L ecture 22

Frequency Response of Amplifiers(l1)
VOLTAGE AMPLIFIERS

Outline

1. Full Analysis
2.  Miller Approximation
3. Open Circuit Time Constant

Reading Assignment:
Howe and Sodini, Chapter 10, Sections 10.1-10.4
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Summary of Key Concepts

 Full Analysis
— Assumesthatt, +t,»t,

1

»

W3d B

t, R¢,C,+R&C,(1+g,R¢,)+REC,

e Miller Approximation
— Does not take into account R’

. 261 ue 1 u
u
* TEReGEC, +(+g §)C.g

* Open Circuit Time Constant (OCT)
— Assumes adominant pole as full analysis

1 1
»

W3dB b _R
. R$C,+REC,(1+9,RE, )+ REC,
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Common Emitter Amplifier
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- V=0,Rs=0,1,® ¥,
— Find Vg, such that |
forward active region
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Frequency Response Analysis of the
Common Emitter Amplifier
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* Freguency Response
— Set Vg as=0.

— Substitute BJT small signal model (with capacitors)
including Rg, R, Iy, T

— Perform impedance analysis
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1. Full Analysisof CE Voltage Amplifier

Sy
::.J'i

K % %3

Replace source
voltage and resistance
with source current
and conductance

I 1 ® +
ECD %r, f’,zzc:, ﬂgﬁ‘i ?r_ K

By=Ryls, T A Y

Node 1:

| XP-+ jWC,V, +jwC,(V, - V )

S:RI(E

Node 2:
VOUt = JWCm(Vp B Vout)

ut

OnV,
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Full Frequency Response Analysis (contd.)

* Re-arranging 2 and obtain an expression for V,,
 Substituting it into 1 and with some manipulation, we

can obtain an expression for V. / I

V,, _ - RE&R¢, (9, - iwC,,)

I, 1+jwR¢,C,+REC, +REC, +g,RE,REC,)- WwRE,REC,C,

Changing input current source back to a voltage source:

- nggEth;rp;E%' chmg
V. _ RS+rp O o

out

V, 1+jwR¢,C, +REC,(1++g,R¢, )+ REC, )- w’RE,REC,C,

whereRE =R |Ir, andRE, =1, 7 IR,

We can ignore zero at g,/C, because it is higher than f-.

The gain can be expressed as.
V A

out — \

V, (L jwt, )L+ jwt,)

S

(1' Wztltz)' jW(tl +t2)
where A, isthe DC gain and t; and t, are the two time
constants associated with the capacitors
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Denominator of the System Transfer Function

¥
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1:1 +t2 = Rg%JtCm-l_ R%Cm(]ﬁ' +ngg%Jt)+ RI(ECD
1:1 ' t2 = jothngCp

We could solve for t; and t, but is algebraically complex.

However, if weassumethatt, >>t, b t, +t,»t,.
e Thisis aconservative estimate sincet , is actually smaller.

t,»R¢|C, +C,(1+g,.R¢, )|+ R¢.C.,
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2. TheMiller Approximation
Effect of C_,on the Input |mpedance;

The input impedance Z; is determined by applying atest
voltage V, to the input and measuring |,

Vout = - ngth:ut +1 th:ut

The Miller Approximation assumes that current through
C.issmall compared to the transconductance generator

I t << |gmvt|
\Y t P ngth:ut

ou

We canrelate V, and V , by
—_ I t
Vt B Vout -
JwC,,
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TheMiller Approximation (contd.)
After some Algebra:

V 1 1

_t =

] eff jWCm(1+ nggut) - jWCm(l- Avcm)

The effect of C at input isthat C, is“Miller multiplied”
by (1'AvCrr)

Generalized “Miller Effect”

- P
L . F = I e
‘[ e pin B J.::}i,
- z | | b :
................................................ 1 l -

« An impedance connected across an amplifier with

voltage gain A, , can be replaced by an an impedance
to ground ... divided by (1-A,,)

* A, Islarge and negative for common-emitter and
common-source amplifiers

» Capacitance at input is magnified.
7 =<
“« (1_ Avo)
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Freguency Response of the CE Voltage
Amplifier Using Miller Approximation

* The Miller capacitance is lumped together with C,,
which results in asingle pole low passfilter at the

1 u

Input
Vout —_ % rQ 9R é
Vs gmgrp +RSB gutg]'-i-JW(C

o At DC the small signal voltage gainis

Vo - o 81 &
Vs mgrp+RSB

ut

* The frequency at which the magnitude of the voltage

gainisreduced by 1/CR is
_ 1 é 1

N
>%\

1 u

W, =&
o (Rs " rp)(C:p + CM ) g(Rs ” rp)

