







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4-BY-4 REGISTER FILE WITH 3-STATE OUTPUTS

MITSUBISHI LSTTLs

M74LS670P

DESCRIPTION

The M74LS670P is a semiconductor integrated circuit
containing a 4 word x 4 bit register file circuit with 3-state
outputs.

FEATURES

® Since read address and write address are independent,
simultaneous writing and reading of data is possible.

® Provided with read enable input and output control
inputs

® Storage capacity can be easily expanded with the aid of

the enable input.
® AND-tie may be used (With 3-state output)
Wide operating temperature range (T, =-20 ~ +75°C)

APPLICATION
General purpose, for use in -industrial and consumer
equipment.

FUNCTIONAL DESCRIPTION

16 flip-flops are used as storage devices, and a discrete
enable input, address input, and output controlling input
are provided for reading and writing. Accordingly, during
writing, the contents of other words can be read, and
during reading, other words can be written, thereby
enhansing to high-speed operation. )

The 3-state output permits 128-output AND-tie even in the
worst condition. Expansion of up to 512 words is possible.
possible.

PIN CONFIGURATION (TOP VIEW)

WRITE
R R b1 ENABLE
A= LS a Ewpig] B INPUT
@ Q3 ocp—11] « OC ng%L
Q3+ 3 ] INPUT
Q2 E—on1oo—'10 — Qg
ano B ‘—E] — Qq

OUTPUTS

\J
01 — [ e vee
D
et b2 — [Z}—p2""po F"JE «— Dy DATA INPUT
D3 — [3]—{0s Wal—] < Wa ) yrire
ADDRESS
READ[ Re — [1—{Rs Wa[—{i3] « we | NPUTS
ADDRESS :
INPUTS

[ OQUTPUTS

Outline 16 P4

Writing Method

By designating a word using write address inputs W, and
Wg and applying data to the data inputs Do, D4, D5,
and Dg, writing into each bit is performed. For writing
the write enable input EW‘is held low {Writing will not
be performed if Eyy is high)

Readout Method

When a word is designated by read address inputs R
and Rpg, the contents of each bit appear in the outputs
Qp, Q1, Qz, and Q3. For reading the output control
input OC is held low. {(when OC is high, all the outputs
are in the high-impedance state).

OQUTPUTS

BLOCK DIAGRAM

OUTPUT CONTROL INPUT OC

READ ADDRESS INPUTS

D
+Dn
=D

;DJ

o
G}

D E D E_D J WORD 3
D m WOH'DZ
() ()
% b % p WORD 1
() [
b % p % b 'worp 0
L) ag=
- e
BIT 1 BIT 2 BIT3
— O —— - —®
D1 D2 D3, GND
DATA INPUTS N
@ 'MITSUBISHI
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MITSUBISHI LSTTLs

M74LS670P

4-BY-4 REGISTER FILE WITH 3-STATE OUTPUTS

FUNCTION TABLE (Note 1)

Writing Method Readout Method

_ Word Ra | Re | OC Qo Q1 Q2 Q3
Wa | Wa | Ew 0 1 2 3 X X H V4 z z z
X X H Q0 Qo Q0 Qo L L L WqBg WoB, WoB2 WoB3 .
L L v Q=D Qo Qo Qo H L | L W1Bg WiB, WiB2 W1B3
a L - Q0 0=D Qo Q0 L H | L W2Bp W28 W2B2 W2B3
L H L Qo Qe Q= Qo H H L W3Bg W3B, ~W3B; W3B3
H H L Q0 .. Qo Q0 Q=D Note 1: Q0 : The lével of Q before the indicated steady-state input conditions were

ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, )

established.

Q=D : The four selected internat latch outputé will assume the states applied
to the four external data inputs.

WxBy : The Yth bit of word X.

X irrelevant

Z . high-impedance

Symbol Parameter andiﬁons Limits Unit
Voo Supply voltage . —0.5~+7 v
Vi Input voltage —0.5~+15 v
Vo Output voltage Off-state —0.5~+5.5 \2
Topr Operating free-air ambient temperature range —20~+175 °C
Tstg Storage temperature range - 65~ + 150 c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C. unless otherwise noted)
Limits ‘
Symbol Parameter Unit
Min Typ Max
Vce Supply voltage 4.75 5 5.25 \%
1oH High-levei output current VoH=2.4V 0 —2.6 mA
VoL=0.4V 0 4 mA
loL Low-level output current -
VoL=0.5V (1] 8 mA
ELECTRICAL CHARACTERISTICS (Ta=—-20~ 470°C, unless otherwise noted)
’ Limits .

Symbol , Parameter Test t:onditions~ i Typw Vo Unit
ViR High-level input voltage 2 A\
Vi Low-level input voltage 0.8 Y
Vic Input clamp voitage Veoc=4.75V, lic=—18mA —1.5 .V

X V cc=4.75V, V|=0.8V
Vou High-level output voltage 2.4 3.1 \"
Vi=2V, loH=—2.6mA
=4, 75V loL=4mA .2 0.4 \%
VoL Low-level output voltage Veo oL=4m 0.25
] V=0.8V, V=2V loL=8mA 0.35 0.5 \%
lozH Off-state high-level output current Vee=5.25V, V|=2V, V|=2.7V 20 uA
lozL Off-state low-level output current Vee=5.25V ., V=2V, V|=0.4V —20 uA
Ew 40 '
[T Veo=5.25V, Vi=2.7V 60 uA
Other i
L™ High-level input current — r Input 20
Ew. 0.2
oc Vgco=5.25V, V|=10V 0.3 mA
Other input . 0.1
Ew ' —0.8
he Low-fevel input currént oc Vee=5.25V, V|=0.4V —1.2 mA
Other input —0.4

los Short-circuit output current (Note 2) Vog=5.25V, Vo=0V —30 —130 mA

icc Supply current Veoe=5.25V (Note 3} 30 50 mA

* 1 All typical values are at Ve =5V, Ta = 25°C.

