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ABSTRACT

This project presents the study of delta modulation and demodulation,
adaptive delta modulation and demodulation, and implementation the training system
module by developed form the lapvolt training system. The system consists of
modulator and demodulator in the same panel. The training system module can uses a
single—bit code to achieve digital transmission of analog signals. The delta
modulation transmits a representative code of the sample by using only a single
bit to transmit. It is sample to indicate whether the sample is larger or smaller
than the previous sample. Adaptive delta modulation system be able adjust
amplitude of step by auto. Adaptive delta modulation will decrease problem

about quantizing error better than delta modulation system.
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2.4.1 M3nveu i (Quantization)
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C1 Freq
2.5510kH2
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C1 Freq
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C1 Freq
510.20 Hz
Low signal
amplitude

C1 Pk—-Pk
2.16 V

L e U freeeieeeed C4 Freq
e 1 505.06 Hz
: ' 1 Low signal

L amplitude

C4 Pk—Pk
4.8V
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C1 Freq
1.47240kHz
Low signal
amplitude

C1 Pk—Pk
2.08V
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C1 Freq
2.5063kHz
Low signal
amplitude

C1 Pk-Pk
2.08V

C4 Freq
2.5424kHz

C4 Pk—Pk
5.20 V
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FAIRCHILD
SEMICONDUCTOR ™

CD4013BC
Dual D-Type Flip-Flop

General Description

The CD4013B dual D-type flip-flop is a monolithic comple-
mentary MOS (CMOS) integrated circuit constructed with
N- and P-channel enhancement mode transistors. Each
flip-flop has independent data, set. reset, and clock inputs
and “Q" and “Q” o' tputs. These revices can be used for
aift -egister &pp! _ations, and by comecting 'Q" outpu: to
the data input, for counter and toggle applications The
logic level present at the “D" input is transferred to the Q
“utput during the pcsitive-goi.g transitic. of ine iock
pulse. Setting or resetting is independent of the clock and
is accomplished by a high level on the set or reset line
respectively.

October 1987
Revised March 2002

Features

B Wide supply voltage range: 3.0V to 15V

B High noise immunity: 0.45 Vpg (typ.)

B Low power TTL: fan out of 2 driving 74L
compatibility: or 1 driving 74LS

Applications
+ Automotive

Data terminals
Instrumentation

+ Medical electronics
* Alarm svstem
Industrial electronics
Remote metering

« Computers

.

Ordering Code:

Order Number | Package Number | Package Desc.iption
CD4013BCM M14A i 14-Lead Smail Dutline Integrared Circutt (SOIC), JEDEC MS-012, 0.150" Narrow
CD4013BCSJ M14D I'14-Lead Sma'l Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
CD4013BCN N14A } 14-Lead Plastic Duak-in-Line Package (PDiP), JEDEC MS-001, 0.300~ Wide

Connection Diagram

Voo . @ @2 cLOCKZ RESET2  OATAZ - SET:
[«

13 12 1 10 ) §

NN

12,3 '3
1 2
1 '2 3 4 s I B ,7
a1 (1] CLOCK1 RESET1  DATA1 SET1 Vg

Top View

Devices also available in Tape and Reel. Spedfy by appending the suffix letter *X" fo the ordering code

Truth Table
cL D R s Q Q
(Note 1)
Ve 0 0 0 (] 1
e (i} 0 1 0
o x 0 0 Q a
x x 1 0 0 1
x x (o 1 1 0
X X 1 1 1 1
No Chance

x = Don't Care Case
Note 1: Level Change

© 2002 Fairchild Semiconductor Corporation DS005946

www.fairchildsemi.com
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CD4013BC

Schematic Diagrams

SET O—
MASTER SECTION

Voo

o
inlil;
=

L

ol
IR
L
|
|L W

g
ﬁj_—l
=1

SLAVE SECTION
Voo

p

[

s

2 JIJ_:L'

Vss

qﬁiJ

RESET O—

}—
ALL P-SUBSTRA’IES(-] P> ) connecten o vy
'_

’_
ALL N-SUBSTRATES { [ j=e- ) COMNECTED TO Vs
'—

Logic Diagram
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Absolute Maximum Ratingsnote 2)

(Note 3)

DC Supply Voltage (V; p)
Input Voltage (Vi)

Storage Temperature Range (Ts)

Power Dissipation (Pp)
Dualn-Line
Small Outline

Lead Temperature (T|)
(Soldering, 10 seconds)

Conditions (Note 3)

DC Supply Voltage (Vp-)
Input Voltage (V)
Operating Temperature Range (T»)

-0.5 Vpc to +18 Ve
-0.5 Vpc 10 Vpp +0.5 Vpe
-65°C to +150°C

700 mW
500 mW

difons for actual device operation.
Note 3: Vg = OV unless otherwise speatied

260°C

DC Electrical Characteristics (Note 3)

Recommended Operating

-3 Vpc to +15 Ve
0 Vpc to Vpp Vpe
-55°C to -125°C

Note 2: “Absdute Maximum Ratings™ are those values beyond which the
satety of the device cannot be guaranteed. they are not meant to imply that
the devices should be operated at these limits. The tables of "Recom-
mended Cperating Conditions™ and “Electrical Characteristics™ provide con-

~55°C w25°C -25°C
Symbol Parameter Conditi - 5 Units
*u Max Min Typ | Max Min Max
120 Quiescent Device Voo =5V, Vw=Vpp or Vgg 1.0 | 170 30
Curent Voo = 10V, Vpy=Vpp 0f Vs 20 : 20 6 | ua
Vps = 15V, Viy= Voo of Vigs 40 i 40 120
Vo LOW Level llol< 1.0 pA !
Output Vohage Vag= 5V 0.05 !‘ 0.05 0.05 o
Voo = 10V 005 | 005 005
Voy= 15V 0.05 i 005 005
Vo HIGH Level llol< 1.0pA AT i 5
Output Voltage Vo= 5V 495 4.95 ; 495 3
Vpp = 10V 995 9.95 | 9.95
Vph= 15V 14.95 1495 ! 1495
Vi LOW Level llol< 1.0 A
Input Vohage Vo= 5V, Vg =05V or 4.5V 15 : 15 15 |
Vo= 10V, Vg = 1.0V 0r 9.0V 30 i 30 30
Vop= 15V, Vg =1.5V or 13.5V 40 | 10 40
Vi HIGH Level o< 1.0 pA
Input Vottage Vps = 5V, Vo = 05V or 4.5V 3s s 3s ,
Vpo= 10V, Vo = 1.0V or 9.0V 70 70 7.0
Vpo=15V,Vo=1.5Vor13.5v | 11.0 1.0 1.0
oL LOW Level Output Voo = 5V, Vo = 04V 0.64 051 | 088 036
Current (Note 4) Vop = 10V, Vo = 2.5V 16 13 | 225 09 mA
¢ Y Vpp =15V, Vg = 1.5V 42 34 8.8 24
Ton HIGH Level Output Voo=5V, vi - 46V 064 051 | -088 036
Current (Note 4) Voo = 10V, Vo = 9.5V -16 -13 | -22s -09 mA
Voo= 15V, Vg = 13.5V 42 -34 | -88 2.4
In Input Curmrent Vpp = 15V, Vpy =0V -0.1 -10~ | -0.1 -1.0
Voo = 15V, Vpy = 15V 01 105 | 01 Tior |48

