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DATA SHEET

MB8441-45/-55

CMOS 64K-BIT DUAL PORT SRAM

O
FUJITSU

8K x 8-BIT CMOS DUAL PORT STATIC RANDOM
ACCESS MEMORY

The Fujitsu MB8441 is an 8K words x 8 bits dual-port high-performance Static Random
Access Memoty (SRAM) fabricated in CMOS. The SRAM usas asynchronous circuitry and
no external clocks are required, The MBB441 provida the user with two rately controlied
VO ports with independent addresses, Chip Select (CS), Write Enable (WE), Output Enable
(OE), and VO functions. This arrangement permils independent access o any memory
location for either & Read or Write operation — a useful faature for shared data processing
appiications, These devices have an automalic power-down feature controlied by T3, The
MB8441 can be used as either a master operation or slave oparation by selecting the BE pin.

Toavoiddatacomenﬁononhesmaddress.ﬂ_eusn flag is provided for address
arbitration; In addition, the MB8441 utilizes an {INT) flag which allows communication
between systems on either side of the RAM. The MB&441 uses a single 5-voit power supply
and all pins are TTL—compatible.

Some typical applications for these memory devices are multiprocessing systems,
distributed networks, external register files, and peripheral controllers.

Features

¢ Organization: 8,182 words x 8 bits.
* Static operation: No clocks or timing strobes required.

® Access Time: tAA = tACS = 4505 max. (MB8441-45)
tAA = tACS = 55ns max. {MB8441-55)

® Power Consumption:
Both ports active = 660 mW (max)
Both ports standby
CMOS = 1.1 mW (max)
TIL = 27.5 mW (max)

* TTL-compatible inputs and outputs.
¢ Three-state outputs with Or—tie capability.
* FElectrostatic prowction for sl inputs and outputs.

¢ Addres arbitration: (BUSY) flag output (Master Operation: BE « *L7)
(BUSY) flag output (Slave Operation: BE = *H")

¢ Interrupt funcion for communication between systems: TNT fag.
* Data retention voltage: 2.0V min.
¢ Single +5V {110%) supply.

* 64—pin plastic quad fiat package

FPT-64P-M06

Copyrigt@ 1991 by FLUITSU LIMITED




MB8441-45
MB8441-55

Fig.1 - BLOCK DIAGRAM of MB8441
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PIN ASSIGMENT
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PIN DESCRIPTION

CSL CSR I Chip setect
WEL WER i Writs enable
OEL OER ! Output enable
AOLIA12L AORtoA12R I Address
1/01Lwl/08L 1/0 1Rt /0O 8R 170 Data input / output
BUSYL BUSYR 170 BUSY flag (BE = "L" : output, BE = "H" ; input)
INTL NTR o interrupt output
BE l BUSY output enable (Selects a Master or a Stave.)
voe — Supply voltage
GND — Ground
NC. - No connection
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FUNCTION DESCRIPTION

The MB8441 provides two ports with separate control signals, address inputs, and input/outpul data pins that aliow asynchronous read and
wiite operation to any memory location, Thxsdmcehumomﬁpluhmaicpow«-dawnhnwwonuonadbyﬂhttplmahmmvc
pmmtresundbynwdemnmmpndeuhchd(CSquGH) Whan a portis enabled, access to the entire memory wrray is permitied.
Eachpoﬂhasanndapmdml()utpuiEnabh(OE)conlrdﬂnmmlnlhoraadmod.mdenlbhshoummvm

ARBITRATION LOGIC

1. Master busy function ( BE = L") —_—
The arbitration logic resolves an address maich or chip—enable match and delermines the access priority, In both cates, an active BUSY
flag is set for the port-in-waiting. Since both potts are asynchronous, there is the possibility of accessing the same memory location from
both sides. In the read mode, this condition Is not a problem. However, this is a problem when both ports are in the write mode with
different data words or when one poit is reading and the other is wriling. When both ports access the same memory location, the on-chip
arbitration lagic determines which port has access and the BUSY flag for the delayed port is tet active LOW and a¥ operations on that
port are inhibited. The delayed port can be accessed when the BUSY fag becomes inactive. Basic modes of abitration are described in
subsequent paregraphs. (refer 1o timing diagram of "contention cycie®.)
Access 1o delayed port is enabled as following, first set BUSY from °L” 10 *H" and then retain write mode (CS = WE = *L.*) during taw.
BUSY signal dose not affect the resd mode of delayed port normally. But in case that write operation is done from opposite port during
BUSY signal output, read data may change. So itis recommended 10 read output data atier t B0 passes from reset of BUSY signal.

