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Abstract

This project is about how to make the communication in

DELTA MODULATION ( D.M.). ‘That is the delta BINARY CODE which
two waves forms "O" and "1",. They are transmitting signal set

and consist of STEP GENERATOR WITH RING COUNTER CIRCUIT,and
TIMING CIRCUIT. Block diagram from inpug to output of a
trénsmittér that is ANALOG SIGNAL to be got in STEP GENERATOR
WITH RING COUNTER CIRCUIT and got out in "0" and "1 at TIMING
CIRCUIT. The other is +the receiver which consists of TIMING
CIRCUIT,STEP GENERATER WITH RING COUNTER CIRCUIT, INTEGRATOR
CIRCUIT and LOW PASS FILTER CIRCUIT. The output signal of a
transmitter -dot into TIMING CIRCUIT of.the RECEIVER and output
signal which passeg through LOW PASS FILTER CIRCUIT and got
out put at low pass filter is analog signal and send along to

>

loudspeaker at last you can receiver the messades.
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National
Semiconductor

CD4001BM/CD4001BC Quad 2-Input NOR Buffered

B Series Gate

CD4011BM/CD4011BC Quad 2-Input NAND Buffered

B Series Gate

general description

These quad gates are monolithic complementary MOS
{CMOS) integrated circuits constructed with N- and
P.channel enhancement mode transistors, They have
equal source and sink current capabilities and conform
to standard B series output drive. The devices also have
buffered outputs which improve transfer characteristics
by providing very high gain.

All inputs are protected againsi static discharge with
diodes to Vpp and Vss.

features

Low power TTL compatability, fan out of 2 driving
74L or 1driving 74LS

6V—10V=-15V parametric ratings
Symmetrical output characteristics

Maximum input leakage TuA at 15V over full temp-
erature range

schematic and connection.diagrams

Yoo
4

5 Ul

[LYRtY v

[N RN

1/4 of device shown

A AN JeA+B
]i- Logical 1" = High
Logical “'0" = Low

*Alt inputs protected by standard CMOS

protection circuit,

1/4 of device shown

a " A % wu i
ot Logical “1°" = High
X Logical "0 = Low

*all inputs protected by standard CMOS

protection circuit.
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absolute maximum ratings (Notes 1 and 2)

Voltage at Any Pin 0.5V to Vpp + 0.5V
Package Dissipation 500 mw
Vpp Range ~0.5Vpg to +18 Vpe
Storage Temperature —65°C 1o +150°C
Lead Temperature {Soidering, 10 seconds) 300°C

operating conditions

Operating Vpp Range

Operating Temperature Range
CD40018M, CD40118M
CD40018C, CD4011BC

3Vpctolsy

—55°C 10 v124p
~40°C 1o +§ ¢

§
K
i
i

dc electrical characteristics cpa001BM, CD4011BM (Note 2)
@ o . R
PARAMETER CONDITIONS g ¢ 125°C 25 C
MIN  MAX [ MIN  TYP MAX | MIN MmaX
Y5} Quiescent Device Current VpD = 5V 0.25 0.004 025 75 4
vVpD = 10V 0.50 0005 050 15 ? )
VoD - 15V 10 0006 1.0 30 1 )
VoL Low Level Output Voltege | vpp - 5V . 0.05 0 005 005 |}
Vpp = 10V | ligt< 1uA 0.05 0 005 0.05 | ¢
VDD = 15V 0.05 0 0.05 00s | ¢
°*
VOH  High Leve! Output Voltage Vpp = 5V 4.95 495 5 498 b
VpD = 10V | lip!< 1uA 9.95 985 10 9.95 4
VDD = 15V 12.95 14.95 15 14.95 ;’
ViL Low Level Input Voliage Vpp =5V, Vg=4.5Vv 1.5 2 1.5 1.5 {
VDD = 10V, Vg = 9.0V 30 4 30 o |
Vpp = 15V, Vo = 13.5v 40 6 4.0 4.0 }
ViH High Level Input Voltage Vpp =5V, Vg=05V 35 35 3 35 :
> Vpp = 10V, Vg =10V * 7.0 7.0 [ 7.0 :
VDD = 15V, Vo = 1.5V 11.0 no o 1.0
oL Low Level Quiput Current VDD = 8V. Vg =04V 0.64 051 o0.88 036 H
VpD = 10V, Vg = 0.5V 1.6 13 225 0.9
Vpp = 15V, Vg = 1.5V 4.2 34 8.8 24 §
H
10H High Level Outpur Current VpD = 5V. Vg =4.6V —0.64 -0.51 -0.B8 -0.36 9 %
Vpp = 10V, Vg = 9.5V -1.6 1.3 <225 -0.8 o
VDD = 15V, VQ = 135V —4.2 -34  -88 -24 A
WN  Input Current VDD = 15V, Vi =0V -0.10 -107% 0.0 -10 |4 J
VDD = 15V, V| = 16V 0.10 0% o010 1.0 :“i

. 1

S
Note 1: “Absolute Maximum Rstings” are those values beyond which the safety of the device cannot be guarantsed. Except for “Opes
Temperature Ranga™ they are not meant to imply thst the devices should be oparsted ot these Himits. The table of “'Electrical Characterict

g

provides conditions for actual device operation.
Note 2: All voltages measured with respect to Vgs uniess otherwise specified.
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—
: e|ectncal charactenstlc,s CD4001BC, CD4D11BC (Note 2)
-40° 5°C +85°
PARAMETER CONDITIONS £ +2 5L UNITS
MIN MAX MIN TYP MAX MIN MAX
Quiescent Device Current “Vpp * Y] 1 0.004 1 15 uA
! Vpp = 10V 2 0005 2 15 HA
Vpp = 15V 4 0.006 4 30 pA
Low Level Quiput Voltege Vpp = 8V 0.05 0 0.05 0.05 v
vpp = 10V } Hol< 1uA 0.05 0 0.05 0.05 v
Vpp = 15V 0.05 0 0.05 0.05 v
High Level Qutput Voltage Vpp =5V 485 4.95 5 495 v
1 VpD = 10V } ol < 1pA 9.95 995 10 9.95 v
Vpp = 15V 14.95 1495 15 14.95 v
tow Level Input Voliage Vpp = 6V, V=45V 1.5 2 1.5 1.5 v
Vpp = 10V, Vg = 9.0V 30 4 3.0 3.0 \Y
Vpp = 15V, Vo = 13.5V 40 6 40 4.0 v
High Level Input Voltage Vpp =5V, Vg=05V 35 35 3 35 \
T Vpp = 10V, Vg * 1.OV 70 70 6 70 v
VDD = 15V, Vg = 1.5V 1.0 10 9 1no v
Low Level Output Current Vpp = 5V. Vp=04V 0.52 0.44 0.88 0.36 mA
Vpp =10V, Vg = 0.5V 13 1.1 225 09 mA
VDD = 15V, Vg = 1.5V 36 30 88 2.4 mA
High Level Output Current | Vpp = 5V, V= 4.6V 052 ~0.44 088 -0.36 mA
) VoD = 10V, Vg = 8.5V 1-13 ~1.1 -2.25 -0.9 mA
Vpp = 15V, Vp = 13.5V -36 -30 -88 -24 mA
;  tnput Current Vpp = 15V, VN = OV -0.30 -10°% 0130 -1.0 uA
VDD = 16V, VN = 15V 0.30 1075 0.30 1.0 uA
—
4} S
telectrical characteristics cp4ooigc, cb4ooiem
25°C, Input t;; 1 = 20 ns. C)_ = 50 pF, R = 200k. Typical temperature coefficient is 0.3%/°C.
f L L 3
PARAMETER CONDITIONS TYP MAX UNFI"S
s Propagation Detay Time, High-10-Low Leve! Vpp =5V 120 250 ns
t Vpp = 10V 50 - "100 ns
Vpp = 15V 35 70’ ns
‘. Propagation Delay Time, Low-to-High Leve! Vpp = 5V 110 250 ns
Vpp * 10V 50 100° ns
VpD = 15V 35 70 ns
tTLH Transition Time Vpp = 5V 90 200 ns
. Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
Average Input Capacitance Any Input 5 75 pF
Power Dissipation Capacity - Any Gate - 14 pF




.

ac electrical characteristics cpso11BC, CD4011BM

Ta = 25°C, Input 1;; t¢ = 20 ns. C_ = 50 pF, R = 200k. Typical Temperature Coefficient is 0.3%/°C.

