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

B DESCRIPTION

The Fujitsu MB81V18160B is a fully decoded CMOS Dynamic RAM (DRAM) that contains 16,777,216 memory
cells accessible in 16-bit increments. The MB81V18160B 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 MB81V18160B
DRAM is ideally suited for mainframe, butfers, 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 MB81V18160B is very small, the device can be used as a non-volatile memory in
equipment that uses batteries for primary and/or auxiliary power.

The MB81V18160B is fabricated using silicon gate CMOS and Fujitsu’s advanced four-layer polysilicon and two-
layer aluminum process. This process, coupled with advanced stacked capacitor memory cells, reduces the
possibility of soft errors and extends the time interval between memory refreshes. Clock timing requirements for
the MB81V18160B are not critical and all inputs are LVTTL compatible.

B PRODUCT LINE & FEATURES

MB81V18160B
Parameter
-50 -50L -60 -60L
RAS Access Time 60 ns max. 60 ns max.
Random Cycle Time 90 ns min. 110 ns min.
Address Access Time 25 ns max. 30 ns max.
TAS Access Time 13 ns max. 15 ns max.
Fast Page Mode Cycle Time 35 ns min. 40 ns min.
Operating Current 648 mW max. 540 mW max.
If)?;izg‘ﬁ';: Standby LVTTL Level 36mWmax. | 3.6 mWmax. | 3.6 MW max. | 3.6 mW max.
Current CMOS Level 1.8 mW max. | 0.54mWmax. | 1.8 mW max. | 0.54 mW max.
« 1,048,576 words x 16 bit organization + Standard and low power versions
» Silicon gate, CMOS, Advanced Stacked Capacitor + Early write or OE controlled write capability
Cell - RAS-only, CAS-before-RAS, or Hidden Refresh
» All input and output are LVTTL compatible * Fast page Mode, Read-Modify-Write capability
* 1,024 refresh cycles every 16.4 ms + On chip substrate bias generator for high

Self refresh function (Low power version) performance
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B PACKAGE

42-pin plastic SOJ 50-pin plastic TSOP (lI)

oo (FPT-50P-M06)
(LCC-42P-MO1) (Normal Bend)

Package and Ordering Information

— 42-pin plastic (400 mil) SOJ, order as MB81V18160B-xxPJ
— 50-pin plastic (400 mil) TSOP-1l with normal bend leads, crder as MB81V18160B-xxPFTN and
MB81V18160B-xxLPFTN (Low Power)
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H PIN ASSIGNMENTS AND DESCRIPTIONS

42-Pin SOJ
(TOP VIEW)
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50-Pin TSOP
(TOP VIEW)

<Normal Bend: FPT-50P-M06>
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1 DQus
1 DQss
1 DQua
1 DQ1a
[ Vss

1 DQ1
1 DQ
1 DQuo
1 DQo
[ N.C.

Designator Function
Ao to As Address inputs
row: Ao to As
column: Acto As
refresh: Ac to Ae
RAS Row address strobe
CCAS Lower column address strobe
UCAS Upper column address strobe
WE Write enable
CE Qutput enable
DQ+ to DQre Data Input/Cutput
Voo +3.3 volt power supply
Vss Circuit ground
N.C. No connection
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Fig. 1 — MB81V18160B DYNAMIC RAM - BLOCK DIAGRAM

Ac

A

DQto
DQus

Az

As

As
As

A7 i

- _[_)ei:’ﬁd?r; :

As _-_::::::::

As i

 Refresh .
CAddress
 Counter. Bias Gen'|




" = o : e b S S
R o NN N L A Y

MB81V18160B-50/-60/-50L/-60L
SaaaaEEEEEE R

B FUNCTIONAL TRUTH TABLE

Clock Input Address Input Input/Output Data
Operation
Rode WE | OF | row | copumn| 2@ 10 PQe | DQsto DQus |Refresh|  Note
Input | Output | Input | Output
Standby H|H|H]| X | X]|—] — | — [Hghz|] — [High-Z| —
L | H Valid High-Z s 1
ReadCycle | L | H L | H | L |valid| valid | — [|High-Z]| — | Valid | Yes* (Hni?ni Aes
L L Valid Valid
. L | H Valid —
WiiteCycle | ) | j | | | L | x |valid| vaiid | — |High-Z| Valid |High-z| Yes* [t%0S 21wos
(Early Write) L | L valid Valid (min)
. L | H Valid | Valid | — |High-Z
pead Moy ) L | H | L |HoL|LoH|Vaid Valid | — |High-Z Valid | Valid | Yes* t(‘;‘fit;])?“m
y L L Valid | Valid | Valid | Valid
RAS-only
Refresh L | H|H| X | X [vaid X — |High-Z| — |High-Z| Yes
Cycle
CAS-before- tosn > 1
RAS Refresh | L L L X | X | X X — |High-Z| — |High-Z| Yes [oof < 'oSH
Cycle (min)
Hidden L | H Valid High-Z PrevioLs
Refresh H—L| H L [H=L| L X X — |High-Z| — | Valid | Yes data is kept
Cycle L | L Valid Valid P
X:“H” or “L”

* . It is impossible in Fast Page Mode.

