September 1993
Edition 3.1

DATA SHEET —————

O
FUJITSU

X2C | SWCM 4 X
lllllllllllﬁlﬁll VN RO 0 o

MB8116101-60/-70/-80

CMOS 16M x 1 BIT NIBBLE MODE DYNAMIC RAM

CMOS 16,777,216 x 1 BIT Nibble Mode Dynamic RAM

The Fujitsu MB8116101 is a fully decoded CMOS Dynamic RAM (DRAM) that contains a total of
16,777,216 memory cells in a x1 configuration. The MB8116101 features a "nibble” mode of
operation whereby high—speed random access of up to 4,096-bits of data within the same row can
be selected. The MB8116101 DRAM is ideally suited for mainframe, buffers, hand—held computers
video imaging equipment, and other memory applications where very low power dissipation and
high bandwidth are basic requirements of the design. Since the standby current of the MB8116101
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 MB8116101 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 MB8116101 are not critical and all inputs are

TTL compatible.
PRODUCT LINE & FEATURES

Parameter MB8116101-60 MB8116101-70 MB8116101-80

RAS Access Time 60ns max. 70ns max. 80ns max.
Randam Cycle Time 110ns min. 130ns min. 150ns min.
Address Access Time 30ns max. 35ns max. 40ns max.
CAS Access Time 15ns max. 17ns max. 20ns max.
Nibble Mode Cycle Time 35ns min. 37ns min. 40ns min.

Low Power Dissipation 550mW max. 495mW max, 440mW max.

e Operating current

e Standby current 11mW max. (TTL level) / 5.5mW max. (CMOS level)

* Common /O capability by using early write

® 16,777,216 words x 1 bit organization
¢ RAS only, CAS-before—RAS, or Hidden

o Silicon gate, CMOS, Advanced Stacked

Capacitor Cell Refresh
¢ Allinput and output are TTL compatible o Nibble Mode, Read-Modify-Write
® 4096 refresh cycles every 65.6ms capability
Y ry 65. « On chip substrate bias generator for high
performance

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Plastic SOJ Package
(LCC-28P-M06)

Plastic ZIP Package
(ZIP-24P-M03)

Plastic SVP Package
(SVP-32P-M02)

Marking side

Marking side

>

Plastic TSOP Packages
(FPT-28P-M05) (FPT-28P-M06)

(Normal Bend)

(Reverse Bend)

Parameter Symbol Value Unit Package and Ordering Information
— 28-pin plastic (400mil) SOJ,
Voltage at any pin relative to VSS Vin, Vour -1t0+7 \Y order as MB8116101~-xxPJ
: — 24—pin plastic (475mil) ZIP,
Voltage of V oc supply relative to VSS Vee -1t0+7 \ order as MB8116101—xxPZ
issinati — 32-pin plastic (13 x 25mm) SVP,
Power Dissipation PD 1.0 w order as MB8116101—xxPV
Short Circuit Output Current — 50 mA — 28—pin plastic (400mil) TSOP-II
with normal bend leads,
Operating Temperature Tore 0to 70 °cC order as MB8116101—-xxPFTN
— 28-pin plastic (400mil) TSOP-II
Storage Temperature Tsta —55to +125 °C with reverse bend leads,
order as MB8116101—xxPFTR
NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are | This device contains circuitry to protect the inputs against
damage due to high static valtages or electric fields.

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.

Copyright@ 1993 by FUJITSU LIMITED

However, it is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated
voltages to this high impedance circuit.
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Fig. 1 — MB8116101 DYNAMIC RAM - BLOCK DIAGRAM
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CAPACITANCE (1.=25°C, f = 1MHz)
Parameter ' Symbol Typ Max Unit
Input Capacitance, A0 to A11, DIN Cing — 5 pF
input Capacitance, RAS, CAS, WE Cine — 5 pF
Output Capacitance, DOUT Cout — 7 pF
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PIN ASSIGNMENTS AND DESCRIPTIONS

