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CMOS 16M x 1 BIT FAST PAGE MODE DYNAMIC RA“&@q

CMOS 16,777,216 x 1 Bit Fast Page Mode Dynamic RAM

The Fujitsu MB8116100 is a fully decoded CMOS Dynamic RAM (DRAM) that contains a total of
16,777,216 memory cells in a x1 configuration. The MB8116100 features a "fast page” mode of
operation whereby high-speed random access of up t0 4,096-bits of data withinthe same row can
be selected. The MB8116100 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 MB8116100
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 MB8116100 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 MB8116100 are not critical and all inputs are
TTL compatible.

D NE & FEATURE Plastic ZIP Package
PRODUCT LINE & URES ZIP-24P-M03)
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.
Fast Page Mode Cycle Time 40ns min. 45ns min. 50ns min. Plastic SVP Package
Low Power Dissipation 550mW max. 495mW max. 440mW max. (SVP-32P-M02)
® Operating cument Marking side Marking side
¢ Standby current 11mW max. (TTL level) / 5.5mW max. (CMOS level) >,
® 16,777,216 words x 1 bit organization e Common 1/O capability by using early write
o Silicon gate, CMOS, Advanced Stacked o RAS only, CAS-before-RAS, or Hidden
Capacitor Cell Refresh
e Allinput and output are TTL compatible « Fast page Mode, Read-Modify-Write W
® 4096 refresh cycles every 65.6ms tity
4 ry 6. . Onﬂchip substrate bias generator for high Plastic TSOP Packages
periormance (FPT-28P-MO5) (FPT-28P-MO06)
ABSOLUTE MAXIMUM RATINGS (see NOTE) (Normal Bend) __(Reverse Bend)
’ Package and Ordering Information
- 28-pin plastic (400mil) SOJ,
Voltage at any pin relative to VSS Vin.Vour -1t0+7 \) order as MB8116100-xxPJ
. - 24-pi i il) ZIP,
Voltage of V oc supply relative to VSS Vee -1t0+7 \ :r;e?:splh:gsﬁ .fggg‘_"))(ngz
issinati - 32-pin plastic (13 x 25mm) SVP,
Power Dissipation PD 1.0 w order as MB8116100-xxPV
Short Circuit Output Current - 50 mA - 28-pin plastic {400mil) TSOP-II
with normal bend leads,
Operating Temperature Tore 0to70 °Cc order as MB8116100-xxPFTN
- 28-pin plastic (400mil) TSOP-1Ii
Storage Temperature TsTa -5510 +125 °c with reverse bend leads,
o pe . * order as MB8116100-xxPFTR

This device contains circuitry to protect the inputs against

damage due to high static voltages or electric fieids.

However, it is advised that normal precautions be taken to

avoid application of any voltage higher than maximum rated
vohtages 1o this high impedance circuit.

NOTE: Permanent 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.

Copyright© 1993 by FUNITSU LIMITED
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Fig. 1 — MB8116100 DYNAMIC RAM - BLOCK DIAGRAM
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CAPACITANCE (.= 25°C, f = 1MHz)
Input Capacitance, A0 to A11, DIN Cini - 5 pF
Input Capacitance, 555,6;@, WE Cine — 5 pF
Output Capacitance, DOUT Cour - 7 pF




MB8116100-60

MB8116100-70
MB8116100-80
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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(TOP VIEW)
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(TOP VIEW)
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DIN Data Input. i
Dour Data Output.
WE Write Enable.
RAS Row address strobe. :
NC No connection. H
A0 to A11 Address inputs. H
vCC +5 volt power supply. 5
CAS Column address strobe. i 30
VSS Circuit ground. § 32
sn SL

S/ : Support Lead for vertical type
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RECOMMENDED OPERATING CONDITIONS

Vee 45 5.0 55
Supply Voltage E v
Vos 0 0 0
0 °Cto+70°C
Input High Voltage, all inpuls E VIH 24 - 85 v
Input Low Vokage, allinputs *  [1] VIL -05 - 0B v

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

FUNCTIONAL OPERATION

ADDRESS INPUTS

Twenty—four inputbits 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 (TTAS ) then, twelve column address bils are applied and latched with the column address
strobe (TAS ). Bothrow and column addresses must be stable on or before the falling edge of BAS and CAS , respectively. The address laiches are of

the flow-through type; thus, address information appearing after tran (min)+ f7 is automatically freated as the column address.

