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EE312 Communication circuits lab experiments

In this set of experiments, the different electeorircuits used for communication are
going to be illustrated using the simulation progr®ultisim already used in the previous
course (EE311). You will be asked to design varidusuits. The design should be performed
at home before the lab session. The lab sessiaridsbe spent on implementing and testing
the various circuits.

When you design a circuit, you will obtain componealues with a large number of
significant digits. When you implement the circuatyways round the value using the closest
number from the E12 or the E24 series of numbers {{se table below). For example, if you
find R =5.01 K in your calculations, you should round it to 4CZ K you use 10% precision

components (E12).

E24 E12 E6 E3
Appropriate for Appropriate for Appropriate for Appropriate for
tolerance tolerance tolerance tolerance wider than
+5% +10% +20% +20%
or narrower
.10 10
11 .
12 10
13 12
== 10
15 -
. 15
20 18
22
22
2! 2
= 27
30
33 ” 22
36 33
39 .
S 39
43
L.H 47
51
— 47
56 -
62 20
s 47
=3 68
- 68
82 22
91

Table1 Preferred List of Valuesfor Components
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Lab1l
Singletransistor amplifiers

Purpose

The objective of this set of experiments is tonehow to bias and test simple single
transistor amplifiers. These amplifiers are usetbatfrequency where the intrinsic reactive
elements of the transistor can be neglected.
The experiment
Part 1

In this part we are going to design a simple b@gsising the 2N3904 NPN general
purpose transistor. It works quite well from dc topthe VHF range. Its dc current gaip:=h
ranges from 50 to more than 300. Its data shgebidgded above.

_vee.
10v
vcc

1
C1 Q

1uF
2N3904
imv
Vi 1kHz 0
0Deg

Figure 1- 1 Base Resistance Biasing

* The selected quiescent point correspondg4o=I11 mA and \keqg= 5 V. The power supply
is Vcc =10 V. Compute the appropriate values for RB B Round the obtained values to
a one from the E12 series. Implement the circuiMuitisim. Use an ac voltage source from
the signal voltage source family. The resistors #red capacitor must be selected from the
basic virtual components. The transistor on themffand must be the 2N3904 from the NPN
transistor component database. Use the multimetereasure the dc voltage at the collector
of the transistor. Compute the biasing current.



* Use the oscilloscope to measure the voltage gline. input voltage is set to 1mV peak,
1 kHz sinusoidal. Make sure that the output voltegsinusoidal when you perform such
measurement.
* To see how the choice of the transistor influenttee quiescent point, replace the 2N3904
by a BJT_NPN_VIRTUAL from the transistors_virtuaniily. Connect it in replacement of
the 2N3904. Double click on the transistor. A windwith several tabs appears. Click on the
value tab, then on the edit model button. Doulittk@n the BF value. It has the value of 100.
Change it to 400 and press “enter”. Click on thange part model button and then on the ok
button. Measure the collector voltage. Deduce tb#ector current. Repeat the same
measurement using BF = 50.
* Write a small conclusion.
Part 2

In this part, we are going to use the usual rigsidtiasing using a single power supply
and a resistive voltage divider at the base.

_vee

ov
vee
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Figure 1- 2 Single supply biasing with emitter resistor

* The quiescent point is set asgE 1 MA and \eqo=4.5V (for maximum symmetrical
swing). Use the rule of thumb to compute the déferbiasing resistances (RE, R1, R2).
Compute RC in order to have the propetey The capacitors are selected so that the

frequency of 1 kHz is amplified correctly. Here@lsise the E12 series.



* Use the oscilloscope to measure the gain of thelifier. Make sure that the output signal is
not distorted.

* Replace the 2N3904 by a BJT_NPN_VIRTUAL as intpar and repeat the same
measurements. What can you conclude?

* Write a small conclusion.

Part 3

In this part, we are going to use a current mitodoias a transistor.