CPUL ' GPUR
L ] . ]
1 A ROY
,—l'
BE
AR| 13
MBa441 ——
z H*
BR .
AR| 13 j
Mbg441
(Slaws ) .
IIOR} =
BUSYR

Fig. 2 - 16 Bit Dual Port Memory System Configuration
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2. Slave busy function ( BE = "H")

When the MB8441 s used with larger bit width than 8 bits, it is necossary % use more than two chips in paralell. In this case, each chip
may output BUSY signal to other ports. It will be a problem if both CPU get BUSY signal. But the slave busy function can solve this prob-
lem. By this function, only the master chip operates the master busy function and the other chip obays the master chip's BUSY signal.
ﬂ\kmmisoperatodbysem'B_E-'L'onmmasmcﬁpmdsmmBE-'H'onho slave chips. By way of axample, the compo-
sition of the 16 bit dual port mameory system is showen in fig, 2.

In this systom the master MB8441 with BE = "L" decides which port s first, and outputs the result to BUSY pin. This data is sent 10 the
CPU and slave MB8441, then the CPU incurs the "wait” condition,

o

interrupt function

The interrupt (INT) function provides communication between sysiems on both sides of the dual-port RAM. TNT is set 1o "L" when the
procassor on tha right port writes to address 1FFE (AO = "L" and A1-A12 ="H"). When the loR port acknowledges by reading address 1FFE,
INT is then reset 10 "H". In essence, address 1FFE serves as an 8-bit mailbox that transfers information from the right pott o the left port.
When INTR is sat "L*, the procassor on the left port wrilas 1o address 1FFF (AQ-A12="H"). When tha right port acknowledges by reading
address 1FFF INTR s then resetto "H". Hence, address 1FFF serves as a second 8-bit mailbox, transferring information from the left port

1o the right port.

ABSOLUTE MAXIMUM RATINGS

{ All voltages are referenced to GND.) _

Supply Vokage vee -05104+70 v
Input Voliage on any pin VIN ~05VCC+05 v
Output Voitage on any pin vVio -05wVCC+05 v
Output Current ouT +20 mA
Temperature under Bias TA ~1010 +85 °C
Storage Temperature TSTG —4010 + 125 °c
Power Distipation PD . 1.0 w
Nots ;

Permanent device damage may accur if the above Absolute Maximum Ratings are exceeded. Functional operation should
ba 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 davice reliability

RECOMMENDED OPERATING CONDITIONS

Supply Voltage vee 45 50 55 v
Supply Voltage GND — Y —_— v

Operating Temperature TA ] — +70 °c
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FUNCTION TABLE

1. BASIC FUNCTION ( AOLio A12L = A 0Hto A12 H)

Zi"'iji""'taﬂPonrnm Fﬁngon!m S SR R

CSL| WEL| OEL| CSmWER|OER| .. o o T e
H X X | x X X Left port standby Standby
L H H X X X Left pott output disable Active
L H L X X X Left port read Active
L L X X X X Laeft port write Active
X X X | H X X Right post standby Standby
X X X L H H FRight port output cisable Active
X | X X | L H L Right port read Active
X X X L L X Right port write Active

NOTES: X = Don't Care, L w Low, H = High
2. ARBITRATION FUNCTION (AO Lto A12L.=AORto A12R)

TSR} AORwARZR BOSPR |
LiL VBR H L Vaid L Leit operation permitted
L | ea H L L Right operation not permittad
Master L L Vakd ) L L VBL H Right operation permitted
L L VST L VST
w L ] w
L LST Match LST Match
Left operation parmittde
Slave H L X H L X L Right operation not permitied
X Right operation permitted
H L L L X H Left Son not ied

X = Don'tCare, L = Low, H-thVBH-VaidBcbn VBL = Vakd Before Laft, LER = Before Right, LB
VST = Vakd Sarme Tome. LST = Low Sarme Time o' it Low Befors Right, LBL = Low Batora Left
v In case that t APS (min.) Is not satisfied, the on-chip arbitration logic decides which port has mocess. And the busy flag

for the delayed portis set "L" and all operations on that pott a@ inhibited. But it is undéfined which port has access or

not. { Refer to tming diagram )
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DC CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted.)

