FUJITSU SEMICONDUCTOR

DATA SHEET DS05-10165-1E

MEMORY

CMOS 1M X 16BIT FAST
PAGE MODE DYNAMIC RAM

MB8116160A-60/70

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

BDESCRIPTION

cells accessible in 16-bitincrements.
of data within the same row can be
ing equipment, and other memory

The Fujitsu MB8116160A is a fully decoded CMOS Dynamic RAM (DRAM) that contains 16,777,216 mem;
The MB8116160A features a "fast page” mode of operation whereby high-speed random access of up.
selected. The MB8116160A DRAM is ideally suited for mainframe, buffers, hand-held comput
applications where very low power dissipation and high bandwidth are basic requirements,

The MB8116160A is fabricated using silicon gate CMOS and Fuijitsu’s advanced fo
process, coupled with advanced stacked capacitor memory cells, reduces the poss

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

BABSOLUTE MAXIMUM RATINGS (see NOTE)

Parameter Value Unit
Voltage at any pin relative to Vgg uT —-1to+7 \Y,
Voltage of V¢ supply relative to Vgg -1to+7 \%
Power Dissipation PD 1.0 W
Short Circuit Output Current 0 50 mA
Operating Temperature Tope Oto70 °c
Storage Temperature Tstg -55to +125 °c

occur if the above Absolute Maximum Ratings are exceeded. Functional operation should be
1is as d&tailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for
ect device reliability.

NOTE: Permanent de
restricted to th&#
extended periods i#

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields. However, itis advised that normal precautions be taken to avoid application of any
voltage higher than maximum rated voltages to this high impedance circuit.

copyright 11993 by FUIITSU LIMITED.
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PRODUCT LINE & FEATURES

Parameter M581_16%160A M881_1760160A

RAS Access Time 60ns max. 70ns max.

Random Cycle Time 110ns min. 130ns min.

Address Access Time 30ns max. 35ns max.

CAS Access Time 15ns max. 17ns max.

Fast Page Mode Cycle Time 40ns min. 45ns min.
Low Power Operating current 495mW max. 440mW max.
Dissipation Standby current 11mW max. (TTL level) / 5.5mW max. (CMOS level)

* 1,048,576 words X 16 bit organization

* Silicon gate, CMOS, Advanced Capacitor Cell
¢ All input and output are TTL compatible

® 4096 refresh cycles every 65.6ms

* 1WE /2CAS

PACKAGE

Early write or OE controlled write capability
RAS only, CAS-before-RAS, or Hidden Refresh
Fast page Mode, Read-Modify-Write capability

On chip substrate

bias generator for high performance

Plastic SOJ Package
(LCC-42P-M01)

Package and Ordering Information

Plastic TSOP Packages
(FPT-50P-M06)

(Normal Bend)
(Reverse Bend)

[1 42-pin plastic (400mil) SOJ, order as MB8116160A-x X PJ
[ 50 pin plastic (400mil) TSOP-llwith normal bend leads, order as MB8116160A-x X PFTN
[J 50-pin plastic (400mil) TSOP-Ilwith reverse bend leads, order as MB8116160A-x x PFTR
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Fig. 1 — MB8116160A DYNAMIC RAM — BLOCK DIAGRAM
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CAPACITANCE (15 =25°c, f= 1MHz)
Parameter Symbol Typ Max Unit
Input Capacitance, A0 to A1l Cint O 7 pF
Input Capacitance, RAS, LCAS, UCAS, WE, OE Cin2 O 7 pF
Input/Output Capacitance, DQ1 to DQ16 Cpo O 9 pF
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PIN ASSIGNMENTS AND DESCRIPTIONS