_vec,
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¥ \

BJT_NPN_VIRTUAL
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Figure 1- 3 Current mirror biasing
* Compute the value of RB in order to set the auirig;q at 1mA. Select the value of RC in
order to have maximum symmetrical swing. Measuee dhin of the amplifier using the
oscilloscope. Increase the input voltage to 20 neakp Observe the output waveform.
Describe its distortion.
* For this last part, we are going to use the ayasis option of Multisim.

In the main window of Multisim, press on the Simalaenu. Select the Analyses submenu
and then the AC Analysis. The following menu opens.



AC Analysis

Frequency Parameters ]Output | Analysis Options | Summary

Start frequency (FSTART) |1 Hz hd Reset to default
Stop frequency (FSTOF) |‘I o GHz |

Sweep type Decade -

Number of points per decade |10

Vertical scale Logarithmic +

| Simulate

|« |

Cancel | Help

Figure 1- 4 AC analysis, Frequency parameters

Set the frequency parameters as shown in Figuré. Rress the tab “Output”. You will
observe the window displayed in Figure 1- 5. Inurégl- 3, the output node (collector of Q1
and resistor RC) is the node 4 (it may be differantour implementation). So, on the left of
the window (Variables in circuit), press on $4,rthgress on the Add button (in the center of
the window). On the right of the window, press ba $1. Then press on the remove button.

Of course, if the output node is not 4, you musceyour output node as a selected variable
for analysis instead of 4.

AC Analysis

Frequency Parameters  Output lAnah.rsis Options ] Summary]

=

Variables in circuit Selected variables for analysis

All variables |AII varables

84

=

81

52

§h

Svce

Svee
voovocHbranch
veeveetbranch
wv1#branch

Fitter Unselected Variables |

More >> | Simulate | QK | Cancel | Help

Figure 1- 5 AC Analysis, Output.

* Press on the Simulate button. A magnitude and@hasponse of the amplifier appears. If
you want to copy one of the two curves, reversectiers in this output window and press the
copy button (to save ink). You need just the magiatone.

* Write an overall conclusion.



Lab 2
Matching networks
Purpose
The objective of this set of laboratory experimeigisto design and test simple

matching networks.

The experiment

In this lab, we are going to match a resistive 10d&0Q with a source having an internal
resistance of 20 at the frequency of 1 MHz. In this particular kkperiment, use three (3)
significant digits for the different components€pision better than 1%). This is due to the

fact that in matching networks, people use adjUstedpacitors and inductors.

Part 1
In this part, we are going to use series paraigisformations. The circuit used for matching

belongs to the family of “ell” circuits. There ekisur types of “ell” circuits.

- ]
J_C c L
I . -

€Y (b)
'L 1 . . J_ d y
P T

(© (d)

Figure2- 1" €el" circuits

Circuits (a) and (b) are used when the load resistas larger than the source
resistance. (c) and (d) are used when the loath@dler than the source. In our case, we are
going to use the circuit (c).

Compute the required values of C and L in orddransform a 5@ load resistance to

avalue of 20 .



* Using Multisim, implement the circuit shown beld®igure 2- 2).

Cl
2
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i 11
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1MHz g g 00

ODeg

Figure 2- 2 Simple matching networ k

Since we want to measure the input impedance, wansc current source (from the source
group, signal current family). We measure the \gdtat the input. Set it as shown above.
Given that the magnitude of the current is 1 mA, thltage at the input will give you directly
the impedance of the circuit.

* Perform an ac analysis of the circuit. The fregeyeparameters should be set as follows:

AC Analysis ® 2
Frequency Farameters ]Output ] Analysis Options ] Summary]
Start frequency (FSTART)  [500 lkHz | Rest to default
Stop frequency (FSTOF) 2 [MHz |
Sweep type Octave -
Number of poirts per octave 100
Vertical scale Logarithmic
| Simulate | QK | Cancel Help

Figure 2- 3 Frequency parameters

* The output node is the common node between thmeewusource, the inductor and the
capacitor. Set it using the Output tab. The follogviigure will appear.



