FUJITSU SEMICONDUCTOR
DATA SHEET DS05-10168-2E

MEMORY
CMOS 1M x 16 BIT
FAST PAGE MODE DYNAMIC RAM

MB81V16160A -60/-70

CMOS 1,048,576 x 16BIT Fast Page Mode Dynamic RAM

B DESCRIPTION

saccessible in 16-bitincrements.
s of data within the same row can
quipment, and othermemary

The Fujitsu MB81V16160A is afullydecoded CMOS Dynamic RAM (DRAM)thatcontains 16,777,216 m
The MB81V16160A features a “fast page” mode of operation whereby high-speed random access ofu
beselected. The MBB1V16160A DRAM is ideally suited for mainframe, buffers, hand-held comp
applications where very low power dissipation and high bandwidth are basic requirements
MBB1V16160A is very small, thedevice can be used as a non-volatile memory in equipment.th

ince the standby current of the
for primary and/or auxiliary power.

and two-layer aluminum process. This
ors and extends the time interval between

The MBB1V16160A is fabricated using silicon gate CMOS and Fujitsu's advanced fou
process, coupled with advanced stacked capacitor memaory cells, reduces the pagaibilit

memory refreshes. Clock timing requirements for the MB81V16160A are not criti are TTL compatible.

BMABSOLUTE MAXIMUM RATINGS (see NO

Voltage at any pin relative to Vgg Vin. VouT -05to+4.6 A
Voltage of Vo supply relative to Vgg Vee -05to+ 4.6 \Y
Power Dissipation FD 1.0 W
Short Circuit Output Current — 50 mA
Operating Temperature Tore 0to 70 °c
Storage Temperature Tata -55to +125 o

NOTE: Fermanentdevicedama ay occurifthe above 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.

This device contains circuitry to protactthe inputs against damage duo to high static voltages or eloctric fields. However, it is advised thatnarmal precautions be taken to avaid application of any
valtage higher than maximum rated voltages to this high impedance circuit.
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PRODUCT LINE & FEATURES

 MBsivietsoa
HEESEIEEE T B S
RAS Access Time 60ns max 70ns max.
Random Cycle Time 110ns min. 130ns min.
Address Access Time 30ns max. 35ns max.
CAS Access Time 15ns max. 17ns max.
Fast Page Mode Cycle Time 40ns min. 45ns min.
Low Power Operating current 324mW max. 28BmW max.
Dissipation Standby current 7.2mW max. (TTL level) / 3.6mW max. (CMOS level)

#® 1,048,576 words X 16 bit organization
# Silicon gate, CMOS, Advanced

Capacitor Cell

#® Allinput and output are LVTTL compatible

#* 4006 refresh cycles every 65.6ms

* 1WE /2CAS
* Self refresh function

PACKAGE

® Early write or OE controlled write capability

® HAS only, CAS-before-RAS, orHidden
Refresh

® Fast page Mode, Read-Modify-Write
capability

® On chip substrate bias generator for high
performance

Plastic SOJ Package
(LCC-42P-M01)

Plastic TSOP Packages
(FPT-50P-M06)

{(Normal Bend)
(Reverse Bend)

Package and Ordering Information

— 42-pin plastic (400mil) SOJ, order as MBB1V16160A-XXPJ

— 50 pin plastic (400mily TSOP-1l with normal bend Ieads, order as MBB1V16160A-XXPFTN

— 50-pin plastic (400mil} TSOP-Il with reverse bend Ieads, order as MBB1V16160A-XXPFTR
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Fig.1 - MB81V16160A DYNAMIC RAM - BLOCK DIAGRAM
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Input Capacitance, RAS, LCAS, UCAS, WE, OE Cinz 5 pF

Input/Output Capacitance, DQ1 to DQ16 Cpa 7 pF
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PIN ASSIGNMENTS AND DESCRIPTIONS

42-Pin 304
(TOP VIEW)
Vee O 4 4z [ Vss
pal ] = 41 [OJ Das
ez ] ;4 1 Pin Index ,, [ pais
a3 [ . 39 [J DQ14
DQa [ 5 33 [J D@13
Vee O a7 [ Vss
pas O 7 36 [ D@z
bas ] , a5 [ ban
baz O s 34 [ D@10
DQs M40 33 [ D9
NG. O 2 0 NG
NE. ] 12 a1 [Jcas
WE [ 13 30 [ /UCAS
mas 14 29 [ OF
A1 O 45 2g [0 A9
A0 e 27 [0 A8
Ao s 25 [ A7
A Oie 25 [0 A6
Az O 1s 24 [ AS
A3 0 20 2z B A4
Vee O 24 22 [0 Vss
<Mormal Bend=
VYee O 1 50 [ Vss
oot [ » 49 [J DO15
paz o , 1 PinIndex ,, [ paits
pei O , 47 [0 Dois
baa [ s 46 [] DQ13
Vee O & a5 [ Vss
pas O 7 a4 [J D@12
bas i . 43 [ DN
be7 ] 42 [ Do
pas ] 10 41 Qros
NE. ] 1y a0 O NC.
NGO 45 as [ NC
NG ] 46 s [ 71CA8
WE ] 47 a1 [ UCAS
e P s b OF
AT e az [ A9
= ) a1 [ A%
Gl = PN a0 @A
= P 29 [0 A8
A2 Qaa 28 [J A%
= PP 27 [ A4
Vee [ 25 (Marking side) 55 [ Vss