42-Pin SOJ
(TOP VIEW)
Vee O 1 42 [ Vss
bRl 2 41 [ DQ16
b2 [ 4 1 PinIndex ,, O pbQis
DR3 [ 4 39 [0 DQ14
D4 [ s 38 [J DQ13
Vee O 6 37 A Vss
D5 O 7 36 [0 DQ12
DQ6 ] o 35 [J DQi1
PQ7 [ 9 34 A DQ10
DQ8 ] 10 33 [J DQ9
NC. O u 32 0 NC.
NC. [ 12 31 [ Lcas
/IWE [ 13 30 [0 /UCAS
/RAS ] 14 29 [ /OE
All O 15 28 [ A9
A0 O 16 27 A A8
A0 [ 17 26 [ A7
Al ] 18 25 [ A6
A2 [ 19 24 [ A5
A3 O 20 23 [ A4
Vee O 21 22 |3 Vss
<Normal Bend>
Vee O 1 50 [ Vss
bRl 2 49 [ DQ16
D2 [ 4 1PinIndex ,5 [ DQ15
b3 O 4 47 [A DQ14
DQ4 ] s 46 [J DQ13
Vee O 6 45 [ Vss
D5 O 7 44 0 DQ12
DQ6 ] ¢ 43 [ Do1L
D7 O 9 42 [ DQ10
PQ8 10 41 [ DQ9
NC. ] 1 20 [ NC.
NC. O 15 36 [ NG
NC. O 16 35 O ILCAS
MWE [ 17 34 [ /ucas
IRAS ] 18 33 [ /0E
Al O 19 32 A A9
Al0 [ 5o 31 [ A8
Ao 30 @A
Al 22 29 [ A6
A2 [ 23 28 [ AS
Ao 27 A A4
Vee ] 25 (Marking side) 26 [ Vss

50-Pin TSOP
(TOP VIEW)

Designator Function
A0 to A1l Address inputs.
row A0 to A1l
column: AO to A7
refresh : AO to A1l
RAS Row address strobe.
LCAS Lower column address strobe.
UCAS Upper column address strobe.
WE Write enable.
OE Output enable.
DQ1 to DQ16 Data Input/Output
Vee +5 volt power supply.
Vss Circuit ground

<Reverse Bend>

Vss O 1 50 [ Vee
DQ16 O 2 49 [ DQ1
DQ15 ] 3 1 Pin Index ,g [ DQ2
D14 [ 4 47 A DQ3
DQI3 ] 5 46 [ DQ4
Vss O 6 45 A Vee
pQ12 O 7 44 [ DQ5
DQIl [ g 43 [ D96
Do o 42 [ DQ7
DQ9 O 10 41 [ DQs
NC. O 11 40 O NC.
NC. [ 15 36 A NC.
ILcAs [ 16 35 QNG
/UCAS [ 17 34 [ /WE
I0E [ 18 33 [/RAS
A9 [ 19 32 AR
A8 [ 20 a1 AL
AT O » 20 (A0
A6 O 22 29 QAL
As [ 23 28 [1A2
A 24 . . 7 @A
vss O 25 (Marking side) ,¢ 5 vee
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RECOMMENDED OPERATING CONDITIONS

Parameter Notes Symbol Min Typ Max Unit Op erAart?r?ée‘rl']émp
Vee 4.5 5.0 5.5
Supply Voltage \%
Vss 0 0 0
0°C to +70°C
Input High Voltage, all inputs ViH 2.4 0 6.5 v
Input High Voltage, all inputs/outputs” VL -0.3 0 0.8 \

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

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 (A0 to A11)
are available, the column and row inputs are separately strobed by LCAS or UCAS and RAS as shown in Figure 1. First, twelve row address bits are
input on pins AO-through—A11 and latched with the row address strobe (RAS) then, eight 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, respec-
tively. The address latches are of the flow-through type; thus, address information appearing after tgay (min) + tt is automatically treated as the col-
umn address.

WRITE ENABLE

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

DATA INPUT

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 DQ1-DQ8 is
strobed by LCAS and DQ9-DQ16 is strobed by UCAS and the setup/hold times are referenced to each LCAS and UCAS because WE goes Low
before LCAS/UCAS. in adelayed write or a read-modify-write cycle, WE goes Low after LCAS /UCAS; thus, input data is strobed by WE and all set-
up/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. Polarity of the output data is identical to that of the input; the output buffers
remainin the high-impedance state until the column address strobe goes Low. When aread or read-modify-write cycle is executed, valid outputs are
obtained under the following conditions:

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

tcac - from the falling edge of LCAS (for DQ1-DQ8) UCAS (for DQ9-DQ16) when trcp is greater than tgcp (max).
taa : from column address input when tgap is greater than tgap (mMax).

toea from the falling edge of OE when OE is brought Low after tgac, tcac, OF taa.

