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TYPES uA709AM, uA709M, uA703C
GENERAL-PURPOSE OPERATIONAL AUIPLIFIERS

BULLETIN NO.DL S 7611447, FEBRUARY 1971-REVISED JUNE 1976

LINEAR
INTEGRATED CIRCUITS

FORMERLY. SN52709A, SN52709, SN72709

e Common-Mode Input Range ...+ 10V Typical
e Designed to be Interchangeable with Fairchild uA709A, uA709, and pA709C
e Maximum PFak-to-Peak Output Voltage Swing . .. 28 V Typical with 15 V Supplies

description

schematic

These circuits are general-purpose  operational
amplifiers, each having high-impedance derr;riizi )
inputs and a low-impedance output Go\mp'
matching, inherent  with  sili or%e’nolithic
circuit-fabrication techniques, produces-an-amplifier

A with  low-drift and low-ofw eri\sjﬁ:s.\\-—\’
Provisions are incorporated withi i \

compensate the amplifier for st

various feedback or load condi(io/ :
are particularly “usetul for

transfer or generation of =
functions. A\
The uA709A circuit feature N

characteristics, reduced input-current |
and lower power dissipation when
average temperature coefficients of qt{ﬁgﬁ_ghmw.a;e guaranteed.
P e el ~~ /3
v P\

/

The uA709AM and uA709N '. 3 od o i
125°C. The uA709C is characte

oureut
1 O NCY
CoMPNSATION

5 WD G

Cmponnt vtoms shom 8 Rl

uA709 circuit, - In addition, maximum values of the-

full military temperature range of —55°C to

IGORP
DUALHIN'LINE A
J OR N DUAL-IN-LINE PACKAGE PLUG-IN‘PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) {FORVIEW) {TOP VIEW)
INPUT
o ounhey Yete  our Saed eous” 25 o
NC  NC COMP A Vees PUT COMP  NC COMP A VeCs PUT  COMP /; NC COMP A vgee OUTRUT m-uv
Fi} ¥ =
. aiainia! g ® 0 O
y vees L
@ S e
7 I
I

| ouTrPUY

S | EAVY
Tl A

A = A ,7:/«,-" FREQUFNCY
PUT NV NN VEC- INPUT vee- come

|- —
@ NC NG INPUT INV NON Vee- MG

FREQ INPUT INV FRIO IWPUT INV

come 3 INfUT comr 8 INPUT
Pin 41T IN TLECTAICAL
CoMIAT 1 BOTH THE CASE

NC INPLT NV ROY Ve
FREQ  INPUT IRV
coms B eyt

NC—No internal connaction

voltages spacified

Throughout this data sheet, supply voltages are specified either as a range or as a specifi

c value. A positive valtage w

in the specified range (or of the specified value) is applied to Vec+, and an equal negative voltage is applied to v

TEXAS INSTRUMENTS
'Y . . INCORFORATED
POSY OFFICE MOK 3012 « DALLAS, TEXAS 8222
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TYPES uA709AM, uA709M, uA70SC

"GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maxlmum ratmgs over operating free-air temperature range (unless otherwise noted)

uA709AM | -

WA709M uA709C |UNI :
Supply voltage Vcé. (see Note 1) 18 18 \
Supply voltage Vg, (see Note 1) . —18 -18 v ’
Differential input voltage (see Note 2) 15 t5 \'
Input voltage (either input, see Notes 1 and 3) t10 +10 \%
"Duration of output short-circuit (‘Le Note 4) 5 5 s
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 300 300 mwW
Operating free-air ternperature range -5510 125 0to 70 e
Storage temperature range ~65 to 150 | -85 to 150| ~ > |
Lead temperature 1/16 inch from case for 60 scconds { // /J J,JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case far 10.seconds J J// / N or P package 260 260 °c

NOTES: 1. All voltage values, unless otharwh‘h‘ are with re
zero reference level is the mndpu vyaen Vé’c)
2. Differential voitages sre at mmq(u. inpu ter t to the inverting input terminal.
m’\h\i\w-\
sUpPIve

3. The magnitude of the input volta,

4, The output may be shorte rou, r pqwer

e cnu‘d the.m tude of the supply volitage or 10 volts, whichever is less.

