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APPROXIMATE HYBRID EQUIVALENT CIRCUIT

The analysis using the approximate hybrid equivalent circuit of Fig.1 for the common-emitter
configuration is very similar to that just performed using the re model. Although time and
priorities do not permit a detailed analysis of all the configurations discussed thus far, a brief
overview of some of the most important will be included in this section to demonstrate the

similarities in approach and the resulting equations.
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Fig.1: Approximate common-emitter hybrid equivalent circuit.

hie = Bre, hfe=p, hoe=1/ro, hfb=-a, andhib= re

Fixed-Bias Configuration
the small-signal ac equivalent network will appear as shown in Fig. 8.38 using the approximate

common-emitter hybrid equivalent model.

Vee

Fig.2: Fixed-bias configuration.
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Fig.3: Substituting the approximate hybrid equivalent circuit into the ac equivalent network of

Fig.2
Zr‘ — RB”'I'F:}_-?
From Fig.3
Zﬂ - RCHI‘F loe
From Fig.3
A,: Using R = 1/h,|Re.
VO — _Ia Rl’ - _ICRf
— _hfe Ib R’
d =L
an =
57 hie
with Vo = —hg LR
h;‘e
v, heR|1/ho0)
so that A, = ?‘1 = — T

Ay Assuming that Rp => h,, and 1/h,, = 10R-. then I, =1, and I, = 1. =
hely, = hy, I; with

I

I
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For the network of Fig. 8.39. determine: EXAMPLE 8.11
(@) Z.
(b) Z,.
(c) A
(d) 4.

330 kQ

Figure 8.39 Example 8.11.

\l , I,
— | hip = 1175 kQ
b Tipg= 20 PAIV
——
Z
Solution

@  Z = Ry, = 330 kQ1.175 kQ
=, = 1.171 kQ
1 1
®) 7o =3 = 30 AN
1

heRAVh,  (120Q7KQS0kQ)
e 1171 kQ = —262.34

(d) 4;=hp=120

=350k

(c) Av=

Voltage-Divider Configuration

R' = RluRz-

I;
il
o ],
&
—-
Z

Fig.4: Voltage-divider bias configuration.
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Z;' = R’”l‘ijfg
Zo = R¢
A
‘F?fg(Rd | 1 "'.lhoej
"'11; = —

N
A,':

_ __heR

Ar = R' + Jir?je

Unbypassed Emitter-Bias Configuration
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Fig. 5:CE unbypassed emitter-bias configuration.

Z-;:
ZE? = ’?{fé RE
and Z; = Ry||Z
Z,:
Zﬂ = RC‘
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A,z
v Zg, f?ﬁ- RE
R
and A, = _R—C
E
A
4, heRg
Rp + Z3
1 =
- i — _A .l_
i 1
Re
Or
COMPLETE HYBRID EQUIVALENT MODEL
. - =
— +
I;
R, ——
n — % Transistor v, “o § R,
2y |
Fig.6: Two-port system.
I:'
> m——fb o
+ h. ‘ +
i I
R, +
+] —= " nv, N\, { h Iy § 1/ho -~
v, (\, . ;
— |

Ry

Fig.7: Substituting the complete hybrid equivalent circuit into the two-port system of Fig.6
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Current Gain, A; = 1,/1;

Applying Kirchhoff's current law to the output circuit yields

Vs
I, = hey + 1= hel; + Th = hel; + hoVo

Substituting V, = —IE; gives us

1o = hel; — hoRi 1,
Fewrnting the equation above, we have

I, + hoRpl, = hyl;
and I(1 + h,Rp) = hel;

b A_Ia_ A
g0 that '-_1-_l+hL,RL

Note that the current gain will reduce to the familiar result of Ai = hf if the factor hoRL is
sufficiently small compared to 1.

Voltage Gain, Av = Vo/Vi
Applying Kirchhoff’s voltage law to the input circuit results in
Vi = lihi + hrVo

Substituting li = (1 + hoRL)lo/hf and lo = Vo/RL from above results in
A Gl L
I '??IRI_ o o

Solving for the ratio V,/F; yields

v, —HhApip
A== b+ (hh, — heh )R,

In this case, the familiar form of Av = -hfRL/hi will return if the factor (hiho _ hf hr)RL is

sufficiently small compared to hi.
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Input Impedance, Z; = V/I;

For the mput circuat,

Vi=hd; + hJ,
Substituting V,=—I,R;
we have Vi=htl,— h R T,
< I,
ince A = T:
I, = A1l

so that the equation above becomes
Vi = hdi — h R A:J;

Solving for the ratio VI, we obtain

]YI.
£ = T| = h; — h.RpA;
and substituting
he
A = _r
1+ h,Rp
ields Vi R R
vields = I~ hi 1+ hoRy

The familiar form of Zi = hi will be obtained if the second factor is sufficiently smaller than the
first.

