Amplifier Circuits
W~ W Y

Two Rulesfor Op-amp Circuits

1. 1,=1.=0. Theinput currentsare 0.
2.V,-V_=0. Theinput voltage difference is 0 when there is negative feedback.
V_
Vin- invertin feedback
Ly
- V,
Vint —|non-inv. ; + out

L

Buffer/Follower
» The simplest buffer is anon-inverting amplifier without resistors.
Vi Ve

+ Vout

V.

R
« Effectively, R; = «,and R, =0. So, A = 1+R—2 = 1.
1
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Switchable | nverter/Follower
PV YR I

Aninverter can be combined with afollower to provide either function.
10 kQ

10 kQ

| v W

Switch up for follower w Vout
+

Switch down for inverter L

Theinverter hasagain of -1.
The follower shorts the input resistor for again of 1 + 0/10k = 1.

A transistor can be used for the switch:

W | Vou

5.1kQ

Veont

Veont 1S 10w for follower

Veont 1S high for inverter

» Thefollower setting hasv, =V, since Z;,; isvery large; v., and v must follow v,.
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Follower with Input Filter
W W Y

« High-passinput filter can be added to a non-inverting amplifier to buffer only high frequencies.

v C=01uF v
= I I e ~ Vout
R; = 100 kQ

R,=18 kQ
R, = 2kQ

» From the op-amp rule no current flowsinto v,.

« Theinput current needs a path to ground through Rs.
 Theinput impedanceis set by thefilter Re(Z;) = Re(1/jwC+R3) = R;.

1/joC  _ 1
1/joC+Rg3  1+joRyC’
» The breakpoint frequency isfg = 1/2nR3C = 16 Hz.

« Thegain for high frequenciesis the same as the remaining follower.

R
Az1+-2=1+38_ 19
R, 2

o Asacomplex divider thegainat v, isA =
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Bootstrapped Follower
VI W Y

» The simple buffer/follower hasa gain of 1 and large input impedance.
Vi Ve

+ Vout

V__

» A high-passinput filter reduces the impedance to be only the impedance of the filter.

» The op-amp follower can add a bootstrap capacitor.

V.
5 “ + Vout
0.1 uF

50 k€2

50 kQ 0.1uF

» For low frequenciesthe gainiszero. At high frequencies, the capacitorslook likewires. Sincev.
= v, from op-amp rule 2, the voltage across the 1 MQ resistor is nearly 0, so the current through

the resistor is nearly 0. Sinceinput impedanceis vi./ii, and i, is nearly O, the input impedance is
very high.
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Logarithmic Amplifier
W VT Y

» A trangistor in the feedback network of an inverting amplifier creates alogarithmic amplifier.

Vin  xrx s 2N2222
R =100 kQ =i
Rg=100kQ " Vout
R —"
» Ry compensates for the bias current.
« Thecurrent I;,isgivenby I, = %‘.
Vee/Vr _ Vin

* Thiscurrent must flow into the collector of the transistor 1~ = I4e = =5

V.
« The base-emitter voltage is equal to the negative of Vy;; V¢ = —VTlogl—lFD2 .
0
» The output depends on the logarithm of the input voltage.
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Analog Product

A—

« Theoutput of two logarithmic
amplifiers can be summed
through an inverter.

« An adjustable control voltage
compensates for the offsetsin
the log amplifiers.

« Anantilogamplifier reversesthe
input and feedback stages.

e Theresult isproportional to the
product of the two input
voltages.
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LY — . T
Vi VW RS
R - R
R ) R
B _
A W
= —(alnVy + b)
R = WA
Re ~ —(alnVy + b)
L

(@lnV,+ b) + (alnVy + b) — 2b = aln(V,Vy)

— Vout = CV1V7
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Current-to-Voltage Converter
VI W Y

» Operational feedback relies on current.

- VOU'[

» Theoutput isusually measured in V/uA.

» The op-amp provides low output impedance, hence higher power.
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Current-to-Current Converter
e T WA

» An extraresistor to defines the output current.

— V,
+

Il
'
WW
0

Vout = _Rflin
From Kirchoff’s Laws:

'g = Lty

Vout = Rylg

Combine the equations:
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Voltage-to-Current Converter
VRN W Y

« Anop-amp follower can be used to drive a conventional transistor current source,

Il - - Iout

V%
Vin — WV 2

The current |, splits through the FET and BJT.
No current passes through the gate of the FET or the v. op-amp input.

All current | is present through the resistor I .

VE = Vi, from the op-amp voltage rule.
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Differentiator
PV YR I

« Anamplifier can utilize the relation between charge and current.

_dQ _ .av
I_dt_cdt

Vout

» The current is converted to avoltage.
_ av;,
Vour = IR = _RfCiF

 For asinusoidal input vi,, = Vpsinmt,
dVin

— = V,mcosmt
dt 0

Vout = —RfCiVOoocoswt = —RfCioovin

» The amplitude increases with increasing frequency.
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| ntegrator

FLTiYY S LY S S

« Theinput current can be converted into a charge

C
11
i 11
V.
“WW——= Vou
R, +
i = Vin _C dVout
R, ot
 Solving for vg:
-1
Vout @J.Vindt K
« With asine wave input
_ -1
Vout R, Cfvin +K

» The amplitude decreases with frequency.
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Stabilized I ntegrator

LYYy S LYY Y| S S e
» The constant term from the integral is undesirable on the output.
» A switch can be used to discharge the capacitor.

» Thecircuit can provide a path for the capacitor to discharge.

R =22 MQ
i1
i |
Vin —> Cf: 1}.LF
“WW—— Vout
R =100 kQ [+

» The feedback resistor and capacitor have a parallel impedance
Ry

“t = I+joRC,

» The breakpoint frequency isf = 1/2rRC = 0.007 Hz .
* Only DC can feedback for amplification.

LABORATORY ELECTRONICS II 12 of 13



Limited Differentiator
PV YR I

 Differentiator has large amplification at high frequencies.
» A high frequency cutoff above the signal range is often needed.

» Combine an integrator and differentiator.

Ci =0.01 },LF Rf =100 kQ

Vin AAAA 11 ~
11 | Vout

R =1kQ L

» Thedifferentiator has alow cutoff

_ 1 _
RfCI dt fg = 27RC, 160Hz
» Theintegrator beginsworking at
-1 _ 1 _
Vout = RCJV adt fg = 2R.C, = 3MHz

« Thedifferentiator will perform well between those two frequencies.
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