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Frequency Response of Transistor Amplifiers

= Simplest case: CE short-circuit current gajjw) as a function of frequency

C, I,
. | -~
]
+
Kirchhoff’s current law at the output node:
l, = gmvn—vnjoocH
Kirchhoff’s current law at the input node:
Vv
_ oy _ . 01 0O
lg = Zn+vnjwcu where Z. rT[||QanD

= Solving forVyat the input node:

ls

Vi = (T/Z) +]wC,
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Short-Circuit Gain Frequency Response

= SubstitutingV;; into the output node equation--

z 0 jwc“%
g — —————
Io m T[D gm ]
Il 1+jwC,Z;
= Substituting forZ,; and simplifying --
0 jwC, [0 0 jwC,O
M M
Oy L — —=[ Bl ———0O 1—j—
l, "™ Om DO °0 9 O ; 1%,
I~ 1+jor (C +Cp) B 1+jwr(Cp+C) ~ Po 1+j£
W,

Current gain has one pole:

B -1
Wy = (r(Cq+ Cu))
and one zero

-1 -1
w, = (gm CH) » oop
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Bode Plot of Short-Circuit Current Gain

= Note low frequency magnitude of gainig

lo

lin
BO = gmrn
1
Cy
C+C,
1 9m  9m w
MCn*C)  CrtC, C, log scale
(@
|0
O
in
0
45
-0
135
~180
1 m w
rCr* G C, log scale

(b)

__ m
“T T Gt CY

Frequency at which current gain is reduced to 0 dB is defined &sutisgion
frequency wr. Neglecting the zero,
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Transition Frequency of the Bipolar Transistor

= Dependence of transition time = wy* on the bias collector currehg:

T = 1 _CT[+Cu_ngF+CjE+Cu
T Wt 9m 9m
g+ C0 Vin
L] gm L] IC

= If the collector current is increased enough to make the second term negligible,
then the minimuntt is the base transit timeg.. In practice, thesr decreases at
very high values of- due to other effects and the minimammay not be
achieved.

= Numerical values df; = (1/2m)wy range from 10 MHz for lateral pnp’s to 10
GHz for oxide-isolated npn’s

Note that the small-signal model is not valid abfyvéue to distributed effects
in the base) and the zero in the current gain is not observed
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Common-Source Current Gain

= CS amplifier has a non-infinite inpimhpedancdor w > 0 and we can measure
its small-signal current gain.

Ol - [
_!2 3 U gm D~ gm
lin Jw(Cgs+ng) w(CgS+ng)

= Transition frequency for the MOSFET is
Im
W =
T Cys* Cyd
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Transition Frequency of the MOSFET

= Substitution of gate-source capacitance and transconductance:

_2 - W
Cgs_ §WLC0X» ng and On = EUnCOX(VGS_VTn)
W
T C 2 Ll
gs éWLCOX

= The transition time is the inverse®f and can be written as the average time for
electrons to drift from source to drain

L L

2(Vgs= V) :‘\E‘
ol 5

Tr =

velocity saturation causes to decrease linearly with; however,submicron
MOSFETSs have transition frequencies that are approaching those for oxide-
isolated BJTs
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Frequency Response of Voltage Amplifiers

=  Common-emitter amplifier:

louT
4—

WK +
R § Vout

V-

Procedure: substitute small-signal model and perform phasor analysis
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Brute Force Phasor Analysis

s “Exact” analysis: transform into Norton form at input to facilitate nodal analysis

% i
W | 2
+
VSCD grn V== C, l ImVrn <§ Moo ; R Vout
(€Y
Cy
) .
[ +
+
|s<T> ;Rin Voi==C, l ImVn § R out Vout
Rin=Rgi Rout = o Mo MR

(b)

Note thatC.is omitted, along with,
Details: see Section 10.4

Factor (approximately!) into one high-frequency zero and two poles< w,

-1
W, = (rnHRS)(Cn+ (1+ gmro‘ ‘rOCHRL)Cu) + (ro‘ ‘rOCHRL)CH

1 (r0||rOCHRL)(rnHRS)CHCn
2 (rnHRS)(Cn+(1+gmro‘‘r(_.,CHRL)CH)+(roHr(_.,CHR|_)CH
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The Miller Approximation

= The “exact” analysis is not particularly helpful for gaining insight into the
frequency response ... consider the effec@,pbn the input only

Cy
||
|

@
+

+ 1 —
M <> Im § Rout=To Moc TR Vour

neglect the feedforward currelitin comparison witly, Vy; ... a good
approximation

ly= M- Vo) /2,

Vo = -0mVy R/ (R + Rour) = Aycy e

whereA, ¢, is the low frequency voltage gain acr@ys
le=Vy(1-A) 1 Z,

Zett= Vi /=2, 1 (1-A)

1 1

_ 1 g 1 _
jo(C,(1-A,c))  j&Cy

Z e = -
el jwC M -Ac,

0.
0

Cy = (1_AvCH)C|J is theMiller capacitor
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Generalized Miller Approximation

= An impedance connected across an amplifier with voltage ggincan
be replaced by an impedance to ground ... multiplied #y£)L-

z

>

=

'”*| < +l

—

Zg =ZI(1 - Ay

»  Common-emitter and common-source;
Az = large and negative f@, or Cyq--> capacitance at the inputrisagnified
» Common-collector and common-drain:

A,z=1 --> capacitance at the input duedgor Cysis greatlyreduced
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Voltage Gain vs. Frequency for CE Amplifier
Using the Miller Approximation

= The Miller capacitance is lumped together with which results in a single-
pole low-pas$C filter at the input

Rs

W
+

C_D =r, Va7 GCn ——Cy l 0V =Row Vou

+0

<

Cm = Cu(l + nglout)

Transfer function has one pole and no zero after Miller approximation:

Wage = (Tf|R(Crrt Cy)

-1
W3y = (rn‘ ‘RS)[CT[+ (1+ gmro| ‘rocHRL)Cu]

-1 -1 . , . .
Wy g =W, from the exact analysis (final terRy Cu IS missing)
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