B FUNCTIONAL OPERATION
ADDRESS INPUTS

Twenty input bits are required to decode any sixteen of 16,777,216 cell addresses in the memory matrix. Since
only twelve address bits (Ao 1o As) are available, the column and row inputs are separately strobed by LCAS or
UCAS and RAS as shown in Figure 1. First, ten row address bits are input on pins Ae-through-As and latched
with the row address strobe (RAS) then, ten column address bits are input and latched with the column address
strobe (LCAS or UCAS). Both row and column addresses must be stable on or before the falling edges of RAS
and LCAS or UCAS, 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 INPUTS

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 LCAS/UCAS, whichever is later, serves as the input
data-latch strobe. In an early write cycle, the input data of DQito DQs is strobed by LCAS and DQsto DQis is
strobed by UCAS and the setup/hold times are referenced to each LCAS and UCAS because WE goes Low
before LCAS/UCAS. In a delayed write or a read-modify-write cycle, WE goes Low after LCAS/UCAS; thus,
input data is strobed by WE and all setup/hold times are referenced to the write-enable signal.
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DATA OUTPUTS

The three-state buffers are LVTTL compatible with afanout ofone TTL load. Polarity of the output data is identical
to that of the input; the output buffers remain in the high-impedance 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 tren (max) is safisfied.

teac © fromthe falling edge of LCAS (for DQ1 to DQs) UCAS (for DQo to DQis) when tren is greater than treo
{max).

taa 1 from column address input when 1rap is greater than trap (max).

toea :  from the falling edge of OE when OE is brought Low after trac, tcac, or taa, and treo {(max) 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 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 strobing in successive column addresses. To
satisfy these conditions, RAS is held Low for all contiguous memory cycles in which row addresses are common.
For each fast page of memory, any of 1,024 x 16 bits can be accessed and, when multiple MB81V18160Bs are
used, CAS is decoded to select the desired memory fast page. Fast page mode operations need not be
addressed sequentially and combinations of read, write, and/or read-modify-write cycles are permitted.
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B ABSOLUTE MAXIMUM RATINGS (See WARNING)

Parameter Symbol Value Unit
Voltage at Any Pin Relative to Vss Vi, Vout -0.510 +4.6 v
Voltage of Vec Supply Relative to Vss Vee -0.510 +4.6 v
Power Dissipation Po 1.0 W
Short Circuit Output Current lout —50 to +50 mA
Operating Temperature Tore 01to +70 °C
Storage Temperature Tsre -5510 +125 °C

WARNING: Semiconductor devices can be permanently damaged by application of stress {voltage, current,
temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.

B RECOMMENDED OPERATING CONDITIONS

Parameter Notes | Symbol Min. Typ. Max. Unit Opell:\argl?;]e"llctemp.
Sonly Volt “ Vee 3.0 3.3 36 v
PPl Vorlage Vss 0 0 0
- 0°C to +70°C
Input High Voltage, All Inputs *1 ViH 2.0 — Vec+03V| V
Input Low Voltage, All Inputs* *1 Vi -0.3 — 08 Vv

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

WARNING: Recommended operating conditions are normal operating ranges for the semiconductor device. All
the device’s electrical characteristics are warranted when operated within these ranges.

Always use semiconductor devices within the recommended operating conditions. Operation outside
these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented on
the data sheet. Users considering application outside the listed conditions are advised to contact their
FUJITSU representative beforehand.