4 Grapher View
File Edit View Tools
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Figure 2- 4 Grapher View
* Select the magnitude trace and press on the cbrgtor Hﬁ . Two cursors will appear
along with the following window (Figure 2- 5). Usige cursors to measure the impedance at

resonance (maximum impedance). Use them also teurethe 3 dB bandwidth.

AC Analysis @
£1

x1

vl

HZ

v

dx

dy

1/d=

1/dy

min x 500.0000k

max X 2.0000M

min v 665.4250

max v 20.0098k

offset x 0.0000

offset y 0.0000

Figure2- 5 AC Analysis cursor window
One technique for measuring the bandwidth is tcerdahe the frequencies that

correspond to a phase response of +-ad8° (Show it). You can move the cursors by right

clicking on them. The following window appears:
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Set X_Value
Set Y_Value =>
Set Y¥_Value <=

Go to next ¥_MAX =»
Go to next ¥_MAX <=
Go to next ¥_MIM ==
Go to next ¥_MIN <=

Select Trace ID

Show Select Marks

Hide Select Marks

Figure 2- 6 Cursor control window

If you click (left) on Set Y_Value =>, you can motlee selected cursor to a position with an
ordinate equal to the selected value.
Part 2

In this part, we are going to use a transformes-hletwork. The selected one uses a

split capacitor.

1
1mA L

$ 1MHz 3= R1

0Deg 3 500

1

Figure 2- 7 Transfor mer-like networ k

For the above network, we add the constraint that3dB bandwidth B is 10 kHz.
Compute the values of L, C1 and C2. Eval@gte Q. and n. Does the circuit satisfy the

requirements ohQ;. Q. 2100and Q. 210?

* Implement the above circuit.

* Perform an ac analysis of the circuit. The fregmesetting in this case should be as follows:

11



AC Analysis RS
Frequency Parameters ] Output | Analysis Options | Summary
Start frequency (FSTART) |5DD kHz | Reset to default
Stop frequency (FSTOFP) |‘I A MHz -]
Sweep type Linear -
Mumber of points 100
Vertical scale Linear -
| Simulate | OK | Cancel | Help

Figure 2- 8 Frequency Parameters

* Measure the value of the impedance at resonabat is the resonant frequency?
* Use the same technique as in part 1 to evalhat®andwidth.

* Are your results in accordance with theory?
* Repeat part 2 for the same circuit, but with @gBbandwidth B = 5 kHz.
* Connect a resistance of 2Qkin parallel with the inductor. Show that we obtan

bandwidth of 10 kHz with a proper value @f., Q. andn.

* Write an overall conclusion.
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Lab3
Wien Bridge Oscillators

Purpose

The purpose of this set of experiments is to end@estudents to the design of typical
RC oscillators. The important design parameterg@ives) for this design are:

- The output signal frequency;

- The frequency stability;

- The signal purity (distortion);

- The signal amplitude.

Theory
The Wien bridge oscillator is an RC oscillator i@dwderized by very good frequency
stability and very good amplitude stability if & well designed.

4

R §R3

vce uL VEE 5
; 10V -10v

vcc VEE

OPAMP_ST_VIRTUAL

1

Figure 3- 1 Wien bridge oscillator

From Figure 3- 1, we see that the operational diepl(op amp) is measuring the
difference between the two voltageg ®nd \g and it is connected in such a way that it will
try to make that difference as small as possiblaritay the bridge to equilibrium.

Question |:
- find the frequency of oscillation and a relatioetween R1 and R3 when the bridge is at

equilibrium (Va = Vg = 0).

13



The results of question | are valid if and onlghé op amp is ideal (infinite gain). A
more realistic approach is to consider the amlifon as finite. In order to study this system,
we will use methods from feedback theory.

Question I1:

- find the open loop gai (s) from the following circuit.

L
. s

—C

Vi 2 gain A
>

1 ‘
im

Figure 3- 2 Open loop gain

R

Use w, :R—lcand R3=(2+J)R1in order to simplify the expression & (s). You should

find:

_ A §-sdy+ )
AL(S)_3+552+35%+w§

- Plot its pole and zero diagram.