NC. NC. Vss DN WE A1 Ao

N.C.
N.C.
A9
N.C.
/CAS
N.C.
DOUT
Designator Function ¥,§§
DIN
DIN Data Input. NG
/RAS
DouT Data QOutput. Al
WE Write Enable.
RAS Row address strobe. »:B 0
NC No connection. ﬁ;
A3
AO to A1 Address inputs. ylgg
vCce +5 volt power supply. A
— AB
CAS Column address strobe. /Ag
VSS Circuit ground. Ng;

28/24—Pin SOJ: 28/24-Pin FPT:
(TOP VIEW) (TOP VIEW)
<Normal Bend : FPT-28P-M05> <Reverse Bend : FPT-28P-M06>
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e | B | ne. 5 P 26 [ NC. A, 12 17 Ag
we O 4 25 CAS we M. 25 LI CAS == KV 18 0 Ag
| E 2411 nc. s s 24 ne. A;U: 10 19 A,
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24-Pin ZIP:

(TOP VIEW)

32-Pin SVP:
(TOP VIEW)
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S/L : Support Lead for vertical type
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RECOMMENDED OPERATING CONDITIONS
Ambient
Parameter Notes Symbol Min Typ Max Unit Operating Temp
Vee 4.5 5.0 55
Supply Vol v
upply Voltage EI ves . 0 N
0 °Cto +70 °C
Input High Voltage, all inputs m VIH 24 — 6.5 v °
Input Low Voltage, all inputs * m VIL -05 — 0.8 v

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

FUNCTIONAL OPERATION

ADDRESS INPUTS

Twenty-fourinputbits are required to decode any one of 16,777,216 cell addresses in the memory matrix. Since only twelve address bits (A0-A11) are
available, the row and column inputs are separately strobed by RAS and TAS as shown in Figure 4. First, twelve row address bits are applied on pins
A0-through—A11 and latched with the row address strobe (RAS ) then, twelve column address bits are applied and latched with the column address
strobe (CAS ). Both row and column addresses must be stable on or before the falling edge of RAS and TAS , respectively. The address latches are of

the flow—through type; thus, address information appearing after than (min)+ ty is automatically treated as the column address.

WRITE ENABLE

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

DATA INPUT

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

DATA OUTPUT

The three-state buffers are TTL compatible with a fanout of two TTL loads. Poiarity 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 trcp (max) is satisfied.
tCAC : from the falling edge of CAS when trcp is greater than trep (max).

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

The data remains valid until either CAS returnsto a High logic level. When an early write is executed, the output buffers remain in a high—impedance
state during the entire cycle.
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted) Notes 3
: Values Unit
n
Parameter Notes Symbol Conditions Win Tvp Max i
Output high voltage Vou loq =-5mA 2.4 — —
A
Output low voltage Voo loL =4.2mA —_ —_ 0.4
0 SViNEVcee;
nput leakage current (any input) I{L) Vgs = OV; All other pins 10 10
not under test = OV HA
I OVEVours Vee _ _
Output leakage current on Data out disabled 10 10
. MB8116101-60 100
Operating current —_ )
(Average power MBB116101-70 | 1 RAS & CAS cyeling; — — 90 mA
supply current) c1 trc = min
MB8116101-80 80
Standby current TTL level RAS = CAS =V, 20
(Power supply ) — — mA
current) E] CMOS level RAS = CAS 2V, -0.2V 1.0
MB8116101-60 100
Refresh current #1 TAS = Vi, AAS cycling;
(Average power sup-| MB8116101-70 | lcca trc = mi - - 90 mA
ply current) RC = min
MB8116101-80 80
Nibble Mode MB8116101-60 ! RAS =VIL, CAS cycling; 70
current cc4 =mi - -
E] MB8116101~70 e = min 60 mA
MB8116101-80 50
MB8116101-60 _ 100
Refresh current #2 RAS cycling;
(f«verage %ower sup-| MBB8116101~70 | lccs TAS-before-RAS; — — 90 mA
ply curren o
(2] MB8116101-80 tRe = min 80
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AC CHARACTERISTICS

