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C8 — Electronic amplifiers. Amplifiers with OpAmp. EleCtrOniC ampliﬁel’s

Electronic amplifiers

Amplifier = active three-port network that delivers an output signal x (t)
(voltage or current) with the same shape as the input signal x(t) and can
provide more power, on an adequate load.

Power supply
N Xo(t)
PS ¢ A=
. . X;(t)
put Electronic Output
—> amplifier —>
xi(t) Xo(t) = A - xt)
>
A

A — gain (amplification)
Linear circuit: x, proportional with x; A<O | .
Inverting

A >0 non-inverting
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C8 — Electronic amplifiers. Amplifiers with OpAmp. EleCtrOniC ampliﬁel’s

Electronic amplifiers

Power supply

Xps ¢

Input Electronic Output
— amplifier —>
xi(t) Xo(t) = A - x(t)
>
A

—V, v1 V

—_v_[V] — vV
[ —v, VI

0 t 0 \ 7 \ t7

Inverting amplifier (A < 0) Non-inverting amplifier (A > 0)
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C8 — Electronic amplifiers. Amplifiers with OpAmp. EleCtrOniC ampliﬁel’s

» Types of supply

The supply is provided by dc voltage and/or current sources. Voltage sources
are most commonly used.

Two source supply

Single source supply (symmetric differential)
+VPSl T +VP5l
X (t) x (t)  x(t) x(t)  x(t) X (t)
—» amplifier [ —» amplifier = —» amplifier [

o T Vs T -VPS
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C8 — Electronic amplifiers. Amplifiers with OpAmp. EleCtrOniC amplifiers

» Power transfer and power balance

The average power of the output signal is greater than the average power of
the input signal:

Pout > Pin
The excess of the output power is taken from the supply sources.
Pmppﬁy (dC)
Psupply + Pin = Pout + Pdissip
Psupply ~ Pout + Pdissip

:
:
: -

: .

:
: -
M
: P
:
: H out
:
. H
Pm) : :
: .
:
:
M
. -

Efficiency: n =P,/ Psupply

P dissipated (,T’IQCH)
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» Types of amplifiers

Based on the types of input/output signals (voltage/current):

= voltage amplifier A, = v,/v; - dimensionless
= current amplifier A, = i./i; - dimensionless

= transconductance amplifier A, = i,/v; — [S], [MS]

transresistance amplifier A, ; = v, /i; — [Q], [kQ]
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» Amplifier parameters

= Gain (forward transfer factor)
= Analyze the circuit, by using circuit theorems and equation (Kirchhoff, Ohm, Millman)
= Express the output signal as a function of the input signal, then compute the gain

Xo(t)

A7 x;(t)
= Input resistance
=y 0l
| ot ampifier

Laura-Nicoleta IVANCIU, Electronic devices 8



C8 — Electronic amplifiers. Amplifiers with OpAmp. Electronic ampliﬁel’s

» Amplifier parameters

= Qutput resistance _ = Set the input signal source to zero
rTTTTTTTTT —1 <+ = Connect a test source at the output

=0 <> ()lvm R — Ytest

Lv
1",'0, opert —
C{v-'l;‘f

open circuit short-circuit
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» Amplifier parameters

= Active region — range of values for v; for which the output preserves the
shape of the input (no clipping/saturation)

= ideal amplifier: |Vg, = Vs ; Vou = +Vps
= general-purpose OpAmp Vg € (-Vps +1V..2V 4V, —1V...2V)

= rail-to-rail OpAmp: Vo € (=Vesi+Ves)
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» Amplifier parameters

= Active region — differential supply

Avo [V]

T +VPS VOH ............................... .

o o [ siope =,
O A, L v l R. |
Vi l Vi Vin vi [V]
o : : o - >
.............................. | 0
l’ -Vps
VOL . VOH . Passive region Vo Passive region
V| € A\, ) A\, , _ (saturation) (saturation)

Active region

Vo € VOL;VOH)
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» Amplifier parameters

= Active region — differential supply

Waveforms for input in

active region active and passive (saturation)

—V, I\

—_—V, [V]

OH [ _vl[V]
Q o
t
0 Y
IH t
(0}
VoL
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C8 — Electronic amplifiers. Amplifiers with OpAmp.

» Amplifier parameters

= Active region — unipolar supply

(VOL .VOH j
V, € , ;
ATA

Vo € VOL;VOH)

Laura-Nicoleta IVANCIU, Electronic devices

Electronic amplifiers

Vo

Vo |
/v Veias  Vin vi [v]
: | >
Passive | | Active ~ Passive
region region | region
+— = - >
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C8 — Electronic amplifiers. Amplifiers with OpAmp.

» Amplifier parameters

= Active region — unipolar supply

Electronic amplifiers

Waveforms for input in active region

—V, I\

—_v, vl

t
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» Modeling the voltage amplifier

= two-port networks: only the behavior of the input and output ports is
explicitly taken into account, and the input-output signal transfer

= valid regardless of the internal complexity of the amplifiers
= valid in the bandpass frequency domain

Linear controlled sources

= active two-port network
= only one finite, non-zero parameter: forward transfer parameter (gain)
= the output signal is controlled by the input signal

=  pseudo-sources e mm———— "
o—— |
: |
VCVS (voltage controlled voltage source) v, l LAy l ! l Ve
I I
—_— 1
VO - aVVI 1 :
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» Modeling the voltage amplifier

Amplifier model

a, — open circuit gain

R.— draws current from v,

R, — deteriorates v, in the presence
of load

_ Yo
_VS
R R
= d
R A\/ +R R +R Y

Ideal amplifier?
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» Modeling the voltage amplifier

| R,
(D l ® i{) J Beoao R R
-l | | | R, +R R +R,

U g

A, is closer to the open circuit gain a, when the voltage losses at the input
(across R,) and at the output (across R,) are reduced.