H CAPACITANCE
(Ta = 25°C, f = 1 MHz)

Parameter Symbol Max. Unit
Input Capacitance, Ao to Ae Cint 5 pF
Input Capacitance, RAS, LCAS, UCAS, WE, OE Cmz 5 pF
Input/Output Capacitance, DQ1 to DQis Coa 7 pF
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B DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) Note 3

. 20" 2 o % o Fy s
RS NN R
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Value
Parameter Notes | Symbol Conditions Max.
Min. | Typ. Unit
Std power | Low power
Output High Voltage 1| Vo |lon=-20mA 24| — — — v
Output Low Voltage | Voo |loo=+20mA — | — 0.4 04
0V <Vin <€ Ve
30V<Vec €386V,
Input Leakage Current (Any Input) hy Vss = 0 V: Al other pins -10| — 10 10
not under test =0 V A
0 V < Vour < Vec;
Qutput Leakage Current oy [3.0V<Vec <36V, 10| — 10 10
Data out disabled
MB81Vv18160B
i 180 180
Operating Current . |.5/50L RAS & [CAS, UCAS cycling;
(Average Power 2 B8 TvV181608 lcct tre = min — | — mA
Supply C -
upply Current) SorB0L. 150 150
Standby Current LVTTL Level RAS = [CAS, UCAS = Vi 1.0 1.0 mA
(Power Supply *2 lccz  'mAS —[CAS — | —
Current) CMOS Level UCAS > Vo ’_0_2 Vv 500 150 LA
MB81v18160B
Refresh Current#1 -50/50L [CAS, UCAS = Vi, 180 180
(Average Power  *2 N EE1VA 81600 locs | RAS cycling; — | — mA
Supply Current) 507601 tre = min 150 150
Poibiilss RAS = Vi, [CAS, UCAS 110 | 110
Fast Page Mode ., | 59/%0 | g ’ A
Current MBBTVIBIB0B | |pne o o "
-B0/80L PC =mMmin 100 100
MB81v18160B
Refresh Current#2 | _s/501 RAS cycling; 180 180
(Average Power  *2 VB3 1V181608 lccs |CAS-before-RAS; — | — mA
Supply Current) 80601 tre = min 150 150
RAS cycling;
MB31v181608 ?E'?Gefore'm? 2000
-50/60 ho = 1o 1S | -
Battery Backup tras = min to 300 ns
Current ViezVee-02V ViL<02V
A P *2 ICCB - I.I.A
(S ver?gg OWFI:; RAS cycling;
U urren : i :
pply MB31V181608 CAS-before-RAS;
50L/60L tre = 128 s — | — — 300
tras = min to 300 ns
ViezVee-02V ViL<02V
Refresh Current#3
MB&1V18160B RAS =V, CAS =V
(Average Power -50L/60L lcce Self refresh:; — | — — 250 LA
Supply Current)

W

. 5

.
R
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B AC CHARACTERISTICS

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

No. Parameter Notes | Symbol MBB'_I V13160B-50/50L MBB‘_I V18160B-60/60L Unit
Min. Max. Min. Max.
. Std power — 16.4 — 16.4
1 | Time Between Refresh Low power ReF — 178 — 178 ms
2 |Random Read/Write Cycle Time tro 90 — 110 — ns
3 | Read-Modify-Write Cycle Time trwe 126 — 150 — ns
4 |[Access Time from RAS 6,9 trac — 50 — 60 ns
5 |Access Time from CAS 7.9 fcac — 13 — 15 ns
6 |Column Address Access Time *8,9 taa — 25 — 30 ns
7 |Output Hold Time oH 3 — 3 — ns
8 |Output Buffer Turn On Delay Time ton 0 — 0 — ns
g |Qutput Buffer Turn off Delay 10| torr _ 13 _ 15 s
Time
10 |Transition Time tr 3 50 3 50 ns
11 |RAS Precharge Time trp 30 — 40 — ns
12 |RAS Pulse Width tRas 50 100000 60 100000 ns
13 |RAS Hold Time tRsH 13 — 15 — ns
14 |CAS to RAS Precharge Time tcre 5 — 5 — ns
15 |RAS to TAS Delay Time *11,12| treo 17 37 20 45 ns
16 |CAS Pulse Width fcas 13 — 15 — ns
17 |CAS Hold Time tosH 50 — 60 — ns
18 |CAS Precharge Time {(Normal) 19|  toen 7 — 10 — ns
19 |Row Address Setup Time tasR 0 — 0 — ns
20 |Row Address Hold Time trAH 7 — 10 — ns
21 |Column Address Setup Time tasc 0 — 0 — ns
22 |Column Address Hold Time toaH 7 — 10 — ns
23 |Column Address Hold Time from RAS tan 24 — 30 — ns
o4 Fmeto Column Address Delay o . 1o o5 15 30 s
25 |Column Address to RAS Lead Time tRAL 25 — 30 — ns
26 |Column Address to CAS Lead Time tcAL 25 — 30 — ns
27 |Read Command Setup Time Ros 0 — 0 — ns
o T N B e B R
20 [P g e W |0 | = [0 [ = [m
30 |Write Command Setup Time *15,20( twos 0 — 0 — ns
31 | Write Command Hold Time twen 7 — 10 — ns
32 |Write Command Hold Time from RAS twer 24 — 30 — ns
33 |WE Pulse Width twp 7 — 10 — ns
34 |Write Command to RAS Lead Time tAwt 13 — 15 — ns
35 |Write Command to CAS Lead Time fowL 13 — 15 — ns

