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EXPERIMENT

Emitter

and Collector
Feedback Bias
of BJTs

OBJECTIVE
To determine the quiescent operating conditions of the emitter and collector
% feedback bias BJT configurations.
EQUIPMENT REQUIRED
Instrument
DMM
Components
Rasistors
(2) 2.2-kQ
(1) 3-kQ
(1) 390-kQ
(1) 1-MQ
Transisfors

(1) 2N3904 or equivalent
; (1) 2N4401 or equivalent

Supplies
" DC power supply
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EQUIPMENT ISSUED

RESUME OF THEORY -

Exp. 10/ Emitter and Collector Feedback Bias of BJTs

ftem " - 'L'aborétbr‘y serial no.

DM
DC power supply

This experiment is an extension of Experiment 9. Two additional arrange-
ments will be investigated in this experiment: emitter bias and collector
feedback circuits.

Emitter Bias Circuit

The emitter bias conﬁguratmn in Fig. 10.1 can be constructed using a single
or a dual power supply. Both configurations offer increased stability over the
fized bias of Experiment 9. In particular, if the beta of the transistor times
the resistance of the emitter resistor is large compared to the resistance of
the base resistor, the emitter current becomes essentially mdependent of the
beta of the transistor. Thus, if we exchange transistors in a properly
designed emitter-bias circuit, the changes in I and Vg should be small.

Collector Feedback Circuit

If we compare the collector feedback bias circuit configuration in Fig. 10.2
with the fixed bias of Experiment 9 it is noted that for the former, the base
resistor is connected to the collector terminal of the transistor and not to the

fixed supply voltage V. Thus the voltage across the base resistance of the
collector feedback configuration is a function of the collector voltage and the

' PROCEDURE

collector current.-In particular, this circuit demonstrates the principle of
negative feedback, in-which a tendency of an output variable to increase or
decrease will result in a reduction or increase in the input variable

respectively. For instance, any tendency on the part of I to increase will |

reduce the level of Vo which in turn will result in a lower level of I
offsetting the trend of I. The result is a design less sensitive to variations in
its parameters.

~Part1. Determining B

a. Construct the network of Fig. 10.1 using the 2N3904 transistor.
Insert the measured resistor values.

Vee =20V

R.B(meas) =

Vg ¢ Remeasy =
RE(meas) =

Figure 10-1
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~ b. Measure the voltages Vg and VRC.

Vg (measured) =
VRC {(measured) =

c. Using the results of Part 1(b) and the measured resistor values
~ calculate the resulting base currents Iz and I~ using the following

equations:
Vec-Vg - Vg
Rp R¢

Record in Table 10.2.

Ip (from measured) =
I- (from measured) = _
d. Using the results of step 1(¢) calculate the value of p and record in -

Table 10.2. This value of beta will be used for the 2N3904
transistor throughout the experiment.

B {caleulated) =

Part2. Emitler-Bias Configuration

a. Using the p determined in Part 1, calculate the values of Ip and I
for the network of Fig. 10.1 using measured resistor values and
the supply voltage Vgo. In other words, perform a theoretical
analysis of the network. Insert the results in Table 10.1.

Ig (calculated) =
1o (caleulated) =
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How do the calculated
Part 1(c)? o

Using the B determined in Part 1 calculate the levels of Vg, Vo,
Vg, Vpg, and Vop and insert in Table 10.1.

Energize the network of Fig. 10.1 with the 2N3904 and measure.
the voltages VB, Vc, 'VEs VBE: and VCE' Insert in Table 10.2.

How do the calculated and measured results of Tables 10.1 and
10.2 compare for the 2N3904 transistor? In particular, comment

Exp. 10/ Emiiter and Collector FegdbackBias of BJTs

on any results that do not compare well,

TABLE 10.1
Calculated Values

Transistor Vg Ve Ve o Vae - Vee - Ig ln

Type volts volts volts volis volts HA mA
2N3904
2N4401
TABLE 10,2 )

Measured Values (Calc. from Measured Values)

Transistor Vg Ve Ve Vas Ves Iz Ia

Type volts voits volts voits volts LA mA B
2N3904
2N4401 -

values compare with the measured values of {

{
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3 ' ~ d. Replace the 2N3804 transistor of Fig. 10.1 with the 2N4401
- transistor and measure the resulting voltages Vz and Vg . Then
calculate the currents I and I¢ using measured resistance values.
Finally caleulate the value of B for this transistor. This will be the
value of beta used for the 2N4401 transistor throughout this
experiment. Record the levels of I B, Lo, and B in Table 10.2.

