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EXPERIMENT

OBJECTIVE

Name

Date .

Instructor

Fixed-
and Voltage-

- Divider Bias

of B]Ts

To determine the quiescent operating conditions of the fixed- and voltage-

divider-bias BJT configurations.

- EQUIPMENT REQUIRED

Instrument
DMM

Components

Resistors

(1) 680-Q
(1) 2.7kQ
(1) 1L.8-kQ
(1) 6.8-kQ
(1) 33-kQ
(1) 1-MQ

i Transistors

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

Supplies
DC power supply

g5
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EQUIPMENT ISSUED

RESUME OF THEORY

Exp. 9/ Fixed- and Voltage-Divider Bias of BdTs

ltem T Laborafo:y serial no.
DMM
DC power supply

|

Bipolar transistors operate in three modes: cutoff, saturation, and linear. In
each of these modes, the physical characteristics of the transistor and the
external circuit connected to it uniquely specify the operating point of the
transistor. In the cutoff mode, there is only a small amount of reverse
current from emitter to collector, making the device akin to an open switch.
In the saturation mode, there is = maximum current flow from collector to
emitter. The amount of that current is limited primarily by the extérnal
network connected to the transistor; its operation is analogous to that of a
closed switch. Both of these operating modes are used in digital circuits.

For amplification with a minimum of distortion the linear region of the
transistor characteristics is employed. A DC voltage is applied to the
transistor, forward-biasing the base-emitter junction and reverse-biasing the
base-collector junction, typically establishing a quiescent point near or at the
center of the linear region. : ‘ :

In this experiment, we will investigate two biasing networks: the fixed-
bias and the voltage-divider-bias configuration. While the former is relatively
simple, it has the serious drawback that the location of the Q-point is very
sensitive to the forward current transfer ratio (B) of the transistor and
temperature. Because there can be wide variations in beta and the tempera-
ture of the device or surrounding medium can change for a wide variety of
reasons, it can be difficult to predict the exact location of the @-point on the

load line of a fixed-bias configuration.

. The voltage-divider bias network employs a feedback arrangement that

" makes the base-emitter and collector-emitter voltages primarily dependent

PROCEDURE

on the external circuit elements and not the beta of the transistor. Thus,
even though the beta of individual transistors may vary considerably, the
location of the @-point on the load line will remain essentially fixed. The
phrase “beta-independent biasing” is often used for siich an arrangement.

Part1. Determining

a. Construct the net-
work of Fig. 9.1
using the 2N3904
transistor. Insert

the measured resis- Rpmeasy =————
tance values. Remeasy =————
+
Vee

Figure 8-1

¢
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b.

C.

dl

a7

Measure the voltages Vpp and VRC'

Vgp (measured) =
VRC(measured) =

Using the measured resistor values calculate the resulting base

current using the equation

Ve, Vec-Vae '
I B - -
ERp Rp

and the collector current using the equation

The voltage VR was not measured directly for determining I
because of the loading effects of the meter across the high
resistance Rp.

Insert the resulting values of I and Ipin Table 9.1

Using the results of step 1{c) calculate the value of B and record in
Table 9.1. This value of beta will be used for the 2N3904 transistor
throughout this experiment.

Part 2. Fixed-Bias Configuration

a.

Using the B determined in Part 1, calculate the currents I and I«
for the network of Fig. 9.1 using the measured resistor values, the

supply voltage, and the above measured value for Vgz. That is, -

determine the theoretical values of Iy and I using the network

parameters and the value of beta.

Ip (calculated) =
I (calculated) =
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How do the calculated levels of Ip and I compare to those
_determined from measured voltage levels in Part 1(c)?

|

b. Using the results of step 2(a) calculate the levels of V, V¢, Vg,
and VCE'

Vg (calculated) =
Ve (calculated) =
Vi (calculated) =
Ve (calculated) =

c. Energize the network of Fig. 9.1 and measure 1’»’3, Ve, Vg, and
Veg |

' Vg (measured) =
Ve (measured) =
Vg (measured) =
Vg (measured) =

How do the measured values compare to the calculated levels of
~ step 2(b)? ‘

Record the measured value of Vg in Table 9.1.

d. The next part of the experiment will essentially be a repeat of a
number of the steps above for a transistor with a higher beta. Our
goal is to show the effects of different beta levels on the resulting

levels of the important quantities of the network. First the beta

{
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level for the other transistor, specifically a 2N4401 transistor,
must be determined. Simply remove the 2N3904 transistor from
Fig. 9.1 and insert the 2N4401 transistor, leaving all the resistors
and voltage Vg as in Part 1. Then measure the voltages Vz and
Vg . and, using the same equations with measured resistor values,

calfulate the levels of g and Ig. Then determine the level of f for
the 2N4401 transistor. :

Var (measured) =

Vr (measured) =

Ig (from measured) =
I (from measured) =
B (calculated) =

Record the levels of Ip, 'Ic, and beta in Table 9.1..In addition
measure the voltage Viog and insert in Table 9.1.

