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CHAPTER

High-Frequency

Transistor

14.1. INTRODUCTION

It is assumed that at low frequency the transistor re-
sponds instantly to variations of the input. voltage or
current. Actually, it is not so, because the mechanism
of the transport of charge carriers from emitter to col-
lector is essentially one of diffusion. 8o, in order to know
the transistor behaviour at high frequencies, it is nec-
essary to have a detailed description of the diffusion
mechanism. Such a study is complicated, and the re-
sulting equations are suggestive of thoge encountered
in connection with a lossy transmission line. The time
delay in response is mainly contributed by the diffusion
process. At low frequencies, this time delay is negligi-
bly small in comparison to the periodic time T {or 1/
and may, therefore, be neglected. However, at high fre-
quencies, this time delay becomes a significant part of
the periodic time and cannot be neglected in the analy-
sis of the amplifier. Taking into account the mechanism
of diffusion and the congequent time delay, we arrive a
high-frequency model for transistor. This model is known
as high-frequency hybrid-n model. Before considering the
high-frequency hybrid-n model we will consider high-fre-
quency T-model of a common base transistor.

14.2. HIGH-FREQUENCY T MODEL

As a first reasonable approximation, the diffusion
phenomenon can be taken into account by modifying the
basic common-base T-model shown in Fig. 10.25 as follows :

The collector resistor r, is shunted by a capacitor
C,, and the emitter resistor r! is shunted by a capacitor
C,, as shown in Fig. 14.1. Also, the dependent current
generator is made proportional to current z; in r' and
not to the emitter current i o The low-frequency alpha
1s denoted by oy If an input current step is applied,
then initially this current is bypassed by capacitor C,
and current i, remains zero. Hence the output current
starts at zero and builds up slowly with time. Such a
response is approximately due to diffusion process. A
better approximation is to replace capacitor C, and r,
by a lumped transmission line consisting of resistance-
capacitance sections but such an equivalent circuit is
too complicated to be useful.

The physical significance of C, is mot difficult to
realize. [t represents the sum of the diffusion capacitance
CDE and the transition capacitance CTe across the emitter
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Fig. 14.1. High-Frequency Transistor T Model

junction ie., C, = CDL, i CTe' As Cyy, >> CTQ, except for
very small values of emitter current, therefore, C, s
roughly equal to diffusion capacitance Cp, which is
directly proportional to the quiescent emittér current.
Since the collector junction is reverse biased, the
collector diffusion capacitance Cp  is negligible, so that
€, is equal to collector transition capacitance C'l‘c'
Usually, C, is at least 30 times as large as C.

14.2.1. High-Frequency Alpha. Assuming the
input excitation sinusoidal of

E
frequency f = —29+ and using &
i
capital letters for phasor
currents, we have from
Fig. 14.2.
I
L.r! = et
1%e A
_1’ + joC, Fig, 14.2
re
I
orl, = e = ,Ie ; Vo= 2nf
L+ jor,C, 1+ j2nfr,C,
1
Let 2nr',C, = f—
o
1
orf, = (141
L 2nr,C, ( )
I
Sol, = —f ..{14.2)
Y14/,

It is possible to consider the current generator to be
proportional to the emitter current rather than the
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current. through r, provided that the proportionality
factor o to be a complex function of frequency. Thus if
agl; = al, . (14.3)

Then from Eq. (14.2) o = —0 (14.4)

1+ji

fo
The magnitude of the complex or high-frequency

alpha « is o, at zero frequency and comes down to -

0.707 o at f = f, . This frequency 1., is called the alpha
cutoff frequency. The diffusion equation leads to a
solution for ot equal to the hyperbolic secant of a complex
quantity. By expanding this expression into a power
series in the variable f/f, and retaining only the first
two terms we get Eq. (14.4). Thus Eq. (14.4) and the
equivalent circuit shown in Fig. 14.1 are valid at
frequencies which are appreciably less than f,, (up to
perhaps £, /2). General purpose transistors have values
of f, in the range of hundreds of kHz. High-frequency
transistors may have alpha cutoff frequencies in the tens,
hundreds, or even thousands of MHz. Since o = — hfb, the
symbol fhﬂ, 1s sometimes used for "