e zero refarence level (ground) of the supply voltages where the

6. For operation of UA709AM and oA 7 ve 7 °& !mu alr limpoutun refer to Dissipation Derating Curves, Section 2, ‘
. o i3 g |
glectrical characteristics at spe 7 ytﬁ‘ f‘ture Vcc+‘= 19Vtot 15 V (unless otherwise noted) ;
N A7 M 709M
PARAMETER / / f@ﬁ(%émous' \ N LA uA7Re A unit
Pa N MIN  TYPT  MAX MIN TYP! MAX o
; ¢ 25 0 1
vVio Input offset voltage / 0 kgl—-, -ﬁ Q\ uJ : 2 mv ‘
J‘l Full range 3 6 \‘
Rg/ - 50 sz L= Full ranc 18 &
Average temperature coe!hcienl/ g YQA’/\h 71 .‘ ! nwo 1 s N |
avio ol input offset voltage /“/ ) 55°C 10 25°C ap__ 25 6 WVIC
% 5"C 10 125°C 2 15 6 |
25°C Y. 1o 50 50 200 |
o Input offset current § -55'C 40 250 100 500 nA |
(o Val \25.¢ 2, 35 50 20 200
Average temperature coeffigignt Femem Y 0.45 2
=N age temperatur E.-" 2 Jf‘f 2 8 nA/°C
of input otset current 25°CA0,198 C 008 05 -
1 Input bias current 2 L) 9.2 02 a5 A
g - : 0306 05 15 | °
25°C +8 10 ‘8 +10
A Input voltage range vV =245V ‘ v
' put voltage rang o e LT Torde 8 8
25C 4 4
A Voo = 18V, RUA0KS ! 28 2 8
v Maximum peak-to-peak Full.range. 24 24 v
opp output voltage $Wing Vee A H1GW, 1 L 1AL -k 1| 25iC 0 % 20 2%
Vegs = 15V, AL » 2k Full range 20 20
Large signal differential Veee =15V, Ry =22kil, [25C 45 45
AvD L VimV
voltage amplification Vo=*10V Full range 25 70 25 70
. 25°C 350 750 150 400
i Input resistance 2 = kS
55°C 85 185 0 100
ro Output resistance Vp =0, See Note 6 25 C 150 150 [
25 C 80 110 70 90
CMARR Common -mode rejection ratio Rg < 10k§2 =ty - - 4B
ultrange | 80 70 R
)’ C 40 100 25 150
AV|0/AVcc Power supply sensitivity Rg < 10 k2 - vV
s Full range 100 150
L5 a v BV Noload 25 C 25 36 26 55 i
_— oad, -
Icc Supply current ccs : o 55 °C 27 45 nA
No signat
125 C 2_‘ 3 - 1
v £15V,  Noload 22 € js _J0g LS
) Total power dissipation CCx == . o 55°C ai 135
No signal — : - | {
125 C 63 90 { |
T All charactaristics are specified under open-icop operation. Full range for uA709AM and UAT09M is -55°C to 125°C.
$All typical values are at Voo = 215 V.,
Note 6: This typical value spplies only at.frequencies above a tew hundred hertz because of the effects of drift _and therma! feadback.
TEXAS INSTRUMENTS
INCORPORATED
POST OFFICE BOX 5012 » DALLAS TEXAR 78222 |
|
|
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TYPES uA709ARM, uwA70811, vA708C
) a1 R N
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
electrical characteristics at specified free-air temperature (unless otherwise noted Vggs = £15 V)
uA709C
- PARAMETER TEST CONDITIONS? UNIT
MIN  TYP MAX
Veg: =9V 1015V, 25°C 2 75
) Vio Input offset voltage Rs < 10k0 Full range e mV
I Input offset current i = . A
u n
10 P : ) Vees =9Vt 15V Euil range 750
1 In u(ibils rent v 9Vio:i5V e o = o A
cur =
B P cc:=:9Vtos B o 51 *
Vy Input voltage range 25°C +8 +10 v
) Ry >i10KkQ 25°C 24 28
v Maximum peak-to-peak L /(1 9 Full range 24 v
OpP ~ output voltage swing \ BL;'E ﬂ;l/// 25°C 20 26
; R 22 kﬁ.// - Full range 20
Large-signal differential s . () e 25°C 15 45
\‘ Avp arge-signa: '0A er?n ia = Ay é ke, 5= t10v .
voltage amplification \A/ ~\\/ Full range 12
1 7)1 DN 25°C 50 250
[ Input resistance \ | R (31
/ \ | S Full range 35
o Output resistance / /yQ"r'él . SeeNote 6 | 25°C . 150 aQ
CMRR jecti i - 10/kS \ 2 8
Common-mode rejection ratié /. r/& 10/ks] N ZSJC 65 90 @8 |
AVyo/AVce Supply voltage sensitiviy/ / / Rg < 10k N 25°C 25
Pp Total power dissipation / /| UNe igad) A No signal | 25°C 80
2 W T
T All characteristics are specitied under opoﬁ/-Ioo o y‘aﬁgr'x.j.f’ & gejor UA709Cs 0°c 10 70°C.
NOTE 6: This typica! value applics only at {redue _i’i-ngJ} ) Bldudred hortz becausa of the effects of drift and thermal fesdback,
operating characteristics Voo =79 toffm;\ = 25°CN
' ) : h 1 e e VU UA7U9AM
- i uA709M
PARAMETER VA SO TEST CONDITIONS UNIT
NN /NN uA709C
A\ N MIN  TYP MAX

