





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MITSUBISHI LSTTLs

M74LS423P

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET

TIMING TERMINAL EQUIVALENT CIRCUIT
DIAGRAM '

RE/CE, CE Voe

1.7kZ 14.4k23.3k
nl
Ll
&
14¢
Re/Cg
- O)—
1.8k Ce
7 i

UNITS : @

FUNCTION TABLE Note 1)

Rp A B Q 9

L X X L H

X H X L H

X X L L H

H L 1 JL I

H 1) H JL T
Note 1 - Transition from low to high. (positive edge triggering)

1
| Transition from high to low. (negative edge triggering)
JL: Positive one-shot operation.
“LI . Negative one-shot operation.
X : lrrelevant

OPERATION DESCRIPTION

1. How to use the timing pins

As shown in Fig. 1, external resistor Ry and capacitor Cy
are connected to timing pins Rg/Cg and Cg. Connect the

positive to the Rg/Cg side and the negative to the Cg side

when using Cy with polarity. In this case, it is not necessary
to connect a switching diode required with the same type
of TTL IC. With malfunctions caused by noise, connect Cg
to the GND line (neighboring on pin 8) as shown by the
dotted line in Fig. 1. Vee

\
GND line

To pin Cg

To pin Re/Cg
Fig. 1 Connection of external resistor Rt and capacitor Cy
to timing pins Rg/Cg and Cg

2. Output pulse width t,,

The output pulse width t, is set by Rt and Ct

2-1. When CT is greater than 1000pF
tw=K +R7-Ct (ns) X(140.1)
Depending on the product, fluctuations of about +10%
may arise.

Refer to K-Cy characteristics indicated in TYPICAL
CHARACTERISTICS for value of K. (No change is
brought to K by value of Rt.)
Ry is measured in kilohms and C+ in picofarads
Depending on the product, fluctuations in the order of
3/-10%may occur.
R+ is measured in kilohms and C+ in picofarads

2-2. When CT is equal to or less than 1000pF
Refer to the output pulse width versus—C+, Ry given
in the typical characteristics.

3. Output pulse width control )

The output pulse width can be controlled in 3 ways by

using, or not using, the trigger signal and R signal.

3-1. Normal use
This is the normal method of use as a regular
monostable multivibrator such as that shown in Fig.
2(a) and the output pulse width t,, can be set as for
the formula and figure in section 2 above.

3-2. Extension of output pulse width with retrigger func-
tion
As shown in Fig. 2(b), the output pulse width can be
extended as desired by applying a trigger pulse before
the output pulse is completed. )

3-3. Shortening of the output pulse width with Rp signal
As shown in Fig. 2(c), the output pulse which has been
generated by the trigger signal can be terminated with
the Rp signal and it is possible to shorten its width as

required. _
B
Q tw
— ———————————————
(a) Normal use
|R 1
etrigger
B pulse |
tw+ ey
Increase with
Q tw retrigger pulse |-
(b) Extension of output pulse width with retrigger
B
Ro

Decrease with
Rp pulse

tw

(c) Shortening of output pulse width with Rp signal
Fig. 2 Output pulse width control
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M74LS423P

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET

4. Precautions with use 4-3. Connect an external capacitor of 0.01~0.1uF with
4-1. Apply the retrigger pulse after a wait of 0.22C+ (ns) good high-frequency characteristics between pins V¢
upon application of the trigger pulse. Ct is measured in and GND.
picofarads. The retrigger pulse during this period is 4-4. The output pulse is generated when the power is
ineffective. switched on.

4-2. In order to minimize the floating capacitance and to
safeguard against malfunction caused by noise, make
the R, and C; wiring as short as possible (less than
3cm) and avoid signal wires which may be conducive
to noise.

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

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~+7 \"
Vi Input voitage —0.5~+15 \Y
Vo Output voltage High-level stage —-0.5~ Vge \Y
Topr Operating free-air ambient temperature range —20~+75 ‘C
Tstg Storage temperature range —65~ +150 ‘c
R ECOMMENDED OPE RAT' NG CON DlTlONS (Ta=—20~ +75°C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage N 4.75 5 5.25 \
loH High-level output current VoH=2.7V 0 —400 uA
loL Low-level output current VoL=0.4V 0 4 mA
VoL=0.5V 0 8 mA
RT External timing resistance 5 260 kQ
Ct External timing capacitance None
Cr Rg/Cg pin wiring capacitance I l 50 l pF

ELECTRICAL CHARACTERISTICS (Ta=—20~+75T. unless otherwise noted)

. Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
Vin High-level input voltage 2 v
Vi Low-level input voltage ) 0.8 v
Vic Input clamp voltage Vee=4.75V. li1c=—18mA ' —-1.5 \
VoH High-level output voltage Veo=4.75V. Vi=0.8V 2.7 3.5 ’ v
V=2V, lop=—400uA
v Low-level output voltage Vcoc=4.75V loL= 4 mA 0.25 0.4 \
w-level outpu
oL e Vi=0.8V. Vi=2V [ Jo = 8mA 0.35 0.5 v
. ) Vgcc=5.25V, V|=2.7V 20 uA
1T} High-level input current
Vco=5.25V, V|=10V 0.1 mA
I Low-level input current Vec=5.25V, V|=0.4V —0.4 mA
los Short-circuit output current (Note 2) Vee=5.25V, Vo =0V —20 —100 mA
lco Supply current Voc=5.25V (Note 3) 12 20 mA

% : All typical values are at Ve =5V, T,=25°C.
Note 2: All measurements should be done quickly and not more than one output should be shorted at a time.
Note 3: Igc is measured with Re /Cg and Cg open, 4.5V applied to Rp, A and B and A set from OV momentarily to 4.5V.

MITSUBISHI
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M74LS423P

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET

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

Symbol Parameter Test conditions Limits Unit
Min Typ Max

teLH Low-to-high-level output propagation time, from input A to output Q 33 ns
tpLH Low-to-high-level output propagation time, from input B to output Q 44 ns
tPHL High-to-low-level output propagation time, from input A to output Q Cr= 0pF 45 ns
teHL High-to-low-level output propagation time, from input B to output Q Rr=5kQ . 56 ns
tPHL High-to-low-level output propagation time, from input Rp to output Q CL=15pF (Note4) 27 ns
tpLH Low-to-high-level output propagation time, from input Rp to output Q 45 ns

two (min) Minimum output pulse width, from inputs A . B to output Q 200 ns
two Output pulse width, frontinputs A . Bto qutput Q g:z :(;ZI:TDF(-NO::ZT 10ke 4 .5 Mus

Note 4: Measurement circuit INPUT Vee OUTPUT

v

(1) The pulse generator (PG) has the following characteristics:
PG ouT PRR=1MHz (100kHz with tyq measurement), t,=6ns, ti=6ns, ty 240ns, Vp=3Vpp, Zo=50Q2.
50Q 3 7L- lC (2) C_ includes probe and jig capacitance .

L

TIMING REQUIREMENTS (Vec=5V. Ta=25°C. unless otherwise noted)

L Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw®@) Trigger input A pulse width m n -
tw(s) Trigger input B pulse width 0 -
tw @o) Direct reset input pulse width Rp 0 ne

TIMING DIAGRAM (Reference level = 1.3V)

tw (&), tw () twes) tw(B)

A ‘- B 7L )(

Q Q
" [tPLH two, two(min) - tpw twos two(min)
————) v 1 T 1
. ; . — Aj/..__

tPHL tpHL

tw (75)

tPLH
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M74LS423P

DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET

TYPICAL CHARACTERISTICS
OUTPUT PULSE WIDTH VS Ct, RT

(CT=1000pF)
100000 o
G 1 o 5
T=160kQ[4, S
—~ Y|
© 10000 ©
- (6]
> = g
A >
5 e 2
et . <IB w
L == el Ay t o
@ = R =80 KQHH Sk
= 7 = o 2
2 El RT=40kQ | <=
[ Ll =
5 ol E LA FT=20k0]] Suw
= Rt =10kQ=H 2 S
= T e wa
° —Voc =5V Rr= S kG ™
o —25C 1111 .
1oL LI ”I [
1 10 00 000 10000

EXTERNAL CAPACITANCE Ct (pF)

Note 5: The error of the output pulse width in the above graph is within £20%.

OUTPUT PULSE WIDTH VARIATION VS

SUPPLY VOLTAGE

KVSCT
(CT>1000pF)
1.0
0.9 !
LI

0.8} [Vec=5V
0.7 Ta=25C

T tw=KCrR (tw : OUTPUT PULSE
0.6 ul {l WIDTH
0.5
0. 4PN

[y it

0.3
0.2
0.1

0

103 04 105 106 107

EXTERNAL CAPACITANCE Ct (pF)

OUTPUT PULSE WIDTH VARIATION VS
AMBIENT TEMPERATURE

~ 5 —— 5 8 T 1

x 2 Ta=25C X . Voo =5V _|

z RT =10k z RT =10kQ

2 3 Ct=1000pF ]| g 3 Ct =1000pF ]

< <

S 2 = 2

14 24

s 1 \\\ s 1

E o, = ™~

o a 0 —

w —1 w —1

] N 4 ™~

2 ¢ ~ > -2

= o3 5 -3

2 E

3 3

~ 54 7.5 5.5 6.5 X 25 50 75 100
SUPPLY VOLTAGE Vg (V) AMBIENT TEMPERATURE Ta (°C)
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M74LS490P

DUAL 4-BIT DECADE COUNTER

DESCRIPTION

The M74LS490P is a semiconductor integrated circuit
containing a dual circuit asynchronous decade counter with
direct reset input and direct 9-set input.

FEATURES

® Two integral circuits (the functional equivalent of LS90
and LS290) provide high mounting density capability

® Individual clock, direct clear, and set-to-9 inputs for
each decade counter

® High-speed counting (fmax = 35MHz typical)

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

APPLICATION
General purpose, for use in industrial and consumer
equipment

FUNCTIONAL DESCRIPTION v
This device functions to produce binary-coded decimal
output at Q, Qg, Q¢, and Qp in response to count pulse
input at clock input T. Counting occurs when T transits
from high to low-level. A high-level status at direct reset
input Rp or direct 9-set input Sp(g) initiates reset or a
setting to 9 respectively. When operated as a counter, Rp
and Sp (g)are set low-level.

PIN CONFIGURATION (TOP VIEW)

Vee

CLOCK =
INPUT 1T —*Ej
2
DIRECT RESET = CLOCK
oot 1Ro— [Zfre =15 <27 et
T

DIRECT

Aol
o4 —2Ro RESET INPUT

OUTPUT 1Qa« [3]H0a

DIRECT 1509y~ [} pocs| | @8] —2Qa ouTPUT
INPUT
10+ E—QB So (9 —E +—2Sp(9) 8}31%(:1—
INPUT

OUTPUTS {1QG +— Er Qc

100« [Heo

QE—E] —2Q8

Qc—1_’6] —2Q¢ [ OUTPUTS

| oof9] —200

GND 8

Outline 16P4

BLOCK DIAGRAM (Applicable to each circuits)

OUTPUTS

Qa

QB Qc

Rp

DIRECT
RESET
INPUT
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M74LS490P

DUAL 4-BIT DECADE COUNTER
Note 1
FUNCTION TABLE Note 1) Count Qa Qs Qc Qo
T Ro Sp(9) Qa Qs Qc Qo 0 L L L L
X H L L L L L 1 H L L L
X L H H L L H 2 L H L L
l L L Count 3 H H L L
4 L L H L
Note 1.‘ | Transi'tion from high to low 5 H L H L
(negative edge trigger)
X I Irrelevant 6 L H H L
7 H H H L
8 L L L H
9 H L L H
ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unless otherwise noted)
Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 \Y
: INPUT T —0.5~+5.5 \%
Vi Input voltage
INPUT Rp, Spg) —0.5~+15 Vv
Vo Output voltage High-level state —0.5~ Vge \
Topr Operating free-air ambient temperature range —20~+75 °C
Tstg Storage temperature range —65~ 4150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75°C, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Typ Max
Vce Supply voltage 4.75 5 5.25 \
loH High-level output current VoH=2.7V 0 —400 A
VoL=0.4V 0 4 mA
loL Low-level output current
VoL=0.5V 0 8 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~+75°C, 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 A\
Vic Input clamp voltage Vec=4.75V, lic=—18mA —1.5 \
i Veec=4.75V, V|=0.8V
VoH High-level output voltage 2.7 3.4 \"
V=2V, loy=—400 A
Vec=4.75V loL=4mA 0.25 0.4 \
VoL Low-level output voltage g
Vi=0.8V, V=2V loL=8mA 0.35 0.5 \
Rp, So(9) 20
— Vee=5.25V, V|=2.7V pA
. . T 100
Iy High-level input current
Rp, Sp(9) Vee=5.25V, V=10V 0.1 A
= m
T Vee=5.25V, V|=5.5V 0.2
) Rp, Sp (9) —0.4
e Low-level input current — Vec=5.25V, V|=0.4V mA
T —1.6
los Short-circuit output current (Note 2) Vce=5.25V, Vo=0V —20 —100 mA
loc Supply current Voo=>5.25V (Note 3) 15 2 mA

* I All typical values are at Vec = 5V, Ta = 25°C.
Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time.
3. lcc is measured with all outputs open, both Rp and Spg) inputs grounded following momentary connection to 4.56V; all other inputs grounded.

.4 MITSUBISHI
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M74LS490P

DUAL 4-BIT DECADE COUNTER

SWITCHING CHARACTERISTICS (Vce=5V, Ta=25C, unless otherwise noted )

. Limits
Symbol Parameter Test conditions v T " Unit
i . in yp ax

fmax Maximum clock frequency (from input T to output Qa) 25 35 MHz
teLn Low-to-high-level, high-to-low-level output propagation 8 20 " ns
tpHL time, from input T to output Qa 8 20 ns
teLH Low-to-high-level, high-to-low-level output propagation . 20 39 ns
tpHL time, from input T to outputs Qg, Qp 22 39 ns
tpLH - Low-to-high-level, high-to-low-level output propagation CL=15pF (Note4) ) 30 54 ns
tenL time, from input T to output Q¢ 30 54 ns

High-to-low-level output propagation time, from input
tenL 1 39 ns
Rp to outputs Qp, Qg, Qc, Qp . .

Low-to-high-level output propagation time, from input
thin . " 39 ns
Spyg) to outputs Qa, Qp

High-to-low-level output propagation time, from input
teuL . 12 36 ns
Sp(g) to outputs Qg, Q¢ ) N

Note 4. Measurement Circuit INPUT Vge OUTPUT
o} )

(1) The pulse generator (PG) has the following characteristics:
bDuT PRR = 1MHz, tr = 6ns, tf = 6ns, tyy = 500ns, Vp =3Vp.p, Zg = 509Q2.
(2) Cp includes probe and jig capacitance.
50Q CL
: 4 7

TIMING REQUIREMENTS (Vco=5V, Ta=25°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw (7) Clock input T pulse width 20 5 . ns
tw(rp) Direct reset Rp pulse width 20 4 ns
tw(sp) Direct 9-set Sp(g) pulse width . 20 4 ns
tr " | Clock pulse rise time 400 100 ns
tf Clock pulse fall time . 300 100 ns
trec (rp) | Ro recovery time to T 25 8 ns
trec (sp) | Solo) recovery timeto T 25 8 . ns
TIMING DIAGRAM (Reference level = 1.3V)
tw (T) tw(sp)
S
= S
. X » D(9) / \
trec (sp)
/ T
Qa. Q8. Qc. Q0 tonL T
Q8. Qc t
PHL

tw (Rp) tw(sp)

\ | So(9) / \

j trec (sp) ‘
-.':

. Qa, Qp \ '
Qa,Q8.Qc. QD

Ro

trec (Rp)

i

tPHL
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DESCRIPTION

The M74LS540P is a semiconductor integrated circuit
containing 1 block of buffer with 3-state inverted output
and common output control input for all 8 discrete circuits.

FEATURES

® Small input load factor (pnp input)
Hysteresis provided (= 400mV typical)

High breakdown input voltage (V;>5V)
Output control inputs provided (b’cf, (ﬁ)
High fan-out, 3-state output )
(loL =24mA, Igy =-15mA)

® Data flow-thru pin out

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

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

FUNCTIONAL DESCRIPTION

The use of pnp transistors in the input circuits has enabled
the achievement of small input load factor and input high
break-down voltage. With hysteresis characteristics, the
buffer has a 3-state inverted output with high noise margin.
When output control inputs OC, and OC, are low, a high-
level signal appears at output Y if input A is low and a low-
level signal appears if it is high.

All outputs are set to the high-impedance state regard-
less of the status of A when O—C1 and OC, are in any other
state.

The input and output pins are arranged for facilitated

OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (INVERTED)

OQUTPUT
CONTROL 0OGCj

INPUT
Ay
A2
A3
A4
INPUTS
As

Ag

PIN CONFIGURATION (TOP VIEW)

— |1

~[2]

[20]  Vee

-0

- v,

~E
N

- v.

—[¢]

W va
5] v

o

—~ [

- vs

-0

]~ ve

~ [
m

e

7 v

1] — Ys

o
c

=
5
(5]

r
=]
0
-~

19] +— 0C2 conTROL

OUTPUT
INPUT

OUTPUTS

FUNCTION TABLE (Note 1)

CC

L

r

I

X|IX[X|T[r|>»
r

H

@
I|IF|T|rjr|o
N

INININ| T <

Note 1: Z : high-impedance

X @ irrelevant

board layout (data flow-thru pin out).

CIRCUIT DIAGRAM (EACH BUFFER)

OUTPUTS

OUTPUT CONTROL INPUTS

Y
INPUTS
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ELECTRIC

2—385




MITSUBISHI LSTTLs

M74LSS40P

OCTAL BUFFER/LINE DRIVERS WITH 3-STATE OUTPUTS(INVERTED)

ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unles otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 \Y
Vi Input voltage —0.5~+15 \
Vo Output voltage Off-state —0.5~+5.5 %
Topr Operating free-air ambient temperature range ," —20—~+175 °C
Tstg Storage temperature range —65~ +150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C. unless therwise noted)
Limits 5
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5 5.25 \%
High Jevel VoH=2.4V 0 -3 mA
- t nt
loH igh-level output currel Von= 2V ) T A
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 24 mA
E LECTR'CAL CHARACTE R |ST| CS (Ta=—20~ +75°C. unless otherwise noted)
Limits 5
Symbol Parameter Test conditions - Unit
Min Typ * Max
ViH High-level input voltage 2 \"
ViL Low-level input voltage 0.8 \"
V1. —=VT1 .| Hysteresis Vcc=4.75V 0.2 0.4 , \"
Vic Input clamp voltage Vecc=4.75V, l)c=—18mA —1.5 \"
Voc=4.75 Vi =0.8V, loh=—3mA . .
Vor High-level output voltage cc v ! OH 2.4 3.4 v
V=2V V) =0.5V, o= —15mA 2 \Y
Voc=4.7 = . .
VoL Low-level output voltage co v foL = 12mA 0.25 0.4 d
V|=0.8V, V=2V loL=24mA 0.35 0.5 \
lozH Off-state high-level output current Vee=5.25V, V|=2V Vp=2.7V 20 A
lozL Off-state low-level output current Vee=5.25V, V=2V, Vp=0.4V —20 uA
™ High-level input current Vog=5.25V, Vi=2.7V 20 uA
Vgoc=5.25V, V=10V 0.1 mA
e Low-level input current Vcc=5.25V, V|=0.4V —-0.2 mA
los Short-circuit output current (Note 2) Veoc=5.25V, Vo=0V —40 —225 mA
locH Supply current, all outputs high Vge=5.25V, V=0V . 13 25 mA
lcoL Supply current, all outputs low Vee=5.25V, V=0V, V| =4.5V 24 45 mA
lccz Supply current, all outputs off Vee=5.25V, V|=4.5V 30 52 mA
* . All typical values are at Ve =5V, Ta = 25°C.
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
SWITCHING CHARACTERISTICS (Vcc=5V, Ta=25C, unless otherwise noted )
) ; Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tpLH Low-to-high-level, high-to-low-level output propagation | CL=45pF 15 ns
tpHL time, from input A to output Y (Note 3) 15 ns
tpzL Output enable time to low-level RL=667Q, C|_=45pF (Note3) 38 ns
tpzH Output enable time to high-level RL=667Q, CL=45pF (Note3) 25 ns
tpLz Output disable time from low-level RL=6672, CL= 5pF (Note3) 25 ns
tpHZ Output disable time from high-level RL=667Q CL=5pF (Note3) 18 ns
MITSUBISHI
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OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (INVERTED)

Note 3: Measurement circuit

INPUT Vee QUTPUT Vce
[o)
R Parameter| SW1| SW2 (1) The pulse generator (PG) has the following characteristics:
t PRR = 1MHz, t, = 6ns, tf = 6ns, ty = 500ns,
SWi tePzH Open | Closed Vp =3Vp.p, Zo = 5002
PG DUT 1’4 %}AV% ﬂ t Closed Open {2) All diodes are switching diodes (trr < 4ns)
5kQ J PzL (3) Cy includes probe and jig capacitance.
t Closed | Closed
50Q s Wy PLZ
J”"C'- ;ﬁ SwW2 tPHZ Closed | Closed
TIMING DIAGRAM (Reference level = 1.3V)
’ N
Y
L PHL| tPLH
oc 1
Y Aoy
trPzL tpLz
oc
0.5V
Y N
=t
MITSUBISHI
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M74LS541P

OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (NONINVERTED)

DESCRIPTION PIN CONFIGURATION (TOP VIEW)

The M74LS541P is a semiconductor integrated circuit
OUTPUT

containing 1 buffer block with 3-state non-inverted out- . CONTROL 0C7 — |1
A —[2]
Az —[3]
Az — [4]
As — [5]

puts and is provided with output control inputs which are INPUT

common to 8 circuits and which are independent.

FEATURES
® Small input load factor (pnp input)

\J

/

=
i

OQUTPUT
E + 0C2 CONTROL
INPUT

) - v
[ - ve
16] — 3

® Hysteresis provided (=400mV typical) INPUTS
® High breakdown input voltage (V, = 15V) As — [g] [15] — Ve
® OQutput control inputs provided (OC;, CO,) OUTPUTS
. Ag — E E — Y5
® High fan-out 3-state outputs
(lo = 24mA, loy = ~15mA) a7 — 2] 3] — ve
® Data flow-thru pin out As — 3] [12) — vy

® Wide operating temperature range (Ta=—20~+75°C)

APPLICATION

General purpose, for use in industrial and consumer

GND

m

RATARAR

v

Outline 20P4

equipment.