{Continued)
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(Continued)
MB81V18160B-50/50L | MB81V18160B-60/60L .
No. Parameter Notes | Symbol - - Unit
Min. Max. Min. Max.
36 |DIN Setup Time tps 0 — 0 — ns
37 |DIN Hold Time toH 7 — 10 — ns
38 [Data Hold Time from RAS toHR 24 — 30 — ns
39 |RAS to WE Delay Time *20|  trwo 68 — 80 — ns
40 |CAS to WE Delay Time 20|  towo 31 — 35 — ns
41 _IQ.qumn Address to WE Delay 90| tawo 43 . 50 . ns
ime
RAS Precharge Time to CAS Active
42 | Time (Refresh Cycles) tRPC 5 o 5 o ns
43 | CAS Setup Time for CAS-before-RAS tosn 0 . 0 . s
Refresh
44 CAS Hold Time for CTAS-before-RAS torm 10 . 10 . s
Refresh
45 | Access time from OE *9|  foea — 13 — 15 ns
46 |Output Buffer Turn Off Delay 10| o _ 13 _ 15 ns
from OE
47 | OF to RAS Lead Time for Valid Data torL 5 — 5 — ns
48 | OF Hold Time Referenced to WE *16| toen 5 — 5 — ns
49 | OFE to Data In Delay Time toep 13 — 15 — ns
50 |CAS to Data In Delay Time tcop 13 — 15 — ns
51 | DIN to TAS Delay Time 17| torc 0 — 0 — ns
52 | DIN to OE Delay Time *17| tozo 0 — 0 — ns
53 | Fast Page Mode RAS Pulse Width tRasp — 100000 — 100000 ns
54 | Fast Page Mode Read/Write Cycle Time trc 35 — 40 — ns
55 Fast Page Mode Read-Modity-Write Cycle trwe 71 . 80 . s
Time
56 Access Time from TAS *9.18| 1orn . 30 . 35 s
Precharge
57 |Fast Page Mode CAS Precharge Time tep 7 — 10 — ns
Fast Page Mode RAS Hold Time from
58 CAS Precharge tRHCP 30 — 35 — ns
59 Fast Page Mode CAS Precharge *90| o 48 . 55 . s

to WE Delay Time
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Notes: *1.
2.

*3.

*4.
*5.

6.

*7.
*8.
9.
*10.
*11.

2.
*13.

*14.
*15.

*16.
*17.
*18.

*19.
*20.

Referenced to Vss.

lcc depends on the output load conditions and cycle rates; the specified values are obtained with the
output open.

lcc depends on the number of address change as RAS = Vi, UCAS = Vv, LCAS = Vinand Vi >
—0.3 V. loct, lees loce and lecs are specified at one time of address change during RAS = Vi and UCAS
= Vi, CCAS = Vih.

lccz is specified during RAS = Viwand ViL> -0.3 V.

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

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

AC characteristics assume tr = 5 ns.

Inputvoltage levelsare 0V and 3.0 V, and input reference levels are ViH{min) and ViL{max) formeasuring
timing of input signals. Also, the transition time (ir) is measured between Vi (min) and Vi (max).
The output reference levels are Von=2.0V and VoL,=0.8 V.

Assumes that trco < treb (max), trap < trap (max). If treo is greater than the maximum recommended
value shown inthis table, trac will be increased by the amount that treo exceeds the value shown. Refer
to Fig.2 and 3.

If trep > tRop (max), trab > tRap (Max), and tasc > taa- tcac - 11, access time is tcac.

If trap = trap (Max) and fasc < taa - toac- 11 access time is taa.

Measured with a load equivalent to one TTL load and 100 pF

torrF and toez are specified that output buffer change to high-impedance state.

Operation within the treo (max) limit ensures that frac (max) can be met. treo (max) is specified as a
reference point only; if treo is greater than the specified troo (max) limit, access time is controlled
exclusively by tcac or taa.

treo (Min) = tran (Min) + 2t + tasc (Min).