50-Pin TSOP
(TOF VIEW)

Deelgnator oo Runetion
A0 to A1 Address inputs.
row T AO to A1
column : AD to A7
refresh : AD to A11
RAS Row address strobe.
LCAS Lower column address strobe.
UCAS Upper column address strobe.
WE Write snable.
OE Qutput enable.
DQ1toDQ16 Data Input/Output
Vee +3.3 volt powser supply.
Vgg Circuit ground

<Reverse Bend=>
Yss O 1 50 3 VYec
pats O 2 49 [ DO
pais O 3 1 PinlIndex ,, QD2
cais [ 4 47 D Des
pa13 [ s 26 [J D04
Ves O s 45 [ Vee
paiz O - a3 [JDpaQs
pat1 O 43 [ DOS
pato ] 9 4z [Qoor
bQs [ 10 a1 [ Dos
NC. O] 1 w0 pne
NG. [ 15 36 3 NG,
LCAS [ 15 35 [ NG
ucas 17 34 O WE
OE [ 18 3a [ /RAS
A [ 19 3z [J AN
Y a1 [AM0
A7 [ 21 50 Q70
A6 [ 22 29 O
A5 E 23 28 jAZ
A4 24 2 M
Vss [ 25 (Marking sids) g M) Veo
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RECOMMENDED OPERATING CONDITIONS

o Amblent
Max Oparating Temp.. -
Vee 3.0 3.3 3.6
Supply Voltage v
Vss 0 0 0
0°C to +70°C
Input High Voltage, all inputs ViH 2.0 —_ Vee+0.3 A
Input High Voltage, all inputs/outputs* ViL -0.3 _ 0.8 v

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

FUNCTIONAL OPERATION
ADDRESS INPUTS

Twenty inputbits are required to decode any sixteen of 16,777,216 celladdresses in the memaory matrix. Since only twelve address bits (A0 to A11)
are available, thecelumn and row inputs are separately strabed by LCAS or UCAS and RAS as shown in Figure 1. First, twelve row address bits are
inputon pins A0—through-A11 and latched with the row address strobe (RAS) then, eight column address bits are inputand latched with the column
address strobe (LCAS orUCAS). Bothrow and column addresses mustbe stableon orbeforethe falling edges of RAS and LCAS or UCAS, respec-
tively. The address latches are ofthe flow-through type;thus, address information appearing aftertgay (min) + tt is automatically treated as the col-
umn 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 se-
lected. During the read modse, input data is ignored.

DATA INPUT

Inputdata is written into memary in sither of three basic ways—an sarly write cycle, an OE (delayed) write cycle, and a read-modify-write cycle. The
falling edge of WE or LCAS / UCAS, whichever is later, serves as the inputdata-latch strobe. In an sarly write cycle, the inputdataof DQ1-DQ8 is
strobed by LCAS and DQ9-DQ16 is strobed by UCAS and the setup/holdtimes are referenced to sach LCAS and UCAS because WE goes Low be-
foreLCAS/UCAS. ina delayed write ora read-modify-write cycle, WE goes Low after LCAS /UCAS; thus, inputdatais strobed by WE and allsetup/
hold times are referenced to the write-enable signal.

DATA OUTPUT

Thethree-state buffers are TTL compatible with afanoutoftwo TTL loads. Polarity of the outputdata is identicalto thatoftheinput; the output buffers
remain in the high-impedance state untilthe column address strobegoesLow. When a read orread-modify-write cycle is executed, valid outputs are
obtained under the following conditions:

tRaC : from the falling edge of RAS when tgcp (max) is satisfied.

teac : from the falling edge of LCAS (for DQ1-DQ8} UCAS (for DQ9-DQ18) when tgsp is greater than tgep (max).
tan : from column address input when tgap is greater than tgap (max).

toea fram the falling edge of OF when OE is brought Low after tpac, toac, o taa.