FUNCTION TABLE ot 1)

FUNCTIONAL DESCRIPTION A 0C, 0Cz Y
Since pnp transistors are used for the input circuits, the L L L L
input load factor is small and a input high breakdown H L L H
voltage is provided. The 3-state non-inverted output buffers i : : ;
have a high noise margin due to hysteresis. X H 0 7

When OC; or OC, is low, low appears in output Y if

input A is low, and high appears in Y if A is high. X @ irrelevant

All outputs are set to the high-impedance state when
‘OC, and OC, are in any other state.

The input and output pins are arranged for facilitated
board layout (data flow-thru pin out).

Note 1 Z : High-impedance

BLOCK DIAGRAM
OUTPUTS
/f A ~N
Y4 Y2 Y3 Ya Ys Ye
—_———— - 18— -—(17 16 15 ) - —14
|
‘—Zﬂk réjl [—Zﬂl "ﬁl réﬂl
O \
1 ¢ ¢ ¢
o/
DD - DD~ D——-
0C; 0C; A1 Az Az Ag As Ag
S — “ i
OUTPUT CONTROL INPUTS INPUTS
‘ MITSUBISHI

2—388 ELECTRIC




MITSUBISHI LSTTLs

M74LS541P

OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (NONINVERTED)

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

Symbol Parameter Conditions Limits » Unit
Vce Supply voltage —0.5~+7 \
Vi Input voltage —0.5~ +15
Vo QOutput voltage Off-state —0.5~ +5.5 \Y
Topr Operating free-air ambient temperature range —20~ +175 °C
Tstg Storage temperature range —65~ + 150 °c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75"C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
Veco Supply voltage 4.75 5 5.25 \"
. Von=2.4V 0 -3 mA
loH High-level output current
VoH= 2V 0 —15 mA
VoL=0.4V 0 12 mA
loL- Low-level output current
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~+75C, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
Vi1 High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \"
V1+—VT—| Hysteresis width Vec=4.75V 0.2 0.4 v
Vic Input clamp voltage Voc=4.75V N lic=—18mA —1.5 v
) Voc=4.75V | V; =0.8V, loy=—3mA 2.4 3.4 \
VoH High-level output voltage
V=2V Vi =0.5V, loy=—15mA \)
Vcc=4.75V . loL=12mA 0.25 0.4 \
VoL Low-level output voltage
V|i=0.8V, V=2V loL=24mA 0.35 0.5 \Y
lozH Off-state high-level output current Vge=5.25V, V=2V, Vp=2.7V 20 uA
lozL Off-state low-level output current Vcg=5.25V, V|=2V, Vo=0.4V —20 uA
. . Vcc=5.25V, V|=2.7V" - 20 uA
hH High-level input current
Vcec=5.25V, V=10V 0.1 mA
he Low-level input current Vee=5.25V, V|=0.4V —0.2 mA
los Short-circuit output current (Note 2) Vcc=5.25V, Vo=0V —40 —225 mA
lccH Supply current, all outputs high Vee=5.25V, V| =0V, V,=4.5V 18 32 mA
lcoL Supply current, all outputs low . Vee=5.25V, V=0V, V| =4.5V 30 52 mA
lccz Supply current, all outputs disabled Vce=5.25V, VI=0V, V|=4.5V 32 55 mA
* © All typical values are at Ve = 5V, T, = 25°C.
“Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
SWITCHING CHARACTERISTICS (Vco=5V, Ta=25°C. unless otherwise noted )
.
) Limits
Symbol Parameter Test conditions Unit
Min Typ Max
teLH Low-to-high-level, high-to-low-level output propagation CL=45pF 15 ns
tpHL time, from input A to output Y (Note 3) 18 ns
tpzL Output enable time to low-level RL=667Q, CL=45pF (Note3) 38 ns
tpzH Output enable time to high-level RL=667Q, CL=45pF (Note3) 32 ns
tpLz Output disable time from low-level RL=667Q, CL= 5pF (Note3) 29 ns
tpHz Output disable time from high-leve! RL=667Q CL=5pF (Note3) 18 ns
MITSUBISHI
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OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUT (NONINVERTED)

Note 3: Measurement circuit

INPUT Vee OUTPUT Vcc
o
T ’ AL Symbol | SW1 | SW2
(1) The pulse generator (PG) has the following
{SW 1 tezH Open | Closed characteristics:
& B MM - - - -
PG bouT I | AW 4B 4 tpzL Closed | Open PRR = 1MHz, t, = 6ns, t = 6ns, t,, = 500ns,
5kQ Vp =3Vep, Z, = 5002
500 A/ trLz Closed | Closed (2) Al diodes are switching diodes (tr.< 4ns)
. J’ ';'CL %swz torz Crosed | Closed (3) Cy includes probe and jig capacitance.
TIMING DIAGRAM (Reference level = 1.3V)
A 7L AY ¢ 3( f
v - 0.5V
Y
tPLH| tPHL . 1PHz
tPzH
ocC lt
Y
705y
trPzL tpLz
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8-BIT SHIFT REGISTER/LATCH WITH 3-STATE OUTPUT

MITSUBISHI LSTTLs

M74LSS95P

DESCRIPTION

The M74LS595P is a semiconductor integrated circuit con-
taining an 8-bit serial input/parallel output shift register
function with a 3-state output latch. '

FEATURES

® 8-bit serial in, parallel out shift register with latch

® Shift register has direct reset (RggT)

® |ndependent clock input pins (Tspr, TLaT)

® 3state,. high fan-out outputs (Qp ~ Q;) (loL = 24 mA,
IOH = —2.6mA)

® (Cascade output pin provided (Q,’)

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

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

FUNCTIONAL DESCRIPTION
The shift register bits are each composed of two flip-flops.
Separate clocks are used for shifting and latching.

The shift clock input Tsgt and latch clock input Ty a1
are independent, and the shift or latch operation is per-
formed when the respective pin changes from low to high,

Serial data input Dg is the data input of the first stage
shift register and when it is high and a pulse is applied to
TseT, the high signal enters the shift register in sequence.
When Ds is low and a pulse is applied to Tggt, the low
signal enters the shift register in sequence.

PIN CONFIGURATION (TOP VIEW)

J
Q1+ 1\_\ E Vece

Qz + [Z}Hez ¥ o} B~ 00 outeuT

QB*E—Qa Ds|—{14] « Ds  SERIAL DATA INPUT

out
Qs «—[4 ocph—{13] «— g OUTPUT CONTROL
PUTS —1Q4 :] 0C \eut

Qs + [51—Qs Tuar[{1Z] « TLaT LATCH CLOCK INPUT
Qs + [6}—Q& Tsrr[—1] += TsFr SHIFT CLOCK INPUT

RsFT| SHIFT REGISTER
Q7 7074, p—10] «— RSFT peser NpPUT

[———E] — Q7 CASCADE OUTPUT

Outline 16P4

When the pulse is applied to Ti_aT, the contents of the
shift register are stored in the latch register and appear at
Qu~Q;. Qy~Q; are 3-state outputs with buffers. Cascade
output Q,’ at which the output of the eighth shift register
appears is used for expanding the number of bits.

When Tser and TpaT are connected for use, the shift
register state with a 1 clock delay is output to Qy~Q;.

BLOCK DIAGRAM

OUTPUTS

r

Qo Q1 2

3 Q4 Qs Qs Q7 Vce

INPUT

Q
s 1
T
R

s m b TTT

/\
SERIAL
DATA s 1 S 1 S 1 S 1 s 1 s 1
» T T T T T 1
INPUT N ﬁ: r R0 heoflHn iy min
' CASCADE
| L J J Q7 qurput

{2}
RsFT  TsFr TLat GND
SHIFT SHIFT LATCH
REGISTER  CLOCK cLock
RESET INPUT INPUT
INPUT
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8-BIT SHIFT REGISTER/LATCH WITH 3-STATE OUTPUT

When a high signal is applied to output control input OC,
Qy~Q; are put in a high-impedance state but Q' does not
change. OC status changes have no effect on the shift opera-
tion. ’

When shift register reset input Rgg is set low, the shift
register and Q,’ are reset. In order to reset Qo~Q7, the
state of T_at must be changed from low to high after the
shift register has been reset by Rgr.

FUNCTION TABLE (Note )

Input 3-state output Cascade
Qperating mode — Q
RsFT | TsFT | TuaT | Ds oc Qo Q1 Q2 Q3 Qs Qs Qs Q7 | outputQy
A Shift t; L X X X L] @ | Q% | Q2 | Q3" | @ | 0 | Q6 | o L
eset
Latch tp X X ) X L L L L L L L L L L
Shift t; H ) X H Lo o | 0 | ° | 0 | @ | 0% | @ | @ a¢’
Shift/latch | Latchtz H X t X L H ao? q/° a2’ a3° as® as? ag® qg0
operation | shift ty H t X L L] @ | @° | Q2 | 0 | Qf | Qs° | Q¢ | 0 ag’
Latch tp H X 1 X L L qe° q+° q2° a3° qq° qs® ag® ag®
3-state X X X X H z z z z z z z z a7
Note 1, 1 : transition from low to high level (positive edged trigger) )
QO : level of Q before the indicated steady-state input conditions were established
X lrrelevant
q0 : contents of shift register before TggT is applied
q : shift register contents
t1, t2:- tpissetafter ty has been set
Z : high-impedance state
ABSOLUTE MAXIMUM RATINGS (Ta=—20~ +75°C. unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Vce Supply voltage —0.5~+7 \Y
\7 Input voltage —0.5~+15 \%

Qo~Q7 High-level state —0.5~+5.5 Y
Vo Output voltage -

Q7 Off.state —0.5~V¢ce \%
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 Vv
: o High-level output Qo~Q7 VoH=2.4V 0 —2.6 mA
H ;
current Q7 Vou=22.7V 0 —400 LA
VoL=0.4V 0 12 mA
‘Qo~Q7
( Low-level output VoL=0.5V 0 24 mA
oL
current a7 Vo_=0.4V 0 4 mA
7
VoL=0.5V 0 8 mA
)
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M74LS595P

8-BIT SHIFT REGISTER/LATCH WITH 3-STATE OUTPUT

ELECTRICAL CHARACTERISTICS (Ta=—20~+75°C, unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
Min Typ* | Max
ViH High-level input voltage 2 \
ViL Low-level input voltage \ 0.8 \%
Vic Input clamp voltage Vge=4.75V, l)c=—18mA —1.5 \
~ Vgg=4.7 lop=—2.6mA 2.4 A
VoH High-level output voltage Qo~0r ¢ sv OH 6m 3 v
Q7 Vi=0.8V, V|=2V lon=—400pA| 2.7 3.4 "
loL=12mA 0.25 0.4 Vv
Qo~Q7 Vee=4.75V
loL=24mA 0.35 0.5 Vv
VoL Low-level output voltage V|=0.8V
, loL=4mA 0.25 0.4 Vv
Q7 Vi=2V
loL=8mA 0.35 0.5 Vv
lozH Off-state high-level output current Qo~0Q7 Vee=5.25V, V|=0.8V, V|=2V, Vo=2.7V ) 20 LA
lozL Off-state low-level output current Qo—~Q7 Vee=5.25V, V|=0.8V, V|=2V, Vg=0.4V ) —20 uA
Vi=2.7V 20 uA
lin High-level input current Vec=5.25V
V=10V 0.1 mA
. Ds —0.4 mA
e Low-level input current Veoc=5.25V, V|=0.4V
Input except Ds —0.2 mA
Qo—Q7 —30 —130 mA
los Short-circuit output current (Note 2) . Vce=5.25V, Vo=0V
Q7 —20 —100 mA
leeH High-level supply current Vee=5.25V, V|=0V, V|=4.5V ‘ 29 50 mA
lccL Low-level supply current Vgg=5.25V, V=0V, V|=4.5V 39 65 mA
lcez Off-state supply current Vgc=5.25V, V=0V, V|=4.5V M 65 mA
* : All typical values are at Vgc =5V, Ta= 25°C.
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
SWITCHING CHARACTERISTICS (Vcc=5V. Ta=25C. unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
fmax Maximum repeat frequency 20 25 MHz
teLn Low-to-high, high-to-low output propagation time, from 1 18
ns
tPHL input TgrT to output Q'7 16 25
CL=15pF (Note3)
High-to-low output propagation time from input Rgg1
tpHL 19 35 ns
to output Q'y
t Low-(o-r;i h, high-to-low output propagation time, from 12 18
PLH ) on. g CL=45pF (Note3) ns
tPHL input T|_aT to outputs Qg ~ Q7 22 35
tpzH Output enable time to high level 16 30 ns
RL=667 Q, C_=45pF (Note3)
tpzL Output enable time to low level . 20 38 ns
tpHz Output disable time to high level 22 30 ns
R_L=667 Q, C_=5pF (Note3)
tpLz Output disable time to low level 17 38 ns

Note 3. Measurement circuit

INPUT. Vog  OUTPUT Vge
7
' (1) The pulse generator (PG) has the following
A Parameter| SW1 Swe characteristics: PRR = 1MHz, t, = 6ns, t = 6ns,
?/SW 1 tpzH Open | Closed t = 500ns, Vp = 3Vp_p, Z, = 50 ohms.
4 (2)  All diodes are switching diodes (t;, < 4ns).
PG put N tezL Closed Open (3) Cy includes probe and jig capacitance.
ASAKQ tpLz | Closed | Closed
500 w J) t Cl Closed
-0 % Sw2 PHZ losed lose
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M74LSS95P

8-BIT SHIFT REGISTER/LATCH WITH 3-STATE OUTPUT

TIMING REQUIREMENTS (Voc=5V. Ta=25C, unless otherwise noted)

Limits .
Symbol Parameter Test conditions i Tvo Vax Unit
in
tw (Tspr) | Shiftclock input pulse width 25 22 ns
tw (Toar) | Latch clock input pulse width 20 12 ns
tw(mgsy) | Shift register reset pulse width 20 10 ns
tsu(ps) Setup time D to TgeT 20 12 ns
th (Ds) Hold time Ds to TgeT 2 -1 ns
trec(RsT) Recovery time RgeT to TseT. 20 12 ns
tsu (Tgrr)| Setuptime Tspr to TraT 40 12 ns
TIMING DIAGRAMS (Reference level = 1.3V)
tsu (ps) t
h (Ds), tw (Rsrr)
Ds ) XE AsrT \ /
th(ps) \ / ; 7
trec (RsF7)
tsu (Ds) [__\ tW(TSFT) [———— {
TsFr Jtw (reem) TsFr ]y
tsu (Tser) tsu(Tser)
TLar TLAT
7 tw(Tiar) \ 7
tw(TLaT)
teLH —_—
Qo~0Q7 Qo~Q7
tpHL
teLH I—
Qo tpHL Q7
teHL
oc
it 0.5V
tezn N t PHZ :
[
Qo~Q7
oc
DY S t .
t LN PLZ
PZL
0.5V
Qo~Q7
AR
LR
P
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8-BIT SHIFT REGISTER/LATCH WITH OPEN COLLECTOR OUTPUT

MITSUBISHI LSTTLs

M74LSS96P

DESCRIPTION

The M74LS596P is a semiconductor integrated circuit
containing an 8-bit serial input/parallel output shift register
function with an open collector output latch.

FEATURES

® 8-bit serial in parallel out shift register with latch.

® Shift register has direct reset (RsFT)

o Independent clock input pins (Tsgt, TLAT)

o Open-collector, high fan-out outputs (Qy~Q;) (I,=
24mA)

Cascade output pin provided (Q';)

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

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

FUNCTIONAL DESCRIPTION
The shift register bits are each composed of two flip-flops
Separate clocks are used for shifting and latching.

The shift clock input Tsgt and latch clock input Ty ot
are independent, and the shift or latch operation is
performed when the respective pin changes from low to
high.

Serial data input Dy is the data input of the first stage
shift register and when it is high and the pulse is applied to
TsFT, the high signal enters the shift register in sequence.
When Dg is low and a pulse is applied to Tggy, the low
signal enters a shift register in sequence.

PIN CONFIGURATION (TOP VIEW)

veft—, @ Ve

Qz — [Z}X 0z %o {E] = 00 outeuT

03 303 Ds[—{8] < Ds SsERIAL DATA INPUT
FC‘)LEJ_I:I'S o —[[Ho: o] — 5 (I),\IIJJL};’_:_JT ENABLE

Qs « [ 0s Tiar[1Z « TLaT LATCH CLOCK INPUT

Qs « [610s Tsrr{—]11] = TsFT SHIFT CLOCK INPUT

7« [T*Mor o "bfiE] — FerT neser oy

GND 8 L[5 Q7 CASCADE OUTPUT

% : OPEN COLLECTOR
OUTPUTS

Outline 16P4

When a pulse is applied to Ty o1, the contents of the
shift register are stored in the latch register and appear at

'Qp~Q;. Qy~Q; are open collector outputs with buffers.

Cascade output Q;’ at which the output of the eighth
shift register appears is used for expanding the number of
bits.

When Tget and T a1 are connected for use, the shift
register state with a 1 clock delay is output to Qp~Q;.

When shift register reset input Rgprr is set low, the shift

BLOCK DIAGRAM

QOUTPUTS

A

INPUT

SERIAL
pATA Ds (19)
INPUT

Sﬁlﬁﬂéso&gﬂi%‘@_ *?7 {‘?_ _@—%‘%

y CASCADE
T ouTeuT

RsFT TsFT TLaT GND
SHIFT REGISTER  SHIFT LATCH
RESET INPUT CLOCK INPUT CLOCK INPUT
% : OPEN COLLECTOR
OUTPUTS
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8-BIT SHIFT REGISTER/LATCH WITH OPEN COLLECTOR OUTPUT

register and Q’'; are reset. In order to reset Qp~Q5, the
state of T o+ must be changed from low to high after the

shift register has been reset by Rggr.

FUNCTION TABLE ote 1)

changes have no effect on the shift operation.

When a high signal is applied to output enable input Eo.
Q,~Q, are set high but Q,’ does not change. E, status

Input Open collector output Cascade
Operating mode — — - ,
RsF7 | TsFr | Teat | Ds Eo Qo Q1 Q2 Q3 Q4 Qs Qs Q7 | outputQ’y
Shift t; L X X L Q0 | Q% | Q20 | @3 | Qa® | Q% | Q¢ | 0 L
Reset
Latch tp - X X 1 X L L L L L L L L L L
shift t H 1 X | H Lo oo® [ 0 | @ | 0 | 0 | 0 | Q° | of a6’
"Shift/latch | Latchtz H X i X L H a® | a1 q2° q3° aq° qs® | ag® qg”
operation | shift 1 H t ol x o u e [0 | e | @ | Qf | o | o | 0 | ae
Latch t2 H X 1 X L L a® | ai® | a2 | a3® | a | as® | ae® a%
Output disable X X X X H H H H H H H H q,
Note. T : transition from low to high level (positive edged trigger)
QO: level of Q before the indicated steady-state input conditions were established
X 1 irrelevant
q0: contents of shift register before TgeT is applied
q : shift register contents
ty, t2 ¢ tpissetafter ty has been set
ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75T, unless otherwise noted )
Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 V.
A\ Input voltage —0.5~+15 \%
Qo~Q —0.5~+7 v
Vo Output voltage High-level state
; 07 —0.5~Vce \
Topr Operating free-air ambient temperature range —20~+75 °C
Tstg 1| . Storage temperature range . —65~+150 °C

RECOMMENDED OPERATING CONDITIONS (Ta — 20~ +75%. uniss otheruise noted)

Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \
Io High-level output Qo~Q7 Vo=5.5V 0 100 HA
H B
current Q7' VoH=2.7V 0 —400 uA
i VoL=0.4V 0 12 mA
Qo~Q7
Low-level output VoL=0.5V 0 24 mA
lou current
' rren o7 VoL=0.4V 0 4 mA
7
VoL=0.5V 0 8 mA
MITSUBISH!
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ELECTRICAL CHARACTERISTICS (Ta=—20~ +75°C, unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ViH High-level input voltage 2 \
Vie Low-level input voltage 0.8 v
Vic Input clamp voltage Veec=4.75V, ljc=—18mA —-1.5 \Y
Vec=4.75V, V|=0.8V
igh-level output volt 1 ’ ' 2.7 .
VoH ' High-level output voltage Q7 Vim 2V, o= — 400 uA 3.4 \
. ' Vcc=4.75V, V|=0.8V
] High-level output voltage —~ ’ ’ 100 A
OH g Qo—Q7 Vie 2V, Vo=5.5V KA
loL=12mA 0.25 0.4 \
Qo—~Q7 Vec=4.75V
loL=24mA 0.35 0.5 Vv
VoL Low-level output voltage Vi=0.8V
loL=4mA 0.25 0.4 \
Q7 Vi=2V
loL=8mA 0.35 0.5 \
| Vi=2.7V 20 uA
H High-level input current -
s Voo=5.25V Vi=10V 0.1 mA
Ds —0.4 mA
IR Low-level input current Veo=5.25V, V|=0.4V
K Input except Ds —0.2 mA
los Short-circuit output current (Note 2) Q7 Vee=5.25V, Vo=0V —20 —100 mA
lcon High-level supply current Vee=5.25V, V=0V, V|=4.5V mA
lcoL Lowe-level supply current Vcc=5.25V, V|=0V, V|=4,5V mA
lcez Off-state supply current Vce=5.25V, V|=0V, V|=4.5V mA
* ! Allvalues areat Vogc=5V, Ta=25C
Note 2: All measurements should be done quickly and not more than one output should be shorted at a‘time.
SWITCHING CHARACTERISTICS (Vco=5V. Ta=25C. unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
fmax Maximum repeat frequency from input TggT to output Q' 20 25 MHz
teLH Low-to-high, high-to-low output propagation time, from 16 21 .
ns
tPHL input TggT to output Q'y RL=2kQ, CL=15pF (Note3) 12 30
High-to-low output propagation time
tPHL R i 19 35 ns
from input RgrT to output Q7
tpLH Low-to-high, high-to-low output propagation time, from 24 42
ns
tPHL input T AT to outputs Qg — Qy : 23 35
RL=667 Q , CL=45pF (Note3)
tpLH Low-to-high, high-to-low output propagation time, from 30 60
— ns
tpPHL input Eg to output Qg — Qg 12 38
Note 3. Measurement circuit
INPUT Vee Vge OUTPUT
T RL
PG but (1) The pulse generator (PG) has the following characteristics:
PRR = 1IMHz, t, 6ns, t = 6ns, tw = 500ns, Vp = 3Vp p,
500 CL Z, =50 ohms.
(2) Cy includes probe and jig capacitance.
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TlMlNG REQU'REMENTS (Vee=5V, Ta=25°C, unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
Min Tvp . Max
tw(Tser) | Shift clock input pulse width 25 22 ns
tw (T ar) | Latch clock input pulse width 20 12 ns
tw(Rern) Shift register reset pulse width 20 9 ns
tsu (Ds) Setup time D to TgrT 20 12 ns
th (Ds) Hold time Ds to TsFT 2 -1 ns
trec(Rsry)| Recovery time Rger to TsFT .20 12 ns
tsu('rsn) Setup time TgpT to TLAT 40 12 ns
TIMING DIAGRAMS (Reference level = 1.3V)
P
tSU(DS)th(Ds) W(RsFT)
Ds RsFT
th (ps) \
} trec (AsFT)
tsu (Ds) /——\ tw (Tser) [_
T
TsFT ? tw (Tser) ‘ ? SFT
tsu(Tser) tsu (TsFr)
<> fe—sf
TLaT Z N Z TLAT
7 tw (TLaT) \ 7
tw(TiLat)
tpLH
Qo~Q7 }V t Qo~Q7
PHL
tpLn
Q7 tpHL Q7 tPHL
Eo
teLn
Qo~Q7
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

MITSUBISHI LSTTLs

M74LS620P

DESCRIPTION

The M74LS620P is a semiconductor integrated circuit
containing an octal bus transmitter/receiver with a tri-state
inverted output.