Question [11:
When the output of the op amp is connected toofojne bridge, we obtain a closed

loop.

Vi Ve A(s) Vo

\ 4
v

Figure 3- 3 Closed loop

The closed loop gain is given by:

v(8) _ A(9)
V() 1-A(S)

G(s) =

We can remark that, sinc& (s)is a ratio of two polynomials:

14



-A N(s)

Al(s) = 3+5@

The poles of the closed loop transfer funct®¢s) are given by the following equation:

A
N(s)=0
3+0 (s)

So, when the gain of the op amp is very small,ctbeed loop poles are the same as those of

1-A(s)=0or D(s)+

the open loop transfer functién(s). When the gain is very large (the usual casey, theve
toward the zeroes & (s).

The location of the poles @(s)for different values of the gaif is called the foot
locus’ of the system. The system is a sinusoidal ogoilld and only if there is only one pair
of closed loop poles on thevaxis. The other closed loop poles (if they exmstist be stable.
In our case, there is only one pair. If they aretlom left half of thes-plane, the system is
stable and oscillations will not start. If they ane the right half, we will have exponentially
growing oscillations that will bring the systemrtonlinear operation.

- Find the gaimA, necessary to have pure imaginary poles. Whatis fiequency (imaginary
part)?

You should find: A, :%+3

- What is the pole location wheA< Ajand whenA> A ?

We define anihdirect frequency stability” coefficient S as:

-
SF—%dwaF%

where @ is the phase (argument) of the open loop g!Qi(B)L:jw. In the case of the Wien

bridge oscillator, this stability coefficient isvgin by:

SF :—Z—M_ZQTZ

W+ w,

where-a and-ap are the two poles of\ (s) andQy; is the “Q” of the zeroes:

21
QTZ_5

15



Practical part

1. Oscillator without automatic gain control (AGC)

a) Design:

* ComputeS: for =1 (R3 = 3R1).

* What is the necessary gaig?

* The op amp used in this experiment is the OPAMP \ARTUAL from the analog group,
ANALOG_VIRTUAL family. Its differential gain is 20@00, which is very large. For this
case, find the closed loop pole location

* Will this system be a “good” oscillator?

The op amp characteristic is roughly piecewisedine

V.
|
Vv
Q Vi

-Vsat
L

v

* In this case, for the pole location that you hémend, would the output be sinusoidal?
* What will be the output amplitude?

* Give an estimate of the output frequency.

b) Implementation:

* Implement the Wien bridge according to Figure 3- with an oscillation

frequencyf, :2& =1kHz, 6=1. SetR =1 KQ. The other two resistors should be selected in
T

the ten K range. For this part, use values from the E24seri
* Connect an oscilloscope and a frequency mettreabutput of the op amp.
* Sketch the output waveform.
* Measure its frequency.
* Use the distortion meter, set its frequency at\ihlue measured by the frequency meter and
measure the waveform distortion.
2. AGC using FET transistor
a) Design:
The previous design gave a very unsatisfactoryllagr due to the large value @t

The only way to have a good and very stable osaillss to choose as small as possible.

16



However, from the equatioly, :%+3, we see that iD= 0, then we need an infinite gain in

order to have an oscillation. Since all op ampsehaery large but finitgain, this condition is
impossible to achieve. This means that a Wien brafgrillator design witld= 0 (R3 = 2R1)
cannot work.

General rule for sinusoidal oscillator design:

- Design the oscillator such that the oscillationsagls occur at start up (when we
turn the power supply onget the closed loop poles at the right of the jwaxis. At
start up, we will have growing oscillations.

- For some_selected amplitudé the output waveform, your design should reduce

the gain so that the poles move toward the lefheé-plane.
We see that we need some kind of automatic gaitralan all sinusoidal oscillators.
In the case of the Wien bridge designed aroundpaanap, the gain of the amplifier is fixed

(if we do not allow the amplitude of the outputremch saturation). However, the condition

9 : : :
A :g+35hows that we can act on the valuedah order to have an automatic gain control.

