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C10 — Applications with OpAmp

Contents

» Voltage domain conversion circuits

» Capacitively coupled amplifiers

» Op-amp amplifiers operated from a single power supply
» Integrators and differentiators — active filters

» ... and much more ©
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C10 — Applications with OpAmp

Previously on ED: vy N
Vi l Vo
.
o! -
v; goes R We
Type of feedback to Application compute Vo
+ Simple comparator,
non-invertin
No feedback - ] Ven Vo € {Vo. 7 Vou}
Simple comparator,
- inverting
+ Hysteresis comparator,
. non-inverting V
Positive feedback - Thi Vo € {VoL 7 Vourt
Hysteresis comparator, Vihu
- inverting
N S + Amplifier, non-inverting Vo v
egative feedbac v ;
g - Amplifier, inverting A 0 € (Vor 7 Vou)

Laura-Nicoleta IVANCIU, Electronic devices




C10 — Applications with OpAmp

Basic applications of OpAmps with negative feedback

e Inverting/non-inverting amplifier (C8, L11)
e Differential amplifier (C9)
e Summing amplifier (inverting/non-inverting) (C9)

Other applications of OpAmps with negative feedback:
e \/Oltage domain conversion CIrcuits

o Capacitively coupled amplifiers

Op-amp amplifiers operated from a single power supply (L11)
Integrators and differentiators — active filters

Half-wave and full-wave precision rectifiers

Precision peak detectors

Current sources

Logarithmic and exponential amplifiers

o Circuits for multiplication and division
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C10 — Applications with OpAmp Voltage domain conversion circuits

Linear conversion of the voltage domain

= jnverting amplifier

VCdmin > Vomax VCd max-> VOmin
= non-inverting amplifier
= = V
VCd max Vomax VCd min Omin
Circuits?
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C10 — Applications with OpAmp Voltage domain conversion circuits

Linear conversion of the voltage domain

= jnverting amplifier

o
Vedmin = VOmax Veege . — h Vg
- ° _
VCd max VOmin VCd Rl
RZ
= non-inverting amplifier |
R
V 1
VCd max-> VOmaX cd , VO
V (o,
e REF
VCdmin VOmin Rl
RZ

Why is Vpee necessary?
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C10 — Applications with OpAmp Voltage domain conversion circuits

» Inverting voltage domain conversion amplifier

R,
Vier o h
Vcd Rl
Rz
R, R
Vo =——2V +|1+—==
0 Rl od Rl REF
Rz
VOmin + —Vcd max
Rl
VREF — R
1+—=
Rl
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C10 — Applications with OpAmp Voltage domain conversion circuits

» Inverting voltage domain conversion amplifier
R,

V .
VREF o— h Vo Cdmin = VC)max
o—] — V e V
VCd R cd max Omin
1
RZ
R R Rz _ VOmax _VOmin -
Vo = _Ezvcd +(1+Ez}/REF R - V _y R =R IR,
1 1 1 cd max cd min
R R
Vomin +EZVCdmaX Vomin __Zvcd max T 1+2 REF
V . 1 R]_ Rl
REF R
1+-—= R, R,
Rl Vomax =~ = Vedmin T 1+E REF
1 8
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C10 — Applications with OpAmp Voltage domain conversion circuits

» Inverting voltage domain conversion amplifier

Example

Vg €(2,7)V Vo €(=16)V

Rl
VREF o— ] I Vo
V (o,
cd Rl
Rz
= VTC
= Values for resistors
" Veer
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C10 — Applications with OpAmp Voltage domain conversion circuits

» Noninverting voltage domain conversion amplifier

Example
V R]I_ V VCdmin o Vomin
cd o |
VREF R,
RZ

v € (0.5:2)V v € (=1.6;2)V

= VTC
= Values for resistors

Vier
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C10 — Applications with OpAmp Capacitively coupled amplifiers

vi(t) = Vi + v(b)