Output Impedance, Z, = V, /I,

The output impedance of an amplifier 15 defined to be the ratio of the output voltage
to the output current with the signal ¥ set to zero. For the input circuit with 7, = 0,

—h,V,
L‘g+m

Substituting this relationship into the following equation obtamed from the output cir-
cuit yvields

I, =hel + bV,

—heh,V,

+
R, + k; hoVo

v, 1
I, h,— [Aeh (R + R)]

In this case, the output impedance will reduce to the familiar form Zo = 1/ho for the transistor

when the second factor in the denominator is sufficiently smaller than the first
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EXAMPLE 8.13 For the network of Fig. 8.49, determine the following parameters using the complete
hybrid equivalent model and compare to the results obtained using the approximate
maodel.
(a) Z;and Z|.
(®) A4, .
(c) A; =1,/ and A] = I,/T; |
(d) Z, (within R.) and ' - ]

Z (including R-).

&0 kL

—
=
! b= 100, &, = | 6kE) A, =2
Figure 8.49 Example 8.13.

AA— 15 o
—_ | — 1.6kQ — -
R, 21kQ - + - -
+ 2 §4TD1-:!E N, 2x1047, } 1101, gsakn 4.?m§
o\, - _
| _ .

Thevenin
Fig.9: Substituting the complete hybrid equivalent circuit into the ac equivalent network
A Thévenin equivalent circuit for the input section of Fig. 8.50 will result in the input equivalent

of Fig.10 since ETh = Vs and RTh = Rs =1 k_ (a result of RB = 470 kQ being much greater than
Rs =1 kQ). In this example, RL = Rc and lo is defined as the current through Rc

by, I,
=~

I
—_— T — 1.6k — | -+
R . 21kD + 1 ) B
. —— =350k
+ ~ by | he 1, = 47k T,
Vi 2x 1074 F, 1104, hge =20uS '
—| - -

Fig.10: Replacing the input section of Fig.9 with a Thévenin equivalent circuit.

Assist. Lecturer: AMMAR ISSA ISMAEL



College of Engineering stage / second

Dept. of the electrical power and Machine Date: Mon15/12/2014
Subject/ ANALOG ELECTRONIC Time/ 3 hours
a)

7 = E _ hg?hreRL

L " 1+ h.R

(110)(2 X 10 %(4.7 k()
1+ (20 uS)(4.7 k)

—16Kk0 — 9452 ()

=151 kQ

= 1.6 ki} —

versus 1.6 kil using simply /..

Z: = 470 kQ|Z, = Z, = 1.51 kQ

b)

V, —heR;
A=Y T he + (ihoe — hphOR;
—(110)4.7 kL2)

T 1.6 k(2 + [(1.6 k()20 uS) — (110)2 X 10947 k()

—517 X 10° 02
T 1.6 k) + (0.032 — 0.022)4.7 k()
=517 % 10° Q)
16Kk +470)

= —313.9

versus —323.125 using 4, = —heRi/h;,.

c)
) L he 110
"L 1+ h, R, 1+ (20 wS)(4.7 k()
110 100,53
T 1+0004 7

versus 110 usmg simply h. Since 470 k() == Z, I; = I; and 4; = 100.55 also.
d) - )

v, 1
Zo =T T hoe — [Mphy/(hie + RJ)]
1

20 1S — [(110)(2 X 10 H/(1.6 kL2 + 1 k€2)]

1
20 uS — 8.46 usS

1

11.54 puS
= 86.66 k{2
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which 15 greater than the value determined from 1/h,. = 50 k{l.
Z,=RJZ, = 4.7 k()|[86.66 k() = 4.46 k()
versus 4.7 ki) using only R

Exercises

1. For the network of Fig. 8.64:
(2) Determune Z; and 7.
(b) Find .4, and 4;.
(c) Repeat part (a) with r, = 20 k(1.
(d) Repeat part (b) with r, = 20 k1.

