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oog
Vout = A(V+ - V,) = —AV, (6]_)
L = (Vin=Vo)/R (6.2)
I2 = (V— - Vout)/RZ (63)
oooog

0000V.00000000000000000
L = I (6.4)
0000000 V,0000vVvO0000
Vi = 0 (6.5)

gooooood

L = (Vim—V.)/Ri=1Ir= (V. — Vyu)/Ro (6.6)
Rl‘/;)ut""R?Vvin

V. = ———— 6.7

Ri + R (6.7)

0000000000000 A—-occOOOOOoooo
Ry Vou + RaVin

Vo = —A 6.8
out Ri1+ Ry ( )
AR2 Ry Ry
Vour = ———aie—— Vi = — Vio = — =2V 6.9
ot (1+A)Ri + Ry G+ DR +iR, " R (69)
goooooad
Rlvout + R2Vin
V. = —— =0 6.10
Ri+ Ry - ( )
ogooo

V. -000000000000000000V,w=-4-V.0A—0oc0000000V,,0000000000
00V.-»00000000000

00000000000000000V,w=A(V,-V.)0 A-»0o00000000000V,,00000000
000000 V,-V. -00000000000000000000000000000000000000

V. =V, (6.11)

000000000 0O000000ODODOO0OOm”Vertual Short”d “Imaginary Short” 00000000 O0O0O0O00ODO
0000(@Oo00o0U00o0o0000o0UD)0000000000000D0000UO0D0D0000UDO0O0OUoOO
gboooooboboobooobooooboooooan

(00: 0000000000000 0000C00O0O0UOO000O0000DOOOOUOOOoOOoOO)O



DDDDDDDDDDDDDDD

transient

R2
11111
3
! 0 OPAMP
N NNVNA-
s [ 0.000pv | +
N ) S

VIN
063 00000000




70 060 0UOOOOOO (250)

ubhoobuobgooboobboaoboaboaan

00o0o0ooo0oU0oD (0640000000000 DO0O0OOOO0OODOOOOODOOOOODOOOOODOOO
oobooboooobobooooobooooooon
goooo
ARy Ry

Vour = =755 Vin=— Vin 6.12
¢ (1+ A)Ry + Ry (L + )R + iRy (612

0AD0 -A00O0O00O0O0O0O0OO0O0O0O000

(_A)R2 Ry Ry
‘/ou = - Vrin = — ‘/; _— ——
’ (1 + (_A))Rl + RQ (ﬁ + 1)R1 + ﬁRQ Rl

Vin (6.13)

obooboooobOoboobOobobooboooooooooobooboboobooboobOoooboooooooooboooDo
gooooboo
Oo000ooOo0O0O0O000OO0OO0000000OO00000oOO0OD VG, OOOOOO0DO AV, ODOOO0O000O
ooooooooooobooooooooobooobooooo0VvLwO0 Vi, 0 MOR,O00000000O0DO V_0OOO0ooo
000000000V =A(V,—-V_)OOOOOOV,,,O0OOODOOOOODO0O0O0OOD0O0O0O0OOooooooooo
gobobooogoboboooooboooooboboobooooboobooDo
gbooobooboooobooboooobobooooboobooooboboooooboooOobOoboooooboon
0000000000000 00oOo00O0U0O (0U00o0U0O0OU0CO0O0OOO0)OODUDODUOoODOOoUOoOoUo
ooooo
goboooooboooooobobooogooooooobooooboboboooobooboobDobboooDboo
gooobobooooooobooboboobooboboooboobooooboDobDoobobooLobOobOooobobOoboo
gbooooboboboobooboooobobooobooboooooboooon
gbobooooooooooboooobooooooboooooooooboooooobboooobooooooobooooon
gbooogooooooooobooooobobooooboobooooboooobobooboobobobooobDOoboo
oooooboooooooboboooboobooooooboooooboboooobooo