14.2.2. Approximate CB T-model. If the load
resistance R, is small, the output voltage is v o, and
therefore, voltage V. Will be small. Since 1 = 1074, the
Early generator v, can be neglected. Under these
conditions, the network shown in Fig. 14.1 reduces to
that shown in Fig. 14.3, which is known as the
approximate CB high-frequency T-model.
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Fig. 14.3. Approximate CR High-Frequency T-Model

The order of magnitudes of the parameters in
PFig. 14.3 are :
ri= 20Q 7, =100Q rl=1MQ

C.= 1-50pF and C, = 30 - 10,000 pF.

¢

14.3. COMMON-BASE SHORT-CIRCUIT-CURRENT
FREQUENCY RESPONSE

Consider a transistor in the CB configuration excited
by a sinusoidal current I . of frequency f. If terminals C
and B are connected together in Fig. 14.3, then Tops T
and C, are placed in parallel. Since r, >> ry, ., 7. may be
neglected. Usually, r,,. C . << r,C, and under such
conditiong, the response is determined by the larger
time constant r',C_. Now C, can also be omitted from
Fig. 14.3. With these simplifications, I; = oyl or from
Egs. (14.3) and (14.4), the common-base short-circuit
current gain is given by

L, oLy O .
p = - = o == ——— (14.5)
A L L 1+ jf/f,
The magnitude of « and its phase angle 0 are given by
o] = —20 -(14.60)
2
1+ £
T
0 = —Tan' L ...(14.65)
fa

P |
Iff=f, 0= -2, and 20log | *| = -20log 2 =3 dB.
f=fyp 7= 2 ool g 2

Hence the alpha cutoff frequency 7, is called the
— 3 dB frequency of the CB short-circuit current gain.

Equation (14.6) also predicts that o has undergone
a 45° phase shift as compared to its low-frequency value.
The calculated amplitude respense is in close agreement
with experiment, but the phase shift calculation may
well be far off. The reason for such a discrepancy is
because the lumped-circuit equivalent representation
of the transistor is not accurate enough. It is found,
empirically, that the discrepancy between the computed
and practical values of 8 can be reduced by introducing
an “excess-phase” factor in the expression for ¢, so that
Eq. (14.5) becomes

o 7 o I Iy

1+

J r .
where m is adjustable parameter that ranges from 0.2
for a diffusion transistor to about unity for a drift tran-
sistor. Diffusion transistors are those in which the
base doping is uniform, so that minority carriers cross
the base entirely through diffusion. Drifi transistors
are those in which the doping is nonuniform, and an
electric field exists in the base that causes a drift of
minority carriers which adds to the diffusion current.

14.4. ALPHA CUTOFF FREQUENCY

For high-frequeney applications f, has to be very large.
In order to make a transistor with a definite value of foit
15 necessary to know all the parameters upon which G
depends. Expression for the emitter capacitance is
obtained first so that the desired equation for f,,can be had.

Diffusion Capacitance. Consider Fig. 14.4 repre-
senting the injected hole concentration vs. distance in
the base region of
P-N-P transistor.
The bhase- width
W is assumed to emirrer
be small in com-
parison to diffu-
sion length Ly of  ____ pifisesiios g
the minority car- #=0 x=W
riers. Since the
collector is re-
verse-biased the

o = (14.7)

COLLECTOR

Fig, 14.4. Minority-Carrier Charge
Distribution in Base Region
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injected charge concentration P at the collector june-
tion is essentially zero (Fig. 14.5).

