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Lesson #2

Basic OpAmp circuits Outline
— Summing, difference, integrator, differentiator
Basic feedback
— Feedback definition
— OpAmp as feedback system
* Non-inverting and inverting cases
Static limitations
— DC errors
» Bias current, Offset voltage
— Correction for offsets
— Output voltage swing, input voltage range
Dynamic limitations
— Open-loop response
— Gain-Bandwidth product



mailto:morp@ee.bgu.ac.il
http://www.ee.bgu.ac.il/~pemic
http://www.ee.bgu.ac.il/~analog

3/25/2018

E; " Prof. Mor M. Peretz Analog Electronic Circuits 361-1-3671 (3]
o M £
| lc E THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

OpAmp characteristics

b » » Ideal OpAmp primary features:

Differential inputs

» Output product as function inputs (V, - V) A
A=A AA,

* Infinite gain A—°

"o Your - Infinite Bandwidth BW—<
V.o (V- V) A * Infinite input resistance R;,—
+ Zero output resistance R,,,— 0
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Non-inverting Amp
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Summing Amp
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Difference Amp

R1 R1
AN A (R_)
R,
V
1 - R, Ry
VVV Vout 2 = Vo [ m—— | (1 + 2
v, , ke Ve o U2 "2 \Rs + Ry R,
* Ry _ Ry
R4 Ri Ry

R
Vout = R_1 V2 =V
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Feedback forces zero error state

Rl R3
A AAAY

R4

Vour
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Integrator Amp

1,1

Ve

VOUT

Vour = g/EVin =

1
SCR

Vin
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Vin

Differentiator Amp
R

M

Vout = SC/RVin = SCR Vi,

VOUT

-
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Voltage reference by OpAmp (Bandgap)
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Current source by OpAmp
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Negative Feedback
X X Ay = Xout =G AOL
} t = =
in G Aol - LT Xin 1+ BAoL
Aci| ¢
¢t PAoL>1 - B
ﬁ -
A _ Xout A | GA
oL = —
Xe cL BAoL«K1 oL
G = % - X
in Xout=0 in Xout=0
_ Xr X,
Xout Xin=0 Xout Xin=0
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Feedback

Non-inverting Amp

Vin
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Feedback
Inverting Amp

Ve Zy
£ = Zl ﬁ B Vout - Zl + ZZ
in _ Zl + ZZ Vin=0
Vout=0
Z1

A _ G _ Z1+Zy _ Zy
CLlBAOL>>1 - E - Tz - Z_
Z1+2Zp 2
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Static limitations
Input stage
Vee
Vour
VEE
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Bias current
Non-inverting Amp




3/25/2018

Prof. Mor M. Peretz

Analog Electronic Circuits 361-1-3671 [17]

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

Bias current
Inverting Amp

VOUT

E

CAATNREN

&8
5 IE

Prof. Mor M. Peretz

Analog Electronic Circuits 361-1-3671 [18]

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

Rz

Bias current

Correction
I+ Ry
AN
Vin RZ
Y A - v
Ve ouUT
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Bias current
Input bias cancellation
= F— vio
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Bias current
Low bias input
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Static limitations
Offset voltage
Vee p= -
Voutly o Z1t22
Vout . i
lout = gm(V+ -V) Im = _B
2Vr
lc1ticz = ip
EE (M)
ic = Ise Vr
i VBE1=VBE2
lon _ Isn (FREEER)
ez sz
i Vi—V_
_ lct e
Is1= Is2, Vg1 = Vg2 5 —— = e( v )
lc2
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Offset voltage
R
Vi M\
V Vin Re
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Ve —

11



3/25/2018

‘" Prof. Mor M. Peretz Analog Electronic Circuits 361-1-3671 [23]
M 3
:l 86U c 5 THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
Offset voltage
Correction
V+Or
7 1 $R2B1
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Maximum ratings (Basic)
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Open-loop response

A1=gmiReq

| N
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} - Vout
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Open-loop response

Voutr Vour Vout A [dB A1A2A3
(Vi - V) A Voutr Az
-20 [dB/dec]

[
|
|
|
[
[

VOUtl |
|
|
[
[

Ceq
Om1
’ f, f [Hz]
A
Agr = —1+ 7 1 N\

13



3/25/2018

l‘(_f Prof. Mor M. Peretz Analog Electronic Circuits 361-1-3671 [27]
G J g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL |IC, BEN-GURION UNIVERSITY
Gain-Bandwidth Product - GBW
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