PARAMETER CONDITIONS TYP MAX
PHL Propagation Delay, High-to-Low Le;/el Vpp = 5V 120 250
. Vpp = 10V 50 100
Vpp = 15V 35 70
1PLH Propagation Delay, Low-to-High Level |- Vpp = 5V 85 250
Vpp = 10V 40 100
Vpp = 15V 30 70
“tTHL. t'TLH  Transition Time Vpp = 5V 80 200
g Npp = 10V 50 100
Vpp = 16V 40 -80 |
CIN Average Input Capacitance Any fnput R 1.5
Cep Power Dissipation Capacity Any Gate 14 )
i
!
b
{
z i;
!
. Ky, &
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National i -
Semicondu_ctor

CD4013BM/CD4013BC Dual D Flip-Flop

A Y - .
general description

The CD4013B dual D flip-flop is a monolithic comple-
mentary MOS (CMOS) integrated circuit constructed
»with 'N and P .channel enhancement transistors. Each
flip-fiop has iridepenqtent data, set, reset, and clock

® L ow power TTL compatibility

inputs and “Q" and Q" outputs. These devices can be aplj“cations
used for shift register applications, and by connecting .

“Q" output to the data input, for counter and foggle §/ fiontotive
applications. The logic level present at the D" input is |8 Data terminals
transferred to the Q output during the positive-going .

transition of the clock pulse. Setting or resetting is in- oy maation
dependent of the clock and is accomplished by a high » Medical electronics
level on the set or reset line respectively. ® Alarm system
features m Industrial electronics
8 Wide supply voltage range 3.0V to 16V 8 Remote metering
8 High noise immunity €45 Vpp typ ® Computers

fanoutof2
* driving 741
or 1driving 74LS

connection diagram .
U . Dual4n-Line and Fist Package

x = Don‘tcare case

Vop a2 2 CLOCK2 RESET2  DATA2  SET2
lu 13 12 1 10 8 ]
B Ead
FIF FIF
1 2
‘ 1L
1 2 3 4 § ] ?
a1 o CLOCK1 -RESET1 DATA1  SET} Vss
TOP VIEW
truth table
ctLt D R s Q a
Va 0 o 0 0 1
g 1 Q .0 144 0 ,
. x 0 0 o] [+
x x 1 4] 0 1
x x 1] 1 1 0
x x 1 1 1 1
No change
1 = Level change




absolute maximum ratings

:

:

.y
IRy

o

recommended operating conditi

{Notes 1 and 2) (Note 2) ; S
A . Y X
Vpp dc Supply Voltage —0.5 10 +18 Vpg Vpp o Supply Voltsge +3 o]
ViN tnput Voltage -0.6 to Vpp +0.5 Vpe VN Input Voltege OtoV, ‘
Tg Storage Temperature Range —6§°C 0 +160°C Ta Operating Temperature Range - , -'ii p
Pp Package Dissipation [ 1 tD40138M -65°C o
T| Lesd Temnperature {Soldering, 10 seconds) 300°C CD40138C -40°C gy
dc electrical characteristics cD40138M (Note 2) y
-55°C 28°C 128°c ¢
PARAMETER CONDITIONS
MIN | MAX MmN | TYP | mMAx | MIN | max |EY
1Ipp Quiescent Device Current Vopp =8V . 1.0 1.0 30 i
Vpp = 10V ' 2.0 - 20 . 60 “ih,
Vpp = 16V 4.0 4.0 1200 4 4,
VoL  Low Level Output Voluge | Ngl< 1.0uA y " "2
1 Voo =8V 0.05 0.05 | (Y
Vpp = 10V 0.08 0.05 005 {4,
Vpp = 15V 0.05 0.05 005 |
VOH  High Level Output Voltage | ligl< ;.OuA I B ]
Vpp = 5V 4.95 4.95 4.95 s §
Vpp = 10V 9.95 9.95 .95 Ty
Vpp = 15V 14.95 14.95 14.95 Jd
ViL Low Level input Voltage ligl< 1.0uA - . %
VDD = 5V. Vg * 0.5V or 4.5V ig 1.5 15 {4,
vpp = 10V, Vg = 1.0V or 8.0V 3.0 3.0 3.0 ;g i
VDo = 16V, Vo = 16V or 13.5V 4.0 4.0 4.0 A :ﬂ“
ViH  High Level Input Vohage | lig1< 1.0uA / 7 ] e
Vpp =5V. VQ=0.5Vord5V 3.5 35 35 E-
Vpp = 10V, Vg = 1.0V or 9.0V 7.0 7.0 7.0 REW
VpD = 15V, Vo = 1.5V ar 13.6V 1.0 1.0 11.0 1<,
loL Low Leve! Outpyt Current Vpp =5V, Vo= 04V 0.64 . 0.51 088 0.38 »
VpD = 10V, V@ = 0.6V 16 13 2.26 0.9 :
VgD = 15V, Vp = 1.5V 4.2 34 8.8 24
IoH  High Level Output Current | Vpp = BV, Vo '=4.6V -0.64 4081 —0.88 -0.36 b
Vpp = 10V, VQ = 8.5V -1.6 -1.3 -2.25 -0.9 N
Vpp = 15V, Vg = 13.6V -2 -3.4 88’ -2.4 ..‘4
N Input Current VDD = 15V, Vi = OV -01 -107% | -0 110 4
VDD = 15V, VN = 16V 0.1 1075 | o1 10
B ki
dc electrical characteristics cD4013BC (Note 2} ! ¥
—a0°C 25°c 85°c ’
PARAMETER CONDITIONS
MIN MAX MIN TYP MAX MIN MAX
.
ipo Quiescent Device Current Vpp = 5V 4.0 4.0 :}0
Vpp = 10V 8.0 , 8.0 60
Vpp = 15V 16.0 16.0 120 ] ;
VoL  Low Leve! Output Voluage lipi < 1.0uA ¥
Vpp = 5V 0.05 0.05 0.05
Vpp * 10V 0.05 0.05 0.05
VDo = 15V 0.0 0.08 0.06
VOH  High Level Output Voltage | o1 < 1.0uA
Vpp * 6V 4.95 4.96 495
Vpp = 1OV 9.95 9.95 0.95
Vpp = 16V 14.85 14.95 1485
ViL Low Leve! input Voltage lol < 1.0uA
Vpp =5V. VO = 0.6V or 4.5V 1.6 1.6 1.5
VDD " 10V. Vo = 1.0V or 8.0V 3.0 3.0 30
Vpp * 16V, Vg = 1.5V or 13.5V 40 40 40




g electrical characteristics (con‘t) cp40138C (Note 2)

ViR

™

by

~40°C 25°c 85°C
PARAMETER CONDITIONS uNITS
MIN | MAX MIN Y | MAX MIN | MAX
/High Leve! Input Voltage gl < 1.0uA i

VDD = 5V. Vo =0.5Vor 4.5V 35 36 35 v

VDD = 10V, Vg = 1.0V or 5.0V 7.0 7.0 7.0 v

VDD = 18V, Vg = 1.6V or 13.5v 11.0 11.0 1.0 v

. Low Level Output Current Vpp =8V, Vp=04Vv 0.52 0.44 0.88 0.38 mA
.