EMITTER COLLECTOR
JUNCTION JUNCTION
ot .
@ Bt i mSE D p T
+Ve- -Ver
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nog
i’n i

Oz —»f x=W T

Fig. 14.5. Minority-Carrier Density in
The Base Region

If W << Ly, then P varies almost linearly from the
value P(0) at the emitter to zero at the collector, as shown
in Fig. 14.4. The stored base charge Qy is the average

concentration @ times the volume of the base WA

(where A is the base cross-sectional area} times the
electronic charge ¢; that is,

1
Qp = 3 P(0)AWe ..(14.8)
The diffusion current is given by
1=-AeDy T —aeD, B9 149
dx

where Dy, is the diffusion constant for minority carriers
in the base.
Combining Egs. (14.8) and (14.9) we have
2
Qn = e L(14.10)
2Dy
The emitter diffusion capacitance C, D, ig given by the
rate of change of Q with respect to emitter voltage V i.e.,

dQp _ W’ d _ W? 1

- = - 241

where r, = ik the emitter-junction incremental
resistance.
v
We know that r, = I_T
E

where Vo is the volt-equivalent of temperature and is
defined as ,
k'T kT = T
e 11,600
where k' is Boltzmann constant in joules per K and k is
Boltzmann constant in eV/K.

Vi =

Substituting r', = e in Eq. (14.11) we have
Ig
2
5 w1l ..(14.12)
e ZDB VT

This is the required expression for CDe-

The Eq. (14.12) indicates that the diffusion
capacitance is proportional to the emitter bias current
Ig. Since Dy is inversely proportional to T, and Vg is
proportional to T, the diffusion capacitance Cp,, is almost
independent of temperature.

Except for very small values of I, the diffusion
capacitance CD is much greater than the transition
capac1tance Cp T, . Hence

C, = CDe + CTe = CDB ..(14.13)

Dependence of f, upon Base Width or Transit
Time. From Eq. (14.1)

1 1 Dg
fo = G T e awe
i, L, e D, W .
w2 1
v C =C d from Eq. (4.11)Cpy, = ——x =
g=iCp . franecRy, £-LH) Cp, 2Dg 1}
: 2D
or @, =2nf, = Wf (14.14)

The above equation indicates that the alpha cutoff
frequency varies inversely as the square of the base
width W.

For a P-N-P germanium transistor with W=1mil=
954 x 102 ¢cm = 25.4 microns, f,, becomes equal to
2.3 MHz. Combining Egs. (14.10) and (14.14) we have

I =Qpu, ...(14.15)

If ¢ is the base-transit time, defined as the time
taken by the charge carriers in seconds to cross the base
region, then during base-transit time ¢; an amount-of
charge reaching the collector is equal to base charge Q.

The resulting current is given by

. ...(14.16)
B
From Eqs. (14.15) and (14.16) we have
®, = k, (1417
!

The above Eq. {14.17) gives relation between the
alpha cutoff (angular) frequency and transit time.
It indicates that the alpha cutoff frequency is
proportional to the reciprocal of the transit time .

14.5. COMMON-EMITTER SHORT-CIRCUIT-CURRENT
FREQUENCY RESPONSE

The T-medel given in Fig. 14.3 is applicable to the CE
configuration if E is grounded, the input signal is
applied to base B and the load is connected between
collector C and emitter E.

The CE short-circuit current gain A, is obtained by
shorting the collector terminal C to emitter terminal F as
shown in Fig. 14.6. When terminals C and E are short-
circuited, the eircuit is simplified to that shown in Fig. 14.7.

Since r; >> r, and C, >> C,, the parallel elements r,
and C, may be neglected. The circuit is further simplified
as shown in Fig. 14.8,
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aglq = al,
__01 i where 8, = _%o {14.20)
1-ay
Moy ;
B oAV Ay — and f; = £,(1 - ap) (14.21)
Ty I:’ At zero frequency the CE short-cireuit eurrent
‘3 oo amplification is §, = hfe and the corresponding CB
¢ 1:_1 TERMINALS parameter is o, = — hﬂ)
SHORTED The CE 3 dB frequency, or the beta cutoff frequency,
18 f[5 which is also denoted as fh.fe or f,.
B . ‘é"— From Egs. (14.20) and (14.21) we have
Fig. 14.6. The T-Circuit in The CE Configuration f’ofﬂ = hfefp = ogif ...(14.22)