Note 2: All measurements should be done guickly, and not more than one output s@ld be shorted at a time.
3: lcc is measured with Wp, Wg, Ra, Rp inputs grounded and Dy ~ D3, Ew, OC inputs at 4.5V,

2—A450
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M74LS670P

4-BY-4 REGISTER FILE WITH 3-STATE OUTPUTS

SWITCHING CHARACTERISTICS (vcc=5V. Ta=25"C. unless otherwise noted)

. " Limits
Symbol Parameter Test conditions Unit
. Min Typ Max
TpLH Low-to-high-level, high-to-low-level output propagation 1 40 ns
[ time, from input Ra. R to output Qo, Q1.0Q2.03 14 45 ns
t -to-high-| igh- -level i 1" 45 ns
PLH Iiow to h4gh- level, w to-low-level output propagation CL=15pF (Note 4) .
[ time, from input Ew to output Qg, Q1, Qz, Q3 : 16 50 ns
TpLH Low-to-high-level, high-to-low-level output propagation time, 9 45 ns
tpuL from input Dg, D1, D2, D3 tooutput Qo, Q1, Q2, Q3 14 40 ns
tpzn Output enable time to high-level R_=2kQ. C_= 15pF - (Note 4) 6 35 ns
tpzL Qutput enable time to low-level RL=2kQ, C_=15pF (Note 4) 10 40 ns
tpHz Output disable time from high-level RL=2kQ, C_= 5pF (Note4) 16 50 ns
tpLz Output disable time from low-leve! R_=2kQ., C_= 5pF (Noted) 7 35 ns
the 4: ‘Measurement circuit
INPUT Vee OUTPUT Vee
o}
T R % Symbol SW1 | Swz2
L
{SW 1 tpzH Open | Closed | {1) The pulse generator (PG) has the following
haracteristics:
E1-B b ¢
PG DUT I G R (] tpzL | Closed | Open PRR'= 1MHz, t, = 6ns, tf = 6ns, ty = 500ns,
5kQ tpLz Closed | Closed Ve =3Vpp. Zg =500
509 WY {2) All diodes are switching diodes (trr < 4ns)
j/;CL 7‘% SW2 tPHZ Closed | Closed | (3) ¢, includesprobe and jig capacitance.
T'MlNG REQU'REMENTS (Vee=5V, Ta=25C, unless otherwise noted )
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
tw(Ew) Write enable input E w pulse width 25 9 ns
tw(50) Output contro! input OC pulse width 25 .9 ns
tsu(o) Setup time Dg—~D3 to Ew 10 5 ns
tsuw) Setup time Wa, Wg to Ew 15 —2 ns
th (D) Hold time Dg~D3 to Ew 15 1 ns
Th(w) Hold time Wa, Wg to Ew 5 0 ns
tiatch Latch time for new date (Note 5) 25 -5 ns
Note 5: Latch time is the time allowed for the internal output of the latch to assume the state of new data. .
TIMING DIAGRAM (Reference level = 1.3V) Wa. We m( KT
tw(Ew) A
— : R ATTARIARAIAR
Do ~Ds3 .
Ew ‘ 1 tsu(p), th(p)
— Ew
Qo ~Q3
teHL = tsu(w) tiatoh
Ra, Rs
© ) f
e X 8
- lp z
—— Qo ~Q3 o5
- 5V
Qo ~Q3 tpzL ¥
S t T to.sy
PHL PLH Qo0 ~03 :
Note 6: The shaded areas indicate when the input is permitted to change for ——— T t
predictable output performance. ! PZH PHZ
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M74LS682P

8-BIT MAGNITUDE COMPARATOR

DESCRIPTION
The M74LS682P is a semiconductor integrated circuit con-
taining two 8-bit words comparator functions.

FEATURES

® Hysteresis at inputs (width = 400mV typical)

Internal 24kS2 pull-up resistors on the Q inputs

Active puli-up outputs ‘

Wide operating temperature range (Ty = 20 ~ +75°C)

APPLICATION
General purpose, for use in industrial and consumer equip-
ment.

FUNCTIONAL DESCRIPTION v
Two eight-bit binary or BCD words are applied at inputs
Po ~ P; and Qo ~ Q. The results as shown in Function
Table are expressed at outputs Op>qand Op_q.

Qo ~Q, have internal pull-up resistors (=24k§2), so that
misoperation due to noise is reduced on condition that
Qo ~Q, are open.

Beside the IC, there are eight-bit digital comparators
varying input/output formats. They are shown in the table.
The detailed information are shown in individual catalogue.

PIN CONFIGURATION (TOP VIEW)

OUTPUT Bp>o=— [1] [20] Veo
’ Op>0 R
Po— [2}-HPo  Op=op{19] —=0Op=q OUTPUT
Qo—> E—Oo 07——E a7 )
P1— Ej Py Pi17] <—P7
COMPA
RATOR ¢ Q1— [0 Qs{16] =—Qs
INPUTS :
Pz— [61P; Psf15] =—Ps | compa
” RATOR
— [} Qs\14] <—0s [ INPUTS
P3— %— P3 Ps_E ~—Pg
Q3— [9}Q3 Pa Qa4 42' «—Qa
GND T [0l T 1] <Py
Outline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

An example of the extention bits is shown in the appli-

cation.

Type Inputs Qutputs
designation | Q24kepullup | E |Op=g|Op>0 Format
M74L.S682P Yes No | Yes Yes Active pull-up
M741L.5683P Yes. No | Yes Yes Open collector .
M74LS684P No No | Yes Yes Active pull-up
M74LS685P No No | Yes Yes Open collector
M74LS688P No Yes| Yes No Active pull-up
M74LS689P No Yes | Yes No Open collector

BLOCK DIAGRAM
QUTPUTS
A
p=
Op=0
19 - \zo Vee
p
T
T
<
0 {r\ ﬁ % 6 0
1
D10OIOI0PIDIDIBI0:0.0:0:0.0.0:€ -—.GND
P7 Q7 PeQs Ps Qs Pa Qa P3 Q3 P2 Q2 P1 Q1 Po Qo
COMPARATOR INPUTS

MITSUBISHI
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M74LS682P

8-BIT MAGNITUDE COMPARATOR

FUNCTION TABLE

P, Q Op=0 Op>q
P=Q L H
P>Q H L
P<Q H H

ABSOLUTE MAXIMUM RATINGS (Ta=—20~ +75%C. unless otherwise noted )