Operating Supply Current :
( Both Port Active ) 1ce — — 120 mA Cycle = min. Duty = 100%, IOUT =0 mA
1SB1 -_— ] - 5 mA Both ports at Standby ; C5L & T3R =V IH
One portal S
1882 el 70 | mA ;C8Lor CSR=ViH, IOUT~0mA
Standby Supply Cumrent
1883 — - 0.2 mA Both ports at Full Standby ;
- CSLaTlR2veC-02V
BE2VCC~-0.2Vor BESGND + 0.2V
| SB4 - — 70 mA One port at Full Standby ;
T8LorTER2VCC ~0.2V, I OUT =« O mA
Input Loakage Current u -10 — 10 BA VIN=GNDtoVCC
Oulput Leakage Cument ILo 10| — 10 | pPA | TS«VIH, VOUT=GND O VCC
c
Input High Vottage VIH 22 | — [YS5*] v —
Input Low Voltage ViL 05 — | o8| v —
Output High Voltage VOH 24 | —~ | — | v | 10H--toma'?
DOUT —_ | — 04 v I1O0L= 32mA
Qutput Low Voltage BUSY voL
e —_—] - 04 v 1OL= 80 mA

*+{ -0.3V Min, for puise width less than 20 ns.

+2 The BUSY and INT pins require puil-up resistors because they are open—-drain outputs.

O CAPACITANCE (4-25%, (= 1 witz)

(VIO =0V)

input Capacitance w—— —
(VIN = OV) CIN . 10 pF
I/ O Capacitance cLo — 10 oF




MB8441-45
MB8441-55

AC CHARACTERISTICS

w noted. )

LR B b M b Typo b Max b M DB Typ. | Mex :
Address Access Time tAA —— — 4% — —— £3 ns
CS Acoass Time IACS | ~— e 45 - e 55 ns
OF Access Time tageg | — — 25 — sasm 30 ns
Output Hold Twne tOH 3 — ——— 3 w—— — ns
CS 1o Output Low-Z *1 1cL2 3 — — 3 — — ns
OF o Output Low-2*! toLz 3 ) — 3 — —_— ns
CS to Output High-2e1 ICHZ | wm | = 25 — — 25 ns
OF to Output High-2Z#1 1OHZ — —- 25 — — 30 ns
Power Up Time tPU 0 v—— i 0 —— — ns
Power Down Time tPp o— St 0 — o 40 ns

READ CYCLE TIMING DIAGRAMS (WE=VIH)
Read Cycle No. 1 ( Address controlled) (CS = OF =V I)
IRC
Address 7 1
tAA
- F—— tm-'
D OUT Previous Data Valid HK XX Data Valid
Read Cycle No. 2 (CS controlled) "2
t tRe =
G A | ¥
» tACS > 4= HZ —»]
R (b
= AR LTWT7TIIV7TT77
. 12 -m
pout High-2 XK Data Vaid N——
ooy 4~ LY -pJ‘ e tpp ':
VCC 1 e
VGG cumen 50% 50%

Legend : [N\ \] Undesined BCCX] Don'tcare

«1 ;Transition is maasured at the point of x 500 mV from a steady state voltage with CL = 5 pF.

+2: Address should be fixed befors high-to-low transfer of T5.
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WRITE CYCLE
( Recommended operating conditions uniess otherwlse noted. )

Write Cycle Tima twe 45 —_— — 7 55 e — ns
Address Valid to End of Write tAW 40 — — 50 — — ns
Chip Select 1o End of Write tCW 40 — — 50 - —_ ns
Address Setup Time tAS 0 = - 0 - — ns
Write Pulse Width twp 25 —_— —_ a5 — — ns
Write Recovery Time tWR 0 — — 0 — — ns
Data Setup Time 1DW 2 — — 25 — _ ns
Data Hold Time tOH 0 _— —_— 0 — — ns
WE to Output Low-Z *} tow 0 — — 0 — - ns
WE to Qutput High-2* twz 20 [ — — [ % — - ns
WRITE CYCLE TIMING DIAGRAMS
Write Cycle No. 1 (WE Controlled) «2+3 +4
- twe »l
Address b 4 Ek