Note 4: |, and lo are measured one output at a tme.

www.fairchildsemi.com
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CD4013BC

AC Electrical Characteristics (Note 5)
Ta = 25°C, C_ = 50 pF, R = 200k, unless otherwise noted

el Symbol [ Parameter l Conditions T Min I Typ Max Units

CLOCK OPERATION

tPHL. tPLH Propagation Delay Time Vpy =5V 200 350
Vpp = 10V 80 160 ns
Vpp = 15V 65 120

L thuH Transition Time Vpp =5V 100 200
Vs = 10V 50 100 ns
Vpp = 15V 40 80

Wi twi Minimum Clock Voo =5V 100 200

Pulse Width Vpo = 10V 40 80 ns

Vpo = 15V 32 65

teL. troL Maximum Clock Rise and Vpp = 5V 15

rall Time Va- - 10V 10 us

Vpp = 15V 5

-tsu— e Minimum Set-Up Tume Voo =5V 20 4D
Vo= 10" 15 30 as
Vo = 15V 12 25

fo Maximum Clock Vpo =5V 25 5

‘Frequency Vay = 10V 62 125 MHz
: |vm=1sv 76 15.5

SET AND RESET OPERATION

tPuyRy Propagation Delay Time Voy =5V 150 300

o Hs) Vpo = 10V 65 130 fis
Voo = 15V 45 20

bR Minimum Set and Vyp=5Y S0 180

Wwiks) Reset Pulse Width Voy = 10V 40 80 ns
Voo = 15V 25 50

Cn Average Input Capacttance Any Input 5. 4 2] oF

Note 5: ACF S are g by DC testing.

Switching Time Waveforms

Voo

aock Vss

Q0RQ Vss

aoR @ Vpp-

Vss

www.fairchildsemi.com




+3V < 18V

+3V - 18V
+3V - 18V
4 14 9 ¢
= 100k 6| FVoode e ———— 5 > out
o —AAA— S0 CLK ik
S ld 1 IN4148 ¢
4013A
10K 0.1 R
R |10
D CLK S vss l_l
0.1
5 3 8 4 e =t TINE = APPROX. RC
ONE-SHOT FUNCTION
ONE PULSE GENERATED WITH EACH PUSH OF THE BUTTON
+3V - 18V
+3V - 18V
4 14
_ R VDD 13
2 100K l ouT
6 2 Q 1 gk Q
12
Toi 0.1 A 40138
_1o0fp D |9
D CLK S VSS
5 3 8 7
ON/OFF LATCHED FUNCTION
OUTPUT TOGGLES ON AND OFF WITH EACH BUTTON PUSH DRAWN BY: DAVE JOHNSON
DAVID JOHNSON AND ASSOCIATES
D-FLIP/FLOP ONE-SHOT AND LATCHED CIRCUITS
Size Document Number ev
CD4013 ONE-SHOT AND LATCH CIRCUITS A 4013CIR.DSN ?
2alurday, JUN€ 17, 2000 Frear 1 ot 1




T e T
EAIRCHIL.D

SEMICONDUCTOR™

CD4017BC * CD4022BC

Decade Counter/Divider with 10 Decoded Outputs -

October 1987
Revised March 2002

Divide-by-8 Counter/Divider with 8 Decoded Outputs

General Description

The CD4017BC is a S-stage divide-by-10 Johnson counter
with 10decodedoutpu1sandawnyoutbﬂ.

The CN4022BC is a 4-stane divide-by-8 Johnson counter
vtk © decoc 2 outp'ts and a cariy-out bit.

These counters are cleared to their zerc count by a logical
“1” on their reset line. These counters are advanced on the
positive sdge of the clock signal when tne clock enable sig-
nal is in the logical “0" state.

The configuration of the CD4017BC and CD4022BC per-
mits mcdium speed operation and assures a hazard free
counting sequence. The 10/8 decoded outputs are nor-
mally in the logical “0" state and go to the logical “1* state
only at their respective time slot. Each decoded output
remains high for 1 full dock cycle. The carry-out signal
completes a full cvcle for aver/ 10/° clczk input ¢ dles and
is used as a ripple carry signal to any succeeding stages.

Features

B Wide supply voltage range: 3.0V to 15V

B High noise immunity: 0.45 Voo (typ.)

B Low power Fan out of 2 driving 74L
TTL compatibility:  or 1 driving 74LS

B Medium speed operation: 5.0 MHz (typ.)
with 13V Vpp

M Low power: 10 uW (typ.)

B Fully static operation

Applications
* Automotive
Instrumentation

* Medical slectronics
* Alam systems

* Industrial electronics
* Remote metering

sindinQ papoosg
0¥ad - 09.1L0vAd

Ordering Code:

Order Number Package Number Package Description
CD4017BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150% Narow
CD4017BCSJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
CD4017BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4022BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4022BCN N16E 16-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

DevicaalsoavailablsinTapewRed.SPednyWdhghewﬁxleﬁs'x'bhemhgwde.
Connection Diagrams

Pin Assignments for DIP, SOIC and SCP Pin Assignments for DIP and SOIC

CD4017B CD4022B
DECODED OUTPET 5 — U L DECODED DuTPUT - < U . oo
DECODED OUTPUT 1= 2] 1 pessr DECODED OUTPUT 0~ 1] L% peser
oecooto ourrer v+ 4 % crocx oeconen ourrut 2- — P ciock
0ECO0ED OUTPUT 7~ 2 cueck emane DECODED OBTPUT 5= — 2 cLocx ENABLE
DECOOER ouTPUT ¥+ ] 2 cannvour DECosED ouTPUT 5+ 2 canny.our
DECODED OUTPUT =71~ —‘- L DECODED QUTPUT ¥ 'l4 -‘— LB DECODED DUTPUT ¥~
DECODED OUTPNT 1~ —] o DECOOED OUTPUT ~4~ DEZ00ED OUTRUT 3 i DECODED DUTPUT -7~

vis —'1 J-'- DECODED OWTRST T e =2 S
Top View Top View

it

© 2002 Fairchild Semiconductor Corporation

DS005950 www.fairchildsemi.com
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CD4017BC « CD4022BC

Logic Diagrams

cLoex. Ll
cocx 13
ERABLE

maer 02 {>0-of> L

CD4017B
g o T -
1 2 . } 4 n
—i0 e 1 ] L ] —10 Q a
C 1 {458 | (4 1 C 1 1
L] ] ] 1 ] 1]
H i L A :
R R R R
T

:D;zocour

Vg
3 s 4 3 1
T - vl T e
Terminal No. 8 = GND
Terminal No. 16 = Vpg
CD40228B
- 5 23 .
2 4 3 ]
)
cLoeK
ctock o3
ENABLE
Qb °
(4. c 1 L8 1
0 O 0
[y — a1 —— a
[] R n R
15
RESET OW 4 . : I
<
n 1 5 7 12
5 L b . Cour
Terminal No. 16 =V
Te.minal No. 8 = GND
www.fairchildsemi.com 2




Absolute Maximum Ratingsote 1)
(Note 2)

Recommended Operating
Conditions (Note 2)

DC Supply Voltage (Vpp) -0.5 Vg to +18 Vpe DC Supply Vuitage (Vpp) +3 Vpc to +15 Ve
Input Voltage (V) -0.5 Ve to Vpp +0.5 Vpe Input Voltage (V,y) 0toVpp Vpe
Storage Temperature (Ts) ~65°C to +150°C Operating Temperature Range (T») -55°C to +125°C
Power Dissipation (Pp) Note 1: “Absclute Maximum Ratings” are those vakues beyond which the
f safetydmedevieecamotbegua'ameed.meyalenotmeamﬂoimplyma(

Dualin-Line OO | ke ol b oparid it it e, The T P

Small Outline 500 mW  mended Operating Conditions™ and “Electrical Characteristics” provides
Lead Te t conditions for actual device operation.

