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MB81V18160A-60/70/60L/70L
CMQOS 1M X 16BIT FAST PAGE MODE DYNAMIC RAM

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

The Fujitsu MB81V18160A is a fully decoded CMOS Dynamic RAM (DRAM) that contains
16,777,216 memory cells accessible in 16-bitincrements. The MB81V18160A features a "fast
page” mode of operation whereby high-speed random access of up to 1,024 x 16 bits of data
within the same row can be selected. The MB81V18160A 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 cument of the MB81V18160A is very small, the device can be
used as a non-volalile memory in equipment that uses batteries for primary and/or auxiliary
powe.

The MB81V18160A is fabricated using silicon gate CMOS and Fuijitsu’s advanced four-layer
polysilicon and two-layer aluminum process. This process, coupled with advanced stacked
capacitor memory cells, reduces the possibility of soft erors and extends the time interval
between memory refreshes. Clock timing requirements for the MB81V18160A are not critical
and all inputs are LVTTL compatible.

PRODUCTLINE & FEATURES

Plastic SOJ Package
(LCC-42P-M01)

. 5“'5551 \ :
gt ol oL G BL:
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.
Operating current 648mW max. 612mW max.
Low Pow-
or Standby LVTTL level | 3.6mW max. | 3.6mW max. | 3.6mW max. | 3.6mW max.
Dissipalion [current CMOS level | 1.8mW max. | 0.54mW max] 1.8mW max. | 0.54mW max.

® 1,048,576 words X 16 bit organization

* Silicon gate, CMOS, Advanced Stacked
Capacitor Cell

s All input and output are LVTTL compatible

® 1,024 refresh cycles every 16.4ms

* Self refresh function

¢ Standard and low power versions

® Early write or OF controlled write capability

» BAS only, CAS-before-RAS, or Hidden
Refresh

* [Fast page Mode, Read-Modify-Write
capability

* On chip substrate bias generator for high
performance

Plastic TSOP Packages
(FPT-50P-M06)

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Parameter. Value
Voltage at any pin relative to Vgg Vine VouT —0.5to+ 4.6 \'
Voltage of V¢ supply relative to Vgg Vee —05t0+46 \'
Power Dissipation PD 1.0 w
Short Gircuit Output Current louT +50 mA
Operating Temperature Tope Oto+70 °on
Storage Temperature Tetg -bbto +125 °G

Package and Ordering Information
— 42-pin plastic (400mil) SOJ,
order as MB81V18160A-xxPJ
— 50-pin plastic (400mil) TSOP-1I
with normal bend leads,
order as MB81V18160A-XXPFTN

and MB81V18160A-XXLPFTN
(Low Power)

NOTE:

Pemmanent device damage may occur if the 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 containg 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
10 this high impedance circuit

Gopyright © 1986 by FUJITSU LIMITED
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Fig.1 - MB81V18160ADYNAMIC RAM - BLOCK DIAGRAM
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Input Capacitance, A0 to A9 Cing 5 pF

Input Capacitance, RAS, TCAS, UCAS, WE, OF Cinz 5 pF

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

42-Pin SOJ
(TOP VIEW)
Voo [ 1 42 B Vss
ol g 2 41 [ DQts
g2 g 4 1 Pin Index ,, | oas
cas 4 29 [ DQ14
ba4 @ s 38 [J DQ13
Vee O s 37 | Vss
cos @ 7 36 [J DQ12
oas g 35 [ Dant
Dar O s 34 [ DQ1o
bG8 O 10 33 [J DQe
NG o el | N.C.
NG [ 12 31 O TCAE
WE [ 13 30 [ UCAS
FAS ] 14 29 [ OF
NG O s 25 [ A9
LRSS = BT 27 @ A8
A7 25 @ A7
Al O 18 25 [ A6
A2 O 19 24 O AS
Gl = P 23 [ A4
Voo [ 21 22 [ Vss
50-Pin TSOP
(TOP VIEW)
Voo O 1 50 [ Yss
ot 2 49 [ pats
paz g , 1 PinIndex L | cas
pas g 4 47 [ Dat4
g4 ] s 45 [ 0C13
Yoo O s 45 A Vss
pas 7 44 [ D@12
DA O ¢ 43 A ban
oar g g 4 [ 0at1o
Cas g 10 41 [ DQs
NGO 11 40 NG
NG O 15 s @ NG
NG O 18 3s [ TCAS
WE O 17 34 B vcas
FAS ] 18 33 [ OF
NG ] 1o s [ A9
NG O o0 31 [ A8
L = BT 30 @A
A 22 2o [ A6
A2 [ o3 25 [ A5
A 24 o7 [ A4
Voo [ 25 26 [ Vss