TABLE 9.1
Transistor Voe ic ig B
Type volts mA LA
2N3904
2N4401

Using the following equations calculate the magnitude (ignore the
sign) of the percent change in each quantity due to a change in
transistors. Ideally, the important voltage and current levels
should not change with a change in transistors. The fixed-bias
configuration, however, has a high sengitivity to changes in beta
as will be reflected by the results. Place the results of your
czlculations in Table 9.2.

Ierason ~ Tooos |

% AB = x 100% % Al = x 100%
IBizsosy| ‘ Fe@soy |
‘ (9.1)
Verason - Veresson | . 754401y — Zpas0s |
% AV gy = x100%  ° %Alp= X 100%
Ver@gos | : 53004 |
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TABLE 9.2
- ‘Percent Changes in B, /oy Vog, and Ig
%AB Y%Al %A Ve %hlg

Part3. Voltage-Divider Configuration :

a. Construct the network of Fig. 9.2 using the 2N3904 trangistor.
Insert the measured value of each resistor.

Vee=20V

~ Figure 8-2

b. Using the beta determined in Part 1 for the 2N3904 transistor,
calculate the theoretical levels of Vg, Vg, Ig, Ie, Vo, Ve, and I
for the network of Fig. 9.2. Insert the results in Table 9.3.

TABLE 9.3
2N3904 Va [ Ve | Vo | Vee| e mA) {IctmA) |15 (uA)
Calculated [Part 3(b}]
Measured [Part 3{c}]

Aot codanoldoodsCcadocodDooodeeAD e Boaadan
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Energize the network of Fig. 9.2 and measure Vg, Vg, V¢, and

Vg Record their values in Table 9.3. In addition, measure the

voltages Vg and Vp . Try to measure the quantities to the
hundredth or thousandth place. Calculate the currents Iz and I¢
and the currents I; and I, (using I; = Vp /Rl and I, = Vp le) from
the voltage readings and measured resmtor values. Usmg the
results for I and I, calculate the ‘current Iz using Kirchhoff's
current law. Insert the calculated current levels for I, Ig, and Ip

in Table 9.3.

" How do the calculated and measured values of Table 9.3 compare?

- Are there any mgmﬁcant differences that need to be explauned‘?

. Insert the measured value of Vg and calculated values of I and

Ip from step 3(c) in Table 9.4 along with the magnitude of beta
from Part 1.

. Replace the 2N3904 transistor of Fig. 9.2 with the 2N4401

transistor. Then measure the voltages Vg, VR ) VR , and VR
Again, be sure to read VR and VR to the hundredth or
thousandth place to ensure an accurate determmatmn of Ig. Then
caleulate I, Iy, Ip, and determine Ig. Complete Table 9.4 with the
levels of Vog, I, Ig, and beta for this transistor. ‘
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TABLE 8.4
Transistor Type Vee (volts) IcfmA) | Isna) | B
2N3904 : '
2N4401

f. Calculate the percent change in B, I, Vg, and I  from the data of
Table 9.4. Use the formulas appearing in step 2(e), Eq. 9.1, and
record your results in Table 9.5,

<

TABLE 9.5 -
Percent Changes in B, e, Vo and /g
%A %Alg | %AVge %Alg

Part 4. Computer Exercise

a. Perform a DC analysis of the network of Fig. 9.1 using PSpice
Windows. Obtain all circuit voltages and currents.

b. Repeat the above analysis for the voltage-divider configuration of
Fig. 9.2.

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

1. a. Compute the saturation current IC for the fixed-bias
configuration of Fig. 9.1. .

Ic (calculated) =

b. Compute the saturation current I  for the voltage-d1v1ded bias
configuration of Fig. 9.2. s

Io  (calculated) =
satl

¢. Are the saturation currents of Exercises 1(a) and 1(b) sensitive to
the beta of the transistor or changes thereof?

2. For both the circuits investigated in this experiment, how did the @
point location (defined by I, and Vog on the collector characteristics)
change when the 2N3904 transistor was replaced with the 2N4401?
That is, how did the @-point shift location when a transistor with a
higher beta was substituted? In particular, did the @-points move
toward saturation (high Iy, low Vgg) or cut-off (low I, high Vep)
conditions?
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