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Common-emitter amplifier

This lecture: consider only high-frequency response:
=C, =C A =C.. =oo Farads

Save effort by using Norton, not Thevenin, generator model.

Im=V /R en Rom R BE CBE Vm CCB gm VBE R R R C
i 17
+ ouf
We now have the high-frequency equivalent circuit to the right = T VsV %} % % T
v
- m amp — 011.’ amp

R.

i Leq 2




Aside: setting up a relationship to use later

V. en Rgen Rin amp
I/in = Ri]in = (Rgen || Rin,A) . ,
Rgen ’\/\’
+
. RgenRin,A Vgen . Rin,A V * R
"R R R R _+R_ gen v, =——""-—V,,
gen + in,A gen gen + in,A - Rgen + Rz’n,A &
v
Learn to recognize that
V /R .
Rin A gen gen gen n,amp

RI = :
iTin gen
Rgen + Rin,A




class notes, M. Rodwell, copyrighted 2012-2023

Simplifying the circuit

Iin: Vgen /Rgen R CBE Vin C?B g m VBE RL,eq CL
: : |
We are solving this problem for *2 reasons* [ ¢ %
1) to get .the answer o | ,\/ L +Vb 7 L out
2) to review how solve circuit transfer functions, poles, zeros. e
v v
=V /. V gV
in gen gen n m in
Problem is easier if we write Y PY
) A %
Yl.n Zl/Rl.-I-SCbe:Gi—I-SCbe % out
Y, =1/R, ,+sC =G, +sC, ,\/ f out

s

)ff — Sch
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Nodal Analysis: why we learn this.

. . Model of Bus Suspension System (1/4 Bus) E

Please note: only on this note set will I show you all steps % =
. . . . . | Body Mi 2

for nodal analysis. Please review your sophomore circuits analysis. W 2

5t

Though both nodal & mesh analysis are taught in the sophomore year, 1%

Suspension&section

nodal analsis 1s usually easier and quicker.

In a circuit with N unknown node voltages, nodal analysis will
always give you the N *linearly independent™* equations you need

to solve for these unknowns.

Nodal analysis: write £ I =0 at each node for which you do not

know the node voltage.

AT
https://ctms.engin.umich.edu/CTMS/index.php?example

You can use very similar methods to compute the dynamics of

mechanical systems: acoustics, cars, planes, robotics, control systems
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Nodal Analysis: setting up equations

gml/in +(I/0ut _I/in)Yf + V

out

v, =0
= (g, YWV, + (¥, +Y,)V,, =0

2I=0@V, :
-1,V Y, +V, ~V,)Y, =0 =V /R TV g V.
in gen gen n m in
:>(Yin+Yf)I/in+(_Yf)I/out:Iin T I/f )
Y out
ZIZO@VOWZ /\/ in out

this can be written in matrix form:
Y;n + Yf _Yf I/in — 1 in

Systems of equations can be solved many ways.
Use your favorite method.

One method (not a particularly efficient one) is Cramer's rule.
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Nodal Analysis: solving equations (1)

|:Y;n+Yf _)/f :||:V;n:|_|:1mi|
g, ~Y, Y, +Y | V,.| |0 L=v. /R_ V. 2

in gen’' "~ gen

Cramer's rule:

out

Y +Yf I

gm—Yf 0
YerYf —Yf
gm—Yf YL+Yf

I/out
D

N

Y 1,
o |7 T+ YO = ,)(g, = Y,) =~(1;,)(g, —5Cy)

Put in dimensionless polynomial form:
N=-I (1-sC,/g )=—g I (1-sC,/g, )
=—g I. (1+bs)whereb =-C, /g,
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Nodal Analysis: solving equations (2)

in - Vgen /Rgen Vm g m Vm

Y,+Y,  -Y,
g, ~Y, Y, +Y,

D=

(Y +Yf)(YL +Yf)_(_Yf)(gm _Yf)

out

in" L

=Y, +Y Y. +Y Y +gY,
_(Gl +SCbe)(GL,eq +SCL)+ (Gz +SCbe)Sch +Sch (GL,eq +SCL) + ngch

=YY, +Y,Y, +Y,Y, +Y +g ¥, -Y;

?
N[ Vo
!

As you multiply out, organize by powers of s, i.e. s’, s', and s” :

D=
GG e IL=V. /R R

+S(GC +G C +Giccb+GLechb+ngcb) ’ i -

RB 1
L.,eq ,
S (chCbe + chCL + CbeCL ) ?f\/ %
- Rin,amp out,amp

R R —

i L,eq

C.,. V. C.