FEATURES

® Two 8-bit data trains can be transmitted bidirectionally
or as unidirectional pulses

® Input/output A and output/input B each exhibit hys-
teresis characteristics (Hysteresis width = 400mV typ)

® High fan-out capability (1o = 24mA, lox = —156mA)

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

APPLICATION
General purpose, for use in industrial and consumer
equipment

FUNCTIONAL DESCRIPTION
In this device the inputs and outputs are connected
mutually to 2 circuits and the buffers with 3-state inverted
outputs are made two-way buffers.

The input/output A and output/input B input sections
are provided with hysteresis for an increased noise margin.

The input/output direction is controlled by OCag and
OCBA.

When OCag and OCgp are high, A becomes the input
pin, with output obtained at pin B. Conversely, when
OCpg are OCga are low, B is the input and A is the output.

PIN CONFIGURATION (TOP VIEW)
\J
Cgl\LlJ'}rFEgI OCag— 'I_D— ﬁ@ Vce

INPUT OUTPUT -

R T
Az + [3f5 ﬁl_lv'__a' B

Az« [4] 17] «~ 82
Ag = [5] gttﬁlwsa

INPUTS/
QUTPUTS
As «» E

- o
OUTPUTS/
P
Ag o E E « Bs INPUTS

A7HE EHBG

-]

B>
AaﬁE—ﬁ@ [12] < B7
GND  [1D) [11] += Bs

Outline 20P4

A high impedance status is initiated at both pin A and B
when OCpg is low and OCg, is high, isolating A from B.
Precautions should be taken to guard against OCpg being
at a high while OCgp is low. This condition will result in
output from both A and B, and could result in the IC being
destroyed.

CIRCUIT DIAGRAM (EACH BUFFER)

O Vge

INPUT/
OUTPUT OUTPUT
CONTROL OCga A
INPUT
TO OTHER BUFFERS
OUTPUT
CONTROL 0Cap O— O B OUTPUT/INPUT
INPUT -
%
GND
TO OTHER BUFFERS
UNIT: @
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

FUNCTION TABLE ot 1)

m 0Cas A B Note 1.
L L |
H H | (o}
H L z
L H *

* N O —

. Input pin

: Output pin

. High-impedance (A and B isolated)

* Inhibit (No output from either A or B)

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75C, unlessotherwiser;oted)

Symbol Parameter Conditions Limits Unit
Vco Supply voltage —0.5~+7 \
A, B —0.5~+5.5 \
A Input voltage pr—
0Cag, 0CBa —0.5~+15 \Y
Vo Output voltage Off-state —0.5~+5.5 \%
Topr - Operating free-air ambient temperature range —20~+75 °C
Tstg Storage temperature range —65~ +150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75'C, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \
. Von=2.4V 0 -3 mA
loH High-level output current
Vou=2V 0 —15 mA
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 )
Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 \%
ViL Low-level input voltage 0.6 \Y
VT4+—VT1— | Hysteresis width Vce=4.75V 0.2 0.4 \Y
Vic Input clamp voltage Veoc=4.75V, ljc=—18mA —-1.5 v
. Vec=4.75V loh=—3mA 2.4 3.4 \
VoH High-level output voltage ce o

Vi=0.6V, V=2V loH= —15mA 2 Y

Vge=4.75V loL=12mA 0.25 0.4 \
VoL Low-level output voltage .

V|i=0.6V, V=2V loL=24mA 0.35 0.5 \
lozH Off-state high-level output current Veoe=5.25V, V=06V, V|=2V,Vo=2.7V| 20 uA
lozL Off-state low-level output current Vee=5.25V, V=06V, V|=2V,Vpo=0.4V, —400 uA

A,B ’ 20 1A
— Vec=5.25V, V|=2.7V
' ) 0Cga, OCaB 20 uA
HH High-level input current
A,B Vecc=5.25V, V|=5.5V 0.1 mA
OCga, OCas Vee=5.25V, V=10V 0.1 mA
e Low-level input current Veo=5.25V, V|=0.4V —0.4 mA
los Short-circuit output current (Note 2) Vce=5.25V, Vo=0V —40 —225 mA
lccH Supply current, all outputs high Veec=5.25V, V=0V, V|=4.5V 48 70 mA
lcoL Supply current, all outputs low Vee=5.25V, V=0V, V|=4.5V 62 90 |~ mA
lcoz Supply current, all outputs off Vege=5.25V, V|=0V, V|=4.5V 64 95 mA

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

Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time.
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MITSUBISHI LSTTLs

M74LS620P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

SWITCHING CHARACTERISTICS (vco=5V, Ta=25°C, unless otherwise noted )

Limits
Symbol Parameter Test conditions o Unit
Min Typ Max
Low-to-high-level output From input A to output B 8 10
teLn o ns
propagation time From input B to output A 8 10
- C_=45pF (Note 3)
t High-to-low level output From inputA to outputB 12 15
PHL propagation time From input B to outputA 12 15 ns
t Qutput enable time to From input OCga to output A 25 40
n
PzL low-level From input OCaB to outputB 25 40 s
- — RL=667Q, CL=45pF (Note 3)
t Output enable time to From input OCBA to output A 23 40
PZH high-level From input OCapB to output B 23 40 ns
t Output disable time from  |From input OCpga to output A 17 25
PLZ low-level From input OCAB to outputB 17 25 ns
— R =667 CL=5pF 3
t QOutput disable time from From input OCBA to output A L ?, OL=5pF (Note3) 19 25
PHZ high-level From input OCAB 10 output B 19 25 ns
Note 3: Measurement Circuit
INPUT Vee OUTPUT Vce
o
RL% Parameter SW1 | SW2
(1) The pulse generator (PG) has the following
P {SV‘II al Al UpzH | Open | Closed characteristics: PRR = 1MHz, t; = €ns, tf = 6ns,
PG but PP tpzL | Closed | Open ty = 500ns, Vp = 3Vp.p, Zg = 5082,
5kQ t Closed | Closed (2) All diodes have high-speed switching characteristics
500 A PLZ (e € 4ns)
j;CL 7% Sw2 tpHz | Closed | Closed (3) Cy includes probe and jig capacitance.
TIMING DIAGRAM (Reference level = 1.3V)
A.B (INPUT) 7L ' )k 0Cas 7L A
B, A (OUTPUT) B (OUTPUT) v
t t tpzL tpz]
PHL . PLH 0.5V
B (OUTPUT)
|1pzH tPHZ
OCga SL j£
A (OUTPUT) 4——
7110.5v
tpzL [ :
N 0.5V
A (OUTPUT) L
—
tpzH tpHZ
ELECTRIC 2—401
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-~ M74LS640P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

DESCRIPTION ‘
The M74LS640P is a semiconductor integrated circuit con- PIN CONFIGURATION (TOP VIEW)
taining 8 bus transmitter/receiver circuits with inverted oiRE gﬁgﬁ bR — 1] A= 3 Voo
outputs. CONTROL  ~ m OUTPUT
INPUT L e E—T& %l—II:E‘_ oc ICS;\IUTTROL

FEATURES | | G sy =N
® Bi-directional transmission or separation of two 8 bit 1—-‘_

data is possible. As « [¢] 1] « B2
® Hysteresis provided (width = 400mV typical) for input/ ‘

A 5 —T§ 16| «» B

output A and output/input B ob’\;';%TTss/ AR C] %LL :
® High fan-out (lo = 24mA, loy = -15mA) As o [6] 5]+ Ba oUTRUTS)
® Wide operating temperature range. (T = 20 ~ +75°C) ae 1] _T{& 2] - 85 INPUTS
APPLICATION ‘ A7« [E] I—E « Bg
General purpose, for use in industrial and consumer equip- Ap E ﬂ E —B
ment. | 1*“_5:@1 ,

. " GND E 11| +* Bs

FUNCTIONAL DESCRIPTION
The inputs and outputs of the two buffer circuits with Outline 20P4
3-state inverted outputs are connected together to form bi-

directional buffers. Having hysteresis characteristics in the
input section of input/output A and output/input B, noise
margin is high. '

The data direction control input DIR controls the direc-
tion of input and output. When DIR is high, A is the input
terminal and B is the output terminal and when DIR is low,
A is the output terminal and B is the input terminal.

When the output control input OC is high, both A and

B are put in the high-impedance state so the buffers are
isolated.

A device, M74LS640-1P, having the same pin connec-
tions and functions except the value of gL (= 48mA) has
been provided.

CIRCUIT DIAGRAM (Each buffer)
—O Vce
10k 3
INPUT/
OUTPUT ___ OUTPUT
CONTROL 0OC 0 AC
INPUT
2
1.8k
TO OTHER
BUFFERS
50 22kF16k 35.4kE25K
10k
DATA
Dé@iﬁTF!S[' DIR 0—¢ v »f 0B OUTPUT/INPUT
INPUT 15k
4 vy X
T 0 GND
: TO OTHER
BUFFERS
UNIT: @
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MITSUBISHI LSTTLs

M74LS640P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

FUNCTION TABLE (Note 1)

0C DIR A B8
L L 0 1
L H 1 0
H X 4 z
Note 1: |: Input pin

O: Output (inverted output)pin

Z: High impedance (A and B separated)

X: lrrelevant

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

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 \
Vi Input voltage A. B — —0.5~+5.5 \Y

DIR, OC —0.5~+15 \
Vo Output voltage Off state —0.5~+5.5 i
Topr Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range —65~ +150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~ +75T. unless otherwise noted )
Limits
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5 5.25 \")
=2. 0 - A
loH High-level output current Von=2.4V 3 m
VoH=2V 0 —15 mA
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75%, unless otherwise noted )
L. Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.6 \")
V14+—VT—| Hysteresis width Vcc=4.75V 0.2 0.4 A\
Vic Input clamp voltage Vee=4.75V, lic=—18mA —1.5 \"
v H Vec=4.75V lon=— 3mA 2.4 3.4 \
igh-level
OH igh-level output voltage Vi=0.6V, V=2V Ton= — 15mA v
Vcc=4.75V ) loL=12mA 0.25 0.4 \
Low-level i
’ VoL ow-level output voltage VI=0.6V, Vi=2V loL=24mA 0.35 0.5 v
lozn Off-state high-level output current Vec=5.25V,Vi=0.6V,V|=2V,Vo=2.7V 20 uA
lozL Off-state low-level output current Vgce=5.25V, V|=0.6V, V|=2V, Vo=0.4V —400 uA
A, B ! 20 A
— Voe=5.25V, Vi=2.7V ~
) . DIR, OC 20 uA
m High-level input current
A, B Vge=5.25V, V|=5.5V 0.1 mA
DIR,0C ~ | Vgg=5.25V, V=10V 0.1 mA
he Low-level input current Vgc=5.25V, V|=0.4V —0.4 mA
los Short-circuit output current (Note 2) Voc=5.25V . Vo=0V —40 —225 mA
lccH Supply current, all outputs high Vge=5.25V, V=0V, V|=4.5V 48 70 mA
IcoL Supply current, all outpus low Vce=5.25V, V|=0V, V|=4.5V 62 90 mA
lccz Supply current, all outputs off Vee=5.25V, VI=0V, V|=4.5V 64 95 mA

% : All typical values are at Vg =5V, T, = 25°C.
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.

MITSUBISHI
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MITSUBISHI LSTTLs

M74LS640P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

SWITCHING CHARACTERISTICS (Voo=5v, Ta=25, uniess otherwise noted )

S | P T d Limits Ui
mb: 'arameter est conditions nit
y, ° s Min Typ Max
t Low-to-high level output From input A to output B 8 10 ns
PLH propagation time From input B to output A 8 10 .
- - CL=45pF (Note 3)
t High-to-low level output From input A to output B 12 15 ns
PHL propagation time From input B to output A ) 12 | 15
. L . ble i From input OC to output A 25 40 ns \
ow output enable time —
Pzl ' From input OC to output B RL=6672 C_=45pF 25 40
" X From input OC to output A (Note 3) 23 20
lpzH High output enable time - — ns
From input OC to output B 23 40
. From input OC to output A 17 25
tpLz Low output disable time " Py ns
\ From input OC to output B R_L=667® C_=5pF 17 25
From i oc tA 25
tonz High output disable time rom input E)Eto outpu (Note 3) 19 ns
From input OC to output B 19 25
Note 3: Measurement circuit
INPUT Vee OUTPUT Vce
R Parameter| SW1 | SW2
L . (1) The pulse generator (PG) has the following
SW 1 tpzn Open | Closed characteristics: PRR = 1MHz, t; = 6ns, t =
6ns, ty, = 500ns,Vp = 3Vp.p, Zo = 5002
P DM w
PG DUT PPt tpzy | Closed | Open (2) All diodes are high speed switching diodes
) 5kQ tpLZ Closed | Closed (trr < 4ns). :
500 Wy (3) Cy includes probe and jig capacitance.

, ==cL %/ swz | tPHz | Closed | Closed
, - 5

TIMING DIAGRAM (Reference level = 1.3V)

A.B A _
(INPUT) / \ 06

B,A : ° B,A 0.5V
(OUTPUT) (OUTPUT) ’
tPHL tPLH

trPzH tPHZ

B, A
(ouTPUT) !
) tPzL tpLz

MITSUBISHI
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M74LS640-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

DESCRIPTION
The M74LS640-1P is a semiconductor integrated circuit

containing 8 bus transmitters/receivers with inverted out-
puts.

FEATURES

® Bi-directional transmission, or separation, of two 8-bit
data is possible. .

® Hysteresis provided (= 400mV typical) for input/output
A and output/input B

® High fan-out (Ig = 48mA, loy = —15mA)

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

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

FUNCTIONAL DESCRIPTION

In this device the inputs and outputs are connected
mutually to 2 circuits and the buffers with 3-state inverted
outputs are made two-way buffers.

The input/output A and output/input B input sections
are provided with hysteresis for an increased noise margin.
The input/output direction is controlled by DIR.

When DIR is high, A is made the input pin and B the
output pin. When DIR is low, B is made the input pin and
A the output pin. When OC is high, both A and B are put in
the high-impedance state and A and B are isolated.

PIN CONFIGURATION (TOP VIEW)

DATA
DIRECTION
CONTROL
INPUT

INPUTS
JOUTPUTS

DIR — [1]
p (]
Az 3]
A3« [4]
Aq + [3]
As « [6]
As 1]
pr B
e
aND - [ig]

%Jz}(

A

ittt

]

[19] +— OC CONTROL
18] +- B,
[17] « B2
1__6]'-» B3
1__5].» B4
[14] +- Bs

3| «+—+ Be
12| +-» B7

11} +* Bs

Outline 20P4

Vee
OUTPUT

INPUT

OUTPUTS
/INPUTS

CIRCUIT DIAGRAM (EACH BUFFER)

INPUT/OUTPUT
A

o Vce

DATA

DIRECTION
CONTROL
INPUT

DIR 0—9

%

TO OTHER BUFFERS

B OUTPUT/INPUT

—o GND

TO OTHER BUFFERS

UNIT: Q

MITSUBISHI
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M74LS640-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

FUNCTION TABLE iNote 1)

0oC DIR A B
L L [§] 1
L “H | 0
H X z z

Note 1: | : Inputpin
ot Qutput (inverted) pin
Z : High-impedance (A, Bisolated )
X * lrrelevant

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

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 \
A, B —0.5~+5.5 \Y
V) Input voltage —
DIR, OC —0.5~+15 \2
Vo Output voltage Off-state —0.5~+5.5 \")
Topr Operating free-air ambient temperature range —20~+75 T
Tstg 1Storage temperature range — 65~ +150 c
" RECOMMENDED. OPERATING CONDITIONS (Ta=—20~+75°C, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Typ Max
Vce Supply voltage 4.75 5 5.25 \"
i VoH=2.4V 0 -3 mA
loH High-level output current
VoH=2V 0 —15 mA
VoL=0.4
loL Low-level output current oL=0.4v 0 12 mA
VoL=0.5V 0 48 mA
ELECTR'CAL CHARACTER ISTICS (Ta=—20~ +75°C, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 \%
ViL Low-level input voltage 0.6 \2
V1+—VT1— | Hysteresis width Vcc=4.75V 0.2 0.4 \"
Vic Input clamp voltage Vge=4.75V, lijg=—18mA ’ -1.5 \
Voc=4.75V loH=— 3 mA 2.4 3.4 \
VoH High-level output voltage cc oH o
) V|i=0.6V, V|=2V loH= —15mA \
R B comtrey [l R
oL -level output voltage Vi=0.6V, Vi=2V oL=24m . .5 v
loL=48mA 0.4 0.5 v
lozH Off-state high-level output current Vge=5.25V,V|=0.6V,V|=2V,Vo=2.7V 20 uA
lozL Off-state low-level output current Vcec=5.25V, V|=0.6V, V=2V, Vo=0.4V —400 LA
A, B .20 A
— Voo=5.25V, Vi=2.7V “
. i DIR, OC 20 1A
IH High-level input current
A,B Vge=5.25V, V|=5.5V 0.1 mA
DIR, OC Voc=5.25V, Vj=10V 0.1 mA
e Low-level input current Vgc=5.25V, V|=0.4V —0.4 mA
los Short-circuit output current (Note 2) Vgc=5.25V . Vo=0V —40 —225 mA
lccH Supply current, all outputs high Vge=5.25V, V=0V, V|=4.5V 48 70 mA
IcoL Supply current, all outputs low Vce=5.25V, VI=0V, V|=4.5V 62 90 mA
lccz Supply. current, all outputs off Vec=5.25V, V=0V, V|=4.5V 64 95 mA

% © All typical values are at Voo=5V, Ta=25C
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
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MITSUBISHI LSTTLs

M74LS640-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (INVERTED)

SWITCHING CHARACTERISTICS (Vee=5V, Ta=25C, unless otherwise noted)

Limits
Symbol Parameter . Test conditions Min Tvo Max Unit
. Low-to-high-level From input A to output B 8 10
teLn I - ns
output propagation time From input B to'output A 8 10
- CL=45pF (Note 3)
t High-to-low level From input A to output B 12 15 ns
PHL output propagation time From input B to output A 12 15
From input OC to outputA| *25 40 ns
Low-level le ti —
tpzL ow-level output enable time From input OC 1o outputB . cer0 . wsor 25 20
=3 = = Note 3
High-level bl From input OC to outputA - - i (Note 3) 23 40 ns
igh-level output enable time —
tpzn 9 P From input OC to outputB 23 40
. ] From input OC to outputA 17 25
tpLz Low-level output disable time - — ns
From input OC to cutputB 17 25
= — RL=6672 C_=5pF (Note 3)
. . . From input OC to outputA| 19 25
touz High-level output disable time S ns
From input OC to outputB 19 25
Note 3: Measurement circuit
INPUT Vee OUTPUT Vce
o
Symbol SW1 | SW2 . .
(1) The pulse generator (PG) has the following

RL
?/SW 1 tpPzH Open Closed characteristics:
4 A A PRR = 1MHz, t, = 6ns, t; = 6ns, t,, = 500ns,
Vp =3Vpp, Zo =509
5&2 tpLz Closed | Closed (2) All diodes are switching diodes (t;, < 4ns).

(3) Cr includes probe and jig capacitance.
;l:.CL 7‘%. SW2 t PHZ Closed | Closed

TIMING DIAGRAM (Reference level = 1.3V)

PG DuT 4 4B 4R 4I trzL Closed | Open

50Q

A, B (INPUT)

(‘ ocC

0.5V
B, A(OUTPUT) B, A(OUTPUT)

tPHL tPLH

tpzH trHz

B, A (OUTPUT)

tpzL tpLz

MITSUBISHI
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED)

MITSUBISHI LSTTLs

M74LS641P

DESCRIPTION

The M74LS641P is a semiconductor integrated circuit con-
taining 8 bus transmitter/receiver circuits with non-inverted
open collector outputs.

FEATURES

® Bi-directional transmission or separation of two 8 bit
data is possible. ) :

® QOpen collector outputs

® Hysteresis provided (width = 400mV typical) for input/
output A and output/input B

® High fan-out (Ig| = 24mA)

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

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

FUNCTIONAL DESCRIPTION

The inputs and outputs of the two buffer circuits with
3-state non-inverted outputs are connected together to
form bi-directional buffers. The input sections of input/
output A and output/input B have been designed with
hysteresis characteristics giving increased noise margin.
The input/output direction is controlled by DIR.

When DIR is high, A is the input pin and B is the output
pin. When DIR is low then B is input terminal and A is the
output terminal. When output control input OC is high,
A and B become high so the buffers are isolated.

Open collector outputs are provided, so the high-level
output impedance can be freely selected with external load
resistors.

The functions and pin connections of this IC are identi-
cal to those of M74L.S645P.

PIN CONFIGURATION (TOP VIEW)

el on~CED @@ Vo
INPUT Us1. o5 conraoL
e 85 TLLIQ*_OC INPUT
Az 315 - J_L.‘__BIHB1
*
s g5ty L o
*
INPUTS/ aq+ ] 1‘§* > 16] B3
OUTPUTS
As — [P = 15] B“ OUTPUTS/
Ag E‘Tﬁ LI_E « Bs INPUTS
*\
Ao “EMLE ~ 81
oND  [19] : 1]+ Bs

%: OPEN COLLECTOR OUTPUTS
Outline 20P4

A device, M74LS641-1P, having the same pin connec-
tions and functions except the value of lgL ( =48mA) has
been provided.

