. Frequency Response of Voltage Amplifiers

A. Common-Emitter Amplifier:

V+

@ar

lout
< OuT_

WK +
R= Vour

Operating Point analysis: V=0, Rg= 0, rg--->, rj--->00, R --->00
Find Vg agsuch that | - = I g p with the BJT in the forward active
region

Frequency Response - Set Vg ag = 0. Substitute bipolar small signal
model (with capacitors) including Rg R, I, I'oe, @nd perform
impedance analysis

Full Analysis

Miller Approximation

Open Circuit Time Constants
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B. Small-Signal M odel

VS<+> ;rn Vii=—Cx l IV ; Mo MWoe § R

@
II. Full Analysis of CE Voltage Amplifier
A. See Pages 639-640 for Analysis
0 'y 00 C, O

g R _O0—" Om-—HjO

out: m mﬂDRS+rﬁjD gm O

V . 2

Ur ' 0 + _ 1

S 1+JwDR0mCu |nCuD1 %ﬂROMD |nC w R,
where Ry’ = R|r zand Ry " = ro|lrocliR

* Zero at g, /Cy, - Ignore since higher than f1

|nCuCn
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B. Examine Denominator of System Transfer Function

VOUt A\/O AVO

Y, D1+j(,0'l' M+ jot,U .0 0 .2
S 100 2] 1+j0\)DT1+T2D—OOT1T2

* A, isDC gainand 1; and 1, are the two time constants

Vut
) _zodeggde
Ao /
dB
~ 40 Gecade
Uty 1, w
log scale
1+ = R'outcu Rlncuml 9 R'outD R'incn
1112 = R' |nCuCn

» Could solvefor t; and 1, but algebraically complex

e Assumethat t; >> 1,. Thisimpliesthat 1, + T, =1, Thisisa
conservative estimate since 1, is actually smaller

C

L r
outDCu] *R out "

] |_| ]
T, OR, [Co+Li+g R

W3gB =

1 1
T

1 m[Cn Dl 9 Rout[] ]+Routcu
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[I1. The Miller Approximation
A. Input Impedance Caused by C

C
Iy

- I

u
I
I

+0

M <t> l Oms § Rout = To Moc MR Vour

The effect of C,, on the input can be found by finding the input
impedance Z; which isfound from Vi/I;

Vout = ~“ImViRout iR out

The Miller Approxiamtion is that the current through C, is small
compared to that in the transconductance generator

It « ‘ngt‘

Vout = _ngtR out

We can relate V; and V; by
t

\%

-V
t out iwC
1O

The effect of C,, at the input is“Miller multiplied” by (1-Ac,)

1 1

=3 u O [ — O
eff ijuD1+ngoutD chml NC“D

=Z

"
|

t
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B. Generalized “Miller Effect”

« An impedance connected across an amplifier with voltage gain A
can be replaced by an impedance to ground ... divided by (1-A,)

z

- " el "
.l L .l 4
Zg=ZI(1-Ay)

« Common-emitter (and common-source): A, = large and negative

» Capacitance at the input is magnified
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C. Frequency for CE Volatage Amplifier Using the Miller
Approximation

* The Miller capacitance is lumped together with C,;, which resultsin
asingle-pole low-pass RC filter at the input

Ry
Wh

@
+
+

+ —_ R —— "
Vs<‘> ;rﬂ Vi—Cn —Cwm l IV 1t ;Rout Vout

Cy = Cul + 9, Row)

Vout - g E rn ER’ [ 1 }
Vv - Y9 TR : 00 0
V, M+ R4] out 1+Jw|ibn+ CMDDRSIIrTD

» At DC the small signal voltage gainis

A g r 0
= _ngTT[RDR'out
Vs Dt R

» Thefrequency at which the magnitude of the voltage gain is reduced
by 1/v/2

1 1 1
(0V) = =

0 g 0= |0 0 5 1
348 RslraCn* Cva {DRS”rﬂD}{CT[+D1+ngoutDC|J
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II. Open Circuit Time Constant Analysis

A. Introduction
* No Zeros
e One*“dominant” pole (1/t; << 1/15, 1113, ..., 1/1})

* N capacitors

VOU'[ AVO

Ve (I+jwr) (1+jwr,) () (1+jwt)

(the example shows avoltage gain ... it could by |, / Vg or Vg / 1)

» Multiplying out the denominator

VOUt AVO

= 5 nWhereb1:T1+T2+T3+....'|h
S 1+bjjw+b,(jw) +...+b, (jw)

* It can be shown (Gray & Meyer, 3rd ed., pp 502-506 6.301 text)
coeffi cient b, can be found exactly by:

N
a0 [l
b, = Dz R; CD = Dz T therelethenumber of capacitors

|—1

* Tcjo ISthe open-circuit time constant for capacitor C;

« C; isthei™ capacitor and Ry; isthe Thevenin resistance across the ™

capacitor terminals (with all capacitors open-circuited)
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B. Estimating the Dominate Pole
» The dominant pole of the system can be estimated by:
b=+ ++...[1=7

exact approxi mate

_ 1
ZRCDT—m—l,

* "Ry C; isthe open-circuit time constant for capacitor C;

C Power of the Technique

* Estimates the contribution of each capacitor to the dominant pole
frequency separately .

» Enablesthe designer to understand what part of acomplicated circuit
Isresponsible for limiting the bandwidth of the amplifier.

» The approximate magnitude Bode plot is

A approximation is

IAolas / validupto w < 1/g

|
1/T1 W
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V. Common Emitter Amplifier AnalysisUsing OCT
A. Small Signal Model

=2

+
+ O

\é<t> r"§ VT[ — CT[ l ngT[ § o oc ;RL Vout

* From the Full Analysis

S B S i, o0
-g..R ——]
Vout _ m OUtDRS"‘ rTlDD gm 0
Vv . 2
Ur' U+ p _ '
S 1+ ijR outCu lncuml ImR outt] " R InCTID w Ry R inCuCn
where Ry’ = RJ|r zand Ryt = rollrocliR
= H=¥ ! L ! 4 L
by = HR 5t * RinCurt * 9mR oug * RinCrg
o 1 1
~ - D I 1
3dB bl |n|:C 1 Im R outD :| *R OutCu

Next L ecturewe will show calculate by
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V. Comparethe Three Methods for analyzing the CE amp

A. Full Analysis- assumest; +1,=1;

W3gB ~

1 1
T

= |_| -
Rin[Cr* B IR

1 C

L] ]
OU'[DCH:I *R out V1

B. Miller Approximation - does not take into account R’ o¢

1 1
W = 7
3dB { } {C + 1 0 R outDClJ

C. Open Circuit Time Constant - Assumes dominant pole
same asthefull analysis

1
in[Crt L O R

1
(A) = — = -
3dB b outD ] *R outCu
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