The data remains valid until sither LCCAS / UCAS or OF 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 aperation provides faster memory access and lower powerdissipation. The fast page mode is implemented by keeping the
same row address and strobing in successive column addresses. To satisfy these conditions, RAS is held Low for all contiguous memary cycles in
which row addresses are common. For each fast page of memaory, any of 256x16-bits can be accessed and, when multiple MB81V16160As are
used, CAS is decoded to select the desired memory fastpage. Fastpage modeoperationsneed notbe addressed sequentially and combinations of
read, write, and/ar read-maodify-write cycles are permitted.
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DC CHARACTERISTICS

{Recommended operating conditions unless

otherwise noted) Notes 3

i Parameter il Notes ::S?yﬁi’r'il:'adlﬁ""""""':Cdr['d:ifibfls"""'""”'::ﬁ;::::' ] i Unit
B S S S SRR S B S S S S R S Loiniiiiiiiiion P In B PERRERES DRSS P P S S
Output high voltage Vou loy =-2.0mA 24 —
v
Qutput low voltage VoL lgL = +2.0mA — 0.4
oV E VN S3.6V;
Input leakage current (any input) leLy 3.0V SV £ 3.8V 10 10
Vgg = 0V; All other pins A
notunder test = OV ®
Output leakage current |DO(L) Osfatsa\égtlgifaiiz:? -10 10
Operating current MBB1V16160A-60 e — o 90
(Average power leeq FAS= &mli'l_?AS' UCAS cycling; — mA
supply current)  [2] |MB81V16160A-70 RC 80
Standby current TTL level RAS = LCAS, UCAS =V 2.0
(Power supply leca _ mA
current) CMOS level AAS = LCAS, UCAS 2 Vo-0.2V 1.0
Refresh current #1 MBB1V16160A-60 RN — JES— . a0
(Average power lees :‘CA_S;_I_IL:HCAS = Vin: RAS cycling; _ mA
supply current) MBB1V16160A-70 RC = 80
MB81V16160A-60 J— [
Fast Page Made | RAS =V, LCAS, UCAS cycling; 90 mA
Current CC4 tpe = min —
MBB1V16160A-70 80
Refresh current #2 MBB1V16160A-60 RAS cycling; 90
(Average power lecs CAS-before-RAS; — mA
supply current) MB81V16160A-70 the = min 80
Refresh current #3 MB81V16160A-60 HAS = VIL. TAS = VIL
(Average power sup- lsoe Solf rafraslil : _ 1000 LA
ply current) tRASS = min.
MB81V16160A-70
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AC CHARACTERISTICS
(At recommended operating conditions unless otherwise noted.) Notes 3,4,5
[T S T e BB VBT B0 RSB0 b NIB BN GDARTE G |
Nec oo Parameter: ol Netes [ 8ymbel e T T Uit
] TR TEHHIRFEHIE FHHHEHITE pMEx e M Ma s
1 Time Between Refresh tReF — 65.6 ms
2 Random Read/Write Cycle Time tre 110 — 130 — ns
3 Read-Modify-Write Cycle Time trwe 150 — 174 —_ ns
4 Access Time from RAS thac — 60 — 70 ns
5 Access Time from CAS tcac — 15 — 17 ns
6 Column Address Access Time M taa —_ 30 — 35 ns
7 Output Hold Time ton 3 — 3 f— ns
8 Output Buffer Turn On Delay Time ton 0 — 0 — ns
g QOutput Buffer Turn Off Delay Time ITl toFr —_ 15 —_ 17 ns
10 Transition Time tr 3 50 3 50 ns
11 RAS Precharge Time trp 40 — 50 — ns
12 RAS Pulse Width tras 60 100000 70 100000 ns
13 RAS Hold Time tRsH 15 — 17 - ns
14 CAS to RAS Precharge Time terp 0 - 0 — ns
15 RAS to CAS Delay Time 1,12 trco 20 45 20 53 ns
16 CAS Pulse Width teas 15 — 17 — ns
17 CAS Hold Time tesH 60 — 70 — ns
18 TAS Precharge Time (Normal) tepn 10 — 10 — ns
19 Row Address Set Up Time tasmr 0 — 0 —_— ns
20 Row Address Hold Time tRAH 10 — 10 —_— ns
21 Column Address SetUp Time tasc 0 — 0 — ns
22 Column Address Hold Time teAH 15 — 15 — ns
23 Column Address Hold Time from RAS tap 35 — 35 — ns
24 RAS to Column Address Delay Time El traD 15 30 15 35 ns
25 Column Address to RAS Lead Time tRaL 30 — 35 _ ns
26 Column Address to CAS Lead Time toaL 30 — 35 — ns
27 Read Command Set Up Time trcs 0 — 0 —_ ns
25 | Reas Command fod Tine M — : e
ol e wor |0 - : — |
30 Write Command Set Up Time twes 0 — 0 — ns
31 Write Command Hold Time tweH 15 — 15 — ns
32 | Write Hold Time from RAS tweR 35 — 35 — ns
33 WE Pulse Width twp 15 — 15 — ns
34 Write Command to RAS Lead Time tRwL 15 — 17 — ns
35 Write Command to CTAS Lead Time towlL 15 — 17 — ns
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AC CHARACTERISTICS (continued)