1) O000000000000 Imaginary Short 0000000000000 OOOOO

2) 0000000000000 00O00O00O00O000DO0ULO0DO00D0OULO0OO00D0OUOLOOOOO
oooobooooooano

3) 000000U000o00Uooooooooon

gboooobooooboboooobobooobooboooobobo

6.2 UUOOOO

gbooboobooooboboooobooooooboooon

6.2.1 00000

obooooooobooooobooboooooo

1= YoV yR, (6.15)
Ry
Vour = Vo +1IRy, =0+ (7MD/R1)R2 = *%Vin (616)
1

DDDDDDDDDDDf%DDDDOVD V_OoooOorR, 0000000000C00O00O0O000000 /O
gooobobooboooboobooooooboboooobobobooooboooooDoDbo



DDDDDDDDD

transient

064: 00000

VIN
065 00000000




72 060 0UOOOOOO (250)

6.2.2 000000

00000 OpAmpOO0O0OCOCOCOOCODOODODODOOO

Vo = Dtft2g, (6.17)
Ry

0 0O 0O O Vertual Short O O
V.= V.=V (6.18)

ogooooooo
Ri+R
Vout = ng (619)
R’

uoooooooobooogooboo RlR;lm>1DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
oooobooooboooood

VIN

vsIN 0.000pV |
<+> SIN -

066 000000

time

5

e—— VOUT VIN

O67000000000



6.2. OODOOOO 73

6.23 0OU000OOO0ODOOO

0000000000000 00000R; =coR,=00000000000 RlR#lRQzlﬂElDDDDDDDDD
0000000000 (0000000000000 o0000oo00o0oo0) 00000000 ooooOoooo
oboobooooooobooooooooooboooobooboobooboooooboooboooboobooooon

gboobool1oobooboooobooboooob 2000000000000 10DO000O00O0O0O0OO0
o0ooooboz20000000000000000000O000C00CO0DOOODOOOOO11020000000000
goboobobooobobo 20000000000 0bO0O0O0O0DO0ODbOOOOODOOObOODOODbOOOOODODbO

0000000 OpAmp 0000000000000 O0O(D0OO0DO0OODOUOOOOOO)YOOODOOUOOOO
gbobooooboooboooboobobobooooooobobobooooooobOoboboboooobOOobOoboon
goooQooooooOooOoOoOoOoOOOOOOOOOOOOOOODOOODOOOOOOOOOOOOOO OpAmp O
0000000000000 0000000000 IC(000OLHON33OO)ODO0UOoooooooo™

OPAMP

) vouT
VN o000pv |
000 p
vsiN |0.000pV__| -

OF L

068 000000

transient )
time
0 1 2 3 4 5 ms
0.5

0.3

0.1

-0.1

-0.3

05 \J v o

=— VOuT VIN
069 00000000OC

(2008/6/1300000)



74 060 0UOOOOOO (250)

6.3 UUOLOUobobooboboobooobooon

gbooooboobooooobooooboboooooboooobobooool10boboooOoboooooboon
oooobooooboobooooobooooobooboooobooboobOobooooboboooboOobooooOoa
geloobboobOobooooobooooboboobooooobo

R2

R1

h /VV\I R3 Vout

.
T OpAmp

V+ Rext

i—
"M

Vout

? ~ NN
Il

L]

U 610: 0OO0O0OO0O0OO0oOobOOobOOoOooOgon




64. 0000000000 (Advanced)

6.4 0000000000 (Advanced)

641 741000000

August 2000

NNutional Semiconductor

LM741
Operational Amplifier

Genera| Description The LM741C is identical to the LM741/LM741A except that
] . » the LM741C has their performance guaranteed over a 0°C to

The LM741 series are general purpose operational amplifi-  ,79°c temperature range, instead of —~55°C to +125°C.

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.

Connection Diagrams )
Dual-In-Line or S.0O. Package

Metal Can Package \\

OFFSET NULL—{1 8—-Nc

NC

O, INVERTING INPUT —{ 2 7V

OFFSET NULL (7) )
INVERTING INPUT e!} (6) ouTPUT NON"NVE&ES?_ P 6 [=OUTRUT
NON=INVERTING INPUT rrsn NULL v —4 5 |—OFFSET NULL
_ DS009341-3
DS009341-2 Order Number LM741J, LM741J/883, LM741CN
Note 1: LM741H is available per JM38510/10101 See NS Package Number JO8A, MO8A or NOSE

