BJT AC Analysis

AMPLIFICATION IN THE AC DOMAIN
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FIG. 5.2
Effect of a control element on the steady-state flow of the electrical
system of Fig. 3.1,
FIG. 5.1 i .
Steady current established by a bac(p-p) == Ie(p-p)
dc supply.
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The superposition theorem is applicable for the analysis and design of the dc and ac
componenis of a BJT network, permitting the separation of the analysis of the dc and
ac responses of the system.

BJT TRANSISTOR MODELING

A model is a combination of circuit elements, properly chosen, that best approximates
the actual behavior of a semiconductor device under specific operating conditions.
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FIG. 5.4
The netwark of Fig. 5.3 following removal aof the dc
supply and insertion of the short-circuit equivalent
for the capacitors.

Transistor small-signal
ac equivalent circuit
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Setting all dc sources to zero and replacing them by a short-circuit equivalent
Replacing all capacitors by a shori-circuit equivalent

Removing all elements f{l'ﬂﬂh‘h‘{*ﬂ’ fl_-.' the short-circuit {'q:‘ffl'ﬂh'm‘h' introduced J’J_-.' steps
[and2

4. Redrawing the network in a more convenient and logical form
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Two port devices & Network Parameters:-

A transistor can be treated as a two part network. The terminal behavior of anv two part
network can be specified by the terminal voltages Vi & V7 at parts 1 & 2 respectively and
current 1] and 12, entering parts 1 & 2, respectively, as shown in figure.
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Port 1 P ¥
(of) " Transistor v
Input port i §  Outeut
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Two port network
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Of these four variables V1, V2, 11 and 12, two can be selected as independent variables and
the remaining two can be expressed in terms of these mdependent vanables. This leads to
various two part parameters out of which the following three are more mportant.

Hvbrid parameters (or) h — parameters:-

— If the input current 11 and output Voltage V7 are takes as independent variables,
the input voltage V' and output current 12 can be written as

Vi=hnuu+hn Va2
2 =hnu+hn\Vz

The four hvbrid parameters hi1, hiz, ha1 and ho? are defined as follows.
hir=[Vi/ 1] with V=
= Input Impedance with output part short circuited.

hpz=[12/ Va] with11=0
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= Qutput admittance with input part open circuited.
hp=[Vy/ Vi) with 1 =0

= reverse voltage transfer ratio with input part open circuited.
ho1 =[12/ 1] with V2 =0

= Forward cutrent gain with output part short circuited.

The dimensions of h — parameters are as follows:

hi -9
hy7 — mhos

h12 h21 - dimension less.
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— as the dimensions are not alike, (1e) they are hvbrid in nature, and these
parameters are called as hvbrid parameters.

[=11=mput; 0 =22 = output ;
F =21 = forward transf&r -1 =12 =Reverse transfer.

Notations used in transistor circuits:-

h;. = hy1. = Short circuit input impedance

hpe = h27. = Open circuit output admittance

hye =hj2. = Open circuit reverse voltage transfer ratio
hs. = ho1. = Short circutt forward current Gain.

The Hybrid Model for Two-port Network
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CE Transistor Circuit
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THE r, TRANSISTOR MODEL

Common-Emitter Configuration

The equivalent circuit for the common-emitter configuration will be constructed using the
device characteristics and a number of approximations. Starting with the mput side, we find
the applied voltage V; 1s equal to the voltage Vy, with the input current being the base cur-
rent [, as shown in Fig. 3.8,

Recall from Chapter 3 that because the current through the forward-biased junction of
the transistor 1s [, the charactenstics for the input side appear as shown m Fig. 3.9a for
various levels of Vpy. Taking the average value for the curves of Fig. 5.9a will result in the
single curve of Fig. 3.9b, which is simply that of a forward-biased diode.
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Finding the input equivalent circuit
for a BIT transistor,
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Equivalent circuit for the input side ° - ° N
of a BJT transistor. FIG. 5.12 D "'ﬁ m‘."lir"'I fﬂ'

BJT equivalent circuif.

7 = Vi Vi
L
4- By Vie = Lot = (I + Iphre = (Bly + Lr,
- = (B + Dy,
M S L _Vie_ (B Dy,
V, Vo 2 Te i = I, = I,
FIG. 5.13 Li=(B+ r, = Pr,
Defining the level of Z;.
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FIG. 5.14
Improved BJT equivalent circuit.

COMMON-EMITTER FIXED-BIAS
CONFIGURATION

FIG. 5.20 FIG. 5.21
Common-emitter fixed-bias configuration. Network of Fig. 5.20 following the removal
af the effects of Ve, €, and Cs.
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FIG. 5.22
Substituting the r. model into the network of Fig. 5.21.

Z; Figure 5.22 clearly shows that

i = REHBJ'E ohms

L= Br ohms
= P Ry= 10,

Z, Recall that the output impedance of any system 1s defined as the impedance Z,
determined when V; = 0. For Fig. 5.22, when V; = 0, [; = I, = (), resulting in an open-
circuit equivalence for the current source. The result is the configuration of Fig. 5.23.