CIRCUIT DIAGRAM (Each buffer)
? ! ! o g O Vce
25k 16k3 3 %zk
10k 5.4
inpUT/ 10K
OUTPUT OUTPUT
CONTROL OC O—f A 1<
INPUT -
g
3 x
4 18
|
TO OTHER
5.4k BUFFERS
2kE $ 16k F25k
10k
DATA
DIRECT!
COquﬁgtl DIR O—s ¢ »f OB OUTPUT/INPUT
INPUT
y ¥ 3
5 © GND
. TO OTHER
BUFFERS
UNIT:
MITSUBISHI
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MITSUBISHI LSTTLs

M74LS641P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED)

FUNCTION TABLE (Note 1)

0C DIR A B
L L 0 1
L | (o]
H X H H
Note 1: |: Input pin

O: Output (non-inverted output) pin
X: lrrelevant

'

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

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~+7 \
A, B —0.5~+7 v
V) Input voltage —
DIR, OC —0.5~+15 \
Vo Output voltage High-level state —0.5~+7 v
Topr Operating free-air ambient temperature range —20~+175 c
Tstg Storage temperature range —65~ +150 c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%, uniess otherwise noted )

Limits
Symbol Parameter Unit
Min Typ Max

Vce Supply voltage 4.75 5 5.25 \Y
low High-level output current Vo=5.5V 0 100 A
=0.4V 1] 12 mA

loL Low-level output current VoL=0

VoL=0.5V 0 24 mA

ELECTRICAL cHARACTERlST'CS (Ta=—20~+75C, unless otherwise noted )

Symbol Parameter Test conditions Limits Unit
Min Typ * Max
ViH High-level input voltage 2 v
ViL Low-level input voltage 0.6 \Y
V1 4+—V1—| Hysteresis width Vcc=4.75V 0.2 0.4 \
Vic Input clamp voltage Vecec=4.75V, ljIc=—18mA —1.5 \%
loH High-level output current , Vee=4.75V, V| =0.6V, VI'=2V, Vo=5.5V 100 HA
Vec=4.75V loL=12mA 0.25 0.4 \
VoL Low-level output voltage
: Vi=0.8V, Vi =2V loL=24mA 0.35 0.5 \
A, B i 20 LA
— Veec=5.25V, V| =2.7V
. . DIR, OC 20 HA
hH High-level input current -
A, B Vee=5.25V, V| =5.5V 0.1 mA
DIR, OC Vee=5.25V, V| =10V . 0.1, mA
[ITN Low-level input current Vgc=5.25V, V| =0.4V —0.4 mA
lccH Supply current, all outputs high Vge=5.25V, V,;=0V,.V,;=4.5V 48 70 mA
lccL Supply current, all outputs low Vee=5.25V, V, =0V, V| =4.5V 62 90 mA
lccz Supply current, all outputs off Vee=5.25V, V=0V, V|=4.5V 64 95 mA

* . All typical values are at Vo = 5V, T = 25°C.
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MITSUBISHI LSTTLs

M74LS641P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED)

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

. » Limits .
Symbol Parameter Test conditions v Tvo Yo Unit
toim Low-to-h'_igh level output From input A to output B 20 25 s
propagation time From input B to output A 20 25
tonL High-to-lc."Jw !e.vel output From input A to output B 15 25 ns
propagation time From input B to output A 15 25
- — CL=45pF, RL=667Q (Note 2)
toLn Low~to~h.igh It_avel output From input Eto output A 25 40 ns
propagation time From input OC to output B 25 40
tonL High-to-low fevel output From input fto output A 30 50 s
propagation time From input OC to output B 30 - 50

Note 2: Measurement circuit

INPUT Vce Vce OUTPUT

R
% (1) The pulse generator (PG) has the following
PG buT -J- characteristics: PRR = 1MHz, t, = 6ns, tf =

C 6ns, tyy = 500ns,Vp = 3Vp_p, Z, = 502
50Q ’l L

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

/

o \
(INPUT)
B.A
(OUTPUT)
tpLH teHL
* X 7
B.A
(OUTPUT)
TPHL tpLH
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED)

MITSUBISHI LSTTLs

M74L.S641-1P

DESCRIPTION

The M74LS641-1P is a semiconductor integrated circuit
containing 8 bus transmitters/receivers with non-inverted
outputs, :

FEATURES

® Bij-directional transmission, or separation, of two 8-bit
data is possible.

® QOpen collector outputs

® Hysteresis provided (= 400mV typical) for input/output
A and output/input B

® High fan-out (g = 48mA)

® Wide operating temperature range (T5= —20~+75°C)

APPLICATION
General purpose,
equipment.

for use in industrial and consumer

FUNCTIONAL DESCRIPTION

In this device the inputs and outputs are connected
mutually to 2 circuits and the buffers with open collector
non-inverted outputs are made two-way buffers.

The input/output A and output/input B input sections
are provided with hysteresis for an increased noise margin.
The input/output direction is controlled by DIR.

When DIR is high, A is made the input pin and B the
output pin. When DIR is low, B is made the input pin and
A the output pin. When output control input OC is high,

PIN CONFIGURATION (TOP VIEW)

DATA

T
B o — A vee
INPUT __ ouTPUT
A 2]+ *%]:LLE = 0C  conTROL
Ap — E E «— B,
Az «— E % %—LLLE «— B2
¥
6] — B
weurst} 4 Ega %]-ﬁ* 8-~
OUTPUTS As E EI s By
*@‘L \ ouTpPuTS/
Ag —r Ej_g* E s Bg [ INPUTS
w7 B8 %ﬂ — 8
*
Ag ET&@LLEI — 8
GND  [ig] * [17] —— B J

* : OPEN COLLECTOR

Outline 20P4 OUTPUTS

both A and B go to high and are isolated.

The functions and pin connections of this device are
identical to those of M74L.S645-1P but since open collector
outputs are provided, the high-level output impedance can
be freely selected with an external load resistor.

CIRCUIT DIAGRAM (EACH BUFFER)

—0 Vce
10k
OUTPUT INPUT/OUTPUT
CONTROL OC 0— A
INPUT
x
TO OTHER BUFFERS
5.4k .
2k2 § g16k 325k
10k
DATA
DIRECTION P
CONTROL DIRO— N b OB OUTPUT/INPUT
INPUT
% A /3
A
) 4
|
. o GND
1.8k
TO OTHER BUFFERS
UNIT: @
MITSUBISHI :
ELECTRIC 2—411
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MITSUBISHI LSTTLs

M74LS641-1P

OCTAL BUS TRANSCEIVER’WITH OPEN COLLECTOR OUTPUT(NONINVERTED)

FUNCTION TABLE Note )

0C DIR A B

L L (0] |

L H | 0]

H X H H
Note 1: | : Inputpin

O : Output (non-inverted) pin
X @ Irrelevant

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

Symbol Parameter Conditions Limits Unit.
Voo Supply voltage —0.5~+7 \Y
A, B —0.5~+7 v
V| Input voltage —=
DIR, OC —0.5~+15 \Y
Vo Output voltage High-level state —0.5~+7 \
Topr Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range — 65~ + 150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75<, uniess otherwiss noted)
Limits
Symbol Parameter - Unit
. : Min Typ Max
Veo Supply voltage 4.75 5 5.25 \%
1oH High-level output current Vo=5.5V 0 100 LA
- =
loL Low-level output current VoL=0.4V 0 12 mA
VoL=0.5V 0 48 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75C, unless otherwise noted )
- Limits
Symbol Parameter Test conditions - Unit
Min Typ * Max
ViH High-level input voltage ’ .2 . \"
ViL Low-level input voltage 0.6 \Y
V1 4+ —V1—| Hysteresis width Vcc=4.75V 0.2 0.4 \
Vic Input clamp voltage 'Vge=4.75V, lic=—18mA —1.5 \
10K High-leve!l output current Veo=4.75V, V| =0.6V, V| =2V, Vo=5.5V 100 HA
loL=12mA 0.25 0.4 \%
v Voo=4.75V oL
VoL Low-level output voltage loL=24mA 0.35 0.5 \%
V|=0.6, V|=2V
loL=48mA 0.4 0.5 \%
A, B 20 A
Vge=5.25V, V|=2.7V
. . DIR, OC 20 LA
liH High-level input current
A, B Vce=5.25V, V| =5.5V 0.1 mA
DIR, OC Vee=5.25V, Vi =10V 0.1 mA
he Low-level input current Vece=5.25V, V| =0.4V —0.4 mA
lccH Supply current, all outputs high Vecc=5.25V, V;=0V,. V| =4.5V 48 70 mA
lccL Supply current, all outputs low Vee=5.25V, V| =0V, V|, =4.5V 62 90 mA
lcoz Supply current, all-outputs off Vce=5.25V, V| =0V, V| =4.5V, 64 95 mA

“* & All typical values are at Vgo=5V, Ta=25C

2—412
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MITSUBISHI LSTTLs

M74LS641-1P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT(NONINVERTED)

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

Symbol Parameter Test conditions Limits Unit
Min Typ Max

toun Low.w.h,igh-lfwel output From input A to output B ) 20 25 ns
propagation time From input B to output A 20 25

torL High~to~|f)w |e.ve| output From input A to output B 15 25 ns
propagation time From inputio output A CL=45pF, RL=6679 (Note2) 15 25

i Low-to-hfgh I?vel output From input Eto output A ’ 25 40 ns
propagation time From input OC to output B 25 40

- High-to-low-level output From input ?'0 output A 30 50 ns
propagation time From input OC to output B 30 50

Note 2: Measurement circuit

INPUT Vee Vecc OUTPUT
Ru
(1) The pulse generator (PG) has the following characteristics:
PG DUT R
PRR = 1MHz, t, = 6ns, t; = 6ns, t,, = 500ns,
Vp =3Vpp.Zy= .
500 CL p. P-p. Zo 509“ )
l (2) Cy includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

\

A,B(INPUT) —,K-

[

B,A (OUTPUT)

tPLH . tene

)

|

\ /

B.A (OUTPUT)

TPHL |tpLm

MITSUBISHI
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MITSUBISHI LSTTLs

M74LS642P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED)

DESCRIPTION

The M74L.5642P is a semiconductor integrated circuit con-
taining 8 bus transmitter/receiver circuits with inverted
open collector outputs.

FEATURES

® Bi-directional transmission or separation of two 8 bit
data is possible.

‘® Open collector outputs

® Hysteresis provided (width = 400mV typical) for input/
output A and output/input B

® High fan-out (Ig. = 24mA)

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

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

FUNCTIONAL DESCRIPTION ]
The inputs and outputs of the two buffer circuits with
inverted output open collectors are connected together to
form bi-directional buffers.

The input sections of input/output A and output/input
B have been designed with hysteresis characteristics for
increased noise margin. The-input/output direction is con-
trolled by DIR. .

When DIR is high then A is the input pin and B is the
output pin. When DIR is low then B is input pin and A is
the output pin. When output control input OC is high, A
and B become high so the buffers are isolated.

Open collector outputs are provided, so the high-level
output impedance can be freely selected with external load
resistors.

PIN CONFIGURATION (TOP VIEW)

pe ]
pr ]
7 ~[3]
[

] - 6
@ o |
3 e
mEt

% ! OPEN COLLECTOR OUTPUT
Outline 20P4

DATA \J
DIRECTION DIR — mm L2_’0] Vee
CONTR OUTPUT
R R e i
Az “'E_T% *%LL‘B B )
Az e EFT% * 7] — 82
* g
INPUTS/ | A4+ E—T%‘ %T_s"] “* Bs
OUTPUTS b
As o [E_T% 5] - B¢ OUTPUTS/
* INPUTS
_T{%‘ %
¢
*

*

g

GND

The functions and pin connections of this IC are identi-
cal to those of M74LS640P.

A device, M74LS642-1P, having the same pin connec-
tions and functions except the value of g (= 48mA) has
been provided.

CIRCUIT DIAGRAM (Each buffer)

QUTPUT
CONTROL
INPUT

OUTPUT

O Voo

INPUT/
AO

TO OTHER BUFFERS

DATA
DIRECTION
CONTROL
INPUT

O B OUTPUT/INPUT

GND

TO OTHER BUFFERS
UNIT: @

MITSUBISHI
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MITSUBISHI LSTTLs

M74LS642P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED)

FUNCTION TABLE (Note 1)

()¢ DIR A B

L L [9 I

L | [5) !
H X H

Note 1: | : Input pin
O: Output (inverted output) pin
X: Irrelevant

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+75T, unless otnerwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 \4
A. B ~0.5~+7 v “
V) Input voltage —
DIR, OC —0.5~+15 \%
Vo Output voltage High-level state —0.5~+7 \Y
Topr Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range — 65~ +150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75T, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5 5.25 \"
10H High-level output current Vo=5.5V 0 100 HA
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 24 mA
'
ELECTRICAL CHARACTERISTICS (Ta=—20~+75%, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.6 \
VT + —VT—| Hysteresis width Vec=4.75V 0.2 0.4 Y
Vic Input clamp voltage Vec=4.75V, lic=—18mA —1.5 \
10H High-level output current Vec=4.75V, V| =0.6V, V| =2V, Vor=5.5V ' 100 HA
= loL=12mA 0.25 .
VoL Low-level output voltage Vee=4.75V oL m 0.4 v
V)=0.6V, V|=2V loL=24mA 0.35 0.5 \
A. B 20 HA
— Vgec=5.25V, V| =2.7V
. . DIR, OC 20 HA
hH High-level input current
A, B Vge=5.25V, V| =5.5V - 0.1 mA
DIR, 0C Voe=5.25V, V| =10V 0.1 mA
hie Low-level input current Vec=5.25V, Vi =0.4V —0.4 mA
IccH Supply current, all outputs high Vee=5.25V, V| =0V, V,=4.5V 48 70 mA
lcoL Supply current, all outputs low Vcc=5.25V, V| =0V, V| =4.5V 62 90 mA
lccz Supply current, all outputs off Veec=5.25V, V| =0V, V;=4.5V 64 95 mA

* ! All typical values are at Ve = 5V, T, = 25°C.

MITSUBISHI
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MITSUBISHI LSTTLs

M74LS642P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED)

SWITCHING CHARACTER|ST|CS (Vcc=5V, Ta=25T, unless otherwise noted )

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
¢ Low-to-high level output From input A to output B 16 25 ns
PLH propagation time From input B to output A 16 - 25
' High-to-low level output From input A to output B 14 25
H S ns
PHL propagationtime From input B to output A CL=45pF, RL=667Q 14 25
Low-to-high level From input OC to output A ’ 25 40 '
tpLn w-to-high level output . put O¢ P (Note 2) ns
propagation time From input OC to output B 25 40
¢ High-to-low level output From input OC to output A 30 60
o ns
PHL propagation time From input OC to output B ) 30 60

Note 2: Measurement circuit

INPUT Vee Vec OUTPUT
RL (1) The pulse generator (PG) has the following
. characteristics: PRR = 1MHz, t, = 6ns, tf =
PG DUT 6ns, tyy = 500ns,Vp = 3Vp.p, Zg = 502

(2) Cp includes probe and jig capacitance.

L.
Lo

TIMING DIAGRAM (Reference level = 1.3V)

A, B (INPUT) y oc.

B, A (OUTPUT) B, A (OUTPUT)

LPHL m tPHL

MITSUBISHI
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED)

MITSUBISHI LSTTLs

M74LS642-1P

DESCRIPTION

The M74LS642-1P is a semiconductor integrated circuit
containing 8 bus transmitters/receivers with open collector
inverted outputs.

FEATURES

® Bi-directional transmission, or separation, of two 8-bit
data is possible.

® Open collector outputs

® Hysteresis provided (= 400mV typical) for input/output
A and output/input B

® High fan-out (lg = 48mA)

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

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

FUNCTIONAL DESCRIPTION

In this device the inputs and outputs are connected
mutually to 2 circuits and the buffers with open collector
inverted outputs are made two-way buffers.

The input/output A and output/input B sections are
provided with hysteresis for an increased noise margin. The
input/output direction is controlled by DIR.

When DIR is high, A is made the input pin and B the
output pin. When DIR is low, B is made the input pin and
A the output pin. When OC is high, both A and B are high
and A and B are isolated.

PIN CONFIGURATION (TOP VIEW)
E Vee

DATA
DIRECTION DIR — |1

Eﬂc

CONTROL .
NPUT a1 = LE‘_ oc %\‘6::%1%%,_
E3
AZ L d E E B,
Ehcrags
Az« [2 17] « B2
INpuTS | A4+ ET&E — 8~ e
JOUTPUTS ﬁl‘l_
as o e %E B OUTPUTS
Ag o E_ﬂ% Z@i—l_'——dl s B5 | INPUTS
o
it = %E‘ .
Ag +» E * E «— B7.

;gﬁ

MBS

GND 9]
% : OPEN COLLECTOR OUTPUTS
Outline 20P4

The functions and pin connections of this device are
identical to those of M74LS640-1P but since open collector
outputs are provided, the high-level output impedance can
be freely selected with an external load resistor.

CIRCUIT DIAGRAM (EACH BUFFER)

? ! Vee
225k $5. 4K 2k
-10k 10K 6K
OUTPUT _ INPUT/OUTPUT .
CONTROL OC A < y
INPUT 7 o
y x
b A
) 1.8k
TO OTHER BUFFERS
2.4k — . . .
29,4k Sk 2k 16k 35.4k325k .
3 10k
DIRECTION
DURECTION. bR s v ¥ B OUTPUT/INPUT
INPUT . r‘
¥ 5k 23k 3 x
J 1 8k
o GND
TO OTHER BUFFERS

UNIT: Q
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MITSUBISHI LSTTLs

M74LS642-1P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED)

FUNCTION TABLE Note 1

ocC DIR A B
L L [ I
L 1 [}
H X H H
Note 1: | : Input pin
0 : Output (inverted) pin
X I lrrelevant

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

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 v
A B —0.5~+7
Vi Input voltage —
DIR, OC —0.5~+15 \
Vo Output voltage High-level state —0.5~+7 \
Topr Operating free-air ambient temperature range —20~+75 T
Tstg Storage temperature range — 65~ +150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~ +75<T, unless otherwise noted )
Limits i
Symbol Parameter i Tvo iox Unit
Vee Supply voltage 4.75 5 5.25 \"
loH High-level output current Vo=5.5V 0 100 uA
=0. 0 1 A
loL Low-level output current VoL=0.4V 2 m
: VoL=0.5V 0 48 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75%, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ * Max
VIH High-level input voltage . 2 v
ViL Low-level input voltage . 0.6 Vv
V14 —Vr-| Hysteresis width Vcc=4.75V 0.2 0.4 \
Vic Input clamp voltage Vce=4.75V, lijc=—18mA —-1.5 \
loH High-level output current Voo =4.75V, V =0.6V, V| =2V, Vp=5.5V ) 100 uA
loL=12mA 0.25 0.4 \
v Low-level output volt Veo=4.75V |OL 24mA 0.35 | 0.5 v
ow-level output voltage = m . .
o- g VI=0.6V, Vi=2V oL
loL=48mA 0.4 0.5 \
A, B ) 20 uA
Vge=5.25V, V| =2.7V
_ . DIR, OC 20 HA
hH High-level input current
A. B Vge=5.25V, V| =5.5V 0.1 mA
DIR, OC Voe=5.25V., V| =10V 0.1 mA
he Low-level input current Vecc=5.25V, V| =0.4V —0.4 mA
IccH Supply current, all outputs high Vee=5.25V, Vi =0V, V| =4.5V 48 70 mA
lccL Supply current, all outputs low Vee=5.25V, Vi =0V, V| =4.5V 62 90 mA
lccz Supply current, all outputs off Vee=5.25V, V| =0V, V,=4.5V 64 95 mA

* . All typical values are at Vgg=5V, Ta=25C

2—418
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MITSUBISHI LSTTLs

M74LS642-1P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT (INVERTED)

SWITCHING CHARACTERISTICS (Voc=5V. Ta=25°C, unless otherwise noted)

Limits
Symbol . Parameter Test conditions Unit
. Min Typ Max
i Low-to-high-level output - | From input A to output B . 16 25 ns
PLH propagation time From input B to output A . 16 25
High-to-low level outpout From input A to output B 14 25
tpHL o - ns
propagation time “From input B to output A 14 25
e CL=45pF, R_=667  (Note 2)
t Low-to-high level output From input OC to output A 25 40 ns
PLH propagation time From input OC to output B 25 40
¢ High-to-low-level output From input OC to output A 30 60 ns
PHL propagation time From input OC to output B 30 60

Note 2: Measurement circuit

INPUT Ve Veec OUTPUT
T RL (1) The pulse generator (PG) has the following characteristics:
PRR = 1MHz, t, = 6ns, t¢ = 6ns, t, = 500ns,
PG DUT Vp =3Vpp, Zg = 50Q.
(2) Cy includes probe and jig capacitance.

L.
Lol

TIMING DIAGRAM (Reference level = 1.3V)

A, B(INPUT) 7 ocC

B, A(OUTPUT) B, A(OUTPUT) )
tPHL d tPHL M

MITSUBISHI
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MITSUBISHI LSTTLs

M74LS643P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT

DESCRIPTION

The M74LS643P is a semiconductor integrated circuit con-
taining 8 bus transmitter/receiver circuits with inverted and
non-inverted outputs.

FEATURES

® Bi-directional transmission or separation of two 8 bit
data is possible.

® Hysteresis provided (width = 400mV typical) for input/
‘output A and output/input B

® High fan-out (g = 24mA, loy = -16mA)

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

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

FUNCTIONAL DESCRIPTION
The inputs and outputs of the two buffer circuits with 3-

PIN CONFIGURATION (TOP VIEW)

DATA

DIRECTION DIR — [1]

CONTROL
INPUT

INPUTS/
QUTPUTS

<

GND

(A1« [Z]
re w3
Az [4]
As <+ [5]
As + [6]
pe [T
ar e ]
45 = 5]

E Vee

__ OUTPUT
[19] — OC CONTROL

INPUT
i o

0 - o
g e

15+ Ba

|

—

Al
T

OUTPUTS/
E « B INPUTS

5] - o0
7]~ 6

R
iy

4

m

mieg

Outline 20P4

state outputs are connected together to form bi-directional
buffers.

The input sections of input/output A and output/input
B have been designed with hysteresis characteristics for
increased noise margin. The input/output direction is con-
trolled by DIR.

When DIR is high then A is the input pin and B is the
output pin. When DIR is low then B is input pin and A is
the output pin.

When output control input OC is high, both A and B are
put in the high-impedance state so the buffers are isolated.

A device, M74LS643-1P, having the same pin connec-
tions and functions except the value of IgL (= 48mA) has
been provided.