= R >> R - the source voltage is transferred to the input Vi Vs

= R, << R - the voltage of the VCVS is transferred to the output V, ~aV.

Ideal voltage amplifier: R, = oo; R, = 0
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. i V
Ampllflers with OpAmp ° +
Vo l Va
- aVD w VD v-
o ;
Cé6 + C7
II. Utilization as amplifier
Vo € (VoL 7 Von)
It is mandatory that vy = 0, so then vy = a‘'vy = c0°0 — indeterminate
Vp is kept at 0 by means of external components (R) arranged in a negative
feedback (NF) configuration
Laura-Nicoleta IVANCIU, Electronic devices
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C8 — Electronic amplifiers. Amplifiers with OpAmp.

Amplifiers wit

+ o
V | o v’f
A v
V_ o— I'

vo =0 vy T,v, T,v Ty,

NF automatically keeps v at zero
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Amplifiers with OpAmp

Vo = avp

a — oo for ideal op-amp

vt \a Amplifier
" ground non-inverting
ground V] inverting
Vi Vp differential
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C8 — Electronic amplifiers. Amplifiers with OpAmp. Am pliﬁers Wlth OpAmp

LVO
| g .
éslope:lJrR—2
1
Vinax VI
K,
= e V.,
- 1
Vo= Vo
R, +R,
P R, i
Vp =V =V =V, — Vg =0
R, +R,
v Ry v |
| = 0
R+ R, A=Yo_14 R v v
VI 1
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» Non-inverting amplifier

Alternative method for computing A,

vp =0 )
V =V
V' =v, = |
The same current goes through R; and R, Vr _
Rl

Direct consequences of NF for an OpAmp with very high intrinsic gain
(a — oo for ideal op-amp):

gain is set only by the ratio of two resistors (external components)

the gain value: precise and stable

the gain is independent of the OpAmp, it is not influenced by the technological
spread of the OpAmp’s parameters
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» Non-inverting amplifier

Input and output resistances

FoUTTT L
) vp=0 J . Vf-’i lvﬂ R; Computed on the
i() _F e ’ RA equivalent model
R B |
LR —: R,
o Vo Vo
V; Sees an open circuit, so R; = o R =2 = Zom
Iy o0
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C8 — Electronic amplifiers. Amplifiers with OpAmp. Am pliﬁers Wlth OpAmp

A 1"*1 :\']

» Non-inverting amplifier

Example Vol

J OL
-9

vo(t) for triangular vi(t), 3 V amplitude

+—
Qﬁd
|
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» Non-inverting amplifier

Adjustable gain
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» Non-inverting amplifier

Voltage follower

o Vg =V, the output voltage follows

the input voltage

= total (full) NF
= no voltage gain (A, = 1)
= infinite current gain (A, = )

Voltage followers are used as a buffer stages between a source (or the output
of a circuit) with high Ry (can only supply low current) to a low R, (needs high
current) — impedance matching.
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> Inverting amplifier
.
o |

v, ! R, 1

D —

v =0

v =2 v, + i Vo

R, +R; R, +R; —

Vp =V —v =0- R, V, — R Vy =0

Vo R,

Av R

Vi R,
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> Inverting amplifier

Alternative method for computing A,

NF =>V, =0
+ — - J—
v =0 virtual ground
L =1, 1~ R,
Vi Vo
R R,

Laura-Nicoleta IVANCIU, Electronic devices

Amplifiers with OpAmp

. 0-vq
i, = -
2
A\/_V_O__&
Vi R,
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> Inverting amplifier

Input and output resistances

1" The in_put_ source “_sees” only R, (the
inverting input is virtual ground)
- lvo Ri =Ry
: R R 1
’bfl 1 5
P R, =0

= Noninverting amplifier: R—o
= Inverting amplifier: R— finite (units, tens of kQ)
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> Inverting amplifier

Example

_|_
R, = 10 K, R, = 100K, supply +12V L]

- 1/6‘
v'Compute R, R, A, C;R: . }_
v'Find v; range for active region ‘”'fl 1 2
v" Plot VTC for v;in [-5, 5]. 1 L1

v'Plot v; and v, for v;— sinewave, 1 V and then 2 V amplitude.

R =R =10k A =-—2-_29__

R —0 R, 10
v; range: (-1.2V; +1.2V)
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> Inverting amplifier

Voltage follower

AV:V_Oz_l
VI
R =R
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C8 — Electronic amplifiers. Amplifiers with OpAmp.

Summary
The /ittle black bug (OpAmp) is also able to make:

> Electronic amplifiers

» Amplifiers with OpAmp
= Non-inverting amplifier
= Inverting amplifier

Next week: Summing and differential amplifiers with OpAmp.
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