We have

Zy = Relr, | ohms (5.7)
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Z,=Relr, | ohms

- L L
FIG. 5.23
Determining £, for the network
of Fig. 5.22.

If r, = 10R, the approximation Rp|r, = R is frequently applied, and

ZDERE

Ay The resistors r, and R are in parallel, and
Vo = _Efb(Rl:'_" o)

but I Vi
'L] pr—
! Bre v
V. o
so that V, = —ﬁ( r )(Rr_‘" ro) —
Bre
g
Vo ':RE" o) §R5
and Ay =y =~ v

If r, = 10R,, so that the effect of r, can be 1gnored,
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For the network of Fig. .

. Determine r,.
. Find Z; (with r, = ={}).
. Calculate Z, (with r, = ={]).
. Determine A, (with r, = =(}).
. Repeat parts (c) and (d) including r, = 50 k{} in all calculations and compare results.
0|2V
1k
ma {1
I "
— 10 uF
—) -
10 uF f=100 Z
Y r,= S0 k0
Z
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a. DC analysis:
Vee — Ve _ 12V -07V

Iy = = 24,04

. Ry 470 kQ) uA

Ip = (B + DIz = (101)(24.04 gA) = 2428 mA
2%6mV  26mV

e = = g A~ 10710

b. Br, = (100)(10.71 Q) = 1.071 k£
Z. = Ry|Br, = 470kQ[ 1.071 k) = 1.07 kQ
c. Z, = R-=3kQ
R 3k
d A, =—=
' re 10.71

= —280.11

e. Z, = ro|Rc = SOkQ3kQ = 2.83KkQ vs. 3k
ro|Re  283kQ

T 10710 —264.24 vs. —280.11

A, = —
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VOLTAGE-DIVIDER BIAS
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FIG. 5.27

FIG. 5.26 Substituting the r, equivalent circuit into the ac equivalent network of Fig. 5.26.

Voltage-divider bias configuration.
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_ RiR;
N R] =i Rg

R' = R||R;

Z; FromFig. 5.27

Zy, From Fig. 527 with V; set to 0 V, resulting in [, = 0 pA and I, = 0 mA,

Ifr, = 10R,.

Zi=R' ||Br£

Z, = Rf_-"rﬁ.

Ay Because R and r, are in parallel,

V, = —(BL)(Rclry)
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and

s0 that

and

Vi

‘f.b — ﬂf‘f
'.,."'.
Vo = _E(ﬁ; ){RC‘"’{:}
£
A, = Eru _ _R-L'""ru-
i Fe

which you will note is an exact duplicate of the equation obtained for the fixed-bias con-

figuration.
Forr, = 10R-.

A, =

V R

il
l"'lrf re

ro=10Re

(5.16)

Phase Relationship The negative sign of Eq. (5.15) reveals a 180° phase shift between

V, and V..
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o B0 Fp

For the network of Fig. !

Fp.
7.

Z,(r, = %Q).
A, (r, = =)

The parameters of parts (b) through (d) if r, = 50 k{} and compare results.

~) "“{Tia

B ATAY

w

8.2kM2

1.5 ki} § Il 20 uF
w
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a. DC: Testing BR; = 10R,,
(90) 1.5 k£2) = 10(8.2 k{})
135k} = B2 ki) (sansfied)

Using the approximate approach, we obtain
R (8.2 k{2N22 V)
Ve = R TR C T Sk + 82k oMY
Ve=Vp — Vg =281V - 07V =211V
Ve 211V
le=2" =150
_ 26mV 26mV
Iy 141mA
b. R = RIR, = (56 kM| (B.2k) = 7.15kQ

Z = R'|Br, = 715k [ (90)(18.44 ) = 7.15 k[ 1.66 k2

= 1.41 mA

= 18.44 0}

Fe

= 1.35k0
c. Z, = Re = 68kQ
Re  68kQO
. , = —— = — = —3 -
d- Ay e 18.44 0 68.76
e. 7= 1.35kQ

7, = Relr, = 6.8k0[50k0D = 598Kk vs. 6.8k
_Relr,  508k0

_ — _324.3 vs. —368.76
r. 1844 O Ve

There was a measurable difference in the results for Z, and A,. because the condition
r, = 10R- was not satisfied.

Ay =
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CE EMITTER-BIAS CONFIGURATION

Bypassed

If R of Fig. 5.29 1s bypassed by an emitter capacitor C, the complete r, equivalent model
can be substituted, resulting in the same equivalent network as Fig. 5.22. Equations (3.3)
to (3.10) are therefore applicable.
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For the network of Fig. !

470 kL2

10 uF
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. Vee-Vee 0V =07V

B Ry + B+ DR 470kQ + (121)0.56 k)
I = (B + DIy = (121)(35.89 pA) = 434 mA
~26mV _ 26mV
[ 4MmA

= 3580 uA

=539910

and 1,

b. Rpis “shorted out” by Cy for the ac analysis. Therefore,
Z; = Rg|Zy = Ry Br, = 470 k01| (120)(5.99 (1)
= 470k 7188 Q2 = T17.70 O
c. Z,=Re=22k{}

R
d. A, =-—

Te

2.2k{)
= —— = — }67.28 (a significant increase)

3.99 ()
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