Vg (measured) =
VRC (measured) =

e. Using the beta determined in step 1(d), perform s theoretical
analysis of Fig. 10.1 with the 2N4401 transistor. That is, caleulate

the levels of Ip, Iy, Vi, Vg, VE. Vg, and Ve and insert in Table
- 10.1.

f. Energize the network of Fig. 10.1 with the 2N4401 transistor,
measure Vg, Vo, Vi, Vg, and Ver, and insert in Table 10.2.
How do the calculated and measured results of Tables 10.1 and
i ' 10.2 compare for the 2N4401 transistor? Discuss any results that
appear different by more than 10%.
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g. Calculate the percent change in B, I¢, Vg, and Ip using the
. - equations firs{ presented in Experiment 9 and repeated here for

. . convenience. Record the results in Table 10.3.

[Baa01) — Prasoa E I ceason) — To@son |

% AB = x 100% % Al = k 100%
[Beagos) Iessos |
lVCE(4401) - VeEr@oos | ul"3(4401) - IB(3904) l
% AVpg = % 100% % Alg = % 100% .
Vezssos! 53000
TABLE10.3 .
Percent Changes in B, Ig, Vo and /g
%AB YehAln %AVee %Alg

Part 3. Collector Feedback Cbnﬁguration (Re=02)

a. Construct the network of Fig. 10.2 using the 2N3904 transistor.
Insert the measured resistor values in Fig. 10.2. :

Ve =20V

Re23kq Remey =
RC‘(meas) =

Figure 10-2 Céllector Feedback
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b Usmg the beta determined in Part 1, calculate the values of I B Ios

Vg, Ve, and Vg and insert in Table 10.4,

¢. Energize the network of Fig. 10.2, measure Vp, Vi, and Vg, and
insert in Table 10.5. Calculate the currents Iz and I, using
measured resistance values and the fact that Ip = V /RC Insert
the current levels in Table 10.5. :

How do the calculated and measured results of Tables 10.4 and
10.5 compare for the 2N3904 transigtor?

d. Replace the 2N3904 transistor of Fig. 10.2 with the 2N4401
- transistor of Part 1, calculate the values of Ip, Iy, Vp, Vo and Vi,
and insert in Table 10.4.
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e. Energize the network of Fig. 10.2 with the 2N4401 transistor
and measure Vg, Vi, and Vg, Insert all measurements in
" Table 10.5. Calculate I; B and Iy from measured values and then
insert the current levels in Table 10.5.

How do the calculated and measured results of Tables 10.4 and
10.5 compare for the 2N4401 transistor?

f. Calculate the percent changes in B, In, Vg, and Ip using the
equations of Part 1(g). Record the results in Table 10.6.
£
3
TABLE 10.4
Theoretical Calculafed Values
Transistor VB VC VC E [B ’c
Type volts volts voits HA mA
2N3904 '
2N4401
TABLE 10.5
Measured Values {Calc. from Measured Values)
Transistor Vg Ve Vee Ig lo i
Type volis volits volfs LA mA
2N3904
2N4401
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§ ) - = TABLE106 . . t
Percent Changes in B, /¢, Vog and g
%AR | %Al Y%eAVeoe Y%Alg

Part4. Collector Feedback Configuration (with Ag)

a. Construct the network of Fig. 10.3 using the 2N8504 transistor.
Insert the measured resistance values in Fig. 10.3.

Figura 10-3 Collector feedback circuit.

b. Using the beta determined in Part 1, calculate the values of I, I,
Iz, Vg, Vo, and Vop and insert in Table 10.7.

i’
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C.
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Energize the network of Fig. 10.3, measure Vg, V¢, Vg, and Vg,
" and insert in Table 10.8. In addition, calculate the currents I, I,
and Ig from measured values using measured resistor values.
Insert the current levels in Table 10.8.

e

How do the calculated and measured results of Tables 10.7 and
10.8 compare for the 2N3904 transistor?

Rel;lace the 2N3904 trénsistor of Fig. 10.3 with the 2N4401
transistor. Using the beta of Part 1 calculate the values of Ip, I,
Iz, Vg, Vi, and Vg and insert in Table 10.7.

Energize the network of Fig. 10.3 with the 2N4401 transistor,

" measure Vg, Vg, Vi, and Vg, and insert in Table 10.8. In

addition, calculate the currents Ip, I, and Ir from measured
values using the measured resistor values. Insert the current
levels in Table 10.8.°

.
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} : ' How do the calculated and measured results of Tables 10.7 and
‘ 10.8 compare for the 2N4401 transistor?

f.  Calculate the percent changes in B, I, Vgg, and I g using the
equations appearing in Part 1(g) and insert in Table 10.9.