The data remains valid until either LCAS / UCAS or OE returns to a High logic level. When an early write is executed, the output buffers remainin a
high-impedance state during the entire cycle.

FAST PAGE MODE OF OPERATION

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode is implemented by keeping the
same row address and 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 256x16-bits can be accessed and, when multiple MB8116160As are used,
CAS s 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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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted) Notes 3
Value
Parameter Notes Symbol Conditions : Unit
Min Typ Max
Output high voltage Vou lon = —5MA 24 0 0
\%
Output low voltage VoL loL = 4.2mA O O 0.4
OVE VNS 55V
Input leakage current (any input) Iy 4.5V S Vo= 5.5V, -10 ad 10
Vgs = 0V; All other pins LA
not under test = OV
Output leakage current I OV = Voyr=5.5Y, -10 O 10
pol) Data out disabled
Operating current MB8116160A-60 i — . 90
(Average power lecy FAS_%nIi_r?AS, UCAS cycling; 0 0 mA
supply current) MB8116160A-70 RC™ 80
Standby current TTL level RAS = LCAS, UCAS = V|4 2.0
(Power supply lccz 0 0 mA
current) CMOS level RAS = [CAS, UCAS = V0.2V 1.0
Refresh current #1 MB8116160A-60 e e — . 90
(Average power cca | RS, UCAS =V RS oyeling; | | A
supply current) MB8116160A-70 RC 80
Fast Page Mode MB8116160A-60 | RAS =V, LCAS, UCAS cycling; 0 0 90 mA
C t cc4 toe = mi
urren MB8116160A-70 pc=min 80
Refresh current #2 MB8116160A-60 RAS cycling; 90
(Average power Ices CAS-before-RAS; O 0 mA
supply current) MB8116160A-70 tre = min 80
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AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)  Notes 3,4,5
MB8116160A-60 MB8116160A-70

No. Parameter Notes Symbol i o e o Unit

1 Time Between Refresh tREF O 65.6 O 65.6 ms

2 Random Read/Write Cycle Time trc 110 O 130 O ns

3 Read-Modify-Write Cycle Time tRwe 150 O 174 O ns

4 | Access Time from RAS tRAC 0 60 0 70 ns

5 | Access Time from CAS 7,9 tcac O 15 O 17 ns

6 Column Address Access Time taa O 30 O 35 ns

7 Output Hold Time ton 3 O 3 O ns

8 Output Buffer Turn On Delay Time ton 0 O 0 O ns

9 | Output Buffer Turn Off Delay Time torr 0 15 O 17 ns
10 Transition Time tr 3 50 3 50 ns
11 | RAS Precharge Time trp 40 O 50 O ns
12 | RAS Pulse Width trAS 60 100000 70 100000 ns
13 | RAS Hold Time tRsH 15 O 17 O ns
14 | CASto RAS Precharge Time tcrp 0 O 0 O ns
15 RAS to CAS Delay Time 1,12 trReD 20 45 20 53 ns
16 | CAS Pulse Width tcas 15 O 17 O ns
17 | CAS Hold Time tesH 60 0 70 0 ns
18 | CAS Precharge Time (Normal) tcen 10 O 10 O ns
19 Row Address Set Up Time tasr 0 O 0 O ns
20 Row Address Hold Time tRAH 10 O 10 O ns
21 Column Address Set Up Time tasc 0 O 0 O ns
22 Column Address Hold Time tcaH 15 O 15 O ns
23 Column Address Hold Time from RAS tar 35 O 35 O ns
24 RAS to Column Address Delay Time tRAD 15 30 15 35 ns
25 Column Address to RAS Lead Time tRAL 30 O 35 O ns
26 Column Address to CAS Lead Time teal 30 O 35 O ns
27 Read Command Set Up Time trRcs 0 O 0 O ns
2o | Rera Command o Time w |0 : : 1 |
20 | Referonced o CAS tren 0 0 0 0 s
30 | Write Command Set Up Time twes o O 0 0 ns
31 Write Command Hold Time tweH 15 O 15 O ns
32 Write Hold Time from RAS twer 35 O 35 O ns
33 | WE Pulse Width twp 15 0 15 0 ns
34 | Write Command to RAS Lead Time tRWL 15 O 17 O ns
35 Write Command to CAS Lead Time toewl 15 O 17 O ns
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AC CHARACTERISTICS (continued)

