Name
" Date

7 : Instructor

EXPERIMENT |
Common-

Emitter
Transistor

OBJECTIVE

7 : To measure AC and DC voltages in a common-emitter amplifier. To
?@ , .obtain measured values of voltage amplification (A,), input zmpedance
(Zl) and output impedance (Z,) for loaded and unloaded operation.

EQUIFMENT REQUIRED
Instruments

Oscilloscope

DMM

Function generator
DC power supply

Components
Fesistors
(2) 1-kQ
(2) 3-k2

(1) 10-kQ
(1) 33-kQ

Capacitors

(2) 15 F
(1) 10C-nF

Transistors

(2) NP (2N3904, 2N2219, cr equivalent general purpose transistor)

Amplifiers
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EQUIPMENT ISSUED

 RESUME OF THEORY
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Hem Laboratory serial no.

BC power supply .

Function.generator ..

Oscilloscope
DMM

.t

The common-emitter (CE) transistor amplifier configuration is widely used.
It provides large voltage gain (typically tens to hundreds) and provides
moderate input and output impedance. The AC signal voltage gain is defined
as - |

Ay =V IV,

where V,, and V; can both be rms, peak, or peak-peak values. The input

nnpedance Z;, is that of the amplifier (as seen by the input signal). The
output impedance, Z,, is that :seen looking from the load into the output of
the amplifier.

For the voltage-divider DC bias configuration (see Fig. 17.1), all DC bias
voltages can be approximately determined without knowing the exact value
of transistor beta. The transistor’s AC dynamic resistance, r,, can be calcu-
lated using

ry= - ZB(mV) S (17.1)
(mA} ' '
AC Voltage Gain: The AC voltage gain of a CE amplifier (under no-load) can
be calculated using
' ~R
A= ——=c .
(Rg +1.)

If Ry is bypassed by a capacitor use Rg = 0 in the above equation.

Thus: A= —Re | (17.2)
e
AC Input Impedance: The AC input impedance is calculated using
o Zi=R Ry IBRE + 1)
IfRgpis bypassed by a capacitor use Rg = 0 in the above equation.
Thus: Z; =R 1R, |IBr, (17.3)

AC Output Impedance: The AC output impedance is
Z,=Rep (17.4)
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! PROCEDURE

Part 1. Common-Emitter DC Bias

a. Insert measured values of each resistor in Fig. 17.1.

+ Voo (+10V)

R1=
,R2=
Rep=
Rg=

Figure 17-1 \'

b. Calculate DC bias values for the circuit of Fig. 17.1. Record
calculated values below.

Vg (calculated) =

Vg (calculated) =

Ve (calculated) =
" Ig (calculated) =

Calculate r, using Eq. 17.1 and the calculated level of I.

r, (calculated) =
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» Part2. Common-Emitter AC Voltage Gain | €
. a. Calculate the amphﬁer voltage gain for a fully bypassed emitter €
using Eq. 17.2. :
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c. Wire up the circuit of Fig. 17.1. Set Vo = 10 V. Check the DC bias
of the circuit measuring values of

L,

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

Check that these values compare well with those calculated in step
1(h). Calculate the DC emitter current using :

13

Ip=Vy/Rg
Ig= _
Calculate the AC dynamic resistance, r,, using the measured value
Cofl E-
__26(mV)
© IgmA)
r.=

Compare r, with that calculated in step 1(b).

A, (caleulated) =
b. Apply an AC input signal, Vy;, 1'oomV tle at £=1kHz. Observe
the output waveform on the scope t6 be sure that there is no
distortion (if there is, reduce the mp_ut signal or check the DC

bias). Measure the resulting AC output voltage, V,, using the
scope or 2 DMM.

V, (measured) =
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Calculate the circuit no-load voltage gain using measured values.

A =

U

Compare the measured value of A, with that calculated in step
2(a).

Part 3. AC Input Impedance, Z,-

a. Calculate Z; using Eq. 17.3. Use the beta measured with a |
transistor curve tracer, beta tester, or the nominal listed value in |
specification sheets (say, B = 150).

Z; (calculated) =

b. To measure Z; connect an input measurement resistor, R, = 1 kQ,
as shown in Fig. 17.2. Apply input V;, = 20 mV, rms. Observe the
output waveform with a scope to ensure that no distortion is
present (adjust input amplitude if necessary). Measure V.

Figurs 17-2




21_‘0

Exp. 17 / Common-Emitter Transistor Amplifiers

V; (measured) =

{

Solvi'ng for V; using

Vsig
Vi= i
(Zi + Rx)
{
we get ’
v ’
Z;= - x
o Veig=V)
Compare the measured value of Z; with that calculated in step
8. .
Part4. Output impedance, Zo ,
a. Calculate Z, using Eq. 17.4.
'Z, (calculated) =

. Remove inpu_t measurement resistor, R,. For input of Viig =20mV

rms, measure the output voltage, Vo. Check output waveform to
ensure that no distortion is present.

-V, [measured] (unloaded) = V,=
Now connect load Ry = 3 kQ and measure v,

V, [measured) (loaded) = Vy =

The output impedance can be obtained from .
' R
VL = L Vo
(Zo +R L)
for which
V,-V,
z,=>—*~ g,
vV,
£
Z =
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‘. Compare the measured value of Z; with that calculated in step
4(a). § :

“Part 5. Osbilloscobe Measurement

Conﬁect the amplifier of Fig. 17.1. For input of Veig = 20 mV, p-p, at a
- frequency of f = 1 kHz, sketch the waveforms for Vsigand V, in Fig. 17.3.

Jrialealy
-

5_5 Harizontal
¥ Vertica!

Figure 17-3 -

Part6. Computer Analysis ' '
Perform a PSpice Windows analysis of the network of Fig. 17.1.