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

P s e T MIBBIVAGTE0A-B0T T [t MBBIVIBTIGOALTD o
CNed il Parameter il " Notes | Symbol - - T ——— Uhit
36 DIN SetUp Time tps 0 — 0 — ns
37 DIN Hold Time toH 15 —_ 15 — ns
38 Data Hold Time from RAS tbHR 35 — 35 — ns
39 | AAS to WE Delay Time thwD 80 _ 02 _ ns
40 | TAS to WE Delay Time tewD 35 _ 39 — ns
41 Column Address to WE Delay Time | 20 I tawp 50 — 57 — ns
42 FIA_S Pra_charge Time to CAS tapc 5 _ 5 _ ns
Active Time (Refresh cycles)
CAS Set Up Time for CAS-before- t 0 0
43 | RAS Refresh csh — — ne
CAS Hold Time for CAS-bsefore-
s t 10 — 12 —
44 | RAS Refresh CHR ne
45 Access Time from OE El tcEA — 15 — 17 ns
Qutput Buffer Turn Off Delay
46 from OF togz — 15 — 17 ns
47 OE to RAS Lead Time for Valid Data toEL 10 — 10 — ns
48 OE Hold Time Refsrenced to WE [1s7] teEH 5 — 5 — ns
49 OE to Data In Delay Time toED 15 — 17 — ns
50 CAS to Data In Delay Time teoo 15 — 17 f— ns
51 | DIN to TAS Delay Time toze 0 _ o _ ns
52 DIN to OE Delay Time tpzo 0 — 0 _ ns
60 Fast Page Mode RAS Pulse width tRaSP — 100000 — 100000 ns
61 Fast Pa_gs Mode Read/Write tpo 40 _ 45 _ ns
Cycle Time
Fast Page Mode Read-Modify-Write t 80 80
62 Cycle Time PRWC — — ne
63 Access Time from CAS Precharge 9,18 tepa — 35 — 40 ns
64 Fast Page Mode CAS Precharge Time tep 10 _ 10 — ns
Fast Page Mode RAS Hold Time
t 35 — 40 — ns
65 from CAS Precharge RHCP
Fast Page Mode CAS Precharge t 55 62
66 to WE Delay Time CPWD - - ns
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Notes:

1.
2.

Referenced to Vgg.

lcz depends on the outputload conditions and cycle rates; The
specified values are obtained with the outputopen.

lcc depends on the number of address change as RAS = V|
UCAS=V|y, LCAS=V |y and V|_> -0.3V.

leet lees lees and lees are specified at one time of address
change during RAS = V| and UCAS = V|, LCAS = V.

lece is specified during RAS = V|y and V) > -0.3V.

An initial pause (RAS = TAS = V|y) of 200us is required after
powoer-up followed by any sight RAS—anly cycles befare proper
device operation is achieved. In case of using internal refresh
counter, a minimum of eight CAS-before-RAS initialization
cycles instead of 8 mcycles are required.

AC characteristics assume tt = bns.

Input voltage levels are 0V and 3.0V, and input reference levels
are Viy(min) and V) (max} for measuring timing of input
signals. Also, the transition time (tr) is measured between
Vig(min) and V| (max).

The output reference levels are Vou=2.0V and Vo =0.8V.
Assumes that tpep S tpep (Max), thap Stpap (Max). Iftgep is
greater than the maximum recommended value shown in this
table, tga will be increased by the amount that tgpop exceeds
the value shown. Refer to Fig.2 and 3.

Ifthep 2 tpep (Max), thap = tRap (Max), and tage 2 taa
—teac— tT, access time is toac.

Iftrap =trap (Max)andtaso Staa —toac—tT accesstimeistya.
Measured with a load equivalentto one TTL loads and 100pF.
torF and tggz are specified that output buffer change to high
impedance state.

Operation within the tgop (max) limit ensures that tgae (max)
can be met. tgop (Mmax} is specified as a reference paointonly;
iftrep is greaterthan the specified tgap (max) limit, access time
is controlled exclusively by toap or taa.

12.
13.

14.
15.

16.
17.
18.

19.
20.

trep (Miny = tgan (Min) + 2t + tase (min).