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

MB8116160A-60 MB8116160A-70
No. Parameter Notes Symbol : - Unit
Min Max Min Max
36 | DIN SetUp Time tos 0 O 0 O ns
37 DIN Hold Time b 15 O 15 O ns
38 Data Hold Time from RAS tDHR 35 O 35 O ns
39 | RAS to WE Delay Time tRWD 80 0 92 0 ns
40 | CAS to WE Delay Time tewd 35 0 39 0 ns
41 | Column Address to WE Delay Time tawd 50 0 57 0 ns
RAS Precharge Time to CAS t 5 5 ns
42 Active Time (Refresh cycles) RPC O .
CAS Set Up Time for CAS-before-
43 | RAS Refresh tcsr 0 g 0 0 ns
CAS Hold Time for CAS-before-
44 | RAS Refresh [cHR 10 O 12 O ns
45 | Access Time from OE |I| toea O 15 O 17 ns
Output Buffer Turn Off Delay
46 | ¢ OF togz 15 17 ns
47 | OE to RAS Lead Time for Valid Data toEL 5 O 7 O ns
48 OE Hold Time Referenced to WE toeH 5 O 5 0 ns
49 | OE to Data In Delay Time toep 15 O 17 O ns
50 CAS to Data In Delay Time tcop 15 0 17 O ns
51 | DIN to CAS Delay Time tozc 0 0 0 0 ns
52 | DIN to OE Delay Time tozo 0 O ns
60 Fast Page Mode RAS Pulse width trASP 0 100000 0 100000 ns
Fast Page Mode Read/Write t 40 45 ns
61 Cycle Time PC b O
Fast Page Mode Read-Modify-Write
62 Cycle Time tPRWC 80 O 89 O ns
63 Access Time from CAS Precharge tcpa 0 35 0 40 ns
64 Fast Page Mode CAS Precharge Time tcp 10 10 ns
Fast Page Mode RAS Hold Time
65 from CAS Precharge tRHcP 3% O 40 O ns
Fast Page Mode CAS Precharge
66 | owE Delay Time fepwo %5 O 62 O ns
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Notes:

1.
2.

Referenced to Vgs.

Icc 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 RAS = V.
UCA

§=V|H| LCAS=V|H and V||_ >—-0.3V.

tAA.

10.

11.

lcc1 lees lcca and I are specified at one time of address
change during RAS = V|_and UCAS = V|, LCAS = V4.

Icco is specified during RAS = Vi and V) > -0.3V.

An initial pause (RAS = CAS = V) of 200us 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 ty = 5ns.

V| (min) and V_(max) are reference levels for measuring tim-
ing of input signals. Also transition times are measured be-
tween V| (min) and V_ (max).

Assumes that trep < trep (Max), trap < trap (Max). Iftrep is
greater than the maximum recommended value shown in this
table, trac Will be increased by the amount that tgcp exceeds
the value shown. Refer to Fig.2 and 3.

If trep 2 trep (Max), trap 2 trap (Max), and tasc 2 taa
—tcac— tr, access time is tcac-

If trap 2 trap (Max) and tasc < taa —tcac— t1, access time is

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

Operation within the trcp (max) limit ensures that tgac (max)
can be met. tgrcp (Mmax) is specified as a reference point only;
iftrcp is greater than the specified tgcp (max) limit, accesstime
is controlled exclusively by tcac or taa.

12.
13.

14.
15.

16.
17.
18.

19.
20.

trep (MiN) = trap (MiN) + 2tr + tasc (Min).

Operation within the tgap (Max) limit ensures that tgac (max)

can be met. tgap (Max) is specified as a reference point only;

if trap is greater than the specified tgap (Max) limit, access

tome is controlled exclusively by tcac or taa.

Either trry Or trcq Must be satisfied for a read cycle.

twcs is specified as areference pointonly. If tywcs = twes (min)

the data output pin will remain High-Z state through entire

cycle.

Assumes that tycs < twcs (min).

Either tpzc or tpzo must be satisfied.

tcpa is access time from the selection of a new column address

(that is caused by changing both UCAS and LCAS from "L” to

"H"). Therefore, if tcp is long, tcpa is longer than tcpa (Max).

