ESE 372 / Spring 2012 / Lecture 16

Small signal equivalent circuit

After bias is figured out we
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Example

Find bias point and determine small signal parameters

1. Bias point V
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* Observe (a) Ve > 0.2-0.3V, hence indeed FA mode;
(b) R determines output voltage swing

2. Small signal parameters
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Common Emitter Amplifier with resistive bias (“classic” bias)

* Capacitors are required to decouple signal and load
Vee from DC bias circuit. Assume they are short circuits for
AC signals but open circuits for DC.
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Common Emitter Amplifier with resistive bias (“classic” bias): ignore r,.

* Exact analysis is possible but more complicated.
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Common Emitter Amplifier with resistive bias (“classic” bias): ignore r,.

* Exact analysis is possible but more complicated.
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Common Emitter Amplifier with resistive bias (“classic” bias): ignore r,.

* Exact analysis is possible but more complicated.
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Summary: = X
CE amp is inverting amplifier with current and voltage gains. Ko d+12 [

Input resistance increases and voltage gain decreases when R is used to stabilize DC bias.



Common Emitter Amplifier biased by current source.

AWVee Bias 1g“"" 'IGQ: 0{‘3'5 ud WJVV‘)VG

* But make sure that BJT is in FA, i.e. V@ > 0.2-0.3V
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Equivalent circuit based on Hybrid-r model, caps are
short circuits for signals
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Common Emitter Amplifier biased by current source.
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Common Emitter Amplifier biased by current source.
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Common Emitter Amplifier biased by current source.

Short circuit current gain
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Example

npn - BJT with  =100and V, =100V.
Biascurrent I, =1mA, V.. ==V =10V
R; =100k, R.=8k, Ry=5k, R, =5k

1. Check if BJT is in FA regime

I ImA
B+l 101
V, =—10p-100k =—1V >V, =—1V-0.7V =—1.7V > -10V.
V. =10V —1m-8k =2V —» V., =2V —(-1.7V)=3.7V > 0.3V

I

~10p

- 18 N 1mA - 40m_A 3. Find voltage gain
Sn YV T 25my v Gy=— A Re
R, +Ry R, +R_,
B 100 in ou
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V, 100V v
— A o — — ~ — ~
r, = © "~ Tma =100kQ R, =(R,|r,)~2.4k, R, =(R.]|1,)~7.4k

G, = 0.32-(— 296Xj-0.4 ~ —38X
\Y \Y

30mV p-p signal corresponds to about 10mV p-p variation of Vgg.
This produces about 1.2V p-p across load.

11



Example — output voltage swing
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Maximum amplitude of the undistorted sine wave

e e e —

at the output is

limited by maximum negative voltage swing, i.e. by 3.4 V.

For 1mA bias current what could we do to increase the maximum

output voltage amplitude?

What is the maximum value of this amplitude?



CE amp biased by current source and with R.

Case 1
R, =0
Rin - (RB || rﬁ)zr

T

Ay =—8, '(Rc | ro)

Case 2 (neglect ry)

R, #0
Rin :(RB ||(r7z+RE '[ﬂ+1]))>r7r
IB'RC
A =—
Yo 4R, [B+1]

Negative feedback resistor Rz improves input
impedance for the expense of gain
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