Operation within the tgap (max) limit ensures that tgac (Max}
can be met. tgap (max) is specified as a refersnce point only;
if trap is greater than the specified tgap (max} limit, access
tome is controlled exclusively by toac or taa.

Either tgpy o1 trey Must be satisfied for a read cycle.

tw g is specified as a reference pointonly. Iftyeg 2tweg (Min)
the data output pin will remain High-Z state through entire
cycle.

Assumes that twecg < twes (min).

Either tpzp or tpzo must be satisfied.

tepa is access time from the selection ofa new column address
(that is caused by changing both UCAS and LCAS from "L" to
“H"). Therefaore, if top is long, tepa is longer than tppy, (max).
Assumes that CAS-before-RAS refresh.

twes, tewp: trRwp and tawp are not restrictive operating

parameters. Theyareincluded inthedata sheetas an electrical
characteristic only. If tyweg > tweg (min), the cycle is an early
write cycle and Dyt pin will maintain high impedance state
through out the entire cycle. Iftewp > tewp (Miny, thwp > tRwp
(min}, and tawp > tawp (min}, the cycle is a read-modify-write
cycle and datafromthe selected cellwillappearatthe Doy pin.
If neither of the above conditions is satisfied, the cycle is a
delayed write cycle and invalid data will appear the DayT pin,
and write operation can be executed by satisfying trw|, towL,
and tpa specifications.
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Fig.2—tHAc VS.tHCD Fig.3—tHAc VS.tHAD Fig.4—tcpA VS.tcp
trac (ns) tepa (ns}
trac (ns}
[ '} §
— 90 I— 70
120
— 80 I— 60
100
70ns versian
80 I 70 I 50
70ns versian
80ns version 70ns version
60ns version '
80 |- 60 |- ' a0
e [ 80ns version
[ o
[ [ [
40 — " 50 I~ [ 30—
s (L) i ] L] s 1 [}
T [N T " T [ |
e [ i
[ TP T R B I RS R R P N I R N
0 20 40 60 80 100 0 20 30 40 50 60 0 10 20 30 40 50
trep (ns) trap (ns) tep (ns)

FUNCTIONAL TRUTH TABLE

 Clockinput .. ] Address | InputoutputData |
[EEE] [EEREE il pat e DAS | DQEto DAIS
Lcaslue Row: Folum B BT e EEEEEEEN
H EESSEEESERTIETE EEEES s s: SRR e SRS EEEEE! RN EE T E utput
Standby H H H X X - - - High-Z -
L H Valid High-Z
Read Cycle L H L H L Valid Valid - High-Z - Valid Yos.* | thoa 2 tpes
L L Valid Valid (mim)
Write Cycle L H Valid o
. . - - . - Yos. >
(Early Write) L H L L X Valid Valid . High-Z Val!d High-Z es tW(_Z:S Ztwes
L L Valid Valid (min)
; L H Valid | Valid - High-Z
Read-Madify- . . ] . ;
Write Cycle L H L H=L |L=H | Valid Valid - ng.h-Z Val!d Val!d Yos.*
L L Valid | Valid Valid Valid
RAS-only . B B _— _— ¥
Refresh Cycle L H H X X Valid High-Z - High-Z es.
CAS-before-RAS
Refresh L L L X X - - - High-Z - High-Z Yes. tesn 2 tesn
Cycle (min}
. L H Valid High-Z Previ dat
g'ddle“ Refresh 1 51 | H L |H=x| L - - - |High-z| - | vald Yes. isr:;;’t”s ata
yele L L Valid Valid

X;“H"or"“L"
*; |tis impossible in Fast Page Mode.

10
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Vi —
RAS
ViL —
LCAS vy, —
ar
UCAs VI
Agto A V=
0o A
ViL —
__ Vu-
WE
ViL—
DQ Voru—
(Qutput) VoL—
pa YH-—
(Input) v —
_ VIH -
OE
ViL—
DESCRIPTION

Fig.5 - READ CYCLE

- tre -
tras -
:\ tan -i
1 \_
tchp |
tesH | thp —™
trep o | thsH -
]
N i
Is 1' | tcop
| tRAL - : -
: toal
ASC t
CAH
[ - |-— toEL
COLUMN ADD
| |
taa |
- tcac |
| trac |
toze !— ton -—l
o ‘E topa™ ;
D HIGH-Z
b
tpzqg ———m]

“H" or “L"

Toimplementa read operation, a valid address is latched by the RAS and LCAS orUCAS address strobes and with WE setto a High level and
OE sotto a low lavel, the outputis valid once the memory access time has elapsed. LCAS controls the input/outputdata on DQ1-DQ8 pins,
UCAS controls one on DQ8-DQ16 pins. The access time is determined by RAS(tpac), LCAS/UCAS(tesc), OE(topa) orcolumn addresses
(taa) under the following conditions:

If trep > thep(max), access time = tope.