 Designater | . Funstion .
A0 to A9 Address inputs
row (A0 to A9
column : A0 to A9
refresh : A0 to A9
RAS Row address strebe
TCAS Lower column address strobe
UCAS Upper column address strobe
WE Write enable
OF Output enable
DQ1 to DQ16 Data Input/Output
Voo +3.3 volt power supply
Vgg Circuit ground
N.C. No connection
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RECOMMENDED OPERATING CONDITIONS

SMax

Supply Veltage v
Vss 0 0 0
0°Cto+70°C
Input High Voltage, all inputs m Viy 20 —_ Ve + 0.3V v
Input Low Voltage, all inputs™ El ViL 0.3 —_ 0.8 A

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

FUNCTIONAL OPERATION
ADDRESS INPUTS

Twenty input bits are vequived to decode any sixteen of 16,777,216 cell addresses in the memory matrix. Since only twelve address bits (A0 to A9)
are available, the column and row inputs are separately strobed by TCAS or UCAS and RAS as shown in Figure 1. First, ten row address bits arein-
put on pins A0—through—A9 and latched with the row address sirobe (RAS) then, ten column address bits are input and latched with the column ad-
dress strobe (LCAS or UCAS). Both row and column addresses must be stable on orbefore the falling edges of RAS and LCAS or UCAS, respec-
tively. The address latches are of the flow-through type; thus, address information appearing after tgap (min) + tris automatically treated as the col-
umn address.

WRITE ENABLE

The read orwrite mode is determined by the logic state of WE. When WE is active Low, awrite cycle is initiated; when WE is High, aread cycleis se-
lected. During the read mode, input data is ignored.

DATA INPUT

Input datais written into memory in either of three basic ways—an early write cycle, an OE (delayed) wiite cycle, and a read-modify-write cycle. The
falling edge of WE or LCAS / UCAS, whichever is laler, serves as the input data-lalch strobe. In an early write cycle, the input data of DQ1-DQ8 is
strobed by TCAS and DQY-DQ16 is strobed by UCAS and the setup/hold limes are referenced to each TCAS and UCAS because WE goes Lowbe-
fore TCAS/UCAS. inadelayed wiite or a read-modify-write cycle, WE goes Low after TGAS /UCAS; thus, input data s strobed by WE and all setup/
hold times are referenced to the write-enable signal.

DATA OUTPUT

The three-state buffers are LVT TL compatible with afanout of one TTL load. Polarity of the cutput data is identical to that of the input; the output buff-
ers remainin the high-impedance state until the column address strobe goes Low. When aread or read-modify-write cycleis executed, valid cutputs
are obtained under the following conditions:

trac from the falling edge of RAS when tpep (max) is salisfied.

tcac from the falling edge of TCAS (for DQ1-DQ8) UCAS (for DQ9-DQ16) when trep is greater than tgep (max).
taa : from column address input when tpap is greater than tgap (max).

toea from the falling edge of OE when OF is brought Low afler trac, tcac. o taa, and tpep (mix.) is satisfied.

The data remains valid until either CCAS / UCAS or OE returns to a High logic level. When an early write is executed, the output buffers remainin 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 sirobing in successive column addresses. To salisly these conditions, RAS is held Low for all contiguous memory cycles in
which row addresses are common. For each fast page of memary, any of 1,024x16-bits can be accessed and, when multiple MB81V18160As are
used, CASis decoded to selectthe desired memory fast page. Fastpage mode operations need notbe addressed sequentially and combinations of
read, write, and/or read-modify-write cycles are permitted.
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Notes 3