S gmparatirg (TL) Note 2: Vg = OV unless otherwise spedified.
(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (Note 2)

e —55°C +25° [ +125°C :
Symbol Parameter Conditiors - i ——— Un®s
K Max | Min . Typ Max | Min Max
Inn Quiescent Devica Vop=5V 5 103 sl 150
Curmrent Vpo=10V 10 i05 10 300 | pA
|
Vpp=15V 20 | 10 | 20 600
Voo LOW Level llof < 1.0 pA
Output Voltage Voo=5V 0.05 0.05 0.05
Vpp =10V 0.02 i 0.05 005 | Vv
Vpp =15V 0.05 !0 ] oos 0.05
Von HIGH Level llol < 1.0 pA ]
Output Vottage Voc =5V 495 495 | s 495
Vpo = 1oV 9.95 995 | 10 9.95 \%
Voo =15V 14.95 14951 15 14.95
Vi LOW Level llol <1.0 pA i
Input Voltage Voo =5V, Vp=0.5V or 4.5V 15 ; 1.5 1.5
Voo =10V, Vo= 1.0V cr 9.0V 3.0 ! 3.0 3.0 v
Voo =15V, Vo= 1.5V or 135V 40 i 40 40
ViH HIGH Level llo] < 1.0 pA
Input Voitage Voo =5V, Vg =0.5V or 4.5V 35 3.5 35
Voo =10V, Vo= 1.0V or 9.0V 7.0 70 | 7.0 v
Voo =15V, Vo= 1.5V or 13.5v 11.0 110 | 11.0
loL LOW Lavel Output Voo =5V, Vp=0.4V 0.64 0.51 | 088 0.36
Current (Note 3) _ Vpp =10V, Vp=0.5v 16 13 | 225 0.9 mA
: Voo = 15V, Vo= 1.5V 42 34 | 88 24
lon HIGH Level Output Voo =5V, Vg-4.6v -0.25 -02 | -036 -0.14
Cument (Note 3) Voo = 10V, Vo=9.5v -0.62 -05 | 09 -0.35 mA
Voo = 15V, Vo= 135V -18 -15 | -35 -1.1
[™ Input Cumrent Voo =15V, V=0V -0.1 -10°] -0.1 -1.0
Voo = 15V, V= 15V 0.1 10%] o1 10] *

Ngu:!:lu_ar.nmarelededmwpmmam

www.fairchildsemi.com
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CD4017BC « CD4022BC

AC Electrical Characteristics (Note 4)
Ta= 25°C, Cy=50 pF, Ry = 200k, t,c, and t;, = 20 ns, uness otherwise specified

Symbol I Parameter I Conditions Min I Typ l Max ] Units
CLOCK OPERATION
tPHL. tpy | Propagation Delay Time Carry Out Line Vpp =5V 415 800
Vpp =10V 160 320 ns
Voo =15V 130 250
Cany Out Line Voo =5V 240 480
Vpp = 10V C_ =15pF 85 170 ns
Voo =15V | 70 140
Decode Out Lines Vpo =5V 500 1000
Vpp = 10V 200 400 ns
Vpp =15V 160 320
iy, tri | Transition Time Camy Out and Decode Out Lines
trn Vpy =5V 200 360
Vpp =10V 100 180 ns
Vpp =15V 80 130
tr \ 5=5v 100 200
Vpo =10V 50 100 ns
Vpo = 15V 40 80
for Maximum Clock “requency Voo =5V Measured with 1.0 2
Voo = 10V Respactto Carry| 25 5 MHz
Vop =15V Output Line 3.0 6
tw twy | Minimum Ciock Pulse Width Voo =5V 125 250
Vpo = 10V 45 S0 ns
Voo =15V 35 70
tcL. tee | Clock Rise and Fall Time Voo =5V 20
Voo = 10V 15 us
Voo = 15V 5
tsy Minimum Clock Inhibit Data Setup Time Vpy =5V 120 240
Voo = 10V 40 80 ns
Voo = 15V 32 65
Cn Average Input Capacitance j 5 Z5 pF
Note 4: AC F are by DC testing.
AC Electrical Characteristics (ot 4)
Ta=25°C, C_ = 50 pF, R = 200k, e and ey =20 ns, unless otherwise spacified
Symbol Paramater ] Conditions | Min ] Typ 1 Max ] Units
RESET OPERATION
torL, PLH Propagation Delay Time
Carry Out Line Vpp =5V 415 800
Vo = 10V 160 320 ns
Vpo = 15V 130 250
Carmry Out Line Voo =5V 240 480
Vpp = 10V C_=15pF 85 170 ns
Voo = 15V : 70 140
Decode Out Lines Voo =5V 500 1000
Vpo = 10V 200 400 ns
Vpo = 15V 160 320
tw Minimum Reset Vpo =5V 20 400
Pulse Width Vpp = 10V 70 140 ns
Vpo = 15V 55 110
trem Minimum Resaet Vpo =5V 75 150
Removal Time Vpo = 10V 30 60 ns
Vpo = 15V 25 50

www.fairchildsemi.com




Timing Diagrams

CD4017B
RESET T\
enaBLE [\
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CD4066BC
Quad Bilateral Switch

General Description

The CD4066BC is a quad bilaterai Lwitch intended for the
transmission or multiplexing of analog or digital signals. It is
pin-for-pin compatible with CD4016BC, but has a much
lower “ON" resistance, and “ON" resistance is relatively
constant over the input-signal range.

Features
Widc sunply voltage range 3V to 15V
High noise :mmunity 0.45 Vpp (typ.)
Wide range of digitaland 7.5 Vpgak
analog switching
“ON” resistance fcr 15V operation - 80
Matched “ON" resistance  Rgy 5 (typ.)
over 15V signal input
“ON" resistance flat over peak-to-peak signal range
High “ON"*OFF" 65 dB (typ.)
output voltage ratio @ fi;  10kHz, R, 10k

November 1983
Revised August 2000

High degree linearity 0.1% distortion (typ.)

High degree linearity @ s 1kHz, Vis 5V,
High degree linearity Vpp Vgg 10V, R_ 10k
Extremely low “OFF” 0.1 nA (typ.)

switch leakage: @ Vpp Vgg 10V, 74 25C
Extremely high control input impedance 102 (typ.)
Low crosstalk 50 dB (typ.)

between switcnes @ fg 0.9 MHz, R 1k
Frequency response, switch “ON” 40 MHz (typ.)

