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DATA SHEET

FUjiTsu

MB814101-s0/-10/-12

CMOS 4,194,304 BIT NIBBLE MODE DYNAMIC RAM

CMOS 4,194,304 x 1 Bit Nibble Mode Dynamic RAM

The Fujitsu MB814101 is afully decoded CMOS dynamic RAM (DRAM) that contains a
totalof 4,194,304 memory celisin ax 1 configuration, The MB814101 features a nibble
mode of operation whereby high-speed serial access of up to 4 bits of data can be
selected. The MB814101 DRAM is ideally suited for mainframes, buffers, hand-held
computers, and other memory applications where very low power dissipation and
compact layout are basic requirements of the design. Since the standby current of the
MB814101 is very low, the device can be used in equipment that uses batteries for
primary and/or auxiliary power.

The MBB814101 is fabricated using silicon gate CMOS and Fujitsu’s advanced
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked
capacitor memory cells, reduces the possibility of soft errors and extends the time
interval between memory refreshes. Clock timing requirements for the MB814101 are
not critical and all inputs are TTL compatible.

Features

. Param MBs1ators0 [ & MBS1AIOT-12
RAS Access Time 80 ns max. 100 ns max. 120 ns max.
Random Cycle Time 155 ns min. 180 ns min. 210 ns min,
Address Access Time 45 ns max. 50 ns max. 60 ns max.
TAS Access Time 25 ns max. 30 ns max. 35 ns max.
Nibble Mode Cyde Time 50 ns min, 55 ns min. 60 ns min.

Low Power Dissipation

& Operating Current 413 mW max. 358 mW max. 303 mW max.

* Standby Current 11 mW max. (TTL level¥5.5 mW max. (CMOS level)

* 4,194,304 words x 1 bit * RAS only, TAS-before-RAS, or

organization Hidden Refresh
¢ Silicon gate, CMOS, 3D-Stacked ¢ Nibble Mode, Read-Modify-Write
Capacitor Cell capability
¢ Allinput and output are TTL ¢ On-chip substrate bias generator for
compatible high performance
* 1024 refresh cycles every 16.4 ms
¢ Common VO capability by
using early write
Absolute Maximum Ratings (See Note)
. meter J
Voltage at any pin relative to Vgg Vi, Vour
Voltage of Ve supply relative 1o Vgg Veo
Power Dissipation PD 1.0 w
Short Circuit Output Curent — 50 mA
Storage Temperature Tsta 5510 +125 °c

Note: Permanent davice damage may occur if absolute maximum ratings are exceeded.
Functional operation should be restricied 1o the conditions as detalled in the operation
sections of this data sheet. Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability,

mw@ 1900 by FUJITSU LIMITED and Fujitsu Microsisctronics, inc.

e
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Fig. 1 -~ MB814101 DYNAMIC RAM - BLOCK DIAGRAM

DIN
DOUT
Input Capacitance, A0 to A10, DIN Cing - 5 pF
Input Capacitance, RAS, CAS, WE Cine — 5 PF
Output Capacitance, DOUT Cour — 5 PF
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PIN ASSIGNMENTS AND DESCRIPTIONS

18~Pin DIP: 26-Pin SOJ:
{TOP VIEW) (TOP VIEW)
ow s = 18 Ves on QO 26 5s
we [ 17 P oour we OJ2 as]p cour
= N — ras Of 2 24 CAS
RAS 3 18 CAS ve. dle 22 NC.
Ly 15 [3 49 A O] 5 2| ag
Y= & w oA,
A Qe 13 J A, : !
A d 7 12 [J Ag ag Qe i1 | Data Input.
A, o It |
8 A 1 7 Data Qutput.
As np s A, din sl Ag a' P
vec 0 10 7 A LA | K 15 Ag Write Enable.
Veo QL2 ulp A Row address strobe.
No connection.
20-Pin Z2IP: A0 to A10 Address inputs.
(TOP VIEW)
—_ —_— vCcC +5 volt power supply.
CAS Vgg WE Ajg NC. Ay Ag A, Ag Ag —
- = = = CAS Column address strobe.
" VSS Circuit ground.
AgDoyr DN RAS NC. Ag A, vee As Ay

RECOMMENDED OPERATING CONDITIONS

Supply Voltage

0 °Cto +70 °C
Input High Voltage, all inputs VIH 24 - 65 v

Input Low Voltage, all inputs E Vit -20 - 08 v
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FUNCTIONAL OPERATION

ADDRESS INPUTS

Twenty—two input bits are required to decode any one of 4,194,304 cell addresses in the memory matrix. Since only eleven address bits (A0-A10) are
available, the column and row inputs are separately strobed by TUAS and TAS as shown in Figure 4. First, eleven row address bits are applied on pins
AO—through—A10 and latched with the row address strobe (FAS ) then, eleven column address bits are applied and latched with the column address
strobe (TAS ). 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 kan (min)+ tr is automatically treated as the column address.