, VDD = 10V, Vg = 0.5V 1.3 1. 2.26 0.9 mA

; Vpp = 18V, Vg = 1.5V as 3.0 8.8 2.4 mA

High Level Output Current | Vpp =5V, Vgo=4.6vV * -0.62 —0.44 -0.88 . ~0.36 mA

Vpp = 10V, Vg = 9.5V ~-1.3 =11 -2.25 -0.9 . mA

Vpp = 15V, Vg = 13,5V -3.6 -3.0 -8.8 -2.4 mA

Input Current Vpp = 15V, Viy =GV 1 =04 -1075 [ 03 -1.0 4A

VDD = 15V, Vi = 16V 0.3 108 | 03 1.0 s

—

.

wts 12 “ABolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply
i-,-, the devices should be operated at these limits. The teble of "Aecommended Operating Conditions’’ and “'Electrical Characteristics” provides

' ..aitions for actual device operation.
wir 22 VgS = OV unless otherwise specified.
ic electrical characteristics Ta=25°C,C| =50 pF, Ry = 200k, unless otherwise specified.
—
PARAMETER CONDITIONS MIN TYP l MAX I UNITS
. XX OPERATION
0
., OF Propagation Delay Time Vpp = 5V 200 350 ns
Tn Vpp = 10V 80 . 160 ns
Vpp = 16V 65 120 ns
a0 Transition Time Vpp = bV 100 200 ns
- Vpp = 10V 50 100 ns
Vpp = 15V 40 80 . ns
'\, or Minimum Clock Pulse Width Vpp =6V 100 - 200 ns
. Vop = 10V 40 80 ns
Vpp = 16V 32 88 ™~
sip tFeL Maximum Clock Rise and Falt Time Vpp = 6V 15 s
Vpp = 10V 10 12
Vpp = 15V 5 s
Minimum Set-Up Time Vpp = 5V 20 40 n
Vpp = 10V 15 30 ns
Vpp = 15V 12 26 ns
= Maximum Clock Frequency Vop =6V 25 6 MHz
- Vpp = 10V 6.2 126 MHz
Vpp = 18V 7.6 166 ~MHz
p———
_|? "AnD RESET OPERATION
VL TE Propagation Detsy Time Vpp = 6V 160 300 [
[RCRY Vpp = 10V 65 130 [
Vpp = 16V 45 00 - ~m
-8, Minimum Set and Reset  * Vpp = 6V 80 180 ~
s Pulse Width Vpp = 10V 40 80 n
Vpp = t6V 25 B0, n
i‘-\Avonp input Capacitanca Any Input 5 7.5 pF




.pematic diagram
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logic diagram
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National
Semiconductor

CD4030M/CD4030C Quad
EXCLUSIVE-OR Gate -

general description

These EXCLUSIVE-OR gates are monotithic Com-
plementary MOS (CMOS) integrated circuits con-
structed with N and P-channel enhancement mode
transistors. All inputs are protected against static
discharge with diodes to Vpp and Vgg.

features

m Wide supply voltage range 3.0V to 15V

® | ow power 100 aW (typ)

& Medium speed terL = tpip-= 40 ns {typ)
operation at C = 15 pF, 10V supply

8 High noise immunity 0.45 Ve (typ)

applications
® Automotive

& Data terminals

8 Instrumentation
® Medicat electronics
® Industrial controls
& Remote metering

s Compufers

schematic diagram
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absolute maximum ratings
Voltage at Any Pin (Note 1} Vgs — 0.3V 10 Vgg + 155V
Operating Temperature Range
CD4030M -55°C 10 +125°C
CD4030C -40°C to +85°C
Storage Temperature Range —£€5°C104150°C ¢
Package Dissipation 500 mW
Operating Vpp Range Vgg + 3.0V to Vgg + 15V
Lead Temperature (Soldering, 10 seconds) 300°C
. 7, g ]
dc electrical characteristics cpaosom
\ LIMITS
PARAMETER CONDITIONS -55°C . 25°¢C 125°C UNITE
MmN [ Tve [ max | min | TYP [ max | MiN | TYP | max
Quiescer.t Device Voo * 50V 05 0005 05 3 bA
Current 11,) Vpo = 10V 10 0.01 | 10 €0- HA
Quiescent Device Dissi- Vop =50V 26 0.025| 26 150 W
pation Package (Pg) Voo = 10V 10 or |0 600 W
Output Voltage Low Voo * 50V 001 0 0.01 005 ¢
Level (Vo ) Vop * 10V 0.0t 0 0.01 005 v
.
Output Voltage High Vop * 5.0V - 4.99 499 | 5.0 4.95 v
Level (Vo) Vpo = 10V 9.99 999 | 10 995 v
Noise Immunity Vpp =50V 1.5 15 228 14 v
(A1l tnputs) V) Voo = 10V 30 30 | 45 2.9 v
Noise Immunity Vop =50V 14 1.5 2.25 1.5 v
(Al Inputs )iV gy, ) Vpp = 1OV 29 3.0 45 30 v
Output Drive Current Vpo =50V * 075 0.6 1.2 04¢ mA
N-Channel {IgN) Voo = 10V 1.5 12 | 24 09 mA
Output Drive Current Vop =50V 045 0.3 06 021 mA
P-Channe! (I5P) Vpp * 10V ~0.95 065 |-13 -045 mA
Input Current (1} Vi*0VotV, = Vgp 10 pA
dc electrical characteristics:coao3oc
LIMITS :
PARAMETER CONDITIONS . ~40°C 25°C 85°C UNITS
min | Tye| max ] min | Tve | max [ min | Tve | max

Quiescent Device Vop =50V 4 s 5.0 005 | 50 70 pA
Current {1, ) Voo = 10V 10 61 | 10 140 A
Quiesceni Device Dissi- Vpo =50V 25 026 | 25 350 W
pation Package (P ) Vpp = 10V 100 10 | 100 1400 | W
Output Voltage Low Vpp =50V 0.0t 0 0.01 005 v
Level (Vg ) Vpp = 10V 601 0 003 005 v
Output Voltage High Vop * 5.0V 4.99 499 | S0 4.95 A4
Level (Vo) Voo = 10V 9.09 898 | 10 9.95 v
Noise mmumity Veo =50V 1.5 1% 225 14 \
(Al InputsHV o, ) Vop * 10V 3.0 30 | 45 29 K
Noise Immunity Vog * 5.0V ‘14 1.5 2.25 1.5 . v
(ANl 1nputs) [V ign) Voo = 10V 29 30 | a5 30 v
Quiput Drive Cuirent Vpop 50 035 03 12 0.25 ma
N Channet ligN) Vpp = 1OV 0.7 "1 06 24 (4 mA
Output Drive Curient Vpo =50V . 0.2 ~0.15 |06 . =212 mA
P.Channet (15P) Voo = 10V —0.45 -0.32 |-13 -025 mA
Input Current (i) V,=0VorV,sVgp to PA

Note 1: This device should not be connected to circuits with power on because high trensient voliages may cause permanent

damage.




ac electrical characteristics cp4o3om

8t Ty =25°C, Vgs =0V, and C_ = 15 pF. Typical temperature coefficient for all values of Vpp = 0.3%/°C.