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

No. Paran.ter Notes | Symbol MB8116101-60 M.BB116101 -70 M'BS1161 01-80 Uit
Min Max Min Max Min Max

1 | Time Between Refresh tREF — 65.6 — 65.6 — 65.6 ms

2 | Random Read/Write Cycle Time tre 110 — 130 — 150 — ns

3 | Read-Modify-Write Cycle Time tawe 130 — 152 — 175 — ns

4 | Access Time from RAS L8631 tgac — 60 — 70 — 80 ns

5 | Access Time from CAS 7.9 ]| tcac — 15 — 17 — 20 ns

6 | Column Address Access Time 89 taa — 30 — 35 — 40 ns

7 | Output Hold Time ton 3 — 3 — 3 — ns

8 | Output Buffer Turn On Delay Time ton 0 — 0 — 0 — ns

9 | Output Buffer Turn off Delay Time [ 10 1] torr — 15 — 17 — 20 ns
10 | Transition Time ty 3 50 3 50 3 50 ns
11 | RAS Precharge Time tee 40 - 50 — 60 — ns
12 | RAS Pulse Width taas 60 [100000 | 70 |1o0000]| 80 | 100000 ns
13 | RAS Hold Time tRsH 15 — 17 - 20 — ns
14 | TAS to RAS Precharge Time tcrp 0 — 0 — 0 - ns
15 | RAS to CAS Delay Time taco 20 45 20 53 20 60 ns
16 | TAS Pulse Width teas 15 - 17 — 20 - ns
17 | CAS Hold Time tos 60 — 70 - 80 — | ns
18 | TAS Precharge Time (Normal) tepn 10 — 10 - 10 — ns
19 | Row Address Set Up Time tash 0 — 0 — 0 — ns
20 | Row Address Hold Time t ran 10 — 10 — 10 — ns
21 | Column Address Set Up Time t asc 0 — 0 — 0 - ns
22 | Column Address Hold Time tC/-\H 15 - 15 — 15 — ns
23 | Column Address Hold Time from RAS tar 35 - 35 — 35 - ns
24 | RAS to Column Address Delay Time [ 13 1| trao 15 30 15 35 15 40 ns
25 | Column Address to RAS Lead Time tRaL 30 — 35 — 40 — ns
26 | Column Address to CAS Lead time teal 30 — 35 — 40 — ns
27 | Read Command Set Up Time thres 0 — 0 - 0 - ns
o | e gt | o [~ | o |~ | o | ~ |
2 | e w [0 = o |- |- |~
30 | Write Command Set Up Time twos 0 — 0 - 0 — ns
31 | Write Command Hold Time twen 15 — 15 — 15 - ns
32 | Write Hold Time from RAS twer 35 — 35 — 35 ~ ns
33 | WE Pulse Width twp 15 — 15 — 15 — ns
34 | write Command to RAS Lead Time t L 15 — 17 — 20 — ns
35 | Write Command to CAS Lead Time towt 15 — 17 — 20 — ns
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AC CHARACTERISTICS (continued)

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

No. Pararneter Notes | Symbot MB8116101-60 | MB8116101-70 | MB8116101-80 Unit
: oles|sym Min | Max | Min | Max | Min | Max
36 | DIN Set Up Time tps 0 — 0 — 0 - ns
37 | DIN Hold Time ton 15 — 15 — 15 — ns
38 | Data Hold Time from RAS tomR 35 —_ 35 —_ 35 — ns
33 | RAS to WE Delay Time 351 | tawo | 60 — 70 — 80 — | ns
40 | CAS to WE Delay Time L5 1| ¢ | 15 - 17 — | =0 — | ns
41 I WE 5 — — —
Column Address to Delay Time EE t 30 35 ns
RAS Precharge time to CAS t _ — — ns
42 Active Time (Refresh cycles) RPC 5 5 5
CAS Set Up Time for CAS—before— t — — — ns
3" | AS Refresh CSR 0 0 0
CAS Hold Time for CAS-before—
— t — —_ — ns
44 | BAS Refresh CHR 10 12 15
45 | WE Set Up Time from RAS t wsr 0 — 0 _ 0 — ns
46 | WE Hold Time from RAS t whr 10 — 10 — 10 — ns
Nibble Mode Read/Write
51 CyCle Time t NC 35 - 37 - 40 - ns
Nibble Mode Read-Modify—Write _
52 | cycle Time tnrwc| 55 - 59 - 65 ns
53 | Access Time from CAS Precharge |91 6J1 t NP — 30 — 32 — 35 ns
54 | Nibble Mode CAS Precharge Time tncp 10 — 10 — 10 — | ns
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Notes:
1

2.