1 ok
Applications 3 eenion

Analog signal switching/multiplexing

« Signal gating

¢ Squelch control

* Chopper

* Modulator/Demodulator

* Commutating switch

Digital signal switching/multiplexing

CMOS logic implementation
Analog-to-digital/digital-to-analog conversion
Digital control of frequency, impedance, phase, and
analog-signal-gain

Ordering Code:.

Order Number | Package Number Package Description
CD4066BCM M14A 14-Lead Sma'l Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150 Narrow
CD4066BCSJ M14D 14-Lead Small Outline Pachage (SOP), EIAJ TYPE Il, 5.3mm Wide
CD4066BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

o 1 1"
D2 ] F’ — Voo
2 13
OUTAN. CONTROL A
k] 12
OUT/IN — m t~— CONTROL 0

] 1
IN/OUT — U— insour

5 10
CONTROL B — m [=— OUT/IN

6 [

CONTROL C ouTAN
7 we 1

Vss — INnjouT

Devices also available in Tape and Reel. Specify by appending suffix letter “X" to the oraering code.

Schematic Diagram

b+ | —
L

"w-guT

© 2000 Fairchild Semiconductor Corporation DS005665

www.fairchildsemi.com
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CD4066BC

(Note 1)
(Note 2)

Supply Voltage (Vpp)
Input Voltage (V) :
Storage Temperature Range (Tg)
Power Dissipation (Pp)
Dual-In-Line
Small Outline
Lead Temperature (T})
(Soldering, 10 seconds)

Absolute Maximum Ratings

0.5Vto 18V
0.5V to VCC 0.5V
65 Cto 150 C

700 mW
500 mW

300 C

DC Electrical Characteristics (ot 2)

Recommended Operating
Conditions (Note 2)

Supply Voltage (Vpp) 3V to 15V
Input Voltage (V,y) 0V to Vpp
Operating Temperature Range (T,) 40Cto 85 C

Note 1: “Absolute Maximum Ratings™ are those values beyond which the
safety of the device cannot be guaranteed. They are not meant to imply
that the devices should be operated at these limits. The tables of “Recom-
mended Operating Conditions™ and “Electrical Characteristics™ provide con-

ditions for actual device operation.
Note 2: Vgg OV unless otherwise specified.

. 1 ) wc 25 C iizas e ;
ymbol Parameter Conditions - - . Units
Min | Max | Nin Typ | Max | Min | Max
oo Qriescent Device Current Vpp 5V 1.0 0.01 1.6 7.5 A
Vpp 10V 2.0 0.01 2.0 15 A
Vop 15V 4.0 0.01 4.0 30 A
SIGNAL INPUTS AND OUTPUTS
Ron “ON" Resistance R 10k to(Vpp Vsg/2) .
Ve Voo VsstoVop
Vpp 5V 850 270 1050 1200
Vpp 10V 330 120 400 520
Vpp 15V 210 80 240 300
Ron “ON" Resistance Between R. 10k to(Vpp Vsg/2)
Any 2 of 4 Switches Vec Voo Vis Vssto Vpo
Vpp 10V 10
Vop 15V 5
s Input or Output Leakage Ve 0 50 0.1 50 200 nA
Switch “OFF”
CONTROL INPUTS
Vite LOW Level Input Vis V gsand Vpp
Voltage Vos VoppandVss
: s 10 A
Voo 5V 1.5 2.25 1.5 1.5 v
Vpp 10V 3.0 45 3.0 3.0 v
Vpp 15V 4.0 - 675 | 4.0 4.0 v
Vine HIGH Level Input Vop 5V 35 3.5 2.75 35 \%
Voltage Vpp 10V (Note 7) 7.0 7.0 5:5 7.0 v
Vpn 15V 11.0 11.0 8.25 1.0 v
N Input Current Vop Vsg 15V 0.3 102 1770.3 1.0 A
Voo Vis Vss
Voo Ve Vss

o
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AC Electrical Characteristics (note 3)

Ta 25C,t, 4 20nsandVgg OV unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
teuis tun | Propagation Delay Time Signal Vc Voo, CL 50 pF, (Figure 1)
Input to Signal Output Ry 200k
Voo 5V 25 55 ns
Vop 10V 15 35 ns
Voo 15V 10 25 ns
tpzHs toz1. Propagation Delay Time R, 1.0k ,C_ 50 pF, (Figure 2, Figure 3)
Control Input to Signal Voo 5V 125 ns
Output High Impedance to Vop 10V 60 ns
Logical Level Voo 15V 50 ns
tpHz. trz | Propagation Delay Time R, 1.0k ,C_ 50 pF, (Figure 2, Figure 3)
Control Input to Signal Vpp 5V 125 ns
Output Logical Level to Voo 10V 60 ns
igh Impedance Vpp 15V 50 ns
Sine Wave Distortion Ve=ip S Vs NS 0.1 %
Ry 10k ,Vis 5Voo, f 1kdz, (Figure 4)
Frequency Response-Switch Ve Vpp 5V.Vsg 5V, 40 MHz
“ON” (Frequency at 3 dB) Bk Vis 15Vl
20 Logyp Vos/Vos (1 kHz) dB,
(Figure 4)
Feedthrough — Switch “OFF Voo 50V,Vec Vss 5.0V, 125
(Frequency at 50 dB) R, 1k ,Vjg 5.0Vp.,. 20 Logyo,
Vos/Vis 50 dB, (Figure 4)
Crosstalk Between Any Two Voo Vcn) 5.0ViVss Vg 5.0V, 0.9 MHz
Switches (Frequency at 50 dB) Rtk Vs 5.0 Vp-p: 20 Logyp,
Vos(syVisia) 50 dB (Figure 5)
Crosstalk; Control Input to Vop 10V.R_ 10k ,Ry 1.0k , 150 mVp,
Signal Output Vcc 10V Square Wave, C 50 pF s
(Figure 6)
Maximum Control Input R, 1.0k ,C_ 50 pF, (Figure 7)
Vosi % Vos(1.0 kHz)
Vpp 5.0V 6.0 MHz
Vpp 10V 8.0 MHz
Vpp 15V 8.5 MHz
Cis Signal Input Capacitance 8.0 pF
Cos Signal Output Capacitance Vpp 10V 8.0 pF
Cios Feedthrough Capacitance Ve oV 0.5 pF
Cin Control Input Capacitance 50 75 pF

Note 3- AC Parameters are guarantee by DC correlated testing.
Note 4: These devices should not be connected to circuits with the power "ON".

Note 5: In all cases, there is approximately 5 pF of probe and jig capacitance in the output; however, this capacitance is included in C_ wherever it is

specified.

Note 6: V|5 is the voltage at the in/out pin and Vos is the vt~ at the out/in pin. Vg is the voltage at the control input.

