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Amplifiers

e Definitions

— Used to increase the amplitude of an input signal to a
desired level

— This is a fundamental signal processing function

— Must be linear (free of distortion) — Shape of signal
preserved

o— AMP |—

vi(t) Vo (1)

v, (t) = Av,(t), where Ais the voltage gain

Voltage Gain: A =—=

Load Power (P,)
Input Power (P,)

Power Gain: AID =
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Amplifiers

Since output associated with the signal is larger than the input
signal, power must come from DC supply

< Poc =V, I, +V,1,
+V
_I_V1
P + P P + PdISSIpated
O
! n= R 100 = Power Efficiency

l-fu-
Biectical {éé[INROIS ECE 453 — Jose Schutt-Aine 3

University of Illinois at Urbana-Champaign



Bipolar Junction Transistor

 Bipolar Junction Transistor (BJT)
— First Introduced in 1948 (Bell labs)
— Consists of 2 pn junctions
— Has three terminals: emitter, base, collector

Metal
Contact
n p n
E O— Emitter Base Collector —O0 C
region region region
Emitter-Base Collector-Base
junction B junction
(EBJ) (CBJ)
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BJT — Modes of Operation

Mode EBJ CBJ

Cutoff Reverse Reverse
Forw. Active |Forward Reverse
Rev. Active  |Reverse Forward
Saturation Forward Forward
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Structure of BJT's

E B C

L L L
N\ S/

Collector surrounds emitter region =» electrons will be collected

—
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BJT Transistor Polarities
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Ebers-Moll Model

NPN Transistor

C
TAic .E:['_sj(evw 1)1, (e -1)
| ”
oc 4 .
- oC OFlpE g =1 (e"="" —1)—(!{—1}(&80 M -1)

. = I_Sj( vee V1 _ [I_Sj( vee V7
: i Iy = e 1)+ e 1
DEVJ'IDE Rioe (ﬂF Ay )

l+ 5 Pr = A Pr = =

Describes BJT operation in all of its possible modes
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Biasing Bipolar Transistors

. Load line
I 1 ]
Slope = ——
op R,
fH =in ow o
fH = % A
Q g — -"H_
";C e ————
|
| ig =
!
|
0 Vee Vee -
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Biasing of Amp

Bias will provide quiescent points for input and output about which
variations will take place. Bias maintain amplifier in active region.

g f VARV,

quiescent I > uiess}ent point

point time Qo

time

V| (t) :VQI TV, (t)
Vo (1) =Voo + Vo (1) A =
Vo (1) = Ay, (t) latQ

Amplifier characteristics are determined by bias point
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Small-Signal Model

 What is a small-signal incremental model?

— Equivalent circuit that only accounts for signal level fluctuations about
the DC bias operating points

— Fluctuations are assumed to be small enough so as not to drive the
devices out of the proper range of operation

— Assumed to be linear

— Derives from superposition principle
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BJT Bias
2. Emitter Bias

C
o—|
Vin
o
Provides good stability with respect to
changes in gwith temperature
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BJT Emitter Bias
| % Eth:Rth|B+VBE+REIE
= o le=l+lo=(B+1)1,

C g
I —>
I . ( )
‘ Eth_VBE_RthIB+RE /8"'1 IB
|
Vin 2¢ RZ VCC
5B +(f+DR
© Rth E §Rc
F\’2 Thevenin Equivalent Veg
E — V Ry
th R R cC
TR,
E., =
Rth 1 2 Re
R +R,
~rre
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Hybrid-w Incremental Model for BJTs

r}(
30— AW— oc

E

r . input resistance looking into the base

. parasitic series resistance looking into base — ohmic base resistance
0.,: BJT transconductance

r,=r.e. output collector resistance related to the Early effect
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Hybrid-nm Parameters

q - Oi s
" aVBE I —constant VT Can show that
r_is defined as:r, =& I = (18 +1) fe
I, g, = 04
=
I
Since i, = In's then r _F °
gy £ =0l
r, =T Isassociated with the Early effect
A g oLt
c . Bl SN
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Common Emitter (CE) Amplifier

VC C

out

]
‘a0

Bias: Choose R; & R, to set Vg2V is then set. Choose Rg to set I~I..