10.

Referenced to VSS

lcc depends on the output load conditions and cycle rates; The
specified values are obtained with the output open. Icc depends
on the number of address change as FAS = ViL CAS = Vi and
ViL>—0.3V

Iccs, lees, Iccs and Icces are specified at one time of address

change during FIAS = ViLand CAS =VIH. lcc2 is specified during
RAS=ViH and VIL>—0.3V.

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

AC characteristics assume tr = 5ns.

Vin (min) and Vi (max) are reference levels for measuring
timing of input signals. Also transition times are measured
between Vi (min) and Vi (max).

Assumes that trep < trep (Max), trap < trap (Max). If trep is
greater than the maximum recommended value shown in this
table, trac willbeincreased by the amount thattrco exceedsthe
value shown. Refer to Fig. 2 and 3.

Iftrcp 2 tRep (Max), trao 2 trap {max), andtasc 2taa —tcac -
t T, access time is tcac .

If trap = trap (max) and tasc Staa —tcac —tT, access time is
tan .

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

torr is specified that output buffer change to high impedance
state.

1.

12.
13.

14.
15.

16

17.

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

trep (min) = tran (MiN)+ 2t T + tasc (min).

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

Either trry or trRcH must be satisfied for a read cycle.

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

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

thoughout the entire cycle. If t cwp > t cwbp (min), trwo >t
pwD (mMin) , and t awp > t awp (min), the cycle is a read
modify-write cycle and data from the selected cell will apper at
the Dout pin. If neither of the above conditions is satisfied, the
cycle is adelayed write cycle and invalid data will appear the Dout
pin , and write operation can be executed by satisfying trwL , t
cwL ,andtraL specifications.

tcpa is access time from the selection of a new column address
{that is caused by changing CAS from “L” to “H”). Therefore, if
tcp is long, tcpa is longer than tcpa (max).

Assumes that CAS —before— RAS refresh.
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Fig. 2-t RAC VS. tRCD Fig. 3-t RAC VS traD

80ns Version

70ns Version

f Ons Version 4 60ns Version
t pac (NS} 100 |- 70ns Version  t 0.~ (ns) 100 |~
60ns Version
90 90
70 |- | 7o |
60 |~ || 60 |- 11
|11 1l
50 |- b1 sob Il
L I Ll
i Ll ] ] | . 1 1l ] ] | | .
20 40 60 80 100 120 20 40 60 80 100 120
t gep (NS) t pap (NS)
Clock Input Address Input Data
Operation Mode — — ] —— Refresh Note
RAS | CAS WE Row | Column Input Output

Standby H H X — — — High-Z —

Read Cycle L L H Valid Valid — Valid Yes 1 t ros 2 t Res (min)
Write Cycle L L L Valid Valid valid | High-Z Yes 1 twes= twes(min)
(Early Write) es

—Modify—Wri - . .

Brae Modify-Wite L Lo o] vaig | vaig | Nam | vaid ves*1 | town =towo (min)
Retrosh Gycle Ll ow | x| vaia | — — | Highz | Yes
CAS-before—RAS . .
Refresh Cycle L L H - - — High-Z Yes tesr = tosp (min)
g;:g:n Refresh Ho L L H—> X _ _ _ valid Yes llf(;ia)\t/ious data is
Notes:

X: “H" or “L"

