EEAP 243 Lab Work:
Lab9 Questions Due:

COMMON EMITTER AMPLIFIERS o
READING ASSIGNMENT: Horowitz, pgs.50-53, 62-63, 65-71.

Abstract:
In this lab you will study two different transistor amplifier configurations and demonstrate the

variability of the parameters Bqc, Bo, and rg for commercial transistors.

NOTE: All of this lab must be done using the same transistor so that your test data will be
consistent. You can avoid burning out your transistor by disconnecting both power supplies while
making changes to the circuit. Disconnecting the supplies is more effective than turning off the DC
POWER switch.

Part 1 - Common Emitter Measurement of Bgc, o, and rx

The transistor parameters Bqc, Bo, and ry vary widely with temperature, with collector current, and
from component to component. This variation can easily be observed using a common emitter

amplifier without an emitter resistor. In this configuration DC biasing is determined by B4c and AC

gain is determined by B, and ry. Because this configuration has a very high gain, you will be using
a voltage divider to reduce the output of your signal generator by a known factor. You will be

using relatively low V¢ and V. voltages to reduce the power dissipated by your transistor. More
power dissipation would cause a rise in temperature, which would change its characteristics. You
“%ill use capacitors to "decouple” the power supplies on your breadboard to reduce the possibility
of oscillation.
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Part 2 - Common Emitter Amplifier Distortion

Build the circuit shown in Fig.1 using Rg = 100 K, Rg = 4.7 K, and R¢ = 2.2 K. Points
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Figure 1 - Common emitter amplifier

B and C should be shorted together. Connect your scope CH1 input to \?oint A and CH2

to point F. Set the signal generator to a 10 KHz sine wave.
Mw that the

Set the generator's AC amplitude to zero and adjust
DC voltage at point F is approximately 2.80 V. -

Use the DMM to measure the exact DC voltages at points D, E, F, and G and record your

results in Table 9.1.

Increase the generator's AC amplitude so that the AC signal at point F is approximately

200 mVp-p.

c.

Using your scope measure the exact AC peak-to-peak voltages at poin@d F. Record
your results in Table 9.1 Circudk 4.

Remove the short circuit between poinm

Measure the new peak-to-peak voltage at point F.

Perform steps 1 through 7 for a second time with Rg = 10 K, Rg = 47 ohms, and R¢ =22
ohms. Record your results in Table 9.2 — ¢ rout 2 .

aetuallly Paopm@vng 90: nt

You saw in part 1 that the parameter B, depends on the transistor's DE-eeHeeter-current. The

instantaneous value of Bo also depends on the transistor's instantaneous collector current. If the
collector current varies over too wide a range in amplifying a signal, it is possible to get nonlinear

amplification (distortion) due to the changing value of Bo.
(1) Rebuild the circuit shown in Fig.1 using Rg = 100 K and R¢ = 2.2 K. Points B and C

should be short circuited) Connect scope CH1 to

signal generator to a 10

.
o

oint A and CH2 to point F. Set the_
z triangle wave. }—\fd‘\)s& VE <o Thel A\ ?0‘%%*‘&3 X QVN
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(2) Adjust the variable power supply and the generator's AC amplitude in combination so that .
you have a 4 Vp-p signal at point F which goes between 0.5 Vand 4.5 V. 0 0’:*
(3) Measure the peak-to-peak voltage at point A. Record the waveform at point F in Table 9. 3 b ;
(4) Adjust the scale factor and sensitivity of CH1 so that both waveforms have the same gfﬂ
amplitude on the oscilloscope scree omdl vt (W2~
(5) Change the display mode to ADD‘nd record the resulting waveform in Table 9.4. Set the
mode back to DUAL and set CH1's sensitivity back to its calibrated position.

PLEASE CALL A TEACHING ASSISTANT TO CHECK YOUR DATA BEFORE -
CONTINUING X

Part 3 - Common Emitter Amplifier with Split Emitter Resistor

The effects of Byc, Po, and 1 can be largely eliminated by including a resistor from the emitter to
ground. By using a capacitor to bypass part of this resistance to ground, an amplifier can be built
which has a very stable gain and operating point.
(1) Build the circuit shown in Fig.2. Points A and B should be shorted together and points H
and I should not be connected to an g. Connect the scope CH1 mput 10 pomt A w@é 7« OEIC.: -
£ Re-SiE B SV oI - trrer .2 § o Ve
3) e D voltages at points C D,E, F and G. Record your ' put

measurements in Table 9.5. e
(4) Increase the generator's AC amplitude so that signal at point A is approxxmatclp.

(5) Measure the exact rms and peak-to-peak voltages at points A, C, E, F, and H. R¢
your results in Table 9.5.
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(6) Connect points H and I together and measure the new rms and peak-to-peak voltage at
point H.

(7) Remove the short circuits between points A and B and points Hand I.”

