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ABSTRACT

This application report provides basic circuits of the Texas Instruments amplifier collection.
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Basic Circuits

Trademarks
All trademarks are the property of their respective owners.

1 Basic Circuits

R2 10k
A%
-25V
R1 10k
NV =
——( Vout
+ >
Vin LMx58B/LM2904B
*R 10k 25V
R,
Vout = _R_lvm

* R Optional to Protect LM358 & LM324

Devices from Transient Current Spikes

Figure 1. Inverting Amplifier

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic. To learn more about *R and how to protect LM358/LM2904

devices from transient current spikes at the input, see [23].

R2 1k
AVAAY;
25V
R1 1k
NNV =
——( Vout
.
1 TLV9062
- +
Vin 25y

Ry
Vour = (14 22V

Figure 2. Non-Inverting Amplifier

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by

downloading TINA-TI and the schematic.
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R2 2k
ANV
-5V
R1 1k
AYA%AY =
R3 1k ——( Vout
N
z VWV TLV9302
&
R4 2k 15 V

V2

v —( Ry ><1+R2)V Ray
out = \R; + R, R/J? R !

FOTRl =R3 andRz = R4

R
= —Z(Vz - Vl)

Vout Rl

Figure 3. Difference Amplifier

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic.

C2 10p
[ |
I
R2 20MEG
NN
-1.8V
R1 10MEG
MV = Vout
R3 10MEG . —
M\ ’
+

+ s TLV379
Vinl @

1.8V
Vin2 R4 20MEGi I

R, R, R,
Vou = (R3 ¥ R4> (1 + )Vz R

For Ry =R;and R, =R,
Ry
Vour = R_I(Vz -
1
fcuto/f = 27TC2R2

Figure 4. Low-Power Difference Amplifier

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic.
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R1 1k R4 2k
AN AN
R2 1k

-7.5V
AN 2
R3 1k
A B

}—C Vout
+ + + +/+ TLV9102
Dwu DD

*R5 250§ 75V
_ i V3)
Vour = —Ry (Rl + R, + R,

* Rs Optional for Input Bias Current Cancellation

Figure 5. Inverting Summing Amplifier

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic.

R1 10k R2 10k
NV NNV
l 15V
R3 10k ——( Vout
N
242 > OPA2990
R4 10k 15V
NN

v, —(1+R2)(V Be oy, R )
out = Ry/\ 'Ry +R,  *R3+R,
R R
Vou = (14 22) (o) O + V2D if Ba = By
Figure 6. Non-Inverting Summing Amplifier

See Analog engineer's circuit cookbook: amplifiers for more information. Simulate this design by
downloading TINA-TI and the schematic.
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C13p
I
N
R2 10MEG
NV
25V
R1 10MEG
ANV -
—( Vout
L TLV379
+
Vin (_/3 *R3 BMEG 25V
R,
Vout - _R_lvin

* Ry Optional for Input Bias Current Cancellation

Figure 7. Inverting Amplifier With High Input Impedance

Simulate this design by downloading TINA-TI and the schematic.

C15p
| |
T
R2 10k
NNV
25V
25V
R1 5k
AVAVAY, -
+
" TLV9052 ——( Vout
N
P TLV9052
Vvin 25V
25V
R,
Vuut = R_IVLTL

Figure 8. Two-Stage Inverting Amplifier With High Input Impedance

Simulate this design by downloading TINA-TI and the schematic.
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R2 IMEG
A4

25V

R3 91k ——( Vout

AN
J:l MVV A Im324Lv

cLiu— 25V

R,
Vous = (142,

R3 = R1||R2 fOT CMRR

1
feutoff tow = X C xR,
Figure 9. AC Coupled Non-Inverting Amplifier

See Analog engineer's circuit cookbook: amplifiers for more information. Simulate this design by
downloading TINA-TI and the schematic.

