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Laboratory Assignment 6 : Common Emitter Amplifier
|MarksA: /5 Bi: /2By [3Bs: [2Bs /3 Tot= /15

Goal: [Complete Part A, individually first before continuing further]

In Lab 5, you set up a BJT in common-emitter (CBdmand found the associated passive
components to be added to the circuit mostly @aj/grror/consultation. Today we will go through a
systematic procedure of how to 'bias’ the transgidhat it behaves linearly as an amplifier.

Fig 1 shows a CE amplifier with appropriate 'residiias’ circuit. The 7-step procedure to determine
the component values is detailed below. The exesdigqin on Page 2.
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Fig 1: CE amplifier without feedback
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The Design Process is split in two independent patFirst we do DC design to bias the BJT in
Active mode, then the AC design is done to make themplifier amplify AC signals

Steps 1 — 4 : DC Design:

Capacitors block DC signals, so for this part, ignall the capacitors. Capacitors are treated as
open-circuit in DC analysis (i.e. no connectiomirone two terminals of the capacitor)

Step 1: Choose the quiet operating point Q fer Ico

lco is given as an input to the design. The desigheosedq based on:
a) desired power dissipation in the circuit —ahaplifier will dissipate powelcoRc at idle.
b) load — how much current does the load condeot¥) g need?

Step 2: Choose R
We need to centaf|q at the halfway point betweédryc and ground. Withcfrom Step 1, this determinég

Step 3: Choose R
PlaceVe at~ 1V for thermal stability of the transistor. Assuiaelz This determine&:

Step 4: Determine RandR,

For transistor to be in active modég: must be at leasd.6V. Here we have already 9ét at 1V, soVg must be
1.6V. Assuming negligible current flow into base at D@edmines the rati® /R, as a voltage divider between
Vcee andGND. Input impedanc®,, of an amplifier at DC must be smaR;,, = Ry||R, SoR, must be much less
than(Rease = SRe) . Here ‘'much less thar> 0.1 is usually enough. Choo$g & R, accordingly.

For most BJT transistors you can tgkas ~ 200
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Steps 5-7 : AC analysis: Gain of amplifier
In forward bias mode the BE junction has an efiectimall internal resistancggiven by the formula:

22V o wherel¢ is expressed in mA ........ E¢n 1)

Te = Ic

Step 5: Calculate the Gain G of the amplifier:
The Gain of the CE amplifier at its quiet operatpaint is G = — % ..... (Egn 2)

where 'little’ ¢ is the effective resistance at the base-emittestjon given by Eqgn 1

Steps 6-7: A well-designed amplifier should notdnany gain at DC (frequency = OHz). A non-zero gaibC
would imply any stray offset voltage at the inputuld be amplified and appear at the output supergag on any
amplified signal. We therefore set fag frequency below which the amplifier’s gain decresdsgarithmically.
Thefsgspoint is defined as the frequency where the gaimedeses by a factor of\2: in decibel units

this implies 20 logy(1N2) ~ -3 dB

Step 6: Determine ¢hased on desired lower frequency cutoff

C, in combination with the amplifier DC input resist& acts as a high-pass filter to block DC: ThealAC input
impedance of the amplifier is the combination afgflal R; & R, in parallel withr, ‘seen through the BE junction’
with a multiplying factois

Rinp = (1Rl”R2) I B(re)

21f3aB Rinp

Gy

Step 7: Determine €based on desired lower cutoff:

C, with ro forms a second high-pass filter. Cho@sdo satisfy the constraints &fg
1

C, =
2 27f3dB Te

Part A: Design 5 marks
Design the circuit for a CE amplifier with the following operating parameters:
Part A must be completed individually by each person — getorrected before proceeding further

a) Vce = 10V

b) |CQ =1mA

¢) gainG = -100 at quiet operating point

d) Amplifier lower cutoff frequency: sfs = 100 Hz

Calculate the required component values in Fig jeaghe design steps 1 — 7 and redraw your circuit
here:
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Part B: Build + Measure

Q1) Build the circuit as per the design parametershae calculated in Part A. Please be neat in
your circuit connections and check your connectibnise (once by each group member!) — you have
to make several intricate measurements below #libesvery difficult to debug a non-working circui

2 marks

Q?2) Test your circuit’s operation by applying a veryahamplitude ofVi,< 20 mV.

Measure the gai,./Vin using the usual Y(t) and X-Y mode of the DSO. \etifat the circuit is
working at the designeldq and exhibits the desired gain.

Draw the obtaineW,/Vi, trace here 3 marks

Q3) Frequency test. Perform the test of Q2 above ewvachosen frequencies in the range 1 kHz
down to 100 Hz and check the dependence of theayaihe frequency. Demonstrate that the circuit
behaves as expected with fag lower cutoff at 100 Hz

[Plot the gain as a function of frequency here:] 2 marks

Q3) [Difficulty: high] Now test your circuit’s performace with a larger amplitude ¥f, > 20 mV
in the amplifier’s working frequency band of ~ 1xH

ObserveVi, andVy: in both Y(t)and X-Y mode.

Provide a hypothesis here to explain any unusaalifes you observe 3 marks
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Space for Calculations