WRITE ENABLE

The read or write mode is delermined 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 CAS,
whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data is strobed by TAS and the setuphold limes are
referencedto CAS because WE goeslLow betore CAS .Ina delayed write or aread-modify-~write cycle, WE goesLow after CAS ;thus, inputdata is
strobed by WE and all setup/hoid times are referenced to the write-enable signal.

DATA OUTPUT

The three-state buffers are TTL compatible with a fanout oftwo TTL loads. 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 trcp (max) is satisfied.
tCAC :  fromthe falling edge of CAS when trcp is greater than treo (max).

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

The data remains valid until either CAS returns o 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 4096-bits can be accessed and, when multiple MB8116100s 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 ready-modify-write cycles are permitted.
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DC CHARACTERISTICS

{Recommended operating conditions unless otherwise noted) Notes 3
Output high voltage Vou loy =-5mA 24 —
v
Output low voltage Voo lo, =42mA — 0.4
0 SVinSVec;
1 ; I 4.5V VS 5.5V; _
nput leakage current  (any input) (W] Ve = OV: All other pins 10 10
not under test = 0V HA
I OV<Vour< Vee -
Output leakage current o Data out disabled 10 10
- 100
Operating current MB8116100-60 -
(Average power MB8116100-70 | I, RAS 8 CAS cycling; - 90 mA
supply current) trc = min
MB8116100-80 80
Standby current TTL level RAS = CAS =V, 20
(Power supply loca - mA
current) [2]| cmosiever RAS = CAS 2 Vg —0.2V 10
MB8116100-60 100
Refresh current #1 TS = Vin, BAT cycling;
(Average power s MB8116100-70 | ‘'cca trc = min - 90 mA
ply current) -
MB8116100-80 80
Fast Page Mode MBg8116100-60 | RAS =VIL, CAS cycling; 100
current cca = mi -
ul EI MB8116100-70 tec = min 90 mA
MB8116100-80 80
MB8116100- —_— 100
Refresh current #2 B8116100-60 RAS cycling;
(Average power sup-| MB8116100-70 | !ccs TAS-betore-RAS; - 90 mA
ply current) .
B MB8116100-80 tRc = min 80
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AC CHARACTERISTICS

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

1 | Time Between Refresh Yrer - 65.6 — 656 — 656 ms

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

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

4 | Access Time from RAS LE9 1] taac — 60 — 70 — 80 ns

5 | Access Time from CAS o] teae | — 15 — 17 | — 20 | ns

6 | Column Address Access Time fan — 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 | Ouiput Bufier Tum off Delay Time L 10 Jl torr — 15 — 17 — 20 ns
10 | Transition Time tr 3 50 3 50 3 50 ns
11 | RAS Precharge Time tee 40 — 50 — 60 - ns
12 | RAS Pulse Width taas 60 [|100000 | 70 |100000] 80 | 100000] ns
13 | RAS Hold Time tRen 15 — 17 - 20 - ns
14 | CAS to RAS Precharge Time torp 0 — 0 — 0 — | ns
15 | AASwwcas Delay Time Em treo 20 45 20 53 20 60 ns
16 C=AS Pulse Width tcoas 15 - 17 — 20 — ns
17 | CAS Hoid Time tosn 60 - 70 - 80 — | ns
18 | TAS Precharge Time (Normal) G e 10 - 10 - 10 - ns
19 | Row Address Set Up Time tash 0 — 0 - 0 - ns
20 | Row Address Hoid Time t Ran 10 — 10 — 10 — ns
21 Column Address Set Up Time t asc 0 — 0 —_ 0 — ns
22 | Column Address Hold Time t C:H 15 - 15 - 15 — ns
23 | Column Address Hold Time from RAS tam 35 - 35 - 35 - ns
24 | RAS to Column Address Delay Time (13| taao 15 30 15 35 15 0 | ns
25 | ColumnAddress to FAG Lead Time | tras 30 - 35 - 40 - ns
26 | Column Address to CAS Lead time toa 30 — 35 — 40 — ns
27 | Read Command Set Up Time tros 0 - 0 - 0 — ns
28 S:zmﬂzn’%m Time el teen 0 - 0 - 0 - ns
29 22?:}%(:3232’37?” Time tacH 0 - ] - 0 - ns
30 | Write Command Set Up Time twes 0 - 0 - 0 — | ns
31 | Write Command Hold Time twen 15 - 15 - 15 - ns
32 | Write Hold Time from RAS twen | 35 - 35 — 35 - ns
33 | WE Pulse Width twp 15 - 15 - 15 - ns
34 | Write Command to RAS Lead Time 1w 15 — 17 — 20 — ns
35 | Write Command to CAS Lead Time towL 15 — 17 — 20 - ns
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AC CHARACTERISTICS (continued)