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —-0.5~+7 \
Inputs P —0.5—~+15 \Y
Vi Input voltage
Inputs Q ~0.5~Vgc+0.5 v
Vo Output voltage High-level state —0.5~Vge v
Topr Operating free-air ambient temperature range —20~ +75 T
Tstg Storage temperature range —65~+150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%T, unless otherwise noted )
Limits
Symbol Parameter ~ Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \%
loH High-level output current | Vo =2.7V 0 —400 A
' VoL=0.4V 0 12 | mA
loL Low-level output current oL
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—-20~ + 75T, unless otherwise noted )
. Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 v
ViL Low-level input voltage 0.8 \Y
VT1+— V71— | Hysteresis width Voc=4.75V 0.4 \Y%
Vic Input clamp voltage Vece=4.75V, lic=—18mA —1.5 \
VoH High-level output voltage Vee=4.75V, vy =2V, V| =0.8V, lon=—400¢ A 2.7 \2
Voo=4.75V loL=12mA 0.25 0.4 v
VoL Low-level output voltage V| =2V
V) =0.8V {oL=24mA 0.35 0.5 \%
P, Q Vee=5.25V, V|=2.7V 20 rA
i High-level input current P Vee=5.25V, V=10V
0.1 mA
Q Vgee=5.25V, V|=5.5V
P —0.2 mA
I Low-level input current Voe=5.25V, V(=0.4V
Q - : —0.4 mA
los Short-circuit output current (Note 1) Voe=5.25V, Vo=0V —20 —100 mA
lce Supply current Voo =5.25V (Note 2) 42 70 mA
* : All typical values are at Vog =5V, T4 = 25°C. .
Note 1: All measurements should be done quickly, and not more than one output shoutd be shorted at a time.
2: Icgc is measured with all inputs at value of 4.5V.
ELECTRIC 2—453
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M74LS682P

8-BIT MAGNITUDE COMPARATOR

SWITCHING CHARACTERISTICS (Vec=5V, Ta=25T, unless otherwise Hoted)

Symbol P, T d Limits U
m meter . est conditions nit
v ara ' Min Typ Max
tPLH Low-to-high level, high-to-low level output 13 30
- P— ns
tPHL propagation time from inputs P to output Op-Q N 16 30
tPLH Low-to-high level, high-to-low level output . 12 30 ns
tPHL propagation time from inputs Q to output Op-q ' 17 30
- — CL=45pF (Note 3) -
tPLH Low-to-high fevef, high-to-fow fevel output All other input pins in low-state 24 30 ns
tPHL propagation time from inputs P to output Op>Q 21 30
tPLH . Low-to-high level, high-to-low level output 26 30
S . = ns
tPHL propagation time from inputs Q to output Opsq 27 30

Note 3: Measurement circuit

INPUT Vee QUTPUT

I

PG DUT

L.
L]

(1) The'pulse generator {PG) has the following characteristics:
PRR = 1MHz, t; = Bns, 1¢ = 6ns, tyy, = 500ns, Vp = 3Vp.p,
20 =508

(2) C includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

| —

Y
T\ [
hub

\——— tPLH tPHL | tPLH
___/[— _/ \__

tPLH tPHL tPLH tPHL

Op=q

-

tPHL

‘ ' MITSUBISHI
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M74LS682P

8-BIT MAGNITUDE COMPARATOR

APPLICATION EXAMPLE

Example of 15-bit comparator

Opxq
Op=q Op>q
1/4M 74L.SOOP
Op>q
Op=q Op>q Op=q Op>q
M74LS682P M74LS682P
Po Qo P1 Qi ----- P7 Q7 Pg Qo P1 Q1 ----- P7 Q7
Po Qo P1 Qs P7 Q7 J Pg Qg P1a Qig
MITSUBISHI
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'M74LS683P

8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

DESCRIPITON
The M74LS683P is a semiconductor integrated circuit con-
taining two 8-bit words comparator functions with open
collector outputs.

FEATURES

® Hysteresis at inputs {width = 400mV typical)
® |Internal 24k$2 pull-up resistors on the Q inputs

® Open collector outputs

® Wide operating temperature range (T3 = -20 ~ +75°C) -
APPLICATION

General purpose, for use in industrial and consumer equip-
ment.

FUNCTIONAL DESCRIPTION

Two eight-bit binary or BCD words are applied at inputs
Po~P; and Qy~Q,. The results as shown in Function
Table are expressed at outputs Op~ g and Op_g.

Qo ~ Q, have internal pull-up resistors (=24k2), so that
misoperation due to noise is reduced on condition that
Qo ~Q, are open.

Beside this IC, there are eight-bit digital comparators
varying input/output formats. They are shown in the
table. The detailed information are shown in individual
catalogue.

An example of the extention bits is shown in the appli-
cation of M74LS682P.

PIN CONFIGURATION (TOP VIEW)

OUTPUT Op>q=— [T ——=a* (20 Voo
[ Po— E—Poop5p°=o*E —=Op=q OUTPUT
Q— [3]4 0713 —ar )
Pi— [P, PrH7] <—P1
&%%%E Q— [ ogl-{16] <—Qe
e E B T e
@— [T}z Qs(14]  <—Qs [ INPUTS
P3— E—F’a PS—E‘ ~-—Ps
Q— [3}-0s3 Pa Q4f17] <—Qa
GND i8] T 11} ~—Ps
* 1 OPEN COLLECTOR OUTPUTS
Outline 20P4

8-BIT MAGNITUDE COMPARATORS ’TABLE

Type Inputs Outputs
designation Q 24k £ pull-up E |Op=0|0pP>0 Format
M74LS682P Yes No | Yes Yes Active pull-up
M74LS683P Yes No | Yes Yes Open collector
M74L.S684P No No | Yes Yes Active pull-up
M74LS685P No No | Yes Yes Open collector
M74L.S688P No Yes| Yes No Active pult-up
M74LS689P No Yes| Yes No Open collector

BLOCK DIAGRAM

QUTPUTS

—29) Vee

=

P7

W:O:0I0iEI00:0:0:160:0:0.0:0.¢
Q7 Ps Qg Ps Qs Pg Q4 P3 Q3 P2 Q2 Py Q1 Pg Qo

»4GND

COMPARATOR INPUTS

*  OPEN COLLECTOR OUTPUTS

4 MITSUBISHI
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M74LS683P

8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

FUNCTION TABLE

P, Q Op=q Op>a
P=Q L H
P>Q H

P<Q H

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C. uniess otherwise noted)