*1: Itis impossible in Nibble Mode.
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Fig. 4 - READ CYCLE
tae
tras -
RAS H E \
Vie ™ ¢ N y
CRP
tesn - thp —
—— thep —4‘— trey —————
— Vig— ' [ toas — >
CAS IH | I
vV, — [*— taap —>
t - |
 asR o Yasc xt > I
> --t-— I
Vi — s :
AjtoA ROW ADD COLUMN ADD E( ><
Vip— 7 y

ty I* tRan
tach
— Vi — |--_— tan |
WE v ton
L= [ lope — >

tFiAC

D VOH -
out HIGH-Z HIGH-Z ==
vOL —
—— oy
“H'or “L"
Invalid Data
DESCRIPTION

The read cycle is executed by keeping both RAS and TAS “L” and keeping WE “H” throughout the cycle. The row and column addresses are
latched with RAS and CAS, respectively. The data output remains valid with 1CAS“L", ie.,if CAS goes “H", the data becomes invalid after tOH
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time) is
greater than the specification, the access time is tAA.

10
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Fig. 5 — WRITE CYCLE ( Early Write )
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CAS H . \ /
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! Ran - ! - g AL >
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tasc ™ [+ | toan |
Vi e A A A
Aoto A11 IH ROW COLUMN
Vy — ADD ADD
N y
! |4 ] ' 1 . |
"t . . CWL | 7]
WCR -
|‘wcs “ * I" Yo ™
—_—  Vn— Ywe >
WE — I |
Vi N ]l
' 1 ¢ |
T RWL !
tonR = "_ R
tDS1 DH
—_— 3
e X
Vi 7
b VOH —_
ot HIGH-Z
oL —
“H" or “L”
DESCRIPTION

The write cycle is executed by the same manner as read cycle except for the state of WE and DIN pins. The data on DIN pinis latched with the

later falling edge of CAS or WE and written into memory.

specifications.

In addition, during write cycle, tRWL and tRAL must be satisfied with the

"
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Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE
tRwC
e tRAS -
—_—  VH— T3
AAS v 2 - _.\__
- tcsH —l
tcrp '-— j¢———— tRCD tRsSH »
- |
—_— VIH— - tcas
CAS \ | /
ViL— «— tRAD —m
tASR - tASC_. PR | tRAL
»| trRaH  |j&————— tawp ——] towt
| | tCAH «——— tRWL. ————»f
ViH— ROW
Aoto A1t COLUMN ADDRESS
ViL— ADD.
1 1 I I
tRCS
-—'-I je— fcwp —m
I [ twp
—  VIH—
WE S
ViL— / k-
- tRwD 2
tos e
|<- tDH -l
by YH VALID
ViL— DATA
1) L}
- tCAC  — |-—- torF
l¢———— tpp ——
toH
l+-——— tRAC —————
Dour VoH— l
VoL HIGH-Z VALID DATA [
| |
ton
CHTortL”
/s ,
A Invalid Data
DESCRIPTION
The read-modify-write cycle is executed by changing WE from “H" to "L after the data appears on the DouT pin.
After the current data is read out, modified data can be rewritten into the same address quickly.

12
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A toA
0o M

Dout

VOH

VOL

Fig. 7 - NIBBLE MODE READ CYCLE

— 1 GH-Z

D uH" o “L"

%

Invalid Data
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Fig. 8 — NIBBLE MODE WRITE CYCLE (Early Write)
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DiN
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14
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Fig. 9 — NIBBLE MODE READ-MODIFY-WRITE CYCLE
tRAS >
—_ VIH— 4 -y
RAS VL= \ e
tcre —— 1CSH ——» le—— tnvpwc —» trP
tRSH
—  VIH_ '
CAS — ¥
ViL
tNCP tcAs
R . t(:_w_L|
VIH e
A0 to A1t J ROW COLUMN
viL— ADDR. ADDRESS X
|
tRWD |—- tRwL
| ! towL
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-——" tewl]
tRC I tcwo tcwD
. T e B "]
WE  Vih— twp /
Vi— ‘ /1 e, /_\_/-_\
|
J {DH l
tDs ioH o
N il
I
DIN \\/,':: VALID VALID VALID KX VALID X
|-_.tRAC F—s]
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ton .| toH
VoH— SN
T e B—OK o DK )

toN

toH

Invalid Data
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Fig. 10 -~ RAS-ONLY REFRESH (WE, DIN = “H” or “L”)
- tre -
tras
mE M R
ViL — |- tre =\_
tasr I‘— tRan pe—] trec
AgtoAy Vi — ROW ADDRESS ) 4
IL !
tere
TAS Vm—
[T t
OFF
ton
pour v HIGH-Z
Vo —
“H” or *L”
DESCRIPTION