CIRCUIT DIAGRAM (Each buffer)

O Vge
INPUT/
OUTPUT
A
TO OTHER
BUFFERS
$25k
10k
DATA
DIRECTION DIR O— > TPU
CONTROL L] B OUTPUT/INPUT
INPUT
x
0 GND
TO OTHER
BUFFERS

UNIT: @
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MITSUBISHI LSTTLs

M74LS643P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT

FUNCTION TABLE (Note1)

oc DIR B
L L |
L H 1 0
H X y4
Note 1: 1: Input pin

O: Output (non-inverted output) pin

O: Output (inverted output) pin

Z: High impedance (A, B separated)

X: lrrelevant

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

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 \
A, B —0.5~+5.5 \
A Input voltage —
DIR, OC —0.5~+15 \
Vo Output voltage Off state —0.5~+5.5 \
Topr Operating free-air ambient temperature range —20~+75 T
Tstg Storage temperature range —65~+150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Typ Max
Vce Supply voltage 4.75 5 5.25 \"
VoH=2.4V 0 -3 A
loH High-level output current oH =
VoH= 2V 0 —15 mA
=
loL Low-level output current VoL=0.4v 0 12 mA
VoL=0.5V 0 24 mA

ELECTR'CAL CHARACTERISTlCS (Ta=—20—~ + 757, unless otherwise noted )

L Limits
Symbol Parameter ‘ Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 \
Vi Low-level input voltage 0.6 \Y
V1+ —VT1—| Hysteresis width Vcc=4.75V 0.2 0.4 \%
Vic Input clamp voltage Veco=4.75V, lic=—18mA —-1.5 \%
' Vgc=4.75V loH=— 3mA 2.4 3.4 \%
VoH High-level output voltage
: V|=0.6V, V|=2V lon=—15mA \%
: Vge=4.75V loL=12mA 0.25 0.4 \
VoL Low-level output voltage
V;=0.6V, V|=2V loL=24mA 0.35 0.5 \
lozH Off-state high-level output current Vge=5.25V,V|=0.6V,V|=2V,Vo=2.7V 20 uA
lozL Off-state low-level output current Vec=5.25V,V|=0.6V,V|=2V,Vo=10.4V| —400 A
A, B 20 uA
— Vog=5.25V, V|=2.7V
. . DIR, OC 20 uA
liH High-level input current
A, B i Vce=5.25V, V|=5.5V 0.1 mA
DIR, 0C Vge=5.25V, V=10V 0.1 mA
e Low-level input current Vgc=5.25V, V|=0.4V : —0.4 mA
los Short-circuit output current (Note 2) Vee=5.25V, Vo=0V —40 —225 mA
lccH Supply current, all outputs high Vgc=5.25V, V=0V, V|=4.5V 48 70 mA
lcoL Supply current, all outputs low Vgc=5.25V, V=0V, V|=4.5V 62 90 mA
lcez Supply current, all outputs off Vgo=5.25V, Vi=0V, V|=4.5V 64 95 mA

* : All typical values are at Vo = 5V, T, = 256°C.
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
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MITSUBISHI LSTTLs

M74LS643P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT

SWITCHING CHARACTERISTICS (vcc=5v, Ta=25T, unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
t Low-to-high level output From input A to output B 8 10 ns
PLH propagation time From input B to output A 8 10
= C_=45pF (Note3)
t High-to-low level output From input A to output B 12 15 ns
PHL propagation time From input B to output A 12 15
. From input OC to output A 25 40
tpzL Low output enable time - ns
From input OC to output B R_=6672 C_=45pF 25 40
F i oC 23 40
[PZH High output enable time rom Input (E to output A (Note 3) ns
From input OC to output B 23 40
. . From input OC to output A 17 25
tpLz Low output disable time " — ns
From input OC to output B RL=667Q2 CL="5pF 17 25
tpnz High output disable time From input EJEto output A (Note 3) 19 25 ns
From input OC to output B 19 25
Note 3:* Measurement circuit
INPUT Vec  OUTPUT Vce
[}
Parameter| SW1 | SW2
R (1) The pulse generator (PG) has the following
?/SW ) tpzH Open | Closed characteristics: PRR = 1MHz, t; = 6ns, t =
6ns, ty, = 6500ns,Vp = 3Vp.p, Z, = 500
[V Yl YN Closed | O W P-P. 40
PG DUT Il L 4B4R 4 trzL s pen (2) All diodes are high speed switching diodes
5kQ tpLz | Closed | Closed | (trr < 4ns).
MNV— (3) C| includes probe and ji i 3
500 I é oz Closed | Ciosed Li probe and jig capacitance.
L 7ﬁswz
4
TIMING DIAGRAM (Reference level = 1.3V)
A, B (INPUT) 7[ SK
—— teLH
B  (OUTPUT)
tPHL
A (OUTPUT)
tPLH tPHL
oc SK 7!
trLz
A, B g [
(OUTPUT) T
tpzL 7 0.5V
r
—o.5v
A, B (OUTPUT)
t t
] PZH PHZ
MITSUBISHI
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MITSUBISHI LSTTLs

M74LS643-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT

DESCRIPTION
The M74LS643-1P is a semiconductor integrated circuit

PIN CONFIGURATION (TOP VIEW)

Py . . . . DAT. \_J
cont?mmg 8 bus transmitters/receivers with inverted and DIRECTION 5y _, [T] 7 Voo
non-inverted outputs. CONTROL 1 7 ouTeuT
A1« [2] 9] + OC CONTROL
FEATURES Az «» E_W = LE «— B,
® Bi-directional transmission, or separation, of two 8-bit L|_
. . |4 -~
data is possible. As I:_Tg 7] &2
® Hysteresis provided (= 400mV typical) for input/output INPUTS | A4 *+* E—ﬁ§: %1_ E +* B3
. /OUTPUTS L
A and output/input B As + [6] g P_'SJ > B
® High fan-out (Ig. = 48mA, gy = —15mA) . NPT e Z;H—LE e e
® Wide operating temperature range (T, = —20~+75 C) & %
a1 s [y < s
APPLICATION Ag o E 2] - 87
General purpose, for use in industrial and consumer
equipment. eno  [ig] 1]+~ Bs
FUNCTIONAL DESCRIPTION Outline 20P4
In this device the inputs and outputs are mutually
connected and the buffers with non-inverted outputs and
the buffers with 3-state inverted outputs are made two-way
buffers.
The input/output A and output/input B input sections
are provided with hysteresis for an increased noise margin.
The input/output direction is controlled by DIR.
- When DIR is high, A is made the input pin and B the
output pin. When DIR is low, B is made the input pin and
A the output pin. When output control input OC is high,
both A and B are put in the high-impedance state and A
and B are isolated.
CIRCUIT DIAGRAM (EACH BUFFER)
r—1 ' ' ’ ' ! ! t O Vee
25kZ5 4kg 16k3 F2k 50
10k3 10K
OUTPUT INPUT/OUTPUT
CONTROL OC 0O—9 A 4
INPUT P/]Sk
‘ 0 xy.
1.8k
TO OTHER
BUFFERS
50 gizms%?m
10k
DATA
DIRECTION 15k »f —0B OUTPUT/INPUT
CONTROL DIR O ~N L
INPUT G
E 1 8K Y 1
o GND
TO OTHER
BUFFERS
UNIT: Q
MITSUBISHI
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'M74LS643-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT

FUNCTION TABLE Note 1)

0oC DIR B
L L o |
L 1 [
H X z
Note 1: | : Input pin
O : Output (non-inverted) pin
0 : Output (inverted) pin
Z : High-impedance (A, B are isolated) '
X Irrelevant

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

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~+7 \
A, B —0.5~+5.5 \
Vi Input voltage —
DIR, OC —0.5~+15 \%
Vo Output voltage Off-state —0.5~+5.5 \Y
Topr Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range — 65~ 4150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5 5.25 \Y
>2. —
loH High-level output current Von=2.4V 0 3 mA
VoH= 2V 0 —15 mA
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 48 mA
ELECTR'CAL CHARACTERIST'CS (Ta=—20~+ 75'°C , unless otherwise noted )
Limits
Symbol Parameter Test conditions - Unit
Min Typ * Max
Vi High-level input voltage 2 iV
Vi Low-level input voltage } 0.6 \
V1+—V1—| Hysteresis width Vcc=4.75V 0.2 0.4 \
Vic Input clamp voltage Vcc=4.75V, ljc=—18mA —1.5 \Y
=4.7 =— . . \
Vou High-level output voltage Vee=4.75V loH 3mA 2.4 3.4
Vi =0.6V, V| =2V loH= — 15mA \
loL=12mA 0.25 0.4 Y
v Low-level | Voo=4.75V loL=24mA 035 | 05 v
ow-level output voltage e m . .
o- putvoltas Vi=0.6V, Vi=2V oL
loL=48mA 0.4 0.5 \%
lozH Off-state high-level output current Voc=5.25V, Vi =0.6V, Vi =2V, Vo=2.7V 20 uA
lozL Off-state low-level output current Vec=5.25V, Vi =06V, V; =2V, Vo=0.4V —400 uA
' A, B 20 uA
— Vece=5.25V, Vy=2.7V
. . DIR, OC 20 uA
liH High-level input current
A, B Vee=5.25V, V| =5.5V 0.1 mA
DIR, OC Vee=5.25V, Vi =10V 0.1 mA
he Low-level input current Vcc=5.25V, V| =0.4V —-0.4 mA
los Short-circuit output current (Note 2) Vcc=5.25V, Vo= 0V —a0 —225 mA
lccH Supply current, all outputs high Vce=5.25V, Vi= 0V, V;=4.5V 48 70 mA
lccL Supply current, all outputs low Vece=5.25V, Vi=0V, V;=4.5V 62 90 mA
lccz Supply current, all outputs off Vgc=5.25V, Vi= 0V, V|, =4.5V 64 95 mA

- %.. All typical values are at Vgg=5V, Ta=25T
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
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M74LS643-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT

SWITCHING CHARACTERISTICS (Vce=5V, Ta=25°C, unless otherwise noted )

Symbol P T d Limits
0! meter it n
ym aramete est conditions i Tvo Max Unit
' Low-to-high-level output From input A to output B 8 10 s
PLH propagation time From input B to output A 8 10 n
" CL=45pF (Note3)
t High-to-low level output From input A to output B 12 15 s
PHL propagation time From input B to output A 12 15 n
t Low-level output enable’ From input 0Cto output A 25 40 ns
PzL time From input O C to output B . 3 25 40
— RL=667Q C_=45pF (Note
t High-level output enable From input OCto output A L L P 23 40 ns
PZH time From input OC to output B 23 40
Low-level output disable From input0Cto output A 17 25 ns
tpLz time From inputOCto output B 17 25
— RL=667Q C_=5pF (Note3)
High-level output disable From inputOC to output A 19 25 ns
tenz time From input OC to output B 19 25
Note 3: Measurement circuit
INPUT Vee OUTPUT Vco
()
Symbol SW1| Sw2
Ru (1) The pulse generator (PG) has the following
SW 1 trzH Open | Closed characteristics:
4 NI N tp Closed | Open PRR = 1MHz, t, = 6ns, tg = 6.nsl tw = 500ns,
PG puT PP 2L Vp =3Vpp, Zo =508
Asl\l;f’l trLz Closed | Closed (2) All diodes are switching diodes (t,, < 4ns).
50Q iCL %Swz t PHz Closed | Closed (3) Cg includes probe and jig capacitance.
TIMING DIAGRAM (Reference level = 1.3V)
A, BI(INPUT) 7[ !‘{
— tPLH
B (OUTPUT)
tPHL
A (OUTPUT)
tPLH tPHL
—_——
tpLz
A, B(OUTPUT) —
tpzL 7’é‘o.sv
0.5V
A, B(OUTPUT)
tPzH tPHZ|
>
MITSUBISHI
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OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT

MITSUBISHI LSTTLs

M74LS644P

DESCRIPTION

The M74LS644P is a semiconductor integrated circuit con-
taining 8 bus transmitter/receiver circuits with inverted,
non-inverted open collector outputs.

FEATURES

® Bi-directional transmission or separation of two 8 bit
data is possible.

® QOpen collector outputs

® Hysteresis provided (width =400mV typical) for input/
output A and output/input B

® High fan-out (Ig = 24mA)

® Wide operating temperature range. (Tg = -20 ~ +75°C)

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

FUNCTIONAL DESCRIPTION

The inputs and outputs of the buffer circuits with open col-
lector outputs are connected together to form bi-directional
buffers. The input sections of input/output A and output/
input B have been designed with hysteresis characteristics
giving increased noise margin. The input/output direction
is controlled by DIR.

When DIR ‘is high then A is the input pin and B is the
output pin. When DIR is low then B is input pin and A is
the output pin. When output control input OC is high, A
and B become high so the buffers are isolated.

Open collector outputs are provided, so the high-level
output-impedance can be freely selected with external load
resistors.

PIN CONFIGURATION (TOP VIEW)

DATA P
DIRECTION DIR — m 20 Voo
CONTROL
OUTPUT
INPUT -0 E s L’T_g‘] «~ 0C ?[\O”I;IJ_POL

Az 3]
Ay« [1]
ac e ]
As « [6]
ps 1]
A7 B
aa e ]
o]

1
¥

7] « B2
5 - e
5] « Ba
[14] + Bs
3] — B¢
) - 8
mE

*: OPEN COLLECTOR OUTPUTS
Outline 20P4

T

INPUTS/
QUTPUTS

kL Ly

OUTPUTS/
INPUTS

*

L S

*!
* *

GND

The functions and pin connections of this IC are identi-
cal to those of M74LS643P. )

A device, M74L.S644-1P, having the same pin connec-
tions and functions except the value of lgL (= 48mA) has
been provided. :

CIRCUIT DIAGRAM (Each buffer)
R o— * ' ’ —O Vce
5.4KE 16KE  F2k
INPUT/
OUTPUT OUTPUT 5
CONTROL A 1¢ v
INPUT
x
. 4
1.8k
TO OTHER BUFFERS
2.4k 5.4k
9.4k 5k; 2k$ 3 $16k $25k
10k
DATA
DIRECTION e
conTroL P'RO— or b B OUTPUT/INPUT
INPUT 8
v 3 ' 1:
5k £3k Ed Y
18k GND
TO OTHER BUFFERS
UNIT: @
MITSUBISHI
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M74LS644P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT

FUNCTION TABLE (Note 1)

(¢ DIR B
L L (o] 1
L | 0
H H H
Note 1: |:" Input pin

O: OQutput (non-inverted output) pin

O: Output (inverted output) pin

X: lrrelevant

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

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~+7 \%
2 Input voltage A, B__ —0.5~-+7 v
DIR, OC -0.5~+15 \
Vo Output voltage High-level state —0.5~+7 \
Topr Operating free-air ambient temperature range —20~+175 °C
Tstg Storage temperature range —65~ +150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=~20~+75T, uniess otherwise noted)
Limits
Symbol Parameter Unit
. Min Typ Max
Vce Supply voltage 4.75 5 5.25 \
loH High-level output current Vo=5.5V 0 100 uA
VoL=0.4V 0 12 | mA
loL Low-level output current
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~+75T, unless otherwise noted )
Limits
Symbol Parameter Test conditions - Unit
Min Typ % Max
Vin High-level output voltage 2 \%
ViL Low-level output voltage 0.6 \
VT+—VT-| Hysteresis width Vec=4.75V 0.2 0.4 \)
Vic Input clamp voltage Vee=4.75V, ligc=—18mA —1.5 \
loH High-level output current Vce=4.75V, V|=0.6V,V|=2V,Vo=5.5V 100 uA
= = . .4 \
VoL Low-level output voltage Vee=4.75v loL=12mA 0.25 0
Vi=0.6V, V|=2V loL=24mA 0.35 0.5 \
A. B Voe=5.25V, Vi=2.7V 20 uh
_ n DIR, 0G oc==-e3%, Mi=e. 20| uA
IiH High-level input current
A, B Vge=5.25V, V|=5.5V 0.1 mA
DIR, OC Vce=5.25V, V=10V 0.1 mA
he Low-level input current Vee=5.25V, V|I=0.4V —0.4 mA
lccH Supply current, all outputs high Vec=5.25V, V=0V, V|=4.5V 48 70 mA
lcoL Supply current, all outputs low Vce=5.25V, V|=0V, V|=4.5V 62 90 mA
lccz Supply current, all outputs off Vee=5.25V, V|=0V, V|=4.5V 64 | 95 mA
% : All typical values are at Vg = 5V, T, = 25°C.
MITSUBISHI
ELECTRIC 2—427



MITSUBISHI LSTTLs

M74LS644 P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT

sw‘TcHlNG CHARACTER'ST'CS (Vec=5V, Ta=25C, unless otherwise noted )

Limits
Parameter Test conditions - Unit
Symbol ara in v Py,
t Low-to-high level output From input A to output B 16 25 ns
PLH propagation time From input B to output A 20 25
t High-to-low level output From input A to output B 14 25 ns
PHL I
propagation time From input B to output A 15 25
put B to oute CL=45pF, RL=667Q
t Low-to-high level output From input OC to output A 25 40 ns
PLH propagation time From input OC to output B (Note 2) 25 40
t High-to-low level output From input OC to output A 30 60 ns
PHL propagation time From input OC to output B 30 50

Note 2: Measurement circuit

PG

§

INPUT vee Vec  OUTPUT
T AL
DUT
50Q Cu

]

TIMING DIAGRAM (Reference level = 1.3V)

A, B (INPUT)

B (OUTPUT)

A (OUTPUT)

A, B (OUTPUT)

—J

N

téHL
tPLH tPHL

tPHL

-

:

ITJ

tPLH

The pulse generator (PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =
6ns, ty = 500ns,Vp = 3Vp.p, Zo = 5092

(2) Cy includes probe and jig capacitance.
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M74LS644-1P

DESCRIPTION

The M74LS644-1P is a semiconductor integrated circuit
containing 8 bus transmitters/receivers with open collector
inverted and non-inverted outputs.

FEATURES

® Bij-directional transmission, or separation, of two 8-bit
data is possible.

® Open collector outputs

® Hysteresis provided (= 400mV typical) for input/output
A and output/input B

® High fan-out (loL = 48mA)

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

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

FUNCTIONAL DESCRIPTION
In this device the inputs and outputs are connected
mutually and the buffers with open collectors inverted
outputs and the buffers with the non-inverted outputs are
made two-way buffers. the input/output A and output/
input B input sections are provided with hysteresis for an
increased noise margin. The input/output direction is
controlled by DIR. .

When DIR is high, A is made the input pin and B the
output pin. When DIR is low, B is made the input pin and

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT

PIN CONFIGURATION (TOP VIEW)

biRECTION ~

tontnor 0" =[O~ [ veo
INPUT

A 2B

___ OUTPUT
[19] — OC CONTROL

—

% INPUT
Az < E-ﬂ%‘ =] E By
Az E * - LHE B2
weus | Aa = E114] 6] + B3
/OUTPUTS
As = [¢] x ]+ B OUTPUTS

Ag e E‘ﬁ% 7]« 85 /INPUTS
s o+ [E}-5551 by B0 26
B e
enp [i0] M
*: OPEN COLLECTOR OUTPUTS

Outline 20P4

A the output pin. When OC is high, both A and B are high,
and A and B are isolated.

The functions and pin connections of this device are
identical to those of M74L.S643-1P but since open collector
outputs are provided, the high-level output impedance can
be freely selected with an external load resistor.

CIRCUIT DIAGRAM (EACH BUFFER)
9 » ’ ? ? 1 © Vece
5.4k 16k 2k
10k 10k
oUTRUT INPUT/OUTPUT g
CONTROL OC 0—1 A ¢ i
INPUT
y x
TO OTHER BUFFERS
2k
DATA
DIRECTION
controL DR Oj —0 B OUTPUT/INPUT
INPUT
4
—O0 GND
TO OTHER BUFFERS
UNIT: Q
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M74LS644-1P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT

FUNCTION TABLE ote 1)

[]]¢] DIR A B

L 1
L ! [9)
H H

Note 1: | : Input pin
O : Output (non-inverted) pin
0 2 Qutput (inverted) pin
X *lrrelevant

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

Symbol Parameter Conditions . Limits Unit
Vece Supply voltage . —0.5~+7 \"

A, B . —0.5~+7 \%
\) Input voltage —

DIR, OC » —0.5~+15 \
Vo Output voltage : High-level state —0.5~+7 \
Topr Operating free-air ambient temperature range —20~+T5 °C
Tstg Storage temperature range —65~+4150 °C

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

Limits
Symbol Parameter Unit
Min Typ Max .
Vec Supply voltage 4.75 5 5.25 \
loH High-level output current Vo=5.5V 0 100 #A
VoL<0.4V 0 12 mA
loL Low-level output current -
VoL=0.5V 0 . 48 mA

ELECTRICAL CHARACTERISTICS (Ta=—20~+75°C, unless otherwise noted )

Limits
Symbol Parameter Test conditions Vi Tvp % Vo Unit
ViH High-level input voltage ’ : 2 \Y
ViL Low-level input voltage 0.6 \
VT4+—VT-| Hysteresis width Voc=4.75V 0.2 0.4 \
Vic Input clamp voltage Vgo=4.75V, ljgc=—18mA —1.5 \"
loH High-level output current Vgoe=4.75V, Vi=0.6V,V|=2V,Vo=5 .5V 100 uA
= A .
V] Low-level output voltage Voo=4.75V :°L=;2:A — o ://
oL Vi=0.6V, Vi=2V oL=24 0.35 0.5
loL=48mA 0.4 0.5 \%
AB__ Voo=5.25V, Vi=2.7V i uA
11 High-level input current _DIR, 0C 20 uA
' A B Vee=5.25V, V|=5.5V 0.1 mA
DIR, 0C Veo=5.25V, Vi=10V 0.1 mA
ITH Low-level input current ’ Vec=5.25V, V|=0.4V —0.4 mA
lcoH Supply current, all outputs high Vee=5.25V, V=0V, V|=4.5V 48 70 mA
lcoL Supply current, all outputs low Vee=5.25V, V=0V, V|=4.5V 62 90 mA
lcoz Supply current, all outputs off l Vgec=5.25V, V=0V, V|=4.5V 64 95 mA

* © All typical valuesareat Vgg=5V, Ta=25°C
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M74LS644-1P

OCTAL BUS TRANSCEIVER WITH OPEN COLLECTOR OUTPUT

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

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
t Low-to-high-level output From input A to output B 16 25
R ns
PLH propagation time From input B to output A 20 25
t High-to-low level output From input A to output B 14 25
PH . ns
L propagation time From input B to output A 15 25
- — C_=45pF, R_L=667Q (Note2)
t Low-to-high level outpout From inputQC to outputA 25 40
o == ns
PLH propagation time From input O C to output B 25 40
t High-to-low-level outpout From input OC to output A 30 60 ns
PHL propagation time From input O C to output B 30 50
Note 2: Measurement circuit
INPUT Vee Vec  OUTPUT
T R (1) The pulse generatar (PG) has the following characteristics:
L PRR = 1MHz, t, = 6ns, t; = 6ns, t,, = 500ns,
PG DUT Vp =3Vp.p, Zo = 5092.
(2) Cy includes probe and jig capacitance.
500 ;l/; Cu
TIMING DIAGRAM (Reference level = 1.3V)
A, B(INPUT) zz x‘
— tPLH
B(OUTPUT)
tPHL
1
A (OUTPUT)
teLH tPHL
oC N '
————— trLH
A, B(OUTPUT)
tPHL
e T —
A MITSUBISHI
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M74LS645P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED)

DESCRIPTION
The M74LS645P is a semiconductor integrated circuit con-

PIN CONFIGURATION (TOP VIEW)

taining 8 bus transmitter/receiver circuits with non-inverted o DATA S
outputs. Conrror OB E"ﬂ 29 veo
INPUT Ay HE—% LE «~ 0C 88;?’%BL
FEATURES @—L INPUT
- @ Bi-directional transmission or separation of two 8 bit Az "’E E %]_LT—SI < B
data is possible. ) Az Ej{? [17) — 8.
® Hysteresis provided (width = 400mV typipal) for input/ E_T{ﬁ %‘LLE
output A and output/input B OLNTPPLLJ}_'FSS/ ] A B3
® High fan-out (Ig = 24mA, Igy =-15mA) As > E—Tﬁ 5] «+ Ba
® Wide operating temperature range (T3 = ~20 ~ +75°C) Ag < % %l—l_l—_dl e Bs ?&J’E%JSTS/
APPL'CAT'ON A7 E E «+ Bg
General purpose, for use in industrial and consumer equip-
ment. A« [9] > 2% 17] +~ 87
GND  [iD) E] > Bg
FUNCTIONAL DESCRIPTION
The inputs and outputs of the buffer circuits with 3-state Outline 20P4

outputs are connected together to form bi-directional

A device, M74LS645-1P, having the same pin connec-
tions and functions except the value of lg_ (=48mA) has
been provided.

buffers.

