edge 6FCAS.

The CAS-before-RAS Counter Test procadure is as follows ;

1) Initialize the internal refresh address counter by using BRAS only refresh cycles.

2) Use the same column address throughout the test.

3) Write “0" to all 4096 row addresses at the same column address by using normal write cycles.

4) Read “0" written in procedure 3) and check; simultaneously write “1”to the same addresses by using CAS-before-RAS refresh
counter test (read-modify-write cycles). Repeat this procedure 4096 times with addresses generated by the internal refresh
address counter.

5) Read and check data written in procedure 4) by using normal read cycle for all 4096 memory locations

6) Reverse test data and repeat procedures 3), 4), and 5).

(At recommended operating conditions unless otherwise noted.)

™~ Parametor Symbol u:?ﬁewo.\-so MBS118400A-60 |MB8116400A-70 |MBS1164004-80  Unit
: : n Max Min - Max { Min Max Min Max |
90 Access Time from CAS teeac | — 45 — 50 - 55 - 60 ns
91 Column Address Hold Time | trcay 35 - 35 — 35 — 35 — ns
g2 | CTASto WE Delay Time teewo | 83 — 70 — 77 — 85 — ns
93 | CAS Pulse width tecas | 45 — 50 — 55 — 50 — | ns
94 RAS Hold Time teps | 45 — 50 — 55 — 60 — ns

Note . Assumes that CAS-before-RAS refresh counter test cycle only.
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(Suffix : =PJ)
26-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-26P-M09)
148(3.75)MAX
- * §754.005(17.15£0.13) } 12(285NOM
| g
® w ® ] | RS
! I / s S e M et Y fi’\ 74 s O s O I F— 7 N
T T
I : 3392005 (- i
i Y (8.600.13) | .2esto20
ii NDEX — | _30’3&.}‘32) [ | (8.812051)
0o i i -
=1 Il s
»I‘U 4_, PR U AN !7, L\{ S U A W | L.J/)P____ N — y
LEAD No. /s 1 % (8) o LB%Q
ﬁ@;@_ﬁ_,;_ {
(1.27£0.13) | .800(15.24)REF | et A ot
< ! etails of “A” pa
.032(0.81)
MAX
=T 106(2.70) \ |
AR Lol _ NOM //——j |»~~7'
Fy HINTE R
Peos ' L L
LV{‘ _:_t_‘PPﬂj _02,_[ ) A" 017+.004
(©043t0.10)

*: This dimension excludes resin protrusion. (Each side: .006(0.15)MAX)
©1993 FUJITSU LIMITED C26059S-1G(W)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

(Suffix: - PFTN/ PFTR)

26-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-26P-M05)

(\ 5 ™ ]‘ Details of “A” part “
) g P )
! {( ooe015) |
\hmﬂﬂﬁ H/HHHHff | K; \
/ A !
| ‘ i H | Li . |
| S IV
| - ’
“ j 010(0.25) :
e OEX » { | L oot 15max |
TETET ; TEET - .020(0.50)MAX !
N | i
LEADNo(/\ <\§,> 8) a8 - 0=
* 675+.004 ’ ‘ 3eat.008 _1
! 004, . +0.10 (9.2240.20)
0164004 " 1;to 10 | 043" 003(11020 05 ) 300004 |
i~ ‘ (MOUNTING HEIGHT) __B00r004
© aoko o)Lt L 0802 ﬂ f retoso) | 006002
H P | | (0.15%0.05)
A5 L*jjj;::j A4 '1”‘ R % fi SRR ,:f]\\‘g:x:
l :
.050(1.27) ! - 1»T -004(0. 10)] i o) IN .0204.004 L 324008 |
’4*4‘“ i | (STAND OFF (0.50£0.10) (8.22%0.20)
j€--—-—-~ - B00(15.24)REF ————» HEIGHT)

* Resin protrusion (Each side : .006(0.15) MAX)

Dimensions in

©1993 FUJITSU LIMITED F280058-1C inches (millimeters)
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PACKAGE DIMENSIONS (continued)

(Suftix: - PV)

24-LEAD PLASTIC SURFACE VERTICAL PACKAGE
(CASE No.: SVP-24P-M01)

.787+.004

%(20.00£0.10)

|

|

| otk oce ;
e (024W$~ 005(0.13) ()]

|
%—(oégg[f ggr—1 41 .007(0.18) @)

*: Resin protrusion [Each sida: .004(0.10) Max]

©1993 FUJITSU LIMITED V24001S-1C-(W)

364,004
#(9.0040.10)
_~ INDEX |
o~ A |
pn) WNHHHHHHHUUHHEJUHH:{U HHH MY
Bl S gy .
En - 004(0.10) L
'10':(:)('70 . 589(14.95)REF '°3$$F;9°)
| fe———————— 681(17.30)REF ——————~-»
P 752(19.10)REF >
LEAD No. ﬁf{ (BOTTOM VIEW)
r*%?.%ﬂiw{ww
T ozeeesyTYR ]_fﬁ

.. .049(1.25)
f—————
TYP

SR —*—ﬁ

.386(9.80)
.005%.002 MAX
(0.12540.05) |

\ |
l !

%; 4

. 07$Y“ r:'85 )

.146(3.70)
MAX

Details of A~A’ part |
020(050)TYP

!

f

|

’ T 1
J@?% f
; |

i

|

i

I

[, 030ko002 !
(0.7510.05) i

Dimensions in
inches (millimeters)
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