R1 1k C1 10n

——( Vout
p TLV9062

Vin
25V
*R3 910

vy,
dt

Vour = —

1
= 2nR,C, Vin
1 1
T 2R C, . 21R,C,
fc < fh « fum’ty gain

* R3 Optional for Input Bias Current Cancellation

fe

fu

Figure 10. Practical Differentiator

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic.
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S1 Open: Integrate
Closed: Reset

R3 100§
C1 10n
| |
[
25V
R1 10k
NNV -
——( Vout
+ +
p> Ul LMV358A
&) vn
*R2 10k 25V
1 (b
v V., dt
out [?1 Cl 4[1 m
1
L
R =R,

* Ry Optional for Input Bias Current Cancellation

Figure 11. Integrator

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic.

R1 1k
NV
75V
——( Vout
+
) > TLV9102
I_in l
75V
Vout = Iian

Figure 12. Current to Voltage Converter (Transimpedance Amplifier)

See Analog engineer's circuit cookbook: amplifiers or [2] for more information. Simulate this design by
downloading TINA-TI and the schematic.
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Vin

-2V
R1 10k

A%

——( Vout

LMx58B/LM2904B
12V

R2 3.83k §

R,
out = me

Figure 13. Reference Voltage Generator

Simulate this design by downloading TINA-TI and the schematic.

R1 1k R2 10k
NNV NNV
1 25V
- N LM324LV
—(C Vout
i
25V
R3 200 Cll I2n
NNV | 1
+
Vin 1
~— Cc2100n
¢, <M
1= RZ 2

Figure 14. Neutralizing Input Capacitance to Optimize Response Time

Simulate this design by downloading TINA-TI and the schematic.
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1.8V
D1 (»
-1.8V
TLV8542
Vout
R1 180k § R_Load
1.8V = =

Vour = 1.8V => Diode Off
Voue = —1.8V => Diode On

Ry Controls Sensitivity to Light

Figure 15. Threshold Detector for Photodiodes

For more information on modeling photodiodes, see [8]. Simulate this design by downloading TINA-TI and
the schematic.

1.9v
T 3.3V
" TLV8542
h
VH
3.3V
+
) TLV8542
Vin S
VL
- 1.7V i

If Vi > 1.9V, thenVy = 0and V, = 3.3V
If 1.9V >V, > 1.7V, thenVy = 3.3V and V;, = 3.3V

If Viy < 1.7V, thenVy =33VandV, =0
Figure 16. Double-Ended Limit Detector

Simulate this design by downloading TINA-TI and the schematic.
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5V

I TLV9064
n

Vin r g

3.4V =

[+
) swi N\ —>X V; High: SW1 Closed
_ V; Low: SW1 Open
i 5V

D TLVO064
+

—

3.2V -

I+
SW2 %X V, High: SW2 Closed
V, Low: SW2 Open

— 5V

" TLV9064
+

—

1.9v -

—C Vs

I+
_>>< V3 High: SW3 Closed
V3 Low: SW3 Open

1 .

SW3

D TLVO064
I

l__

1.7v -

\

Vip >34V >V, =1V, =1, =1V, =1
34V >V >32V -V, =0V, =1, =1V, =1
32>V, >19V >V, =0,V, =03 =1,V, =1
19V >V, > 17V 5>V, =0,V, =0,V =0,V = 1
17V >V, -V, =0V, =0,V;3=0,V, =0

Figure 17. Multiple Aperture Window Discriminator

Simulate this design by downloading TINA-TI and the schematic.
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R3 10k
AN
25V
25V
R4 10k
AN B

§ R1 50k > ( Vout
S

LM2904LV/LM358LV
+
Vin @ R2 200 § 25V

3
V+

Ry
Of fset Range = Vi (R_1)

Rs
Vout = (_ R_4) Vin

Ry » R,
Figure 18. Offset Voltage Adjustment for Inverting Amplifiers

Simulate this design by downloading TINA-TI and the schematic.