The input sections of input/output A and output/input
B have been designed with hysteresis characteristics for
increased noise margin. The input/output direction is con-
trolled by DIR.

When DIR is high then A is the input pin and B is the,
output pin. When DIR is low then B is input pin and A is

the output pin.
When output control input OC is high, both A and B

are put in the high-impedance state so the buffers are

isolated.

CIRCUIT DIAGRAM (Each buffer)
' —O Vee
10k
OUTPUT ___ -
CONTROL OC 0—
INPUT
TO OTHER
BUFFERS
DATA .
D::Féi‘cTTF:gr‘\-l DIR O B OUTPUT/INPUT
INPUT
GND
TO OTHER
BUFFERS
UNIT: @
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M74LS645P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED)

FUNCTION TABLE (Note 1)

0C DIR A B
L (o) |
L I (o)
H X z z
Note 1: |: Input pin
0O: Output (non-inverted output) pin
Z: High impedance (A, B separated)
X: Irrelevant

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

Symbol Parameter Conditions Limits Unit
Vce Supply voltage . . —-0.5~+7 \Y
. A. B —0.5~+5.5 \
A Input voltage —
DIR, OC —0.5~+15 \
Vo Output voltage Off state —0.5~+5.5 \Y
T opr Operating free-air ambient temperature range —20~ +75 ‘C
Tstg Storage temperature range —65—~ +150 c

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

Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 A\
' VoH= 2.4V 0 -3 mA
loH High-level output current
VoH= 2V 0 —15 mA
VoL=0.4V 0 12 mA
loL Low-level output current
VoL = 0.5V 0 24 mA

ELECTRICAL CHARACTER'ST'CS (Ta=—20~ +75C. unless otherwise noted )

. Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
Vin High-level input voltage 2 Vv
ViL Low-level .input voltage . 0.6 \
VT1+ —VT1—| Hysteresis width Vecc=4.75V 0.2 0.4 \%
Vic Input clamp voltage Vee=4.75V, lic= — 18mA ) —-1.5 \
. Vecc=4.75V . loH= —3mA 2.4 3.4 \2
VoH High-level output voltage
Vi =0.6V, V| =2V lon= — 15mA \
= loL=12mA 0.25 . \4
VoL Low-level output voltage Vog=4.75V oL 0.4
Vi=0.6V, V=2V loL=24mA 0.35 0.5 v
lozn Off-state high-level output current Ve =5.25V, Vi =0.6V, V| =2V, Vo=2.7V 20 '#A
lozL Off-state low-level output current Vec=5.25V, V| =0.6V, V; =2V, Vo=0.4V —400 uA
A, B 20 HA
. . — Vge=5.25V, V| =2.7V
High-level input DIR, OC 20 LA
liH
eurrent ) Vce=5.25V, V| =5.5V 0.1 mA
DIR. OC Vce=5.25V, V| =10V 0.1 mA
e Low-level input current Vee=5.25V, V| =0.4V —0.4 mA
los Short-circuit output current (Note 2) Vce=5.25V, Vo= 0V —40 —225 mA
lceH Supply current, all outputs high Vee=5.25V, V=0V, V| =4.5V 48 70 mA
lcoL Supply current, all outpus low Vee=5.25V, Vi=0V, V;=4.5V ) 62 90 mA
lccz Supply current, all outputs off Vee=5.25V, i=0V, V, =4.5V 64 95 mA

*: All typical values areat Vo =5V, Ta = 25°C.
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
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M74LS645P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED)

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

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
t Low-to-high level output From input A to output B 12 15 ns
PLH propagation time From input B to output A 12 15
" C_=45pF (Note 3)
t High-to-low level output From input A to output B 12 15 s
PHL propagation time From input B to output A 12 15
. From input OC to output A 25 40 '
tpzL Low output enable time = - o oot B 25 m ns
rom 1 t 1
om Input L% 1o outeu RL=667Q, .CL=45pF
. . From input OC to output A 23 40
tpzn High outputenable time — (Note 3) ns
From input OC to output B 23 40
From input OC to output A 17 25
tpLz Low output disable time = - oe 5 ] 75 ns
rom input oc to output RL=667Q, CL=5pF 7
From input OC to output A 19 25
tphz High output disable time — (Note 3) ns
From input OC to output B 19 25
Note 3: Measurement circuit
INPUT Vee OUTPUT Vce
Parameter| SW1 | SW2
Re (1) The pulse generator (PG) has the following
SW1 tpPzH Open | Closed characteristics: PRR = 1MHz, t, = 6ns, t; =
. 6ns, tyy = 500ns,Vp = 3Vp.p, Zo = 5002
IPRGE YN W w 0
PG DuUT PP tpz | Closed | Open | (5) Ajl diodes are high speed switching diodes
5kQ tpLz | Closed | Closed (trr < 4ns).
500 AN (3) CL includes probe and jig capacitance.
j;CL ;ﬁSW? t PHZ Closed | Closed
TIMING DIAGRAM (Reference level = 1.3V)
A, B (INPUT) K 0C
0.5V
y OUTP!
8. A (OUTPUT) B. A ouTPUT)

B, A (OUTPUT)

|

!

trPzL

tPHL

L

-
T
r
N

i

t PHZ|
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OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED)

MITSUBISHI LSTTLs

M74LS645-1P

DESCRIPTION

The M74LS645-1P is a semiconductor integrated circuit
containing 8 bus transmitters/receivers with non-inverted
outputs. '

FEATURES

® Bi-directional transmission, or separation, of two 8-bit
data is possible. :

® Hysteresis provided (= 400mV typical) for input/output
A and output/input B

® High fan-out (g =48mA, loy = —15mA)

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

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

FUNCTIONAL DESCRIPTION

In this device the inputs and outputs are connected
mutually to 2 circuits and the buffers with 3-state
non-inverted outputs are made two-way buffers. )

The input/output A and output/input B input sections
are provided with hysteresis for an increased noise margin.
The input/output direction is controlled by DIR.

When DIR is high, A is made the input pin and B the
output pin. When DIR is low, B is made the input pin and
A the output pin. When OC is high, both A and B are put in
the high-impedance state and A and B are isolated.

PIN CONFIGURATION (TOP VIEW)

QUTPUT

E «— 0C (IZ'\?PI\IIJTTROL
mEeeS

E “—» Bz
W - 85

El <+« By
QUTPUTS/
INPUTS
E «» Bs

EQ—Q Bs
El«. B1
mE

DATA

DIRECTION

controL PR ]
INPUT

Al > E

Az +» E

Az +» E

puts/ | Ae =[]
OUTPUTS

As > [6:

As + [1]
ar (]
po [
GND [E

Qutline 20P4

i
LLLrr)

CIRCUIT DIAGRAM (EACH BUFFER)

' ’ —0 Vce
25ks 16k
10k 10k
INPUT/
OUTPUT  ___ OuTPUT
CONTROL OC O—y A ¢
INPUT
y 'y
¥
TO OTHER BUFFERS
q 1
50 2ks 2 élsk 25k
5. 4k 10k
DATA .
ggﬁﬁﬁNDmo— ﬁk\‘ »f 0 B OUTPUT/INPUT
INPUT
=y \{l “
y - d V'S
-8 ; Yy
S GND
TO OTHER BUFFERS
UNIT: Q
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M74LS645-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED)

FUNCTION TABLE Note 1)

0C DIR A B
L L (o] |
L H |
H X ' z z
Note 1: i Input pin

I
O : Output (non-inverted output) pin

Z © High impedance (A and B are isolated)
X lrrelevant

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

Symbol Parameter Conditions Limits Unit
Vec Supply voltage —0.5~+7 \
A, B —0.5—~+5.5 \
\ Input voitage —
DIR, OC —0.5~+15 \
Vo Output voltage Off-state —0.5~+5.5 \
Topr Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range — 65~ + 150 C
RECOMMEND ED OPERAT' NG CONDITIONS (Ta=—20~ + 75T, unless otherwise noted )
Limits
Symbol Parameter - Unit
Min Typ Max
Vce Supply voltage 4.75 5 5.25 \
) VOHZ 2.4V 0 -3 mA
loH High-level output current
VoH= 2V 0 —15 mA
VoL=0.4V 0 12 mA
loL Low-level output current
VoL =0.5V 0 48 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75%C, unless otherwise noted )
Symb P; t Test conditi Limits Unit
eter ni
ymbol aram est conditions in Tvp # | Mo
Vin High-level input voltage 2 \V
ViL Low-level input voltage 0.6 \Y
VT 4+ —V1—| Hysteresis width Vcc=4.75V 0.2 0.4 \
Vic Input clamp voltage Vcc=4.75V, ljc= —18mA —1.5, \
Vcc=4.75V =— .4 B \
VoH High-level output voltage cc=4.75 lon 3mA 2 3:4
Vi=0.6V, Vj=2V lop= — 15mA 2 \
loL=12mA 0.25 0.4 V.
v Low-level output volt, Veo=4.75V ToL=24mA 035 | 0.5 v
ow-level output voltage =24m . .
oL patvolteg Vi=0.6V, V=2V o
loL=48mA 0.4 0.5 \
lozH Off-state high-level output current Vgoe=5.25V,V|=0.6V,V|=2V,Vo=2.7V 20 uA
lozL Off-state low-level output current Vge=5.25V,V|=0.6V, V=2V, Vo=0.4V —400 uA
A, B 20 uA
— Vec=5.25V, V|=2.7V
. . DIR, OC 20 LA
liH High-level input current
: A B - Vge=5.25V, V|=5.5V 0.1 mA
DIR, OC Vgoe=5.25V, V|=10V 0.1 mA
hie Low-level input current Vee=5.25V, V|=0.4V —0.4 mA
fos Short-circuit output current (Note 2) Veg=5.25V . Vo=0V —40 —225 mA
lcoH Supply current, all outputs high Vee=5.25V, V=0V, V|=4.5V a8 70 mA
lcoL Supply current, all outputs low Vec=5.25V, Vi=0V, V|=4.5V 62 90 mA
lccz Supply current, all outputs off Vee=5.25V, V|=0V, V|=4.5V 64 95 mA

s o All typical values are at Vgc=5V, Ta=25C
Note 2: All measurements should be done quickly, and not more than one output should be shorted at a time.
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M74LS645-1P

OCTAL BUS TRANSCEIVER WITH 3-STATE OUTPUT (NONINVERTED)

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

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
t Low-to-high-level output From input A to output B 12 15 s
PLH propagation time From input B to output A 12 15
- CL=45pF (Note3)
t High-to-low level output From input A to outputB 12 15
o ns
PHL propagation time From input B 10 outputA 12 15
Low-level output enable From input OC to outputA 25 40
tpzL ) — ns
time From input OC to outputB 25 40
n — RL=667Q, C_=45pF (Note3)
t High-level output enable From input OC to output A 23 40 ns
PZH time From input OC to output B -23 40
t Low-level output disable From input OC to output A 17 25
" — ns
PLZ time From input OC to output B o 17 25
- == R_=667Q, =5pF (Note3)
: High-level outpout disable From input OC to output A| - L=oP 19 25 N
PHZ time From input OC to output B 19 25

Note 3: Measurement circuit

INPUT Vee OUTPUT Vce
Symbol SW1 | Sw2
Re (1) The pulse generator (PG) has the following
sw1 tpPzH Open | Closed characteristics:
PRR = 1MHz, t, = 6ns, 11 = 6ns, t,y, = 500ns,
PG ouT ) R m g tpzL | Closed | Open Vp = 3Vp.p, Zo = 50Q2.
5kQ tpLz Closed | Closed | (2) Alldiodes are switching diodes (t,, < 4ns)
500 M (3) Cp includes probe and jig capacitance.
—cu 7% swa2 tpPHZ Closed | Closed
/ *
TIMING DIAGRAM (Reference level = 1.3V)
A, B (INPUT) § oc
0.5V
B, A P 3 §
B, A(OUTPUT) (ouTPuT
m tPHL PHZ
oc }
B, A(OUTPUT) —
0.5v
tpzL
tpLz
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SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER

MITSUBISHI LSTTLs

M74LS668P

DESCRIPTION

The M74LS668P is a semiconductor integrated circuit
containing a synchronous decade counter function with an
up/down control input and preset input.

FEATURES

® Fully synchronous operation for counting and program-
ming

Integral look-ahead for counting

Carry output for n bit cascading

Fully independent clock circuit

Up/down control input provided

Preset input provided

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

FUNCTIONAL DESCRIPTION

This device operates with the preset, up/down control
and enable function synchronized to the rising edge of the
clock pulse.

Data is also acquisitioned from outputs Qa thru Qp on
the rising edge of clock input T, synchronized with (and in
response to) data input at D5 thru Dp; and occurs after
preset is initiated by dropping load input (LOAD) to a
low-level.

Up/down counter operations are initiated when LOAD is
high-level, and the count enable input (Ep and Ev) is low-
level. The counter increments (up) when control input

PIN CONFIGURATION (TOP VIEW)

UP/DOWN A
conTROL U/D — [T— 6] Vo
INPUT O o

___  CARRY
cLock INUT T — [Z}-{rt ~ Rcop{B] RGO  OUTPUT
Da— E—DA QA““_E —Qa
Dg— E—De QB—E —Qp
Dc— E— Dc Qc——E —Qc

Dp— E—Du QD—E —Qp
COUNT

ENABLE Ep— [Thdee  E1b-fi)] «E7

GND 8

DATA

INPUTS OUTPUTS

COUNT
ENABLE
INPUT

T 19] «C0AD LOAD
INPUT

Qutline 16 P4

U/D is high-level, and decrements (down) at low-level.

Carry output (RCO) goes low-level (active) at 9, during
up counting operations and at O, while the count is going
down. The synchronous feature of the counter permits it
to be cascaded for use as a decade counter. (See the applica-
tion example provided in the back of this specification
sheet.) :

Counter operations are inhibited when LOAD and (Ep
or E7) are all high-level. ‘

BLOCK DIAGRAM

OUTPUTS

INPUT INPUT

. T U/D TOAD EpETDa Ds Dc Do GND
CLOCK  UP/DOWN LOAD
INPUT  CONTROL INPUT commiE DATA INPUTS

MITSUBISH!
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M74LS668P

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER

FUNCTION TABLE ote 1)

LCOAD Ep ET u/DB T Qa Q8 Qc Qo RCO *
L X X X 1 Da Ds D¢ Dp H
H L L H 1 COUNT UP H
H L L L 1 COUNT DOWN H
H H X X X ‘
COUNT INHIBIT H
H X H X X ‘

Note 1. t : Transition from low to high
X : lrrelevant _
% : RCO is normally at high-level, however, when Et is low and the counter is incrementing, Qpa is high-
level, Qg is center-level, Qc is low-level, and Qp is high-level, and RCO will go low-level. Also, when the
counter is decrementing, Qa, Qg, Qc and Qp will be low, and RCO will also be low.

50 = 0x-00°0/0) -7
RCO=0Qa-0s°Qc"Qp-(U/D)-E7

TIMING DIAGRAM

Sr

ud
(Evor Ep)j

Qa

g

I

-
|
]

s r
_--..',_.L :
-

- - ! I
Qo -Il l

_

.

_
=g

-J
177

Qc

———----]---

|
-— - - - Il
RGO ___§ 11 | |
1711 g 9 0 12y 2 2 0 1 0 9 8 7
| 1)
k.l L L
LOAD COUNT uP INHIBIT COUNT DOWN
(1) (2) (3) (4)
Timing diagram notes:
(1) Presetat?7
(2) Incrementat8,9,0,1,2
(3) Count inhibit
(4) Decrementat1,0,9,8,7
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M74LS668P

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER

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

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 \2
Vi Input voltage* —0.5~+15 \
Vo Output voltage High-level state —0.5~Vce \
Topr Operating free-air ambient temperature range . . —20~+75 °C
Tstg Storage temperature range —65~ +150 °C

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

. Limits
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5 5.25 \
lon High-level output current Von=2.7V 0 —400' A
VorL<s0.4V 0 4 mA
loL Low-level output current
VoL=0.5V 0 8 mA

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

Symbol . Parameter Test conditions Limits Unit
Min Typ Max
ViH High-level input voltage 2 v
ViL Low-level input voltage 0.8
Vic Input clamp voltage . Voc=4.75V, lijc=—18mA —1.5 \
Vou High-level output voltage Voo=4.75V, Vi=0.8V 2.7 3.4 \Y
V=2V, loy=—400pA
VoL Low-level output voltage Voo=4.75V loL=4mA 0.25 0.4 v
Vi=0.8V, V|=2V loL=8mA 0.35 0.5 v
Da, Dg, Dg, Dp, Ep, U/D : 20
T,E7 Veo=5.25V, Vj=2.7V 20 uA
I High-level input LOAD _ a0
current Da, Dg, D¢, Dp, Ep, U/D 0.1
T,E7 Vge=5.25V, Vi=10V 0.1 mA
LOAD 0.2
) Da, D, D¢, Dp, Ep, U/D 0.4
he owewelineut |1 Ex Voo=5.25V, Vj=0.4V —0.4 | mA
LOAD —0.8
los - Short-circuit output current (Note 2) Vec=5.25V, Vo=0V , —20 —100 mA
lce Supply current Vee=5.25V (Note 3) 20 34 mA

% : All typical values are at Ve = 5V, T, = 25°C.
Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time.
3. Icc is measured after applying a-momentary 4.5V, then ground, to clock input with other inputs grounded and the outputs open.
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M74LS668P

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER

SWITCHING CHARACTERISTICS (vee=5V, Ta=25°C, unless otherwise noted )

Symbol Parameter Test conditions Limits Unit
Min Typ Max
fmax Maximum clock frequency 25 45 MHz
teLH Low-to-high-level, high-to-low-level output propagation 24 40
- time, from input T to output RCO 30 60 ne
teLH Low-to-high-level, high-tdlow-level output propagation 18 27
tpHL time, from input T to outputs Qa, Qg, Qc, and Qp CL=15pF (Note 4) 15 27 ns
teLH Low-to-high-level, high-to-low-level output propagation 10 17
UpHL time, from input ET to output RCO 24 45 ns
tPLH Low-to-high-level, high-to-low-level output propagation 20 35
tonL time, from input U/D to output RCO 20 40 ns
TlMING REQU' R EM ENTS (Vgc=5V, Ta=25°C, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw Clock T pulse width 25 10 ns
tsu(p) Setup time Da~Dp to T 20 18 ’ ns
tsu(g) Setup time ET,Ep to T 35 26 ns
tsu(ToAD) SetuptimeL LOADtoT 25 15 ns
tsu(u/b) | SetuptimeU/DtoT 30 20 ns
th Setup time of all inputs to T 0 —15 ns

Note 4. Measurement circuit

INPUT Vee OUTPUT

PG DUT

50Q ;”l’

CL

(1) The pulse generator (PG) has the following
characteristics: PRR = 1TMHz, t, = 6ns, t; = 6ns,
tw = 500ns, Vp = 3Vp.p, Zo = 5082.

(2) Cy includes probe and jig capacitance.
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M74LS668P

~

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER

TIMING DIAGRAM (Reference level = 1.3V)

tw(T) | tw(m) .
tPLH . tPHL | .
(¢ /
QA ' )
tPHL tPLH
QB
(o
)7
tPHL tPLH
Qc - :
{(
7'1
tPHL tPHL
Qo
{(
tPHL tPLH | )
N . [
RCO _'57
| tw(T) twim |

:
|

|_tsu (CoAD) | th (L0AD)

JR ]Z
v

tsu (D) th (D)

Da~Dp

tsu (E) th (E)
Epor ET }

th (u/D)

tsu (u/B) tsu (u/B)  |th (u/D)

u/D
| VPR,
Et
tPHL tpLH
RCO
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M74LS668P

SYNCHRONOUS PRESETTABLE UP/DOWN DECADE COUNTER

APPLICATION EXAMPLE
10" counter with cascade connection

Pttt

ttty

Pttt

H Qa Q8 Qc Qo H Qa Q8 Qc Qo H Qa Q8 Qc Qo
O—(Er O—(jEpr O—dEP 0
Eﬂﬁgbie—oa M74LS668P RcOJo————Er  M74LS668P Rcofo————Er  M74LS668P RCOJO-> FOLLOWING
STAGE
T T
LOAD U/D Dp Dg D¢ Dp LOAD U/D Da Da D¢ Dp LOADU/D DA Da Dc DD
H H
TO
COUNTER
PULSE g%légwmc
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SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER

MITSUBISHI LSTTLs

M74LS669P

DESCRIPTION

The M74LS669P is a semiconductor integrated circuit
containing a synchronous 4-bit binary counter function
with an up/down control input and preset input.