Iftrap > trap(max), access time = tya

If OF is brought Low after tpac, teac, or taa(whichever occurs later), access time = toga.

Howsever, if either LCAS/UCAS orﬁgoas High, the output returns to a high-impedance state after tgy is satisfied.

11
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Fig. 6 - EARLY WRITE CYCLE (OFE = "H” or “L")

- tRC P
Vi — 3
RAS
viL — \( T \
teRp ,
- tesH "l thp —™
- trep o thsH | -
[CAS y, _ i
ar
UcCAs L~
Agto A Vin =
010 Ay
vie —
- Vi —
WE _
Vi
Vi —
DQ VALID DATA IN
(Input) v, —
A
Da oH™ HIGH-Z
(Qutput) VoL—

“H" or “L"

DESCRIPTION

A write cycleis similarto a read cycle except WE is settoa Low state and OE isan“H"or“L" signal. A write cycle can beimplemented in sither
ofthree ways — early write, delayed write, or read-modify-write. During all write cycles, timing parameters tgw(, tcwL, tgaL and tca mustbe
satisfied. Inthe early write cycle shown above ty g satisfied, dataonthe DQ pins are latched with the fallingedge of LCASorUCAS and writ-
ten into memaory.

12
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Fig.7 - DELAYED WRITE CYCLE

-t tre -
Vi — \
RAS \ Y
viL — N 7
trRp
tcrp - thco o teas -
thsH -
[CAS v, —
or //
UCAs 'L r.
tasr| | tran
Vi —
Agto Ay
L
tres
__ Vu-
WE _
Vi
DQ Voru—
(Input) VoL—
v —
DQ H
HIGH-Z
(Output) v —
thze —m

ViL—

“H" or “L"

% Invalid Data

DESCRIPTION

In the delayed write cycle, tycg is not satisfied; thus, the data on the DQ pins is latched with the falling edge of WE and written into memory.
The Qutput Enable (OE) signal must be changed from Low to High before WE goes Low (tggp + tT + tps).

13
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Fig.8 - READ-MODIFY-WRITE-CYCLE
- trwc 2
e tras -
ViH— L
RAS
ViL— Fi \
trp

Vi —
Agto Ay
L=
__ Vm-
WE \
ViL
[* twp
f—
|‘— toH —'l
pa Von VALID K
| t - DATA IN :
(Input) A
v p—
baQ IH | HIGH-Z | l vaLio [9 HIGH-Z
(Output) 4
toEz -
OE
ton —
“H" or "L
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, OE must be changed fram Low to High after the memory access timse.

14
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Vig —
RAS
ViL =
[CAS vy —
ar _
ViL
UCAS
Apgto A Vin =
olto Ay
Vie —
. Yu-
WE
viL —
DQ Vor—
(Input) VoL~
pa VH—
(Qutput) v —
o VIH -—
QE
ViL—
DESCRIPTION

Fig.9 - FAST PAGE MODE READ CYCLE

treo

trasp

_!\ [#————— tpuce =/J¢ b
¥ Y, \
tRap
N |__ ——————— tpp —— tRp
tcnr [e—— tpgH —W (=
— tCSH =i tcp =i
| . _ ftoas tcas
CAS -2# !\ i h 2‘
taen ¢ tCAH tHHH
ASRlw fe————] taR tase!| | tach —] — =] |
t.qsc:--—|
|
s

colL
ADD ]
A

tRcH

- tprg

trc

teoo

HIGH-Z

— top —.|

toH

“H» or “L"

Valid Data

w

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 ata Low level and WE ata High levelduring all successive
memary cycles inwhich the row addressis latched. The addresstimeisdetermined by tcac, taa, tcpa, 9rtoea, whicheveroneis thelastestin

accuring.
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Vig — )

ViL = N

Fig. 10 - FAST PAGE MODE EARLY WRITE CYCLE (OE = "H "or "L")
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DaQ
(Input)

DQ Vin—

HIGH-Z

(Qutput) v —

DESCRIPTION

and read-modify-write cycles, tow must be satisfied.

