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Common-Emitter Amplifier — wy
Open-Circuit Time Constant (OCTC) Method

At high frequencies, impedances of )

coupling and bypass capacitors are +
small enough to be considered short . | v <R, o0 R,
circuits. Open-circuit time constants
associated with impedances of device - g s
l\

capacitances are considered instead.

1 —
Oy =— + -
T'ro % g R,
ERi()Ci - 4 +
i=1
where R;, is resistance at terminals
of ith f:apacitor C; _with_ all other R, = Ve _ rolivg R, +&
capacitors open-circuited. " i T

For a C-E amplifier, assuming C, =0 1 1

®
H
R =1

0

70 RJrOCJr + R,uOCp rJrOCT
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Common-Emitter Amplifier
High Frequency Response - Miller Effect

 First, find the simplified small
-signal model of the C-E amp. R e v, v,

. Il :
I
* Replace coupling and bypass o Ry % C”—L Cu <§ RL% cLJ—
8mlh

capacitors with short circuits

* Insert the high frequency small
-signal model for the transistor

x
o

Vee=12V [
o s — (D

R RS 43kQ )
B i °

¢ |0k ] ®)
Ry 0.1 uF Rl +
|_ Yo [
. 1 5k 5 _ lOOkQ 70 vy CL
‘ s R‘ =

— 10kQ <:
= <
13kQ 10pF
r

[l
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Common-Emitter Amplifier — wH
High Frequency Response - Miller Effect (cont.)

Input gain is found as A W R
v, R/ +R, 1 +1,

1

RIR N(r . +r,) 1,

JT

TRARIRN(r 41,) 1 47,

Terminal gain is A, = Ve _ -3, (”o IR I R3) =g R,

Yy

Using the Miller effect, we find C = CM 1-4.)+C . (1-4,)
the equivalent capacitance at
= CM(I -[-g, R 1D+C_(1-0)

the base as:
= Cu(l + ngL) + CJT

Chap 17-4 ;;;
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Common-Emitter Amplifier — wH
High Frequency Response - Miller Effect (cont.)

* The total equivalent resistance R, =r,, =7, ||[rx +(RB||R,)]
at the base is

* The total capacitance and C,=C,+C,
resistance at the collector are '
ReqC = rn RC"R3 = RL
+ Because of interaction through 1

. w, =
Cu, the two RC time constants " [Cﬂ +C, (1 +ngL)]+ R, (Cu +CL)
interact, giving rise to a

dominant pole. w, = ! where
" rCr

C,=C,+C, (1+ngL)+ﬁ(c#+cL)

r [rx + (RB"R,)] K

70 =r][

/

i
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Common-Source Amplifier — w,,
Open-Circuit Time Constants

Analysis similar to the C-E case

yields the following equations: R, = RG"RI

Ci_[j_ RL = RD"R';

R, 0.1 uF
D K R;:

i
$u TG R;
43KQ 100 kQ H—I— Vi = Vi
= R, +R;

S > Cy
>

r[)

R
> CT=CGS+CGD(1+ngL)+_L(CGD+CL)
13kQ | 10 pF Rm
- w, = w,, = m
" RthCT " Ccs + CL

'/
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C-S Amplifier High Frequency Response
Source Degeneration Resistance

R, vy 1
First, find the simplified small N R o |t e
-signal model of the C-S amp. ' S T‘
= - N

Vv

Vd
Rp Rs ¢ +
o s Cy v,
Enss 43kQ  |100kQ -
Us

i.} kQ

Recall that we can define an
+ .
U &S =, effective g, to account for the
100k = unbypassed source resistance.

o &
" 1+g, R

(i
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C-S Amplifier High Frequency Response
Source Degeneration Resistance (cont.)

Input gain is found as A= Ve = R; - R IR,
v, R+R, R+RIR,

i

Terminal gainis A, e -2, (R,IR,IIR,) =

Ve

-g, (RD [ R3)
1+ ngS

Again, we use the Miller effect C, ; =C;,(1-A,,)+C;(1-A,)
to find the equivalent
capacitance at the gate as: -C [1 _ (_ngL)
~ ~GD

1+ngS
R, IR
=C,, 1+g'"( o IR,) +—Cas
1+ngS l+ngS
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+CGS(1—g’"—R5)
1+ ngS




C-S Amplifier High Frequency Response
Source Degeneration Resistance (cont.)