R3 10k
NN
25V
25V
§ R1 50k R4 10k
PLSOK < AMA—1—AM >
o ——( Vout
+
R2 200 > LM2904LV/LM358LV
25V :
Vin C/_ 25V

Ry
Of fset Range = Vg, <R_1)

Vous = (1 P )V
out — RZ +R4 in
Ry » Ry and Ry » R,

Figure 19. Offset Voltage Adjustment for Non-Inverting Amplifiers

Simulate this design by downloading TINA-TI and the schematic.
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R2 1k
NV
25V
'2'_§ \4
R1 500k
P1 100k § AN N
° >——eo——( Vout
L1 LM324LV
25V

R
Of fset Range = Vgppiy (—2)

+
Vin@ 25V

Ry
Vaut = Vin
Rl > RZ

Figure 20. Offset Voltage Adjustment for Voltage Followers

Simulate this design by downloading TINA-TI and the schematic.

R2 20k
NV
25V
R1 10k
NNV =
R3 10k . —( Vout
+ 0% - LM324LV
25V
+ R419.3k § 25V
Q)
R6 100k ;
AYAYA% 2 P1 50k
R — o
R5 700 § 1
25V
Ry = R, + Rs

Ry = R3
Rs

R3
Of fset Range = Vsuppiy (Rs ¥ Ré) (R3 + R4)

R,
Vour = (R_l) V2 —W)

Rs & Of fset Equivalent Resistance

Figure 21. Offset Voltage Adjustment for Difference Amplifiers

Simulate this design by downloading TINA-TI and the schematic.

SNLA140C-May 2004 —Revised March 2019
Submit Documentation Feedback

AN-31 amplifier circuit collection 13

Copyright © 2004-2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNLA140C
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc545/sboc545.zip
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc546/sboc546.zip

13 TEXAS
INSTRUMENTS

Basic Circuits www.ti.com

25V
§ R1 IMEG R3 10k
P2 100k 2 ANV ANV
o
'2'_5_’ v
2EV R4 1k
AN ™
+ }—( Vout
+
Vin 1 LMV358A
—- — 25v
Rs||Rs < 10kQ
Rs||R
Offset Range = Vgppiy ( 31|?|1 4)

Rs
Vout = (_R_4) Vin

Figure 22. Offset Voltage Adjustment for Inverting Amplifiers With Source Resistance

Simulate this design by downloading TINA-TI and the schematic.
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2 Signal Generation

R2 150k
AN\
25V
R1 1k
MWV - R32.71k R4 2.71k R5 2.71k
—AANN AVAAY, AN\

GND

+
> TLV9062
25V

C110n

I
|

C2 10n

I
|

C310n

I
|

{ Vout

Figure 23. Sine Wave Generator With Low Component Count

1

R
Z g
R

LetR = R3,Rs,Rs andC = (1, (2, C3

Joscillation =

tan(60°)

2mRC

For more information on this configuration, also known as a phase-shift oscillator, see [9] and [10].
Simulate this design by downloading TINA-TI and the schematic.

R1 16.5k

Y]

2 150k

AA'A%

25V

25V

GND

ﬁvgom

25V C110n

IQV9064

R4 2.71k

25V

1
|

C210n

o1
|

> TLV9064
+ R5 2.71k

TLV9O064

C310n

il
[

—( Vout

R,

8<— <10

Ry

LetR = R3,R4,Rs andC = (1,(C2,C3

foscitiation =

tan(60°)

2mRC

Figure 24. Sine Wave Generator

For more information on this configuration, also known as a buffered phase-shift oscillator, see [9] and
[10]. Simulate this design by downloading TINA-TI and the schematic.

SNLA140C-May 2004 —Revised March 2019
Submit Documentation Feedback

AN-31 amplifier circuit collection 15

Copyright © 2004-2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNLA140C
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc548/sboc548.zip
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc549/sboc549.zip

13 TEXAS
INSTRUMENTS

Signal Generation www.ti.com

R1 200k

/

——( Vout

+
4 A
C1 10n — TLV9062

e 25V

R3 160k
VWV

R2 910k

1
fascillation = R

RsCyln (1+ zR—i)

Figure 25. Free-Running Multivibrator

Simulate this design by downloading TINA-TI and the schematic.

