Session 3: Analog Circuits
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Amplifier
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+ O— + Ideal amplifier v
V; Uout out _ _
in A, =10 = 20dB
- —— - /4
[ Y A, =100 = 40dB
.
v_out%RL A,=1=0dB
* A, =-L=-3dB
, , v v
lin lout  Voyur = AyVin m V2
— — _ 1 _
Vip X Ar >—0 Ap=1=-3dB
Vout <SR,
v = N Pout ,
. Ap = - 10logioAp in dB
Lin Lout Pin
v, e—l - v
m + out .
A, & — 20log,p A4, in dB
Ry Vot v Vin 810 4v
= - iout .
= oA .
Note: There is a difference between A= iin - 20 log10 A; in aB

Amplifier and Transformer

? Where is the source of this extra power?
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Amplifier - Efficiency
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’?l:ad

= Voutlout

Pac = Psupply = VL -V

Conservation of energy:

Py + Pye = Pioga + Pdissipated

= V111 + Vzlz
P
n= —load Efficiency
dc
P
=092 » 100%
Pdc
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4}
V1’2 = i].OV
iout 11 = 9.5mA 12 =9.5mA

e
Vout SR

= V- = =

=V
Rt

— Vo
. Voyue = 97 sinwt
Vi = 1V sinwt out

. . _ 1kQ
ip = 01MAsinwt RL=1

A, =9 =19.198

. U, . o lout _ _ 4B
lout = Igz—t = 9™ sin wt A= i =90 =391
, 9 x 9™ o
Pioad = Vormslorms = —=—= = 5 s
V2v2 Ap =810 =29.1
in — Vi L; =————=0(.
in irmslirms J2V2
P,
Pac =10 x 9.5 x 2 = 0.05™ 1 =-2% o 100% = 21.3%

dc

Pyiss = Pgc + Pin — Proga = 149.6™W
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Non-ideal Amplifier

1. Lab [mEEEs]

2.Power [ITT

3. Ser/Parl [OIITITTTTT]

4. Small sig. OTIITIT1111
5. Applic |[EEEEEEEEEEEE]

1"~0.5" N
+

Vout [V]

rail-to-rail OpAmp ¥ = V=

[

/
/

[
NN
A WA\

Vin[mV]

-

/A

-

<§>
>=

7

Pl
Input voltage swing for
linear amplification

distortion

Vout=AvVin

L™ <wyy <Lt

You have heard distortion in
Audio amplifier!

Output
voltage
swing
— < Vjip <—
(Av in Av)
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Nonlinear Transfer Function
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Nonlinear Transfer Function
Biasing
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V+ N VO VDD
L+
—e
vy = Vi +v(0) * +
v; (t) v v
vour = Vo + A,v; (1) IN l ouT
L
i . v
0 . . V=10V
Vi Vs Coupling Capacitance
Ry
Vi=0-4,=0 i=Veer ¥R, ;
Vi=Vy -4, =4 c Vout
V=V, 24,=0 Din (€)
Uout(t) = Vour + ApDin(t) 9
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%
R 7 R, . 7 DD
+ +
1% 1% R. AvoV; 174 R + -2
S in in n out L Vin J- Vour
O ; - =
opencircuit: R, =0 — =4, [2
pen circult: L= Vi V9 |y open circuit voltage gain
Vi =L- s Vin="Vs VRg if R, = o0 Ideal case
Rin + Ry in
R
Vout = AvoVin=———  Voue = AvoVin VR, if Ry =0 Ideal case
Ry + Rout
Vout RL Rin
G lly: =A
A O
V,
Ideal case: ovut = Ay,
s 10
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Current Amplifier
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lout = AlsiinW lout = Arslin VR
L out

iin iout
—— —
+ +
Is %Rs Rin AIsii <Raut RL
i
. . iOut A . . .
Short circuit: R, =0 - ; = A — short circuit current gain
in
. Rs . .
iip = m.ls im=1Is VR; if Rin =0  Ideal case
Rout

if Ry, = o Idealcase

iout Rout RS
Generally: —=A
Y Is IS(RL + Rout)(Rin + Rs)
i
Ideal case: out _ A
ks 1
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Trance-Conductance Amplifier
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out
—

+ GmVL +
Vs Vin Rin ? Raut RL

T
lout A _
Short circuit: R, =0 - =G —=0 1]
L Vin m V
R:
Vi =T‘TRS'S Vin="Vs VRg
i =G,V & i =G V. VR
out mYin RL +Rout out mVin L
iout Rout Rin
Generally: — =
Y VS m(RL + Rout)(Rin + Rs)
i
Ideal case: out _ G

Vs

short circuit Trance-conductance

if Rj, = Ideal case

if Ryyt =0 Ideal case
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Trance-Resistance Amplifier
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i
- i R ut B
+ +
Is %RS Rin lein Vout RL
i
. . Vout V . . .
Short circuit: R, =0 =- ; =Rp Z =0 open circuit Trans-resistance
in
. Rs . .
iip = m.ls im=1Is VRs if Rippy =0  Ideal case
in s
. R, ) .
Vout = Rinlin R TR Vout = Rpiin VR, if Rpye =0 Ideal case
L out
Vout RL RS
Generally: = Ry ( ) ( )
Is RL + Rout Rin + Rs
Vout
Ideal case: ;u =R
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Voltage
Amplifier . ut i Ideal:
. T Vout
* * AVO = V Rin = 0
V, R AyoVin Vout n i, ,e=0 Rout =
T open circuit voltage gain
Current i ) i .
Amplifier = . 2 _ lout _
Al R Is =~ Rn=20
< lin _ R = o0
R, > Vour=0 out =
5 o short circuit current gain
+
Trance-Conductance .
Amplifier ) 1#9‘2_ lout : 0
¥ Gme| Gy = 7 Rin
V. < n Vout=0 Rout =
n Rin out . .
S short circuit Trans-conductance
+
Trance-Resistance
Amplifier i; Vout
= — R == Rin =0
g M =0 R =0
Riﬂ. leln VDut . B o . out
open circuit Trans-resistance
;: 14
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Practical Consideration
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VCCV\ =10V

1k %
_Aﬁf___ +T___('\/\
Vin R% F 100
O J;_ C

100V
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Practical Consideration:
Input/ Output Resistance
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0.5VANAN < Vv O
f i

Vi Rin Ry =1k

R5=1kQ - V_sz

Point: You need to make sure circuit is in
QIVEL VIO its linear operation regime

R

ut

AyoVin 174 AoV in

1H
IRt
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Ampilifier Frequency Response
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Coupling
Capacitance

Transfer Function:

o

T =—

@) =7
Amplitude in dB

4T (w) = ¢
Phase

Vout

T(w) = 22

Vi

—3dB l

Half
power

Coupling
Capacitance

\OO

Crcan|

v;(t) = V; sinwt

Vee=10V

Uo(t)

v, (t) =V, sin(wt + @)

Band Width
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