Assumes that CAS-before-RAS refresh.

twes: tcwp, trRwp and tawp are not restrictive operating

parameters. They areincluded in the data sheetas an electrical

characteristic only. If twcs > twes (min), the cycle is an early

write cycle and Doyt pin will maintain high impedance state

through out the entire cycle. If toywp > tcwp (Min), trwp > trwp

(min), and tawp > tawp (Min), the cycle is a read-modify-write

cycle and data from the selected cell willappear at the Doy pin.
If nei-

ther of the above conditions is satisfied, the cycle is a

delayed write cycle and invalid data will appear the Doyt pin,
and write operation can be executed by satisfying trwy, tcwL,
and traL specifications.
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Flg 2_tRAC VS. tRCD Flg 3_tRAC VS. tRAD Flg 4_tCPA VS. tCP
trac (NS) tcpa (ns)
trac, (NS)
[} [} [}
- 90 70 I~
120
— 80 I~ 60 I~
100
70ns version
80 I~ 70 50 I
70ns version
60ns version 70ns version
60ns version '
60 - 60 |- ' a0
" [ 60ns version
[ 1 1
[N [ [
40 'R 50 [ 30F
—~~ [ ~~~ ] Ll ~ ] Ll
e 4 e e 4 ' ' e 4 f f
[ A N [ B R [ T
11 . ] . 1 .
0 20 40 60 80 100 0 20 30 40 50 60 0 10 20 30 40 50
trep (NS) trap (NS) tep (ns)
Clock Input Address Input/Output Data
Operation Mode I DQ1 to DQ8 DQ9to DQL16 | Reflesh Note
RAS | LCAS| UCAS E | OE | Row [Column
Input |Output | Input |Output
Standby H H H X X - - - High-Z - High-Z -
L H Valid High-Z
Read Cycle L H L H L Valid | Valid - High-Z - Valid Yes.U | tres 2 tres
L L valid valid (min)
. L H Valid -
}’égtr‘f %ﬁ'tee) L | H L L | x | vald | valid | - [High-z [ valid [High-z| Yes.O | tyes=twes
y L L Valid valid (min)
N e L H Valid | Valid - High-Z
Gﬁi"’t‘g g'y‘f:?gy L H L |HoL|LaH| vaid | vaiid | = |High-z| valid |valid | Yes.O
L L Valid | Valid Valid | Valid
RAS-only i _ — iagh- i Ye
Refresh Cycle L H H X X Valid High-Z - High-Z es.
CAS-before-RAS
Refresh L L L X X - - - |High-z| - High-Z| Yes. | tcggr2tcsr
Cycle (min)
] L H Valid High-Z ;
HddenRefresh 1hsi | H | L |Hox| L - - - |Highz| - |[vaid | ves. | P Py data
y L L Valid Valid

X: "H” or "L”
O It is impossible in Fast Page Mode.
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Vin—
RAS _
Vi
[CAS v, —
or
Ucas VLT
Vibn—
Ag to Apq
L=
__ VH-—
WE
ViL
DQ Vor—
(Output) VoL
DQ VH-—
(Input) Vi
o VIH p—
OE
ViL—
DESCRIPTION

Fig. 5— READ CYCLE
tre
tras >
)\ tAR :i
N 7 \
tcrp |
tcsH | trp —
treD < | tRsH
\ tcas / 4
< {RAD > ls 2' /
tcop
I I I trAL
: teal
ASC t
Sy CAH |‘_ toEL —
COLUMN ADD >< X
1 1 I
tRRHH
trcH
| |
tan | ton | |\
tcac |
t
| | trac | OFF
HIGH-Z
tbzc L ton | >
[ [ toez
N toEa | |‘—'| ,‘_
HIGH-Z
v 4 ° | b
toH
tpzo ——— > ton
toED

"H” or "L”

Toimplement aread operation, avalid address is latched by the RAS and LCAS or UCAS address strobes and with WE set to a High level and
OE setto alow level, the output is valid once the memory access time has elapsed. LCAS controls the input/output data on DQ1-DQS8 pins,
UCAS controls one on DQ8-DQ16 pins. The accesstime is determined by RAS(trac), LCAS/UCAS(tcac), OE(toga) or column addresses
(tan) under the following conditions:

If trep > trep(Max), access time = toac.
If trap > trap(mMax), access time = tap
If OE is brought Low after trac, tcac, OF taa(Whichever occurs later), access time = toga.