Symbol Parameter Conditions Limits Unit

Vee Supply voltage —0.5~+7 v
. Inputs P —0.5~+15 \"

Vi Input voltage
Inputs Q —0.5~Vgc+0.5 \
Vo Qutput voltage High-level state < —0.5~+7 v
Topr Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range —65~+150 T

RECOMMENDED OPERATING CONDITIONS (Ta=—20~ + 75T, unless otherwise noted)

Limits
Symboi Parameter Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \
loH High-level output current Vo=5.5V 0 100 #A
VoL=0.4V ] 12 mA
toL Low-level output current -
VoL=0.5vV 0 24 mA

ELECTRICAL CHARACTER|ST|CS (Ta= —20~ + 75T, unless otherwise noted )

) Limits
Symbol Parameter . Test conditions Unit
Min Typ * Max
VIH High-leve! input voltage 2 \%
Vi Low-level input voltage - 0.8 v
VTi—Vr_ | Hysteresis width Voo=4.75V 0.4 v
Vic Input clamp voltage Vecc=4.75V, lic=—18mA —-1.5 \"
loH High-level output current Voc=4.75V, V=2V, V;=0.8V,Vo=5.5V 100 pzA
Vee=4.75V loL=12mA 0.25 0.4 \
VoL Low-level output voltage V=2V -
Vi=0.8V {oL=24mA 0.35 0.5 Ve
P, Q Voe=5.25V, V|=2.7V 20 uA
lH High-level input current P Veoe=5.25V, V=10V
: 0.1 mA
Q Vgoe=5.25V, V|=5.5V
P —0.2 mA
he Low-level input current Vge=5.25V, V|=0.4V
Q . —0.4 mA
lce Supply current Vee=5.25V (Note 1) 42 70 mA

*: All typical values areat Vec =5V, Tg=25°C.
Note 1: I¢cc is measured with all inputs at value of 4.5V.

‘MITSUBISHI
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- 8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

SWITCHING CHARACTERlSTICS (Vco=5V, Ta=25T, unless otherwise noted )

- T " Limits Unit
est conditions ni
Symbol Parameter i v Max
tPLH Low-to-high level, high-to-low level output 23 45 ns
tPHL propagation time from inputs P'to output Op=() . 20" 30
tPLH Low-to-high fevel, high-to-low level output N 21 40 ns
1PHL propagation time from inputs Q to output Op=Q . 20 35
R_=667Q, Cp_=45pF (Note 2)
tPLH Low-to-high level, high-to-low level output All other input pins in low-state. 26 45 ns
tPHL propagation time from inputs P to output Op>q . 22 30
“tPLH Low-to-high level high-to-low level output 28 45 ns
tPHL propagation time from inputs Q to output Op>Q . 26 30

Note 2: Measurement circuit

INPUT Voo Voe OUTPUT
T AL
PG - DuT

L.
1]

(1) The pulse generator (PG} has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =
6ns, tyy =500ns,Vp = 3Vpp, Zy = 500

(2) €y includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

: N\

_/
_\\__ A 1
| / ~

tPHL tPLH tPHL ' tPLH

T _/ \_

tPLH tPHL tpLH tPHL

‘MITSUBISHI
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M74LS684P

8-BIT MAGNITUDE COMPARATOR

DESCRIPTION
The M741.S684P is a semiconductor integrated circuit con-
taining two 8-bit words comparator functions.

FEATURES

® Hysteresis at inputs (width = 400mV typical}

® Active pull-up outputs.

® Wide operating temperature range {T, = -20 ~ +75°C)

APPLICATION

General purpose, for use in industrial and consumer equip-

ment.

FUNCTIONAL DESCRIPTION
Two eight-bit binary or BCD words are applied at inputs
Po ~ P; and Qp ~ Q,. The results as shown in Function
Table are expressed at outputs Op~ q and Op=q.
Note that this IC, in comparison to M74LS682P, does
not have internal pull-up resistors on its inputs Qy ~ Q,.
Beside this IC, there are eight-bit digital comparators
varying input/output formats. They are shown in the table.
The detailed information are shown in individual catalogue.

PIN CONFIGURATION (TOP VIEW)

——

OUTPUT Op>q =— [Iﬁ Vee
Po— E— pﬁopgg=o pH1s] —Op—g OUTPUT
Q— [3}400  Qr}-{#] —or
P1— E— Py Py ~-1'_7_] —P7
(R:g"\rngé Q1— E— Q1 Qs —E ~—Qs
INPUTS Pz — E__ Py Pe _EI ~Pg CR?‘?OPAR
Q2:— [T Qs{—ia] <—Qs [ INPUTS
P3— [s}Ps Ps13] ~—Ps
Q— [5}03 p, Qapiz] <—Qa
GND 10 T——n] «—pPs
Outline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

An example of the extention bits is shown in the appli- Type Inputs Outputs
cation of M74LS682P. ' designation | g 24ka pullup | E |Op=0|0p>0 Format
M74LS682P Yes No | Yes Yes Active pull-up
M74LS683P Yes No| Yes | Yes | Open collector
M74LS684P No No | Yes Yes Active pull-up
M74LS685P No No{ Yes | Yes Open collector
M74LS688P No - Yes| Yes No Active pull-up
M74LS689P No Yes| Yes No Open collector
BLOCK DIAGRAM ouTeUTS
Op=0 Op>o0
! U#]
e gus
| <
| % z[:? ﬁ? = r: = é ﬁ
1

001000000 0000000%€ - - - R OLL:
P7 Q7 Pe Qs Ps Qs Pg Q4 P3 Q3 P2 Qz P1 Q1 Pg Qo
COMPARATOR INPUTS
MITSUBISHI
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| o | M74LS684P

EN Tt R ' 8-BIT MAGNITUDE COMPARATOR

FUNCTION TABLE

P, 0 | Oe=0 Op>0

P=0 L H

P>Q H L

P<Q H H \

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75¢. unlefs otherwise noted )

Symbol Parameter Conditions Limits Unit
Veo Supply voltage —0.5~+7 A\
Vi Input voltage —0.5~+15 A\
Vo Output voltage ' High-level state ) —0.5~Vce A
Topr Operating free-air ambient temperature range —20~+75 T
Tstg Storage temperature range - —65~ +150 T

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted )

Limits .
Symbol Parameter - Unit
Min Typ |- Max
Vce Supply voltage 4.75 5 5.25 \
1oH High-level output current [ Von=2.7V 0 —400 pA
VoL=0.4V 0 ' 12 | mA
loL . Low-ievel output current - .
VoL=0.5V 0 24 mA .