& SNICETMNROR o < 2//1/)

o tAS —— o tWP 14 WR-D|
e YRy ¥
. High-2 ——— 1 OW———pte— 'DH—; High-2
DIN Data Valid
V4
L LLLLLLLLLTLLLLLULLL LR A LAY L S aiing V77777777,
12277722722777727777777227 QUEEKS

Legend : Undefined

«1: Transition Is measured at the point of £ 500 mV from a steady state voitage with CL = 5 pF.
«2 : WE must be high during addrass transition,

*3:1fOE and CS arein the READ Mode, U/C pins are in the output state so that the input signals of the opposite phase to the output
must not be applied,

+4 : If C8 goas high prior to, or coincidenty with, WE transition o high, the output remains in high impedance state.
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Write Cycle No.2 (CS Controlled) *1 2 2

tWe
Addeass Xﬁ ;
AW i
b 1w »
53 JK\‘:‘ 3
AS twp »le IWR-
W ANANNANG Y ST

t——— t DWW B —
High-2 ow tOH High-2
DIN r\ Data Vakd

e~ tLZ g tWZ

D OUT High-Z

Legend : [\\ \| Undefined

»1 : WE must be high during address ransiion.
+2 + 1 OF and CS are in the READ Mods, then VO pins are in the outpul state so that the input signals of opposite phase o the output
must not be applied.

«3 : 1 TS goes high priot o, or coincidently with, WE transition 10 high, the output remains in high impedance state.
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BUSY TIMING ( BE = "L" ; Master Function )
{ Recommended operating conditions unless otherwise noted. )

(38 Max
BUSY Accass Time from Address tBAA | — — 30 — o 30
BUSY Access Time from CS tBAC | — — 30 — _— 30 ns
BUSY Output High-Z from Addross tBDA | — o 30 — — 30 ns
BUSY Output High-Z from S tBDC | — — 30 h—— — 30 ns
Arbitration Priority Setup Time tAPS 5 — — 5 —_— — ns
Data Output Access Time from BU=S-\7 tBO — — 0 — — 0 ns
Write Hold Time from BUSY 1BW 25 — - as — p— n§

CONTENTION READ CYCLE TIMING DIAGRAMS ( WE = V IH ) { BE = V IL : Master Function )
Data Contention Cycle No. 1 (Address Controlled) (CS = OE = viL)"' *2

(m:: Iﬁ) {— Address L = Address R T
tAPj ‘

Addrass R

(Address L} Addrass L » Addrass R
-— tBAA—-I l‘— IBDA-—»

BUSY R !

(BUSYL) B A teo

Data R e e

(Data outpun L) ___Provious Data Vaid m
e-10H->1 :
= tAA >

Data Contentlon Cycle No.2 (CS Controlted) ! *2

s
(CSH) Address L = Address R
tAPS—)

&R N Address L = Address R 777777
AR t— lBAc—i Iq-:aoc >
(BUSYL) e, .
QER N\ K K777 777
{OEL) 1CHZ
t BO T T0oHZ,
) t oLz > —

Datacutput R Data vakd -
(Data output L) : ! AGE

toLz >

tACS >

Legend : [SSN] Undefined BXX] Don'tcare

=1 n case of dual access at the same memory location, the port that accesses the RAM first sets the BUSY flag high,
* 2: CS must be low belore, or coincide with, transition of address.
* 3 : Address is valid prior to, or coincidently with, high-10-Jow transition of TS,
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CONTENTION WRITE CYCLE TIMING DIAGRAMS { BE = V IL : Master Function)