T
: LIMITS j g
PARAMETER CONDITIONS UNITS } il
-MIN TYR MAX - }' f
14
Propagation Delay Time {tpyy ) Vpp = 5.0V 100 200 ns 14
Vpp = 10V 40 100 m
Propagation Delay Time (tp ) Vpp = 5.0V 100 200 ns a9
Voo = 10V 40 100 ns b
Transition Time High to Low Vpop = 5.0V 70 150 ns ; }
Level (try ) Vpo = 10V. 25° 75 ns o
Transition Time Low to High Vpp = 5.0V > 80 150 ns ?r
Level “TLH) VDD =10V + 30 75 ns ‘lF '
Input Capacitance (C,) V, =0V orV, =Vgp 5.0 pF
{i
.
ac electrical characteristics cpaogoc 1>
LIMITS i
PARAMETER CONDITIONS UNITS 4
MIN TYP MAX 1
Propagation Delay Time (tpyq.) Vop = 5.0V 100 300 ns 1
Vop = 10V 40 150 ns N
Propagation Delay Time {tp_ ) Vpp = 5.0V ‘IQO 300 ns
Vop = 10V 40 150 ns
Transition Time High to Low Vpp = 5.0V 70 300 ns -
Level (tyy, ) Vpp = 10V 25 150 ns . .(:
Transition Time Low to High Vpp = 5.0V 80 300 ns 3
Level (tv ) Vpp = 10V 30 150 ns N '{'
Input Capacitance (C;) Vi=0VorV,=Vpp 5.0 pF : H
£
?
§H
N %
truth table (For One of Four Identical Gates) .
¢ s
¥
A B J
. 0 0 0 ‘.
¥
1 0 1 :’
0 1 1
1 1 0

Where:  “1” = High Level
"0" = Low Level

S
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Semiconductor -

CD4017BM/CD4017BC Decade Counter/Divider with :
10 Decoded Outputs

CD4022BM/CD4022BC Divide-by-8 Counter/Divider with
8 Decoded Outputs ’

general description . features
The CD4017BM/CDA4017BC is a 5-stage divide-by-10 ®  Wide supply voltage range 3.0V to 16V
Johnson counter with 10 decoded outputs and a carry ® High noise immunity 0.45 Vpp typ
out bit. s Low power fan out of 2

R 9 TTL compatibility driving 724L
The CD4022BM/CD4022BC is a 4-stage divide-by-8 or 1 driving
Johnson counter with 8 decoded outputs and a carry: 7418
out bit. & Medium speed operation 5.0 MHz typ ﬂ
These counters are cleared to their zero count by a with 10V Vpp
logical “1* on their reset line, These counters are ad- Low power Touw typ
vanced on the positive edge of the clock signal when the Fully static operation
clock enable signal is in the logical “'0"" state.
The configuration of the CD4017BM/CD4017BC and . .
C54022BM/CD4022BC permits medium speed operation  APPlications
and assures a hazard free ‘counting sequence. _Th_e 10/8 B Automotive
decoded outputs are normally in the logical ‘0" state ® jnstrumentation
and go to the logical "1 state only at their respective X "
time slot. Each decoded output remains high for 1 full SPMedifial elegidonice
clock cycle. The carry-out signal completes a full cycle ® Alarm systems i
for every 10/8 clock input cycles and is used as a ripple ®  |ndustrial electronics
carry signal to any succeeding stages. = Remote metering
connection diagrams

CD4017B L£D4022B
Dual-n-line and Fiat Package Dual-in-Line and Flat Package
DECODED OUTPUT “5* —] U L van DECODED BUTPIJTT"—IJ U LAV,
OECODED QUTPUT =1 w2 1S peser DECODED OUTPUT B~ = 1S peser
DECODED OUTPUT “0" o L crock DECODED OUTPUT “2* ~ P cuoex
DLCODED OUTPUT ~2* —ad L2 ciock enasie DECODED QUTPUT 3* — 2 coock enane
DECODED OUTPUT 5 — 2 canav.our DECODED DUTPUT '8~ — N cannvour
BLCODED OUTPUY 7 _l - pecone ouren 4 gt L orcooen oureor =4
OLCODED OUTPUT 3+ —H . pecooeo outeur 4t DECODED QUTPUT 7" ~d 1% becones outeut 7
Vgs i L2 oconen outrut -1 Vss i . we
-

TOP VIEW

TOP VIEW
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absolute maximum ratings

{Notes 1 and 2)

Vpp de Supply Voltage

VIN Input Voltage

Ts Storage Temperature Range
Pp Package Dissipation

T Lead Temperature {Soldering, 10 seconds)

dc electrical characteristics cpaoi78m, cD40228M (Note 2)

—0.510+18 Vpc
~0.5 to Vpp 0.5 vpe
~65°C 10 +160°C

500 mwW
300°C

recommended op,erating"con'dg'

{Note 2)

Vpp dc Supply Voltage

VN Input Voitage

+ Ta Operating Temperature Range
CD4017BM, CD40228M
CD4017BC, CD4022BC

¢

§

b -65'C 25°C
PARAMETER CONDITIONS
MIN MAX MIN | -Tve MAX
ipp Quiescent Device Current Vpp = 5V 6 0.3 5 150
Vpp = 10V 10 05 10 300,
Vpp = 15V 20 1.0 20 600}’
VoL Low Level Output Voliage lgi< 1.0uA \ .
Vpp = 5V 0.05 0 0.05 0.05 i
Vpp = 10V 0.05 0 005 0.0
Vpp = 15V 0.05 0 0.05 0.05 {
VOH  High Level Output Voltage ilgl< 1.0pA 1%
Vpp =5V 4.95 4.95 5 4.95 r
Vpp = 10V 8.95 a.95 10 0.95 i34 i
Vpp = 15V 14.95 14.95 15 14.95 "9,
ViL Low Level Input Voltage lpl< 1.0uA :ff |
N VoD =5V, Vg =05Vor a5y 156 15 15 %4
VpD = 10V, Vg = 1.0V or 8.0V 30 3.0 an
VoD = 15V, Vo = 1.5V or 135V | 40 4.0 40
- R3¢
Vi High Levet input Voltage tipl< 1.0uA "t
VDD = 5V. VQ = 0.5V or 4.5V 35 35 35 Y
VDD = 10V, Vg = 1.0V or 9.0V 7.0 7.0 10
VDD = 15V, Vo = 1.5V or 13.5V 1.0 1.0 1.0 )
oL Low Leve! Output Current Vpp = 5V. Vpo=04v 0.64 0.51 0.88 0.36 h’;
. VDD * 10V, Vg = 0.5V 1.6 1.3 2.25 08 )
VDD = 15V, Vg = 1.5V a2 34 8.8 24
10H High Levet Qutput Current VDD " 5V. VO~ a6V -0.25 0.2 ~0.36 -0.14 o
VDD = 10V, Vg = 9.5V ~0.62 0.5 0.9 -0.35
VDD = 15V, Vg ~ 13.5V -1.8 -1.5 ~35 -1.1 4
N taput Current VDD = 15V, Vi = OV -0 ~1075 | -0
VDD = 15V, V) = 15V 01 108 | o4
dc electrical characteristics cp40178c, cpao228c {Note 2) .
' e —40°C 25°C
PARAMETER CONDITIONS
. MIN MAX MIN TYP MAX MIN
op Quiescent Devicé Current Vpp = 5V 20 0.5 20
Vpp = 10V 40 1.0 40
Vpp = 15V 80 50 80
VOL  Low Level Output Voltage o< 1.0pA
Vpp = 5V N 0.05 0 0.05
Vpp = 10V 0.08 0 0.0
Vpp * 16V 0.06 0 005 [
VOH  High Level Output Voltage g1 < 1.0pA
Vpp * 5V 4.95 495 5 495
VDb = 10V 9.95 0.95 10 9.95
VDD = 15V 1495 14.95 15 14.95




}Fjerctrical characteristics (con‘t) cD40178¢C, CD4022BC (Note 2)

f/k -40°C . 25°C 85°C

PARAMETER CONDITIONS - UNITS
. L MIN MAX MIN TYP | MAX | MIN | MaXx

f/u,zevel Input Voltage lgl<1.0pA .
VDD = 5V, Vg - 0.5V or 4.5V . 1.6 . 1.6 1.5 v
Vpp = 10V, Vg = 1.0V or 8.0V 30 3.0 I 30 v
Vpp = 15V, Vg = 1.5V or 13.6V 40 i 40 40 v

High Levet input Vollage ligl< 1.0uA

y VpD = 5V. Vg = 0.5V or 4.5V 35 a5 35 v
Vpp = 10V, Vg = 1.0V or 8.0V 7.0 7.0 70 v
VpD = 15V. Vo= 1.8Vor 135V | 110 1.0 1.0 v
tow Level Output Current Vpp = 5V, Vg =04V 0.52 0.44 0.88 0.36 mA
‘ Vpp = 10V, Vo = 0.5V 1.3 1.1 2.25 09 mA
Vpp = 15V, Vg = 1.5V 36 3.0 8.8 24 - mA
fhgh Level Output Current Vpp=5V. Vp=4.6V -0.2 —0.16 —0.36 =012 mA
} VoD = 10V, Vo =9.5V -0.6 04 -0.9 03 mA
VDD = 15V, Vo = 13.5V -1.4 -1.2 -3.5 -1.0 mA,
input Current VDD = 15V, ViN = OV 03 -1075 | -03 -1.0 HA
VDD = 15V, ViN = 15V, .| 03 10° | 03 10 Py

(SSE “Absolute Maximum Rstings*’ are those values beyond which the safety of the device cannot be gusranteed, they are not meant to imply
) s devices should be operated at these limits. The table of “Recommended Operating Conditions* and “Electrical Characteristics™ provides
y - vons for sctual device operation.