B2 BE BE in ~CB m BE

g Ve RogR- R, C,
._|r
+ \ lVouf
T V[)L):Vvin
| !
_R -
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Nodal Analysis: solving equations (3)

We must put D into dimensionless polynomial form:

Do this by dividing each term in D by GG, =1/RR,,, :
D=(RR,

where

a=RC,+R, C +RC, +RC,+RR, , g,C,=

L,eq ~cb
=]ez'(jbe + RL echb + RL,eqCL + Ri (1 + ngL )ch

-1 2
,eq) (1+ass+a,s”)

.eq

and
a2 - RiRLeq (ch Cbe + ch CL + CbeCL )

_N_ ~g 1. (1+bs) R 1+b;s

Out_D_(Rl.RL D (+as+a,s?) ~ T Smn Leq1+as+as

Rin A
but/ R =V : SO:

gen
Rin,A + Rgen
Vi — o R R, 1+b,s
m”~ "L,eq 2
son R, ,+R,, 1+as+a,s

L=V /R

in

gen

gen

R

gen

C

RBE BE 1':'1

AT

m amp osz zmp

]

R

i L,eq
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Nodal Analysis: solution

Vou(s) R, 4 1+bs
V. (s) B R, ,+R,, 1+as+a,s’

al =R, Cbe + RL echb + RL eqC + Ri (1 + ngL,eq )ch

a2 = Leq (chCbe + chC + CbeC )
bl = _ch /gm

This has been slow because all steps have been shown (just this once).

Answer has both the DC gain and the frequency response.

Since we know easier methods (from 137A) to find DCgain L=V /R R R,R C_V C._gV,. R R R C
in en om BE BE in ~CB ©&m" BE
we will often dorp constants during the AC analysis. o—|( _T_
+ ol
T Vbez I/in
The answer, though complicated, makes perfect sense, and you I T

will become familiar with it. R, mp R i amp

Rz’ RL.eq -




Mid-band gain and Frequency response
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cC
RC; Couz RL L

v

-
RB!
Cfrz
\|
V(s o R R, , I+bs  V, . 1+ b;s 71
- m*~“L,eq 2 2
Vgen (s) Rm’ PR o l+as+a,s Vgen o l+as+a,s R,
v
gen
where
V R
— =ECE137A answer=-g R, - Ren
Vgen mid—band Ri”,A + Rg@”

m guq ge 1

| (
I\ out
V.
) %Tl
RBZ

V. /R

gen' " gen gen

‘?

.
. ?ﬁ%

oul,amp

R,

Leq
11



Finding the poles and zeros.

class notes, M. Rodwell, copyrighted 2012-2023

I/out (S) — I/out . 1 + bIS
2
Veen(8) Vo, o Irastays

In general, we can write
l+as+a,s’ =1+sQ(/w)+5" | @)

_ 12 _ _ -1/2
o =a, and {=aw, /2=aa, /2

Pole locations are then found as to the right.

But, if a, / a; << a,, there 1s a simpler way of solving this

Pant
L
¥

ljm
-l |
x X H—
I o
L0, @;
Cmﬁ‘ =
o=Co

n

12



Separated pole approximation

I/out (S) — I/out . 1 + bIS
2
Veen(8) Vo, o l+as+a,s

Consider a system with two real poles
(1+s7)(1+s7,) =1+8(r, +7,) +5°1,7,
Now suppose than 7, >> 7, :

(1+s7,)(1+s7,) =1+57, +5°1,7,

This means we can approximately factor 1+ a,s +a,s” :

1+as+a,s’ =(1+as)1+(a,/a)s) *iff* a, >>a,/a,

Vo () = Vo : Lt *ff* a, >>a,/aq,
Vgen (S) Vgen mid—band (1 + aIS)(l + (a2 / al )S)

dominant pole: f , =1/2xa,;secondary pole: [, =1/27(a,/a,)

Bode plot
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-20 dB/decade

-40 dB/decade

|||I'I'I'| |||||I'I'I'| |||||I'I'I| T TTTIT

I'I'| T 1117

frequency, (log scale)

Pole-zero constellation -20 dB/decade
y Jo
Sp,2 S5 1 8,
% o—
(o)

13
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The Miller approximation (1)

Not a good way to find transfer functions. Bl Vo =—AV
Helpful for comprehensoin. v e 7
é} . T“’ gain=4, =V, /V,) NOT(V,,,/V,,)
Analyze first the section to the right of the dotted line. & v
Note: We are 1gnoring the output impedance: "
this 1s why it is the Miller *approximation®*.
I, = SCf(Vin V)= SCf(Vin +A4V,)= SCfVin(l +4,)
Vi _ 1 _ 1
"I, sC,(1+4) sCpy., ., VoAV

where C,,,, =C,(1+ 4,)