Umf'er BHEE-Cirwlis Condions Since o, 1s approximately equal to unity, the high-
bo' B

i ) frequency response for CE configuration is much worse
than that for the CB configuration. But the amplification
for the CE configuration i1s much larger than that for
the CB configuration. The short-circuit-current gain-
bandwidth product (amplification times 3 dB frequency)
Eo ‘ ‘ is the same for both configurations.

agly = aly

14.6. HIGH-FREQUENCY HYBRID-pi (n) COMMON-
EMITTER TRANSISTOR MODEL

Since common-emitter circuit is considered the most
important practical configuration, we seek a CE model
suitable for high frequencies. Hybrid-n or Giacoletto
common emitter transistor model is given in Fig. 14.9.
This circuit 1s quite simple and analyses of circuits using
this model are not too difficult and give results which
are in excellent agreement with experiment at all
frequencies for which the transistor gives reasonable
amplification. Furthermore, the resistive components
Fig. 14.8 ' in this circuit may be derived from the low frequency
h-parameters. All parameters (resistances and
T 3 MO | :

capacitances) in the model are assumed frequency
o C invariant. Parameters may vary with the gquiescent
operating point, but under given bias conditions they
are reasonably constant for small signal variations.
(400 ke2} () 9 Vi Typical values of the parameters are indicated in the
(58ms) Fig. 14.9. For high frequency analysis, the transistor
is replaced by this high frequency hybrid x-model and
. + ©E voltage gain, current gain, input mmpedance ete. are

Fig. 14.9. Giacoletto or Hybrid-n Model of a determined.
Transistor in CE Configuration

ob!

B o——AMAN
Iy

Explanation of Parameters. The internal node
Applying Kirchhoff's current law tonode B'we have  B' is not physically accessible. The ohmnic base-spread-

L =1,+1, ing resistance ry,, is represented ag a lumped param-
orl,-L = -1, A eter between the external base terminal and B'. This
orl, (1-o)=-1, v I = gl = o, resistance ry;, includes the base contact, base bulk and

base spreading resistances. The first is due to the ac-
S = ¢ = tual connection to the base, the second includes the re-
. L I, ~1-a), (-a) sistance from the external terminal to the active region

Since the value of o depends on frequency o, so it of the transistor, while the last 1s the actual resistance
v be expressed as alo) within the active base region.

IL _ _Of-_Ig _ ()‘[I —

Finally A;, =

~ ot (@) The increase in minority carriers in the base results
= 1 gt ~QATE) 5 3 d bination b t, and this ef
- (@) in increased recombination base current, and this ef-
Using Bq. (14.4), A, may be put in the form fect is taken into account by inserting a resistance r,
e between internal node B' and E.
A, = —:-E?—_- ..{14.19) The excess-minority carrier storage in the base is
14 il accounted for by the diffusion capacitance C, , connected
I hetween B' and E.
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The Early effect indicates that the varying voltage
across the collector to-emitter junction results in base-
width modulation. A change in the effective base width
makes the emitter and collector currents to vary because
of change in the slope of the minority-carrier distribu-
tion in the base. The feedback effect between output and
input is taken into account by connecting ry. between
B'and C.

Resistance r,, is the resistance present between col-
lector and emitter.

For small variations in the voltage V.. across the
emitter junction, the excess minority-carriers concen-
tration injected into the base is proportional to V. and
therefore the resulting small-signal collector current
with the collector shorted to the emitter is proportional
to V,.. This effect accounts for the current generator
&V, in the circuit. )

Lastly, the collector-junction barrier capacitance is
included in the capacitance Cpr- It 1s to be noted that
C,. 1s a transition capacitance while Cy., is a diffusion
capacitance.

For the typical h-parameters given in Table 10.3, at
I = 1.3 mA and room temperature, component values
for a germanium transistor are

g, =50 mAV ;r,, = 1kO; Pppe = 100 0, 1y = 4 MQ;
ree =80kQ; C =3 pF, C,= 100 pF

14.7. HYBRID-pi CONDUCTANCES IN TERMS OF LOW-
FREQUENCY h-PARAMETERS

Al the resistive components in the hybrid-r model can
be had from the h-parameters in the CE configuration.
These h-parameters are discussed briefly now.

