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The Hybrid Equivalent Model



The Hybrid Equivalent Model

* Main Difference between r_ and H model is that:
» The r, model has the advantage that the parameters are defined by the
actual operating conditions
» The parameters of the hybrid equivalent circuit are defined in general terms
for any operating conditions.

Min. Max.

Input impedance
(e =1 mA de, Vo = 10V de, f = | kHz) 03 75 K
Voltage feedback ratio 4

. _ . v
(le =1 mA dc, Veg = 10 V de, f = | kHz) 0.1 8.0 10
Small-signal current gain
(Ie=1mA de, Vep = 10V de, f = 1 kHz) 20 250 -
Output admittance , 2
(e =1mA dc, Ve = 10V de, f = 1 kHz) 0 30 tuS

FIG. 5.92
Hybrid parameters for the 2N4400 transistor.



The Hybrid Equivalent Model
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FIG. 5.93
Twa-port system.
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Transistor Hybrid Equivalent Circuit

e Hybrid Equivalent Circuit:

* e
V: = hy I + hyaV,
[ 114§ 12%¢ ! ﬂlzvﬂ % .Fizlfr' 4 h.‘_..' |
]i'” = Jril'glfl; -+ h‘gzl’:? o “
FIG. 5.94 FIG. 5.95
Hybrid inpur equivalent circuit. Hybrid owtput eguivalent circuit,
* For Transistor:
[; h; I,
—_—T 4 pE
' 1 O
fiy| — input resistance — A; °*‘“_‘+ VV"_| | . :
- +
ﬁ % —
hi, — reverse transfer voltage ratio — A, v Wy, ,.\’ * i, e y
hy; — forward transfer current ratio — Ay - | |
hy, — output conductance — h,, o o
FIG. 5.96

Complete hybrid equivalent circuit.



Transistor Hybrid Equivalent Circuit (CE)
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FIG. 5.97

Commean-emitter configuration: {a) graphical symbol; (b) hvbrid equivalent circuit,



Transistor Hybrid Equivalent Circuit (CB)
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FIG. 5.98
Commen-base configuration: (a) graphical symbal; (b) hvbrid equivalent circuit.,



Hybrid Approximation
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Effect of removing h,. and h,. from the hvbird
equivalent circuit.

Approximate hyvbrid equivalent model.



ybrid vs. r, model
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FIG. 5.101
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Hyvbrid versus r, model: (a) common-emitter configuration; (b) common-base configuration,
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Hybrid vs. r, model (Example)

EXAMPLES.19 Givenlg = 2.5 mA, hp. = 140, hy, = 20 uS (pumho), and hyp, = 0.5 uS,
determine:

a. The common-emitter hybnd equivalent circuit.
b. The common-base r, model.

Solution:
26 mY 26 mY
oTe ™ e 25mA 10.4 L2 b. r. = 10.4 £}
hie = Br. = (1400104 {}) = 1456 k{} | |
e = Pre = (140)104 11 =1 r,=—= = 2M0
=1 1 _ oo hy, 0.5uS
e b 20uS
O O
b o G 0 |
—f-
I ‘
1 f I ro=2MGQ
by, ?].ﬁﬁm +- 140005, §E=5ﬂkﬂ
| . l 4 o b
e o " =
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Approximate & Complete h-model



Approximate h-model
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FIG. 5.104

Approximate common-emitter hvbrid equivalent circuit.
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FIG. 5.105

Appraoximate commeon-base hvbrid equivalent circuit.
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Approximate h-model
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(Fixed Bias circuit)

Zr' — Rﬂ”hff

z.r;r — RE‘” lj,hﬂe*

R' = 1/h,.|Rc
V, = =1, R' = —I-R'
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Approximate h-mode|  (Fixed Bias circuit, Example)

EXAMPLE 5.20 For the network of Fig. 5.108, determine:

a. Z;.
b. Z,. Solution:
c. A,.
d A a. Z; = Rglh, = 330kQ[1.175kQ
= h;, = 1171 kQ
¢ olV 1 I
|
o b. r,=—= = 50k
27 KO h,e 20pA/V
1
Bk TR Z, = ;—||R,_~ = 50kQ[2.7kQ = 256 kQ = R,
i o lpe
S | he=120 7, he(Re| 1/ hoe) (120)(2.7 kQ |50 kQ)
— 1 e = éhlfmkﬁ - A= T T 1.171 kQ - 26234
I i-ru':
d. A; = hy, = 120
——
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[ Check Other Configurations }
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