Oulpul high vollage E’ Vou lon = —2.0mA 24 | — — —
\
Output low voltage m Voo oL = +2.0mA —_ — 04 04
v < VlN < Vcc;
Input leakage current {any input) Iy 3.0VE Ve £ 38V, 0| — 10 10
Vgg = 0V; All other pins A
not under test = 0V H
Qutput leakage current Ipo) OV £ Vour £ Ve 10| — 10 10
Data out disabled
Operaling current MB81V18160A-60/60L TAS TUCAS eveling: 180 180
(Average power loct i }:‘HE]CE cyeling; — — mA
supply current) MBB1V18160A-70/70L He 170 170
Standby current LVTTL level RAS-TCAS-TUCAS =V 1.0 1.0 mA
(Power supply lcce —_ —_
current) CMOS level RAS - [TAS = UTAS 2 V0.2V 500 150 | KA
Refresh current #1 MB81V18160A-80/60L T . SR L 180 180
(Average power loca tLCA:s":1i 'gJCAS - Vi RASoydling; | | A
supply current) MB81V18160A-70/70L RO 170 170
Fast Page Mode MBB1V18160A-60/601 loca RAS = v, [CAE = UCAS cycling; 100 100 mA
Curvent tpe = min - -
MB81V18160A-70/70L 90 90
Refresh current #2 | MB81V18160A-60/60L RBAS cycling; 170 170
(Average power loos CAS-before-RAS; — | — mA
supply current) MB81V18160A-70/70L the = min 160 160
RAS cycling;
CAS-before-RAS;
MBB81V18160A-60/70 tRe = 16[Ls 2000 -
trag = min. to 300ns
Battery backup Vig2 Voo 0.2V, VL £ 0.2V
current — — RA
(Average power lcos RAS cvdling.:
supply current) AR tor s
2 - - i
-60L/70L trag = min. to 300ns
VIH = VCC —0.2V, VIL <0.2v
Refresh current #3 | MB81V18160A-60/60L S S
(Average power loce gg?;?géﬁ _CAS =ViL - | — 1000 250 LA
supply current) MBB81V18160A-70/70L '
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AC CHARACTERISTICS

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

Notes | :znfnEimfih;azzi;aﬂ:Afénféb;L:: ;M;Bfaf;fﬂﬁ;si:sﬁi.-jf 7L | Um ;;
T | SNl M e Mg S
Std power — 16.4 —
1 Time Between Refresh Low power — 128 — ms
2 Random Read/Write Cycle Time trc 110 —_ 130 —_ ns
3 Read-Modify-Write Cycle Time trwe 150 —_ 174 —_ ns
4 | Access Time from RAS trac — 60 — 70 ns
5 | Access Time from TAS tcac — 15 — 17 ns
6 Column Address Access Time tas —_ 30 —_ 35 ns
7 Output Hold Time ton 3 — 3 — ns
8 Output Buffer Tum On Delay Time ton 0 — 0 — ns
9 Output Buffer Tum OIff Delay Time torp —_ 15 — 17 ns
10 Transition Time tr 3 50 3 50 ns
11 RAS Precharge Time trp 40 — 50 —_ ns
12 | RAZ Pulse Width tras 60 100000 70 100000 ns
13 | RAS Hold Time treH 15 — 17 —_ ns
14 | CAS to RAS Precharge Time lcrp 5 — 5 — ns
15 | RAS to CAS Delay Time 1,12 treo 20 45 20 53 ns
16 | TAS Pulse Width _ lcas 15 — 17 — ns
17 | TAS Hold Time lesH 60 —_ 70 —_ ns
18 | TAS Precharge Time (Normal) tepn 10 — 10 —_ ns
19 Row Address Set Up Time tasr 0 — 0 — ns
20 Row Address Hold Time traH 10 —_ 10 —_ ns
21 Column Address Set Up Time tase 0 —_ 0 —_ ns
22 Column Address Hold Time tcAH 15 —_ 15 —_ ns
23 Column Address Held Time from RAS tap 35 — 35 — ns
24 RAS to Column Address Delay Time E traD 15 30 15 35 ns
25 Column Address to RAS Lead Time traL 30 — 35 —_ ns
26 Column Address to CTAS Lead Time toal 30 —_ 35 —_ ns
27 Read Command Set Up Time trcs 0 —_ 0 —_ ns
26 | Ropd CompendieldTmo wn |0 - : E
29 | Reisronced 1o GRS lro 0 - 0 — s
30 | Wiite Command Set Up Time 15,20 lwes 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 BAS Lead Time trwL 15 — 17 — ns
35 | Wriite Command to TAS Lead Time lewl 15 — 17 — ns
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AC CHARACTERISTICS (continued)