The total equivalent resistance R, =Ri|R =R,
at the gate is

The total capacitance and C =C. +C
resistance at the drain are g~ wGD L

Because of interaction through Rop = R’D||RD||R3 = RD”R3 =R,

Cqps the two RC time constants
interact, giving rise to the

dominant pole: 1
O = C <R . R
th[l GSR +Cop(I+ -2 )+ - L (Cop +C )]

gm S gm S th

And from previous analysis:
gﬂ’l gm +gm +gﬂl

w, , = = w, =
" (Cos+C) (A+g,R)(Cis+C)) - G (1+8,R)(Cgp)
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C-E Amplifier High Frequency Response
Emitter Degeneration Resistance

Analysis similar to the C-S case
yields the following equations:

R, = th"[rn +(ﬁa +1)RE]
R, = Rl"RB =R, ||Rl "Rz R, = RiC"RC"R3 = Rc"R3

e,

I_ Ry 3: a==v, Wp= RC
L p = 70~T
vy < r—
&S Ry :: - 1
= ' ! Wpy =

Rl wcas e ) Ricic)

+Vee

3 T ' 1+g,R, l+g,R:" R,
o 8m _ &
Wpy = =
C,+C) (A+g,RH)C +C))
_F8__ *8,

C (I+g,R:)(C,)

u
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Gain-Bandwidth Trade-offs Using
Source/Emitter Degeneration Resistors

Adding source resistance to

the C-S (or C-E) amp causes v 8. (R,IIR
gain to decrease and dominant Agd == —M
pole frequency to increase. Ve 1+g,R;
1
w ., =
pl
RI-Co sc a+ SRy R Lo ﬁ
1+ngS 1+ngS Rth

However, decreasing the gain &

also decreased the frequency Wy, =

of the second pole. (1+g,R)(Cos +C)

Increasing the gain of the
C-E/C-S stage causes pole
-splitting, or increase of the
difference in frequency
between the first and second
poles.
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High Frequency Poles
Common-Base Amplifier

_ Vg, 1
1()/:5; L <R—‘R‘ N L A= (l/gm)+R1 1+g,R,
" %f}bkﬂ XTZ ZZkQ% %Bkg TCL A, =8, (RiC"RL)EngL
JT_ R =rg[1+gm (rﬂ"RE"R,)]

ki v AL Since C, does not couple
- J_ e J_ J_ input and output, input
v; R v ;. " Cy Ry, Cp
N T T / T and output poles can be
L

found directly.
Cor =C, Coc=C,+C,

R =R,|R,|R, = LHREHR, R,c=RclIR =R,
1 1
-1

eqkE

(Lt .| -2
gm

Wp =

2 = =
>w, (RcNIR)C,+C) R (C,+C))
Cﬂ
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High Frequency Poles
Common-Gate Amplifier

o
R,

Vi
1.3kQ 43kQ

R
\%

, A .
’ T t v; Ry Cas Con R Cr
09290, - T T
(b)

4.12kQ

Similar to the C-B, since C;, does not couple the input and output,
input and output poles can be found directly.

Cgs =Cos Cqu =Cop+Cy
1
R = - IR, IR, R, = ro[l +8, (R, R,)]
" 1 2 Rqu =R, Il R =R,
e C"’ o = 1 ~ 1
(g IRNR, |Coe " (R IR )(Cyp+C,) R,(Cyp+C,)

i
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High Frequency Poles
Common-Collector Amplifier

R Ty vy

A = Ve = ngL
“ v, l+gR, =
ng — vb _ Rin

Cous =Cﬂ(l—Ab(_)+Cﬂ(l—Ab(,)=CM(1—0)+C”(1—T%) A= > " RaR

m" L 1 i in
C
p =Ct =

1+g,R,
Ceql:‘ =Cn+CL

R s =Ry +r )Ry =[(RNR)+r 1[5, +(B,+DR 1= (R, +r)I[r, +(B+DR,]

1 (R, +r,
Ry =R IR, = (—+M) IR,
8 +1
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High Frequency Poles
Common-Collector Amplifier (cont.)

Ry {ﬁ_ R [ v
1kQ = DY + L
R, . ;j_
Ry | v, , Cu xS Uy, Cr 8mVbe
< R - v,

b 3» > g R Pe Ry
100 kQ < 2 C; — — —
Q 47kQ —I_ P e
R

<
3k0
L

The low impedance at the output makes the
input and output time constants relatively

well decoupled, leading to two poles. The feed-forward high-frequency

path through C_, leads to a zero
1 in the C-C response. Both the
C zero and the second pole are
(Rm +rx) I [r], +(B, +1)RL](C” + z ) quite high frequency and are
1+g,R, often neglected, although their
1 effect can be significant with
large load capacitances.

j2

LRty g,
& B+l
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(C,+C))

High Frequency Poles
Common-Drain Amplifier

x, A L

R

G | I <
< v, Cep——
> Ry R th GD ——
bS S5 < O (—)
> )

430k 3 3

Similar the the C-C _ 1 8
amplifier, the C-D high P! Cos C
frequency response is Ry (Cop + l+g R ) @
dominated by the first pole mL
due to the low impedance at _ 1 =

, =
the output of the C-C " (RsIIR,)(Cgs +C,) (

—_—

amplifier.
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Frequency Response
Cascode Amplifier

There are two important poles: the input pole
for the C-E and the output pole for the C-B
stage. The intermediate node pole can usually
be neglected because of the low impedance at
. the input of the C-B stage. R, is small, so the
o) second term in the first pole can be neglected.