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

36 | DIN Set Up Time tos 0 — 0 - 0 - ns
37 | DIN Hold Time oy 15 — 15 — 15 — ns
38 | Data Hold Time from RAS toun 35 - 35 - 35 - ns
39 | RAS to WE Delay Time trwp | 60 — 70 - 80 — | ns
40 | CAS to WE Delay Time town 15 - 17 - 20 - ns
41 A WE Delay Ti - - _
Column Address to WE Delay Time | 15 || 30 35 ns
RAS Precharge time to CAS t _ — — ns
42 Active Time (Refresh cycles) APC 5 5 5
CAS Set Up Time for CAS-before- 1 — —_ — ns
3 | RAS Refresh CSR 0 0 0
CAS Hold Time for CAS-before-
— t — —_ - ns
44 | RAS Refresh cHr | 10 12 1S
45 | WE Set Up Time from RAS t wen 0 — 0 — 0 - ns
46 | WE Hold Time from RAS twn | 10 — 10 — 10 — ns
47 | Fast Page Mode RAS Pulse width t pasp — | 100000] — 100000 — | 100000] ns
Fast Page Mode Read/Write
1 t —_ — —
6 Cycle Time PC 40 45 50 ns
Fast Page Mode Read-Modify-Write 1 _ _ _ ns
62 Cycle Time PRWC 60 67 75
63 | Access Time from CAS Precharge | t cpa - 35 — 40 — 45 ns
64 | Fast Page Mode CAS Precharge Time tep 10 — 10 — 10 - ns
5 | Fast Page Mode RAS Hold Time _ _ _
85 | from Ci%e Precharge Yance | 35 40 45 ns
66 | Fast Page Mode CAS Precharge t _ _ - ns
to WE Delay Time CPWD 35 40 45
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No:esa ferenced to VSS
- Referenced to 1. ration within the trco (max) limit ensures that tRac  (max
2. lcc depends on the output load conditions and cycle rates; The Ore . ( f)ned i . ( X )f
specified values are obtained with the output open. lcc depends can be met. taco (max) is specified as a reference point only,.!
on the number of address change as TAS = Vi. TAS = ViHand trcp is greater than the specified trcp (max) limit, accesstime is
ViL>-0.3V | d fed of acd controlled exclusively by tcac ortaa .
Icc1, loca, lccs and Iccs are specified at one time of address . . .
! 12. t =t n H min).
change during TIAS = ViLand TAS =ViH. Icczis specified during Rop (n.un) A (minj+ 247 + ASC (min)
TES-Vinand Viis-0.3V. 13. Operation within the trap (max) limit ensures that trac (max)
3. An initial pause (FIAS =TAS =Vi) of 200}s is required after can be met. trap (max) is specified as a reference point only; i
power-up followed by any eight FIAS -only cycles before proper tRap is greater than the specified trap (max) limit, access time is
device operation is achieved. In case of using internal refresh controlled exclusively by tcac ortaa .
counter, a mi"i‘““"ﬁ's eight TAS -before-RAS iniialization 14. Either tran or tRch must be satisfied for a read cycle.
cycles msteax‘! °' 8 cycles are required. 15. twes .t cwp . trwp and tawp are not a restrictive operating
4. AC characteristics assume tr = 5ns. parameter. They are included in the data sheet as an electrical
5. Vi (min) and Vi (max) are reference levels for measuring characteristic only. lftwes >twcs (min), the cycle is an early
timing of input signals. Also transition times are measured write cycle and Dout pin will maintain high impedance state
between V1 (min) and Vi (max). thoughout the entire cycle. If t cwp > t cwp (min), trwo >t
6. Assumes that taco < trep (max), tRap < trap (max). M trep is pwp (min) , and t awp > t awp (min), the cycle is a read
greater than the maximum recommended value shown in this modify-write cycle and data from the selected cell will apper at
table, trac willbe increased by the amount that trco exceeds the the Dout pin. If neither of the above conditions is satisfied, the
value shown. Refer fo Fig. 2 and 3. cycle is adelayed write cycle and invalid data will appear the Dout
7. Wircp2trop (Max), trap 2trap (Max), andtasc 2taa ~toac - pin , and write operation can be executed by salislying thw. , 1
11, access time is tcac. cwL , and traL specifications.
8. H1rap21tRaD (max) andtasc Staa -tcac -1 T, access time is 16 tcea is access time from the selection of a new column address
- (that is caused by changing TAS from “L” to *H"). Therefore, if
9. Measured with a load equivalent to two TTL loads and 100 pF. tcp is long, tora_is longer than tcra (max).
10. torr is specified that output buffer change to high impedance 17. Assumes that TAS -before- TAS refresh.