DIN Set Up Time
37 DIN Hold Time toH 15 —_ 15 —_ ns
38 Data Hold Time from RAS toHR 35 —_ 35 —_ ns
39 | RAS to WE Delay Time thwo 80 — 92 — ns
40 | TAS 1o WE Delay Time town 35 — 39 — ns
41 | Column Address lo WE Delay Time tawp 50 —_ 57 — ns
RAS Precharge Time to CAS
. t 5 — 5 —_
42 Active Time (Refresh cycles) RPC ne
CAS Set Up Time for TAS-bafore-
43 | RAS Refresh tosh 0 — 0 — ns
o | S i T DA e o | » | = | % [ - [~
45 | Access Time from OE E toea — 15 — 17 ns
Output Buffer Tum Off Delay
46 from OF toEz — 15 —_— 17 ns
47 OF to RAS Lead Time for Valid Data toeL 10 —_ 10 —_ ns
48 | OE Hold Time Referenced to WE toEH 5 —_ 5 —_ ns
49 | OF to Data In Delay Time toED 15 —_ 17 —_ ns
50 CAS to Data In Delay Time tcop 15 — 17 — ns
51 DIN to CAS Delay Time Inzc 0 — 0 — ns
52 | DIN to OE Delay Time nzo 0 —_ 0 —_ ns
60 Fast Page Mode RAS Pulse width trasp —_ 100000 - 100000 ns
Fast Page Mode Read/White
61 Cycle Time tbc 40 _ 45 _ ne
Fast Page Mode Read-Modify-Write
62 Gycle Time lRwe 80 - 89 - e
63 Access Time from CTAS Precharge tepa, — 35 — 40 ns
64 Fast Page Mode TAS Precharge Time tep 10 — 10 —_ ns
Fast Page Mode RAS Hold Time
65 | from CAS Precharge tRHCP 35 - 40 - ne
Fast Page Mode CAS Precharge
66 to WE Delay Time tcPwo 99 - 62 - ns
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Notes:

1.
2.

Referenced to Vgg.
|cc depends on the outputload conditions and cycle rates; The
specified values are cbtained with the output open.

lce depends on the number of address change as RAS = V)
UCA

S-Vy, [CAS=-V|yand V> —0.3V.

taa.

10.

11.

lcet: loea locq and Iges are specified at one time of address
change during RAS = V) and UCAS = V|y, LCAS = V4.

loez is specified during RAS = Vi and V) > —0.3V.

lcee is measured on condition that all address signals are fixed
steady state.

An initial pause (RAS = CAS = V) of 200s is required after
power-up followed by any eight RAS—only cycles before proper
device operation is achieved. In case of using intemal refresh
counter, a minimum of eight CTAS-before-RAS initialization
cycles instead of 8 RAS cycles are required.

AC characteristics assume t1 = 5ns.

Input voltage levels are 0V and 3V, and input reference levels
are Viy(min) and V) (max) for measuring timing of input
signals. Also, the transition time (1) is measured between
Viy{min) and ¥ (max).

The output reference levels are Vou=2.0V and Vg =0.8V.

Assumes that trep < tpep (max), tran = tpap (Max). Iftgepis
greater than the maximum recommended value shown in this
table, trac will be increased by the amount that tpep exceeds
the value shown. Refer to Fig.? and 3.

Iftrcp 2 trep (Max), trap 2 trap (Max), and tage 2 tan
—tcac— . access time is toac.

Ifthap 2 tpap (Max) and tage < tan —toac— b access time is

Measured with a load equivalent to one TTL load and 100pF.
torr and togz are specified that output buffer change to high
impedance state.

Operation within the tgep (Max) limit ensures that tgae (Mmax)
can be met. trcp (max) is specified as a reference point only;
iftrcp is greater than the specified trep (max) limit, accesstime
is controlled exclusively by toac or taa.

12.
13.

14.
15.

16.
17.
18.

19.
20.

a

trep (min) = tgan (mMin) + 2t7 + tage (min).

Operation within the tgap (max) limit ensures that trac (max)
can be met. tgrap (max) is specified as a reference point only;
if tran is greater than the specified tgap (max) limit, access
time is controlled exclusively by toac or taa.

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

tweg is specified as a referance point only. If hycg2 tweg (min)
the data output pin will remain High-Z state through entire
cycle.

Assumes that tweg < twesg (min).

Either tpzc or thzo must be satisfied.

tcpais access time from the selection of a new column address
(that is caused by changing both TUCAS and CCAS from "L” to
"HY). Therefore, if top is long, topa is longer than topa (max).
Assumes that CTAS-before-RAS refresh.

hwes. lowns trw, tawp and i pwp are not reshrictive operating
parameters. They areincluded inthe data sheetas an electrical
characteristic only. If tweg 2 twesg (min), the cycle is an early
write cycle and Doyt pin will maintain high impedance state

through out the entire cycle. Iftowp 2 towp (Min), trwo 2 tRwp

{(min), and tawp 2 tawp (Min), tepwp 2 topwn (Miny, the cycleis
read-

modify-write cycle and data from the selected cell will ap

pear at the Doyt pin. If neither of the above conditions is satis
fied, the cycle is a delayed write cycle and invalid data will ap
pear the Doyt pin, and write operation can be executed by satis
fying trwL. towL. and tral spedifications.
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FUNCTIONAL TRUTH TABLE