Note 7: Conditions for Vyuc: ' Vig  Vpp. los st?ndard B series oy

b)Vis OV, lg,

standard B series Ig, .

www.fairchildsemi.com
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CD4066BC

Typical Performance Characteristics

“ON” Resistance vs Signal
Voltagefor T, 25C
400

350
300
250 {-vpg - Vg = 5V
0 ra \[

-Vgg =101

150 Vg
U L

100
50

LA
—

CHANNEL "ON" RESISTANCE (Rgn) (s2)

Vpp - Vss = 15V
| O

-4 -2 0 27 %Y
SIGNAL VOLTAGE {Vg) (V)

b ]

“ON” Resistance as a Function
of Temperature for

Vpp Vss 10V
= 00
Z 0
o
3
=
8
™
=
2
Z
2 Tp=-125°C g
z 1%t
2 o LTatase -,
o ] -
= 4\.—"/ '\
<
Ta=-55C
§ oni®th

26 -4-2 0 2 4 5 3
SIGNAL VOLTAGE (V)g) (V)

Special Considerations

In applications where separate power sources are used to
drive Vpp and the signal input, the Vipp current capability
should exceed Vpp/R (R effective externalload of the 4
CD4066BC bilateral switches). This provision avoids any
permanent current flow or clamp action of the Vpp supply
when power is applied or removed from CD4066BC.

In certain applications, the external load-resistor current
may include both Vpp and signal-line components. To

“ON” Resistance as a Function
of Temperature for

Vpp Vss 15V

~ 400
= 350
3
= 00
=3
Z 20
=
5
a 200
3
z 150 |10 en128°C A
Lo TS
@ Ta=e25°C L~
z =t Lt
z s
< B q
& g LTancsse

-8 4§ 4 -20 2 4 6 38

SIGNAL VOLTAGE (Vyg) (V)

"ON" Resistance as a Function
of Temperature for
Vpp Vss 5V

~ 400 ‘ r
2 * T

2 A [7a-sc
S

L
e e LA
g RN
g 150 ,// Un-'-ssc
1] 4

H

z s —1
5 I

0
Qb1 4a=2 0 2 ¢, 5 O

SUPPLY VOLTAGE (Vg) (V)

avoid drawing Vpp current when switch current flows into
terminals 1, 4, 8 or i1, the voltage drop across the bidirec-
tional switch must not exceed 0.5V at T, 25 C, or 0.4V at
Ta 25 C (calculated from Ry, values shown).

No Vpp current will flow through R if thc switch curren
flows into terminals 2, 3, 9 or 10.

www.fairchildsemi.com




AC Test Circuits and Switching Time Waveforms

CONTROL  Vgo

10F 4
SWITCHES

Vig —— In/0uT ouTnN Vos.

FIGURE 1. tpyy, tp 4 Propagation Delay Time Signal Input to Signal Output

ic Voo tPZH tPHZ

\{1] Voo Voo
ConTAOL Vg (S vy
Vis Voo mout “::m'“ outm vos 'y w

PIN |o —

178
L I * 9”0,
1.3
_l (1% (1} b=
E2.

tpzL tpLZ
3 Yoo Voo
© l (201 w
" voo Voo
CONTROL Voo " (. e
A \
is v ————fiour 1P 4 gy vos (] 4 g
TS
o wn s oz |-
vss voo e voo

€L
8358
ALY
vou Vou 4

FIGURE 3. tpz, tp; 7 Propagation Delay Time Control to Signal Output

sV

' l LV——, =
CONTROL  Vpg [\ /
10F 4 Yo 1S T - o
vis niouT (87 s ouTnn -Vos / U
25V —

Vss
l i —n

-5V -

Ve

Ve Vpp for distortion and frequency response tests
Vc Vs for feedthrough test

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough
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CD4066BC

AC Test Circuits and Switching Time Waveforms (continued)

sV
Ve ~ Voo . [
CONTROL _ Vpg
Vist) —INOUT s“:i"’:"‘is outnn Vos)
vss n
I It
28v

Vet vss \\ \,/! \j
l Yo o

I -25v

CONTROL  Vpp

10F4
Visiz) = OV INIOUT (/0% e OUTIIN Vosi)

Vss AL

] ;

- =SV E—
FIGURE 5. Crosstalk Between Any Two Switches
Vg ———— o Y« 20 ns —= l- —— =1yt 20m
I Voo 30 ’\I ,
CONTROL  Vpp Yo /
OV ————f 10%
Vis mrour 1 OFS - outan vos
™ vss R [

SOpf == ¥ B
: l 7 I vos V "\— CRD-S%HLK

FIGURE 6. Crosstalk: Control Input to Signal Output

Voo

|

CONTALL  Vpn

10F4
SWITCHES

Vss o R !

SNpF 11 S
Vog @1tk
vos LA

= = = ¥

Vis * Vg —{Iv/0ut outm Vos

FIGURE 7. Maximum Control Input Frequency
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LM118/LNi218/LM318
Operational Amplifiers

General Description

The LM118 series are precision high speed operational am-
plifiers designed for applications requiring wide bandwidth
and high slew rate. They feature a factor of ten increase in
speed over general purpose devices without sacrificing DC
performance.

The LM118 series has internal unity gain frequency compen-
sation. This considerably simplifies its application since no
external components are necessary for operation. However,
unlike most internally compensated amplifiers, external fre-
guency compensation mav be added for optimum perfor-
mance. For inverting applications, feedforward compensa-
tion will boost the slew rate to over 150V/us and almosi
double the bandwidth. Overcompensation can be used with
the amplifier for greater stability when maximum bandwidth
is not needed. Further, a single capacitor can be added to re-
duce the 0.1% settling time tc under 1 ps.

The high speed and 1ast settling time of these op amps make
them useful in A/D converters, oscillators, active filters,

NNational Semiconductor

August 2000

sample and hold circuits, or general purpose amplifiers.

"These devices aré easy to apply and offer an order of mag-
nitude better AC performance than industry standards such
as the LM709.

The LM218 is identical to the LM118 except that the LM218
has its performance specified over a -25°C to +85°C tem-
perature range. The LM318 is specified from 0°C to +70°C.

B e e e G o T = S e ST L SN

Features

15 MHz small signal bandwidth

Guaranteed 50V/ps slew rate

Maximum bias current of 250 nA.

Operates from supplies of £5V to 20V

Internal frequency compensation

Input and output overload protected

Pin compatible with general purpose op amps

Fast Voltage Follower
(Note 1)

INPUT

Note 1: Do not hard-wire as voltage follower (R1 > 5 k)

OUTPUT

DS007766-13

© 2000 National Semiconductor Corporation DS007766

www.national.com
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The LM118 series are precision high speed operational am-
plifiers designed for applications requiring wide bandwidth
and high slew rate. They feature a factor of ten increase in
speed over general purpose devices without sacrificing DC
performance.

The LM118 series +.as intc.al unity gain frequency com-
pensation. This considerably simplifies its application since
no external components are necessary for operation. How-
ever, unlike most internally compensated amplifiers, exter-
nal frequency compensation may be added for optimum
performance. For inveiting applications, feed!orward com-
pensaticn will boost the siew rate to over 150V/ps and al-
most double the bandwidth. Overcompensation can be
used with the amplifier for greater stability when maximum
bandwidth is not needed. Further, a single capacitor can be
added to reduce the 0.1% settling time to under 1 KS.

The high speed and fast settling time of these op amps
make them useful in_A/D converters, oscillators, active fil-

&Natz’onal Semiconductor

November 1994

ters, sample and hold circuits, or general purpose amplifiers.
These devices are easy to apply and offer an order of mag-
nituc' better AC performance than industry standards such
as the LM709.