1. Transistor Conductance g, Figure 14.10 de-
picts P-N-P transistor in the CE configuration with the
collector shorted to the emitter for time-varying signals.
In the active region, the collector current given by ex-
pression I, =— aly + 1 is applicable here with o = Q.

Ig

i
Tob g d =
Vee Ve
Eo ‘ — ¢+

—

Fig. 14.10. P-N-P Transistor in CE Configuration For
The Derivation of Transconductance (g, )

The transeonductance g, 1s given by

Bl
= o V}";

o ol =y e (1423
A dVg

CE = constant

In the above we have assumed that oy 1s indepen-
dent of V. For a P-N-P transistor

Vg =~ Vg as indicated in Fig. 14.10

If the emitter diode resistance is r,, then

r, = ‘?VE_ and, therefore
OIE
ag _ ol i,
=20 - AL 2N 55 LS
gm, re’ "TT ( ) ) 2
Iog -1 |
= B0_C _(1426) waly=I,-1,
Vi i J

For a P-N-P transistor 1, is negative and for an
N-P-N transistor 1 is positive. But for the foregoing
analysis with Vi =+ V. we have

i = I —Igp
m VT
Hence for either type of transistor g

n 18 Dositive.

Since | L | >> {141, g, is given by
Ic]
g o= : ...{14.26)
m VT
T
We know that Vi, = 3Bl
11,600 1,
So gm = __u_ri.‘_i_t

At room temperature of 27°C (300 K), the value of
Vi 1s 26 mV, so the value of g, is given by
c| in mA
& N .(14.27)
Forl,=1.3mA, g, =0.058 (mho) = 50 mA/V
and for I, =10mA, g, =400 mS or 400 mA/V

The above values are much larger than the
transconductance obtained with tubes and FETs.

2. Input Conductance g, ... Figure 14.11 (g} depicts
the hybrid-m model valid at low frequencies, where all ca-
pacitances are negligible. Figure 14.11 (b} depicts the same
transistor, using the hA-parameter equivalent circuit.

1 Tob B* T 1
B O AMAM—- ocC
e GmVee <¢> § fee
Eo . oE
(a) The Hybrid = Model at Low Frequencies
Ib hie Ic
B 0——AAA——— C
+
hrchE(> (*) halp hoe
Eo o E
(b) The h-Farameter Model at Low Frequencies
Fig. 14.11

From the component values given in Art. 14.6, we
note that r,,, >> r,,.. Hence almost the complete base
current I; flows into r;,

Thus Vb’e =~ Ibrb-e (14.28)
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and the short-circuit collector current [ .18 given by
1c = gmvb o ™ ngbrb'e
" The short-circuit gain hfe is defined as

I
h’ﬁ’- = _[i =8 The
b Ver = Constant
_ h’fe _ hﬂ’VT

orry, == =
gn L]

or g, = Sm -(14.29)
hfﬂ

The above equation is required expression for the
input conductance.

Thus, over the range of currents for which hy, re-
mains fairly-constant, 1y 18 directly proportional to tem-
perature and inversely proportional to current.

. y (04
Since g, = i and hfe e ) , Ty, may be ex-
' e 1= Ay
pressed in terms of the T-model emitter resistance r', as
h 7 )
P, 8 s Bt .(14.30)
F- 1-a,

3. Feedback Conductance &y~ With the input
open-circuited, k., is defined as the reverse voltage gain,
or from Fig. 14.11 (@) with I, =0,

Vi ,
b, = =0 =_—%e (1431
Vce Forl, =0 Thyre Ty
orry, (L-h )= By T

Since A, << 1, then to a good approximation

rb'e = hre rb'c or gb-c = el (1432)

Tye
Since h,,=1x 104 Eq. (14.32) verifies that Ty > T
1t is found that h_, is quite insensitive to current

and temperature. Therefore ry. has the same depen-
dence on |Io1 and T as does Thier