state.
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1 aac (NS) 100

Fig.2 -1 Rrac V8- trep

ns Version
70ns Version  t _, . (ns) 100
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FUNCTIONAL TRUTH TABLE

Standby H X - - — | Highz -

Read Cycle L H Valid Valid — Valid Yes 9 thes2 t fecs (min)
(‘g::& %:::) L L | vaid | vaid | vaid | High-z ves 1 | twes= twes(min)
Ssgf;'M“"Y"W'“e L HoL| vaid | Vaid )\(,;,’d Valid Yes “1 tewo 2tewp (min)
ﬁgﬁgme L X | vald - — | High-z Yes

ﬁe—&e glil-em L H - - - High-Z Yes tcsm 2 tesp (min)
(I:I);(ndg':n Refresh Ho L Hox| — _ _ Valid Yes 'l(’;;\!/ious data is
Notes:
X: *H" or*L”

*1: It is impossible in Fast Page Mode.
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Fig. 4 - READ CYCLE
t RC >
Yaas
% Vin
Vi = ¢
= tesn - [t -
k— heo asH

% Viy™— teas 1' l
vV, — o— 1o,p —> 1
t

AgloA
WE
VALID
D B HIGH-Z ==
out Vo, — HIGH-Z DATA G
- ton |
“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.,ifCAS goes “H", the data becomes invalid after tOH

is satisfied. The access time is determined by y RAS (tRAC), CAS (ICAC), 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 )

RC

—_ Ve
RAS H
Vi —

CSH hl
RSH

|

RP

crp =™

CAS

AutoA11

DATAIN

D
out v HIGH-Z

Hor

DESCRIPTION

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

later falling edge of CAS or WE and written into memory. In addition, during write cycie, tRWL and tRAL must be satisfied with the
specifications.

1
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Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE
tRwe
tRAs
FIA—S ViH=—
L= trp
tcsH _ﬁ
tcrRP jg———— {RCD >l tASH

— VIH e
CAS
VL e
ViH—
Aoto A1t
Vi =
— VIH e
WE
Vi o—
DN ViHe=—
Vi =—
Dour VoH—
VOL e
DESCRIPTION

The read-modify-write cycle is executed by changing v_vgfrom *H” fo “L* after the data appears on the DouT pin.

tRWD >
-
|<- toH -—|
VALID
DATA
toFF
tan
| toH
l¢————— tRAC
HIGH-Z VALID DATA

foN

After the current data is read out, modified data can be rewritten into the same address quickly.

Invalid Data

12
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Fig. 7 - FAST PAGE MODE READ CYCLE

RAS
CAS
A toA
0 1
WE
1 o =]
\)
OH =
Dout v —(GH-Z
OL ==
“H" or L”
DESCRIPTION

The fast page mode read cycle is executed after normal cycie with holdingm “L*, applying column address andm and keeping-W—E “H.
Once an address is selected 2d normally using the RASand CAS, other addresses inthe same row can be selected by only changing the column
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tCPA, whichever occurs later.

Any of the 4096 bits belonging to each row can be accessed.

13



MB8116100-60

MB8116100-70
MB8116100-80
‘RAS
‘CAS
A 0 toA "
‘WE
DiN
Dout Vou —
oL —
DESCRIPTION

The fast page mode write cycle is executed by the same manner as fast page mode read cycle except for the state of WE.
The data on DIN pin is latched with the falling edge of CAS and written into the memory. During the fast page mode write cycle, tCWL mustbe

Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write )

RASP

HIGH-Z

satisfied. Any of the 4096 bits belonging to each row can be accessed.