TG =

t, Rise ti ] CL =0 03 1 us

2 = T VBT V.- 200y, AL-2wm, e 1 [ LY
Overshoot factor liﬁ T\— & Cp = 100 pF i 6%  30% |

PARAMETER MEASUREMENT INFORMATION

N ' 10kQ
AN~
200 pF.
¢ouwm
FREQ
A b [ comp o
S ) outeuT
-, INPUT I
RL=2k0 C = 100 pF
INPUT VOLTAGE : = 1
NAVEFORM . 100 pF ! =
; : comP 8 COMP A ke L

5000 pF 1.5k

FIGURE 1—-RISE TIME AND SLEW RATE

SR

TEXAS INSTRUMENTS
INCOREORAT y

‘ POSY OFFICK BOX 5012 ¢ DALLAS, TEXAZ 78222
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' TYPES uA709AM, uA709M,huA7090
GENERAL-PURPOSE CPERATIONAL AMPLFIERS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

(unless designated maximum or minimum)

INPUT BIAS CURRENT

vi
FREE-AIR TEMPERATURE

I
L \I Vees = 215V S \ Vees 215V
% w0 %, L g 400 \
'} h | ¢
% L 30 N
§ %
© E o %
! HE IR NI N
« \ : s 200 WG, N
; k \ - a 7/ % N
3 \ NG NEHT %, =S
é 20 N Y4 . AW BRI BN,
= 70,4" ] L
T i | [ZE
0 N— A\ -
-75 -50 -2 0 25 5¢ 75 10 1B \/ 75 = '”W 100 128
Ta-Free-Air Temperature—"C / YA“’W
| N
FIGURE 2 | FIGURE3 ~
R
) U
INPUT VOLTAGE RANGE RESISTANCE
vi v
SUPPLY VOLTAGE REE-AIR TEMPERATURE
"2, : .
Ta = Fuli Range
5 10 |
‘t s *
L] A - =1
s st | S VA A e
> e - }‘- T el .
i " (] p 3 Ao ATE
N =" Rt
: N o A
L4 _——_
12 &
1004
9 w0 N 28 15 2257 -50 -2 00025 0. 75 IR 125
IVCCs!~Supply Voltage-V Ta-FreeAir Temperature="C
FIGURE S FIGURE 6
uATOSAM
TOTAL POWER DISSIPATION TOTAL ’°W‘: DISSIPATION
i
FREE AIR TEMPERATURE SUPPLY VOLTAGE
L 12017 5e
N‘o ioad c“—l*‘ -
2z Z 00l No sgrat
E & [ L
s : I
jv 1 e
6 g S 4 o
i B s | -
o G W
i L s
K 70 - s
'g \ _" /,, e
& &b Vecs =118V N d T 1| SN S S N
- No lowt \ = ) ! | o
No sl =1 1 [ ]
0 TR (V] - L i L
275 <50 -5 0 25 S0 75 100 1% U T VR T BT R PR T

Ta-Free Aw Temperature="C

FIGURE 8

IVesl-Supoly Vattage-V
FIGURE 9

fig—tnput Bias Current—nA

CMAR-Cemmon-Modae Rejection Ratio—d8

Py Total Power Disvipation—mW

INPUT £.4S CURRENT

-
SUPPLY vOLTAGE

250
Tar25'C ] i

1
200 ——

| T

IVCCe!-Supsty Voltage-V

FIGURE 4

UATO9AM
COMMON MODE REJECTION RATIO

i
FREE AIR TEMPERATURE
ns

T 1
Veest 115V |
[Rg<10an [777
" S T R S S

—t —

no ——+- 4

m»——-«/v ifr«— ;"AN

T ]| Y, S S

0
<75 -5 -2 0 25 50 75 106 i
Ta-Free Arr Tempersture~*C

FIGURE 7

UATO9M, GATOSC
TOTAL POWER DISSIPATION
3
SUPPLY VOLTAGE

eee 1 ]
Ta = 25°C L { |
P2Y LT Qs S S S—
No wgna! { ! ’