(8) Measure the new RMS and peak-to-peak voltages at point H.

(9) Record the maximum and minimum voltages at point D (the waveform peaks) for signals
at point A of 1 Vp.p, 2 Vpp, 3 Vp.p, and 4 Vo Record these waveforms in Table 9.6-

98- 4 %71 4.5 44
LEASE CALL A TEACHING ASSISTA R YOUR DATA B LEAVING.
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Questions:

/ @ Calculate the following parameters for

(o ®

(b

- Bac— /
I'g, AN ,

Most sudords did Not ave |
V)&Q\LW& ge MM’?’MOQ %AM ton =

W

Ay (F/B) in step 5,

Ay (F/B) in step 7, {3:/0/ Q%w"“v i T
EQC, sl TRV '(a"z, cotn ’\%3 TO and @3 = 4K, Sm: §§mA_‘

B LW Rore Ao@, Thes cpmae 'C rom P: ﬁmrﬂ'
n qm\pg
Calculate the expected voltage at point F based on your measured voltage at point A

and your values for Bo and ry from @@ Queshon * 1,
How does the expected valug co with what you measured?

M

(c) Why is the output waveformi¥listorted? "( Aee. Paar 2
(d) What was displayed when you added the waveforms?
WRT
( Your "amplifier” is defined by the dotted line in Fig.2. oot J
\ (a) Use your results from (no_; our data from whispart) to calculate’Ay, L, Z;,
o /7 a.ndy Sruld be - Qs ) e, wae ry  Bac ,ote. Y '
X0 S )V(b) Calculate Ay m’ﬁ‘ Z;, and Zo usmg your data from ki part# 3./
&L / | (©) Explain any differences between (a) and (b).
Y ,«” (d) Suppose that Bgc and B, were to increase by a factor of 4 and that rz were to
become zero. Calculate the percent change in Ay, L, Zj, and Z, that would occur.
\ /.(e) Calculate the overall voltage gain that would result if two of these amplifiers were
;N cascaded. vbwm tn 6 not clean wiRad cacc ad/vhé (MCam s .
4. (a) Sketch the waveform at D (4 Vp.p input) and indicate the periods of saturation and
cutoff.
(b) What was the DC voltage from collector to ground during cutoff?
; (c) Can the collector voltage be greater than V?
/ / (d) What was the DC voltage from collector to ground during saturation?
/ J (e) Can the collector voltage be less than the emitter voltage?
|
! i
: AN 1/ T
. (;u _,_,
i I SNY <. =
!\ « /M J /
\ y
S A= R {
. o da Vbt) (=
*\”W*/\’«( 0 ovandle The G%(odm\s %o\ geb UaRe t) S k\z, 23 }

ﬂ\m %mwmk was- 100

Lm\ﬁ
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EEAP 243 LAB 9 EVALUATION

NAME (print) CHECKPOINT #1 ___ DATE
GRADE / CHECKPOINT #2 ___ DATE

With respect to the course material, this lab was: (pick one)
___highly relevant __relevant ___ notrelevant ___ completely irrelevant

This lab was: (pick one)
_ toolong___ long___ justright __ short ___too short

This lab was: (pick one)
_ toohard ___hard ___ justright __ easy __ too easy

The background material in the lab assignment was: (pick one)
__ toodetailed ___justright ___ sufficient ___insufficient ___totally inadequate

The step by step procedures in the lab assignment were: (pick one)
__ toodetailed ___ justright ___ sufficient ___insufficient ___ totally inadequate

Describe any mistakes made in the lab assignment.

Describe anything that just didn't work right.

Describe how this lab could be made better.



QUIZ

NOTE: THE TEACHING ASSISTANT IS TO SELECT BOTH QUESTIONS FROM
THE UNDERLINED OPTIONS AT THE SECOND CHECKPOINT

Question #1

What will happen to the collector current of Q3 in Fig. 9.2 if we increase/decrease the
resistance of Rg/Rg/R1q ?

It will increase / decrease / stay the same.
Question #2

What will happen to the gain from point D to point G in Fig. 9.3 if we increase/decrease the
resistance of R4/Rs/R¢/R7/R18 ?

It will increase / decrease / stay the same.



EEAP 243

NAMES:
Lab 9 Data
------- Rg=0 ---nmmv S Py, | —
DC voltage AC voltage (p-p) DC voltage AC voltage (p-p)
D
E
F
G
Table 9.1
L [ Rg=4.7K -
DC voltage AC voltage (p-p) DC voltage AC voltage (p-p)
D
E
F
G
Table 9.2
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Table 9.4
Rs=4.7k
DC voltage ACvoltage (p-p) AC voltage
(rms)
A
C
D
E
F
G

H (HI open & AB shorted)
H (HI & AB shorted)
H (HI & AB open)

Table 9.5
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