“H"or * L*

14
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Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE
tra
—_— ViHe— SP
RAS vy — il
" tRp
tcrp | [@——— ICSH —— l¢— tpRWc —>
- {RCD =i cas tRsH
fcas ‘ -
—_— VHe
CAS —_— tRAD
ViL
e | tcp
=" 1R _.l tRAH
I e {RAL i
- tRAH tcaH
tasA | 1ASC
ASC tocwL
Ao 1o A1l ViH— ROW COLUMN LUMN
VL™ iy ADDR. ADDRESS ADDRESS
11
f— {RWD =i oL, -
ItAvao tAwL
‘l FCWD
WE ViHw— -3
ViL=—
DN VIH=—
Vi
VOH— i
oL=
“HrorL"
Invalid Data
DESCRIPTION

Duringthe fast page mode, the read-modify-write cycle can be executed by changing WE hightolow after the data appears at DouT pinaswell

as normal cycle. Any of the 4096 bits belonging to each row can be accessed.

15
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Fig. 10 - RAS-ONLY REFRESH (WE, DIN = “H” or “L")
. t ’C ol
1 t AAS |
Vi — LL
LA N

tRan

ROW ADDRESS

teae |
TAE  Yw— ®
Vi — |
OFF
toy
V ——
Dour O HIGH-Z
oL
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 10 sense amplifier and re-written to the cell. The MB8116100 has three types of refresh modes, RAS-only refresh,
CAS-betore-RAS refresh, and Hidden refresh.

The RAS only refresh is executed by keeping RAS “L” and CAS “H” throughout the cycle. The row address tobe 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
_ V-
RA
S V= / q\i_

tosh
teen - L cp tarc
— V —
CAS IH
VIL —
twsh .—1WHH

Doutr Yow HIGH-Z

1 o e trp
RAS

W oL

DESCRIPTION

The CAS-before-RAS refresh is executed by bringing CAS “L” before RAS. By this timing combination, the MB8116100 executes
CAS-before-RAS refresh. The row address input is not necessary because it is generated internally.
WE must be heid “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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—_— ViHe—
RA
S Vi —
VIH ==
CAS ViL—
Ao 10 A1t ViH=
(Read) ViL—
WE ViH=—
(Read) ViL—
Dout Vo=
VoL
-V_VE ViH=—
(ReadNVrrle VL=
Cycle)
ViH=—
DiN
Vi =
DESCRIPTION

The hidden refresh is executed by keeping CAS“L"to next cycle,i.e., the output data at previous cycle is kept during nextrefresh cycle. Since

Fig. 12 - HIDDEN REFRESH CYCLE

o tre She tRC
[ {RAS tRP =~ tRas
tRP
jg—— {ACD il
j— tRSH
tcre
jeq _1RAD i tcas I
f*— {CHR
tRAH ﬂ
tASR tRAL
I. I tcaH
g IAR
ROW
ADDRESS COLUMN ADD.

VALID DATA

twHR

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

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

specified later.

17
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CAs YW

pDoutr VYou =

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

‘HP_.

RAS
VIL _J L

—1cpy

- tcyR

HIGH-Z
Vou

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 executed in units of sixteenth bits which are selected by the address combination of
CAOD, 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 aﬁKS—only 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, 1AA, tCAC, tRAS, tRSH, {CAS, tCSH, tRAL, tCAL, tRWD, tICWD, tAWD

18
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Fig. 14 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

RAS Vin —
L -—
Vg =—
CAS Wz
Vi —
A t0A H
0 11 VIL —
WE ViH —
L=
Vi —
DiN H
Vi —
Dour  \OH — HIGH-2Z HIGH-Z
Vop = {oN
“H or oL~
< # 4 ValidData
DESCRIPTION

A special timing sequence using the CAS-before-FIAS refresh counter test cycle provides a convenient method to verify the functionality of
CAS-before-RAS refresh circuitry. If, after a TAS-betore-TAS 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 A0-A11 at the second falling edge 6TCAS.

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

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

2) Use the same column address throughout the test.

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

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

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

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

(At recommended operating conditions unless otherwise noted.)