ELECTRICAL CHARACTERISTICS (Ta=—20~ 475, unless otherwise noted )

. Limits
Symbol Parameter Test conditions Unit
: g Min Typ * Max
ViH High-level input voltage ~ 2 \%
ViL Low-level input voltage 0.8 \
V1+—V71- | Hysteresis width Voc=4.75V 0.4 \%
Vic Input clamp voltage : Voc=4.75V, lic=—18mA —1.5 v
VoH High-level output voltage ’ Voo=4.75V, V=2V, V| =0.8V, lon=—400xA 2.7 v
Vee=4.75V - loL=12mA 6.25 0.4 \Y
VoL Low-level output voltage V| =2V
Vi =0.8V loL=24mA ) 0.35 0.5 \%
Veo=5.25V, Vi=2.7V 20 H#A
("] High-level input current
. Veoe=5.25V, V=10V 0.1 mA
LITH Low-level input current . Veec=5.25V, V,=0.4V s —0.2 mA
los Short-circuit output current (Note 1) Veoe=5.25V, Vo=0v —20 —100 mA
lcc Supply current Vge=5.25V (Note 2) 40 65 mA
% All typical values are at Vg = 5V, Ty = 25°C. ) . '
Note 1: All measurements should be done quickly, and not more than one output should be shorted at a time.
2: Icc is measured with all inputs at value of 4.5V,
SWITCHING CHARACTERISTICS (voc=5V, Ta=25%, unless otherwise noted )
: . Limits
Symbol Parameter Test conditions Unit
] Min Typ Max .
tPLH Low-to-high level, high-to-low level output : . 13 30
tPHL propagation time from inputs: P to output Op=q 16 30 ne
tPLH Low-to-high level, high-to-low level output - 12 30
teHL propagation time from inputs Q to output Op=q . ’ 17 30 ns
; — C=45pF (Note 3}
tPLH Low-to-high level, high-to-low level output All other input pins in low-state 24 %0
tPHL propagation time from inputs P to output Op>Qq . 21 - 30 ns
tPLH Low-to-high level, high-to-low level output 26 © 30
N . — ns
LPHL propagation time from inputs Q to output Op>Q : 27 -30
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M74LS684P

8-BIT MAGNITUDE COMPARATOR

Note 3: Measurement circuit

INPUT Voe OuUTPUT
PG T - DUT T

I
L]

(1} The pulse generator {PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, t5 =
6ns, tyy = 600ns, Vp = 3Vp.p, Z, = 5082

(2) Cy includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

R

Op=q ‘ ; ’
tPHL tPLH tPHL teLH
Op>q ?Z ]Z &g
tPLH tPHL tpLH tPHL
MITSUBISHI
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_8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

DESCRIPTION
The M74LS685P is a semiconductor integrated circuit con-
taining two B-bit words comparator functions with open
collector outputs.

FEATURES

® Hysteresis at inputs (width = 400mW typical)

® Open collector outputs )

® Wide operating temperature range (T, = =20 ~ +75°C)

APPLICATION
General purpose, for use in for industrial and consumer
equipment.

FUNCTIONAL DESCRIPTION
The eight-bit binary or BCD words are applied at inputs
Po ~ P, and Qp ~ Q. The results as shown in Function
Table are expressed at outputs Op>q and Op=q.
Note that this IC, in comparison to M74LS683P, does
"not have internal pull-up resistors on its inputs Qo ~ Q.
Beside this IC, there are eight-bit digital comparators
varying input/output formats. They are shown in the table.

PIN CONFIGURATION (TOP VIEW)

OUTPUT Op>q =— ™ * [20]) Vee
P Op>0 |[* R
o— [z}—Po Op-qp{1?] —Or=o OUTPUT
Qo— [3]H Q78] =07
Pi— [a}pP Pi17] =—P7
COMPA o ! ]
o i N —
IN
Pz— [61P; Pg|15] <—Ps | COMPA
RATOR
Q2 —> E—OZ Qs(14] =—Qs | INPUTS
P3— [8]—P; Ps(—13) ~—Ps
Qs— [}0s p, Q4[] <—Qa
GND [o] = (1] ~—Pa

* 1 OPEN COLLECTOR OUTPUTS
Outline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

The detailed information are shown in individual catalogue. ) Type Inputs Outpurs
. e s . . ignati _ = — o
An example of the extention bits is shown in the appli- esignation | Q24kepullup | E |Op=0|Op>0 Format
cation of M741.5682P. M74LS682P Yes No | Yes Yes Active pull-up
M74LS683P Yes No | Yes Yes Open collector
M74LS684P No No | Yes Yes Active pull-up
M74LS685P No No | Yes Yes Open collector
M74LS688P No Yes| Yes No Active'pull-up
M74LS689P No Yes | Yes No Open collector
BL
OCK DIAGRAM OUTPUTS
A
Op>o
)

29 Vee

J|

<
% o

P7 Q7 Pg Qg Ps Qs Pg Q4 P3 Q3 P2 Q2 Py

D QIOI0IEID0.0.10:0.0:0.0.:0,¢
Q1 Po

COMPARATOR INPUTS

- _ GND

* : OPEN COLLECTOR QUTPUT
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M74LS685P