Operation within the trap (max) limit ensures that trac (max) can be met. trao (Max) is specified as a
reference point only; if tRAp is greater than the specified trap (max) limit, access time is controlled
exclusively by tcac or taa.

Either tran or trcn must be satisfied for a read cycle.

twes is specified as a reference point only. H twes = twes {min) the data output pin will remain High-Z
state through entire cycle.

Assumes that twes < twes (min).

Either tozc or tbzo must be satisfied.

tce is access time from the selection of @ new column address (that is caused by changing both UCAS
and CCAS from “L" to “H”). Therefore, if tce is long, teea is longer than tee (max).

Assumes that CAS-before-RAS refresh.

twes, town, trwn, tawn and tcrwp are not restrictive operating parameters. They are included in the data
sheet as an electrical characteristic only. If twes = twes (min), the cycle is an early write cycle and DQ
pin will maintain high-impedance state throughout the entire cycle. If tewp = towo (min), trwo > trwo (Miny),
and tawp > tawn {min), tcewo > torwn (mMin), the cycle is a read-modify-write cycle and data from the
selected cell will appear at the DQ pin. If neither of the above conditions is satisfied, the cycle is a
delayed write cycle and invalid data will appear the DQ pin, and write operation can be executed by
satisfying tawL, towe, and traL specifications.

11
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Fig. 5 — READ CYCLE

tre
tras
VIH— !\ tAFi i 3
ViL — N 7? \
| fore sk I tre
treo I trsH
CCAS I tcas
or \
UCAS bt tRAD = F
I tRaL
I I feal
|.E‘SC | tcan
|
VIH - o S D D i
Aoto As Vi — COLUMN ADD G
WE Vi = i 1 1 t
S "
ViL =—
tcac
trac
DO Vor=— g |
(Output) v, — a2
tozc ton
DO V= oY foes
(Input) v — iieeiiiaeeiieeeiiieeiiieeeiieeeiii} RiGH-2
tozo
UE VIH — ::”:::”.::.”:::”:::”.::”.:::”:::.”::”.:::”:::.”::.”:::”:::.”:: L L o 3
iy =« = @ @ @ @
o] "H”or “L” level (excluding Address and DQ)
Sy "HYor UL level, "HY — “L” or “L* — "H” transition (Address and DQ)
DESCRIPTION

To implement a read operation, a valid address is latched by the RAS and TCAS or UCAS 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 elapsed. TCAS controls the input/output data on
DQ- to DQs pins, UCAS controls one on DQs to DQs pins. The access time is determined by BAS(trac), TCAS/UTAS(tcac), DE(toea) or
column addresses (tas) under the following conditions:

If treo > tRon(max), access time = toac.

If trap = trap(max), access time = tas

If OF is brought Low after trac, feac, or tas{whichever occurs later), access time = toea.
However, if either LCCAS/UCAS or OF goes High, the output returns to a high-impedance state after to- is satisfied.

13
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Fig. 6 — EARLY WRITE CYCLE (OE = “H” or “L")
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Vi = 1? \

, tome
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[CAS Vi = g
or Vie =
UOCAS
Ao to A Vi — 0N
010 As Vi —
WE VH - :EE:::EEE::EEE:::EE:::EEE fRin,
Vo= A

tos f— 10H —]
DQ Vi — i Xzzz:::55:::555::555:::55 e
(Input) VL — LI VALID DATAIN LRI R T

DQ Vo =

(Output) Vo — HIGH-Z

o] "H”or “L” level (excluding Address and DQ)
“H" or “L" level, “H” —“L"or “L” — “H" transition (Address and DQ)

DESCRIPTION

A write cycle is similar to a read cycle except WE is set to a Low state and TE is an “H” or “L" signal. A write cycle can be implemented
in either of three ways — early write, delayed write, or read-modify-write. During all write cycles, timing parameters trwL, tew,, traL and
tea must be satisfied. In the early write cycle shown above twes satisfied, data on the DQ pins are latched with the falling edge of CCAS
or OCAS and written into memory.

14
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Fig. 7 — DELAYED WRITE CYCLE

tar

treo

tasn tran tasc tean
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o to As Vi —
ViH =

WE Vio =
DQ ViH =
(lnput) Vi =
DQ Voy =—

(Output)  yo —

oF ViH =
ViL —
s "H” or UL level (excluding Address and DQ)
o "HY or “L" level, *H” = "L" or “L” — "H"” transition (Address and DQ)
% -
fo nvalid Data
DESCRIPTION

In the delayed write cycle, twes is not satisfied; thus, the data on the DG pins is latched with the falling edge of WE and written into
memory. The Output Enable (OE) signal must be changed from Low to High before WE goes Low (toep + t1 + tos).