Ao being fixed, ifo> 0 (but very small), we will have growing osdiitans at start up. If we
make 0< 0, the closed loop poles will move to the I€ffttiee j w axis, the amplitude of the

oscillation will decay.

10
2.2k0
R R3 R8
1 7
(o}

T 02
DIODE_VIRTUAL
2
vee uL VEE s o1
10V -10v 5V
vee vee
+ |
OPAMP_5T_VIRTUAL
R6 .
%A%
Rs 51K) o
c R 5100
¢ 9
. 6
R'1 JFET_N_VIRTUAL c3
R4 680k0 10nF
11k0 R2

Figure3- 4 AGC using FET

Using the above defined principle, we are goingniake the resistandel of Figure 3- 1
variable with the output amplitude. In the abovgufe (Figure 3- 4), the resistanRd. is the

17



sum of the two resistanc& andR5. The resistancBl is the parallel connection &1 and

the series connection of R6 angsRR1 =R'1//(R6 + Rps). Rps is the resistance of the channel

of the FET. If the drain to source voltage is lmaitto a few hundreds of millivolts, this

resistance is given by the following expression:
Vo

2l s (V| + Ves)

The advantage of this method of amplitude stalibrais its low distortion due to the gradual

Ros =

V, SV <0

variation ofR1.

* Explain in a few lines the principle of this methof amplitude stabilization.

In order to simplify the different expressions,ustcall RO = R32.

* Draw the curve oRps versusvgs (UseVp =— 2 V andlpss = 0.4 mA).

In order to minimize the voltage across the chaohéhe FET, we seled®6 to be quite large
(R6 = 1(RO).

* At start up, C3 is discharged amds= 0. In this case, we would like to have growing
oscillations §> 0). What relation should'l satisfy?

* The amplitude of the output increases. At sommtpohe Zener diode turns on. The value

of Rps will change until the relatior, :%+3 is satisfied. Sincéy is very large, this relation

is satisfied by a very small value od. We can safely assum&=0. So,
Rl=R'1//(R6+R,) = R0O. What is the value d®s when we have equality?

* In order to have the previous relation satisfieé, must haveR'l > RO.

* With the two inequalities select an appropriaséue forR'1 as a function oRO (R1 = kRO).
Selectk.

The circuit at the input of the FET is a peak dietec

D1 D2
S AAA 1 H 2 ﬂ 4
R8 DIODE_VIRTUAL 5V
\" 0 R2 \" GS

I
i
8

1

* The time constanR2C3 must be much larger than the period of the @wih. The transfer

between the voltagess and the output amplitudé, (v, (t) =V, coswi) is then a piecewise

linear characteristic. Make a plot of it.

* The resistor R8 is used to limit the current flog/in the above circuit.

18



* Design a Wien bridge with FET AGC afg= 1 kHz,R0O = 11 K).
* Predict the output amplitude from the two curyes have drawn.

b) Implementation:

* Implement the circuit of Figure 3- 4.

* Visualize the output waveform on the oscilloscope

* Measure the output frequency.

* Measure its distortion.

* Change the power supply values (double click @Cvand VEE) to + and 15 V. Do your

measurements change?

* Write an overall conclusion.
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Lab 4
L C Oscillators

Purpose
The purpose of this set of experiments is to end#destudents to design practical high
frequency oscillators. The design objectives aeestéime as for the RC oscillators. We want
to build oscillators with:

» Stable frequency

» Stable output amplitude

» Low distortion sinewave.
Theory
Sinewave oscillators operating from few hundredsilwhertz to few hundred of megahertz
are usually designed around a high Q parallel Retark. The circuit will always produce a
sinusoidal voltage even if the driving current @ sinusoidal. When we use LC oscillators,
we don’t have to perform a complete analysis uiiegBarkhausen conditions. We know that
the phase shift introduced by the network is zértha frequency of resonance and that the
value of the impedance is equal to R. In order &kema small signal analysis (linear case), let

us consider the following circuit:

Feedback

gin gmvin ‘RT J—c LL g
. T 1

Active device Tank circuit i

Figure 4- 1 Basic L C oscillator

We can remark that, in the equivalent circuit & Hctive device, we neglect the effect of all
parasitic capacitances. This means that the metbbdssign that we will demonstrate are
valid if and only if we can consider the transis&& memoriless. Furthermore, in order to
neglect the effect of the output capacitance of tthasistor, we should select the tuning
capacitanceC very large compared with it. In order to neglele teffect of the input
capacitance and minimize the loading of the tam&udi, we should have the turn ration

much less than one. Explain.

20



Question 1:
Vo(9)

* Compute the open loop gaif\ (S) = . The open loop is derived by cutting the

feedback path. In our case, it is convenient totleatpath in the middle of the active device.

This gives the following circuit:

>+

gmvi RT c :

) S I U

Figure 4- 2 Open loop

* Plot its pole and zero location in the s-plane.

Question 2:

- What is the root locus of the system?

- Determine the minimum transconductance necedsahave closed loop poles on tje

axis @m minimum).

The previously made analysis is valid for smallnsig. Using a linear analysis does not
predict the amplitude of oscillation. Using lineaethods, we know that the amplitude of the
response of a dynamic system depends only on limdiaditions which are impossible to
predict. Furthermore, we need an infinite precidionhe evaluation of, in order to put a
pair of closed loop poles on theaxis.

If gm is smaller tham,, minimum, the oscillations will not start.

If gm is larger tharg, minimum, the oscillations will start (exponentialhcreasing) and the
amplitude of the oscillation is determined by thbarent nonlinearities of the active device
used in the circuit. These nonlinearities will reduhe gain of the active device and will
move the closed loop poles to the imaginary axis.

We need a large signal analysis in order to detezrthe amplitude and the distortion of the

output signal.

21



Practical part

BJT common base Colpitts oscillator

_vee.
20V

2

IS
[

Ss0

RL

Q1

Y \

2N3904

R2
S ;

§RE T
——100nF
CB

L
Figure 4- 3 Common base Colpitts oscillator
We want to design an oscillator that delivers atpouvoltage of 4 V peak to a load RL of

5 kQ at a frequency of 1 MHz. For general oscillatars,have to make he study in two steps.

The small signal analysis is used for the analyktbe start up conditions and the large signal
analysis is used for determining the amplitudehefwaveform.

For the small signal analysis, we use the followmagdel for the active device:

ggin Onvi
- L

Figure 4- 4 Small signal model

ql EQ

ql cQ
and =
T gm

KT

In the above model, we havg;, = =ag, = G-
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Step 1: Small signal analysis.

The equivalent circuit is:

Dy + ¢ T 5 i

Figure 4- 5 AC equivalent circuit

In general, the value of the emitter biasing resise RE) is much larger than the input

resistance of the common base cirdyit= }6 . So, we can neglect its effect on the circuit.
in

If we make a given number of assumptions, we cansform the above circuit into the

following shape:

1:n
GL §L § g
(T) Vi § P —=cC v, > ¢ §gin \%

Figure 4- 6 Small signal equivalent cir cuit
* State whatever assumptions you have made.

* What is the frequency of oscillation?

* Show that, in order to start the oscillationsaiven frequencyy) , we must have:
G,

g, > 9,mn=——""—
n(l—nj
a

ql EQ

So, your design should fig,, =& to a value larger thag,, min for the oscillations to

start (see previous lab experiment). However, ¥hise should not be too large because we
have seen in lab #3 that in this case, we will H@eemuch distortion and the frequency will
be lower than the one desired. In some cases fjdim is too large, the closed loop poles will

move to the real axis (positive) and the oscillagiavill not occur.
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* If the biasing is set such that the above coodiis satisfied, what will the evolution of the
oscillations be?
Step 2: Large signal analysis.