“H" or “L"

The fast page mode early write cycle is executed in the same manner as the fast page mode read cycle exceptthe states of WE and OE are
reversed. Dataappearing on the DQ1to DQ8islatched on the falling edge of LCAS and one appearing onthe DQYto DQ16 is latched on the
falling edge of UCAS and the data is written into the memory. During the fast page mode sarly write cycle, including the delayed (ﬁ) write
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Fig.11 - FAST PAGE MODE DELAYED WRITE CYCLE
_ . 1 |
Vip — - RASP »
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ViR — \ *—teas ‘—"'//
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Tt t |‘_;t ASG"| t t oL
RAH ASBC CAH CAH
- - - -— o
A tcuA11
WE
DQ
(Input}
DQ
(Qutput)
OE
Invalid Data
DESCRIPTION
The fast page mode delayed write cycle is executed in the same manner as the fast page mode early write cycle exceptforthe states of WE
and OE. Inputdataonthe DQ pins arelatched onthe falling edge of WE and written into memaory. In thefast page mode delayed write cycle,
OE must be changed fram Low to High before WE goes Low (togp + t7 + tpg).
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Fig.12 — Fast Page Mode Read Modify Write Cycle

vy — n RASP
RAS

DQ
(Input}

DQ
(Qutput)

et
Valid Data

DESCRIPTION

During the fast page mode of o peration, the read-modify-write cycle can be executed by switching WE from High to Low after inputdata ap-
pears at the DQ pins during a normal cycle.
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DQ
(Qutput)

Fig. 13 - RAS-ONLY REFRESH (

ViH

E =0OE = "H"or "L")

| tras

tasm
thaH

vie —

ROW ADDRESS

o« CRP

ViL —

Viy

HIGH-Z

V”_ p—

DESCRIPTION

Refreshof RAM memory cells is accomplished by performing aread, a write, ora read-modify-write cycle at each of 4096 row addresses sv-
ery 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 LCAS and UCAS High throughout the cycle; the row address to be refreshed is
latched on the falling edge of RAS. During RAS-only refresh, DQ pins are kept in a high-impedance state.

e or L

Fig. 14 - CAS-BEFORE-RAS REFRESH (ADDRESSES = WE =

E = "H"or "L”)

[———— thp ————

trpc

)

HIGH-Z

- the
tras
== VI ‘-,ﬁ
RAS
ViL — /
teun
T
ViL —
UCAS
DaQ VlH— —
(Qutput) V. — 'F
DESCRIPTION

CAS-befare-RAS refresh is an on-chip refresh capability that eliminates the need far external refresh addresses. If LCAS orUCAS is held
Low for the specified setup time (tcgp) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are
enabled. Aninternal refresh operation automatically occurs and the refresh address counteris internally incremented in preparation far the

next CAS-befare-RAS refresh operation.
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Fig. 15 - HIDDEN REFRESH CYCLE
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(Input) VoL—
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pa H HIGH-Z VALID DATA OUT
(Qutput) Vi — (
_ VIH —
OE
ViL—

“H» or “L"

DESCRIPTION

A hidden refresh cycle may be performed while maintaining the latestvalid data atthe output by extending the active timeof LCAS or UCAS
and cycling RAS. The refresh row address is provided by the on-chip refresh address counter. This seliminates the need for the external row
address that is required by DRAMs thatdo not have CAS-before-RAS refresh capability.
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Fig.16 - CAS—-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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DESCRIPTION

A specia

0//7 /] Valid Data

Itiming sequence using the CAS-before-RAS refresh countertestcycle provides a convenient method to verify the function of CAS-

before-RAS refresh circuitry. If, aftera CAS-before-RAS refresh cycle CAS makes atransition from Highto Low while RAS is held Low, read
and write operations are enabled as shown above. Row and column addresses are defined as follows:

Row Address: Bits AD through A11 are defined by the on-chip refresh counter.
Column Addresses: Bits AD through A7 are defined by latching levels on A0O-A7 at the second falling edge of CAS.

The CAS-befare-RAS Counter Test procedure is as follows;

1} Initialize the internal refresh address counter by using 8 RAS 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 4086 memory locations.

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

(Atrecommended operating conditions unless otherwise noted.)

90 Access Time from CAS trcac - 50 — 55 ns
91 Column Address Hold Time tFoAH 35 — 35 — ns
g2 CAS to WE Delay Time tFewo 70 — 77 — ns
93 CAS Pulse width trcas 80 — 89 — ns
94 RAS Hold Time tFRSH 80 — 89 — ns

Note. Assumes that CAS-before-RAS refresh counter test cycle anly.
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Fig. 17 - SELF REFRESH CYCLE (A0-A11 =WE =OE = “H” or "L")

b
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AQ to A1, WE,OE = "H ar"L"

(At recommended operating conditions unless otherwise noted.)

100 | RAS Pulse Width trass 100 _ 100 _ us
101 RAS Precharge Time taps 110 — 125 — ns
102 | TAS Hald Time tons -50 — -50 - ns

Note . Assumes self refresh cycle only

DESCRIPTION

The selfrefresh cycle provides a refresh operation withoutexternalclock and external Address. Self refresh control circuiton chip is operated
in the self refresh cycle and refresh operation can be automatically executed using internal refresh address counter.