WRITE ENABLE

The read or write mode is detsrmined by the logic state of WE . When WE is active Low, a write cydle is initiated; when WE is High, a read cycle is
selocted. 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 anda read—modify-write cycle. The falling edge ofWE or TAS,
whichever is fater, serves as the input data—latch strobe. in an early write cycle, the input data is strobed by CAS and the setup/hold times are
referencedto CAS because WE goes Low before TAS . In a delayed write or a read-modify—write cycle, WE goes Low after TAS ; thus, input datais
sirobed 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. 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 aread or read-modify—write cyclais executed, valid outputs are
obtained under the following conditions:

tRAC:  from the falling edge of RAS when taco (max) is satisfied.
ICAC : from the falling edge of TAS when tacp is greater than taco (max).

TAA @ from column address input when taap is greater than taap (max).

The data remains valid until either CAS retums to 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

Output high voltage Vou low =—5mA 24 — —
v
Output low voltage Voo low =4.2mA — — 0.4
OVEVN S B.5V;
. { 4.5V cS 55V, _ _
Input leakage current (any input) Ly Ves = OV: Al other pins 10 10
not under test = OV HA
Output leakage current ows g\alg\gg%qssasbsl;/d -10 — 10
75
Operating current MB814101-80 —
(Average Power MBB14101-10 ot RAS & CAS cycling; — _ 5 mA
supply current) trc = min
MB814101~12 55
Standby current TTL level RAS = CAS =Vy 20
(Power supply leca — - —_ mA
current) CMOS level RAS = CAS 2 V¢, -0.2V 1.0
75
Refresh current #1 MB814101-80 RS - ViH TR cydling;
(Average power sup-| MB814101-10 | loca tAC = min ' - - 65 mA
ply current)
MB814101-12 55
Nibble Mode current | MB814101-80 | RES =viL, TAS cycling; 50
cca - — -
(2] [ westato1—1o thc = min 45 mA
MB814101-12 40
Refresh cument #2 MB814101-80 RAS cycling; 75
(Average power sup-| MB814101-10 | lecs TAS-before-FAS: — - 65 mA
ply current) e
2 MB814101-12 A = min 55
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AC CHARACTERISTICS

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

1 | Time Between Refresh tace - 16.4 — 16.4 — 164 | ms
2 Random Read/Write Cycle Time !RT 155 — 180 — 210 — ns
3 Read-Modify-Write Cycle Time tawe 185 — 210 — 245 — ns
4 | Access Time from RAS tRac — 80 — 100 — 120 ns
5 | Access Time from CAS fcac — 25 - 30 - 35 ns
6 | Column Address Access Time tan — 45 — 50 — 60 ns
7 | Output Hold Time ton 5 - 5 — 5 - ns
8 Qutput Buffer Turn On Delay Time ton 5 - 5 — 5 — ns
9 Qutput Buffer Turn off Delay Time torr — 25 — 25 — 25 ns
10 | Transition Time tr 3 50 3 50 3 50 ns
11 RAS Precharge Time tap 65 - 70 — 80 — ns
12 | RAS Pulse Width thas | 80 100000 | 100 100000| 120 | 100000| ns
13 | RAS Hold Time sy 25 — 30 — 35 - ns
14 | TAS to RAS Precharge Time tcre 0 — 0 — 0 — ns
15 | RAS to TAS Delay Time [32) tqep | 22 55 25 70 25 85 ns
16 | "CAS Pulse Width tcas | 25 — 30 — 35 — | =
17 | CAS Hold Time tesn | 80 — | 100 — | 120 — | ns
18 | TAS Precharge Time (Normal) teon | 15 — 15 — 15 — ns
19 | Row Address Set Up Time tasr 0 — 0 — "] — ns
20 | Row Address Hold Time tRan 12 — 15 — 15 — ns
21 Column Address Set Up Time t asc 0 — 0 — 0 — ns
22 | Column Address Hold Time tean 15 — 20 — 25 — ns
23 | RASto Column Address Delay Time[13 ]| trao 17 35 20 50 20 60 ns
24 | Column Address to RAS Lead Time tRaL 45 — 50 — 60 — ns
25 | Read Command Set Up Time tacs 0 _ [ — 0 - ns
o | pamSommentttee Ll [0 |~ [ o | —| o | — |
28 | Write Command Set Up Time E twes 0 — 0 - o] - ns
29 | Write Command Hold Time tweH 15 — 20 — 25 - ns
30 | WE Pulse Width typ 15 — 20 — 25 — | ns
31 | Write Command to RAS Lead Time tawL 25 — 25 — 30 — ns
32 | Write Command to CAS Lead Time tow 20 — 20 — 25 — ns
33 | DINsetUp Time tos 0 — 0 - 0 - ns
34 | DIN Hold Time ton 15 — 20 — 25 — ns
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AC CHARACTERISTICS (continued)