TABLE 10.7 ,
Theoretical Calculated Values
Transistor Vg Ve Ve Vee | I3 o Ie
Type volts volis volts voits HA mA mA
2N3904 ‘
2N4401
TABLE 10.8
Measured Values (Calc, from MeasureH'Values)
Transistor Vg Vo o Vg - Voe Ig e Ie
Type voits volts voits voits HA mA | mA
) 2N3904 '
2N4401
- TABLE 10.9
Percent Changesin B, Ig, Vo and /g
%AB %Ale %AVeg %Alg

Part5. Computer Exercise

a. Perform a DC analysis of the network of Fig. 10.1 using PSpice
Windows. Obtain all network currents and voltages.

-~ b, Répeat‘the above analysis for the collector-feedback configuration
of Fig. 10.3. :

c. How do the results of steps 4(a) and 4(b) (using the appropriate
beta) compare with the measured values of the experiment?

“idpe
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Problems and Exercises

1. a. Compute the saturatxon current IC ot for the emitter-bias

configuration of Fig. 10.1.

-t

[3

Ir  (calculated) =
sat

Compute the saturation current Ic for the collector-feedback
configuration of Fig. 10.2.

Ic (calculated)=
sat

Compute the saturation current Ip  for the collector-feedback

configuration of Fig: 10.3. ‘ sat

2.

I, {calculated) =

What is the eﬁ‘ect of beta on the calculahons of Exercises 1(a), 1(bh),
and 1(c) of this exercise?

For the three configurations investigated in this experiment, how did
the @-point location {defined by I and Vpg) change when the 2N3904
transistor was replaced with the 2N4401? That is, how did the §-point
shift position when a transistor with a higher beta was substituted? In
particular, did the @-points move toward saturation (high I¢, low Vcg)
or cut-off (low I, high Vg) conditions?

PEALEOORTONO DR A
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3. a. Determine the ratio of the change in I, Veg, and Ig due to changes in

beta and complete Table 10.10. Use the results of Parts 2,3, and 4 to
obtain the percent changes indicated. '
TABLE 10.10
YoAf YeAR %AR
% Emitter bias
' Collector feedback
(Ae=00Q)
Collector feedback
“(with Ag)

b. How does the figure of merit defined by Eq. 9.2 (repeated here for
convenience) compare for each configuration of Table 10.107?

%Al

S(B) =

%AP

Which appears to have the better stability factor?

g
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e Do the remaining sensitivities [S(f)] of Table 10.10 support the fact @
' that one conﬁg'uratmn is more stable than the other? ‘

oo

?

4, a. For the emitter-bias configuration of Fig. 10.1 develop an equation for
Ip in terms of the other elements (resistors, V¢, B) of the network,
Use the fact that (B + 1) = B.

=) @ -‘:vﬂﬂ‘ ch (ot M 15 N R

b. Divide the numerator and denominator of the equation obtained in
Exercise 4(a) by p. ‘ -

¢. Based on the results of Exercise 4(b) what relationship must exist
between the elements of the network to minimize the effect of
changing levels of B on the level of Io? )

5. =a. For the collector feedback configuration of Fig. 10.2 develop an
equation for I in terms of the other elements (resistors, Vioe, §) of the
network. Use the fact that (3 + 1) = B.

€ -
€
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b. -Di_vida the numeratpf and denominator of the equation obtained in
*  Exercise 5(a) by B.

c. Based on the results of Exercise 5(b) what relationship must exist
between the elements of the network to minimize the effect of
changing levels of B on the level of It

6. a. For the collector feedback configuration of Fig. 10.3 develop an

* equation for I, in terms of the other elements (resistors, Ve, B) of the
network, Use the fact that (B + 1) = 8.

b. Divide the numerator and denominator of the equation obtained in
Exercise 6{(a} by B.

c. Based on the results of Exercise 6(b) what relationship must exist
between the elements of the network to minimize the offect of
changing levels of  on the level of I,?



|
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7. Comparing the results of Exercises 4(e), 5(¢), and 6(c) which configuration {
T o would appear to have the least sensitivity to changes in beta for resistor
values of about the same magnitude?

Does the above conclugion compare favorably with the conclusion of
“ Exercise 3(b)?

£
L

g