~ — w2 Vss= OV unless otherwise specitied.

¢ electrical characteristics Ta =25°C, Cy = 60 pF, R = 200k, t,cL and tfCL = 20 ns, unless otherwise specified.

PARAMETER l CONDITIONS MIN l Tye MAX UNITS
tcED O_PE RATION
, i Propagation Delay Time: .
Carry Out Line Vpo = 5v ’ ‘415 830 ns
vpp = 10V 160 320 ns
Vpp = 15V x 130 260 ns
Carry Out Line vVpp = 5V . 240 480 ns
- VoD =10V } C = 15 pF 85 170 ne
VDD = 15V . .70 140 o~
Decode Out Lines VpD = 5V . - 500 1000 ns
Vpp = 10V 200 400 ns
Vpp = 15v i i ; n 160 320 as
THL TurTsi([On Time Carry Out 4
and Decode Out Lines a
TTLH : Vop=5v . 200 400 n
. Vpp = 10V ' 100 200 ns
Vpp = 16V ) 80 160 ns
tTHL Vpp = 5V . 100 200 ns
Vopp = 10V : - 60 100 ns
Voo = 15V 40 80 "
Maximum Ciock Frequency Vpp ™ 5V | Measured with 1.0 2 ‘ MHz
VDD = 10V § Respect to Carry 25 5 MHz
3 Vpp = 15V | Output Line 3.0 6 MHz
Wi Minimum Clock Pulse Vpp = 5V 125 250 ns
Width Vpp = 10V 45 80 ns
VpDp = 18V 3 36 70 ns
"L Clock Rise and Fatl Time Vpp = 6V 20 H
vpp = 10V 15 H
Vpp * 16V L, ps
Minimum Clock Inhibit Vpp = 5V “120 240 ne
Data Set-Up Time Vpp = 10V 40 80 ns
Vpp = 15v 32 65 ns
Average Input Capacitance 5 7.8 pF




§n—17§ )

ac electrical characteristics (con‘t) - -
Ta =25°C, C = 50 pF, R_ = 200k, t,CL and tfcy = 20 ns, unless otherwise specified. )

PARAMETER ] CONDITIONS MIN TYP l MAX l
RESET DPERATION
PPHL Propagation Detay Time: . .
Carry Out Line Vpp = 5V . 415 830
Vpp = 10V 160 320
. vpp = 15V 130 260
Carry Out Line Vpp = 5V . 240 480
- VDD * 10V} €y = 15 pF 85, J170
vpp = 15V 70 140
. . Decode Out Lines VDD =S5V 500 1000
Vpp = 10V 200 400
vpp = 15V 160 320
WH Minimum Reset Pulse Vpp = 5V 200 400
. Width ) vpp = 10V o 70 140
Vpp * 15V 8§ 110
tREM Minimum Reset Removal | Vpp = 5V 7% 150
, B
Time Vpp = 10V 30 80
Vpp = 15V 25 50

timing diagrams
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SCL4066B

CMOS QUAD ANALOG SWITCH

FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signals
¢ 80Q2 Typical ON-Resistance for 15-Volt oper-
ation
¢ .Switch ON'Wasistance Matched to within 5§2
over 15-Volt Signal-lnput Range
¢ ON-Rasistance Flat over Full Peak-to-Peak Sig-
nal Range .
& High Degree of Linearity:
<.0.5% Distortion (typ) @ f;5 = TkHz,
Vis = 5Vp . Vpp-Vss =10V, Ry = 10k
¢ Extremely Low OFF switch Leakage Resulting
0 very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vsg= 10V, T =25°C
¢ Extremely High Control Inpat Impedance (Con-
trol Circuit Isolated from Signal Circuit):
102282 (typ)
¢ Low Crosstalk betwesn Switches:
-50dB (typ) @ fis= 0.9MHz, R = 1k§2
¢ Matched Control-input to Signal-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

DESCRIPTION

The SCL40668B is a Quad Bilateral Switch
intended for the transmission or multiplexing of

—- -analog or digital signals. It is pin-for-pin compatible

with the SCL4016B, but exhibits a much lower
ON-resistance. In addition, the ON-resistance is rel-
atively constant over the full input signal range.
The SCL4066 consists of four independent bilat-
eral switches. A single control signal is required per
switch, Both the P and the N device in a given
witch are biased ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-<channel device on each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF. This configuration minimizes
the variation of the switch-transistor threshold

SCHEMATIC DIAGRAM {one of four switches)

SWITCH
CONTROL,

) e O
e wenon -j”
BWITEN OM, Y s Vo :11:
ore.s TEL -
4 our
1 1-}_0“
T

Yoo
SWCH OFF, Ve TV evgy
SIGNAL-LEVEL RANGE:

V33 $Vig SVpo

CONTROL

&

CONNECTION DIAGRAM
(alt packages) -
Switch
A Switch D  Switch C
- P T NP N
Vpp C € IN OUTOUT IN
| l L1 | | |
4 13 1211 10 9 8
SCL40668

1 2 3 4 5 6 1-
1 ! { ! 1 I |
IN OUTQUT IN_C C Vss

Switch A Switch 8 Sw‘i:tch

Add suffix for packags:

C  14-pin Cerdip Ff 14-pin Flat
D 14-pin Ceramic H Chip
E  14-pin Epoxy

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

OC Supply Voitage  Vpp-Vss 3to15 Vde

Operating Temperaturg Ta .
C, D, F, H Device 65 t0 +125 ©OC
E Device 40 to +85 OC

voltage with jnput-signal, and thus keeps the ON-
resistance low over the full operating range.

The advantages aver single-channel switches in-
clude peak input-signal voltage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, however, the SCL4016 s
recommended.

LOGIC DIAGRAM
L ey
= =
~e
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SCL408gg
ELECTRICAL CHARACTERISTICS >
- STATIC CHARACTERISTICS '-? .
Vss | Voo| Tiow® 25°C Tuion'
PARAMETER CONDITIONS Unin
(Vdel | (Vde) "y T Max, | Min Typ. | Max. | Min. | Max,
QUIESCENT DEVICE .
CURRENT lop | Vin=Vss or Vop 1} 6| - 005 -~ [0.0005] 0.05f — 1.5 | uAde
All valid input 0 10 - 0.1 -~ 10001} 0.1 - 30
combinations 0 15| — 62| - |0002] 02 -1 6o
MINIMUM INPUT HIGH Vim
VOLTAGE Vis = Vgs 0 5 - 4.0 - 275 4.0 - 4.0 V&
{Control Input) Vos= Voo 0 10| - 80| - |65 80| -1 80
) ) los =102A 01 15| - [120| ~ 1825 [r20{ - |120
MAXIMUM INPUT LOW Vie
VOLTAGE | Vis = Vg 0 §1 1.0 - 1.0 12.25 - 1.0 -~ { Vde
{Control Input) Vos® Voo 4] 10} 20 - 20 |46 - 20 -
s | log = 10uA 0 15 | 3.0 - 3.0 |6.75 - 3.0 -
SWITCH INPUT/OUTPUT lorr .
LEAKAGE Ve =Vss 7.6 [.+7.6} - [2100| - |£0.01| 100 — | £200] nAdc
. Vis=175Vdc B,
ON-RESISTANCE Aow
C.D,F,H device V¢ =Voo 1.5 | 475 7, 220 - gol 2801 .~ 1] 320] @
Ves< Vi< Voo 0 |+16 .
R = 10kQ
5% 1| a0 - | 1201 a00] - | ssol @
0 +10
26 | 428) _ 1 y000| - | 2702500 - | 3s00] R
0 +5 .
[
€ device Ron | Ve ™= Voo 7.5 | +7.6 2
- 50} - 280 -~ | 300] O
Vgs< Vis&Vpp 0_|+15 -
R <10k 5 +5
o.|+0 - 330 - 120} 400 - 5201 @1
R 25 | 425 : -
o +5 - {2100 ~ 270| 25001 - | 3200| Q
ON-RESISTANCE MATCH ARgy
(Same package) Ve =Vpg 25 1416} i r 61 - _ | a
Vgs<Vis&Vpp | 0 | +15
RL =10k 2
-6 +5 = & _ ol - _ a
(1} +10
26f+28) _ | _ | | sl -t - n
0 +5
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”
TLow = -55°C for C, D, F, H device. N\

= -40°C for E device.