I
FEATURES
® Fully synchronous operation for counting and pro-
gramming
Integral look-ahead for counting
Carry output for n bit cascading
Fully independent clock circuit
Up/down control input provided
Preset input provided -

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

FUNCTIONAL DESCRIPTION

This device operates with the preset, up/down control
and enable function synchronized to the rising edge of the
clock pulse.

Data is acquisitioned from outputs Qa thru Qp on the
rising edge of clock input T, synchronized with (and in
response to) data input at D, thru Dp; and occurs after
preset is initiated by dropping load input (LOAD) to a
low-level.

Up/down counter operations are initiated when LOAD is
high-level, and the count enable input (Ep and E7) is low-

PIN CONFIGURATION (TOP VIEW)
\
UP/DOWN =
CONTROL U/D— [1 | — Vee
INPUT O o=  canny
cock INUT T — [Z}—7 ~ Roop-{] RGO GuTPuT:
' Da— [3]Da Qa—14] —Qa
De— [4}Hps  Qe[B] —0s
DATA
INPUTS OUTPUTS
Dg— E— D¢ QC—E —Qc .
Dp— E—- Dp QD———E —Qo)
COUNT — _ COUNT
ENABLE Ep— [TfdEr , Evp{i0] «-E7  ENABLE
INPUT LOAD INPUT
GND [8 5] —OAD LOAD.
INPUT
Outline 16 P4

level. The counter increments (up) when control input U/D
is high-level, and decrements (down) at low-level.

Carry output (RCO) goes low-evel (active) at 15, during
up operations, and at 0, while the count is going down.
The synchronous feature of the counter permits it to be
cascaded for use as a binary counter. (See the application
example given for M74L.S668P.)

Counter operations are inhibited when LOAD and (E_p
or E7) are all high-level.

BLOCK DIAGRAM

OUTPUTS

T

CLOCK  UP/DOWN
INPUT  CONTROL
INPUT

INPUTS

MITSUBISH!
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M74LS669P

SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER

FUNCTION TABLE (Note 1)

TOAD Er Er u/B T Qa Q8 Qc Qo RCO*
L X X X 1 Da Ds Dc Do H
H L L H T COUNT UP H
H L L L T COUNT DOWN H
H H X X X
COUNT INHIBIT H
H X H X X
Note 1. * : Transition from low to high
X 1 lrrelevant —
* : RCO is normally at high-level, however, when ET is low and the counter is incrementing, Qa, Qg, Qc and Qp will be high, and RCO will be low.

Also, when the counter is decrementing, Qa, Qg, Qc and Qp will be low, and RCO will also be low.

RC

0=
RCO=

A*Qa+Qc+Qp-(U/D) -E7

Q U/D)
Qa+08°0c-Qp(U/D)-ET

TIMING DIAGRAM

R
o _| i ————— -
| . - -
De | [ i o e e e e e e e e o e
De L e
I 3 - —-— - — -
oo _| L Sy S
BN I Y I I Y I I B N O
LI
o T 1 T
uD ‘ : |
(Etor Ep) |
g Y |
T
o 123 I I
e __2 i L1 N I N
- |
Qc _I I I
‘ Qv _ ] 1 |
—-— — l
|
RCO | '_._.I | I__l
13 )11 50 1 2] 2 2 1 o 15 14 13
1 | 1 |
| | RA—
LOAD COUNT up INHIBIT ) COUNT DOWN
1) (2) (3) (4)
Timing diagram'notes:
(1) Presetat13
(2) Incrementat 14,15,0,1,2
(3) Count inhibit
(4) Decrementat1,0,15,14,13
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M74LS669P

SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER

ABSOLUTE MAX'MUM RATINGS(Ta=—20~+7S'C. unless otherwise noted’)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~+7 \"
Vi Input voltage —0.5~+15 \
Vo Output voltage High-level state —0.5~Vce \%
Topr Operating free-air ambient temperature range —20~+75 °C
Tstg Storage temperature range —65~+150 °C

RECOMM ENDED OPE RAT'NG COND'T'ONS (Ta=—20~+75°C, unless otherwise noted )
Limits
Symbol Parameter ' Unit
Min Typ Max
Vee Supply voltage 4.75 5 5.25 \"
loH High-level output current VoH=2.7V 0 —400 LA
VoL=0.4V 0 4 mA
loL Low-level output current
VoL=0.5V 0 8 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 \%
ViL Low-level input voltage 0.8 \
Vic Input clamp voltage Voo=4.75V, l1c=—18mA —1.5 v
VoH High-level output voltage Veo=4.75V, Vi=0.8V 2.1 3.4 \%
Vi=2V, lop=—400u A .
= = 0.25 0.4 \
VoL Low-level output voltage Voc=4.75V loL=4mA
V|i=0.8V, V=2V loL=8mA 0.35 0.5 \
- Da, D8, D¢, Do, Ep, U/D 20
T,ET Veo=5.25V, Vi=2.7V 20 1A
| High-level input LOAD 40
IH — —
current Da, Ds, Dg, Dp, Ep, U/D 0.1
T,Et Voo=5.25V, Vj= 10V 0.1 mA
LOAD 0.2
Da, D, D¢, Do, Ep, U/D ~ —0.4
Low-level input pr—
I current T,ET Voc=5.25V, V|=0.4V —0.4 mA
LOAD —0.8
los Short<ircuit output current (Note 2) Veoo=5.25V, Vo=0V —20 —100 mA
lce Supply current Voo=5.25V (Note 3) + 20 34 mA

% All typical values are at Ve = 5V, T, = 25°C.
Note 2. All measurements should be done quickly, and not more than one output should be shorted at a time.
3. lIcc is measured after applying a momentary 4.5V, then ground, to the clock input with ‘all other inputs grounded.
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M74LS669P

SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER

SWITCHING CHARACTERISTICS (vce=5V, Ta=25C, unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
fmax Maximum clock frequency 25 30 MHz
tpLH Low-to-high-level, high-to-low-level output 24 40
tpHL propagation time, from input T to output RCO 32 60 ns
tpLn Low-to-high-level, high-to-low-level output propagation 20 27 s
tpHL time, from input T to outputs Qa, Qg, Qc, and Qp CL=15pF (Note 4) 15 27 n
tpLH Low-to-high-level, high-to-low-level output 10 17 a
tpHL propagation time, from input E1 to output RC 28 45 s
teLH Low-to-high-level, high-to-low-level output propagation 25 35
teHL time, from input U/D to output RCO 20 20 ns
TIMING REQUIREMENTS (Veeg=5V, Ta=25°C, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw Clock T pulse width 25 12 ' ns
tsu Setup time DaA~Dp to T 20 18 ns
(D)
tsu(g) Setup time E1,Ep to T 35 26 ns
tsu(CoAD) Setup time LOADto T 25 15 ns
tsu(u/B) Setup time U/Dto T 30 20 ns
th Setup time of all inputs to T 0 —15 ns
Note 4. Measurement Circuit
4 INPUT Vee ouTPUT
PG DUT )
) (1) The pulse generator (PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, t; = 6ns,
500 CL tyw = 500ns, Vp = 3Vp-p, Zp = 5082.
J; (2) Cy includes probe and jig capacitance.
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M74LS669P

SYNCHRONOUS PRESETTABLE UP/DOWN 4-BIT BINARY COUNTER

TIMING DIAGRAM (Referencellevel =1.3V)

tw(T) | tw(T)
D 2 U 1\
tPLH tPHL .
X .
o | W— /
tpHL . tPLH
Qs
\ jz
\ <
) )7
tpHL tPLH :
Qc
\ 'Z
\ (
77 ; )
teHL N teLH ’
. & =
: \ («
tPHL thun | ) ’
- __:jx - \
/

L tw(ry twm

:
|

tsu (COAB) | th (CoAD) |

__/

tsu (D) th(o) |

Da~Dp Xk
tsu (B) th (E)
Epor ET . ' L

tsu(u/B) |th (U/D)
. o \
u/d N
| W

J

§

tsu(u/B) |th (u/B)

tPHL
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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)

D1 —'E—' E Vee

DATA 0,
rove | Dz — [Z}—p2 " 'Dof—{B] « Do DATA INPUT

D3 — [B]—[Ds Wa—{] « wa | waite
ADDRESS

ADDHESS Re — [{}—re wa|—{B] < Ws J iNeUTS
WRITE

INPUTS | Ry — [5}—R b—12| «— Ew ENABLE
a= [E—ra Ewp—E — Ew INPUT

—  OUuTPUT
Q3 « [6}—0s ocp—1] « 6G conTroL

INPUT
Qp +— E———QZQ1QO—E — Qg ]
oo 3 I—E Lo IOUTPUTS

OUTPUTS

Outline 16 P4

Writing Method

By designating a word using write address inputs W5 and
Wg and applying data to the data inputs Dg, D4, Dy,
and Dg, writing into each bit is performed. For writing
the write enable input Ey 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 Rg, the contents of each bit appear in the outputs
Qq, Qq, Q,, 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).

BLOCK DIAGRAM

OUTPUTS

Qi Q2 Q3 Voc
- 7

4

i
Ll
L
1"
e
it
ol

READ ADDRESS INPUTS{ b
. 0 0
5] E D E D WORD 3
7 .
% b [’ o] % ] WORD 2
) ) a
% o] L 8 % o] % 0] | woRD 1
) a () ap=
% o} % b % § e o] | woRD 0
WRITE ADDRESS INPUTS YL a M) e
+ + +
_ BIT 3
WRITE ENABLE INPUT Ew (12) BITO BIT BIT 2
B - ———O—- —®
Do D1 D2 D3, GND
V-
DATA INPUTS
MITSUBISHI
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M74LS670P

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

FUNCTION TABLE Note 1)

Writing Method Readout Method
wa | wa | &0 Word Ra | Rs | OC Qo Q1 Q2 Q3
0 1 2 3 X X H z z V4 z
X X H Qo Qo Qo Qo L L L WoBo WoB1 WoB2 WoB3
L L L 0=D Qo0 Qo0 Qo H L L W1Bo W1B4 WiB2 W1B3
H L L Qo Q=D Qo Qo L H W2Bo W2B 1 W2B2 W2B3
L IR L Qo Qo0 0=D Qo H| H| L W3Bg W3B, W3B2 W3B3
H H L Qo T Qo Qo Q=D Note 1: Q0 : The level of Q before the indicated steady-state input conditions were

established.
Q=D : The four selected internal latch outputs will assume the states applied
to the four external data inputs.
WxBy : The Ythbitofword X. X : irrelevant  Z : high-impedance

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

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~+7 \%
Vi | Input voltage —0.5~+15 v
Vo Output voltage Off-state —0.5~+5.5 \")
Topr Operating free-air ambient temperature range —20~ +75 °c
Tstg Storage temperature range —65~ + 150 c

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

Limits
Symbol Parameter Unit
Min Typ Max
Vec Supply voltage 4.75 5 5.25 \%
loH High-level output current VoH=2.4V 0 —2.6 mA
VoL=0.4V 0 4 mA
loL Low-level output current
VoL=0.5V 0 8 mA

ELECTRICAL CHARACTERISTICS (Ta=—20~ +70°C, unless otherwise noted)

Limits .
Symbol Parameter Test conditions vin Tyok Vox Unit
Vi High-level input voltage 2 v
Vi Low-level input voltage ) 0.8 \%
Vic Input clamp voltage Vee=4.75V. liIc=—18mA —-1.5 \Y
VoH High-level output voltage Vioo=4.75V. VI:P 8V 2.4 3.1 \%
Vi=2V, loH=—2.6mA
Voe=4.75V loL=4mA 0.25 0.4. v
VoL Low-level output voltage
V|=0.8V, V|=2V loL=8mA 0.35 0.5 v
lozH Off-state high-level output current Vge=5.25V, V|=2V, V;=2.7V 20 nA
lozL Off-state low-level output current Vce=5.25V ., Vi=2V. V|=0.4V —20 HA
Ew 40
[JJ¢] Veo=5.25V, Vi=2.7V 60 HA
hy High-level input currént Ot_her input 20
Ew . 0.2
0C Vee=5.25V, V=10V 0.3 mA
Other input . . 0.1
Ew —0.8
e Low-level input current 0oc Vee=5.25V, V|=0.4V —1.2 mA
Other input —0.4
los Short-circuit output current (Note 2) Vee=5.25V, Vo=0V —30 —130 mA
lcc Supply current Vece=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 quickly, and not more than one output s@ld be shorted at a time.
3: lcc is measured with Wa, Wg, Ra, Rg inputs grounded and Do ~ D3, Ew, OC inputs at 4.5V.
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M74LS670P

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

SWlTCHlNG CHARACTERISTICS (Vgc=5V. Ta=25°C, unless otherwise noted )

su(w) tiatch

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tpLH Low-to-high-level, high-to-low-level output propagation n 40 ns
[ time, from input Ra. Rg to output Qg.Q1.Q2.Q3 14 45 ns
t -to-high-| igh- - t i n 45 ns
PLH L‘ow to hlgh. Ievel,h|_gh to-low-level output propagation CL=15pF (Note4)
[ time, from input E w tooutput Qg, Q1, Q2, Q3 16 50 ns
tpLH Low-to-high-level, high-to-low-level output propagation time, 9 45 ns
TonL from input Do, Dy, D2, D3 tooutput Qo, Q1. Q2. Q3 14 40 ns
tpzh Output enable time to high-level RL=2kQ. C_L=15pF (Note4) 6 35 ns
tpzL Output 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-level RL=2kQ. C_= 5pF (Note4) 7 35 ns
Note 4: Measurement circuit
INPUT Ve OUTPUT Vco
T ? R Symbol SW1 /| Sw2
L
?/SWI tpPzH Open | Closed | (1) The pulse generator (PG) has the following
- haracteristics:
4 | Wl WA c
PG DUT D B B 4R g tpzL | Closed | Open PRR = 1MHz, t; = 6ns, t¢ = 6ns, ty = 500ns,
5kQ tpLz Closed | Closed Vp =3Vpp, Zo =500
500 —Wv (2) All diodes are switching diodes (tyr < 4ns)
j;CL 7‘% Sw2 tPHZ Closed | Closed | (3 C_ includes probe and jig capacitance.
TIMING REQUIREMENTS (Vcc=5V, Ta=25°C, unless otherwise noted )
Limits ]
Symbol Parameter Test conditions - Unit
. Min Typ Max
tw(Ew) Write enable input E v pulse width 25 9 ns
tw(ac) Output control input OC pulse width 25 9 ns
tsu(p) Setup time Dp—~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, Wa m( YT
—_— on-o I
0~
Do ~Ds3 ) d
Ew § / tsu(p) th(p)
—— Ew *
—\ — w
Qo ~Q3
i th(w)
teHL tpLH
Ra, Re

v Y
— Q=0 : m.sv

<
>

Qo ~Qs tpzL !
tpHL t \__0.5Vv
PLH Q0 ~Q3 <
Note 6: The shaded areas indicate when the input is permitted to change for — n t
predictable output performance. : PZH PHZ
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8-BIT MAGNITUDE COMPARATOR
DESCRIPTION
The M74LS682P is a semiconductor integrated circuit con- PIN CONFIGURATION (TOP VIEW)
taining two 8-bit words comparator functions.
. — \ %
OUTPUT Op>q < E 20 Vee
FEATURES . Op>a —
® Hysteresis at inputs (width = 400mV typical) [P P Op-op ] _’Opi‘) ouTPUT
® Internal 24k$2 pull-up resistors on the Q inputs Qo— [3]o Q18] <07
® Active pull-up outputs ’ Pi— P P ~—P7
® Wide operating temperature range (T = =20 ~ +75°C) %‘%’\48% Q1— EJ Q1 Qs8] <—0s
 INPUT
Pe— [E}-{P2 Ps15] <——Ps | cOMPA
O wee i st . o OHe s —os [ R
General purpose, for use in industrial and consumer equip-
ment. ) Ps— [s]—P;  Psi—1] -—Ps
. ’ Q3— E— Q3 Pa O4—E «~—AQq4
FUNCTIONAL DESCRIPTION GND [i¢] T (1] ~—Pa
Two eight-bit binary or BCD words are applied at inputs s
Py ~ P4 and Q¢ ~ Q. The results as shown in Function
Table are expressed at outputs Op>qand Op=q. Outline 20P4
Qo ~ Q4 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

8-BIT MAGNITUDE COMPARATORS TABLE

varying input/output formats. They are shown in the table. ) Type Inputs Outputs
. . . e e Py i i = Down
The detailed information are shown in individual catalogue. esignation | Q2ékapulup | E |Op=0|Or>0 Format
An example of the extention bits is shown in the appli- M74LS682P Yes No | Yes | Yes | Activepull-up
cation.’ M74LS683P Yes No | Yes Yes Open collector
M74L.S684P No No | Yes Yes Active pull-up
M74L.S685P No No | Yes | Yes Open collector
M74LS688P No Yes Yes\ No - Active pull-up
M741_S689P No Yes| Yes No Open collector
BLOCK DIAGRAM
OUTPUTS
Or-0 .
19 - 20) Vee
—®
)
4I“” o #'U
< <
N ﬁ\
:
i
171815 H1e H13)1a a1 12 Hs HIHB H 7T HA H5 {2 H3 -—.GND
P7 Q7 Pg Qe Ps Qs Ps Qs P3 Q3 P2 Qz P1 Q1 Pp Qo
COMPARATOR INPUTS
MITSUBISHI
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M74LS682P

8-BIT MAGNITUDE COMPARATOR

FUNCTION TABLE

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

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

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 \
Inputs P —0.5~+15 \
\] Input voltage
Inputs Q —0.5~Vgc+0.5 A\
Vo Output voltage High-level state —0.5~Vge \
Topr Operating free-air ambient temperature range —20~+75 T
Tstg Storage temperature range —65~ +150 c
RECOMMENDED OPERATING CONDITIONS (Ta=—20~ +75%, uniess otherwise noted)
Symb P, Limits Uni
ymbol arameter Min Tvo Max nit
Vece Supply voltage 4.75 5 5.25 \%
loH High-level output current VoH=2.7V 0 —400 #A
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5vV 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~+75T, unless otherwise noted)
Symb. s Test diti Limits Uni
| arameter est conditions nit
ymoo Min Typ * Max
ViH High-level input voltage 2 V.
Vie Low-level input voltage 0.8 \Y
VT1+— V71— | Hysteresis width Vec=4.75V 0.4 \"
Vic Input clamp voltage Vec=4.75V, Lic=—18mA —1.5 \Y
VoH High-level output voltage Vee=4.75V, Vv, =2V, V| =0.8V, lon= —4002 A 2.7 \"
Vcc=4.75V loL=12mA 0.25 0.4 \%
VoL Low-level output voltage V=2V
V) =0.8V ioL=24mA 0.35 0.5 \%
P, Q Vecec=5.25V, V|=2.7V 20 uA
m " High-level input current P Vee=5.25V, V=10V
. 0.1 mA
Q Vec=5.25V, V|=5.5V
Low-level ° 25V, Vi=0.4V —o2] mA
| ow-level input current Vee=5. ,» Vi=0. .

L Q —0.4 mA
los Short-circuit output current (Note 1) Vec=5.25V, Vo=0Vv —20 —100 mA
lce Supply current Vec=5.25V (Note 2) 42 70 mA

* : All typical valuesareat Vcc =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.
MITSUBISHI
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M74LS682P

8-BIT MAGNITUDE COMPARATOR

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

Limits .

Symbol Parameter * Test conditions Vi Tve Max . Unit

tPLH Low-to-high level, high-to-low level output 13 30 ns

tPHL propagation time from inputs P to output Op=Q 16 30

tPLH Low-to-high level, high-to-low level output 12 30 ne

tPHL propagation time from inputs Q to output Op=Q 17 30

CL=45pF (Note 3)

tPLH Low-to-high level, high-to-low level 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 i 26 30 ns

tPHL propagation time from inputs Q to output Opsq 27 30

Note 3: Measurement circuit

INPUT Vece OUTPUT

I

PG DUT

50Q ICL

(1) Thepulse generator (PG) has the following characteristics: .
PRR = 1MHz, t, = 6ns, t¢ = 6ns, t, = 500ns, Vp = 3Vpp,
Z, =500

(2) Cy includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

\ [

¢ ' :

, e
= |} I

tPHL tPLH tPHL tPLH

- My

tPLH tPHL tPLH tPHL

\
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8-BIT MAGNITUDE COMPARATOR

APPLICATION EXAMPLE
Example of 15-bit comparator

Op<aq
Op=q Op>o
1/4M74LSOOP
Op>q
Op=0q Op>q Op=q Op>q
M74LS682P M74LS682P

Po Qo Py Q1 ----- P7 Q7 Po Qo P Q1 ----- P7 Q7
Pg Qo P1 Oy P7 Q7 J Ps Qs P14 Qua
MITSUBISHI
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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 24kS 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_q.

Qo ~ Q5 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 M74L.S682P.

