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Outline of Chapter 5, Section 5.8-5.9

e 1- High-Frequency Model of BJT
o 2- Frequency Response of CEA

* Note: Frequency response of CBA and CCA are
covered in EC2
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High-Frequency Model

e The small signal model discussed was assumed to be
Instantaneous and no reactive element was included.

* We add the capacitive effects due to the pn junctions to
the hybrid-m model

e The average time that a charge carrier spends in crossing
the base is called forward base-transit time 1

— This represent the small-signal diffusion capacitance C,,

I
_ _ C
Cde T z-F gm T z-F
V,

e The total BEJ capacitance is called C_and is composed of
two parts:
p C7Z' — Cde + Cje
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High-Frequency Model

There Is also the Base-Emitter junction capacitance in the
forward bias C;, C,=2C,,

je =
Wf&eég Cieo I the value of C;, when zero voltage is applied
to

CBJ is reverse biased and its junction depletion
capacitance Is C,,
C = a 0.2<m<0.5

U m
1+&E
VOc

Where V, Is the CBJ built-in voltage (0.75V), C  Is
the value of C, when zero voltage Is applied and m is
the grading coefficient
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High-Frequency Hybrid-r Model

« Two capacitances: Capacitance C_ is usually larger
than Cpu (Fig. 5.67):

B o—AAR, s 1 X oC
.+_
37 —c. 2.V, § r,
= T i

» Note: Inhere IS new nigh-Trequency component, resistor r,
— I, represents the resistance of the Silicon in the base region.
— Itis a few tens of Ohms.

e Sincer, <<r_, It is neglected at low frequencies

i o——4
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BJT Unity-Gain Bandwidth

 Unity-gain bandwidth, f, is a figure of merit for high-
frequency operation.

 [tis found from the short circuit current gain of CEA,

hfezlc/ Ib
= S - 1 _ _ G;_.i o
B L C

v, ? V. & s ! g. V. r,

_ 28 = 1
fe
1+s(C_+C )r D3g—cutoff — Pp =
T u’l-r
(C,.+Cr,
Lowpass STC
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BJT Unity-Gain Bandwidth

Wr = /Boa)ﬂ

f gm
T =

0 dB -

“Wp wr w (log scale)

Ir A

o - Is called the unity-gain bandwidth

e It is given as function of I in data

sheets

* The behavior is due to few combined
effects

e fisfrom 100 MHz to tens of GHz >
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Frequency Response of CEA
e Midband gain:
\ (Rg |IT7)

AM: —=— gm(ro”R ”R)
Vsig (RB ” r7z') + Rsig - ]
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High-Frequency Response (CEA)

« f,andf_ are frequencies at which gain is 3 dB lower
than the midband value |gain|=A,, | /2

e 3dB bandwidth is:
BW = f, - f,

e Iff <<f, then BW = 1,
« A figure of merit for an amplifier is gain-bandwidth

product
GB=|A, [BW
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High-Freqg
.« CEA

uency Response (CEA)

B
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High-Frequency Response (CEA)

e Find equivalent for C Ri | !
[ M : = & o
Miller Effect v () v ==, > 3H
Miller Multiplier= (1+g_R’,) a1

e Lowpass STC: Corner frequency

|

-

A, =W, = 1 = 1 ‘:;_ o T 3 m&_
"7 CuRi  (C,+C )Ry i

. . |

« High-frequency gain of CEA Wiogld |

|
Vo __ Au .
Vsig 1_|_i 0 .f!; f (Hz, log seale)

Wy (d)
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ow-Frequency Response (CEA)

e Ignoring Internal capacitances and r,

y
Jpi f (Hz, log scale)

R
58
" | o
A~ = . R,
e Consider: i F L
— Other Cs are sort circuit "
— Vg4 IS Z€ro _ -
1 R 1— (dB)
fPl — 2 )
R, o ' R
Highpass STC 154 | =

- for = 1/27 Cey [(Rg JI7.) + Rl
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Low-Frequency Response (CEA)

‘—‘ {dB]

fPZ T T
R .
YL I

ﬂ +1 |8 ‘%\) A
R, f-_ I

Vi

20 log |A

6 dB/octave _
20 dB/decade \

- Je2 [ (Hz, log scale)
_ Fi 1/2a7Cg|r i
|

Highpass STC

1
fps — ‘..
27C.(R. +R|) 3

6 dB/octave
20 dB/decade

-
T3 [ (Hz, log scale)

o1 1/27m Cen (R + R;)

(d)
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ow-Frequency Response (CEA)

e To find the time constant for poles f
— Set source to zero
— Consider each C separately (others are short circuit)
— Find the total resistance seen between the two terminals of C

ol fp2 and fp3

‘—‘ @) A

V.

Sl

| :

f (Hz, log scale)
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ow-Frequency Response (CEA)

 When all three Cs are present and do not interact;

V, S S S

Viig S+ @p; S+ Wp, S+ Wy

e The f, Is determined by the highest f, (Often f,,)

* When the three Cs interact, the f, Is considered as the
summation of f,, f5,, fp3 fOr approximate hand calculations
or SPICE simulations are used to find Iit.

 [f it is not mentioned in the problem, consider that the Cs
do not interact
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