Tuigw = +125°C for C, D, F, H device.
=+ 85°C for E device.

3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.




§CL40668

) ELECTRICAL CHARACTERISTICS {Continued)

DYNAMIC CHARACTERISTICS {CL =50pF, T, =25°C)

Vss

Voo

PARAMETER CONDITIONS vde) [ (vde) Min. Typ. Max. Units
SIGNAL INPUTS (V;,) AND QUTPUTS (V,,)
PROPAGATION DELAY TIME [ tp ., [V.=Voo
teut | Vis=Square 0 5 - 20 40 ns
Signal Input to Signal Output Wave 0 10 - 10 20
Ry = 10kQ2 0 . 15 - 7.8 15
BANCWIDTH (-3dB) BW IV.=Vpo R, .
{Sine Wave) Vi<V, | 1kQ| -5 +5 - 54 - MHz
centered | 10k - 40 -
@ 0.0Vddiooks) - 38 -
1MQ — 37 -
INSERTION LOSS
(=20 logo Yot )
v VeaVpo R
. Ve=5Vopl 1kQ| -5 +5 - 2.3 - d8
centered | 10k§2 - 0.2 -
@ 0.0Vdc[100k - 0.1 -
1MQ — 0.05 -
SIGNAL DISTORTION
{Sine Wave) Ve=Vpo -5 +5 - 0.16 - %
J V;,=5Vp_p
- centered
@ 0.0Vde
fis=1.0kHz
Ry = 10kQ
FEEDTHROUGH (-50dB) Ve=Vss R,
V.*SVN, k- -5 +5 -~ 1250 -~ kHz
centered | 10k - 140 -
@0.0Vde [100k2 - 18 -
1MQ — 2 -
CROSSTALK (-50dB) Vc(A)=Vgp -5 +5 - 0.9 o MHz
Between two switches V. (B) =Vgg
Va(A)=5V,
centered
@0.0Vdc S I
Ry = 10kQ
CAPACITANCE -
Input Cis - 3 - pF
Qutput | Coy | Ve = Vss -5 +5 - 8 - pF
Feedthrough Cios - 0.5 - pF
CONTROL INPUT Vel
PROPAGATION DELAY TIME | tpe Vss SV &Vpp 1] |1 - 60 100 ny °
Turn on Ry = 10kQ 0 10 - 25 50
1] 15 - 20 40
MAXIMUM INPUT fe Vgs<V, <V 0 [ - [ - MHz
FREQUENCY Ry = 1.0kQ 0 10 - 10 -
0 15 - 12 =
CROSSTALK
(To signal port) V.=Square Wave 0 5 - 30 - mv
R = 10k 0 10 - . 50 -
Rin = 1.0k2 0 15 - 100 -
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SIGNAL VOLTAGE Vv, ) — VOLTS

Typical channel ON resistance vs. signal voltage for
three values of supply voltage (Vpp-Vsg)

SUPPLY VOLTS: Vpp©+5,ves® =3 Cios

INPUT SIGNAL VOLTS {Vis}* 8 vpp
SINE WAVE L) TTRMS)

CONTROL VOLTS Lvg)=458

@ LOAD CAPACITANCE * (Cryx +Cug TER)

RF VOLIMETER
BOONTON RADIO|
MODEL 9i-Ca
OR EQuV

" oo
¥ 20 LoD RESISTANCE (R )+ 1M1 1
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INPUT SIGNAL FREQUENCY (f),) Mnr

Typ. switch frequency response - switch “ON”
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INPUT SIGNAL FREQUENCY (1) )— kh1
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Typ. crosstalk between switch circuits in the same
package
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SCL4066g
SUPPLY VOLTAGE: Vppe BV LOAD
" Vgs + -8V {A,12100 K0 JokA
5 JAuBIENT TEWPERATURE (T3)+28°C
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& e HEREE O—] 107 e o
" SWITCHES
- ShE L%
E -4 2 :
3 vss
ALL UNUSED TERMINALS
- ARE_CONNECTED TO Vgg
=3 -4 -2 o 2z 0 s
INPUT SIGNAL VOLTAGE (V,,} ~ VOLTS

Typical ON characteristies for 1 of 4 channets,

e

ﬁum.v VOLTS. Vpp* + 5, Vsg*-5
CONTROL VOLTS (Vgis-5
INPUT SIGNAL VDLTS V1o 5 vp_p SINE WAVE {177 AMS)

T 30LL0AD CAPACITANCE (:u-cnnun( +CNETER
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Typ. feedthru vs. freq. — switch “OFF”

.10V, Ye
o= = o—__D__j-
tesits 20ns Vi

(g T Voo

ma: oxa

Test circuit, crosstalk-control input to signal output

{
{0



SPECIAL CONSIDERATIONS — SCL40668

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/Ry (R = effective external
load 9f the 4 SCL4066B bilateral switches). This provision avoids any permanent
current flow or clamp action on the Vpp supply when power is applied or removed
from SCL4066B.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt (calculated from Ry values shawn).
No Vpp current will flow through R_ if the switch current flows into terminals 2, 3,.
9, or 10. Failure to observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION

’
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Basic Switch Functions using the SCL4066B
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HA741
FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

g

GENERAL DESCRIPTION ~ The uA741 is » high performance monolithic Operational Amplifier

constructed using the Fairchild Planar® epriaxial process. 1 s intended for a wide range of anslog CONNECTION DIAGRAMS
spplications  High common mode voltage range and absence of '“lstch-up” tendencies make the 8-LEAD METAL CAN
BAT41 1desl for use a1 8 voltage follower. The high gmn and wids range of operating voltage provides {TOP VIEW] -
supénior pertormance in integrator, summing smphfier, snd general feedback spplications. PACKAGE QUTLINE 68
* NO FREQUENCY COMPENSATION REQUIRED
® SHORT CIRCUIT PROTECTION
® OFFSEY VOLTAGE NULL CAPABILITY
¢ LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES Note: Pin 4 comnectad 1o coss
® LOWPOWER CONSUMPTION
e NO LATCHUP 3 ORDER INFORMATION

) TYPE PART NO,

41 741HM

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 741C 741HC
Mititary (7241} 122V
Commercial (741C} 118V ‘(:_:;s;?;x:’
ln;:::\:llg::u Dusipation (Note 1) o PACKAGE OUTLINE 6A
o114 670 mw
Mini DIP 310 mW
Flatpak 570 mw
Differentiat Input Voliage 30V
input Voltsge {Note 2) 115V
Storage Temperature Range
Metsl Can, DIP, and Fistpak -66°C 1o +150°C ORDER INFORMATION
Mini DIP ~55°C 10 +125°C TYPE PART NO.
Operating Temperature Range 741 7410M
Mititary (741} -55°C 10 +125°C 741C 7410C
Commercisl {(741C) 0°C10#70°C
Lead Temperature {Soldering) 10-LEAD FLATPAK
Meta! Can, DIP, and Flatpak (60 seconds) 300°C (TOP VIEW]
Mini DIP 110 seconds) 260°C PACKAGE OUTLINE 3F
Output Short Circuit Duration {Note 3} indefinite —n r —. 1
. ot v i S—
L —