If CAS goesto “L"before /RAS goesto “L" (CBR} and the condition of CAS “L"and /RAS “L"is kept forterm of tRASS (more than 100us), the
device can enter the self refresh cycle. Following that, refresh operation is automatically executed at fixed intervals using internal refresh
address counter during “/RAS=L" and “CAS=L"

Exit fram self refresh cycle is performed by toggling /RAS and /CAS to “H" with specified tCHS min.. In this time, /RAS mustbe kept “H" with
specified tRPS min..

Using self refresh mods, data can be retained without external CAS signal during system is in standby.

Restriction for Self Refresh operation ;
For self refresh operation, the naotice below must be considered.

1) In the case that distributed CBR refresh are operated between read/write cycles
Soelf refresh cycles can be executed without special rule if 4,096 cycles of distributed CBR refresh are executed within tREF
max..

2) In the case that burst CBR refresh or distributed/burst /RAS only refresh are operated between read/write cycles
4,096 times of burst CBR refresh or 4,096 times of burst /AAS only refresh must be executed before and after Self refresh
cycles.

Read/Write operation ————— Self Refresh operation —™| [*——— Read/Write operation

t RASS =P

o
poJ
w
=
B
Tt

Vi — i =

—_— ———
'Ns < 4ms tsn<dms

4,096 burstrefresh cycle 4,096 burst refresh cycle

* read/write operation can be performed non refresh time within tNS or tSN
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PACKAGE DIMENSIONS

{Suffix: -PJ)
42-LEAD PLASTIC LEADED CHIP CARRIER
{CASE No.: LCC-42P-M01)

+014 +0.35
. A34t 0T 340700

*{ 075+.005 N _ .108(2.75)NOM.

' (27 30%0.13) * ® | .025(0.64)MIN.

| | Ros20. | R082081)TYP._

\_\l_\l_\ﬁ!_\l_\ﬁl_\l_\l_\ﬁl_\l_\ﬁl_\l_\l_\ﬁl_\l_\rfi
e
.4321.005
(10.9710.13) .370%.020
.400(10.16) (8.40£0.51)
NOM.
/INDEX
| ¢ |
S —
Jmuuul_lu\_luuuuuuul_}l_}ul_}l_} p ||
g+002
‘ .050%.005 & o1

" (1274013
LEAD ( ) . 20+0 .05

No. e———— 1.000(25.40)REF.

——————————————————

Doetails of "A" part

1 032(0.81) .
.098(2.50) 1 MAX 1
NCM | L [ ‘
1 \
| —.004(0.10) ) ‘ \
! [ 0171004 !
; © (o4skooy
*Resin protrusion. (Each side:.006(0.15)MAX.) . . .
Dimensions in
©1994 FUJITSU LIMITED C420015-2C(W) inches (millimeters)
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PACKAGE DIMENSIONS (continued)

(Suffix: -PFTN/PFTR)

50-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-50P-M06)

HAAAAAAAAAR  AAAAAAAAAAA

Dotails of "A" part

.006(0.15)

Y

INDEX AT

.010(0.25)

.006(0.15)MAX

016(0.40IMAX

*.8251.004

0=

463%.008

O
C;HHHHHHH;? %HHHIHHHHE
- |
LEAD No.

_ |
+.004 +0.10
(20.95+0.10) 043 _ 592110 595 )

.012+.004 (MOUNTING HEIGHT) |

(11.76%0.20)
.400%.004

» =(0_30i0.10) |$‘-005(0_13)@ ‘
|

(10.1620.10}

.005%.002
(0.125%0.05)

424+ 008

I | |
CW&M] r It
h
+
0310.80) | | 004(0.10) | o) 0204004 ‘

MIN NI
TYP (STAND OFF (0.50%0.10)

< .756(19.20)REF —— > HEIGHT)

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

©1994 FUJITSU LIMITED F500065-1C(W)

(10.76%0.20)

-
|
]
1

Dimensions in
inches (millimeters})
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Notes
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All Rights Reserved.

Circuit diagrams utilizing Fujitsu products are included as a means ofillustrating typical
semiconductor applications. Complete information sufficient for construction purposes
is not necessarily given,

The information contained in this documenthas been carefully checked and is believed
to be reliable. However, Fujitsu assumes no responsibility for inaccuracies.

The information contained in this document does not convey any license under the
copyrights, patent rights or trademarks claimed and owned by Fujitsu.

Fujitsu reserves the right to change products or specifications without notice.

No partofthis publication may be copied orreproduced in any form or by any means, or
transferred to any third party without prior written consent of Fujitsu.
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