S ¥

e

TEXAS INSTRUMENTS
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TYPES uA709AM, uAT09M, uA708C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS
{unless designated maximum or minimum)

uATO9AM, UATOSM VA705C

OPEN LOOP LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

OPEN LOUP LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

OPEN-LOOP LARGE SCALE
DIFFERENTIAL VOLTAGE AMPLIFICATION

-
SUPPLY VOLTAGE

vi v
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
") - 370 Y
j *, A | s AL > 2%
3 q ! o JTa--55C10128 C e
:° Veg. = 15V 2 4
cCe i, l /
“© \\ i T — g R Masimum 7,.,.(.‘”..750/‘
i Ve = 112V
2 A § \ / //
L T Neledl L
> L ~ Ve, =19V \ \\ v AC/
WNN :\Eg an - — >
10 —8={ ] uAT03C \/‘?’\' =
| | ; NS
JEY /7] ) —
d 5 %0 5 0 25 0 75w )

Ta-Free An Temperature-°"C

FIGURE 11

OPEN-LOOP LARGE -SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION -

vi
FREQUENCY

2
1‘? " SO TP IY |
( ch}' Supmly V. -V
}f; ﬁﬁ}ﬁ'muné -
——a N\
| R
\ R
0100 LARGE SIBNAL
1AL VQLTAGE AMPLIEICATION
] vi

FIGURE 14

MAXIMUM PEAK.TOPEAK
OUTPUT VOLTAGE

vi
LOAD RESISTANCE

")
T
b Tlge i 1
s . Ta®25°C =
£ .
g’ A
1 2
<" /
g 2
! 18
i 16 4 it
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TYPES uAT09AM, vATCE2M, uA709C
TYPICAL CHARACTERISTICS
VA709AM, uAT0OM uA709C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTICS CHARACTERISTICS
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LINEAR TYPES uA741M, uA741C
INTEGRATED CIRCUITS GENERAL-PURPOSE OPERATIOMAL ARIPLIFIERS
BULLETIN NO, DL-S 7611363, NOVEMBER 1970-REVISED JUNE 1976
FORMERLY SN52741, SN72741
e Short-Circuit Protection e No Frequency Compensation Required
e Offset-Voltage Null Capability o Low Power Consumption
e Large Common-Mode and o No Latch-up
Differential Voltage Ranges
]
|
description [ schematic
The uA741 is a general-purpose operational a[q;}l“y/'%///
featuring offset-voltage null capabili@«' %
The high common-mode iange th -
absence of latch-up make ; i f el .
voltage-follower applications. T i t-ci T N -
cuit protected and the internal frequ -
tion ensures stability witho!
low-value potentiometer may t
the offset null inputs to nul
shown in Figure 2.
The uA741M is characterized for op:
full military temperature range of
the uA741C is characterized for opér
to 70°C.
N
&
terminal assignments ;
JG OR P DUAL-IN-LINE
J OR N DUAL-IN-LINE PACKAGE L PLUGIN[PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW] (TOP VIEWI (TOP VIEW) {(TOP VIEW)
B g I = Vee (] kL e s
~ wC  vec. Ut w2 wC w Voe. W W orrser L

e w ~
we
fEmEmen | mifmn | FooN . (@000 00 O
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Y ot on: L¥ee PIN 4 IS IN ELECTRICAL - w OTTMY v NNy,
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NC~—No internal connection
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TYPES