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH

See NS Package Number HO8C Ceramic Flaipak

NC I: [ 10:I NC
+OFFSET NULL |:Z 9:I NC
-INPUT I:i LM741W ::I V4
+INPUT — 1 outpPuT
v- |:5 6:| ~OFFSET NULL

DS009341-6

Order Number LM741W/883
See NS Package Number W10A

Typical Application

Offset Nulling Circuit
p OUTPUT
V-

DS009341-7

© 2000 National Semiconductor Corporation DS009341 www.national.com
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Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)
LM741A LM741 LM741C
Supply Voltage +22V 22V +18V
Power Dissipation (Note 3) 500 mW 500 mW 500 mW
Differential Input Voltage +30V +30V +30V
Input Voltage (Note 4) +15V +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
Vapor Phase (60 seconds) 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V

Electrical Characteristics (note 5)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rg < 10 kQ 1.0 | 5.0 2.0 | 6.0 mV
Rg < 50Q 0.8 3.0 mV
Tamin € Ta < Tamax
Rg < 50Q 4.0 mv
Rs <10 kQ 6.0 7.5 mV

Average Input Offset 15 uv/c

Voltage Drift

Input Offset Voltage Ta =25°C, Vg = 220V +10 +15 =15 mV

Adjustment Range

Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tamin < Ta < Tamax 70 85 | 500 300 | nA

Average Input Offset 0.5 nA/’C

Current Drift

Input Bias Current Tp=25C 30 80 80 | 500 80 | 500 nA
Tamin < Ta < Tamax 0.210 1.5 0.8 WA

Input Resistance Ta =25°C, Vg = £20V 1.0 | 6.0 03 | 20 03 | 2.0 MQ
Tamin < Ta € Tamaxs 0.5 MQ
Vg = +20V

Input Voltage Range Ta=25C +12 | #1383 \Y
Tamin € Ta < Tamax +12 | £13 \

www.national.com 2
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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 = 20V, Vg = £15V 50 V/imV
Vg = 15V, Vg = £10V 50 | 200 20 | 200 V/imV
TAMIN < TA < TAMAXv
R 22 kQ,
Vg = 220V, Vo = 215V 32 V/mV
Vg = 215V, Vg = =10V 25 15! V/mV
Vg = 5V, Vg = 2V 10 V/imV
Output Voltage Swing Vg = 20V
R_ > 10 kQ \
R =2 kQ * Vv
Vg = =15V
R, 2 10 kQ +12 +12 | £14 \
R. 22 kQ +10 | + +10 | £13 \
Output Short Circuit Ta=25C 10 25 35 25 25 mA
Current Tamin £ Ta < Tamax 10 40 mA
Common-Mode Tamin € Ta < Tamax
Rejection Ratio Rs 10 kQ, Ve = £12V 70 90 70 90 dB
Rg £50Q, Vg = £12V 80 95 dB
Supply Voltage Rejection Tamin < Ta £ Tamaxs
Ratio Vg = =20V to Vg = +5V
Rgs < 50Q 86 96 dB
Rs < 10 kQ 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 025 | 0.8 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) Tao=25C 0437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vips
Supply Current Tao=25C 1.7 | 28 1.7 | 2.8 mA
Power Consumption Ta=25C
Vg = 220V 80 150 mW
Vg = +15V 50 85 50 85 mwW
LM741A Vg = +20V
Ta = Tamn 165 mwW
Ta = Tamax 135 mw
LM741 Vg = £15V
Ta = Tamn 60 | 100 mwW
Ta = Tamax 45 75 mwW

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

O 6.13: LM741 (page3)
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Electrical Characteristics (Note 5) (Continued)
Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T; max. (listed under “Absolute Maximum Rat-
ings”). Tj = Ta + (6ja Pp).
Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
ja (Junction to Ambient) 100°C/W 100°C/W | 170°C/W 195°C/W
6;c (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 Vg = £15V, -55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica-
tions are limited to 0°C < T < +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
- 7 vt
Q8 Q9 Q12 Q13
KOM
3 2 INVERTING
NON=INVERTING >
Q1 Q2 < RS
INPUT INPUT :: 39K WA
R7 Q15 ]
¢ 4.5K
a3 LS -
Q4 75K 3 5
AAA 9
WV
I/_. 6
a7 215 p—OUTPUT
l\A < R10
3 50
Q17
Q6 Q10 \l
Q5 Q11 Oli/' I\QZO
1
OFFSET NULL 5_OFFSET
NULL
Rl SRS SR2 R4 SRI2 S Ri
1K S 50K 1K 5K 350k S s0
4
5 2 v
DS009341-1
www.national.com 4
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6.4.2 0O0O0O0OO0O
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6.4.5 000 (Advanced)

oooobobooobooboooooboooooboOoboooooboooooooooooboooobooboooonoog
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AViu(f)[nV/vHz] (6.20)
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00000DoOo0o0o000oooDoOooO0o000ooDoOOOO00ODODOOOO000O0ADT97O 30kHz ~ 100kHz0O O O
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f1

