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Transistor Amplifiers

Resistors
« Rc converts Ic to a voltage
« R1 and R2 bias in the active region
 Re stabilzes the Q-point

Capacitors
« [solate the circuit at DC
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Procedure

DC Analysis (this lecture)

- Find R1, R2, and Re to set the DC operating
point

AC Analysis (coming soon)

- Apply a small signal to one C
« Model the AC behaviour

« Common Emitter (emitter gounded)
- Common Base (base grounded)
« Common Collector (collector grounded)
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DC Analysis: (Re =0)
Replace R1 and R2 with their Thevenin equivalent
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Redraw the circuit: Assume Re =0
(533307 _
I, = ( o ) =20.85uA

[. =200, =4.170mA
Vee=12-10001, =7.83V
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DC Analysis: Re>0

Redraw the circuit
Vb = Rpplp +0.7T+ R (I + Blb)
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DC Design

Find Rth and Vth to set the Q-point to 6.00V

_ ([ 12v=6v) _
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Iy = (21060) =30pA
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Let Vb=+12V
V, =12V
R, =377k ey

Converting back to R1 and R2:
V, = ( e ) 12V =12V 377k

R1+R2

Ryr =

R, =R,||R, =377kQ
R, =377kQ



CircuitLab Simulation
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Variations in [:
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This affects the Q-point

« Monte Carlo simulation

vV = []
I = []
i=

for

I =
end
plot (V,

:100

377000 * (1 + (rand()*2-1)*0.01);
1000 * (1 + (rand()*2-1)*0.01);

= 200 + 100* (rand()*2-1);
(12-0.7) /Rb;

= Beta*Ib;
= 12-Ic*Rc;
[V ; Vcl;
[T ; Icl;
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To compensate for variations in [3, add Re.
Ic — Blb
—Viy+Rpl, +0.7 -I—Re(lb -I—IC) =0

ja. ( V,—0.7 )
b — Rp+(1+P)R.

To stabilze the voltage at Vc:
Ve=Ve—Rcl,

Rb (Rth)

Vb
N +

Vb ] o 0.7V
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Rc =1k

Ve=Vee— (-2 ) (v, -0.7)

Ry+(1+P)R.

If
(1+B)R. >> Ry

3 B
Vc ~ Vcc - ((1+B)Re) (Vb - 07)
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To stabilize the Q point, pick Re such that
(1 + B)R e >> Ry

+12V

Design (take 2)
- Vce =6V . e

- Stabilize Q-point for variations in f
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Pick Re > 0
R. =100

To stabize the Q point R Re
(1+B)R. >>R, v
20, 100Q2 >> R,
Ry =2k B




From before,
[, =6mA
I, =30uA
SO

_( vy07 ) _
Iy = (Rb+(1+l3)Re) =30pA
V, =1.363V
This corresponds to R1 and R2 being:

(’“Rz ) = 2000
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( K2 )12\/: 1.363V
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Monte-Carlo Simulation

v:
I
for

[
= [
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|| = ~e ~o

R1
R2
Rc
Re
Beta
Vb =
Rb =
Ib =
Ic =
Vc =
V:
I:
end
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17600 * (1 + (rand()*2-1)*0.01);
2256 * (1 + (rand()*2-1)*0.01);
1000 * (1 + (rand()*2-1)*0.01);
100 * (1 + (rand()*2-1)*0.01);
= 200 + 100* (rand () *2-1);
12*(R2 / (R1+R2));

1/(1/R1 + 1/R2);

(Vb-0.7) / (Rb + (14+Beta) *Re) ;
Beta*Ib;

12 - Rc*Ic;
[V ; Vcl;
[T ; Icl;

plot (V,I*1000,"'.");
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CircuitLab Simulation
« Vce =5.635V (vs. 6.00V)
- Ib=38.39 uA (vs. 30.0uA)
. Ic = 5.783mA (vs. 6.00mA) R Re

17.6 kQ 1kQ
I
- B= = 150.6 (vs. 200)
. . + ) v
« Re helped stabilize the Q-point in spite — J12v
of the differnce in 3 | Q1
I\\2N3904
I —

(v 1.287 v

WYvE) B.217 Y

Wie) 582.1 my R2

I(21.nB) 38.39 pA 2.256 kQ Re

21 . i) 5.783 ma 100 Q

Add Expression

ElExport Results. ..
Run DC Solver




Summary:

 In order to use a transistor as a Class-A
amplifier, you need to bias it in the active oo
region.

 Re serves to stabilize the Q-point for
variations in 3 Ri

« R1 and R2 serve to set the Q-point

Rc

Ve

« The capacitors 1solate the circuit at DC Vo ||

3 -
The following lectures will look at AC i }\7 )
% }

analysis of this circuit

R2 Re