Cl1n

25V
25V
- R3 50k R4 50k
AN AN ™
1 TLV9062 }—C Triangle Wave
- f .17 TLV9062
25V

R1 10k R2 90k
NV A%

Square Wave
A

R5 40k

) Rs
Amplitudeyigngle = Vee R+R,

2

illation = ————— R3 + R4 > 100kQ
fosclllatton nC, (R3 n R4) fDT 3 4

Figure 26. Function Generator

See [2] for more information. Simulate this design by downloading TINA-TI and the schematic.
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R3 10k L .
AN N
OPA365 . 5V
" . 2.5V
2.5V 4 TLV3501 L Vout
Vin 2.5V
5V viri>——f
R1 10k = 2
TLV3501
— 3
R2 10k§ C2 100n
| R6 10k R5 8.45k
A% NN—
Ri=Ry;=R3= Ry
Vtri > |V1|
Rs Vil
— = orV; =
R6 |V1| f 1 ref
foscillutian - 4 % R7 x RS x C3
¢ > !
P S
21 X R4 X foscillatiun
1
G,

B 2m x fnoise filter X (RlllRZ)

Figure 27. Pulse Width Modulator

See Analog engineer's circuit cookbook: amplifiers for more information. Simulate this design by
downloading TINA-TI and the schematic.
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R1 200k R3 100k
%A% MV

+ -15V

Vin

OPA192

= 15V R5 1k

A%

R2 200k

R4 100k
MV

lout ¢

R_load 1k

I - _ R3Vin
out Rl R5

R3= R4_+ R5
R1=R2

Figure 28. Improved Howland Current Pump

For an in-depth dive into this configuration, see our [11]. Simulate this design by downloading TINA-TI and
the schematic.

Vout Vout

R1 620

D1 IN4150

T1 2N4416

Cclion=—=

R2 5.1k

R6 2k C2 10n

foscillation = ﬁ
Set Gain = 3.1
R3 + Ry
4

Gain =

Rs =Ry
€ =0

Figure 29. Wien Bridge Oscillator With Automatic Gain Control

Simulate this design by downloading TINA-TI and the schematic.
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Z1 1N2804

R1 1k

15V

R3 10k

VVVWA

§R4 1k

7.58V < Ve <1393V
Ry controls Ve max

RZ' R4' & Vzener control Vout ,min

Figure 30. Positive Output Voltage Reference

See [2] for more information. Simulate this design by downloading TINA-TI and the schematic.

R2 1k

71 1N2804 /\

——( Vout
TLV9102

500mV < Vo <5.5V
Decreasing R, & Ry increases V,,,, range

Vener adjusts V. range

Figure 31. Buffered Positive Voltage Reference

See [2] for more information. Simulate this design by downloading TINA-TI and the schematic.
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Z1 1IN2804
L1
NN
-15V
R1 1k
™ L Cvou
- +
A OPA202

R2 5k

NV

R3 100k

VWA

§R4 5k

—139V < Ve <—7.6V

Decreasing R, and R, increases V,,, range

Viener adjusts V,,, range

Figure 32. Negative Output Voltage Reference

See [2] for more information. Simulate this design by downloading TINA-TI and the schematic.

—

R4 1k
-15V

71 1N2804 /\

——( Vout
R3 10k éﬁ L TLV9102
o

R2 1k§
R1 lk§

15V
—55V <V, <—500mV

Decreasing R, & Ry increases V,,, range

Vener adjusts V,,,; range

Figure 33. Buffered Negative Voltage Reference

See [2] for more information. Simulate this desigh by downloading TINA-TI and the schematic.
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15V

R_Load

¥ AM1

LMx58B/LM2904B

.
Vin Q1 2N3460
) —K Q2 2N2219

R2 10k

A%A%Y%

R1 10k
Vin
=2
0 Rl
Vin =0V

Ensure Ry > Rjyu

Figure 34. Current Sink

R1 25

See [2] for more information. Simulate this design by downloading TINA-TI and the schematic.
AN