Glﬂﬂklnput o Inpnthutpu!Dat B
; as | pas
Standby H H H X - - - High-Z -
L H High-Z
Read Cycle L H L L Valid Valid - Valid Yeos* tRC,82 tros
L L Valid {min)
: L H Valid -
Write Cycle . . - ) —
(Farly White) L H L X Valid | Valid - High-Z Val!d High-Z| Yes* twpsz twes
L L Valid Valid (min)
B ifu- L H Valid | Valid — High-Z
oad g"ﬁg" L | o | L |HaL|=sH]| valid | vaiid | - [Highz| valid | valid” | vess
L L Valid | Valid Valid | Valid
RAS-only . - .
Refresh Cycle L H H X Valid - - High-7 — High-Z Yes
TAS-before-RAT .
Refresh L L L X - - - High-Z - High-Z Yes tcen 2 tosn
Cycle {min)
: L H Valid High-Z ;
gldotli:n Refresh |, o/ A L Hax| L _ _ B High-Z _ Vaiid Yes iFs,rE;IOtus data
Y L L Valid Valid P

X:"H or "L

*; |tis impossible in Fast Page Mode.
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Fig.5 - READ CYCLE

trc >

N
= {pap ™ \ \

t
| JASC

tcan

AgtoAg COLUMN ADD
Vi =
wrone
ViL —
pe Yo —
{Output) VoL =
pQ  VYH=
{Input) v =
o M-
ViL =

"H” or "L” level (excluding Address and DQ)
DESCRIPTION "H” or "L level, "H = L” or "L = H” transition (Address and DQ)

Toimplement a read operation, a valid addressis latched by the RAS and TCAS or UCAS address strobes and with WE set toa Highlevel and
OF settoalow level, the output is valid once the memory access time has elapsed. TCAS controls the input/output data on DQ1-DQ8 pins,
UCAS controls one on DQ8-DQ16 pins. The access timeis determined by RAS(trac), LCAS/UCAS(tcac). DE(toea) or column addresses
{taa) under the following conditions:

If trep > trop{max), access time = toac.
If trap > trap(max), access time = taa
If OF is brought Low after trac. tcac, of taa{whichever occurs later), access lime = toga.

However, if either TCAS/UCAS or OF goes High, the output returns to a high-impedance state after {oy is satisfied.

10
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Fig. 6 — EARLY WRITE CYCLE (OE = "H” or ”L”)
- trc -
“ tras -
s T
ViL =
fegH ‘—‘i tRp =
L tRSH -
— fcag
o =\ v
oA Vi T Ii
—
| Lasc tean
Vin =
Agto Ag COLUMN ADD
Vi =
WE ViH =
ViL =
DQ  YH-—
(Input) v, -
DQ VoH = HIGH-Z

{Output) VoL =

“H” or "L” level (excluding Address and DQ)
“H” or "L level, "H=> L" or "L = H"” lransition {Address and DQ)

DESCRIPTION

Awnrite cycle is similar lo a vead cycle except WE is sel to a Low state and OF is an "H” or "L " signal. Awrite cycle can beimplementedin either
of three ways — early write, delayed write, or read-modify-write. During all write cycles, timing parameters tgwi. towl. tra @nd toa must be
salisfied. In the early write cycle shown above tweg satisflied, data on the DQpins are latched with the falling edge of LCAS or UCAS and wril-
ten into memaory.

11
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Fig. 7 - DELAYED WRITE CYCLE

- lrc >
o tRAS L
Vi —
ViL =
TCAS v, —
ar
mwAs VLT
Vin =
Ao to Ag
Vi =
wrone
ViL —
D V-
(Input) Vi —
pe  Vou—

{Output) VoL —

o M-
ViL =
"H” or "L" level (excluding Address and DQ)
"H” or "L" level, "H = L” or "L = H" lransition {Address and DQ)
ﬁ .
&% Invalid Data
DESCRIPTION

In the delayed write cycle, tyeg is not salisfied; thus, the data on the DQ pins is latched with the falling edge of WE and written into memory.
The Qutput Enable (OF) signal must be changed from Low to High before WE goes Low (logp + b1 + Ipg).

12
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Fig. 8 - READ-MODIFY-WRITE-CYCLE
- thwe »
tras »
Vig=— tar -
RAS y
tRp
[CAS
or
UCAS
toan
AU to AB
: tRwD ] je— tow —-l
Rcs | tawp » tpwl =
I-': tCWD —
wE M
ViL—
tDS twp
ol
thzg — J=— ton —-l
DQ  VH= VALID
HIGH-
(nputy y — | DATA IN
j— [cpc —m
'.—l tAA :—-'
trac | | >
pQ Von— HIGH-Z HIGH Z

{Output) VoL —

DESCRIPTION

The read-modify-write cycle is executed by changing WE from High to Low after the data appears on the DQ pins. In the read-madify-write

topa =™

ton —-l

e— [OE7 -

toH ——am

cycle, OF must be changed from Low to High after the memory access time.