12V
22 ki)
g mra  §|%
o i ' -—
i Z,
1. N B =60
— r,=40kQ
wr Figure 8.64 Problems 1 and 21

+ 3, For the network of Fig. 8.66:
(a) Calculate [z, I, and r..
(b) Determine Z; and Z,.
(c) Calculate 4, and A4;.
(d) Defermine the effect of 7, = 30 k(1 on 4, and 4;

wov
43 k(2
- —

70— Z

T * =100

' 300 k0 ry=60k0
e

+10V Figure 8.66  Problem 3
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Vee - Vag 12V — o7V
—_ == = = Sl-%}b/.-ﬁ

1. (&) Ye- Iﬂ. =
EBe 220 ks2
Te = (E+) Ig =(6o+ XHS1.36uR)
= BT el
Ye= ZbmV _ 2Zem¥ _ gzisz
Ig 3.03mmA
Z. = Rel[Pre =220ksz () (8.3152) = 220ksz W 3#G8.6
=49 L4152

g z‘oﬁ e - -
° < Zo=€c =2.2

L) Ar.—_ —'E_ﬁu —2.2ks2. = —-2&’(:'?"{'
Ve 8.3s2

)Q; = ? =0
&) Zo= 4977 4Usz (Yhe sawme)
Zo= v\l = 2oksz | 2.2ks2

= 1L98ks2

Rr= - %cllve . —19Bks2. _ —238.27
e 8. isz
A= — A, CY Re = =(—238.2DNCH4GT +Ts2) /2.2 ks

@

= 53.8%

3. (e Ig= Vec—Vee , 'OV—0O1Y _ 53 a5,
Ka 2GoksL —=

Te = (f+1)Tg = Lo (23.85uA) =241 A

re= demY_ 2omV _ 09952
Te 2.41mA

T, = PTg = (1001(23.8SLA) = 2.38m A
®)Z:= 65 n(:’r,_ = 390k I 1oe)(10. 7952) = 3G90k | L.08KkSL
= L.O8kSL

ro Z 10Ke, 1, Z2o= = #3ks2
Rys — Ce — “43kn2 - _398.5.

© Y = oW
A: ";.'€= 160
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6. For the network of Fig. 8.69:
(a) Determine 7.
(b) Calculate I'p and -
(c) Determine Z; and 4, = I,/T}.

Ve =20V

6.8 kQ

g 220 k2 ‘—"_0 .

Cer

e
Ce r,=S0kQ
r—— !
= gﬁﬁ-kﬂ

iz.zm IE_E

b

= 10R
. TesT Q@E o 2.?
(180 )(z.2ks2) = 10(S6ks2)
39 cks< S560RSE (nol saXis fied)

Usce efach .p.m.gﬂ,aq_,..,
(@) R, = Seksz |22oksz =44 RS2
sesz(Zov) = 4.058Y
22052 +SbRL

Ie = ME — %.0S8YV— OV
R “'LQ*") e . o4 ks =GB (2.2 k)

= T.S'E/l,u.lq

E-rh'--

Ig = (P+ITg = ABI(T.S8uA)
= 1372 mA

Tg .22 A
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() Ve = Telg =(.372nA)2.2k5 )= 3.02V
Vg = Vg +Vgg =3.02V +0TV
= 3.1V
Ve = Vee =T ke
=20v ~BTale =20V ~(180)(7-58,R)(6-8 es2)
= jo.72V

= 25. For the network of Fig. 8.83. determine:

(@) Z
L) 4,
(© 4;=1LJ;
@ Z,
0V
gz.z kO
§4?n k0 l
I ol
1kQ ! 5 HE |
— ' g = 140
Vv _|t < = h,=086kQ
+ 3 uF ) By, =1.5%10-*
hoe=2515
ALY I;
§1.zkﬂ 10 uF
- —
- - - I
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25- a. zl‘..- — h;.f. — hi;! hre?]_
L +hoe Ry
0. 863 — Q40X 1Sx10~YI(2.2e2)

I+ (254 3)(2.2k0)
O.86L5: —#437G 2

]

]

8lb.21.32
=z

B 12y = Y70ksz Il 8o
= 470k | B16.2152
= 814.8s2

ﬂ"r':' _h-gc.?L
hie +(hiehoe —hpe hre )R
=_—(™o)(2.2e52)

0.86ks2 4~ (Co. Bk X2SuI) - (4o)Q.Sxi0~Y))2.2\c52.
= -357.6%

< A;. = E = h:;:. = Yo

I+ho QL \ *-Lzsrs}(?.z ks2)

I

122,

QL =T, =(I. )(:c._) Ti=4TokaT
'E

Y4 T70k32 +0.B16e I
= 132.70X(D.998) , = 0948

= 132.43 -
Zo = :
Woe —~( W e hve /Chie +25))

-..I

|

—_—

25x167° —(C140) (LS%10™%)/C 0. 86 ksy +1kR))
= 7a.94ks2

Zd= Rel 2. = 2.2k52 I 7z.adksz
= Z.iad ks
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