OPA2990

Q1 2N3460
+ -15V
[ Q2 2N2219
Vin( _/~
L R2 10k §
¥ lout
R_Load %
-15 VvV
I _ Vout
out Rl
Vin <0

Figure 35. Current Source

See [2] for more information. Simulate this design by downloading TINA-TI and the schematic.
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36V
Rload
36V ¥ lout
R1 120k
AN NN _OPAL72 Rif;)vioo L
T1 2N5686
3 ha
" Cf|4|0p
Vin @ R2 5k § [
Rf 50k
1 N AN
Rs 40m
Ly = V; Re
out — inm
R. = Vin,max
- [uut,max
Figure 36. Voltage-to-Current Converter With BJT Output
Simulate this design by downloading TINA-TI and the schematic.
36V
Rload §
¥ lout
NV I T2 2N3442
Riso 100
Vin Ll\l—'i T1 2N5686
AN
Rf 10k
§ Rs 50m
" R (Ry+ Ry)
R. = Vin,max
o Iout,max
Figure 37. Voltage-to-Current Converter With Darlington Pair Output
Simulate this design by downloading TINA-TI and the schematic.
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R_load

a%A%Y%

TLV9062

]

Riso 100

T1 SI2304D

3T

Vin —

R520§

n

w|s

Loy =
S

Vin,max
R, = mex

Lout ,max

Figure 38. Voltage-to-Current Converter With MOSFET Output

Simulate this design by downloading TINA-TI and the schematic.
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15V
h TLV9302
. + R1 1k R3 100k
AA%Y AAY
Vin- _
-15V -15 Vv
——( Vout
N
b~ OPA2990
15V
-15V
\T\ R2 1k
AA%Y
+
" +/l/Tl_vge.oz
Vin+ 15 V R4 100k §
R;
Vout = R_l (Vln+ - Vln—)
Ry _FRy
Ry Ry
Figure 39. Instrumentation Amplifier
Simulate this design by downloading TINA-TI and the schematic.
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R3 10k

Vin-

15V
TLV9302
N +\I\ R1 10k
( A%
15V

!

-15V

S

( Vout
+/I/ OPA2990
15V 1BV Ci P § R5 IMEG
|1
- R2 10k R4 10k R6 10k
A NN N/)fv»
o
" +/I/T|_v9302
Vin+ BV -15 V
OPA2990
15V
10™*R¢R;
Vout =0 (Vin+ - Vin—)
R3 Ry
Ry R,
Figure 40. Variable Gain Instrumentation Amplifier
Simulate this design by downloading TINA-TI and the schematic.
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R3 5k
MWy R6 50k
[ |
[
C1 3p } }
c23p
15 V
15 V
- R4 5k
AYA%AY -
N
{ OPA2990 . ——( Vout
15V > OPA2990
R1 50k § *R2 5k v
R7 50k§ *R5 5k
s =

Vin+ ( _/~ +
Vin-(_/)

R2=R3=R4=R5
R1= R6=10R3

Ry
Voue = ()

* R, and Rs Optional for Input Bias Current Cancellation

Figure 41. Instrumentation Amplifier With £100-V Common Mode Range

Simulate this design by downloading TINA-TI and the schematic.

15V

h OPA2189
N + R2 10k R6 100k
NN A%
Vin- (
R1 5k

-15V

-15V

——( Vout
OPA2990

R3 10k

-15V

R4 5k
- R5 10k
/ AAAY

ANV

15V

4
> OPA2189

R7 100k

Ry = Ry

RZ = R5

R¢ = Ry

Re/. 2R,
Vour = R_2(1+R—3>Vi

Figure 42. Instrumentation Amplifier With +10-V Common Mode Range

Simulate this design by downloading TINA-TI and the schematic.
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R1 99k R2 1k R3 1k R4 99k
AAAY ’ NV A%
-5V
——( Vout
+
TLV9102 L TLV9102
+ 5V + 5V

R1 = R4 &Rz = R3
Vout = (1 +R_2) Vin
Figure 43. High Input Impedance Instrumentation Amplifier

Simulate this design by downloading TINA-TI and the schematic.