8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

FUNCTION TABLE

P, Q Op=q Op>a
P=Q L H
P>Q H

P<Q H

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C. unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 v
Vi Input voltage ) —0.5~ +15 v
Vo QOutput voltage High-level state —0.5~+7 v
Topr Operating free-air ambient temperature range —20~+175 L)
Tstg Storage temperature range —65~ +150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~ +75%. uniess othervise noted)
Symbol P Limits U
ymbol atameter nit
Min Typ Max !
Vee Supply voltage 4.75 5 5.25 \
10H High-level output current | Vo=5.5V 0 100 HrA
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75%C, unless otherwise noted )
Symbol P t Test conditi Limits Uni
mbol arameter est conditions nit
v Min Typ * Max
ViH High-level input voltage 2 \Y
Vie Low-level input voltage 0.8 AV,
V1+—Vr1- Hysteresis width Veec=4.75V 0.4 \Y
Vic Input clanip voltage Vee=4.75V, liIc=—18mA —1.5 v
IoH High-level output current Voc=4.75V, V=2V, V| =0.8V, Vo=5.5V 100 #A
) Vee=4.75V loL=12mA 0.25 0.4 v
VoL Low-level output voltage V=2V
Vi=0.8V loL=24mA 0.35 0.5 \
Voc=5.25V, V|=2.7V 20 2A
(M High-level input current B
Vge=5.25V, V=10V 0.1 mA
(1T Low-level input current Vec=5.25V, V|=0.4Vv —0.2 mA
lec Supply current Vec=5.25V (Note 1) 40 65 mA
*: All typical values are at Veg = 5V, Ty= 25°C.
Note 1: Icc is measured with all inputs at value of 4.6V,
SWITCHING CHARACTERISTICS (vce=5v, Ta=25T, unless otherwise noted )
Limits
‘Symbol Parameter Test conditions — Unit
Min Typ Max
tPLH Low-to-high level, high-to-low level output 23 45
. . R ns
1PHL propagation time from ‘inputs P to output Op=q 20 35
tPLH Low-to-high level, high-to-low level output 21 45
tPHL propagation time from inputs Q to output Op=q 20 35 ne
- - - RL=667Q, CL=45pF (Note2)
tPLH Low-to-high level, high-to-low level output - All other input pins in low-state 26 45 ns
1PHL propagation time from inputs P to output Op>q 22 35
tPLH Low-to-high level, high-to-low level output 28 45
tPHL propagation time from inputs Q to output Op>Q 26 35 e
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8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

Note 2: Measurement circuit

INPUT Vce Vec OUTPUT

aiEmia

I

(1) The pulse generator (PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =
Bns, 1y = 500ns,Vp = 3Vp_p, Zo = 5002

(2) C includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

] N
T \

tPHL tPLH tPHL

|
m___//__ L \

tPLH tPHL tPLH tPHL

!PLH
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M74LS688P

8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT

DESCRIPTION

The M741L.S688P is a semiconductor integrated circuit con-
taining two 8-bit words comparator functions with enable
input.

FEATURES

® Hysteresis at inputs P and Q (width = 400mV typical)
Provided with enable input (E)

Active pull-up output

Wide operating temperature range (Tz = =20 ~ +75°C)

APPLICATION
General purpose, for use in industrial and consumer equip-
ment.

FUNCTIONAL DESCRIPTION

When enable input E is low, two eight-bit binary or BCD
words are applied at inputs Py ~ P, and Qp ~ Q. The
results as shown in Function Table are expressed at output
Op-=o. .

When E is high, Op=q is high in spite of Pp ~ P; and
Qo ~ 0.7. .

Beside this IC, there are eight-bit digital comparators
varing input/output formats. They are shown in the table.
The detailed information are shown in individual catalogue.

An example of the extention bits is shown in the appli-
cation.

PIN CONFIGURATION (TOP VIEW)

ENABLE  — 1%
INPUT E— E_YI:: EI Voe
Po— [z}-Po Op—qp{ie] —=Op=o OUTPUT
Qo— [3}qQo Q78] ~—Qy
Pi—s - P «—P
COMPA 1 Ce 7FE‘ ‘7
RATOR { Q1—> E—-o, Qsl{16] =—0s
INPUTS
Pz— [e}—P, Ps(—15] <—Ps | COMPA
RATOR
Q— [T} Qs (—{ia] <—Qs [ INPUTS
P3— E-— P3 PS—E ~—Ps
Q33— E—Og Pa OA—E‘ «—Qa
GND 10 = 1] <—Pa
Outline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

Type Inputs Outputs
designation Q 24k 2 pull-up E Op=0{0p>0 Format
M74LS682P Yes No | Yes Yes Active pull-up
M741_S683P Yes No | Yes Yes Open collector
M74LS684P No No | Yes Yes Active pull-up
M74L.S685P No No | Yes Yes Open collector
M74LS688P No Yes| Yes No Active pull-up
M74L.S689P No Yes| Yes No Open collector

BLOCK DIAGRAM

- 20) Vee

&

A
(0) GND.

E
ENABLE INPUT

—
COMPARATOR

INPUTS
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R o M74LS688P

: 8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT

FUNCTION TABLE hete 1)

P, Q E Op=q
P=Q L L
P>Q L H
P<Q L H
X H H

Note 1: X: Irrelevant

ABSOLUTE MAXIMUM RATINGS (Ta=—20~ +75, uniess otherwise noted)

Symbol Parameter Conditions Limits Unit
Vec | Supply voltage —0.5~+7 A\
Vi Input voltage ) —0.5~+15 \%
Vo Output voltage . High-level state —0.5~ Vce \Y
Topr 1 Operating free-air ambient temperature range —20~+75 T
Tstg Storage temperature range g —65~+150 c

RECOMMENDED OPE RAT'NG CONDlTloNS (Ta= —20~ +75°C, unless otherwise noted )

Symbol P ror . Limits 1y '
arame it
ymbo Min Typ Max l_m
Veo Supply voltage 4.75 5 5.25 \
loH High-level output current | Vo =2.7V 0 400 nA
VoL=0.4Vv 0 12 mA
loL Low-level output current

VoL=0.5V 0 24 mA

ELECTRICAL CHARACTER ISTICS (Ta=—20~ +75C, unless otherwise noted )

. . Limits
Symbol Parameter Test conditions Unit
: Min Typ * Max
ViH High-level input voltage 2 A\
ViL Low-level input vottage 0.8 A\
VT14+—VT1- | Hysteresis width Vee=4.75V 0.4 \%
Vic Input clamp voltage Vee=4.75V, lic=—18mA ' —1.5 \"
VoH High-level output voltage Veo=4.75V, V=2V, V=038V, lon=-400zA 2.7 v
: i Veo=4.75V loL=12mA 0.25 0.4 v
VoL Low-level output voltage V=2V - 7
Vi=0.8V loL=24mA 0.35 0.5 v
5 Vec=5.25V, V|=2.7V 20 “A
IH High-level input current
Vecc=5.25V, V=10V 0.1 mA
L Low-level input current Vec=5.25V, V|=0.4V —0.2 mA
los Short-circuit output current Vee=5.25V, Vo=0V . —20 —100 mA
lco Supply current Vec=5.25V (Note 2) 40 65 mA