The LM218 is identical to the LM118 except that the LM218
has its performance specified over a —25 C to + 85 C tem-
perature range. The LM318 is specified from 0 C to + 70 C.

B 15 MHz small signal bandwidth

m Guaranteed 50V/pus slew rate

B Maximum bias current of 250 nA

] Operétes from supplies of £5V to +20V

B Internal frequency compensation

@ Input and output overload protected

B Pin compatible with general purpose op amps

14

13

1
2
3

12
BALANCE/COV™ENSATION 1 —— COMPENSATION 2

4 13
INPUT= —ip — V.
5 10
INPUT+ — — OuTPUT

9
V- —e [— BALANCZ/COMPENSATION 3
7 8

TL/H/7766-24

Available per JM38510/10107.

BALTOMP — 1] ) 1L comr -2

INPUT : u

ouTPUT

[L1d128

15 saucone -3

TL/H/7766-3

COMPENSATION-2

BALANCE/
COMPENSATION-1

il

ouTPuY
o BALANCE/

COMPENSATION-3
TL/H/T766-2

Pin connections shown on schematic diagram
and typical applications are for TO-5 package.

©1995 National Semiconductor Corporation  TL/H/7766

RRD-B30M115/Printed in U. S. A.




Operating Temperature Range

LM118 —-55Cto +125C
LM218 -25Cto +85C
LM318 0Cto+70C
Supply Voltage +20V Storage Temperature Range —-65Cto +150 C
Power Dissipation (Note 1) 500 mW Lead Temperature (Soldering, 10 sec.)
Differential Input Current (Note 2) +10mA Hermetic Package 300 C
Input Voltage (Note 3) +15V A Piastc P'ackage S0
o e . : oldering Information
Output Short-Circuit Duration Continuous Dual-In-Line Package
Soldering (10 sec.) 260 C
Small Outline Package
Vapor Phase (60 sec.) 215 C
Infrared (15 sec.) 220C
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.
ESD Tolerance (Note 7) 2000V
(Note 4)
Input Offset Voltage Ta=25C 2 4 4 10 mV
Input Offset Current Ta=25C 6 50 30 200 nA
Input Bias Current Ta=25C 120 | 250 pmie) (500 nA
Input Resistance TA=25C i 3 0.5 3 MO
Supply Current TA=25C 5 8 5 10 mA
Large Signal Voltage Gain Tao=25C,Vg = +15V
2 25 200 V/mV
Vout = 10V, R > 2kQ 2 00 O
I = =+ =
Slew Rate Ta=25C,Vg = +15V,Ay = 1 50 70 50 70 Vius
(Note 5) .
Small Signal Bandwidth Ta=25C,Vg = +15V 15 15 MHz
Input Offset Voltage 6 15 mV
Input Offset Current 170 300 nA
Input Bias Current . 500 750 nA
Supp'y Current Ta=125C 45 ¥ 2 mA
Large Signal Voltage Gain Vs = 15V, Voyt = %10V 25 20 V/mv
RL 2 2kQ :
Output Voltage Swing Vs = +15V,R = 2kQ 12 +13 12 +13 v
Input Voltage Range Vg = 15V 2% | 1.5 v
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 65 80 dB

The maximum junction temperature of the LM118 is 150 C, the LM218 is 110 C, and the LM318 is 110 C. For operating at elevated temperatures, devices
in the HO8 package must be derated based on a thermal resistance of 160 C/\*/, junction to ambient, or 20 C/W, junction to case. The thermal resistance of the
dual-in-line package is 100 C/W, junction to ambient.

The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of
1V is applied between the inputs unless some limiting resistance is used.

For supply voltages less than + 15V, the absolu.e maximum input voltage is equal to the supply voltage.

These specifications apply for £5V < Vg < +20Vand -55C < Ta € +125C (LM118), -25C < Ta < +85C (LM218), and 0 C < TA +70C
(LM318). Also, power supplies must be bypassed with 0.1 pF disc capacitors.

Slew rate is tested with Vs = 215V. The LM118 is in a unity-gain non-inverting configuration. Vy is stepped from —7.5V to + /.5V and vice versa. The
slew rates between —5.0v and +5.0V and vice versa are lested and guaranteed ' exceeu 50V/ps.

Refer tc RETS 118X for LM118H and LM118J military specifications.

Human body model, 1.5 k! in series with 100 pr.




LM118/1.M218/LM318

Typical Performance Characteristics

Large Signal Frequency

Response
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Typical Performance Characteristics

Input Current
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Typical Performance Characteristics

Input Noise Voltage Common Mode Rejection Supply Current
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LM118/LM218/LM318

Typical Performance Characteristics

Large Signal Frequency
Response
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Auxiliary Circuits

Feedforward Compensation
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Auxiliary Circuits

Offset Balancing Isolating Large Capacitive Loads Overcompensation
vt
@— 0UuTPUT
200K
_ G
2 INPUT
2 L
LM118 . =

T

Typical Applications

Fast Voltage Follower

OUTPUT

INPUT

v
Q

Note 11:

Fast Summing Amplifier

INPUT

OUTPUT

Integrator or Slow Inverter

Differential Amplifier

INPUT

ouTPUT

INPUT

8LENT/8LCINT/8LLINT



LM118/LM218/LM318

Typical Applications

Fast Sample and Hold

2N4391

INPUT

FROM SWITCHES

ouTPUT

OUTPUT




LM118/LM218/LM318
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Typical Applications
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LM118/LM218/LM318

Typical Applications

D/A Converter Using Binary Weighted Network

S pF

40K 20K 10K b— OUTPUT

FROM SWITCHES

Wein Bridge Sine Wave Oscillator

R1
750

A
S

*L1—10V—14 mA bulb ELDEMA 1869

R1 = R2
c1=c2
2 1
"~ 2mR2C1

Fast Summing Amplifier with Low Input Current
5pF

I£

N

Rs Re
AN N—————@— QUTPUT

INPUT

150K

Instrumentation Amplifier

*15Vv
* 100K

- INPUT

LM185-1.2

-15v

200K
*Gain 2
)

for 1.5K < Rg = 200K
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LM2901,LM339/LM339A,LM3302,
LM239/LM239A

Quad Comparator

Features

Single or dual supply operation

Wide range of supply voltage
LM2901,LM339/LM339A,LM239/LM239A : 2 ~ 36V
(orxl ~+18V)

LM3302 : 2~ 28V (or £1 ~ £14V)

Low supply current drain 800pA Typ.

Oren collector outputs for wired and connectors

Low input bias current 25nA Typ.

Low Iiput offeet currert +7.3,A Ty ).

Low input offset voltage +1.4mV Typ.

Common mode input voltage range includes ground.
Low output saturation voltage

Outrut compatible with TTL. DTL and MOS logic sy stem

Internal Block Diagram

Description

The LM2901, LM339/LM339A ,LM239/LM239A, LM3302
consist of four independent voltage comparators designed
to operate from single power supply over a wide voltace
range.

14-DIP ]

14-SOP

INV (~)| 4

&

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation



LM2901,LM339/LM339A,LM3302, LM239/LM239A

Schematic Diagram

Voo O——

=

Qe
N

IN(-)O——

|N(*)O—J>—%Q1 ;
!