— o
J=any

iy

EQUIVALENT CIRCUIT

ORDER INFOAMATION
TYPE PART NO.
741 T41FM

B-LEAD MINIDIP
{TOP VIEW!}
PACKAGE OUTLINE 9T

.
e
e
~

ORDER INFORMATION

comen,

TYPE PART NO.
41C 7817C
Notes on {3tlowing pages *Planar s s patentad Fairchild process

*Courtesy of Fairchild Semiconductors
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741
ELECTRICAL CHARACTERISTICS (Vg =215V, Ta = 28°C unless otherwise specified)
PARAMETERS (100 definitions) CONDITIONS MIN. TYP. MAX, UNITS
Input Offset Voltage Rs <10k 1.0 5.0 mv
input Ottset Current . 20 200 nA
Input Biss Current 80 800 nA ’
tnput Resistance 2 0.3 2.0 M
Input Capacitance g 1.4 oF
Otfser Volisge Adjustment Range e 5 215 . mV
Largs Signal Voltage Gein R >2k3, Voyt =210V 60,000 200,000
Output Resistance 75 n
Output Shont Circuit Current F 25 mA
Supply Cureent 1.7 28 mA
Power Consumption 80 85 mw
'l’rlr.uionl 'anonu Risetime g 0.3 s
{Unity Gain} Overshoor ViN=20mV. R =~ 2k,C < 100 pF ] 5.0 .
Stew Rate R > 2k 0.6 Vius

Tha following specifications spply for —55°C & Ta < +125°C:
A

Input Offset Voltege Rg < 10k02 1.0 6.0 my
Ta=*125C 7.0 A
Input Ottset Current v 2, 200 £
Ta=-55°C _ 85 500 nA
Ta=+125°C 0.03 0.8 pA
input Bias Current
put B TaA=—85°C 0.3 15 WA
input Voltage Renge 212 113 \ -
Common Mode Rejsction Rstio Rg <10k 70 90 d8
Supply Veltege Rejsction Ratio Rg< 10k - 0 150 uVIV
Large Signal Voltage Gain AL>2kR, VoyT =210V ) 25,000 .
AL 210k 12 4 v
Output Voltage Swing L = 4
R > 2kf1 110 213 v
Supply Current Ta™+125°C 1.5 25 mA
u| Urre
pelv Ta=-55C 20 33 mA
Power Consumption Ta® 0125: ¢ - il g5 oW
Ta=~-55°C 60 100 mw

TYPICAL PERFORMANCE CURVES FOR 741

OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING INPUT COMMON MODE
AS A FUNCTION OF AS A FUNCTION OF VOLTAGE RANGE AS A
SUPPLY VOLTAGE SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE

“
e I : BX g ent i M BT
m ! // o K22 :/ 'S ., u
; i d < i . /]
g - /\/ » L : » /,
t
RNEDZSNR == -
FrT : i u 1. A
u a L/
L] ¥ Y .
i.LA
® d f
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FAIRCHILD LINEAR INTEGRATED C!RCUITS « pA709

709A -
ELECTRICAL CHARACTERISTICS (Tp = +25°C,:9 V < Vg <115 v Unless otherwise specified)

PARAMETER (see definitions) CONDITIONS MIN, TYP. MAX. UNITS
Input Otfset Vcltage Rg <10k 0.6 20 mVv
Input Offset Current z 10 50 nA
Input Bias Current 100 200 nA
Input Resistance 350 700 . kQ
Output Resistance 150 23
Supply Current Vg=:15V 2.5 3.6 mA
Power Consumptien Vg =118V 75 108 mw

Risetime Vg =215V, VN = 20 mV, R =2k, Cy=5nF, 15 us
Transient Response Ry = 1.5kQ, Cy = 200 pF, Ry = 500
Overshoot CL < 100pF 30 %
The following specifications apply tor -55 C < Ta € -125°C
input Offset Voltage Rg < 10k} 3.0 m\7/
Rg* 5001, Ta = +25°C 10 1126°C 1.8 10 svIC
Average Temperature Coefficient Rg =500, Ta = 125°Cto -55C 18 10 uvic
of Input Offset Voltage R = 10K, T = +25C10+125 C 2.0 B Y
Rg= 10k, Ta < 125 C1o -65°C a8 25 P2
tnput Otfset Current 12 : :;g?;c 305 '220 ::
Average Temperature Coefficient Ta=+25°Cro +125°C 0.08 05 nA/SC
of tnput Otfser Current Ta=+25°Cto -65°C 0.45 2.8 nA/fC

Input Bias Current *Ta = -55°C 300 600 nA
input Resistance Ta=-55°C 85 170 k2
input Voltage Range Vg=2:15V 180 v
Common Mode Rejection Ratio Rg £ 10 k2 N 110 d8
Supply Voltege Rejection Ratio Rs <10k 40 100 sVIV
Large Signal Voliage Gain Vg=:15V, R 22kQ,Voyr =110V 25,000 70,000 ViV
QOutput Voltage Swing - zz : ::: z: :t ; ;Ok;n i:g ::; z
TaTEe ey A
Power Consumption Tax ”2?“(:' VsozIsV 63 99 my

Tao=-55C, Vg=:15V 81 135 mw

OPEN-LOOP FREQUENCY
RESPONSE FOR VARIOUS
VALUES OF COMPENSATION

OFYn LONP VOLTACS Gawn

FREDUENCY e

FREQUENCY RESPONSE
FOR VARIOUS
CLOSED-LOOP GAINS

=
T H T
I I T e ]
CrviCet B0 Cyedpt '!Z oo
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e e | N A
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X
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EACOUENCY - me

OUTPUT VOLTAGE SWING AS A
FUNCTION OF FREQUENCY
FOR VARIQUS
COMPENSATION NETWORKS
2 T

VEAR T0SEAR QUIPY NG V.

0, 0o w wou
FREQUENCY = g

" Courtesy of Fairchild Camera and Instrument Corporation © 1982
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Interfaée Circuits

LM139/LM239/LM339 quad comparator

general description

The LM139 series consists of four independent
voitage comparators which were designed specifi-
cally to operate from a single power supply over a
wide range of voltages. Operation from split power
supplies is also possible and the low power supply
current drain is independent of the magnitude of
the power supply voltage. These comparators also
have a unique characteristic in that the input
common-mode voltage range includes ground,
even though operated from a single power supply
voltage.

Application areas include limit comparators, simple
analog to digital converters; pulse, squarewave and
time delay generators; wid¥ range VCO; MOS clock
timers; multivibrators and high voltage digital logic
gates. The LM139 series was designed to directly
interface with TTL and CMOS. When operated
trom both plus and minus power supplies, the
LM338 will directly interface with MQOS logic —
where the low power drain of the LM339 is a
distinct advantage over standard comparators.