"H” or "L” level {excluding Address and DQ)
"H” or "L” level, "H=> " or "L = H” transition {Address and DQ)

13
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AO to Ag

DQ
(Input)

pg VYou-—
{Output) VoL —

DESCRIPTION

Fig. 9 - FAST PAGE MODE READ CYCLE

- tRaspP >
Js RCD ——— RHCP B |
R
tRaD i
it PC - t

tcnr ™ F- | B —— tRSH —y RP

o il — tCSH =i th =i

| tcas toas
tRRH

= fpcs el

1]
— [OFL

tcop

HIGH-Z

"H” or “L” level {excluding Address and DQ)
"H* or “L" level, "H = L" or "L = H” transilion {Address and DQ)

.

Valid Data

The fast page mode of operation pemmits 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 successive
memory cycles in which the row address is latched. The address timeis determined by tcac, taa, topa. ortopa, whicheveroneis thelastestin
oceuring.
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Fig. 10 - FAST PAGE MODE EARLY WRITE CYCLE (OE = "H "or "L")

- trasp »f
ViH=—

RAS
ViL=

lcrp - tosn al L trc |

-— lpsH

D@ VYH-— VALID VALID
(loput) vy = DATA DATA
1
DQ HIGH-Z
(Output) v —
“H” or “L” level (excluding Address and DQ)
"H” or "L” level, "H=> L” or "L = H” transilion {Address and DQ)
DESCRIPTION

The fast page mode early 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 DQ1 to DQ8is latched on the falling edge of TCAS and one appearing on the DQY to DQ16is latched on the

falling edge of UCAS and the data is written into the memory. During the fast page mode eary write cycle, including the delayed (OF) write
and read-modify-write cycles, tow, must be satisfied.
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Fig. 11 - FAST PAGE MODE DELAYED WRITE CYCLE

DQ
(lnput)

LQ HIGH-Z
(Output) VoL

“H" ar “L” level (excluding Address and DQ)
"H or "L level, "H = L" or "L = H” fransition (Address and DQ)

&\ﬁ Invalid Data

DESCRIPTION

The fast page mode delayed write cycle is executed in the same manner as the fast page mode early write cycle except for the states of WE

and OE. Inputdataon the DQpins are latched on the falling edge of WE and written into memory. Inthe fastpage mode delayed write cycle,
OF must be changed from Low to High before WE does Low (lggp + bt + Ipg).
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Fig. 12 Fast Page Mode Read Modify Write Cycle
y ]
MAS IH
ViL —
TCAS
or Vin =
TCAS Vi —
\,, —
A toA, "
Vie—
Vih=—
WE
ViL —
DQ Vi —
(Input) Vi —
DQ Von —
(Output) Vol =—
OF
“H" ar “L” level (excluding Address and DQ)
"H or "L” level, "H = " or "L = H" fransition (Address and DQ)
Valid Data
DESCRIPTION
During the fast page mode of operation, the read-modify-write cycle can be executed by switching WE from High to Low after input data ap-
pears at the DQ pins during a normal cycle.
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Fig.13 - RAS-ONLY REFRESH (WE = OE = "H”or "L")

- tre -
v | L »]
mAS M= " RAS ’Pl‘
L= -
tasR -
fo— tpAH
Agto Ag x'H - ROW ADDRESS
IL
lcrp M tcrp
LCAS
or Vi =
UCAS viL—= tor
DQ - Vo -
(Output) o= HIGH-Z
"H" or "L" level (excluding Address and DQ)
"H" ar “L" level, "H = L” or "L = H" ransition {Address and DQ)
DESCRIPTION

Refresh of RAM memery cells is accomplished by performing a read, a write, or a read-modify-write cycle at each of 1,024 vow addresses ev-
ery 16 4—milliseconds. Three refresh modes are available: RAS-only refresh, CTAS-before-RAS refresh, and hidden refresh.

RAS-only refresh is performed by keeping RAS Low and TCAS 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.

