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Operational Amplifier Limitations

Realistic Opamp Model: Finite gain, input and output resistance

Maximum Ratings




Power supply voltages, power dissipation

Common and differential-mode voltage range

Short-circuit or overload output current protection

First stage output is nonlinear for large differential input.
’Up—fUn

Output voltage swing can reach saturation.
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Bias Current

e [p: Bias current. Average current flowing into grounded
inputs:
= ot
2
e [png: Offset current. Absolute value of the difference between
input currents:

Ios =|Ip — In |

e [/ flows into opamps with NPN-BJTs in the first stage, out
for PNPs.




e Offset current sign can not be predicted and changes from
device to device.

e T he offset current is typically an order of magnitude smaller

that the bias current.

e Error due to bias currents:




Assume input terminals are virtually connected.

Un — Up — _IpR$




Output error is then given by

R
Eo = —IpRs + (In — R—xlp> Ry

1

Example: neglect Ipg and assume I, = I, = 80nA, for Ry = O,
R1 = 22k€2, and Ry, = 2.2MX2

Eo = (2.2x10°) (80 x 1079) = 0.176V

To reduce error:

e reduce size of Ry and R4




e select R; = R1 || Rp to cancel the error due to Ip

We are left out with the error due to Ipg.

Bias Current Temperature Drift

e BJT: decrease with T because (3 increases with T

e JFET: doubles with every 10°C increase.
I5(T) = Ip(Tp) x 2T ~10)/10

e MOSFET: similar to JFET due to presence of electrostatic-
discharge protection diodes.




Low Input Bias Current Opamps

Part No. | Mfg type Ip Ios

741C bjt 80nA 20nA
OP-77 bjt 1.2nA 0.3nA
L M308 superbeta 1nA
OP-07 cancellation 1nA 0.4nA
LF356 biFET 30pA 3pA

AD549 biFET below 100fA
OPA129 biFET below 100fA
TLC279 CMQOS 0.7pA 0.1pA

e Superbeta: use very thin base to produce very high g tran-
sistors.




Input-bias-current cancellation: additional circutry provides
the input transistor current internally. Looks like Ip = O
from outside. Ipg and Ig are same order magnitute.

biFET: use JFET front end, bipolar elsewhere.

biMOS: use MOSFET front end, bipolar elsewhere.

CMOS: use CMOSFETS only.

Input Offset Voltage, Vg

vout = 0 when intput terminals are grounded




Works like an offset in one input,

'Uog
Vos = —
a

where voq IS vo When inputs are grounded, a is open-loop gain.

Vosg gain is same than signal.

Both Vpg and Ig will cause integrators to saturate.

Varies linearly with temperature. Typical temperature coefi-
cient is 5mV/°C (741), 0.1mV/°C (OP-77).




e Changes with common-mode voltage:

dvoyy CMRR

Since CMRR drops with frequency, Vg increases with f.
Since voyr = vp & vp, WE Can use vp in the above formula.

e Changes with power supply voltage variations.

dVge  PSRR

e Changes with output swing because vy, —vp Change. AVpg =

Avoyt
P




Effect of common-mode signals & CMRR

a 0vo a
(v ? —
CMRR ™ 7 dvesy CMRR

VO = AV

The effect of the CM signal can be expressed as a change in the input offset

aVOS 1 a 1

dveyy  aCMRR ~ CMRR

AUCM A?}p

A — ~
Yos = GirrRR ~ CMRR

If application uses an inverting configuration, ve = 0 and
veum has no effect.




e Summarizing,

Av AV DA Vot
Voo =V, TC x AT P ou
0s = Voso T T oMrR T PMER T a







Techniques to reduce Vg

e For BJT opamps

I 1
Vog = VTlnilié1

ISQIS?)

e A 10% mismatch in Is's give Vpg = 2.4mV at 300K.

e Since Vp = %T,




Is also depend on temperature:

D A
Is = =n o nQ(T) x L
Np Wg

Fabrication process variations affect Ap, Wpg, Np. Large
device size helps reduce these errors.

Improved layout (common-centroid layout) can reduce ther-
mal gradients and thus the effect of temperature.

On-chip laser (known as Zener zapping) trimmings can be
added to the circuit to reduce Vpg.




e Chopper-stabilized, or autozero opamps include internal circutry
to periodicaly correct Vpg and keep it at a minimum.

Offset Nulling

e Many opamps have terminals for offset nulling.

e External trimming can also be used to correct for Vpg and




inverting non-inverting

Offset Nulling Networks