15
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(Quitput) oo =
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DESCRIPTIOCN

Fig. 8 — READ-MODIFY-WRITE CYCLE
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trwL
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VIH -
Vi —
TCAS ViH —
or Vii -
UCAS
Aotohs T
o [0 Ag V|L -
WE ViH —
Vi —
DQ Vi = i
(Input) v, —
DO Vo —

HIGH-Z

Vi =

ton

] “H” or “L” level (excluding Address and DQ)
o] "H” or "L level, "H" — "L" or “L” — "H" transition (Address and DQ)

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-modify-
write cycle, OF must be changed from Low to High after the memory access time.
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Fig. 9 — FAST PAGE MODE READ CYCLE

trasp
Vi — & trop trHCP L |
Vi — K 7{ ‘ \
trap
tre
torfa] | I-_ | trsH il
He—————— {csH —] |[e—1cP — !
CCAS Vin — s
or Vi —
Atons H T )
olofs Vi —
WE Vi = =7
Vi = o
DQ Vin = a0
(Input) Vi — G
DQ Vor —
(Cutput) Voo —
O‘E VIH -
Vi —
zoof "H" or "L" level {excluding Address and DQ)
) He or LY level, "HY — "L” or “L” — “H" transition (Address and DQ)
/ -
//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 successive
memory cycles in which the row address is latched. The address time is determined by tcac, tas, ters, or toes, whichever one is the lastest
in occuring.
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Fig. 10 — FAST PAGE MODE EARLY WRITE CYCLE (OE = “H” or “L")

L trasp

tore fosH

Ao to As

VALID

DQ VlH — m::m:::”::.
e DATA

(Input) Vi — &y

DQ Vo —
(Output) vy —

“H" or “L" level (excluding Address and DQ)
"H" or "L level, "H” — “L" or “L” — "H” transition {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 OE
are reversed. Data appearing on the DQ1 to DQs is latched on the falling edge of CCAS and one appearing on the DQs to DQus is latched
on the falling edge of UCAS and the data is written into the memory. During the fast page mode early write cycle, including the delayed

(OE) write and read-modify-write cycles, tow. must be satisfied.
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Ao 1o As
Vi
— ViH
Vi
DQ V\H
(Input) Vi
DO VoH

{Output)  voL

Vi

OE
Vi
DESCRIPTION

Fig. 11 — FAST PAGE MODE DELAYED WRITE CYCLE

tosm

_EI trase ‘K $-
- I | tre

toaL o
fe—mftoan pa—mdtowt

| toags —s| e tCPa trsH -
i e fCAS — Z— !
tasc =l ‘
|

VALID Y e
Noaa k0

HIGH-Z

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

Invalid Data

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. 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 (toeo + 7 + tos).

19



" = 3 > S X S
SRS §\\=sx\.\\k§sa:.:ht_\\_\.\\asmi::;&

MB81V18160B-50/-60/-50L/-60L
SaaaaEEEEEE R

Fig. 12 — FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Vi — trase ‘K |
FAS
ViL — ; _}.
tan [ tew -—| i
treo ———— {PRWC ——]
[CAS Vi — tce
mor Vi = tRaD tasc n
tasc
e toa
Vih —
Aoto As Vi — X_E[%_IEEJIQASNS_K s ADD B
1 TAWD =t L_'-— tCPWD—-| i
tres -I:.” tow | s —lbet tres = LEWL

WE VIH — L L o L L o L L ﬁ |
Vi = o

PM ] —

trwo ;
DS
DA Vi o — |""tDZC’|| il
£Q
(Cutput)
OF

cooeof “H or “L” level (excluding Address and DQ)
s "HYor "L level, "H” — "L or "L” — "H” transition (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 appears at the DQ pins during a normal cycle.
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Fig. 13 — RAS-ONLY REFRESH (WE = OE = “H” or “L")

tre

AAS Vie .Nr
Vi —
tasr
| trAH

Aoto As V:S - ;;;::555:::553;55355;35;3&)* RCW ADDRESS

(T

TCAS Vv

Qor V\L — ImImIInIIITIIIRIIIROD tOFF
UCAS

DQ Von —

(Output) VoL = HIGH-Z

woo "H" or “L” level (excluding Address and DQ)

o) "H or LY level, "H” — “L” or “L" — "H" transition (Address and DQ)