Fig.14 — CAS-BEFORE-RAS REFRESH (ADDRESSES = WE = OE = "H”or L")
Vi — = lras _
tcen tcsr tenr tcsr
I-
CCAS Vi )
or V|L-
TUCAS loFF

foH
DQ - voue :
HIGH-Z
{Output) vo —

"H" or "L” level (excluding Address and DQ)
"H" ar “L" level, "H = L" or "L = H’ Iransition (Address and DQ)

DESCRIPTION

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. IfTCAS or UCAS is held
Low for the spedified setup lime (Icgp) before RAS goes Low, the on-chip refresh contral clock generators and refresh address counter are

enabled. Anintemal refresh operation automatically occurs and the refresh address counteris intemally incremented in preparation for the
next CAS-before-RAS refresh operation.
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Fig. 15 - HIDDEN REFRESH CYCLE
- the e tre -
- trAS - RP l |e lRas >
Vi — _!S‘ |<— toeL -
Vi - A
IL | o o
— tRCD tReH tcrp
o (RAD | - tcHR -
Or[S ViH=— t
RAH
UCAS YL~ fc
lasr |
tASLb._IﬂLl traL _'l
e (AR ——————]

| | | le—= tcan
Agtong THT F coLUMN
= [ ADDRESS
|
wE W
viL=
tcop
Vi —
bg "I HIGHZ
(Input) vy —
Vop—
DQ HIGH-Z VALID DATA OUT
{Output) vy —
torz
or H-
VL=
"H” or “L” level (excluding Address and DQ)
"H” or "L” level, "H=> L" or "L = H” transition (Address and DQ)
DESCRIPTION

A hidden refresh cycle may be parformed while maintaining the latest valid data at the cutput by extending the active time of TCAS or UCAS
and cycling RAS. The refresh row address is provided by the on-chip refresh address counter. This eliminates the need for the external row
address that is required by DRAMSs that do not have TAS-before-RAS refresh capability.
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Fig.16 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

teHr tcp ™ p—————— trpgy ———— trp

CAS ﬂ' tesr - lrcas »|

tFCAH

L]
COLUMN ADDRESSES

le—— trown

b— Ipn

g VALID DATAIN

DQ
(Input)

DQ  VoH—
(Oulput) VoL =

OF
"H” or "L” level (excluding Address and DQ)
"H” or "L" level, "H = L” or "L = H"” lransition {Address and DQ)
DESCRIPTION (/4] Velid Data

A special timing sequence using the CAS-before- RAS refresh counter test cycle provides a convenient methad to verify the function of
CAS-befare-RAS refresh circuitry. If a CTAS-before-RAS refresh cycle TAS makes a transition from High to 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 A0 through A9 are defined by the on-chip refresh counter.
Column Addresses: Bits A0 through A9 are defined by latching levels on A0-A9 at the second falling edge of CAS.

The CTAS-before RAS Counter Test procedure is as follows;

1) Initialize the intemal refresh address counter by using 8 RAS only refresh cycles.

2) Use the same column address throughout the test.

3) White "0” to all 1,024 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 TAS-before-RAS
refresh counter test (read-maodify-write cycles). Repeat this procedure 1,024 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 1,024 memory locations.

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

(Atrecommended operating conditions unless otherwise noted.)

MBa1V1a1ﬁuA‘EUIEoL R Rt
90 Access Time from CAS treac — 50 — 55 ns
a1 Column Address Hold Time tFeAH 35 —_ 35 —_ ns
92 TAS to WE Delay Time trown 70 — 77 — ns
93 CAS Pulse width lrcas 90 —_ 99 —_ ns
94 RAS Hold Time lFRsH 90 —_ 99 —_ ns

Note: Assumes that CAS-before-RAS refresh counter test cycle only.
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Fig. 17 - SELF REFRESH CYCLE (A0-A9= WE = OE ="H” or "L")

Y t RAss ——n] Laps
— IH
RAS v

L I -

i

cig Vin tons

i "

DQ  Vor HIGH-Z

(Quipul) Ve
“H” ar “L” level (excluding Address and DQ)
"H” or "L" level, "H = L” or "L = H"” lransition {Address and DQ)

(At recommended operating conditions unless otherwise noted.)

100 RAS Pulse Width t Rass
101 RAS Precharge Time tepg 110 — 125 — ns

102 TAS Hold Time Lons -50 — -50 — ns

Note . Assumes self refresh cycle only.

DESCRIPTION

The self refresh cycle provides a refresh operation without external clock and external Address. Self refresh control circuit on chip is operated

in the self refresh cycle and refresh operation can be automatically executed using internal refresh address counter and timing generator.

If CAS goes to "L” before RAS goes to "L” (CBR) and the condition of CAS "L” and RAS "L" is kept for term of tRASS (more than 100U s), the

device can enter the self refresh cycle. Following that, refresh operation is automatically executed at fixed intervals using intemal refresh

address counter during RAS=L" and "CAS-=L".