90 Access Time from CAS tecac — 50 — 55 — 60 ns
91 Column Address Hold Time trcan 35 — 35 — 35 — ns
92 | CTASto WE Delay Time tecwn 50 - 55 - 80 - ns
o | CASPulse width troas 50 — 55 — 60 - | ns
94 | RAS Hold Time t eron 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)

~ * 795+ 005
(18.42%0.13)
4324005
(10.9740.13)
.400(10.16)
NOM
Y |
LEAD No(D) \_ 050%.005
" (1.2740.13)
f«————— 850(16.51)REF
kAl
PR
'}
.098(2.50)NOM

i|i|i|i|i|i|i|i|i|i||i

*:Resin protrusion. (Each side:.006(0.15)MAX.)
©1991 FUJITSU LIMITED C28057S-1C

_ 140(3.55)MAX
~089(2.25)NOM
.025(0.64)MIN

=

368£.020
(9.3540.51)

. Detailsof “A"part
. .032(0.81)
; MAX

[ —]
N —?

.................

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (continued)
(Suffix : -P2)
24-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE
(CASE No.: ZIP-24P-M03)
020 40.50 .112+.008
[_- 1.209 050 (30.71253¢) ———-l (2.8530.20)
1]
458+.013
(11.6310.33)
.118(3.00) MIN
b
.100(2.54) TYP
I"(ROW SPACE)
(BOTTOM VIEW)
Dimensions in
©1991 FUJITSU LIMITED Z24003S-3C inches (millimeters)
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PACKAGE DIMENSIONS (Continued)

(Suffix: - PFTN)

28-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-28P-M05)

28 23 20 15 Details of “A” part

S S .006(0.15)

I

I

|

I

- I
Hr.
010(0.25) |
l

|

I

I

Yy Ll

INDEX w 006(0.15)MAX
Q — .020(0.50)MAX
] i -
. o J
LEAD No. (1 6 9 14
+
* 7254004 - : '63;208 ol
- (18.4120.10) " 0wt 0081107032 (11.76%0.20)
|, o1etoo4 & ow00® | (MOUNTING HEIGHT) o 00k004
008(0. | (10.1620.10) | .006+.002
(0.15%0.05)
L H A f======t_ll_
""" y =T
.020%.004 { .424+.008 _‘
050(1.27) ‘ E’l 004(0.10) | o0 MY e |
—vp (STAND OFF (0.500.10) (10.76%0.20)
[e————— 650(16.51)REF HEIGHT)
* : 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)
r—r——— " - 1
| Details of “A” part |
l [
| .006(0.15) |
[ l
O
I S
1 .010(0.25) |
| .006(0.15)MAX |
} .020(0.50)MAX :
| |
o _n
j¢——— .650(16.51)REF
0(0) MIN
| 050(1.27) (éT)AND OFF HEIGHT)
TYP 020£.004 424t008
gl 004(0.10) l (0.5010.10) ’" (10.7640.20) "
g E—_ﬂ’
l 016004 | ' 006t 002
X . .400%.004
— .008(0.21) @ (0.1530.05)
(0.40%0.10) 4] | 0437005110002 (10.1630.10)
*.725%.004 (MOUNTING HEIGHT) 463 008
— 463t
. ' (18.4120.10) (11.7650.20)
* : Resin protrusion.(Each side : .006(0.15) MAX) Dimensions in
©1991 FUJITSU LIMITED F28028S-2C inches (millimeters)
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PACKAGE DIMENSIONS (continued)

(Suffix: - PV)

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

.9841.004

*(25.0040.10)

P

106(2.70)

7| 0040010 |

.793(20.15)REF

512+.004
*(13.00%0.10)

g

.035(0.90)TYP

MAX

.878(22 30)REF

.949(24.10)REF

LEADNo. (G

(BOTTOM VIEW)
14 19 32

.026(0.65)TYP

.013£.002

“(0.3250.05)
<—————{(0°§°i°g§) 4| 07019 |

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

{4 | 0050.13)@ |

©1993 FUJITSU LIMITED V32002S-5C(W)

.049(1.25)TYP

4

543(13.80)
.006+.002 MAX
(0.1510.05)
X .073(1.85)MAX
>l
- 148(3.70)MAX
»
| S 1
| Details of A-A' part [
| .020(0.50) I
| TYP |
| |
| |
| ! |
| |
| /, [
| L |
I o30to002 |
L > ©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.
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Notes
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