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Operational Amplifier
Op-Amp
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Op-Amp block diagram
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Op-Amp model
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Common Mode Rejection Ratio

Voo = AV ppir + CMize Veu

Vour = —___y,
oUT = CMRR[V/V] M
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Input offset voltage

Uo v,

our

=0

Uo=0 Vour = A4V
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Voltage offset vs. input bias current

I/out(ofj") =([B (R+AR)_(IB +A[B)R)AV =
=(AI,R+I,AR) A, = ALLRA,
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Input and output voltage swing
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Typical Op-Amp parameters

Parameter

OL gain
Unity gain frequecy

Input resistance
Output resistance
Input bias

Input offset current
Input offset voltage
CMRR

Symbol

Aol
&
Rin

Roue

lin(otas)
lingofry
Vingofty
CMRR

Perfect
op-amp
infinite
infinite
infinite
zero
zero
zero
zero
infinite

uA741

100000
1Mhz

2MQ
75Q

80nA
20nA
2mV
90dB

LF157

200000
20MHz

10120
100Q
30pA
3pA
1mvV

100dB
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More Op-Amp parameters

Type Maoufacturer Offset- Bias - Slew
voltage current bandwidth  rate
product
VV-OPAmps: Low cost universal types
.41 any ImV 800A 15MHz 06Vips
324 Many 2mv 45nA 1MHz 06Vips
ADS03 Analog D, 1mV 1pA S0MHz 20Vis
AD§058 Analog D, imy 05pA 325 MHz 1000 Vis
ADS604 Analog D, 1mV 02pA 8MHz 5Vius
AD8619 Analog D. 05mV 02pA 0.4MHz 0.1V/us
ADR6T4 Analog D. 20 4V Sna 10MHz AVis
ADA4SS1 Analog . 06mv 2pA 130MHz 375 Vis
OPITT Analog D. 20uv oA 0.6 MHz 03Vins
LTC6242 Lin. Tech 50V 1pA 18MHz 10Vis
AX4004 Maxin 30V 2004 0.5MI1z 02Viis
MAX4351 Maxim Imy BUA 200 MHz 490 Vips
MAX4495 Maxim 03my 024 SMHz 3Vis
MAX9916 Maxim 02my. 1pA 1MH?. 0.5Vips
LF356 National 1mv 30pA 5MHz 12Vis
LMC6034 National my 40 TA 14 MHz 1Viss
LMC6484 National o1mv 20 fA 1.5MHz 1Vips
LMHG6646 National 1mV 04pA 55 MHz 22Vis
OPA2244 Texas]. 1mV 104 03MHz 0.1V/s
OPAGI34 Texas 05my SpA 8MHz 20Vius
OPA4343 Texas|. 2mV 02pA 5MHz 6Vips
TLCOS4 Texasl. 04mv 3pA 10MHz 16Viss
TIC274 Texas T 1mv 0.1pA 2MHz 3Vius

Operating OPs  Special feature

per

high volage
single supply
fast

«damned fast
RRIO

RRIO
Vg = 3nV/VTz
RRO

Low offset
Vya =TV VHz
0

RRI
RRO, fast
RRO
RRIO
robust
low bias.
RRIO

RRIO

I = 40pA
Tow distortion
RRIO

single supply
single supply
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Op-Amp - power supply
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Op-Amp common applications

*inverting amp,
*Non-inverting amp
ssumming amp
ssubstracting amp
*integrator

«differentiator
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Inverting Amp

virtual ground

For a perfekt OA:
A

vor, = @
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Inverting Amp

v, out
I, == Loy =
" R "R
IIN IOUK
Vi - _Vou
1 R,
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inverting amp (in detail)

R —r _ RtR _p
out out0 R1 (1 + AVoL) + Rz out0

:
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Bias current compecsation
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non-inverting amp
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Follower
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Frequency characteristic

AldB]

Aov(as; -3dB

0dB

20dB/dek

fol, = o0

faoL fz.
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%g Wroclaw University of Technology

Summing amp
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Sumator odwracajacy

- _%(I/inl +I/in2 +I/in3 +"'+I/i”N)

1

V.

out

R, = RZHRI1HR12HR13H-"HR1N

%g Wroclaw University of Technology

Substractor
(DIFFERENCE AMPLIFIER)

R1+R2j& ;R

12l inl 12l

V. =V
out mZ[R3 +R4
when: R;=R; and R,=R,

R
Vs = FZ(VM - Vinl)
1

R, =R

R, =R +R,
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Substractor with reference

(DIFFERENCE AMPLIFIER with reference)
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Instrumentation Amp
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Instrumentation Amp

A1, A2: OP2177, AD8698
A3:OP1177

Ving © 4 10k0 10kQ

INVERTING
INPUT

t O SENSE

2R
Vour = (Vivz = Vine)( 1 + G EE)

FORR1=R3,R2=R4,R5 =R6

REFERENCE
o

110k 10k

wput | outPuT ¥
SECTION | SECTION

Vi
NONINVERTING
INPUT
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Instrumentation Amp

offset voltage can be

applied
RG
\ R1 Rz{z} R2 R1
I:} - o—{ 1
Vint
Vinz
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Integrator

_Va® 1o = ¢ Wour®
R dt

I+, =0

Vo)== [V (0t U,
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Differentiator
/N0) Vo ®
C dt 'R R
Ig+1c=0
@V, (D)
V() =-RCS
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phase shifter
(all pass filter of 1st order)

Vo _ 1-5CR,
V. 1+5CR,
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current - voltage transducer
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Voltage - current transducer

T3
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Voltage - current transducer (2)
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INIC

(Current Negative Impedance Converter)
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Gyrator Simu|a?ing a1 H Inductor
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Gyrator

= = ' =
L=R1R2C F= ZiE <1524 He

o
-
o H - o T e
eanos o

13



Y
;ﬂ Wroclaw University of Technology

Auto-zero Amp 777

TIPs:
« low operatin frequency,
« very low offset
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ereal and perfect Op-Amp parameters (CMRR, SR,
OFFSET, Uin(RR), Uout(RR), f;)
~applications:
*inverting and non-inverting amp,
esumming amp and subtracting amp,
sinstrumentation amp,
*integrator and differentiator,
*idea of an auto zero amp ??
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