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

35 | RAS to WE Delay Time tawo | 80 — 100 — 120 — ns
B | TAst0 WE Delay Time 35| tewo| 25 — 30 — 35 — ns
37 | Column Address to WE Delay Time [18 ]| tawy | 45 — 50 - 60 — ns
3g | RAS Precharge time to CAS taec 10 _ 10 — 10 — ns
Active Time (Refresh cycles)
39 | CAS Set Up Time for CAS—before— t _ _ —
RAS Refresh el 0 ° e
40 | TAS Hold Time for CAS-before— t _ _ —
RAS Refresh Sl 15 2 ns
41 | WE Set Up Time from RAS twsa 0 — 0 _ 0 — ns
42 | WE Hold Time trom RAS twhr 15 — 15 — 20 — ns
51 | Nibble Mode Read/Write Cycle Time tne 50 — 55 — 60 — ns
Nibble Mode Read-Modify-Write t _ _ —
52 Cycle Time NRwe| 75 80 90 ns
53 | Access Time from CAS Precharge Unpa — 45 — 50 —_ 55 ns
54 | Nibble Mode CAS Precharge Time thep 15 - 15 - 15 - ns

Notes:

1. Referencedto VSS
2. 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 = ViL and
= V.
Icct, Iccaand lccs are specified at three time of address change

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

= o 12. tRep (Min) = tRan (Min)+ 2tT +tasc (min).

during = ViLand =V, 13. © re(nion within th(e b ) {max) Iimit(enSL)lres that t {max}

lcca s specified at one time of address change during TAS = Vi - pe RAD M RAC )

and TAS = Vik, can be met. trap (max) is specified as a reference point only; if
3. An Initial pause (FAS =TAS =VIH) of 200yis is required after tRaD is greater than the specified trap (max) limit, access time is

power-up followed by any eight RAS ~only cycles before proper controlled exclusively by tcac ortaa .

device operation is achieved. In case of using internal refresh 14. Either taru or tacH must be satisfied for a read cycle.

counter, a minimum of eight TAS —befgre«% initialization 15. twes , town , Lawb and tawp are not a restrictive operating

cycles instead of 8 RAS cycles are required. parameter. They are included in the data sheet as an electrical
4. AC characteristics assume tr = Sns. characteristiconly. If twos >twcs (min), the cycle is an early
5. Vi (min) and Vi (max) are reference levels for measuring write cycle and Dout pin will maintain high impedance state

timing of input signals. Also transition times are measured thoughout the entire cycle. If t cwp > t cwp (min), tRwp >t

between Vi (min) and Vi (max). RWD (min) , and t awp >t awp (min), the cycle is a read
6. Assumes that taco< trep (max), taap < trap {max). If treo is modify-write cycle and data from the selected cell will apper at

greater than the maximum recommended value shown in this the Dout pin. If neither of the above conditions is satisfied, the

table, taac will be increased by the amount that trep exceeds the cycle is a delayed write cycle and invalid data will appear the Dout

valug shown. Refer to Fig. 2 and 3. pin , and write operation can be exected by satisfying kwi | t
7. IftRcp2 tAco (Max), tRAD 2 tRAD (max), and tasc = taa —tcac — cwL , and traL specifications.

t1, access time is fcac . 16 tNpa is access time from the selection of a new column address
8. IftRaD2tRAD (max) and tasc < taa —toac — L7, access fime is (that is caused by changing TAS from “L" to *H"). Therefore, if

tas . tce is long, tcpa is longer than tcpa (max).
9. Measured with a load equivalent to two TTL loads and 100 pF. 17. Assumes that CAS —before~ RAS refresh.