4. Base-Spreading Resistance Py~ Parameter i,
forms the input resistance of the transistor with the
output shorted. With reference to the circuit given in
Fig. 14.11(a), with output shorted, e 1810 parailel with
Ty Hence a
hig = Tty =yt ry,

e

.-{14.33)

WPy >> 1y, and therefor_e T || T =g,

or Base-spreading resistance
by,

Topr = Miy =Ty = hy, —

.(14.390)
Em

hy,
~ From Eq. (14.30) rp,, = g_

m
! From Eqs. (14.29) and (14.33) it may be noted that
i thhe short-circuit input impedance h,, varies with cur-
b ment and temperature in the following manner :

h_ i + ﬁfiﬁ’_\ﬁl

ie = Ty IICf ...(14.35)

5. Output Conductance &, Parameter h , consti-
tutes the output conductance with open-circuited mput

. I
le, h, = —QJ
v
e lfor I, =0

From the circuit shown in Fig. 14.1 I{@) with I, =0,
we have

V V

ce ce
+ + gmvb'e
Tee Tye T Tpe

With I, =0, we have, from Eq. (14.31), Vee=h,V,_,
and from Kq. (14.38), we have

I 1 1
hoe = V‘L = ,_— +—_ gmh‘re ...(14.37}

ce ce Tyre

T 2= -.(14.36)

Substituting the values of &, and i, from Egs. (14.29)
and (14.32) in Eq. (14.37) and assuming ry,, >> Thp WE

have

- Sy
hoe - gce-‘-gb’c"'gb'ehfe gbc =g+ ""h'.re)gblc...(l4.38)
be

but if hfe >>1, Eq. (14.38) may be written as

8o = hpy— 8 1y ..{14.39)
6. Feedback Conductance i
Bpe = R84 ..(14.40)

fthe CE A-parameters at low frequencies are known
at a given collector current I » the conductances or
resistances in the hybrid-n model can be calculated from
the following equations :

I1c|
En = W -(14.41)
h
Ty = — . (14.42)
gi’?l
Py = Bou=Ty .(14.43)
Tye = 02 (1444
hre
1
B = hp—(L+Rp) gy, = — ...(14.45)
T

ce

For the typical A-parameters given in Table 10.3, at
I =1.3 mA and room temperature, the component val-
ues obtained are listed on page 316.

Hybrid-n Capacitances. The basic high-frequerncy
hybrid n model, discussed in Art. 14.6, includes two ca-
pacitances (i) Gy, or C, and (i7) C,.

1. Collector-Junction Capacitance C,. The
collector-junction capacitance C . or . is the measured
CB output capacitance with the input open Iz =0), and
is specified by the manufacturers as C,p- Since in active
region the collector junection is reverse-biased, then C,

is a transition capacitance, and therefore varies as Vpj,

when n = -12— or 1 for an abrupt or gradual junction

respectively. ’
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Since C, = C,,, represents, mainly the diffusion
capacitance across the emitter junction, it is dirvectly
proportional to the current and is almost independent
of temperature. Experimentally, C, is determined from
a measurement of frequency f; at which the CE short-
circuit current gain falls to unity. C, is given
approximately by the following relation

¢ = _Em_
£ 2nfp

Reasonable values for Cj,, and C;, are 3 pF and
100 pF respectively.

Example 14.1. ABJT has h;,,=6kQOand h, =224 atI;=1mA

with f; = 80 MHz and Cy. = 12 pF. Determine (i) g, (i) ry,
(iii) ry,,- and (iv) C,.,

at room temperature and a collector
current of L mA.  [U.P. Technical Univ. Solid State Devices

and Circuits 2006-07)

-..(14.46)

Solution: (1) From Eq. (14.41);

Ic  1mA
= —== = 8.46 mS
£, Uy = 96 mV 265 or 3 mS Ans.

(i} From Eq. (14.42);

hy, 924
- fa
r,, = —2=222 _ 09944960 =5824k0Q Ans.
be g, 126
(iir) From Bq. (14.43);
Typ = Nig = The = 6x 10° - 5.824 x 107
= 0176 kQ or 176 Q. Ans.
. Em 38.46 x 1073 12
IR . O S o o e SN [ WAy
W Coe = nfy TP E G e0 < 100
=765%x 1012 ~12x 10712 F}
= §4.5 pF. Ans.