Exit from self refresh cycle is performed by toggling RAS and CAS to "H” with specified tCHS min.. In this time, RAS must be kept "H” with

specified tRPS min..

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

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

1) In the case that distibuted CBR refresh are operated between read/write cycles
Self refresh cycles can be executed without special rule if 1,024 cycles of distributed CBR refresh are executed within tREF
max..

2) In the case that burst CBR refresh or distibuted/burst RAS only refresh are operated between read/write cycles
1,024 times of burst CBR refresh or 1,024 times of burst RAS only refresh must be executed before and after Self refresh
cycles.

Read/Write operation — Self Refresh operation -—l M—— Read/Write operation

- t
TS Ve— W s _hr\_/-\_/—’
Vip — “
Ins e 1ms_-

LsN< 1ms

1,024 burst refresh cycle 1,024 burst refresh cycle

* Read/write operation can be performed non refresh time within tyg or tgy.
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PACKAGE DIMENSIONS
(Suffix: -PJ)
42-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-42P-M01)
‘ .1‘34+ 018 (3407038
*1.075%.005 N < 108(2.75)NOM.
‘ (27.30%0.13) . ® 025(0 64)MIN.

4324.005
(10.974£0.13)
400(10 16)
OM.

INDEX
|O/ |
o |

N o B B B i R |
di ‘ .050%.005
*

+
LEAD (1.27%0.13)
No. e 1.000(25.40)REF.

.
\jﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ!ﬂé ﬂ
k rll T

R.032(0.81)TYP

.370%.020
(9.40%0.51)

|

gt 002
—.001

+0.05

(0.20""02)

Details of “A” part

.032(0.81)

.098(2.50)

‘llllllllllllllllllllll' NOM

[ [00A010)

—\T |

* This dimension exclude resin protrusion. (Each side:.006{0.15)MAX.)
© 1994 FUJITSU LIMITED C420015-2C(W)

017+.004
(0.4310.10)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (continued)
{Suffix: -PFTN)
50-LEAD PLASTIC FLAT PACKAGE
{(CASE No. FPT-50P-MO06)
r——— """ """/ —7 7 /7 1
| Details of "A” part |
\ \
HAAAAAAARAAR HAABAAFAAAAA } S S -006(0.15) }
| ' \
| B |
| .010(0.25) |
INDEX A | \_ .006(0.15)MAX ‘
| B .016(0.40)MAX |
HHHHHHH HHHHHHH } - }
LEAD No. L J
% 825+ 004 | B 4631.008
- (20.95£0.10) 7| 043t 904110342 (11.76+0.20)
0124004 (MOUNTING HEIGHT) 400+.004
"1 (0.30%0.10) Q‘ 005(0.13) (4 ‘ (10.16£0.10) .005%.002
| ¥ ‘ (0.12530.05)
CW&M&D Y ¥ e
+
031(0.80) L | 004(010) oG NI 020%.004 LLMOSJ
TYP (STAND OFF (0.50%0.10) {10.76£0.20)
re—— 756(19.20)REF —— HEIGHT)

*:This dimension resin protrusion. (Each side : .006{0.15) MAX)
©1994 FUJITSU LIMITED F500065-1C(W)

Dimensions in
inches {millimeters)
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All Rights Reserved.

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

The information contained in this document has 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 underthe
copyrights, patent rights or trademarks claimed and owned by Fujitsu.

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

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

The products described in this document are not intended for use in equipment requiring
high reliability, such as marine relays and medical life—support systems. For such appli-
cations, contact your Fujitsu sales representative.

If the products and technologies described in this document are controlled by the For-
eign Exchange and Foreign Trade Control Act established in Japan, their export is sub-
ject to prior approval based on the said act.
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Visit our web site for the latest information:

http://www.fujitsumicro.com

Customer Response Center:

For semiconductor products, flat panel displays, and PC cards in the U.S., Canada and Mexico,
please conlacl the Fujilsu Microelectronics Cuslomer Response Cenler (CRC). The CRC
provides a single point of contact for resolving customer issues and answering technical
queslions.

Web: Click on Tech Support in the FMI home page, then submit our form

Tel: Telephone: 1-800-866-8608 Monday through Friday, 7 to 5 PST
Outside U.S., Ganada & Mexico call: 010-1-408-922-9000 and ask
for the Cuslomer Response Cenler. (Note: Country Code may vary)

Fax: (408) 922-9179

E-Mail: fricre@fmi.fujitsu.com

FJ ID NUMBER DS05-10169-2F
MP-DRAM-DS5-20354-9/96

28