R1 1K
AN
PTC1 5V
pTC ——( Vout
+ - LMx58B/LM2904B
vi R2 1K
in o 15V
PTC2 \&E
Ry R,

Rprc1 Rprez

Vour =V, (1 R )
out — Vin RPTCl

Figure 44. Bridge Amplifier With Temperature Sensitivity

Simulate this design by downloading TINA-TI and the schematic.

( Vout

R_load 1k

TLV9002

Vout = Vin lfVm >0

Figure 45. Precision Diode

For more information on this configuration, see [12]. Simulate this design by downloading TINA-TI and the

schematic.
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Vin

R1 1k
( Vout
+
D1 1N914
TLV9062
1% 25v
Vref —

Vour = Vin if Vi < Vref

Figure 46. Precision Clamp

For more information on this configuration, see [12]. Simulate this design by downloading TINA-TI and the

schematic.

Vin

C1 3p
[
N
R2 20k
NNV ( Vout
25V D1 1IN914
R1 20k JAN
NNV -
+
*R4 15k s
5 TLV9052
= 2BV /\ D2 1IN914

Vout = |Vm|

* R, Optional for Input Bias Current Cancellation

Figure 47. Fast Half Wave Rectifier

For more information on this configuration, see [12]. See Analog engineer's circuit cookbook: amplifiers for
more information. Simulate this design by downloading TINA-TI and the schematic.
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Vaut

0 <Vin <V

= Vin,avg

—Vp1

Ensure Op Amps Remain in Linear Range

* Ry and Rs Optional for Input Bias Current Cancellation

Figure 48. AC to DC Converter

R6 18k C|2 I1u
AAY | 1
R2 20k R3 10k R7 22.2k
AAY AAY NN ( Vout
| |
|
C4 10p
-5V D1 1N914 15V
R1 20k VA
AN > >
+
*R4 15k N *R5 6.2k
L1~ OPA2990 % U2 OPA2990
= 1BV \/ D2 1No14 _L 15V

For more information on this configuration, see [12]. Simulate this design by downloading TINA-TI and the

schematic.

R3 20k
A%

D3 1N914
N

L1
25V

R1 1IMEG

25V

NS

NV

R2 10k

. L1
+ TLV9062 D1 1N914

Y 25V
"

N
L1

D2 1N914i

Vaut = Vpeak

e

25V
C2 10n

Figure 49. Peak Detector

Simulate this design by downloading TINA-TI and the schematic.

——( Vout

TLV9062

SNLA140C-May 2004 —Revised March 2019
Submit Documentation Feedback

AN-31 amplifier circuit collection

Copyright © 2004-2019, Texas Instruments Incorporated

29


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNLA140C
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc571/sboc571.zip
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc572/sboc572.zip

13 TEXAS
INSTRUMENTS

Signal Processing www.ti.com

R1 636 R2 636
MWV VWV
D1 IN1199 C1 100p
N | |
L1 | ]
2.5V
2.5V <
> D2 1N1199 ——( Vout
N 5

N L1 4 U2 TLV9002
% U1 TLV9002 2BV

+ 25V R3 636 §
Vin (_/
Vour = Vil
Ry =Ry
GBWy, 1
4 2mR, Cy

Figure 50. Absolute Value Amplifier

For more information on this circuit, see [13]. Simulate this design by downloading TINA-TI and the

schematic.
25V 25V
T1 2N6782 R1 10k N C Vout
l l NV 1, TLV9052
+ 25V
Vin (_/5 + —~ C1100n
Sample

tsample & Cl

1
Droop Rate < —
G

Figure 51. Sample and Hold |

For more information on this circuit, see [14]. Simulate this design by downloading TINA-TI and the
schematic.
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25V
T1 2N6782 R1 10K
J. J. NV
25V
.
Vin 25V
. —( Vout
TLV9052
¥ T2 2N6782
— 25V
+ —
_—c11
Sample €1 100n
tsample x Cl