uA741M, uAT41C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

uA741M uA741C | UNIT
Supply voltage Vo4 (see Note 1) 22 18 v
Supply voltage Voc— (see Note 1) -22 ~-18 \
Ditferential input voltage (see Note 2) <30 +30 v
Input voltage (either input, see Notes 1 and 3) +15 +15 Vv
Voltage between either offset nuli terminal (N1/N2) and Vco— <05 +05 Vv
Duration of output shortcircuit (see Note 4) untimited | unlimited
Continuous total power dissipation at {or below) 25°C free-air temperature (see Note 5) 500 500 mw
Operating free-air temperature range -5510 125 0to 70 G
Storage temperature range | 1) 4 —6510150| —6510150{ "C
Leéad temperature 1/16 inch from case for60ssconds / / /7 , | J.4G, L, or U package 300 300 °c
Lead temperature 1/16 inch from case fm@onm N or P package 260 260 C
NOTES: 1. All voltage values, uniess oth@, au(\w’)‘th 2 o the zero referance leve!l (ground) of the supply voitages where the
) zero referance level is the midpoint Vegs andVego.
2. Differantial vblunu are ";W npuz’tc(mhbkm\th 10 the inverting input terminal,
3. The meagnitude of the input vol i3 e ‘cu\d \h‘o»qW‘ the supply voltage or 15 volts, whichever is less.
4, The output may be shorted Yo grouhd or er power supply.iFor theuA741M only, the uniimited duration of the short-
circult applies ot (or below) 1 (ol 1774 9&19" or 75°C ﬁléé—qiy temperature,
5. For operation above 25° temip /j("r;";jjnib Dissipation O®rating Curves, Section 2,
electrical characteristics at s fr /aimem(iﬁfture. Vee+=15V,Vee-=-16V
[ NG 4 "
3 7 STy A
PARAMETER / I_E'QTNF.O&Q\’,“QNS' N uA741M uA741C UNIT
Mgy g Ny MIN  TYP  MAX [ MIN  TYP  MAX
- 7 V. ANkesC X 1 5 1 5
Vio , Input offset voltage /‘ Ils < fl@!j VT — . =~ mV
AV)0(adj)  Offset voltage adjust range Qe 206200 ) 15 ) +15 mv
o Input offset current &2 ,f'-,-'\\ A o _20 5o oil ot 1 nA
B < e / 1'Fattrange . 2 500 300 |
: \&: = 25°C =7’/ 8 500 80 500
i Input bias current X G nA
AN Full range ‘J 1500 800
T & + 4
7] . Input voltage range ‘m o—— e iug; $13 ::; 113 v
R= 10k | 25°C 24 28 24 28
Vors Maximum peak-to-peak Ry 210k | Full range 24 24 v
output voltage swing Ry =2k | 25°C 20 26 20 26
RL =2k [ Full range 20 20 |
M- Large-signal differential RL>2kQ, | 25°C 50 200 20 200 “ ;\7
voltage amplification Vo =210V | Full range 25 15
5 “ Input resistance . 25°C 0.3 2 0.3 2 M
o Output resistance 2= 0¥ 25°C 75 : 75 [}
See Note 6
Ci Input capacitance 25°C 1.4 1.4 pF
_ 25°C 70 S0 70 90
CMRR Common-mode rejection ratic | Rg < 10 k2
Full range 70 . . 70
e 25°C 30 150 30
ev,glavcc Supply voltage sensitivity Rg < 10k Foll range 150
los Short<ircuit output current 25°C +25 +40 +25
: No looy. 25°C 1.7 28 b
'cc Suggty curont No signal Full range 3.3
e el No load, 25°C 50 85 | 50
Pp Total power dissipation No signal e ?._,{_ 700 T

TAll characteristics are specified under open-ioop operation. Full range for uA741M s - 55°C to 125°C and for uA741C is 0°C to 70°C
NOTE 6: This typical valus applles only at frequenciss sbove a few hundred hertz becsuse of the effccts of

arift and therma! feodbhack
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TYPES vA741M, vA741C
GEMERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vgc+ = 15V, Vec—=—-15V, TA =25°C |

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
1y Rise time Vi=20mV, R =2kQ, 03 03 us
Overshoot factor Cy = 100 pF, See Figure 1 5% 5%
SR Stew rate at unity gai ol R L T L 05 0s Vi
lew rate at uni ain 8 B
F g Cy_= 100 pF, See Figure 1 #

PARAMETER MEASUREMENT INFORMATION

»———? ouTPUT

= |

— e == ()

INPUT VOLTAGE
WAVEFORM

RL=2kQ

[}
B

(N pr 3 Act \
p§‘ “FAME - ; @suw RATE

%\_—__./ \
TYPICAL APPUCATIZJWDATA |

FIGURE 2—-INPUT OFFSET VOLTAGE NULL CIRCUIT
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TYPES uA741M, uA741C e
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS
TYPICAL CHARACTERISTICS
INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PESAK OUTPUT VOLTAGE
vs " vs
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