The refresh of DRAM is executed by normal read, write or read—-modify—write cycle, i.e., the cells on the one row line are also refreshed by

executing one of three cycles. 4096 row address must be refreshed every 65.6ms period. During the refresh cycle, the cell data connected to

the selected row are sent to sense amplifier and re—written to the cell. The MB8116101 has three types of refresh modes, RAS—only refresh,

CAS-before—RAS refresh, and Hidden refresh.

The RAS only refresh is executed by keeping RAS “L” and CAS “H” throughout the cycle. The row address to be refreshed is latched on the

falling edge of RAS. During RAS—only refresh, the DOUT pin is kept in a high impedance state.

Fig. 11 — CAS-BEFORE-RAS REFRESH (A0 to A11, DIN = “H” or “L”)

- tre
—_— VIH —_— RAS
RAS v, — / i
tesk
tepn - t R trpc
— V —
CAS H
Ve — :
twsn - twhr
— V —
WE IH
v, — AN
L OFF
toy =
Dour Yon — HIGH-Z
oL
[C]va
DESCRIPTION

The CAS-before—RAS refresh is executed by bringing CAS “L” before RAS. By this timing combination, the MB8116101 executes
CAS-before-RAS refresh. The row address input is not necessary because it is generated internally.
WE must be held “H” for the specified set up time (tWSR) before RAS goes “L” in order not to enter “test mode” to be specified later.

16
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—_ VIH—
RAS
ViL—
VIH—
CAS ViL—
Ao to A1 ViH—
(Read) ViL—
-W_E— ViH—
(Read) ViL—
Dout Vor™
VoL—
E VIH—
(Read/Write  ViL—
Cycle)
ViH—
DiN
ViL—
DESCRIPTION

Fig. 12 — HIDDEN REFRESH CYCLE

- tRC tRC
- tRAS » tRP = | thas ——»
—
\ X tRP — \
je— {RCD —p
j¢— {RSH —™
tchp
-1 - tRAD II tcas
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tASR - tRAL —i
4_.| tasc ->|<- | tcAH
la— tAR —>
x ROW
ADDRESS COLUMN ADD. X X
tRRH L‘ tWHR
-
tRCS I‘ tWSR
tcAC —m
T_' taa — tOFF
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The hidden refresh is executed by keeping CAS“L’to nextcycle, i.e., the output data at previous cycle is kept during next refresh cycle. Since

the | CASis kept low continuously from previous cycle, followed refresh cycle should be CAS-before-RAS refresh.

'WE must be held “H" for the specified set up time (tWSR) before ‘RAS goes “L” for the second time in order not to enter “test mode” to be

specified later.
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cas  Ym— z

Fig.13 — TEST MODE SET CYCLE (A0 to A11, DIN = ”H” or L")
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DESCRIPTION

Test Mode ;

The purpose of this test mode is to reduce device test time to one sixteenth of that required to test the device conventionally.

The test mode function is entered by performing a WE and CAS—-before—RAS (WCBR) refresh for the entry cycle.

In the test mode, read and write operations are exscuted in units of sixteenth bits which are selected by the address combination of
CAQ, CA1, CA10 and CA11. In the write mode, data is written into sixteenth cells simultaneously. But the data must be input from Dout
only. In the read mode, the data of sixteenth cells at the selected addresses are read out from Dout and checked in the following man-
ner.

When the sixteenth bits are all "L" or all "H”, a "H” level is output..
When the sixteenth bits show a combination of "L and "H", a "L” level is output..

