Transistor AC Models

 To visualize the operation of a transistor in an amplifier circuit, it is often useful to
represent the device by a model circuit that uses various internal transistor parameters to
represent its operation.
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{a) Generalized r-parameter model for a BIT (b} Simplified r-parameter model for a BIT



O Transistor models used both : r- parameters and h - parameters

I - parameters

TABLE 6-1
r parameters.
r PARAMETER DESCRIPTION
@ac ac alpha (I/I,)
Em:' ac beta Hr."llfb}
r, ac emitter resistance
Short << I ac base resistance
open << r ac collector resistance
* . 25mV
(rp) small -> neglect -> short r_:’, - T= 20°C

(rl.) several hunderd kilohms -> open Ig




h - parameters

O A manufacturer’s datasheet typically specifies h (hybrid) parameters : hi, hr, hf, and ho
Basic ac h Earameters.

h PARAMETER DESCRIPTION CONDITION
h; Input impedance (resistance) Output shorted
h, Voltage feedback ratio Input open
hs Forward current gain Output shorted
h, Output admittance (conductance)  Input open

‘h parameters for three amplifier configurations.

CONFIGURATION h PARAMETERS

Relationships of h Parameters and r Parameters

Common-Emitter higs hres g, Boe

Common-Base hip, Ry, By, B Xac = hf b o = hl
=4 gy -
Common-Collector  fye, hye, g, oe Bac = hft’ hm’
e he + 1
; hoe
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Comparison between §.. and By
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(a) Ppc = I/l at Q-point (b) B, =AI/A L
O For a typical transistor, a graph O If you pick a Q-point on the
of I versus Ig is nonlinear curve and cause the base current

to vary an amount Alg then the
collector current will vary an
amount Al



Three Amplifier Configurations

The common-emitter The common-base The common-collector

r
+Ver +¥er +Ver

R,
* Inputis at the base * Input is at the emitter * Inputis at the Base
» Output is at the collector. * Output is at the collector * Output is at the emitter
* Emitter is at ac ground * Base is atac ground. » Collectors at ac ground.
* High voltage gain * High voltage gain « \oltage gain~ 1
» High current gain » Low input resistance +  Called also \Voltage Follower

* Phase inversion No phase inversion



The Common-Emitter Amplifier

O CE amplifiers exhibit high voltage gain and high current gain.

FIGURE 6-8 N\

A common-emitter amplifier. V.|

Phase Inversion

Any change in input signal voltage results in an opposite
change in collector signal voltage.

There is no signal at the emitter because the bypass capacitor

C1, C3: coupling capacitors

effectively shorts the emitter to ground at the signal frequency.

C2: bypass capacitor emitter - common to both input and output signals



The Common-Emitter Amplifier
DC Analysis

e Allcapacitors - OPEN - due to dc bias.

@ Theveninizing the bias circuit and
apply KVL to the base emitter circuit

o RRy  (6.8kQ)(22kQ)
TR +R, 68kQ +22k0

R, 6.8k
e — V = 2 V = L 3v
Y (R, + Rz) e (6.8k() + 22m)' 28

= 5.19kQ

Viu — Vege 283V - 0.7V

= R+ PoBoc 5600 %3460 -omA

Ic = Ig = 358 mA o
- - - DC equivalent circuit for the ampli-
= = (3. 5 =2

VE IERE (3.58 mA X560 ) 4 fier in Figure 6-8.

VB — VE + 07V =27V
Ve = Vee — IcRe = 12V — (358 mAX1.0k(2) = 842V

VCE = VC - VF. - 842V = 2V =642V

Q-Point: {V{:EQ =6.42V, IE{'.I. = 3,58 mA]