Quiescent point of V. will be determined by R.. Emitter is an AC short.
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Incremental Model for CE Amplifier
Hybrid-r model (ignoring r,)

> s =
+
+ VOU'[
RB Vv, I OV I RC RL
o
E
Vi
RB:R1||R2 Rin:i_:RB”ryz

I

Sometimes R; >r_and R =r_
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V. =

and If Rg>r_, v. =

V

CE Amplifier
VS|gR Vsig I:QB ” r7z

0]

Rin + Rsig

A,

gain from base to collector

(Rgllr, )+ Ry,
V. T

sig ' 7

Q+&w
Re Il (r, IR IR, )

ngsig (RB I I'ﬂ)-l- R

_gmvyz(ro ” RC ” RL)
Vi =V_

= ——g, (L IR IIR)

_V o gm 0 C L
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CE Amplifier

Open-circuit voltage gain:

'A\/o :_gm(ro ” RC)

In most casesr, >R. = A, =—-0,R.

Rl T,
O R 0B IRIR)
B Vs sig

and for the case where R, >r_

B(LIIR IR, )

r + Rsig

G, =—

\'
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CE Amplifier

Output Impedance
Rout = RC ” ro

fr,>R., R =R,

R,
from which
A - AW(R +R]

It can be seen that if Ry, >>r , the gain will be highly dependent on 4. This is not

good because of g variations

v

If Ry, <r,, G =—0, (R IIR_IIT))
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Emitter Follower (Common Collector)

circuit Ve Incremental model

Vo :[gmvﬂ ""V_ﬂ) RE :Vﬂ'Lgm +iJ RE-
I §

T T

. 1 V
V. =v_+Rql, +V,=Vv_+V R_| g +— [+-%R;

T T
et ILLINOIS
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Emitter Follower

V. =V 1+&+ RE[gm +ij
;

In 72'_ rﬂ- i )
1
= IR
v, [ngrr) : B (9.5, +1)Re
v, [gm-l_l]RE 1. Re (g,F, +1)Re +1, + Ry
rﬂ' rﬂ'
. v (B+1)R
= 2 = :1
Using 9,1, =4 v, (B+DR.+r. +R,

Emitter follower has unity voltage gain
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Emitter Follower — Input Impedance

Ve V,[1+Rg /1T, +Rc (g, +1/1,) ]
I v_Ir

r,=r +Rs +Rc (S +1)
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Emitter Follower — Output Impedance

. 1 1 1
|O:vo{ o Im =v,[r, + Ry + R (B +1)]

R. r+R, r +R, Re (1, +Rg)
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Output Impedance (cont’)
Using g,.r, =/f
V_O_R _ RE(rn"'RB) B RE(rz+RB)/(ﬁ+1)
i, ™ r,+R;+R.(B+1) R.+(r,+Ry)/(B+])

R = Re (1, + R )/ (B+1)

If we neglect Ry

Ao =L e and R, =R ||
r +(B+1R. p+1

cor
Electrical and Computer Engineering
University of Illinois at Urbana-Champaign

ECE 453 — Jose Schutt-Aine 25



Common Base Configuration

\ / O Vout
+

Veg v Vee
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Common Base Configuration

_ [ =—2=
Rout_RC " £ +1
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BJ

opologies - Summary

CE

CB

EF

VO _ngC ngC

N

r +R.(S+1)

out

Rellr /(S +1)
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Feedback — Basic Concept

:_ __________________________________
I
I
1 | V.
——®  Difference “» A oV,
' circuit Ideal Amplifier !

Vin ()

o p

A, | Feedback Circuit
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Feedback and Frequency Dependence

1. The closed-loop transfer function is a function
of frequency

2. The manner in which the loop gain varies
with frequency determines the stability or
Instability of the feedback amplifier

3. The frequency at which the phase of the
transfer function is equal to 180° will be
unstable if the magnitude Is greater than unity
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Feedback and Stability

A(s)
As)=1; A(s) A(s)
. A(ja))
Ad(io)=17 A(jo) B(jo)

When loop gain A(jw)A(Jw) has 180° phase, we
have positive feedback
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Nyquist Plot

- Radial distance is | Af]
- Angle is phase of ¢
- Intersects negative real axis at @,
/'
/
y
|

Im A

—

—

"‘H

w negative and
Increasing in
magnitude

\
(u —(:JH,,/ "k.. ’0
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Stability and Pole Location

v(t) =e™ [ e + e | = 2¢ cos(a,t)

Jw &
X s plane
o
)4
Jou A
s plane
X
@
A
Jok
¥ 5 plane
o

(c)
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Oscillator

D>
<

* Closed-Loop Transfer function:

,Where s = jw

 Barkhausen’s criteria for oscillation:
— |PH(jwy)| =1
—arg(BH(jw,)) = —180°.

* wq = oscillation-frequency.
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