PIN CONFIGURATION (TOP VIEW)

OUTPUT Op>g <— E—%/* [20] Vec
Po— [z pooPS,S:QS'iE —Op=q OUTPUT
Q— [3] Qri18] =—Q7 )
Pi— [a]Ps Pr17] ~—P7
COMPA
M) o B o e
e GHee o e | coun
Q— E_OZ Qs _E Qs INPUTS
Ps— [e}{P3 Ps|—13] ~—Ps
l Q33— E— Q3 Pa Qa—E ~—Qa
~eND [1] —1] ~—Ps
{
* ! OPEN COLLECTOR OUTPUTS
Outline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

Type Inputs Outputs
designation Q 24k pull-up I Or=0 m Format
M74L.S682P Yes No | Yes | Yes Active pull-up
M74LS683P Yes No | Yes Yes Open coliector
M74L.S684P 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

Op=o

}

(@9 Voo

JTHI8HISHIB HI3H1a Ha 1t H12 H 8 HO H B H 7 HA K5 X2

3

P7 Q7 Pe Qs Ps Qs Ps Qa4 P3.Q3 P2 Q2 P1 Q1 Pg Qo

COMPARATOR INPUTS

- -GNQ

* : OPEN COLLECTOR OUTPUTS

MITSUBISHI
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8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

FUNCTION TABLE

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

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

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5—+7 A\
Inputs P —0.5~+15 \%
V) Input voltage
Inputs Q —0.5~Vec+0.5 \"
Vo Output voltage . High-level state —0.5—+7 \%
Topr Operating free-air ambient temperature range . —20~+75 c
Tstg Storage temperature range — 65~ +150 <

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

Limits
Symbol Parameter Unit
Min Typ Max
Veo Supply voltage 4.75 5 5.25 \%
loH High-level output current | Vo=5.5V 0 100 #A
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 24 mA

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

Limits
Symbol Parameter Test conditions - Unit
Min Typ * Max
YIH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
V14+—V71- | Hysteresis width Vecc=4.75V 0.4 \
.Vic Input clamp voltage ‘I Vec=4.75V, lic=—18mA ’ —1.5 \
loH High-level output current Vec=4.75V, V=2V, V,=0.8V, Vo=5.5V 100 uA
) Vec=4.75V loL=12mA 0.25 0.4 \Y
VoL Low-level output voltage Vy=2Vv
. V|=0.8V loL=24mA 0.35 0.5 \
P, Q Vee=5.25V, V(=2.7V 20 #A
M High-level input current P Vec=5.25V, V=10V
0.1 mA
Q Vec=5.25V, V|=5.5V
. P —0.2 mA
he Low-level input current Vcc=5.25V, V|=0.4V
Q —0.4 mA
lcc Supply current Vee=5.25V (Note 1) 42 70 mA

*: All typical values are at Vgg =5V, T, = 25°C.
Note 1: I¢c is measured with all inputs at value of 4.5V.
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8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

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

Limits Unit
Test conditions ni
Symbol Parameter iti i Tvo Max
tPLH Low-to-high level, high-to-low level output 23 45 ns
tPHL propagation time from inputs P to output Op=q 20 30
tPLH Low-to-high level, high-to-low level output 21 40 ns
tpHL propagation time from inputs Q to output Op=q 20 35
- RL=667Q, C_=45pF (Note 2) "
tPLH Low-to-high level, high-to-low level output . All other input pins in low-state. 2 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 Vee Vee OUTPUT

RL

PG DUT

50Q i CL
(1) The pulse generator (PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =

6ns, ty = 6500ns,Vp = 3Vp_p, Zy = 500
(2) Cy includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)
: | N
Q l \

=~
\ N\
—

tPHL tPLH tPHL tPLH

—
=/ [ o

tPLH tPHL tPLH tPHL
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8-BIT MAGNITUDE COMPARATOR

DESCRIPTION
The M74LS684P 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 ~ Q4. 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 puli-up resistors on its inputs Qg ~ 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.
An example of the extention bits is shown in the appli-
cation of M74LS682P.

PIN CONFIGURATION (TOP VIEW)

— U
OUTPUT Op>q<— [0 |—— El Vee
c Op>o0 —_
Po— [2]—Po Op=qp{13] —Op=q OUTPUT
Qo— [3]+Qo Q78] ~—0y )
Pi— E_ Pi Py —E —P7
COMPA
RATOR { Qi— [sla: Qsf16] <——Qs
INPUTS
P2— [E]HP, Ps{—15] <—Ps | COMPA
RATOR
Q— E— Q2 Qs —E' <~—Qs INPUTS
P3— [s}P; PsiTi3] ~—ps
Q 9 |— 12 ~Q
s— [5}as py QarZ <—0Qa
GND [io] T— 1] «—py
QOutline 20P4

8-BIT MAGNITUDE COMPARATORS TABLE

Type Inputs Outputs
designation Q 24k pull-up E |Op=0|0OP>0 Format
M74LS682P Yes No | Yes Yes Active puli-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

QUTPUTS

A

D, 000: 00D DI000:0060:€ - - ,-GND
P7 Q7 Ps Qs Ps Qs Pa Qa P3 Q3 P2 Q2 P1 Q1 Pgp Qo
COMPARATOR INPUTS
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M74LS684P

8-BIT MAGNITUDE COMPARATOR |

FUNCTION TABLE

P, Q Op=0 -~ Op>0
P=Q L H
P>Q H L
P<Q H H

ABSOLUTE MAXIMUM RATINGS (Ta=—20~+757T. unless otherwise noted )

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 v
\ Input voltage —0.5~+15 Vv
Vo Output voltage High-level state —0.5~Vce \
Topr ‘Operating free-air ambient temperature range —20~+75 c
Tstg Storage temperature range . —65~ 4150 c

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

Limits
Symbol Parameter . Unit
Min Typ Max

Vee Supply voltage ' 4.75 5 5.25 Vv
loH High-level output current | Vo =2.7V 0 ~ | —400 pA

. VoL=0.4V 0 12 | mA

loL Low-level output current -
: VoL=0.5V 0 24 mA

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

Symbol P; d Limits Unit
ymbol 'arameter Test conditions ni
i Min | Typ % | Max
VIH High-level input voltage : 2 \
ViL Low-level input voltage 0.8 \"
VT1+—V7- | Hysteresis width Vcc=4.75V 0.4 \")
Vic Input clamp voltage Vec=4.75V, lic=—18mA —1.5 \%
VoH High-level output voltage Veo=4.75V, V=2V, V| =0.8V, loy=—400pA 2.7 Y
Vec=4.75V loL=12mA 0.25 0.4 v
VoL Low-level output voltage V=2V -
V;=0.8V loL=24mA 0.35 .0.5 \Y
Vec=5.25V, V|=2.7V 20 A
IH High-level input current
Vee=5.25V, V=10V 0.1 mA
hie Low-level input current Vec=5.25V, V,=0.4V —0.2 mA -
los Short-circuit output current (Note 1) Vec=5.25V, Vo=0Vv —20 . —100 mA
lco Supply current Vce=5.25V (Note 2) 40 65 mA
*: All typical values are at Vcg = 5V, T, = 25°C.
Note 1: All measurements should be done quickly, and not more than one output should be shorted at a time.
2: |cc 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 ns
tPHL propagation time from inputs P to output Op=q 16 30
tPLH Low-to-high level, high-to-low level output 12 30
tpHL 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 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
tPHL propagation time from inputs Q to output Op>Q 27 30 ns
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M74LS684P

8-BIT MAGNITUDE COMPARATOR

Note 3: Measurement circuit

INPUT Vece OUTPUT

‘[ I
T

(1) The pulse generator (PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =
6ns, tyy = 500ns, Vp = 3Vp.p, Zy = 5002

(2) C includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

Y

- N /TN )
[

tPHL tPLH ’ tPHL tPLH

BRI A B I N

tPLH tPHL tPLH tPHL
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M74LS685P

DESCRIPTION
The M74LS685P is a semiconductor integrated circuit con-
taining two 8-bit words comparator functions with open

.PIN CONFIGURATION (TOP VIEW)

collector outputs. ouTPUT 55— [7] - — Voo
o] __
FEATURES [ Po— [P0 ' Op=opfi] —Or=g ouTeuT
® Hysteresis at inputs (width = 400mW typical) Q— [31ao Q7{-{is]. <07 )
® Open collector outputs . Pi— [P Pr-{i7] «—P7
id i =-20~ ° COMP,
® Wide operating temperature range (T3 = -20 ~+75 C) &%2% a— o Q6| ~—0e
Pas 5] — COMPA
APPLICATION . == [P Pops] —Pe { coMen
General purpose, for use in for industrial and consumer Q2— Cee Qs 14 =—Qs | INPUTS
equipment. P3— [a}P3 Psi1s] ~pPs -
L 03— [3}—0s ps @ ~@ ~—Qq
FUNCTIONAL DESCRIPTION oND 9] T <—Pa
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 Outline 20P4 T

%* : OPEN COLLECTOR OUTPUTS

not have internal pull-up resistors on its inputs Qg ~ Q,.

Beside this IC, there are eight-bit digital comparators 8-BIT MAGNITUDE COMPARATORS TABLE

varying input/output formats. They are shown in the table.

The detailed information are shown in individual catalogue. Type Inputs Outputs
An example of the extention bits is shown in the appli- designation | g 24k pullup | E |Op=0|OP>0 Format

cation of M74LS682P. | M74LS682P Yes No | Yes | Yes | Activepull-up
M74LS683P Yes No | Yes Yes Open collector
M74L$684.P No No | Yes Yes Active pull-up
M74L.S685P No No | Yes | Yes Open collector
M74LS688P No Yes| Yes No Active pull-up
M74LS689P No Yes| Yes No Open collector ,

BLOCK DIAGRAM ouTPUTS

20) Vee

- - _4 GND

* ! OPEN COLLECTOR OUTPUT

P7 Q7 Pe Qs Ps Qs Pa Qs P3 Q3 P2 Q2 P1 Q1 Pg Qo

COMPARATOR INPUTS
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M74LS685P

8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

FUNCTION TABLE

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

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

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~+7 \"
2 Input voltage —0.5~+15 A\
Vo Output voltage High-level state —0.5~+17 \Y%
Topr Operating free-air ambient temperature range —20~+175 c
Tstg Storage temperature range —65~ +150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75T, unless otherwise noted )
Symbol P Limits Uni
mbol meter nit
t4 ) are Min Typ Max '
Vce Supply voltage 4.75 5 5.25 \
10H High-level output current | Vg=5.5V 0 100 A
VoL=0.4V 0 12 mA
loL Low-level output current
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +757T. unless otherwise noted )
) Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \2
V1+—V71-| Hysteresis width Vec=4.75V 0.4 \
Vic Input clamp voltage Veec=4.75V, lic=—18mA -1.5 \Y
loH High-level output current Vee=4.75V, Vi =2V, V, =0.8V, Vo=5.5V 100 rA
Vec=4.75V loL=12mA 0.25 0.4 Vv
VoL Low-level output voltage V=2V
V|=0.8V loL=24mA 0.35 0.5 \
. Vec=5.25V, V|=2.7V 20 rA
[FT) High-level input current
Vec=5.25V, V=10V 0.1 mA
e Low-level input current Vecec=5.25V, V,=0.4V —-0.2 mA
lcc Supply current Vee=5.25V (Note 1) 40 65 mA
*: All typical values are at Vcc =5V, T, = 25°C.
Note 1: Icc is measured with all inputs at value of 4.5V.
SWIiTCHING CHARACTERISTICS (Vec=5V, Ta=25T, unless otherwise noted )
Symbol Paramet T diti Limits Unit
aral er 1 -
est conditions Min Typ Max n
tPLH Low-to-high level, high-to-low level output 23 45
tPHL propagation time from inputs P to output Op=q 20 35 ns
tPLH Low-to-high level, high-to-low level output 21 45
- propagation time from inputs Q to output Op=q 20 35 ns
- - RL=667Q, CL=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 35
tPLH Low-to-high level, high-to-low level output 28 45
{PHL propagation time from inputs Q to output Op>Qq 26 35 ne
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M74LS685P

- 8-BIT MAGNITUDE COMPARATOR WITH OPEN COLLECTOR OUTPUT

" Note 2: Measurement circuit

INPUT Vee Vee  OUTPUT

B

DUT J-
50Q ’Jr -|”-' CL
(1) The pulse generator (PG) has the followin§
characteristics: PRR = 1MHz, t, = 6ns, tf =

6ns, ty = 500ns,Vp = 3Vp.p, Zp = 502
(2) Cy includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)

{

B

tPHL . tPLH . tPHL tPLH

-
- [

tPLH tPHL tPLH tPHL
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M74LS688P

8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT

DESCRIPTION

The M74LS688P 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 (T3 = =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 Qy ~ Q. The
results as shown in Function Table are expressed at output
Op=op. .

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

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.

ENABLE —
INPUT E—
P
Po—s>
Qo—
P1—
COMPA
RATOR Q—
INPUTS
Pz —
Qx—>
P3—>
Q33—
GND

PIN CONFIGURATION (TOP VIEW)

—

[2ZHPo %P=O P19

[FHao Q7({18] <0y
D lal Pr17] <—P7
o Qs[—{16] <—0s
[6:— P2 Pg -—E] -—Pg
Mo osm —os
E_ P3 Psi—13] ~—Ps
E- Q3 Pa Qa4 —El Q4
(] 1] ~—Pa

Outline 20P4

Vee

—0p=g OUTPUT

COMPA
RATOR
INPUTS

8-BIT MAGNITUDE COMPARATORS TABLE

Type Inputs Outputs
designation Q24kQpullup | E [Op=0|0Op>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
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

- - D)

Op=g OUTPUT

COMPARATOR INPUTS

ENABLE INPUT

: MITSUBISHI
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8-BIT MAGNITUDE COMPARATOR WITH ENABLE INPUT

FUNCTION TABLE (Note )

P, Q E Op=0q
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%. uriess otherwise noted)

Symbol . Parameter Conditions Limits Unit
Vce Supply voltage -0.5~+7 . \
V) Input voltage . . —0.5~+15 \%
Vo Output voltage . High-level state —0.5~ Vce \

- Topr Operating free-air ambient temperature range —20~+75 T
Tstg + Storage temperature range —65~+150 T

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

s P " ) Limits Uni L. L i
bol arameter - . nit '
ymbo Min Typ Max

Vce Supply voltage 4.75 5 5.25 Vv

loH High-level output current | - Vo =2.7V 0 400 #A

| voL=0.4v "0 12 | mA
loL Low-level output current -
VoL=0.5V 0 24 | mA L

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

Symbol P . T . gi Limits U
aramete . est conditions
. ' e Min Typ * Max nit
VIH High-level input voltage 2 A\
ViL Low-level input voltage . 0.8 \"
V1+—VT1- | Hysteresis width ) Vec=4.75V . 0.4 \2
Vic Input clamp voltage Vec=4.75V, lic=—18mA —1.5 \%
VoH High-level output voltage . Voe=4.75V, V=2V, V;=0.8V, loy= —400p A 2.7 \
Vgg=4.75V - loL=12mA 0.25 | 0.4 \
VoL Low-level output voltage Vvi=2Vv
Vi=0.8V loL=24mA 0.35 0.5 \
Vec=5.25V, V|=2.7V 20 #A
lH High-level input current
Vec=5.25V, V=10V 0.1 mA
e Low-level input current Vecc=5.25V, V|=0.4V : —0.2 mA
los Shory-circuit output current . Vocc=5.25V, Vo=0V . —20 —100 mA
lcc Supply current Vee=5.25V (Note 2) . 40 65 mA

% : All typical values are at Vg = 5V, T, = 25°C.
Note 2: Icc is measured with all other inputs at value of 4.5V.
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M74LS688P

8-BiT MAGNITUDE COMPARATOR WITH ENABLE INPUT

SWITCHING cHARACTERlSTICS (Vee=5V, Ta=25T, unless otherwise noted )

Cimi
Symbol Parameter Test conditions mits Unit
Min Typ Max
tPLH Low-to-high level, high-to-low level output 12 23
LPHL propagation time from inputs P to C?UtDut _ma—=Q 18 28 ns
tPLH Low-to-high level, high-to-low level output CL=45pF ( ) 1 23
. . . — = Note 3 ns
propagation time from inputs Q to output Op=Q L P :
tPHL : P All other input pins in low-state 19 28
tPLH Low:to-high level, high-to-low level output ' 10 18
. . . = O~ ns
tPHL propagation time from input E to output Op=Q 16 20
Note 3: Measurement circuit
INPUT Vee OUTPUT
(1) The pulse generator (PG) has the following
PG DUT characteristics: PRR = 1MHz, t; = 6ns, tf =
6ns, ty = 500ns,Vp = 3Vp.p, Z5 = 502
500 l cL (2) CL includes probe and jig capacitance.
TIMING DIAGRAM (Reference level = 1.3V)
. \ /
Q
Op=q
tPHL tPHL tPHL tPHL
'P,Q \
E
Op=q
tPLH tPLH tPLH tPLH
APPLICATION EXAMPLE
Example of 16-bit comparator
Op=q )
1 |
Op=q Op=0 '
M74L_S688P M74LS688P
E Po Qo Py Q1 --- P7 Q7 E Po Qo Py Q1 —-- P7 Q7
“L" Po Qo P1 Q1 -—- P7 Q7 J Ps Qs Pg Qg P1s Q15
MITSUBISHI
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M74LS689P

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

DESCRIPTION

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

—_/
INPUT E— E—‘_‘?’ [z0] Vee
E * I
FEATURES Po— [2]-Po Op—qP{19) —DOp=q OUTPUT
® Hysteresis at inputs P and Q (width = 400mV typical) Qo— E“J Qo Q71w] <07 )
® Provided with enable input (E) Pi—> E—-l P, P17 —P7
® Open cPIIector output . g‘z\:{‘gﬁs Q1—> E__jm . _j Q6
® Operating temperature range (T3 = -20 ~ +75 C) INPU Poes E"J o, Pl —Ps E&"{'gﬁ
APPLICATION Q— [fj~0z  0s;fi] =—0s | INPUTS
General purpose, for use in industrial and consumer equip- P3— [6|—Ps Ps—is] ~—Ps
ment. Q3— Gl os pe Qa2] <04
GND 10 = 1] <P
FUNCTIONAL DESCRIPTION
vvy:e: enable Tp:t E'ls I(iw,thz el;ght-bcljt gmarygr B%D # : OPEN COLLECTOR OUTPUT
rds are applied at inputs Py 7 and Qg 7. The Outline 20P4

results as shown in Function Table are expressed at output
Op=o.

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

ENABLE

PIN CONFIGURATION (TOP VIEW)

8-BIT MAGNITUDE COMPARATORS TABLE

Beside this IC, there are eight-bit digital comparators g Typf, Inputs Outputs
. . . . esignation ! E |10p=nl0On<a
varing input/output formats. They are shown in the table. i Q2akapulup | E |Op=0|OP>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 M74L.S688P. 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 _ '
Op—0 OUTPUT
. ] D) - . @ veo
'
'
A
: .
- () O
E
N ) ENABLE INPUT
' .
COMPARATOR INPUTS % : OPEN COLLECTOR OUTPUT

MITSUBISHI
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M74LS689P

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

FUNCTION TABLE Note 1)

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~ +75<. unless otherwise noted )

Symbol Parameter Conditions Limits Unit
Vee Supply voltage ‘ —0.5~+7 v
Vi Input voltage —0.5~+15 \4
Vo Output voltage High-level state —0.5~+7 \
Topr Operating free-air ambient temperature range —20~+75 <
Tstg Storage temperature range —65~+150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~+75%. unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5 5.25 v
loH High-level output current | Vo=5.5V 0 100 HA
. =
loL Low-level output current VoL=0.4v 0 12 mA
VoL=0.5V 0 24 mA
ELECTRICAL CHARACTERISTICS (Ta=—20~ +75%, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
ViH High-level input voltage 2 Vv
ViL Low-level input voltage 0.8 Y
V14+—V7- | Hysteresis width Vcc=4.75V 0.4 v
Vic Input clamp voltage Vece=4.75V, lijc=—18mA —-1.5 \%
loH High-level output current Vc‘o=4.75V, V=2V, V,=08V,Vo=5.5V 100 #A
Vec=4.75v loL=12mA 0.25 0.4 \%
VoL Low-level output voltage Vi=2v
V;=0.8V" loL=24mA 0.35 0.5 \
Vec=5.25V, V|=2.7V 20 #A
K High-level input current
Veec=5.25V, V=10V 0.1 mA
I Low-level input current Vcc=5.25V, V|=0.4V —0.2 mA
lco Supply current Vec=25.25V (Note 2) 40 65 mA
% : All typical values are at Vcc = 5V, T, = 25°C.
Note 2: Icc is measured with all inputs at value of 4.5V.
SWITCHING CHARACTERISTICS (Vcc=5Vv, Ta=25T, uniess otherwise noted )
Limits
Symbol Parameter Test conditions Unit
. Min Typ Max
tPLH Low-to-high level, high-to-low level output 23 40
tPHL propagation time from inputs P to output Op=Q 21 35 ns
tPLH Low-to-high level, high-to-low level output 23 40
propagation time from inputs Q to output Op=Q RL=667Q, CL=45pF (Note3) 21 ne
tPHL 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
MITSUBISHI
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M74LS689P

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

Note 3: Measurement circuit

INPUT Voo " Voo OUTPUT

] T " HL
PG DUT
50Q l lCl_

(1) The pulse generator (PG) has the following
characteristics: PRR = 1MHz, t, = 6ns, tf =
6ns, ty = 500ns, Vp = 3Vp.p, Zp = 500

(2) * CL includes probe and jig capacitance.

TIMING DIAGRAM (Reference level = 1.3V)
| \

\__/
] \ |

e . .
tPHL tPLH tPHL tPLH '

|
E
:
B

Op=0

tPLH tPHL tPLH tPHL
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics 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-Itami Works
4-1, Mizuhara, Itami-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
TAIWAN

MELCO TAIWAN CO., Ltd.
6th fl., Chung-Ling Bldg.,
363, Sec. 2, Fu-Hsing S. Road,
Taipei, R.O.C.

Telephone: (704) 0247
Facsimile:  (704) 4244

U.S.A.

NORTHWEST

Mitsubishi Electronics America, Inc.
* 1050 East Arques Ave.

Sunnyvale, Ca 94086, U.S.A.

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

NORTH CENTRAL

Mitsubishi Electronics America, Inc.
799 North Bierman Circle,

Mt. Prospect, |LL 60056, U.S.A.

Telex: 270636 MESA CHI-MPCT
Telephone: (312) 298-9223~8
Facsimile:  (312) 298-0567

Mitsubishi Electronics America, Inc.
15612 HWY 7 #243

Minnetonka, MN 55345 U.S.A.
Telex: 291115 MELA MTKA
Telephone: (612) 938-7779
Facsimile:  (612) 938-5125

NORTHEAST

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

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

MID-ATLANTIC

Mitsubishi Electronics America, Inc.
110 New England Ave. West
Piscataway, NJ 08854 U.S.A.

Telex: 833244 MESANJPWAY
Twx: 710-991-8584
Telephone: (201) 981-9256
Facsimile:  (201) 981-9256

SOUTHWEST

Mitsubishi Electronics America, Inc.
991 Knox St.

Torrance, CA. 90502, U.S.A.

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

SOUTH CENTRAL

Mitsubishi Electronics America, Inc.
3247 West Story Road,

Los Colinas Business Park

Irving, TX 75062, U.S.A.

Telephone: (214) 258-1266
Facsimile:  (214) 659-9313
SOUTHEAST

Mitsubishi Electronics America, Inc.
Town Ex. CTR. 6100 Glades Rd. #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
Head Quater

Gothear Str. 6

4030 Ratingen 1, West Germany

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

Munich Office:
ArabellastraBBe 31
8000 Miinchen 81, West Germany

Telex: 5214820 .
Telephone: (089) 919006-09
(089) 91013199

Facsimile:

FRANCE

Mitsubishi Electric Europe GmbH

65 Avenue de Colmar Tour Albert 1er
F-92507 Rueil Malmaison Cedex,
France

Telex: 202267 (MELCAM F)
Telephone: (01) 7329234
Facsimile: (0” 7080405
ITALY

Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Palazzo Cassiopea 1

20041 Agrate Brianza I-Milano

Telephone: (039) 636011
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