DroopRateocCl
1
Figure 52. Sample and Hold Il

For more information on this circuit, see [14]. Simulate this design by downloading TINA-TI and the

schematic.
25V
R1 10MEG R2 10MEG N ( Vout
A4 NV 4 LM2904LV/
+ LM358LV
Vin 25V
C3 540p_— ——C2270p
R3 5MEG§
| ] 25V
|
C1 270p o
&
LM2904LV/LM358LV &, —% R4 50k
o
25V
1
fo = 2R, C;
Ry =R, = 2R
20, =2C, = C3

0.25 < Qnetwork <10

Increasing Potentiometer Setting Increases Qperwork

Figure 53. Adjustable Q Notch Filter

For more information on this configuration, see [15] and [16]. Simulate this design by downloading TINA-TI
and the schematic.
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R3 4k
AAYAY%
-5V
R1 4k
NN -
R2 4k . —( Vout
+ MV > LMx58B/LM2904B
Vin 15V
C1 500p ;E
) 15V

LMx58B/LM2904B

%%
N
(&)
<

R4 10k
C2 1n
| |
|1
R5 10k
/- 1
® " 2mR,\[CLC,
Ry =Rs
Ry =Rs

Ry 2

Figure 54. Easily Tuned Notch Filter

For more information on this configuration, see [15] and [16]. Simulate this design by downloading TINA-TI
and the schematic.

2.5V
25V R4 110k ~
R2 110k > C310n ——( Vout
C110n . |} | | 17 TLV9052
I— LA~ TLVO052 C4 10n 25V
2 10 25V § R3 110k
n I § R1 110k
= + =
/") Vin
f= 1
° " 2mRiR, GG,

Figure 55. Sallen-Key Two-Stage Bandpass Filter

For more information on this configuration, see [17]. Simulate this design by downloading TINA-TI and the
schematic.
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R1 1k R2 10k
NV NNV

C2 10p ——

25V 25V
R3 2k

> A >

+ +
1, TLV9062 4 TLV906§2
25V — 25V
C1 100n
Cout ) I I

Figure 56. Two-Stage Capacitance Multiplier

Simulate this design by downloading TINA-TI and the schematic.

R2 100
AN\
25V
C110u
Lout ) || 7 TLV9062
25V
R1 100k §

Lowr = R1RyCy
Zout = Ry + joR{RyCy

Figure 57. Simulated Inductor

For more information on this configuration, see [19]. Simulate this design by downloading TINA-TI and the
schematic.
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R2 100
A%

-25V
TLV9062

25V R3 10

NN

R1 100
Vv ( Cout

C1l1n_

Ry
Cout =~ R_3€1
€, =100 x

n amplifier

Rsource > R3
Figure 58. Capacitance Multiplier

Simulate this design by downloading TINA-TI and the schematic.

R1 110k

25V

C1 20n C2 10n —( Vout
+
| | 4 TLV9052

+ 25V
Vin R2 110k

R, = mRy
C, =n(;
1

" 2nRCymn
_ ymn
m+1

Choose m and n for desired f, and Q

fe

Figure 59. High Pass Sallen-Key Active Filter

For more information on this configuration, see [17]. Simulate this design by downloading TINA-TI and the
schematic.
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Figure 60. Low Pass Sallen-Key Active Filter

For more information on this configuration, see [17] and [18]. Simulate this design by downloading TINA-TI
and the schematic.
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Figure 61. Current Monitor

Simulate this design by downloading TINA-TI and the schematic.
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Figure 62. Saturating Servo Preamplifier With Rate Feedback
For more information on modeling photodiodes, see [8]. More information on this configuration can be
found in [20]. Simulate this design by downloading TINA-TI and the schematic.
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Figure 63. Power Booster

Simulate this design by downloading TINA-TI and the schematic.
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Figure 64. Fast Zero Crossing Detector

Simulate this design by downloading TINA-TI and the schematic.
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Figure 65. Amplifier for Piezoelectric Transducer