AVgyw = Ax AV (f)df (6.21)
fo
100[kHz]
= 10x / (0.9[nV /VHz))%df (6.22)
30[kHz]
= 10 x (100 — 30)[kHz] x 0.81[nV?/Hz] = 5.67 x 10°[nV?] (6.23)
AVyy = T750[nV] (6.24)
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6.4.6 00000 (Advanced)

00000000000 000000000000 000000000000 00000000000000000
0000000000000000000000000000 (0000000000000000000000000
0000000000000000000000000)0

00000000000000000000000000002000000001) V000000000000
00 V,02) hpyg 0000 [z 0000000000000000 IO

0670000000000V, =000000000000000V,=V,,0000000000000000R,
000000 L,00000000000000000000 AV, O

R
A‘/out = (1 + ]%j) Vos + R2IOS (625)

oooooboboooooboooboooobooooboboo0obDob00OR, 000000 DbOoOODODODbODOOODOO

g0o00o00o0oO0ooo0oooooooooooooooooooooo GNb OO0 oooooooooooooo
oooOoo0OoOoOoOooopooooOOO0e190OOOGNDOOOOOOOOOOOD RO R,OO0O0O0OO0CCOOO
gbooogo

R1Rs
R = — 6.26
¢ R+ Ry ( )

oood
gboboboooboboobobooboboel9bobooboboboobobooboboobobong

booooooboooboooobooboboboboooooooooboooobobooobooboobOobOobOobooon
ooooboooooao

=l
0618 0000000000 O0DOO0O0O0O0OO0DOOOO0OO



64. 0000000000 (Advanced)

R1 OPAMP
1E3Q

RC
91E1Q2

RVR
10E3Q

VCCM
15V

0619 000000000000

83



84

6.5 U4OOnQg

060 0UOOOOOO (250)

6.5.1 DDDDD/DDDD
Vo = Vo=V, (6.27)
Vi =Wo)/R1 = (Vo — Vout)/R2 (6.28)
(Va=Vo)/Rs = (Vo —0)/Ry (6.29)
Ry R+ Ry R>
Vou . - _V 630
¢ R1 Rs + Ry 2 R, ! ( )
O00OR, =R;0R, =R, 000000
R
Vour = 7 (V2=V1) (6.31)
1
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R1 R2
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0 620: 00000/0000
transient ime
0 1 2 3 4 5 ms
3
v 2 N N N A N
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6.5.2 0O0O0OO

0e62000000000000000000O

Vo = V=0
I ‘/m_V—_V;n
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Vln
Vout = V——/Idt
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(6.32)
(6.33)

(6.34)
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6.5.3 0000 (Advanced)
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6.5.5 00000000O0ODOOOO (Advanced)
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Q = Qcable + QF (635)

Qcablc = Vvinccablc (636)

Vout = —-A- V;n (637)

Qr = —(Vour — Vin)CF (6.38)
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Q . (A + 1)CF + CVc’a»ble Q ( )
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6.5.7 0000 (Advanced)

ooooboe330Oononoonoonon

w Vo Vs V
Vi = —Rp|—S 42428, 6.42
out "Ne, TR TR TR, (6.42)

Doooo
ninfnln

Ry = Ry/2 (6.43)

Ry = Ri/4 (6.44)

Ry = Ry/8 (6.45)
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6.5.8 JO0OOOOOO
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6.5.9 0000000000 (Advanced)
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6.5.10 D0O0O0O0DOOO0O RCOOO (Advanced)

go0obOoOoO0O0oRCOODOODOOOODOOOODOOOOC=Ci=C0R=R, =R, 000000000
1
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