6.012 Electronic Devices and Circuits-Fall 2000

>

(6C, +(1+9,R¢, )Crn

Lecture 21

10



3. Open Circuit Time Constant Analysis
Assumptions:
 No zeros
e One“dominant” pole (L/t, << 1/t,, 1/t,... 1t,)
* N capacitors

Vout — v

Voo (@ jw )L jwe, ) )0 jwe, )

A

The example shows a voltage gain; however, it could be

o/ Vsor Vol
Multiplying out the denominator:
Vout — Av

V. Leb,(jw)+b,(jw) .. +b, (jw)’

whereb, =t +t, +t;+....+1,
It can be shown that the coefficient b, can be found
exactly [see Gray & Meyer, 3 Edition, pp. 502-506]

aa’ 0o ad 0
b, =ca R;C == cate ~
ei=1 g e %]

1, ISthe open-circuit time constant for capacitor C,

» C isthei® capacitor and Ry; isthe Thevenin
resistance across the it capacitor terminals (with all
capacitors open-circuited)
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Open Circuit Time Constant Analysis
Estimating the Dominant Pole
The dominant pole of the system can be estimated by:

b=t +t,+t 4.+t

N .
blzéaé RTiCi2 » '[1:i
ei=1 1] W,

R.;C isthe open-circuit time constant for capacitor C,

Power of the Technique:

» Estimates the contribution of each capacitor to the
dominant pole frequency separately

* Enablesthe designer to understand what part of a
complicated circuit is responsible for limiting the
bandwidth of amplifier

* The approximate magnitude of the Bode Plot is

~

Approximation is valid
. w0 o=t

Ayl

=Ty g @

6.012 Electronic Devices and Circuits-Fall 2000 Lecture 21

12



Common Emitter Amplifier Analysis
Using OCT

i, C
PR EEe e ' ........................................ P assssasasas s aanEnn T ................. =
E ' i
i |
I

From the Full Analysis

- Wi
v. O 5%th e g j

V, 1+jwR¢,C,+REC, (1++nggct +R@c) ngtRicgcmcp

S

WhereRldﬁ‘ = RS " r-p and Rgut = r-o ” r-oc ” RL

b, =R¢,C,,+R$C,,(1++g,R¢, )+ REC,

B 1
b, R¢,C,+REC,(1++9,R¢,)+REC,

W3y »
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Common Emitter Amplifier Analysis
Using OCT—Procedure

1. Eliminate all independent sources[e.g. V. ® O]

2. Open-circuit all capacitors

3. Find the Thevenin resistance by applying i, and
measuring V.

Time Constant for CID

______

Result obtained by inspection

R, =Rs|iT,
t. =R,.C

po Tp~p
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Common Emitter Amplifier Analysis
Using OCT—Time Constant for C

Using the same procedure

LetRE =R |r, andRE, =1, [Ire. IR,

- 'I_ L]
-
o
By=Bilra=, <¢>,_.r, = ey P F 2

v vV, +V

- | =-_ P | =_tU P4 V 1 mi .
t R¢ t 3 OnVp Eliminatev,,:
\'

— =R, =R§, + Rlﬂﬁ(l+ nggﬁ)

ly

tC = RTmCm = [Rght + Rﬂ%(l-l_ ngth )]Cm

nm
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Common Emitter Amplifier Analysis
Using OCT—Dominant Pole

Summing individual time constants

b,=R;,C,+R;,C

Tp~p Tm~m

b, = R¢,Cr*+ REC,i(1+0,,RE, )+ REC,

Assumet, >>t,
b, =t +t,»1,
b, = RE:Cpn+ REC,(1+9,RE: )+ REC,

_ 1
b, R¢,C,+REC,(1+9,R¢,)+REC,

W3y »

Thisresult isvery similar to the Miller Effect calculation
Additional term R _ .C__ taken into account

out™~m
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Comparethe Three Methods of Analyzing
the Frequency Response of CE Amplifier

Full Analysis—assumest, +t,» t;

B 1
t, R¢,C,+REC,(1+g,R¢,)+REC,

»

W3d B

Miller Approximation—does not take into account R,

. €1 ue 1 t‘,J
“ERE (6 i6C » +(+g,.R¢,)C,

Open Circuit Time Constant—assumes dominant
poleissame asfull analysis

W » : = L
b, R¢,C,+REC,(1+0,RE,)+REC,
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What did we learn today?

Summary of Key Concepts

Full Analysis
— Assumesthatt, +t,»t,

1

»

W3d B

Miller Approximation
— Does not take into account R’

. €1 ue 1 g
“ERE (6 i6C » +(+g.R¢,)C,

Open Circuit Time Constant (OCT)
— Assumes adominant pole as full analysis

1 1

»

t, R¢,C,+R&C,(1+g,R¢,)+REC,

W3dB b _R
. R$C,+REC,(1+9,RE, )+ REC,
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