For more information on this configuration, see [21] and [22]. Simulate this design by downloading TINA-TI

and the schematic.
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Figure 66. Temperature Probe

Simulate this design by downloading TINA-TI and the schematic.
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Figure 67. Photodiode Amplifier |

For more information on modeling photodiodes, see [8]. See Analog engineer's circuit cookbook:
amplifiers or [2] for more information on this circuit. Simulate this design by downloading TINA-TI and the
schematic.
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Figure 68. Photodiode Amplifier Il

For more information on modeling photodiodes, see [8]. See Analog engineer's circuit cookbook:
amplifiers for more information on this circuit. Simulate this design by downloading TINA-TI and the

schematic.
25V
C1 10n ——(C Vout
I I LM2904LV/
LM358LV
+ 25V
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| |
1 | |
R2 100k §
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Vout =

1+ (R, + Ry)Cys + CiCoR Rys2 ™
Figure 69. High Input Impedance AC Follower

Simulate this design by downloading TINA-TI and the schematic.
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Figure 70. Multiplier/Divider

Simulate this design by downloading TINA-TI and the schematic.

SNLA140C-May 2004 —Revised March 2019
Submit Documentation Feedback

40 AN-31 amplifier circuit collection

Copyright © 2004-2019, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNLA140C
http://www.ti.com/tool/TINA-TI
http://www.ti.com/lit/sw/sboc593/sboc593.zip

I3 TEXAS
INSTRUMENTS
www.ti.com References
4 References

1. To learn more about the design of many of these and other amplifier configurations, consult our Analog
engineer's circuit cookbook on amplifiers.

2. Alternatively, more information on several of these circuits can be found in our app note entitled, AN-20
an applications guide for op amps.

3. To learn more about the characteristics of amplifiers, common techniques used in amplifier circuit
design, and a variety of other amplifier topics, consult our Texas Instruments Precision Labs video
series on amplifiers.

4. For specific questions regarding your design, reach out to our engineers via e2e, our online forum.

5. For a handy reference guide for your analog designs, check out the Analog Engineer's Pocket
Reference Guide available for free in pdf form.

6. Use our Analog Engineer's Calculator to help crunch design equations.

7. Check out our Amplifier's Product Page to quickly sort through our products and find the amplifier(s)
that best fit your needs.

8. For more information on modeling photodiodes including the model used in this design, see the 1 MHz,
single-supply, photodiode amplifier reference design.

9. For more information on sine-wave oscillators, check out Tl's app note on the Sine-wave oscillator.

10. Alternatively, see our note on the Design of op amp sine wave generators.

11. For more on the Howland Current Pump, see AN-1515 a comprehensive study of the Howland current
pump.

12. For more information on the Precision Diode, Precision Clamp, Half Wave Rectifier, and AC to DC
Converter circuits, see our LB-8 precision AC/DC converters application note.

13. More information on the Absolute Value Amplifier can be found in our app note on Precision absolute
value circuits.

14. To learn more about Sample-and-Hold configurations, see our application note on the Specifications
and architectures of sample-and-hold amplifiers.

15. For more information on Q Notch Filters, see our LB-5 high Q Notch filter on the subject.

16. Further analysis of notch filters can be found in our app note on High-speed notch filters.

17. For more information on Sallen-Key filter design, see our Analysis of the Sallen-Key architecture
application note on the subject.

18. For more information on Low Pass Sallen-Key filter design, see our Active low-pass filter design
application note.

19. More information on simulated inductors can be found in our application note entitled, An audio circuit
collection, part 3.

20. More information on a variety of circuits can be found in our AN-4 monolithic op amp—the universal
linear component application note.

21. To learn more about the theory behind, design of, and simulation of piezoeletric transducers and their
amplifiers, see this Signal conditioning piezoelectric sensors application note.

22. Additional information on piezoelectric transducers can be found in our analog applications journal
entry, Signal conditioning for piezoelectric sensors, on the subject.

23. For more information on the LM324/LM358 device family and how to properly connect unused inputs,
see Application design guidelines for LM324/LM358 devices.
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