However, if either LCAS/UCAS or OE goes High, the output returns to a high-impedance state after toy is satisfied.

11
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Fig. 6 — EARLY WRITE CYCLE (OE ="H" or "L")

tre
trAs >
Vin— 3
RAS \% \t 7 \
IL
t
Sl tcsH =i trp —
treD tRsH |
_ tcas >
LCAS
or \ /
UCAS F
tcaH
Agto Agg COLUMN ADDX X
le— tywcH
WE
[«——————— tpyrR ——— >
tp I-— L— tpH —
Vig — p
DO IH
VALID DATA IN
(Input) Vi — ’K
|
DQ Vo

HIGH-Z

(Output) VoL~

"H” or "L”

DESCRIPTION

Awrite cycle is similar to aread cycle except WE is set to a Low state and OE 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 try, tcwi, traL @and tca. must be
satisfied. Inthe early write cycle shown above tyycg satisfied, data on the DQ pins are latched with the falling edge of LCAS or UCAS and writ-
ten into memory.




MB8116160A-60
MB8116160A-70

Fig. 7 — DELAYED WRITE CYCLE

tre

tcas

Vin— \
RAS \
ViL N
tcrp treD
LCAS v, —
or
UCAs VL

tRsH

tasr| | RAH tas tcaH
>
Vin— ROW coL
AotoAn - _ ADD ADD
IL

tres

|<— towL —'I

«—— RwL
twp

__ VH-—
WE
ViL—

tos [
—>
tpzc —» I‘_ toH —.I
DQ  Von HIGH-Z VALID X
(Input) VoL DATA IN '
l«— toN —> |
Vi —
DQ IH
HIGH-Z HIGH-Z
(Output) ViL—
L— tbzo l‘ toEH
o VIH—
OE
ViL—
"H” or "L”
% Invalid Data
DESCRIPTION

In the delayed write cycle, tycs is not satisfied; thus, the data on the DQ 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 (togp + tt + tpg).
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Fig. 8 — READ-MODIFY-WRITE-CYCLE

trwe
|« trAs

ViH = \
RAS

ViL—

trp
tCRP l———— tRCD —
LCAS vy -
or
- t
UCAs Vit < RAD
tasH | traH tas
tcaH

Vin— ROW CoL
AotoAn | - _ ADD ADD
IL
«—— fowL ——l

tRWL —_—

tres

o Vig— h

WE v, - \
IL

tbs < typ

j—
tbzc _|. |‘— toH —.I
DQ  Vou HIGH-Z f >§ VALID X
(Input) VoL~ tOEDg DATA IN

I‘—. 1
l«— tcac —>
‘ o laa 3
RAC
Vg — A
bQ M | HIGH-Z | | P HIGH-Z
(Output) VL~ L_ ‘ Y/
fon toEH
toea ——>
tbzo ton —’l
toEz —»
or  H-
ViL =
toH —]
"H” or "L”
DESCRIPTION

The read-modify-write cycle is executed by changing WE from High to Low after the data appears on the DQ pins. In the read-modify-write
cycle, OE must be changed from Low to High after the memory access time.
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Vin—
RAS
ViL—
[CAS Vj—
o,
UCAS -
ViH—
Ag to Apq
[
V-
WE
ViL—
DQ Vor—
(Input) VoL~
pDQ ViH-—
(Output) Vi
or o W-
ViL—
DESCRIPTION

Fig. 9 — FAST PAGE MODE READ CYCLE

: traSP
RCD «— (RHCP
N\ \_
{
RAD tpc t trp
«—— —
tCRF ——— tCSH - = tcp —>» RSH
| tcas tcas
tcas || — 2
t t tCAH tRRH
ASR <—|D| AR tasc| | tach —> j— - |
t e thsc tASC"|
RAH
- |1—D tCAH dl_ tRAL —ID
ROW coL coL F oL
ADD ADD ADD ADD
! 1
| | |tRCS | tRCH |
tres - tRCH— . —> < frcs  treH
| [ | | |
| <— foEL —'| \_
| ' tepp » tbzc
szc—bl - _L |‘|_ tozc [ tcop
1
_—) | | |
>_ HIGH-Z P_ HIGH-Z _! HIGH-Z

toH

"H” or "L”

.

