Electronic Circuits

Lecture 4.2: Analysis of Common-Emitter Configuration BJT Amplifier .




Amplifier Analysis

®  DC Analysis
= C - open, L 2 short, find re that is one of AC equivalent circuit parameters.
= AC Analysis (Mid-Frequency Analysis)
= Cs = short, Ls 2 open, DC sources eliminated, find Av.
= AC Analysis (Low-Frequency Analysis)
= DC sources eliminated, Cs and Ls are NOT eliminated, find fc lower corner frequencies for HPF.
= AC Analysis (High-Frequency Analysis)

= DC sources eliminated, Cs and Ls are eliminated, but new Cs are added, find fc higher corner frequencies for LPF.

= Warning: This list possibly doesn’t fit to Electronics-based department lectures.



Common-Emitter Amplifier: Circuit
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Common-Emitter Amplifier: DC Analysis (1)
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Common-Emitter Amplifier: DC Analysis (2)
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Common-Emitter Amplifier: AC Analysis (1)
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Common-Emitter Amplifier: AC Analysis (2)




Common-Emitter Amplifier: AC Analysis (3)




Common-Emitter Amplifier: Low-Frequency Analysis (1)
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Common-Emitter Amplifier: Low-Frequency Analysis (2)
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Common-Emitter Amplifier: Low-Frequency Analysis (3)




Common-Emitter Amplifier: Low-Frequency Analysis (4)
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Common-Emitter Amplifier: High-Frequency Analysis (1)
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Common-Emitter Amplifier: High-Frequency Analysis (2)




Common-Emitter Amplifier: High-Frequency Analysis (3)
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Common-Emitter Amplifier: High-Frequency Analysis (4)
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Common-Emitter Amplifier: High-Frequency Analysis (5)
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Common-Emitter Amplifier: High-Frequency Analysis (6)
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Common-Emitter Amplifier: LTspice Example (1)
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Common-Emitter Amplifier: LTspice Example (2)

Note that:

(@) Input signal is VAC (instead of usual VSIN) in the circuit since we need frequency
response of the output voltage. AC Sweep is done only with VAC with only amplitude
specified. Different frequency will be applied by the simulator.

(b) To ease the limitation of power supply by IOBoard, V¢ is supplied by 5V source.

(c) The load resistance in the circuit is chosen 100kQ). This value may be significantly
different from your assigned work. You, I mean, you need to do some work too. Right?

(d) Why those values of resistors? Try to answer by DC analysis. Find expected voltage
gain from the DC analysis.

(e) Why those values of capacitors? Perform AC analysis and find expected low and high
cutoff frequencies.



Common-Emitter Amplifier: LTspice Example (3)

Vin i

o l 135.36UA
151.89uAl AT |
1u-
| 22k I
c1 | 135, 36U7 c2 L
| | S
|| Q2N2222 RL <100k
0.3u |
| | 150 76U/ 136.49UA
@VAC R2 < 11k Re1 = 1.8k
ACMAG=0.5 136.49u/ AL |
——CE
' Re2 fia.Ok - s0u
L g L

_— Vcc

087 .25UA




Common-Emitter Amplifier: LTspice Example (4)

AC Sweep

To do AC Sweep, your AC source must be VAC.
You decide only ACMAG (AC magnitude),
and I picked 0.5 in the circuit above. In the AC

Sweep we have to assign our frequency band of
interest. Here I set from 0 to 100MHz.
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Common-Emitter Amplifier: LTspice Example (5)
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Common-Emitter Amplifier: LTspice Example (6)
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Common-Emitter Amplifier: LTspice Example (7)

The green tracing is the voltage at the load and red, the input voltage, at each of the frequency at
the range of 0 - 100MHz. What is the low cutoff frequency? What is the high cutoff frequency?
What is the mid-band voltage gain?

How can you change the cutoff frequencies by changing capacitor values?

How do you change the gain by changing resistor values?

Do you see the influence of load, so called "load effect"?



Common-Emitter Amplifier: 2N2222 Catalogue (1)

Absolute Maximum Ratings (T, = 25 °C)

Parameter Symbol Value Unit
Collector Base Voltage 2N2222 V 60 vV
2N2222A cBo 75
Collector Emitter Voltage 2N2222 Y 30 Vv
2N2222A RO 40
Emitter Base Voltage 2N2222 Y 3} V
2N2222A EBO 6
Collector Current I 600 mA
Power Dissipation Piot 625 mW
Junction Temperature T 150 °C
Storage Temperature Range Tetg -95to+ 150 °C




Common-Emitter Amplifier: 2N2222 Catalogue (2)

Characteristics at T,= 25 °C

Parameter Symbol Min. Max. Unit
DC Current Gain
at VCEz 10 V., IC=O-1 mA hFE 35 - -
at VCEz 10 V., IC= 1 mA hFE 20 - -
atVCE=1OV, IC=10 mA hFE 75 - -
atVee=10V, I =150 mA Nee 100 300 -
atVee=10V, I =500 mA 2N2222 Nee 30 - -
2N2222A Nee 40 - -
Collector Base Cutoff Current
atVeg=90V 2N2222 leso - 10 nA
atVeg=60V 2N2222A - 10
Collector Base Breakdown Voltage
atl.=10 pA 2N2222 V sricso 60 - \V

2N2222A 79 -




Common-Emitter Amplifier: 2N2222 Catalogue (3)

Characteristics at T,= 25 °C

Parameter Symbol Min. Max Unit
Collector Emitter Saturation Voltage
atlc =150 mA, =15 mA 2N2222 - 0.4
2N2222A | Vegea - 0.3 V
at Ic =500 mA, Iz =50 mA 2N2222 - 1.6
2N2222A - 1
Base Emitter Saturation Voltage
atlc =150 mA, [g= 15 mA 2N2222 - 1.3
2N2222A | Vggiea 0.6 1.2 V
at Ic =500 mA, Iz =50 mA 2N2222 - 2.6
2N2222A - 2
Gain Bandwidth Product f 250 ) MHz

atlc=20mA, Vee=20V, f =100 MHz




Left to Students

= |f we add an extra resistor
(Rs) in series of the Vin, what 1
will be change in equations?

" |f we remove the C_E
capacitor , what will be
change in equations?

= |[f we connect two amplifiers Vi
in cascade connection (see -
the circuit on the right),
what will be change in [] s
equations? Is there any . R6
change in corner [[] [[]
frequencies?
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