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2. Introduction

Frequency moduation was first introduced by Edwin Howard Armstrong in the early 193Gs.
It took several years before the advantages of FM were fully discovered. Frequency
moduation reeds alarge bandwidth compared with Amplitude Moduation when goodresults
shoud be obtained. Frequency moduationis widely used since the late 194Gs.

The diff erence between Amplitude moduationis, that instead of varying the anplitude of a
carier the carrier frequency itself is sifted and carries the information. The amplitude of the
carier isheld constant. So at the recever the waves can be anplified very much, clipped and
any distortionin amplitude will not cause hearable distortions > The SNR of FM is much
better than the one of AM.

3. Frequency Modulation Systems

A simple frequency moduation system is shown in the foll owing figure.

R > e C _|
= b - C —2  Varicap

C = 7\ Diode

The left part of the drcuit has got a fixed resonant frequency fo. By applying the right part of
the drcuit it is posgble to change this frequency fo by either changing the value of C or the
varicgp dode by applying asuitable voltage to it.

The change of afrequency according to an applied signal is known as frequency moduation.
The Lab shoud give an introduction to these frequency moduation systems.



4. Lab procedure

a) Lab equipment

The foll owing figure shows a diagram of the used Lab equipment.
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The CRO unit generates the arries frequency and contains a built in varicgp dode anda
cdibrated cgpacitor with which the carrier frequency can be ather manually or eledronically
be thanged by applying avoltage to the varicap. A Thurlby 30V DC power supdy and a

Unaohm frequency generator can generate an appropriate voltage therefore.

The arrier frequency could be dhecked in it’s frequency and amplit ude by means of an

oscill oscope, a mwunter and an AC — Milli voltmeter.

The attenuator of the aurter had to be enabled becaise otherwise the courter isaload for the
CRO and the output voltage and frequency could na beread ou exadly. As gatetime 0.1s
was used, in order to readou the measured frequencies properly. Courter are very exad
eledtronic measuring instruments. They have usually errorsin the areaof <10° from the

measured value.




b) Carrier frequency oscill ator

First part of the Lab was to change the cdibrated capadtor and to oltain aplot of the carrier
(resonant) frequency vs. the parall el capacitance
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The variance of the cgadtance C resultsin anearly linea variance of the resonance
frequency.



o Determination of L’ and C+

With the diff erent measured values of C andf, it is passbleto determine the values of Cr and
L.

2 — 1
°  41PL'(C, +C)
Gt O UE
4L’ (C; +C)) 417 (C; +C))f g
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4mL'(C; +C,) 4T (C, +C,)f 2
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4TC(C, +C,)f&  4TP(C, +C,)f3

CTfozl + CTfO22 = szozz + C1f022

c - C,f& —CfZ _ 50pFx(108%Hz)* — 20pFx (1347kHz)?
.

f2-5 (1347kHz)? - (108%Hz)?
C, = 35F
L'= 1 = 1
4T (C, +C,)fZ, 41 (350F +50pF)x(108%KHz)?
L'= 25314pH

The eror of this cdculated values depends on the predsion d the measured values of fo and
the preasion d the cdibrated cgpadtor.



d) Carrier frequency variation with varicap diode

Varicgp dodes are semicondictors, votage dependent, variable capadtors. Their mode of
operation depends onthe cgadtance that exists at the p-n junction when the dement is
reverse biased. Under reverse bias condtionsthereis aregion d uncovered charge on either
side of the junction which leads to a cgadtance.

The Varicgp was used instead of the cdibrated capadtor. A plot of the voltage gplied to the
Varicg vs. frequency and amplitude was obtained.

i. Frequency vs. Varicap voltage
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ii. Amplitudevs. Varicap voltage
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The output voltage is not at a stable level when oy small voltages (low frequencies) are
applied to the varicap. This results from the inner structure of the CRO.



5. Modulator operation

When asignal with appropriate anplitude and frequency is applied to the varicap the CRO
circuit works as a frequency moduator. The moduation frequency was a 2Hz sinewave with
8.8V off set and an amplitude of 5.2 vdts. The resulting moduated frequency deviated
between ~1180KHz and 1217Hz. When the off set voltage was to low, the CRO generated
amplitude moddation, kecaise the CRO was nat able to supfy a stable output voltage below
Vp=5V.

With the low moduating frequency of only 2Hz the moduating output could be obtained very
well onthe oscill oscope.

6. Conclusion

The value of Ct+ must bein the aea of C, because otherwise the arrier frequency can na be
varied very much. With the values of C and Cr thevalue of L’ is predetermined by the
equation for the resonant frequency.

The cgadtance of the varicap must be in the same areathan the cgadtance of the cdi brated
cgpacitor C, to oktain the same resulting frequencies (ca. 1100kHz-1400kHz).

High quality FM moduators must have ahigh lineaity to prevent distortions. Also the
amplitude of the output must be held constant, because no amplit ude moduation must occur.

7. Related Internet Sites (History of FM)

http://home.att.net/~katzmann/
http://members.aol.com/jeff 560fm5.html
http://www.webstationore.com/eralhtml/armstrong.im
http://members.aol.com/jeff 560fm5.html
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