—«/R\"v—{i 0 / i Also note the R, is equal to 1/g,,,,.

-
K,
-

1 1
Wppy = =
: BCr (16,0 Bty e Ruge, ey
@ q ! 8l T2
fiﬁ 1 1
e 8 1/g S 2C+C)
r/-rm([cm(l+A)+Cnl]+7m2[cm+Cﬂ2]) 701 wTln
gm2 701
0=
pC2 RL(C,M2+CL)
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Frequency Response of Multistage Amplifier

* Problem: Use open-circuit and short-circuit time constant methods
to estimate upper and lower cutoff frequencies and bandwidth.

» Approach: Coupling and bypass capacitors determine the low
-frequency response; device capacitances affect the high
-frequency response c

e L

1 uF Cs

C,

|__|HM‘ Ro |

Ry

R
] L " 24F
e ke 1 b3 siska 1 a3 L
< 51, o
3 Rl |00 .
1MQ 3 = 33k | 2500
2000 4TuF

9.90k Q
U

<
431kQ

+ At high frequencies, ac model for the
multi-stage amplifier is as shown.
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Frequency Response

Parameters and operation point information for
the example multistage amplifier.

TABLE 17.3
Transistor Parameters

&m Iz ro Bo Ces/Cr Cen/Cy
M, 10 mS 00 12.2 k2 0o 5 pF 1 pF
0, 67.8 mS 2.39kQ 54.2kQ 150 39 pF 1 pF
0; 79.6 mS 1.00 k2 34.4kQ 80 50 pF 1 pF
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Multistage Amplifier Parameters (example)

I'x

0Q
250 @
250 @
A
i

Frequency Response

input pole:

1 1
fp1=_

2r R
Ry | Con (l +8,.R,, ) +Cg + Riu(ccm +Cy, )]

thl

RLl = R112 (r.r2 + rn2) ru] = 5989"(250Q + 239kQ)||122kQ - 469 Q
Ci=Cnh+Cp (1 + g"‘zR“)
T = Rle"(pr 1 +(/3"3 + 1)(RE3"RL))

Cpy=Cpy +C,y (1+8,,R,,) =39 pF +1pF [1+67.8mS (3 33kQ) | = 266 pF

L !
27

R, =R,5|R

in3

r,=333kQ

T 9.9kQ[1 PF[1+0.015(3.33kQ)]+5pF + 4690 (1pF + 266pF)]
9.9kQ
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Multistage Amplifier: High-Frequency Poles

High-frequency pole at the gate of M,: Using our equation for the C-S

=689 kHz

s

10



Frequency Response
Multistage Amplifier: High-Freq. Poles (cont.)

High-frequency pole at the base of Q,: From the detailed analysis of
the C-S amp, we find the following expression for the pole at the
output of the M, C-S stage:

1 G811+ Copi (8t + 8t + 811) + Cri8n
27 [Casi(Copy +Cr) + CopiCry

fp2=

For this particular case, C , (Q, input capacitance) is much larger than
the other capacitances, so £, simplifies to:

= L Cri8um = L 1
27 [Ci5Cry +Cip Cril - 2 R, (Cgy + Cpy)
1

T = 270(9.9kQ)(5pF +1pF)

i
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I

=2.68 MHz

Frequency Response
Multistage Amplifier: High-Freq. Poles (cont.)

High-frequency pole at the base of Q;: Again, due to the pole-splitting
behavior of the C-E second stage, we expect that the pole at the base
of Q; will be set by equation 17.96:

~ ng
fp3 = C
2x[C,,(1+ C—“) +Cp,]

u2

The load capacitance of Q, is the input capacitance of the C-C stage.

Cp+ Car + SOpF =3.
1+g,, (RE3 IR, 1+79.6mS(3.3kQ11250Q)

67.8mS[1kQ/(1kQ +2509)]

3:35PF) 3 55,F]
1pF

55 pF

Cn= )=1PF

=47.7 MHz

fp3 =
2739 pF(1 +
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Frequency Response
Multistage Amplifier: f, Estimate

There is an additional pole at the output of Q3, but it is expected to be
at a very high frequency due to the low output impedance of the C-C
stage. We can estimate f, from eq. 16.23 using the calculated pole
frequencies.

1

- _ 667 kHz
T 1 1 1

+—
2 2 2
Tn I T

The SPICE simulation of the circuit on the next slide shows an f, of
667 kHz and an f_ of 530 Hz. The phase and gain characteristics of our
calculated high frequency response are quite close to that of the
SPICE simulation. It was quite important to take into account the
pole-splitting behavior of the C-S and C-E stages. Not doing so would
have resulted in a calculated f,, of less than 550 kHz.

(i
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Frequency Response
Multistage Amplifier: SPICE Simulation

10 Hz 100 Hz 1.0 kHz 10 kHz 100 kHz 1.0 MHz 10 MHz
Frequency (Hz)
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