14
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The Miller approximation (2)

V. V. 1 >
out (S) _ __out where CMiller = Cf (1 + Av) 4% .
Vgen (S) Vgen mid—band 1+ SRiCMiller l {}-‘I. + E
Yo (a 1 i
Referring back to the common-emitter amplifier analysis: {'
a, = Rz’ Cbe + RLeq ch + RLeq /A Com-tor = ":‘ff > A /]

Vo

15
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Using Miller Approximation to understand CE response

Now use the Miller approximation to understand the

frequency reponse of the common emitter stage

Mid-band gain from V,, to V, , is — g, R, .
Miller approximation:
replace C, between V. and V_

with C,,between V, and ground.

2 poles:
fp1 . 1/27zfp1 =RC,,+RC, (1+ ngL,eq)
pr : 1/27z-fp2 :RL,eqCL

f,1 is wrong by a little; /, is very wrong.

VCC
RB! RC ; Cout RL CL
| {
Cin % I\ lVom
)| " ¥o
Ty Tl
R Ry,
g(_.!
V
gen REE % —— C e
v
[in:Vgen /Rgen Rgen RBI RBZ RBE CBE Vin CCB gm Vin. RCE RC RL CL
s *
ot
v v
- 1‘}1,amp_ - om,amp_
Ri R]_,eq
I=V./R_V_ R C,C C

gen' " gen in BE T Miller

?/\/ % 17

- CCB( ! +g mRL, eq) g " V(‘n RL.

eq

L

16
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Using Miller Approximation to understand CE resbonse

Exact (nodal analysis) solution Nodal analysis (exact) solution
out (S) Vout 1 _I_ b1S ] vl 1ol g Ilflllll| prvpnpnl 1 oveeed o wispd v opvene loworrin

. - _ » :
Vgen (S) Vgen — l+as+a,s g -
where E 20 dB/decad

g - ecade
a, =RC,,+R,,C,+R,,C, +R(+g,R,  )C, 3] i
a,=RR,, (ch G, +C,C, +C,C, ) = : -40 dB/decade -20 dB/decade
] /
bl - _ch /gm _)1/272-](2 - _ch /gm T LB IRLELLY B ML B L) "'%'1 wl T
...and if we can use the separated pole approximation: frequency, (log scale)
1/27Z.fp1 ;alzRiCbe +RL echb +RL,eqCL +Ri(1+gm Leq)C . . ] .
RR (C C CC il C ) Miller approximation solution
+ +
1/27Tf ; Leq cb " be cb™~L be T
al RiCbe +RL,echb +RL,eqCL +Rz (1+gm L eq)C ] fp,T
m — L
k)
Approximate (Miller) solution = -20 dB/decade
) _ S

fp1 : 1/27zf  =RC, +RC, (1+ ngL,eq) i : (0 zer0) :
ot 127f,=R, ,C, = . -40 dB/decade -
f, 18 wrong by a little; / , is very wrong. ]

fZ has been entlrely lost frequency, (log scale) 17



Comments about use of Miller approximation
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We have used the Miller approximation
*only* as a way to
---HELP US UNDERSTAND---

the results of nodal analysis.

We *will not* use the Miller approximation

to actually solve circuit problems.

18
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Frequency response of common-source stage

Clearly the same problem, except for different notation

Vo (8) _ Vi . L+hs

Veer ) Veen| ., 1+as+ a,s’

where

a, =RC,+R ,C,+R ,C +R(1+g,R )IC,
a,=RR,, (C,C,+C,C, +C,C,)

b=-Cy,lg,—>1/2znf =-C,/g,

...and 1f we can use the separated pole approximation:

1/27rfp1 ~ aIZRngS +RL’equd +RL’eqCL +R, (1+ngL,eq)ng
g = RR,,(C,C,+C,C, +C,C,)
e al RRngs +RL,equd +RL,eqCL +Ri (1+ngL,eq)ng

L=V /R R R.
in gen 1

gen

I\I

DD
RG] RD% Com‘ RL CL
| {
Cm v I I\ lVom
\ | in
LT
RGZ
gen
V
gen
v
gen G RGZ Cgs Vm Cg,!rd gm Vgs RDS RD RL CL
+ ._l\ lV:mt
=T~ Vns:Vm
v T
_Rimp - out,amp
Ri_ Leqg
gen /Rgen Cgs I/m ng gm Vgs RL,eq

Vv

ouf

T
!

19
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