10. torF and toez is specified that output buffer change to high
impedance state.
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Flg. 2=t gac V8. tacp Fig.3 -t pac V8. qap

t pag (NS) 160 t pac (ns) 160 =
140 140 =
120ns Version,
120 I~ 120 I~
100 100nsVersnon
100 !
7. |
80ns Version |
2 80 o =T ||
I
60 60 |- } { :
L |
Tl L1l | ] |

20 40 60 80 100 120
t gap (NS)

Standby H H X — — - High-Z -
Read Cycle L L H Valid Valid - Valid Yes *1 tacs 2 t pes (min)
(Vg;‘; S\)/':::) L L L valid | valid valid | High-Z Yes *1 twesz twes(min)
Roaa-Modity-Write L| o [Hou] vaie | vaie | S5 | vae Yes*t | lowp2towp (min)
S:,?e:’;"gyde L H X | vai - — | Highz Yes
E;A'%:hefg;:l—ems L L H — — - High-Z Yes tesn2 tegn (min)
giydctileen Refresh Hot] o H _ _ _ Valid Yes :;g:ious datais
Notes:
X *H or L"

*1: itis impossible in Nibble Mode.
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Fig. 4 - READ CYCLE

tesy =]i

Yaco ask

@ T l|\ \ o /|

DESCRIPTION

The read cycle is executed by keeping both RAS andTAS "L" and keeping WE “H" throughout the cycle. Therow and column addresses are
latched with RAS and CAS, respectively. The data outputremains valid with CAS "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 (1AA). tRCD (RAS 1o CAS delay time)is

greater than the specification, the access time is tAA.

“H o L”

Invalid Data
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Fig. 5 — WRITE CYCLE ( Early Write )
tre
Laas
RAS H S
Vi — =
t ol
CSH | 1 —]
terp = URsH "
t RCD tCAS
_— V=
cas M et \ /
Vi — RAD k 7
tasr t |
jat-a t oa g RAL
! asc }'_ l tean I ']
Vo=
A o to A1 0
w—
| 1
. towl
'_-l |" twen 'ﬁ
— vy twe
WE :
Vie N I ‘ y. :
1 1
L_ Lo 1
lq— t
lDS" DH ‘1
s ALD - e ——
Ow / DATAIN
Dour HIGH-Z
oL —
.
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. In addition, during write cycle, tRWL and tRAL must be satisfied with the
specifications.
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Fig. 6 — READ WRITE/READ-MODIFY-WRITE CYCLE
tRWC
v tRAS
— {4 e -
RAS viL \ 7 - _.\_

tosH i

cap ’Q’ tRCD tRSH
\ tcas /l r
3 /

tRAL

1asc

tAsSR

]
— VH—
CAS
ViL— be— tRAD  —o
pe

Aot Ao
WE
D - : - : L
S L | g
I I._ CAC —m] tOFF
{2V
toH
tRAC
Dour  VoH— I
HIGH-2 ' VALID DATA
VoL—
foN |
invalid Data
DESCRIPTION

The read-modify-write cycle is executed by changingm 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.
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Fig. 7 — NIBBLE MODE READ CYCLE

CAS

Ao to Ao

Hore®

Invalid Data
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Fig. 8 - NIBBLE MODE WRITE CYCLE (Early Wrlte)

CAS

Ao to Ao

Bour HIGH-Z
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Fig. 9 - NIBBLE MODE READ-MODIFY-WRITE CYCLE
tRAS
—_— VH=— 3
RAS ViL— \ i

CAS

Ao 10 Ao

Din

tcsH INRwe  —]

trP

]
[ tAWO | fa—mf [ tRCS

tRWL

toH

[
Invalid Data
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Fig. 10 — RAS-ONLY REFRESH (WE, DIN, A10 = “H” or “L")
e the
tRas
ViH — p
s V:E - z tre \_
jo— t pay

ROW ADDRESS

TR Vg —
V|L T e——— \
torr
ton -—-'

Vor —

HIGH-.

Dour VOL — I Z
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. 1024 row address must be refreshed every 16.4ms period. During the refresh cycle, the cell data connected to
the selected row are sentto sense amplifier and re—written to the cell. The MB814100 has three types of refresh modes, RAS—only refresh,
CAS-before-RAS refresh, and Hidden refresh.

The RAS only refresh is executed by keeping FAS *L" andCAS "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 A10, DIN="H" or “L”)

tre
t
t AP
T YW Ras N
RAS v, — / \ / N
t
tern R - tcuR “RPC-I
TAS VW — N
Vi —

Vin
Vi

Dour Vou
Vol ™ e o

HIGH-2Z

“HerL®
DESCRIPTION
The CAS—before—RAS refresh is executed by bringing CAS *L" before RAS. By this timing combination, the MB814100 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 (IWSR) before RAS goes “L” in order not to enter "test mode” to be specified later.
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Fig. 12 - HIDDEN REFRESH CYCLE