To do: amplify only the variable signal, v,(t)
Solution: differential amplifier (C9)

capacitively coupled amplifier
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C10 — Applications with OpAmp OpAmp amplifiers operated from a

single power supply

v, V]

» Noninverting configuration

v, [V]

—V, vl
—V, \]

How can we amplify the entire vi(t) (not just the positive halfwave),
in the case of unipolar supply?
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C10 — Applications with OpAmp OpAmp amplifiers operated from a

single power supply

» Noninverting configuration — final circuit

| VPS
R
1

U; Cl u+
— +

R2 VL
R1=Rj R, £

= T - different equivalent circuits in ac and dc

- different gain in ac and dc
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C10 — Applications with OpAmp OpAmp amplifiers operated from a
single power supply

» Noninverting configuration — equivalent circuits

T ‘s ' — \Q ’
R v + 0
! : R ||R : °
m VBias 4 1 2 Vv
+ Vo _
Rzg v / —1
ed
R DL Ra
4
I
R

3

dc equivalent circuit ac equivalent circuit
= R
Avde =1 Avac=1+—3
) R4
V R3
_ _ PS = X i = 3 |y v
VO,dC _AV,dC* VBias‘ 1* T Vo,ac Av,ac Vi <1 + R4> * Vi
* Vps R3
Vo =Vo,dc T Vo,ac =Ay,dc* VBiastAv,ac Vi =1+ 5=+ | 1+ R, )"V
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C10 — Applications with OpAmp

OpAmp amplifiers operated from a
single power supply

» Noninverting configuration — VTC and waveforms

OH |

OH/

2

v, [V

v [V]

Vo /(2°A)
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C10 — Applications with OpAmp OpAmp amplifiers operated from a

single power supply

» Inverting configuration — final circuit

- VPS
Rl
Bias V+
+ VD
RE v -
j __” R, R,
C
! - different equivalent circuits in ac and dc

R1=Ry

- different gain in ac and dc
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C10 — Applications with OpAmp OpAmp amplifiers operated from a

single power supply

» Inverting configuration — equivalent circuits

T VPS vt
R, v
n + 0
VBias v v R R o
+ (0] 1 | I 2 V_ /
v ° )
R 5 Q /
V.
oi'
1 —
| I |

R, R4 Ra
dc equivalent circuit ac equivalent circuit
= R
AV,dC 1 Avac=__3
) R R
\Y _ X\, — __3
_ . PS Y =A Vi = — 5= % Vi
Vo dc =Av, dc* VBias= 17 . O,ac = v,ac 7 Ry !
R
P
Vo =Vo,dc T Vo,ac =Ay,dc* VBiasTAv,ac *vj = 1x TS + (_R_i)* Vi
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C10 — Applications with OpAmp OpAmp amplifiers operated from a

single power supply

» Inverting configuration — VTC and waveforms

—V, [V]
v, [Vl —v, V]

VOH/Z

onl?

VI §
Vou/2*A) Voul(2*A,) i

Laura-Nicoleta IVANCIU, Electronic devices 18



C10 — Applications with OpAmp Integrators and differentiators —

active filters

OPTIONAL
» Integrator — active LPF >
-+ i, >—_°

Time domain analysis T Jve

0 Ve
oy vt _
,(t)zlT Cdv, =—idt v

1 1rv(t

v, (t)= =—E£| (t)dt + v, (0) vo(t):—Cg dt +v,. (0)

VO (’[) — _% jV| (t)dt + VC (O) RC — time constant, integrating constant
0

Problem: The op-amp can become saturated due to the dc offset voltage
and / or biasing currents, because there is no NF in dc

Solution: Introduce a NF path in dc
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C10 — Applications with OpAmp Integrators and differentiators —

active filters

OPTIONAL
» Integrator — active LPF

Integrator with NF in dc (lossy integrator)