B,

;ﬁm
1

i

GND O—

Absolute Maximum Ratings

Parameter Symbol Value Unit
Supply Voltage Vce =18 or 36 \%
Supply Voltage only LM3302 Vece +14 or 28 \"
Differential Input Voltage VI(DIFF) 36 Vv
Differential Input Voltage only LM3302 VI(DIFF) 28 \
Input Voltage Vi -0.3to +36 \%
Input Voltage only LM3302 Vi -0.3to+28 \
Output Short Circuit to GND - Continuous -
Power Dissipation Pp 570 mw
Operating Temperature -
LM339/LM339A TOPR 0~+70 °C
LM2901/LM3302 40 ~ + 85
LM239/LM239A -25~+85
Storage Temperature TSTG -65~+ 150 °C




LM2301,LM339/LM339A,LM3302, LM239/L M239A

Electrical Characteristics
(Vce =5V, TA = 25°C, unless otherwise specified)

LM239A/LM339A LM239/LM339 :
Parameter Symbol Conditions Min | Typ Max | Min]Typ| Max Unit

Input Offset Vo(p) =1.4V, Rs =0Q - +1 2 - |¥1.4{ 15 mV
Voltage Vio , Note 1 L +4.0 - - 9.0
Input Offset - 2.3 50 - |£2.3| +50 nA
Current o I Note 1 - +150 - -] *150
Input Bias Current lBxe - 57 250 - 57 250 nA

[ Note 1 = : 400 T
Input Common 0 - Vce-1.51 0 - |Vce-1.5
g”;",;geev°""ge R Note 1 8,1 - ™| o - |veez] VY
Supply Current Icc VCCc=5VRL=w - 14 2.0 - 1.1 2.0 mA
Voltage Gain o Xgﬁar;?gw ’?‘#5 g S 280 (— | AN00| - |vimv
Large Signal Vi =TTL Logic Swing l
Response Time TLRES | VREF = 1.4V, VRL =5V, ! - 350 - - 350 - ns

RL =5.1KQ :
Response Time TRES | VRL=5V, RL =5.1KQ - 1.4 - - |14 : us
e N e e e S Y I
Output Saturation Vi) 21V, Vi) = 0V - 140 400 - | 140 | 400
Voltage s ISINK = 4mA | Note 1 ¢ 208 D foo | ™
Output Leakage Vi(-) = 0V Vopy=5v | - 0.1 - - | O - nA
Current loLKG) | vy = 1v Vo) = 30v] - 4 1.0 * - ¥Jio | A
Differential Voltage | Vi(DIFF) Note 1 - - 36 = = 36 v
Note 1.

LM339/LM339A : 0 < TA <+70°C
LM2901/.M3302 : 40 < Ta < +85°C
LM239/LM239A : -25 < Ta < +85°C




LM2901,LM339/LM339A,LM3302, LM239/LM239A

Electrical Characteristics (Continued)
(Vce =5V, TA = 25°C, unless otherwise specified)

LM2901 LM3302 i
Parameter Symbol Conditions Min | Typ | Max. | Min | Typ | Max Unit
Vo(P) =1.4V, Rs =0Q - 2 7 = 2 20
Input Offset Voltage | V| mV
i . . | Note 1 S T - | 40
| Offset C i - 23 | 50 - 3 100 e
t
A e e [Note 1 = |'mo 200 - | = a0
L BRe T 1 l - 57| :2250 - 57 | 250 | nA
Tt b [ Note 1 - 200500 - | - [1000
Vce Vce
Input Common 0 i o i
Mode Voltage VI(R) v Voo W
Range Note 1 0| WK o | - vee
[Ri==Veessv [ [ T4 [ 20| - 141 20
Supply Current | mA
i el 9 RL =»,Vcc=30V! - 1.6 2.5 - - -
: Vee =15V, RL> 15KQ 5 3 s
Voltage Gain Gv (for large swing) 25 | 100 2 0 i _mi
Large Signal TLRES | VI =TTL Logic Swing - 350 - . 350 : ns
Response Time VREF =1.4V, VRL =5V, Pi =5.1KQ
Response Time TRES | VRL=5V, RL = 5.1KQ - 1.4 - - 1.4 - us
Output Sink Current ISINK Vi) = 1V, Vi(+) =0V, Vop)<1.5V| 6 18 - 6 18 - mA
Output Saturation s Vi) =1V, Vi(+) = 0V - 140 | 400 - 140 | 400 iy
Voltage ISINK =4mA [ Note 1 1 SHReal~ - 4 B 700
Output Leakage |, Vie) = 0V | Vo(P) =5V PR p = -Sonfl - |nA
Current _ OLKE) Vi(+) =1V Vo(p) = 30V F = 1.0 S A 1.0 | pA
Differential Voltage VI(DIFF) Note 1 - = 36 A : 36 | V

Note 1.

LM339/LM339A : 0 < TA < +70°C
LM23901/LM3302 : -40 < Ta < +85°C
LM239/LM239A : -25 < Ta < +85°C




LM2901,LM339/LM339A,LM3302, LM239/LM239A

Typical Performance Characteristics
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LM348

Quad Operational Amplifier

Features

*LM741 OP Amp operating characteristics

eLow supply current drain

*Class AB output stage-no crossover distortion

*Pin compatible with the LM324

eLow input offset voltage : 1mV Typ.

eLow input offset current : 4nA Typ.

eLow input bias current : 30nA Typ.

*Gain bandwidth (unity gain): 1.0MHz Typ.

*High degree of isolation betweer amplifiers: 120dB
*Overload protection for inputs and outputs

Internal Block Diagram

Lm o148 [l ~l<’-%/¢ m /47

Description

ThelM348 is a true quad . M741. It consists of four inde-
pendent, high-gain, interally compensated, low-power
operational amplifiers which have been designed to provide
functional characteristics identical to those of the familiar
LM/41 operational amplifier. In addition the total supply
current for all four amplifiers is comparable to the Supply
current of a single 1.M741 type OP Amp. Other features
indude input offset currents and input bias current which are
much less than those of a standard LM741. Also, excelent
isolation between amplifiers has been achieved by indepen-
dently biasing each amplifier and using layout techniques
which minimize thermal coupling.