Contention Write Cycle No.1 (WE Controlled) *1 *2+3°4

Addrass L= Address R

1

(5=

Addrass L = Address R

PR IBM_’I |~ taDA
X

t BW}a=

lAW—-—-—————l(-IWR-l

>

~»{UAS|g~ 14

Data Input R

NN

<

tWpP

ot

=t DW-d1e-t DH
Dala valid

(Data nput L)

o t WZ
Data Ouviput R
(Data Cutput L)

le-tow 77777

Contention Write Cycle No.2 (CS Controlled)

o] 22 234 5

csL
(CSR) Addrass L w Address R ,L
1APS

Sn N Address L = Adcress R )W??Z??ZZ
{CSL)

lt— t BAC - 180C
ST
{BUSYL) { BWe—b

« tcw >
- < t we >
fn  STNTRACTUNIUNINR A77717777

— tDW —>ig-— tDH—D

z:u'!'aptnf Data vakd )—
(cara input L) tcLz twz I _'IRCLZI:
Data cutput R ‘—.I’(‘“
(data output L) NLLLLILILA AL

Legend : Undafined

«1 : WE must be high during address iransition.

-2:Ht?E‘a;gpc;:EdiuehﬂnREADModa.thenUOpinsmhmoutpuuhw.mdlhoinpuuignaho!opposiumlselounoutputsmuﬂ
no

3 1 in case of dual access at the same memory location, the port that accesses the RAM first sets the BUSY Rag high,

«4 : CS rmust be low before, or coincide with, ransition of TS.
+5: 1 CS goes high prior to, ar coincidently with, WE transition fo high, the output remaing in high impedance.
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BUSY TIMING ( BE = "H” ; Slave Function )

( Recommended operating condlitions unless otherwise noted. )

Data Output Access Time rom BUSY tBO — — 0 —_ -_— 0 ns
Write Setup Time to aosy"! tws -10 -_— - -10 —_ - ns
Write Hoid Time from BUSY tWH 25 — —_— a5 — —_ ns

CONTENTION READ CYCLE TIMING DIAGRAMS (WE =V IH, BE = VIH : Slave Function )

Contention Read Cycle No.1 (Address controlled) (CE = OE = V IL )2

CSR
(csu

BUSYR

|
b

Contention Read Cycle No.2 (CS controlled) *2

e — X
(?%F:) \ y,
AR jt— tBO—:
b t OH
(mmﬂ Previous Data Valid EI(XXX XX XX XX X)l( Data Vafd

(8usy)

ﬂ t gOye~

tACS ™

Data Output R
(Data Output L)

XXXXXX

~»itCHZ
Data Vakd

Legend: Undeﬁnedm Don'tcare

*1: It takas 30 ns to cutput BUSY signal from the mastar side, and so, the tAS (address set up time) of the slave side must be 20 ns or

mare

«2: CS must ba low before, or coincide with, transition of address,
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CONTENTION WRITE CYCLE TIMING DIAGRAMS ( BE = V IH : Slave Function)

(WE controlied) *! "2 *3°4

Contention Write Cycle No.1
Address R T
{Address L)
tAS -» tWR

|

o
c
&
I
e

[
C
w
=<
—
-

2=
D

—}e
Ak

l;—mw--—-q- tDH
Data lnpwt R h Data Vaid

{Data Input L)

Contention Write Cycle No.2 (CS controlled) ! *2*3*4

t wp

Yor77777777

(WEL)

I;— 1 pW —-P1%= tDH
Data nput R Data Vaid

N

{Data Input L)

Legend : \\\| Undefined

+1 : WE must be high during address trangition,
+2 1 VO pins are in the output staw, 36 the input signals of opposite phase must not be applied.
3 : CS must be low bafore, or coincie with, transition of address.

+4 : During BUSY input is law, write operation can not be excuted even H WE is low.
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INTERRUPT TIMING
( Recommended operating conditions unless otherwise noted. )

tINS - - 45 — — 55 ns

“INT Set Time

iNT Reset Tine tINR 45 - —_— 55 ns

INTERRUPT CYCLE TIMING DIAGRAMS

(A“‘I " :E) . 1FFE (1FFF) T
tAS —> r— t

L) A

(mlﬁ) 1FFE (1FEF)
o
L 7 /7 /11T EE T VT L

OEL LAALLAAALLALARLLARALASARARAARRARARRRR R G
o <— tiNS L_ HINR
(INTR) _1

Legend :[\\\|] Undefined

EE
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Fig.3 — AC Test Conditions
+5v +5V

* input Pulse Levels 1 0waoV 1250 O 575 q
«Input Pulse Rise and Fall Times :tR=iFn5ms
«Timing Ralerence Leveis 15V vo BUSY

. .
o Output Loads J_ 1 T

(% 750 50pF

Nots : Includes jg and stray capacitanca
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DATA RETENTION CHARACTERISTICS

{ Recommended operating conditions unless otherwlise noted.)

