Supplementation

Week 8
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Load line for voltage divider bias circuit
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Q-point with amplifier operation, Where?
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Switching Circuit Calculations

Saturation current:
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To ensure saturation:
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Emitter-collector
resistance at
saturation and cutoff:
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The important circuit parameters:
1.  Z; =Vl input impedance

2. Z,=V,/l, output impedance
3. A =V/V, voltage gain
4.
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In summary, therefore, the ac equivalent of a
transistor network is obtained by:

1. Setting all dc sources to zero and replacing them

by a short-circuit equivalent 2

— O O
2. Replacing all capacitors by a short-circuit %? + B
equivalent R &

+ ' R, IR,
3. Removing all elements bypassed by the short- v, i\,
circuit equivalents introduced by steps 1 and 2 Ny i
- - =

4. Redrawing the network in a more convenient and
logical form
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The r, Transistor Model
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Common-Emitter Configuration

L, « The diode r, model
I o e
o — } *  can be replaced by
+ the resistor r,.
,l,le Ve
o ¥ 26 mV
° ; ° ° Ie
Current through diode:
=1 +1, =4, +1, =(B+DI, = A1, i B
(generally p>>1) I ’
—
Input impedance: Z. :V‘ :Vbe — T, ~ Plote + _f_ J’I
Ii Ib Ib Ib — )




Common-Emitter Fixed-Bias Configuration

The input is applied to the base

The output is taken from the
collector

High input impedance
Low output impedance

High voltage and current gain

Phase shift between input and
output is 180°
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Common-Emitter Fixed-Bias Configuration




Common-Emitter Fixed-Bias Calculations

Input
Impedance:

Output
Impedance:

Voltage gain:

Z, =RglBl.
Z. = Br,

Re >106r,

ZO = RC”ro
Z, =R

r,=10R¢

Vo __(R(lr)

: Rp pr, ‘ BI, R, :
14 4 4+ + +7%
A = L _ BRs,
Current gain: i (6 +Re)(Rg + Bre)
A=z=p r,>10R¢, Rg>10r,

Current gain A=-A L
from voltage gain: Re
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Example

Determine r,.

Find Z; (with r, = ©(}).

Calculate Z, (with r, = ©(}).

Determine A, (with r, = ().

Repeat parts (c) and (d) including r, = 50 k{2 in all calculations and compare results.

012V
3 kQ
470 kQ 'L 7
0 I’

I; I\ °Vo

— 10 uF
V{.()—) e

10 uF B =100 Z,
r,= 50 kQ
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Solution:
a. DC analysis:

Vee = Ve 12V = 0.7V

Ig = = = 24.04 uA
- YR 470kQ) .
el X Ip = (B + DIg = (101)(24.04 uA) = 2.428 mA
FO 26mV 26 mV
- r,= — = 2~ 10710

Ie 2.428 mA
b. Br, = (100)(10.71 Q) = 1.071 kQ

Z; = Rg|Br, = 470kQ|1.071 kQ = 1.07 kQ

C. Z():RC—3kﬂ

Rc 3 k()
d A, =——=— = —280.11
Yo 10.71 Q)

r.|[Rc = 50kQ[3kQ = 2.83kQ vs. 3k

ro||[Rc  2.83kQ
A, = — — = —264.24 vs. —280.11
r, 10.71 O

e. Z,




Common-Emitter Voltage-Divider Bias

r, model requires you to
determine B, r,, and r,.
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Common-Emitter Voltage-Divider Bias
Calculations

Current gain

. . l, BR,
Input impedance Output impedance A "1 0 +ROR4PL)
R'=R, [IR, Z, =Rc |1, A—I—"" BR’
' i T = [/ r0210RC
Z =R'|| Br, Z. =R, 10R. . R+Pr,
I0
A :I_NBrJORC R'>10r,
Voltage gain Current gain from A,
Vo _RC ” F y4
A A=-ARs
V. R
A\/ V_ = ——% ro>10R ¢

e




o &0 O

i"e.

Z:.

7 . = 0 Q) Example
A, (r, = x()).

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

56 kQ




Solution:
a. DC: Testing BRg > 10R,,
(90)(1.5kQ) > 10(8.2k)
135 k) > 82 k() (satisfied)

Using the approximate approach, we obtain

. LV (82kM)(22V) S a1y
BRI+ R, “ 56kQ + 82kQ T
Ve=Vg — Vg =281V —0.7V =211 QZTV
Ve 211V
Ip = = = 1.41 mA
Ry 15kQ
26 mV 26 mV
po=200 = D0 _ 1844 Q
I 1.41 mA
b. R' = R{||R, = 56 kO)|(8.2kQ) = 7.15kQ v,o_—J
Z; = R'|Br, = 7.15kQ][(90)(18.44 ) = 7.15kQ|1.66 k !
— 1.35kQ — gs.zkg
c. Z, = Rc = 6.8kQ “' 1.5 kQ 20 pF
Rc 6.8 k() 1 I
d. =——=———"—""—= —=368.7 = = =
' Fe 18.44 O 363.76

~

A
e. Z: = 1.35kQ
Z, = Rc|r, = 6.8kQ|50kQ = 5.98 kQ vs. 6.8 k)
Rc|r, 5.98 kO
A, = — = -~ = —324.3vs.—368.76
v 7, 18.44 O v

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