Valid Data

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 s latched. The addresstime is determined by tcac, taa, tcpa, Of toga, Whichever oneis the lastestin

occuring.
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Fig. 10 — FAST PAGE MODE EARLY WRITE CYCLE (OE ="H "or"L")

traSP
" \_
trp
LCAS
or
UCAS
Ag to Apq X
WE

DQ
(nput) v — >§t DATA 75( >§t DATA 75( DATA 75(

Vig —
DQ H )
©utpu) v, — HIGH-Z

"H” or "L”

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 DQ8 s latched on the falling edge of LCAS and one appearing on the DQ9to DQ16 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, tc\y must be satisfied.
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Fig. 11 — FAST PAGE MODE DELAYED WRITE CYCLE

Vig — Urasp
RAS S
Vii —
terp - Lesh ‘t—-tpc T tre
l«—— "RCD —"_tCAs_’ e CP. [ "RSH ——— >
Vi — 1t ., —>
= S
L — B AR _ ) X
t Uran tasc tean hse can fewe
AsR|e»] | -
Vi — ROW coL coL
AgloAy v g ADD ADD ADD
[ —
) 1 !
s . et Iq— trwL =
tres WCH = WCH —
Vy, — [ |t wp (|t
— IH /
WE [
Vie —
DQ Vig —
(Input) Vi —
Vou— 4
bQ HIGH-Z \
(Output) VoL — ton f t
tON-’ by OEH
t toez >
- Dzo—-l toEz
—_ Vi — -
OE
Vi —
o -
. Invalid Data
DESCRIPTION

The fast page mode delayed write cycle is executed in the same manner as the fast page mode early write cycle except for the states of WE
and OE. 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 (togp + tT + tps).
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Fig. 12 Fast Page Mode Read Modify Write Cycle

|
Vig — LRasp
RAS
Vip — .
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t crp . |"tRWL >
l«———— 'RCD ———| - e —
S Vi — towp < tcp:s
— lc——— —
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t tASC CAl
sk RAT b t
Vig — ROW coL coL
AOtOAll v X ADD ADD ADD
[ —
|<- t o —> L_I‘_tCPWD_’I t
t >t CWL
RCS ft—> S ->|"<-tRcs > .
JE— vV, —
WE IH \
Vip — A
DQ Vig —
(Input) Vi —
Vou—
bQ HIGH-Z
(Output) VoL —
tras
tozo I‘—'
— Vi —
OE
Vip —
mE
D 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
VT | trRAS »|
RAS
ViL — . \
- RP
tASR
tRAH — trp |<-
ViH—
Ag to Aqq ROW ADDRESS
i , X X
tcrp * lcrp
LCAS
or ViH—
e V- torr
UCAS
toH
DQ  ViH—
(Output) Vi — HIGH-Z
D "H or "L”
DESCRIPTION

Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycle at each of 4096 row addresses
every 65.6—milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh.

RAS-only refresh is performed by keeping RAS Low and LCAS and UCAS High throughout the cycle; the row address to be refreshed is
latched on the falling edge of RAS. During RAS-only refresh, DQ pins are kept in a high-impedance state.

Fig. 14 — CAS-BEFORE-RAS REFRESH (ADDRESSES = WE = OE = "H"or "L")

tre

- Rp ——>
sas  VIH 'Ras v
RAS -
ViL — _/ ;
tcpn tcsr tcHR trRPC
[CAS vy,
or V|L :
UCAS torrF
toH
DQ V-

7
oy Vi T —¢

DESCRIPTION

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If LCAS or UCAS is held
Low for the specified setup time (tcsg) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are
enabled. Aninternal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the
next CAS-before-RAS refresh operation.
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Fig. 15— HIDDEN REFRESH CYCLE

tre : tre
trAS < RP —» trAS {
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RAS N\ | / N\
ViL \ y, \ .
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- tAR ;b
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< tpzc > < fcac
V \
(Ir?%t) oH™ N, HIGH-Z
P Voo™ ;“ torF
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< toH
Vi —
bQ H HIGH-Z VALID DATA OUT
(Output) ViL—
!
<— ipz0 <— 1oEA OFZ
toEp
oE M- ’N
ViL— F
"H” or "L”