*: All typical values are at Vo = 5V, Ty = 25°C.
Note 2: |I¢g is measured with all-other inputs at value of 4.5V,
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M74LS688P

8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT

SWITCHING CHARACTERISTICS (Vcc=5V, Ta=25T, unless otherwise noted )

. Limits

Symbol Parameter Test conditions i T Y Unit

. in ye lax

tPLH Low-to-high level, high-to-low level output 12 23
S X — ns

teHL . Propagation time from inputs P to output Op=Q 18 28

tPLH Low-to-high level, high-to-low level output 1 —450F 11 23
1pHL propagation time from inputs Q to output Op=Q L=45pF (Note3) 19 28 ne

Al other input pins in low-state

tPLH Low-to-high level, high-to-low level output . 10 18

LPHL propagation time from input E to output Op=q ‘ 16 20 ns

Note 3: Measurement circuit
INPUT Voo OUTPUT

(1) The pulse generator (PG) has the following
PG OuT characteristics: PRR = 1MHz, t, = 6ns, tf =

Bns, tyy = 500ns,Vp = 3Vp.p, Zy = 50Q
50Q ’L ;l: CL

(2} Cy includes probe and @ig capacitance.
TIMING DIAGRAM (Reference level = 1.3V)

- \

tPHL TPHL tPHL tPHL

.0 1

mj

Op=q

It

tPLH tPLH tPLH tPLH

APPLICATION EXAMPLE
Example of 16-bit comparator

) Op=a
Op=q Op=q
M74L.S688P M74LS688P
E Pg Qg Pr Q1 --- P7 Q7 E Pg Qo Pt Q1 --- P7 v
“L" Po Qo P1 Q1 ——- P7 Q7 J Ps Qg Pg Qg P15 Q15
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M74LS689P

8-BIT MAGNITUDE COMPARATOR WITH ENABI.E INPUT AND OPEN COI.I.EC'I'OR OUTPUT

DESCRIPTION

The M74LS689P is a semiconductor integrated circuit con-
taning two 8-bit words. comparator functions with enable
input and open collector output.

FEATURES

® Hysteresis at inputs P and Q (width = 400mV typical)
® Provided with enable input (E)

® Open collector output

® Operating temperature range {T, = =20 ~ +75°C)

APPLICATION
General purpose, for use in industrial and consumer equip-
ment.

FUNCTIONAL DESCRIPTION
When enable input E is low, two eight-bit binary or BCD
words are applied at inputs Py ~ P; and Q¢ ~ Q. The
results as shown in.Function Table are expressed at output
Op-o.

When E is high, Op=q is high in spite of Po ~ P, and Qp
~Q,.

ENABLE
INPUT

COMPA
RATOR
INPUTS

“PIN CONFIGURATION (TOP VIEW)

E— E—}—;j 20 Vee

Po— [2}{Po %p:oo"iw —0Op=q OUTPUT
00— é;oo 07(3] ~—07 )

Pi—s E—p,‘ P7—JE -—P;

Q— [s}HO Qs8] <—Qs

Pe—s EJPZ Ps JE ~—Pg | COMPA

IS WA =T

P3—> EJpa P54EI ~—Ps

Q33— EFQ3 Py 04——@ «—Qs

GND  [ig] = 1] <Py

* : OPEN COLLECTOR OUTPUT
Outline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

"Beside this IC, there are eight-bit digital comparators Type Ineuts Outputs
varing input/output formats. They are shown in the table. desioration | Q2akapuitup | E |Op=0|0p>0 Format
The detailed information are shown in individual catalogue. ~ |M74LS682P Yes No| Yes | Yes | Activepullup
An example of the extention bits is shown in the appli- |M74LS683P Yes No | Yes | Yes | Open collector
cation in M741.S688P. M74LS684P No No | Yes | Yes Active pull-up
' M74L.S685P No No | Yes | Yes Open collector
M74L.S688P No Yes| Yes No Active pull-up
M74LS689P No Yes|{ Yes No Open collector
BLOCK DIAGRAM S
Op—q OUTPUT
- - —(9) - - - J\ZPVGC
1
A
i
O, (9 enp

COMPARATOR INPUTS

ENABLE INPUT

* . OPEN COLLECTOR OUTPUT
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M74LS689P

8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT AND OPEN COLLECTOR OUTPUT

FUNCTION TABLE (Note ).

P, Q E Op=0
P=Q L L
P>Q L H
P<Q |° L H
X H H

Note 1: 'X: Irrelevant

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75T, uniess otherwise noted )

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —-0.5~+7 \"
Vi Input voltage —0.5—~+15 v
Vo Qutput voltage High-level state —0.5~ +'i v
Topr Operating free-air ambient temperature range —20~+75 <
Tstg Storage temperature range —65~ 4150 5o}
RECOMMENDED OPERATING CONDITIONS (Ta=—20~ +75%. unless otherwise noted)
: Limits
Symbol Parameter - Unit -
Min Typ Max
Vee Subply voltage 4.75 5 5.25 \
1oH High-level output current | Vg=5.5V 0 100 #A
=
oL Low-level output current VoL=0.4v 0 12 mA
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
VIH High-level input voltage 2 v
Vi Low-level input voltage 0.8 \
VT+—V71_ Hysteresis width Voc=4.75V 0.4 \Y
Vie Input clamp voltage Vec=4.75V, lic=—18mA ~—1.5 \Y
toH High-level output current Vec=4.75V, V| =2V, V|, =0.8V, Vo=5.5V 100 #A
Vee=4.75V loL=12mA 0.25 0.4 v
VoL Low-level output voltage V=2V
Vi=0.8V loL=24mA 0.35 0.5 \
) Voe=5.25V, Vi=2.7V 20 #A
Ly High-level input current -
Vee=5.25V, V=10V 0.1 mA
liL Low-level input current Vec=5.25V, Vi=0.4V —0.2 mA
lcc Supply current Voc=5.25V (Note 2) 40 65 mA
*: All typical values are at Vec =5V, Ty = 25°C.
Note 2: I¢c is measured with all inputs at value of 4.5V.
SWITCHING CHARACTERISTICS (Voc=5V, Ta=25T, unless otherwise noted )
Limits
Symbol Parameter Test conditions — Unit
b Min Typ Max
tPLH Low-to-high Ievel; high-to-low level output 23 40
UPHL propagation time from inputs P to output Op=q 21 35 ns
tPLH Low-to-high level, high-to-low level output 23 40
. propagati:n time fr:m inpz‘:: Qto out?y:t Op=Q RL=6670Q, CL=45F (Note3) 21 ns
tPHL P All other input pins in low-state. 35
tPLH Low-to-high level high-to-low level output 22 - 35
tPHL propagation time from input E to output Op=Q 20 30 ns
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M74LS689P