.advantages
® Eliminates need for dual supplies

®  Allows sensing near GND
® Compatible with all forms of logic
8 Power drain suitable for battery operation

features

& Wide single supply .
Voltage range 2Vpe to 36 Vpe
or dual subplies 31 Vpe 10218 Ve

8 Very low supply current drain (0.8 mA) —
independent of supply voltage {1 mW/compara-
tor at +5 Vel

Low input biasing current 35 nA
Low input offset current 3 nA
and ofiset voitage 3mv

8 Input common-mode voltage range includes
ground

& Diiferential input voliage range equal 1o the
power supply voltage )

8 Low output
saturaticn voltage

1 mV at SuA
70 mV at 1 mA

& QOutput voltage compatible with TT_L {fanout of
2), DTL, ECL, MOS and CMOS logic systems

schematic and connection diagrams
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Order Number LM139D, LM238D or LM333D
See Package 2
Order Number LM339N
See Package 14
Order Number L M139F
See Paclglnl 26

Comparstor with Hysteresis




absolute maximum ratings

Supply Voltage, vt 36 Vpg or 118 Ve Input Current (V,y <~0.3 Vpc }{Noie 3) 50 mA

Ditierentisl Input Voltage 36 Ve Operating Temperature Range

Input Voltage 0.3 Vge 10 436 Vpe LM339 0°C 10 470°C

Power Dissipation {Nale 1) o LM239 -25C to +85°C
Moided DIP  {LM339N} 570 mW LM139 -55°C 10 +125°C
Cavity DIP {LM139D, LM239D & LM3390} 900 mW Storage Temperature Range ~65°C 15 +150°C
Flat Pack {LM139F) 800 mw Lead Temperature {Soldering, 10 seconds) 300°C

Output Short-Crrcunt 1o GND {Note 2) Continuous

electrical characteristics (v*=+5.0Vpc, see Note 4)

LM139 LMZ39, LM339
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX -
Input Otiser Voltage + At Outpui Switch Paint, 120 150 120 150 mVge
Vo 2 1.4 Ve, Vuer =
+1.4 Ve and Rg = 002,
Ta="25°C
tnput Bias Current {Note 5} fin <1 0F L) With Output i 25 100 25 250 nApc
Liness Range, To = +25°C
1nput Ofiset Cureent Vveed "l 3. Ta = #25°C £30 225 :50 250 nApc
tnput Common-Mode Voltage Ta=125°C 0 v'-1s 0 vis Vpe
Range [Note 6)
Supply Current A_ = = 0On All Compaistors 08 20 oy 20 mApe
Ta =425°C
Valiage Gain R, 218k, T, = «25°C 200 200 vmv
Large Signal Response Time Vin = TTL Logic Swing 300 300 ns
Vaes 214 Voc. Vg,
50 Vpe and R, = 5,1 k2
Response Time {Note 7} Va, = 50Vpc and R = 13 13 M
51k, T, = +25°C
QOutput Sink Current Vin 1241 0Vpe, Vin ., = 0 6 16 6 16 mAge
NAVy <4185V Tu * +25°C
Saturation Voltage V. Z10Vac Ve . =0 250 500 250 500 mVge
and Igine S40mA, T, = +25°C
QOutput Leakage Current Vin 2+ 241 0Vpe, Vin ., * 0
270 Vg1 * 50 Vpe, T, = +25°C 01 [*R] nApe
tnput Offse1 Voliage £1 Quiput Sertch Point Vo = 90 90 mVge
14 Vpe.Vaer =+ 1.4 Vpe and
Rg = 082
input Ofiset Current ~1 bhiney = b 2100 2150 nApe
tnput Bias Current Vere o) ©F ding iy With Output in 300 400 nApe
Linear Range
tnput Common-Made Voliage [ v*-20 [} v'-20 Voe
Range
Saturation Voltage Viniy 243.0Vpe Vi =0 700 700 mVpe
and lgyex S4.0mMA '
Output Leakage Curient Viniy 2 1.0 Vpe. Vingy =0 1.0 1.0 uApc
and Vouy = 30 Vpe
Ditterential input Voliage Keep All Viyy's 2 0 Ve lor 36 36 Voc
{Note 8} V=, it used)

Note 1: For operating at high temperatures, the LM339 must be derated based on a +125°C maximum junction 1empersture and o thermal
resistance of +175°C/W which apphes for the device soldered in a printed circuit board, operating in & sull air ambient. The LM239 and
LM139 must be derated based on a +150°C i M junction P ure. The low bias dissipation on the ON-OFF charactenstic of the
outputs keeps the chip dissipation very small (Pd £ 100 mW], provided the output transistors are allowed to saturate.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. The maximum outpus current is approxi-
raately 20 mA independent of the magnitude of vt,

Note 3: Thisinput current will only exist when the voitage at any of the input leads 1s driven negative. It 1s due 10 the cotlector-base juncuion
of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode sction, there is
also lateral NPN parasitic transistor action on the 1C chip. This transistor acnon can cause the output voltages of the comparators to go to
the V* voliage level {or to ground for a large overdrive) for the tme duration that an input is driven negative. This 1s not destructive and
normal output states will re-es1abhish when the inpul vollage, which was negative, sgatn returns (o a vaiue greaisr than ~0.3vpg.

Note 4: These specifications apply for V* = +5.0 Vpc and -85°C < Ta< +125'C, unless otherwise stated With the LM238, ali tempera-
ture specifications are lunited 16 25 € 2 Ta = +85 C and the LM339 temperature specitications are imited 100 C< Ta <470 C
Note 5: The direciion of the inpui current is out of the IC due to the PNP input stage. This current is essentially constant, independeny of
the s1ate of the output 50 no loading change exists on the reference or input lines

Note 6: The input commaon-mode voltage or either input signal voliagh should not be allowed 10 go negatve by Tnore then 0.3V, The upper
end of the common-mode voltage range is V* - 1.5V, but either or both inputs can go to 430 Vg without damage.

Note 7: The response ume specilied s for 8 100 mV input step with 5.0 mV overdrive For larger overdrive signals 300 ns' can be obtaned,
see typical pertormance characteristics section.

Nots 8: The positive excursions of the inputs can exceed the power supply voltage levetl, and if the other input voltage remains within the
common-mode voltage range, the comparaior wiil provide a proper output state. T he low input voltage state must not be less than 0.3 VDC
{or 0.3 Vpc below the magnitude 2' The negative power supply voltage, if used).




typical performance characteristics

_Input Current
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application hints

The LM139 is a high gain, wide bandwidih
device; which, like most comparators, can easily
oscillate if the output lead is inadvertently allowed
to capacitively couple to the inputs via stray
capacitance. This shows up only during the output
voltage transition intervals as the comparator chan-
ges states. Power supply bypassing is not re-
quired to sblve this problem. Standard PC board
layout is helpful as it reduces stray input-output
coupling. Reducing the input resistors to <10 k2
reduces the feedback signal levels and finally,
adding even a small amount (1 to 10 mV) of posi-
tive feedback (hysteresis) causes such a rapid tran-
sition that oscillations due to stray feedback are
not possible. Simply socketing the 1/C and attach-
ing resistors to the pins will cause input-output
oscillations during the small transition intervals
uiless hysteresis is used. If the input signal is a
pulse waveform, with relatively fast rise and fall
times, hysteresis is not required.

All pins of any unused comparators should be
grounded.

The bias network of the LM139 establishes -a
drain current which is independent of the magni-
tude of the power supply voltage over the range of
from 2Vpc to 30 Vpe.

It is usually unnecessary to use a bypass capacitor
across the power supply line.

Response Time for Various
Input Overdrives — Positive
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The differential input voltage may be larger than
v* without damaging the device. Protection should
be provided to prevent the input voltages from
going negative more than —0.3 V¢ (at 25°C). An
input clamp diode and input resistor can be used
as shown in the applications section,

The output of the LM139 is the uncommitted
collector of a grounded-emitter NPN output tran-
sistor. Many collectors can be tied together to pro-
vide an output OR'ing function. An output “*pull
up’ resistor can be connected to any available
power supply voltage within the permitted supply
voltage range and there is no restriction on this
voltage due to the magnitude of the voltage which
is applied to the v* terminal of the 1.M139 pack-
age. The output can also be used as a simple SPST
switch to ground (when a “pull-up* resistor is not
usedj. The amount of current which the output
device can sink is limited by thé drive available
{which is independent of V*) and the § of this
device. When the maximum current limit is
reached.{approximately 16 mAJ, the output tran-
sistor will come out of saturation and the output
voitage will rise very rapidly. The output satura-
tion voltage is limited by the approximately 6002
T Of the output transistor. The low offset voltage
of the output transistor (1 mV) allows the output
to clamp essentially to ground tevel for small load
currents.




typical applications (con’t)
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typical applications {con‘t)
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typical applications (con‘t) (v*=15vy)
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typical applications [con’t} ! =15vpc)
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split-supply applications (v' =+15Vpc and V™ =-15Vpc)
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