We are going to use the transistor nonlinearitgtabilize the amplitude. We have studied in
the course that the large signal transconductahd¢keotransistor decreases with increasing
amplitude. So, at start up, since the gain is sdhat the closed loop poles are on the right
side of the imaginary axis, we will have growingitlations (the system favors only one
frequency). At start up, the gain is set by thelbsignal transconductance. As the amplitude
increases, the gain decreases until we reach alibeigm value.

For the large signal analysis, we don’t have t@admmplete analysis. The only frequency for
which the total phase shift of the open loop i®2zsrthe resonant frequency of the tank circuit.

So, we know that the oscillation will occur at thhequencya) = }f/ﬁ Another point

worth noting is that the tank circuit is going itier the current and the voltage across the
parallel RLC circuit is going to be sinusoidal. $kalso entails that the voltage applied across
the base emitter junction will be the sum of asi@mee and a dc voltag€{ > 10)

The voltage applied at the base emitter junctiosinsisoidal, the current is not. However,
the only component that will have an effect (logdihe tank circuit) is the fundamental. It is

shown in the textbook (pp.188-190) that this load the same effect as a conductance of
= Gn(x)

value G, = q SO if we consider only the fundamental curréhg equivalent

circuit for large signals is:

CT G, (X)V, coswyt §L . §GL Vi

NAAN
)
'Z

A%
<
O
o
£

Figure4- 7 Large signal equivalent circuit
* What is the condition that must be satisfiedBy/(X) in order to have stable oscillations
(closed loop poles on thevaxis)?
* What is the amplitude of the output?
If we have (as assumed in the theoretical part¥ 1, the above condition can be simplified

to:
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G,(¥) _ G

9. N9
In order to have stable oscillations, we shouldehaas large as possible. However, in this
o . L . G, (X)
case, the distortion will be very large also. Otlee value ok is fixed, the ratio———— can
O

be read from the appropriate curve (from the teskbar your course notes). The amplitude of
the ac signaV, =V, cosat at the collector i3/, =4 V.
Design
Letx = 10 (this is a reasonable value that does natym®too much distortion and provides a
good amplitude stability). Find; andGm—(X).
O
SinceVi =nV;, nis given.
We assume that the tolof the tank circuit is given b = R.Cay,. What did we neglect?
We fix its value atQ = 2077= 62.¢.
ComputeC, L, Cy, C, andgnm,.
The value ofy, fixes the biasing curremtq. Since we want a quite small output as compared

with the power supply ¥, =4V, VCC=20V), we can select a large voltage for
V, =Rcl ). LetV, =9.35V. Compute the resistancég, R, R, .

Verify that all your assumptions are correct.
I mplementation
Implement the circuit on Multisim. Use the oscitope to observe the output wave form. The

oscilloscope setting should be as follows:

Oscilloscope-XSC1 =

b ¥

AWARAWAWA
VY

EN| | Lol
Time: Channsl_A Channsl_B
TP e 750 1e80V - Reverse | GND (%
T2 M| 204750 2588V Save
T _ e mn . 2 Ext{
TT 5000 us  -G26.615 mV
Timebase Channel A Channsl B Trigger

Scate 200 ns/Div Seaie|2 ViDiv Scake [5 ViDiv Edge [ %[
X position | 0  position| 0 Y position |{) Level |-:) | v
[¥7T add|8ia| 8| |[AC 0| oo & | Ac| 0 BT - | { | Type Sing|Nor|AutcfNone
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* Wait at least 500 pus of simulation time (can bad at the T1 marker of the oscilloscope)
before starting the measurements.

*Measure the output amplitude. Is it smaller og&arthan the design value of 4 V peak?
What element(s) should be adjusted in order to hheeproper output of 4 V? Do the
adjustment.

* Use the frequency meter to measure the outpguéecy. Connect the distortion analyzer at
the output. Set its frequency to the one measusedhé frequency meter. Measure the
distortion of the waveform.

* Write an overall conclusion.
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