The test mode function is exited by performing a-FITS—onIy refresh or a CAS—before—RAS refresh for the exit cycle.
In test mode operation, the following parameters are delayed approximately 10ns from the specified value in the data sheet..
tRC, tRWC, tRAC, tAA, tCAC, tRAS, tRSH, tCAS, tCSH, tRAL, tCAL, tRWD, tCWD, tAWD
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Fig. 14 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
RAS ¥IH - Jsl
IL tERsH trp
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OH —
Dout Vo, — HIGH-Z | Ton HlGH—Z
[ o
Valid Data
DESCRIPTION

A special timing sequence using the TAS-before-RAS refresh counter test cycle provides a convenient method to verify the functionality of
CAS-before-RAS refresh circuitry. If, after a TAS-before-RAS refresh cycle CAS 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 A11 are defined by the on-chip refresh counter.
Column Address: Bits A0 through A11 are defined by latching levels on AO-A11 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.
2) Use the same column address throughout the test.
3) Wirite “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 4036 memory locations.
6) Reverse test data and repeat procedures 3), 4}, and 5).

(At recommended operating conditions unless otherwise noted.)

No. Parameter Symbol M'BB1161 01-60 MI.E!811 6101-70 M.Bs1161 01-80 Unit
Min Max Min Max Min Max

90 Access Time from CAS tecac — 50 — 55 — 60 ns

91 Column Address Hold Time trcan 50 — 35 — 35 — ns

92 | CAS to WE Delay Time trcwp 50 — 55 — 60 - ns

03 | CAS Pulse width trcas 50 —_ 55 — 60 — ns

94 | TRAS Hold Time t s 50 — 55 — 60 — ns

Note . Assumes that CAS—before—RAS refresh counter test cycle only.
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PACKAGE DIMENSIONS

(Suffix : —PJ)
28-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-28P-M06)
. - 140(3.55)MAX
- *,725+.005 R 089(2.25)NOM
(18.4240.13) .| .025(0.64)MIN
!
| o S o N o B o B o B | | o I o T o o O o I o g _'_l\
>~ 7 ) 1M
@) @
4324005
.368+.020
O (10.9710.13) (6.3550.51)
INDEX .400(10.16)
Vs NOM
LEAD No.() . \_ .050+.005
" (1.2740.13)
« B50(1651)REF ——— = e B
Details of “A” part
g \ .032(0.81)
Aj‘ : MAX
— osé(z 50)NOM ) 2
l'l'l'lll'l'-'l'lll'll'll'l oy :
Wy :

7] .004(0.10) : 017k004

(0.4310.10) '
*:Resin protrusion. (Each side:.006(0.15)MAX.) Dimensions in

©1991 FUJITSU LIMITED C28057S-1C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

(Suffix : -PZ)
24-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE
(CASE No.: ZIP-24P-M03)
020 050 .112+.008
(— 1.209 T576(30.71255¢) —-1 {2.85%0.20)
-4°9i'°12° 458+.013
(10.4040.25) (11.63£0.33)
.010+.002 .118(3.00) MIN
(0.250.05) I
| .020.004 .100(2.54) TYP
TYP 7 (0.50%0.70) (ROW SPACE)
LEAD No.
(BOTTOM VIEW)
Dimensions in
©1991 FUJITSU LIMITED Z24003S-3C inches (milimeters)

21



MB8116101-60
MB8116101-70
MB8116101-80

PACKAGE DIMENSIONS (Continued)

(Suffix: — PFTN)

28-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-28P-M05)
r—— 7 0 1
(29 (20) | Details of “A” part |
| |
HHAAAR HABAAA | g S .006(0.15) |
| |
| — - 7 |
| i |
O O . |
| .010(0.25) |
INDEX "A" | ‘ .006(0.15)MAX |
|«
TR og H‘ : . .020(0.50)MAX I
|
@éy /4 G G :
LEAD No.
* 725+ 004 - .463%.008 X
(18.41%0.10) g 0437003110942 ) (11.7610.20)
e OIEEO0 Ce a | | MOUNTING HEIGHT) 400004
- (0 4030. 10\‘ . 21) (10.16+0.10) .006+.002
i ) . (0.1510.05)
_.._.._._-—._.— ............. y N
A A
050(1.27) | 004(0.10) | .0201.004J L 4244008
1Y ?S((%)A",ﬂ'[')"OFF (0.5010.10) ' (10.7610.20)
* : Resin protrusion.(Each side : .006(0.15) MAX)
Dimensions in
©1991 FUJITSU LIMITED F28027S-2C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