R, - large enough to be neglected when compared to Z- @working frequency

I'To be used in practical applications!
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C10 — Applications with OpAmp Integrators and differentiators —

active filters

OPTIONAL
» Integrator — active LPF
Frequency domain analysis
. R, 1
T - A(jo)=- .
— .. vo R 1+ JoR,C
lV_r R | [ C
9 | ! . R=1kQ
e Example: R,= 100 kQ
. C = 100pF
- VO(jw) Zech s "
Aljo)=—"2—=- 40
v, (jo) R 37 [ :
1 R, i
Zech = Rl ” : = : i
JoC 1+ JoR,C 20
| . | SIKE]
0 016 1.6 16 160 16.10% 16-10°
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C10 — Applications with OpAmp Integrators and differentiators —

active filters

OPTIONAL
» Differentiator — active HPF
v L i The circuit acts as a “noise amplifier”
o—r ” —~— — l vo  because of the derivation of the
i o | input signal.
1 1
1 R -
dv, t) vy, o =
0-c; !
. dv, (t)
Vo (t)=-Ri=-RC—
o) L
. _Vo(ja))_ R .
A\’(Jw)_ v, (ja)) - Z = JoRrC R, —small, in series with C, used in practical
_ applications
|A,(ja))( = wRC 1
Active high-pass filter fy=00
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C10 - Applications with OpAmp Half-wave and full-wave

precision rectifiers
OPTIONAL

Previously on ED (C3)
Half-wave rectifier

—5' 0 Problems:

. » small signals can’t be rectfied (D - off)
' lO R; l"‘m » some voltage (0.7 V) is wasted across
the conducting diode

Solution:
Precision rectifier: vg = V;

Superdiode — (almost) zero voltage drop across the

conducting superdiode
Circuit?
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C10 - Applications with OpAmp Half-wave and full-wave

precision rectifiers
OPTIONAL
» Half-wave precision rectifier

—'—>§‘7 Vo cannot become negative
i |_ ~ Vo l i iD = O
V7 l() _______________________ R I;]lvo

Operating principle:

vi>0 S o

v; . > 0.6V, (D)-on, NF CII‘CUI’F for rectifying the
Vo = V; for v; > 0 negative half-wave?
v;<O0

Vooa < 0, (D) —off
No NF -> OpAmp works as a simple comparator, non-inverting
Vooa = Vo Vo = 0 (no current through R)) for v; < 0
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C10 - Applications with OpAmp Half-wave and full-wave
precision rectifiers

> Inverting half-wave precision rectifier OPTIONAL
avoiding saturation

L D; A

Rg :RR 1'@1
L 0 1.?}-

v, <0; D, —(on); D, —(off ) NF through D, and R,; v, =-V,

Vooa =Vo +0.7V  OpAmp — active region

v, >0; D, —(off ); D, —(on) NFthrough D;; v- =v" =0; v, =0
Vooa =—0.7V OpAmp — active region
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C10 - Applications with OpAmp Half-wave and full-wave

precision rectifiers
OPTIONAL
» Full-wave precision rectifier

superdiodes

Operating principle
v; > 0, D;-(on), D,— (off) vg=v;

v; < 0, Dy-(off), D,— (on) vy = -v;
Circuit?
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C10 - Applications with OpAmp Half-wave and full-wave

precision rectifiers
OPTIONAL
» Full-wave precision rectifier

v; > 0, D; - (on), D, — (off) t
NF only for OA1, Vo = V;

v; < 0, D,-(off), D,—(on)
NF only for OA2, vo = -(R/R)'v; Vo= -V
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C10 - Applications with OpAmp Precision peak detectors

OPTIONAL
» Precision positive peak detector

T

The diode from the common peak detector
is replaced with a superdiode.
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C10 - Applications with OpAmp Precision peak detectors

OPTIONAL
» Precision positive peak detector

Precision positive peak detector that holds the voltage

vy Dl _L + )
_|- D;
Vet B[] ve)
L Yo

.