Example 14.2. The following low-frequency parameters are
known for a given transistor at 1= 10mA and Vo = 10 Vand
at room temperature I, =500Q; b, =107 A/V; I, =100 and
h,= =107
At the same operating point f; = 50 MHz and C , 3 pF.
Calculate the values of all the hybrid parameters.
[U.P. Technical Univ. Solid State Deuvices and
Circuits 2004-05}
Solution : From Eq. (14.41);

I 10mA
= i = of S e
E Vo~ 26mV 384.6 mis Ans
(1) From Eq. (14.42);
h
Tite = —Fe - J)g—;: =260Q Ans,
En 3B46x107°

(t17) From Eg. (14.43);
By =y, — 1, =b00 - 260=2400 Ans.
(tv) From Eq. (14.44);
Te 260

Toe = 7

e A 10° Qor 2.6 MQ Ans.

(v} From Eq. (14.45);

oo = ho —(1+hy) gy,
_ 1077 — (1+100) x —L 3
26x10
= 1x10° 02575 x 1078 = 0.7425 x 107° §. Ans.
7 =3 pF. Ans.

Cpe = G

-3
_ 384.6 x 10 ._leo_]g
27 x 50 x 10°

=1221x107!% For1,221 pF. Ans.

Fxample 14.3. The following transistor measurements made
at Io = 5 mA and Vg = 10 V and at room temperature. £, =
100; A, =600 0; |A;f = 10 at 10 MHz and C_= 3 pF. Find fg, f;,
O T [U.P. Technical Univ. Solid State Devices

and Circuits 2005-06]

Em sl

Cb'e = ZﬁfT b'c

From Eq. (14.41);
I_C 5 IIlA 5
Vp 26 mV 26

Solution :

&= S or 1923 mS

' h 100
From Eq. (14.42); r, fe _
rom Eq. ( )i Tye= ra 5/26

From Eq. (14.43); Pow= Hig — Ty, =600-520=800 Ans.
fr = 1A;lxf=10x10 MHz =100 MHz Ans.

=5200 Ans

s = fl= fr MMH =1MHz Ans.

B he 100
g 192.3 x 107° i
C = -5S1 _C = _3x10
e 2nfy 27 x 100 x 108

v Gy =C,=3x107¥ F
303x 1072 for 303 pF. Ans. '

Example 14.4. A BJT is found to have f, = 500 MHz, hfe =100,
Fppe = 100 Q, ry. = 900 O 'and Cp,, = 5 pF. It is used as a CE
amplifier with R, = 1 kQ and Ry = 500 Q. Determine for the

v
amplifier (i) midband voltage gain A = v_o and {if) the upper
3 dB cutoff frequency fﬂ. #

Solution : From Eq. (14.42) g = hi J 4
m rb' 900 9

e

Midband voltage gdin,

. ch __ gmvb'eRL _ A el
AT T vy, AT g X B00=000

Midband voltage gain taking Rg into account
AyXry, _  —55.55x900
R, +rp +1, 1,000 + 100 + 900

mA, = =— 25 Ans.

(i) Upper 3 dB cutoff frequency, f; = f—T = 59% =5MHz Ans.

14.8. CE SHORT-CIRCUIT CURRENT GAIN
OBTAINED WITH HYBRID-pi MODEL

In order to obtain some idea of the transistor's high-
frequency capability and what transistor to choose for a
given application, we examine the way in which a
transistor's CE short-circuit forward-current transfer
ratio or current gain varies with frequency.

Consider a single-stage CE transistor amplifier or
the last stage of a cascade configuration. The load R} on
this stage is the collector-circuit resistor, so that Rp= RL.
Here we short the output terminals C and E so that
R, = 0 and we obtain short-circuit current gain. To ob-
tain the frequency response of the transistor amplifier,
we make use of hybrid-x model given in Fig. 14.9, which
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