DESCRIPTION

Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycle at each of 1,024 row addresses
every 18.4-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 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")

tre .
Vi | tras l tr
RAS -
Vii — J L
forn It tcsn tcHm trec | tcsm
I I
| teen
[CAS vy _ ) y ‘
or —
uoAs torr

DQ VoH =
Output) Vo, = ¥ HiGHZ

"o “H” or "L level (excluding Address and DQ)

coos o "HY or 'L level, "H” — “L” or “L” — “H” transition {Address and DQ)

DESCRIPTION

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. |f LTCAS or UCAS 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 CAS-before-RAS refresh operation.
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Fig. 15 — HIDDEN REFRESH CYCLE

external row address that is required by DRAMSs that do not have TAS-before-RAS refresh capability.

tre tre
tras tHP—- tRas |
ViH - !s |-—tOEL—-
Vi — K \
1 trr —]
treo ! tRsH — tcrp
le— tRAD tcHr
[CAS Vi —
or Vi — tran
uo7:3-
tasn |
tasc " tF«AL—-I
-—tARL
| |11 F—
ViH — o WY S
Ao to As ROW COLUMN i
V”~ - ADDRESS ADDRESS’
|
tres tHRH—-l
WE ViH -
Vi =
tcob
DO VIH — :::::::::___::::::
(nputy v — HiGh-2
DQ Von —
(Oulput) Vo — = HIGH-Z VALID DATA OUT
UE ViH — R R R R RSB
ViU = diimiiaaa A
s "H” or “L” level (excluding Address and DQ)
oo "H” or “L level, "H” — "L” or “L" — “H” transition (Address and DQ)
DESCRIPTION

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of TCAS or
UCAS and cycling BAS. The refresh row address is provided by the on-chip refresh address counter. This eliminates the need for the
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Fig. 16 — CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

AT Vv _
Vo —
I teqr for - tFRsH | tre
TAS Vi tesa treas |
or Vio —
1
y trsc R FCAH
Ao to As V:LH: onamaaaaa e OLUMNADDRESSESB. 0 . 0 oo
trcd b et =l
R
ViH — —
VIL — RN
DQ VIH - S L S o L S o L S o L
(Mput) Vi — o E
DQ VoH |
(Output) VoL — HIGH-Z
fozo
GE VIH - :ZZZ:::ZZ:::ZZZ::ZZZ:::ZZ:::ZZZ::ZZZ:::ZZ:::ZZZ::ZZZ:::ZZ:::ZZZ:. I"
"H" or “L” level (excluding Address and DQ)
“H” or “L" level, "H” — “L” or “L” — “H” transition {Address and DQ)
DESCRIPTION M Valid Data

A special timing sequence using the CTAS-before-RAS refresh counter test cycle provides a convenient method to verify the function
of CAS-before-RAS refresh circuitry. |f a CTAS-before-RAS refresh cycle TAS makes a fransition 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 Ao through Ao are defined by the on-chip refresh counter
Column Addresses: Bits Ac through As are defined by latching levels on Ao to Ae at the second falling edge of CAS.

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

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

Use the same column address throughout the test.

Write "0” to all 1,024 row addresses at the same column address by using normal write cycles.

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 1,024 times with addresses generated by theinternal
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).

(At recommended operating conditions unless otherwise noted.)

2
3
4

o

No. Parameter Symbol MB81-V1 8160B-50/50L MBS‘I-V1 8160B-60/60L Unit
Min. Max. Min. Max.

60 | Access Time from TAS troac — 45 — 50 ns

61 | Column Address Hold Time tFcaH 35 — 35 — ns

62 | CAS to WE Delay Time trown 63 — 70 — ns

63 | CAS Pulse Width treas 45 — 50 — ns

64 | RAS Hold Time 1FRsH 45 — 50 — ns

Note: Assumes that CAS-before-BAS refresh counter test cycle only.
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Fig. 177 — SELF REFRESH CYCLE (Ao to A: = WE = OE = “H” or “L")

| | trrs l
T VH — | trass
J L
Vie — i -
fcsr I I trrc
e tcPn
tors
TCAS le : " ‘ /
- torF I ) t
ton
DQ Von —
(Output) Voo — HIGH-Z
“H” or “L” level (excluding Address and DQ)
"H” or "L” level, "H” — “L”" or "L” — "H” transition {Address and DQ)
{At recommended operating conditions unless otherwise noted.)
No P Svmbol MB81V18160B-50L MB81V18160B-60L Unit
) arameter ymbo Min. Max. Min. Max.

