Lecture 5
Opamp imperfections

Reference:
Analog Devices, Opamp basics tutorial:
http://www.analog.com/static/imported-files/tutorials/MT-038.pdf
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Consider opamp internals

OpAmp integrates precision matched actives+passives in one IC
Intermeiate gain stages

. 2
Input Stage '. I 5
s O (e S
VIR :
Beinvert Inverting L,-/|-)
o inp:;e lnpat g ' / OQQ)
3 5 a
+ — 4.5k
39k o )
75k |00 — 6
1 [ Qutput
e = 50
) S
: : ."I ‘a.‘
. 1
Offset 50k Offset a %
null ik 1k null 5k 50k 50
4
V.
Slide 2/11

Pradeep Sarin, EP212 — Spring 2014



Simplified input stage
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Imperfection 1: V_

Input offset voltage V,

If I+ and | ~are different, voltages at the collector terminals will be different
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You can compensate V

Input Stage
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Imperfection 2: |, ._

Ibias+7£ Ibias_
Sets the two transistors at two different Q points

. | bias
bias / \ng

o=

Vin

: DC Load | .
(m‘.:A) / Adtie Region Saturation ! DCL‘:?U 4
When Vee =0, KSre / Iai=120U4 O A Active Region
- L 7 (mA)
Ie= R f When Vez=0  |a—s / / 20 =
- Ig= 100uA i 7 B Ou
50 i le= A 4
50 Ig = 80UA o 60 Ig = 100uA
K ‘g I 80UA
Q-DOinf Ig = 60uA E B= UA
40 4 = a 50 (
@ i -
\ Ia= 40uA 2 Q-point Ia= 60UA
30 - o
I

Base Current

| =
5 J \ 8= 20UA 30 :\ Iz = 40uA
+
| \ L
& ‘ \E s - ) Ig= 20uA
T Cut-off Region Ny B

I -0
0 1 | Vee (V) 10 & Ie=0
2 4 "'1 8 10 32 = T Cut-off Region ~Ng B
Ve = =Vee When I =0 0 T T Vee (V)
2 Vee = Vee 2 4 [ 8 10 12
Vez = }\“r:: When Iz=0

Pradeep Sarin, EP212 — Spring 2014 Slide 6/11



Cannot compensate for |,

Good news:,}..Is usually very very small
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l,...can be bad in a poor circuit

bias

Bad news: ., multiplies R,

| bias_

Depending on R, will cause afake |;..;fR,, appear asv, evenif v,,.=0
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Must ‘bias compensate’ a circuit

R

Vin D_WAD_._Q Vout

1. At DC, with Y = 0, what is the effective R ‘looking out’ from - ?

2. If thereis ¢, what is effective \?

3. If I,.s" =l,i,e What must you do at the + terminal to cancel (2)
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Must have equal DC resistance
‘looking” out of each input terminal

R

WA

Vin D_WJD_‘_" vout

1. Calculate effective R ‘looking’ out from ‘-’ terminal

2. Put in equivalent R in the other ‘+’terminal

3. R¢'li,e" VOItage drop cancels B |, atV,, =0
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Preparation for Lab 5

» Read up on background of V(& | ;¢

» Techniquesfor measuring V& |y:.<
not trivial! - measure an intrinsic property of the device
without applying Y

Pradeep Sarin, EP212 — Spring 2014 Slide 11/11