DESCRIPTION

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of LCAS or UCAS
and cycling RAS. The refresh row address is provided by the on-chip refresh address counter. This eliminates the need for the external row

address that is required by DRAMSs that do not have CAS-before-RAS refresh capability.
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Fig. 16 - CAS—-BEFORE-RAS REFRESH COUNTER TEST CYCLE

oxe VIH—
RAS
ViL —
I trep |
CAS tcrp
[CAS vy, ﬂ
Vi —
I
UCAS |
Apgto App ViH :
I
WE (M=
L= toz
tos™
DQ Vi |<— IDH —
(Input) V| — HIGH- Z VALID DATA IN K
tOE
th
DQ  Vow— N .
(Output) VoL— HIGH-Z HIGH-Z
L - toEH
tbzo L—— tOEA toes
o VH—
OF v Z
|
(////] Valid Data
DESCRIPTION

A special timing sequence using the CAS-before-RAS refresh counter test cycle provides a convenient method to verify the function of CAS-
before-RAS refresh circuitry. If, after a CAS-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 A1l are defined by the on-chip refresh counter.
Column Addresses: Bits A0 through A7 are defined by latching levels on AO—A7 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) Write "0” to all 4096 row addresses at the same column address by using normal write cycles.

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

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

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

(At recommended operating conditions unless otherwise noted.)

MB8116160A-60 MB8116160A-70
No. Parameter Symbol : : Unit
Min Max Min Max
90 Access Time from CAS trcac O 50 O 55 ns
91 Column Address Hold Time tFCAH 35 O 35 O ns
92 CAS to WE Delay Time trcwD 70 O 77 0 ns
93 CAS Pulse width trcas 90 O 99 0 ns
94 RAS Hold Time trrsH 90 O 99 O ns

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

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

+.014 +0.35
_ 1347 00 (3.407550)

O .075+.005 . .108(2.75)NOM.

(27.30%0.13) ® | .025(0.64)MIN.

| R.032(0.81)TYP.

\_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_\!_#é

|, RO3208TYP.
432+.005
(10.9740.13) .370+.020
.400(10.16) (9.40+0.51)
INDEX NOM.
» l

K |

‘J L‘_l | S [ [ I D N [ N [ I [ O B * L
+.002
\ .050+.005 008_ 501

=~ (1274013
LEAD " ) (0207005

)
No. [¢——————————— 1.000(25.40)REF. -0.02

N ! Details of “A” part

S \ .032(0.81) |

‘ \1.098(2.50) ! MAX 1
LUV TP LT L UL TLELRL ]y wome e ( ‘

‘ | B

.017+.004
! (0.43+0.10)

[Resin protrusion. (Each side:.006(0.15)MAX.) . . .
Dimensions in
[11994 FUJITSU LIMITED C42001S-2C(W) inches (millimeters)
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PACKAGE DIMENSIONS (continued)

(Suffix: -PFTN/PFTR)

50-LEAD PLASTIC FLAT PACKAGE
(CASE No.: FPT-50P-MO06)

ffffffffffffff .
\ Details of “A” part \
| |
AAAAAAAAAAS HAAAAAAAAAA } -006(0-15)}
| |
| A
| ‘ .010(0.25) |
A" \ | .006(0.15)mMAX |
(e INDEX i | | |
- .016(0.40)MAX
JHHHHHHHz)ﬂ %HHHHHHHE } ~— }
L |
LEAD No.
[1825+.004 | 463+.008
(20.95+0.10) 7 0437001107010 ) (11.7620.20)

.012+.004 400£.004

‘ (MOUNTING HEIGHT) .
(0.30%0.10) | 005019 ® | (10.16£0.10) 005+.002
L | (0.125%0.05)
i N

I 1

AT
E .004(0.10) .020+.004 ‘ 424%.008 ‘
05080) 0(0) MIN (0.50£0.10) I 10.7640.20) |
TYP (STAND OFF ~0=0. (10.760.20)
«— .756(19.20)REF ———> HEIGHT)
*: Resin protrusion.(Each side : .006(0.15) MAX)
Dimensions in
(11994 FUJITSU LIMITED F50006S-1C(W) inches (millimeters)
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