- D, prevents negative saturation of OA1l

- OA2 - voltage follower (buffer)

- OA1 - local NF, when D, - (on), Vg oa; is limited to vi — 0.7 V
- R provides a small current through D,
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C10 — Applications with OpAmp Current sources

» Voltage controlled current source OPTIONAL
R ) i = !
5 =L
¢ ﬁ:'T- R
R;
L —o—|:|—o—

= |y does not depend on the value of R,
= adjustable iy - replace R with (R + P)
Circuit? Why can’t R be replaced only with P?

= value of iy is controlled by the value of v,
= R, is not connected to ground -> floating load

?Circuit with non-floating load?

Laura-Nicoleta IVANCIU, Electronic devices
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C10 — Applications with OpAmp

» Current source with non-floating load

Ri=R iz R;=R
— 1 —
i; -
VI l() iﬂ l RL
-
—= T | |
R_;:R T_
K- — R, =~ R E
R,+R, R+R 2
_ RIR__ RIR

"RR +R RJ|R +R

Since R||R, < R,
K- > K+ -> NF Vi =V~

Laura-Nicoleta IVANCIU, Electronic devices

Vo A0

Current sources

OPTIONAL

Howland source

NF and PF, NF is dominant
.V, =VT Vooa— VT
ip =i, +i, =——— + 2=
Rl RZ
Vi=v = R Vv —iv
R3+R4 0,0A 2 0,0A
VoOA_ZiORL
- VI

31



C10 — Applications with OpAmp Current sources

OPTIONAL
& > K For R _Rs
= 1L B R, R,
T _ v,
lo ==
1‘11@? R; Ry !

The pairing of the resistors should be very accurate, in order to obtain a perfect
current source (infinite output resistance).

Practical solution: current source using OpAmp and BJT/MOS

Laura-Nicoleta IVANCIU, Electronic devices 32



C10 — Applications with OpAmp Current sources

» Current follower OPTIONAL
I
i7 T% r |:|RL

= The current source does not generate power

= The power in the load resistor, R, is obtained from the power supplies of
the OpAmp
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C10 — Applications with OpAmp Logarithmic and exponential

amplifiers

» Logarithmic amplifier OPTIONAL

Vo = Vge

VBE

B v

lc =17
V I
V Ry S

_ |
Vo =—Vq In R, I ¢ For v, < 0 - use pnp transistor

Limitations of the circuit:
- the range of the output voltage is narrow, hundreds of mV (v, is a base to

emitter voltage);
- temperature dependence of the output voltage (V; and 1)

34
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C10 — Applications with OpAmp Logarithmic and exponential

amplifiers

» Exponential amplifier OPTIONAL

= -
‘ L— Vo = Rilc
vr< 0 ik Ry B
— Vo Vge =V,
vez N ¥ Vee v

- V V
RIQ lc=1,e 7™ =1l.e 7
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C10 — Applications with OpAmp Circuits for multiplication and

division

» Multiplication circuit OPTIONAL

Vll
RlllS
VI2

Vg1 :VT In

Ve, :VT In

127 S

Vees = Vger T Vg2

VBE 4
V
Rylse 7
R
V,V,, = eln(VllVlz) _ e(an|1+|nV|2) Vg = 14 ViV,
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C10 — Applications with OpAmp Circuits for multiplication and

division

» Multiplication and division circuit

Ic

v = 0 Tl lé/'v B
—[1 oE Ty Riq
Rn ] N/ o
R VBE‘%I\ Vo
Ry R
14
'
vz 0 & ¥/’v’3m vp > 0 T3 ¥/VBE3

o— 14
Riz Ri3
Ra p Ry

~ RyRiz vy, For equal
_ resistances:
RiRi, V3

Vo

Laura-Nicoleta IVANCIU, Electronic devices

OPTIONAL

No temperature
dependence!
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C10 — Applications with OpAmp

Summary

Our last encounter with the OpAmp (this semester)
showed us how it can be used to obtain more
specialized applications.

New challenges await.

Next week: Transistors. BJTs.

Laura-Nicoleta IVANCIU, Electronic devices
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