65 | RAS Pulse Width thass 100 — 100 — us

66 | RAS Precharge Time tres 90 — 110 — ns

67 | CAS Hold Time tons -50 — 50 — ns

Note: Assumes Self Refresh cycle only.
DESCRIPTION
The Self Refresh cycle provides a refresh operalion without external clock and external Address. Self Refresh control circuit an 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 TAS “L” and RAS “L" is kept for term of trass {more than 100
us), the device can enter the self refresh cycle. Following that, refresh operation is automatically executed al fixed intervals using
internal refresh address counter during RAS=L" and "CAS=L".
Exit from self refresh cycle is performed by toggling RAS and TAS to “H” with specified tons min. In this time, RAS must be kept “H”
with specified trrs min.
Using self refresh mode, data can be retained without external TAS 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 distributed 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
trer max.

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

cycles.
Read/Write operation =] Self Refresh operalion [ Read/Write operation
trass
Vi —
1 " 1
tns < 1 ms tsn< 1 ms
1,024 burst refresh cycle 1,024 burst refresh cycle

* Read/Write operation can be performed non refresh time within tns or tsn
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B PACKAGE DIMENSIONS

42-pin plastic SOU *: Resin protrusion. (Each side: 0.15 (.008) MAX.)

(LCC-42P-M01)

34055 1342541
_ 2.75{.108)NOM

(55) 1= * 27.3040.13(1.075+.005) _ 0.64{.025)MIN
RO.B1(.032)TYP
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ — : =

('gb'(g 10.97£0.13 9.40£0.51
- + +
o (432+.005) (:370+.020)
INDEX
G}/_AI_II_I\_I\_I\_II_I\_I\_II_II_I\_I\_I\_I\_I\_I\_II_II_II_I — 3 =
1.2740.13 0.20%56%
LEAD No {1 =050+ 008) { 0os ")

25.40{1.000)REF

I7Details of "A" part
0.81{.032)MAX.

2.50(.098)NOM i g - > i

| |, 043:0.10(017+.004) |
L ____ 1

@ 1985 FUJITSU LIMITED G420018-2G-1 Dimensions in mm (inches)
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(Continued)

50-pin plastic TSOP (II)
(FPT-50P-M06)

AAAAARAAAAS AAAAAARARAAA

o)

NDEX " IITHIOH T e ,
"A"‘“‘ .- - ____4
LEAD No.

*#20.9540.10{.8254.004)

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

——

o
H H i

{010}
J 0.15(.D0BIMAX

0.3040.10
(.012+.004) [£]0.13(.005) @

0.80(.031)TYP

[0.10(.004)]

19.20{.756)REF

0.40( 01BIMAX
. 0.05(.0023MIN 11.7640.20
{(STAND OFF) {4631.008)
1.1500.05(.045£.002) | | 10.1620.10 ,
{Mounting height) {-4004.004)
0.12510.05
L {.005+.002)
M g
0.50+0.10 ‘ 10.76+0.20 ‘
7.020£.004) {4241 008) !

© 1894 FUJITSU LMITED F500085-2C-1

Dimensions in mm (inches)
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Japan
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All Rights Reserved.

The contents of this document are subject to change without
notice. Customers are advised to consult with FUIITSU sales
representatives before ordering.

The information and circuit diagrams in this document presented
as examples of semiconductor device applications, and are not
intended to be incorporated in devices for actual use. Also,
FUIITSU is unable to assume respensibility for infringement of
any patent rights or other rights of third parties arising from the
use of this information or circuit diagrams.

FUIITSU semiconductor devices are intended for use in
standard applications (computers, office automation and other
office equipment, industrial, communications, and measurement
equipment, personal or household devices, etc.).

CAUTION:

Customers considering the use of our preducts in special
applications where failure or abnormal operation may directly
affect human lives or cause physical injury or property damage,
or where extremely high levels of reliability are demanded (such
as aerospace systems, atomic energy controls, sea floor
repeaters, vehicle operating controls, medical devices for life
support, etc.) are requested to consult with FUJTTSU sales
representatives before such use. The company will not be
responsible for damages arising from such use without prior
approval.

Any semiconductor devices have inherently a certain rate of
failure. You must protect against injury, damage or loss from
such failures by incorporating safety design measures into your
facility and equipment such as redundancy, fire protection, and
prevention of over-current levels and other abnormal operating
conditions.

If any products described in this document represent goods or
technologies subject to certain restrictions on export under the
Foreign Exchange and Foreign Trade Control Law of Japan, the
prior authorization by Japanese government should be required
for export of those products from Japan.
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