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DC Analysis (review):
To use a transistor as a Class-A amplifier

« Use Re to stabilize the Q-point
« Use R1 and R2 to set the Q-point
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Common Emitter Amplifier

Connect
+13V

« Ce to ground.

« Cb to the input

« Cc ot the output i
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What is the 2-port model for the
resulting AC circuit? Vin© e 0
- a.k.a. the Small Signal Model
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Problem: How to model the diode
Recall that for a silicon diode that
V= T]VT - In (Id/lo + 1)
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Small-Signal Model (AC Model)

Replace the transistor with it's AC
model

« Ignore the DC terms (already computed)
- Diode becomes rf (867 Ohms)

Note:
« Vec =12V (DC) + 0V (AC) Vo ||

 This 1s AC analysis

Vin
Using superposition 2056

« V(total) = DC + AC
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Redraw the Circuit
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Convert to a 2-Port Model

Rin: For the 2-port model, short Vo so that Vo=0 and A;V,,, =0. Measure
the resistance at the input. Doing the same for the CE amplifier, this results in

Rin =R1||R2||Ff

Ai: For the 2-port model, apply 1V to Vout. Measure the resulting voltage at
Vin. Doing the same for the CE amplifier results in Vin = 0V, so

Ai=0

> Rin Rout
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Rout: For the 2-port model, short Vi so that Vi=0 and .v,-0. Measure the
resistance at the output. Doing the same for the CE amplifier, this results in

Rout :Rc

Ao: For the 2-port model, apply 1V to Vin. Measure the resulting voltage at
Vout. Doing the same for the CE amplifier results in

Ao — Vour — _RCIC — _B;{;C

> Rin Rout
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2-Port Model:

R, = 605Q
Rout — le
A, =-231

1k

605 -231 Vin




Simulation Results

« Vin = ImV 1kHz sine wave

- Vc has a DC offset
« Plus an AC component (1kHz)
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Simulation Results (DC)

- Vb=1.287V
- Vc=6.217V
V1
- Ve =0.582V R1 Rc 12V
- Ic =5.783mA 17.6 kQ 1kQ 10?]3 i
H
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CircuitLab: Ao:
« Apply ImV to Vin
-« SetR8§=0
- Set R5 = 10M (large)
- Measure the Vout

+ (time-domain simulation)

Vout = 203.3mV (peak)
« Ao=-203.3
- Calculated = -230
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CircuitLab: Rin:

« Apply ImV to Vin

- Set R8 =605
« Set RS = 10M (large) (‘D "
- Measure the Vout ;. Ro | A/ TAY
+ (time-domain simulation) s | Vout
RS = '
sote T IERERE.
VWA || i |\2N3904 1 mF
Vout = 95.04mV (peak)
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+ (vs. 605 Ohms calculated)




CircuitLab: Rout:

« Apply ImV to Vin

« SetRE=0
PSRy =1k 2 2 e
« Measure the Vout 17.6 kQ 1kQ
+ (time-domain simulation) Al c1 _ | Vout
00 1mF / |
o Q1 C3
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Vout = 107.1mV (peak)
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100 Q 1mF
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Rout = ( 107 ) 1000£2 T
Rout — 898Q

« vs. 1000 Ohms calculated




Cascading CE Amplifiers
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Analysis:
« Use the 2-port model (x2)

By inspection

« Rin =605
- Ai=0
« Rout= 1k

Ao: Apply 1V to the input
605
- Vi= (605+1000)( 231V)

- V1 ==-87.07V
- Vo, =-231V; =20,114
Ao =20,114

Vo

605

1k 1k

V1 V2

-231 V0 605 -231 V1




Simulation Results
« Vin = 100uV 1kHz sine wave
« Vout = 1.409V sine wave
- Gain = 14,090
« (vs. 20,114 calculated)

1.800%

1.800%

1.400%

1.200%

1.000%

800 Om*

500.0mY

400 .0my

200.0my

0.000%

-200.0mY

-400.0my

-E00.0my

-300 Om*

-1.000%

-1.200%

-1.400v

-1.800%

-1.800v

-2.000%

o)



Summary
 CE amplifiers provide high gain
- The 2-port model simplifies analysis when cascading amplifers
« The capacitors block the DC offset

- The capacitors prevent the source and load from changing the Q-point