8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT AND.OPEN .GOLI.ECTOR OUTPUT

Note 3: Measurement circuit

INPUT Vee Veoc OUTPUT

oilEaid

- 50Q l ][; CL
(1) _The pulse generator {PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =

6ns, tyy = 500ns, Vp = 3Vp.p, Zy = 509
(2) CL includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

: \

" §

Op=gq ’
tPHL tPLH tPHL tPLH

)

o

]

Op=g ) N X
' tPLH tPHL tPLH tPHL
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN

Semiconductor Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan

Telex: 24532 MELCO J

Telephone: (03) 218-3473
(03) 218-3499

Facsimile:  (03) 214-5570

Overseas Marketing Manager
Kita-ltami Works

4-1, Mizuhara, 1tami-shi,
Hyogo-ken 664, Japan

Telex: 526408 KMELCO J
Telephone: (0727) 82-5131
Facsimile:  (0727) 72-2329

HONG KONG
Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 7907021

Facsimile:  (852) 123-4344

SINGAPORE

MELCO SALES SINGAPORE PTE. LTD.

230 Upper Bukit Timah Road
#03-01/15

Hock Soon Industrial Complex
Singapore 2158

Telex: RS 20845 MELCO
Telephone: 4695255
Facsimile: 4695347

TAIWAN

MELCO-TAIWAN CO., LTD.

1st fl., Chung-Ling Bldg.,

363, Sec. 2, Fu-Hsing S Road,

Taipei, R.O.C.

Telex: 25433 CHURYO
“MELCO-TAIWAN"

Telephone: (02) 735-3030
Facsimile:  (02) 735-6771
US.A.

NORTHWEST

Mitsubishi Electronics America, Inc.
1050 East Arques Avenue
Sunnyvale, CA 94086, U.S.A.

Telex: 172296 MELA SUVL
Twx: 910-339-9549
Telephone: (408) 730-5900
Facsimile:  (408) 730-4972
SOUTHWEST

Mitsubishi Electronics America, Inc.
991 Knox Street
Torrance, CA 90502, U.S.A.

Telex: 664787 MELA TRNC
Telephone: ({213) 515-3993
Facsimile:  (213) 324-6578

SOUTH CENTRAL

Mitsubishi Electronics America, Inc.
2105 Luna Road, Suite 320
Carrollton, TX 75006, U.S.A.

Telephone: (214) 484-1919
Facsimile:  (214) 243-0207
NORTHERN

Mitsubishi Electronics America, Inc.
15612 Highway 7 #243
Minnetonka, MN 55345, U.S.A.

Telex: 291115 MELA MTKA
Telephone: (612) 938-7779
Facsimile:  (612) 938-5125

NORTH CENTRAL

Mitsubishi Electronics America, Inc.
800 N. Bierman Circle

Mt. Prospect, IL 60056, U.S.A.

Telex: 270636 MESA CHIMPCT
Telephone: (312) 298-9223
Facsimile:  (312) 298-0567
NORTHEAST

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive
Woburn, MA 01801, U.S.A.

Telex: 951796 MELA WOBN
Twx: 710-348-1229
Telephone: (617) 938-1220
Facsimile:  (617) 938-1075

MID ATLANTIC

Mitsubishi Electronics America, Inc.
Two University Plaza

Hackensack, NJ 07601, U.S.A.

Telex: 132205 MELA HAKI
Twx: 710-991-0080
Telephone: (201) 488-1001
Facsimile:  (201) 488-0059

SOUTH ATLANTIC
Mitsubishi Electronics America, Inc.
6575 The Corners Parkway

Suite 100

Norcross, GA 30092, U.S.A.
Twx: 910-380-9555
Telephone: (404) 662-0813
Facsimile: - {404) 662-5208
SOUTHEAST

Mitsubishi Electronics America, Inc.
Town Executive Center

6100 Glades Road #210

Boca Raton, FL 33433, U.S.A.

Twx: 510-953-7608
Telephone: (305) 487-7747
Facsimile:  (305) 487-2046

WEST GERMANY

Mitsubishi Electric Europe GmbH
Headquarters:

Gothear Str. 6

4030 Ratingen 1, West Germany

Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile:  {02102) 486-115

Munich Office:
ArabellastraRe 31
8000 Miinchen 81, West Germany

Telex: 5214820
Telephone: {089) 919006-09
Facsimile:  (089) 9101399
FRANCE

Mitsubishi Electric Europe GmbH
65 Avenue de Colmar Tour Albert ler
F-92507 Rueil Malmaison Cedex,

France

Telex: 202267 (MELCAM F)
Telephone: (01) 7329234
Facsimile:  {01) 7080405
ITALY

Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Palazzo Cassiopea 1

20041 Agrate Brianza I-Milano

Telephone: {039) 636011
Facsimile:  (039) 6360120
SWEDEN

Mitsubishi Electric Europe GmbH
Lastbilsvagen 6B
5-19149 Sollentuna, Sweden

Telex: 10877 (meab S)
Telephone: (08) 960468
Facsimile:  (08) 966877
U.K.

Mitsubishi Electric (U.K.) Ltd.
Hertford Place, Denham Way,
Maple Cross, Rickmanworth, Herts,
WD3 2BJ, England, U.K.

Telex: 916756 MEUKG
Telephone: (923) 770000
Facsimile:  (923) 775282
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