Data Retention Supply Voltage VDR 20 55 v
. VCC=VDR=3V
Data Ratention Current - —
ention Supply Cur IDR - 0.02 mA | GsLaTSR2vCC~0aY,
BE 2 VCC = 0.2 V or BESGND +0.2V
Data Retention Setup Time tDRS 0 — ns
Oparation Recovery Time tR tRo —_ ns

DATA RETENTION TIMING
Data retention (CS contolled)

VCC
- 4.5V

tDRS g—— A
cs

2.2v 2.2v

POWER ON/RESET CHARACTERISTICS

{Recommended operating conditlons unless otherwise noted.)

Rising Time of Supply Voitage' 1 tVR 0.05 50 ms
Power Off Time tOFF 1 — s
POWER ON/RESET TIMING
vee 45V
02V
1OFF
tVR .
Note : Rise power slowly
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Nole; o

*1 : This is require<] 10 keep normal operation for the power on'reset circult which inftialize INT output to *H* automatically when
Vceis spplied. In order lo operate powsr-on-resal circuit normally, input condiions 1o set INT (refer to below) must not be
apphed during tVR period.  And whan input conditions are undefined during tva paried, INT may be seL. So itis necessary to
resat with a dummy read (refer 1o beiow).

< INTL set conditions > < TNTL reset conditions >

ght side addrass @ #FFE Leait side address : #1FFE
R N L : "Ltlevel
WER L level L T *H" lvel
L L leved

< TNTR set conditions > < INTRA resst conditions >
t%ﬂlide address : #1FFF ght side address : #1FFF
L :'Lt level DL ewedl
WEL DL level WER : H avel
OER T leved
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PACKAGE DIMENSIONS

64-LEAD PLASTIC FLAT PACKAGE
(Case No. ; FPT-64P-M06)

.132(3.35} MAX

{MOUNTING HEIGHT)
972+.016(24.70 £ 0.40) ————— e
787120. ) y
! (20,99 i } [STAND OFF HEIGHT)
6422+ .016
.736+.016 {16.3020.40)
O O 18.70+0.40}
551(14.00) .473 1('-.1; 2.00)
INDEX
pr |
LEAD No. G CEERLLAPEELA LS ]

006:£.002
.0394(1.00) ” 016+ .004 B ! i
{0.40£0.10) 0080200 & {0.1620.05)

TYP

r L}
1 1 ]
g | 4010 i} :
8" 1 —F(0.25} I !
Vo R |
" L, ! 012(0.30) i} \ !
Z[-00810.15) T _l 007(0.18) 11 - !
! MAX Y| 1
e 709(18.00) REF~———+1 ; i 0471.008 ,
| 0251063) |, (1.2020.20] |
e 878+.016(22.30:£0.40) i " WAX 1 EEERE
b e e e e mmmmd b e meaemm e d
Dimensions in
©1990 FUITSU LIMITED FG4D13S-2¢ inches (milimeters)

All Rights Reserved.

Circuit diagrams utilizing Fujitsu products are included as a means of Hlustrating typical semicon-
ductor applications. Complete Information sufficient for consiruction purposes is not necessarily
ﬂwhfonmﬁonemuhodhHsdowmnthasbeenwﬂdlydnd&eduﬂisbeﬁwodbbemi—
able, However, Fujitsu assumas no responsibility for inaccuracies.

The Information contained in this document does not convey any kicense under the copyrights,
patemﬁwtsorndemarksdaimdnndwnodbyFﬁuu.

Fuiuumsemﬁnﬁghlbd\angepmdudsorspedﬁcaﬁomwiﬂ\omm.

Nopano!ﬂitpubiuﬁonmybecopiedorraprodtmdhmytomorbyanymnm.orms-
ferred 1o any third party without prior written consent of Fujitsu.