(Suffix: - PFTR)

28-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-28P-M06)

@h f | Details of “A” part
|
HEERHRA HAEHAA | g S .006(0.15)
|
| ¥
f
|
|
\
|
J
i

0 S oL

INDEX “pY _.006(0.15)MAX

020(0.50/MAX

O‘/ JIV‘\I
SHHHHHg %‘M
LEAD No. m - ]

e—— .650(16.51)REF

0(0) MIN
050(1.27) (STAND OFF HEIGHT)
TYP .020+.004 4241008
_—
7| .004(0.10) | (0.50£0.10) (10.7620.20)
1 S LA B |
[ Ry Yy
Gl — \ ¢ / .006+.002
016+.004 ‘ ‘
-~ & | 008(021) @ | 004 4040 L dookood (0.150.05)
(0.40+0.10) 0437 505(1.10 2505 ) " (10.1610.10) '
*.725+.004 MOUNTING HEIGHT
- . ) ) .463+.008 -
(18.4110.10) R N
* Resin protrusion (Each side : .006(0.15) MAX)
Dimensions in
©1991 FUJITSU LIMITED F28028S-2C inches (millimeters)

23



MB8116101-60
MB8116101-70
MB8116101-80

PACKAGE DIMENSIONS (continued)

(Suffix: — PV)

32-LEAD PLASTIC SURFACE VERTICAL PACKAGE
(CASE No.: SVP-32P-M02)

.984+.004
*(25.0010.10)

_.049(1.25)TYP

v

.006.002
(0.1520.05)

O/ INDEX A

L 1

LU THUNEUH0EYO0ED HUEHUHHEWEHERY

Q O 512+.004
*(13.0020.10)

543(13.80)
MA

|

H
7| 004010) | A X .073(1.85)MAX
106(2.70 .793(20.15)REF | -035(0.90)TYP o
MAX . 878(22.30)REF k .148(3.70)MAX
.949(24.10)REF .
7

(BOTTOM VIEW)

LEAD No.

»

013,002
(0.32£0.05) 1 | 005019 M |

Details of A—A' part

.020(0.50)
TYP

.030+.002

.020.002
W | 007(0.18)® |

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

©1993 FUJITSU LIMITED V320025-5C(W)

|

Q |

|

: % | j

_.026(0.65)TYP :
|

|

|

|

|
|
|
|
|
|
|
|
|
|
(0.75%005) |

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 under the
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.

25



MB8116101-60
MB8116101-70
MB8116101-80

FUJITSU LIMITED

For further information please contact:

Japan

FUJITSU LIMITED

Electronic Devices Marketing

Furukawa Sogo Bldg., 6—1, Marunouchi 2-chome
Chiyoda—ku, Tokyo 100, Japan

Tel: (03) 32163211

Telex: 781-2224361

FAX: (03) 3215-0662

North and South America

FUJITSU MICROELECTRONICS, INC.
Semiconductor Division

3545 North First Street

San Jose, CA 95134-1804, USA

Tel: 408 —922-9000

FAX: 408-432—-8045

Europe

FUJITSU MIKROELEKTRONIK GmbH
Am Siebenstein 6—10,

63303 Dreieich-Buchschlag,

Germany

Tel: (06103) 690-0

Telex: 411963

FAX: (06103) 690-~122

Asia

FUJITSU MICROELECTRONICS ASIA PTE LIMITED

51 Bras Basah Road,
Plaza By The Park,
#06-04 /07
Singapore 0718

Tel: 336-1600

Telex: 55573

FAX: 336-1609

© FUJITSU LIMITED 1993

26

Printed in Japan JV0088—-939J3.1