14-DIP

outt (1) L U

A oUT4
A? IN4 (=)

N1 (=) (2)
INT (+) {3)
Vee (4)

IN2 {(+) {5

(12) IN4 (+)
(1) vee
(10} N3 ()

out? (7)

(8) outa

Rev. 5.0

22000 Fairchild Semiconductor International



LM348

Schematic Diagram

(One Section Only)
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Absolute Maximum Ratings
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S urpop LY Y’ Oghule 11112 X0 ¥ eV 1 8 \Y
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LM348

Electrical Characteristics

(Vcc =15V, VEE=-15V, TA=25 C, unless otherwise spedified)

Parameter SymbolConditions MinlTyp.Max Unit
injTyp. .
Rs 10K - 1 b : 0
Input Offset Voltage Vio 3 ’ o T ] 7P = mV
= 4 5 0
Input Offset Current Iio [N T ; N nA
§ = 3.0 21050
Input Bias Current IBIAS l e PR ETEn nA
Lnipru=t.- "R e s-i's'tia nde R 0.8 2.5 = M
Supply Current (all Amplifiets)Icc = 24 | 45 mA
’ . RL zK RNA 1 60 -
Large Signal Voltage Gain Gv — , - V/mV
| Ny -6 TN S - -

Channel SephfatfqgnrcE~l= Q Cl&to 20KHz{1120-d8B
Common Mode Input s
Voltage Rangz SRy NI : 2 s
Small Signal BandwildthBWGy= i y, 1 0 - M H z
P hase M argin|M?P H Gy= 1 6 - QB €| \g e e
Stalie o w R 03 At/ €15 7¢R\|=GVY = 1 i n 5 & /s
Output Short Circuit Currelntisc T 25 - MA
Bt oltaoe Svi C RL 10K NOTE 1 12 1 3 J .
utput Voltage Swin -

: 9 T¢-8 RL 2K +0 1S
Common Mode Rejection RgtioCMRRRs 10K NBf T L[/ B 0. ‘Fid B
Power Supply Rejection R3tioPSRRRs 10K NGO i 1| 7¢/ 6. Fd=B

Note 1
LM348:0 Ta +70 C




LM348

Typical Performance Characteristics
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LM348

Typical Performance Characteristics (continued)
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LM348

Typical Performance Characteristics (continued)
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LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

NNational Semiconductor

August 2000

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a0°C to
+70°C temperature range, instead of =55°C to +125°C.

Connection Diagrams

Metal Can Package

OFFSET NuLL (1]

INVERTING INPUT(2) OUTPUT

NON=INVERTING INPUT (3)

v

0S009341-2
Note 1: LM741H is available per JM38510/10101
Order Number LM741H, LM741H/883 (Note 1),

LM741AH/883 or LM741CH
See NS Package Number H08C

Typical Application

Dual-Ir-Line <+ €.C. Package

%

OFFSET NULL—{ 1 8 |—=nc
INVERTING INPUT — 2 7—v
NON-INVERTING —{ 3 6 —OouTPUT

INPUT
V4 5 |—OFFSET NULL

DS009341-3

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JOBA, MOSA or NOSE

Ceramic Flatpak

NC [:_‘_f ° - NC
+OFFSET NULL I:i : NC
=INPUT : LM741W _T_—j Ve
sal) ” O a— [————] ouTPUT
V- ° 5:1 - OFFSET NULL

DS009341-6

Order Number LM741W/883
See NS Package Number W10A

layidwy Jeuonesadp Ly AT

Offset Nulling Circuit
p ouTPUT
v_

Ds009341-7

© 2000 National Semiconductor Corporation DS009341 www.national.com



LM741

See AN-450 “Surface Mounting Methods ard Thair Effect on Pracuct Retiability” for other methods of soldering
surface mount devices. :
ESD Tolerance (Note 8) 400V 400v 400V

Electrical Characteristics (Note 5)

Absolute Maximum Ratings (ot 2)
If Military/Aerqspace specified devices are required, pleace contact the National Semiconductor Sales Office
Distributors for availability and specifications.
(Note 7)
LM741A LM741 LM741¢C
Supply Voltage +22Vv +22v +18v
Power Dissipation (Note 3) 500 mwW 500 mW 500 mwW
Differential Input Voltage +30V +30V 30V
Input Voltage (Note 4) +15Vv +15v 15v
Output Short Circuit Duration Continuous Continuous Continuous
Operating Temperature Range -55°C to +125°C -55°C to +125°C 0°C to +70°C
Storage Temperature Range . -65°C to +150°C -65°C to +150°C -65°C to +150°C
Junction Temperature 150°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C
M-Package
Vanor Phase (€9 seconds) 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C

Paraineter : Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min Typ | Max | Min Typ | Max

Input Offset Voltage =25 C
Rs < 10 kQ 1.0° 510 20| 6.0 mvV
Rs < 50Q 08 | 3.0 mv
Tamin € Ta € Tariax
Rs < 500 40 mv
Rs <10 kQ 6.0 7.5 mvV

Average Input Offset g 15 pvrc

Voltage Drift

Input Offset Voltage - Ta="25'C; Vs = £20V +10 +15 +15 mV

Adjustme‘nt Range

Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tamin £ Ta < Tamax 4 _ O 85 | 500 300 nA

Average Input Offset 0.5 nA/°'C

Current Drift

Input Bias Current Ta=25C : 30 80 80 | 500 80 | 500 nA
e 0.210 15 08| A

Input Resistance Ta = 25°C, Vg = £20V 1.0 6.0 03 | 2.0 03] 20 MQ
Tanms = Ta 2T 0.5 MQ
Vg = 220V

Input Voltage Range Ta=25C +12 | %13 v
Tamn < Ta < Tamax +12 | £13 \

WWw.national.com 2



Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min Typ | Max
Large Signal Voltage Gain Ta=25C,R_22kQ
Vg = 220V, Vg = 15V 50 VimV
Vs = £15V, Vg = 210V 50 | 200 20 | 200 VimV
TAl\AIN S TA S TAMAX:
R, 22kQ,
Vg = 20V, Vg = +15V 32 VimV
Vs = £15V, Vg = 10V 25 15 VimV
Vs = 25V, Vg = 2V 10 VimV
Output Voltage Swing Vg = 220V
R. 2 10 kQ +16 \Y
R.22kQ +15 \'4
Vg = 15V
R 210 kQ 12 | 14 12 | 214 \Y
R, 2 2kQ +10 | =13 +10 | +£13 \%
Output Short Circuit Ta=25C 10 25 35 25 25 mAa
Current Tamin € Ta < Tapax 10 40 mA
Common-Mode Fariiv S Ta <[ apasc
Rejection Ratio Rs <10 kQ, Ve = £12V 70 90 70 S0 dB
Rs < 50Q, Ve = £12V 80 95 dB
Supply Voltage Rejection Tamin € Ta £ Tapaxe
Ratio Vs = £20V {0 Vg = 5V
Rg < 50Q 86 96 dB
Rs £ 10 kQ 7P 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3 ys
Overshoot 6.0 20 3 5 %
Bandwidth (Note 6) & S251C 0.437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vius
Supply Current Ta=25C T:9:1.2:8 1710 2.8 mA
Power Consumption Ta=25C
Vs = 220V 80 150 mwW
Vg = £15V 50 85 50 85 mwW
LM741A Vg = £20V
Ta = Tamin 165 mw
Ta = Tamax 135 mw
LM741 Vg = 15V
Ta = Tamn 60 | 100 mw
Ta = Tamax 45 75 mwW

Note 2: “Absolute Maximum Ratings™ indicate limits be

functional, but do not guarantee specific performance limits.

yond which damage to the device may occur. Operating Ratings indicate conditions ‘or which the device is

www.national.com
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LM741

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum Rat-

ings”). T; = Ta + (8a Pp)-

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
6;a (Junction to Ambient) 100°C/W 100°C/W 170°C/wW 195°C/W
6ic (Junction to Case) N/A N/A 25'C/W N/A

Note 4: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 5: Unless otherwise specified, these specifications apply for Vs = 15V, =55°C < Ta < +125°C {LM741/LM741A). For the LM741C/LM741E. these specifica-

tions are limited to 0°C < T4 < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(ps).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram
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