1RC tRC

tRAS RP — | tRAS ————>
— ViHe— e x
RAS ViL— \ tRP ——\_

fa— tRCD ——p

fa— 1RSH —

le-]| IRAD fcas

—_ ViH— {CHR [
4 tRAH
CAS ViL— \

tASR [ —— tRAL *]
je— | sc T tCAH
{\Roeusd/;uo COLUMN ADD. X X
tRAH WHR
fr- - W,
tWSR
W—E ViH— \
(Read) ViL—
tOFF
- toH
Vor=—
Dout VoL VALID DATA
m ViH=—

(Read/Write  ViL—
Cydle)

tos ja— 1DH —

D ViH— X K
VALID
ViL— -

invalid Data

DESCRIPTION D

The hidden refresh is executed by keeping CAS“L" o next cycle, i.e., the outputdata at previous cycle is kept during nextrefresh cycle. Since
the CAS is 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 ({WSR) before RAS goes "L for the secound time in order not to enter “test mode™ to be
specified later.
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PACKAGE DIMENSIONS

(Suffix : —P)

18-LEAD PLASTIC DUAL IN-LINE PACKAGE
(Case No. : DIP-18P-M04)
8687 39812205929
NDEx.1 pO=f M fh 15" MAX
283+ .006
O {7.20+0.15)
300(7.62)
TvP
1 [l
INDEX-2 v la,‘.l2 LV I 7 oF
+ . +.012
03245 047 45 mot:ooa
+0.30, +0.30 —_—
10.8239:39) 1203339 025%83))
\
.187(5.00) MAX
J__ 1
.125(3.18) MIN
i +.006
050(1.27) | | |100254) | 981657  52010.51) MIN
MAX U TYe v +0.14
0.45_ 505
Dimensions in
© 1988 FUNITSY LIMITED D18015S-4C inches (millimeters)
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PACKAGE DIM ENSIONS {Continued)

(Suffix : —PJN)

26-LEAD PLASTIC LEADED CHIP CARRIER

(CASE No.: LCC-26P-M04)

*.675:.005

(17, 15'0,13)

o B o |

Ve W o Iy

£

)

o |

.140(3.55)MAX

=y

-089(2.25)NOM
025(0.64)MIN

S o
=

.332+.005

.300(7.62)
(8.4310.13)

NOM

.268+,020
(6.81:0.51)
-032(0.81)
T max
.098(2.50)NOM

] |017:.008

{0.43:0.10)
Details of "A’ part

(4
@

LEAD No.(1)+ —pepma
.050+.005 .100(2.54)
(1.2740.13) TYP
.600(15.24)REF

NOTE: 1. «: This dimension includes resin protrusion, (Each side: .006{0.15)MAX)
2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package.
Dimensions in

©1960 FUJITSU LIMITED C26054S-1C inches {millimeters)
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PACKAGE DIMENSIONS (Continued)
{Suffix : —-PJ)
26-LEAD PLASTIC LEADED CHIP CARRIER
(Case No. : LCC-26P-M03)
¥675 +.005 152(3.85) MAX
117.15+0.13) .09412.40) NOM
|| 025(0.64) MIN
alalaBalal falalollelay ]
28
‘@ ' 382+ .005
(9.70+0.13) 318+ .020
INDEX O 1350(8.89) (8.08:051)
NOM
Pl e
.3 L= =] '-;l 1= A =A=A =5 — B
LEAD No.(D/, e
050+.005 10012.54) H Details of A" part :
112720131 ' TP ! 0320081 |
[=————.600(15.24) REF——= ! MAX :
|
D" |
| {
R 1o(2.80INOM | :
T A TF——H A H 110(280N |
l'l'l'l'l'_‘ll'!l'l ! !
R | 017+.004 |
(B w0 ] Lol oaazor0) ]

* This dimension includes resin protrusion {Each side: 006(0.15) MAX )

©1988 FUNTSY LIMITED €26053S-1¢C

Dimensions in
inches {millimeters).
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PACKAGE DIMENSIONS (continued)

(Suffix : -PSZ)

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE
(Case No. : ZIP-20P-M02)
+.008 +0.20, 1121 .008
10197 3%%25887 0 40— .
/ 1
INDEX . 3871 .013
C{ O ‘ﬁggi g;g) 19.83£0.33)
| 0.2510.05) {
.050{1.27) .020£.004 .100{2.54) TYP
L £73 (0.50+0.10) {ROW SPACE}
LEAD No. (1)
| | D | I || IO I | D | IR I
| | A (R | O I I | | A | R 1
{(BOTTOM VIEW)
. Dimensions i
© 1989 FUIITSU LINITED 2200025-4C inches (mitimeters
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