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Lecture 7: Heterodyning
(Un & Rown Frequency Converter)
Dr, Mohammed Hawa

Electrical Engineering Department
University of Jordan

—_—

EL&21: Commetrications |

|

Heteradyne: Mulfiple Frequencies

» Typical transmitters do not modulate immediately
from baseband to carrier frequency o . Rather, they

modulate to 2 frequency o, then an

shifts e frequency to the higher

frequency o,.

« Also, real-life receivers do not demodulate
immediately from carrier frequency o, to baseband.
Rather, they use a down-converter to shift the
modulated signal to an intermediate frequency o),
then demodulate to baseband.

« This has advantages, especially in FDM systems and
digital systems (see: super-heterodyne receiver).

Copyright & D, Mokammed Hasa Llecttical Digisssering Daparlraont, Uniocraty of Jordan
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Ludok )
P(\O ‘- X w— Modulator ol Up Converter ._‘f(-t) \f\f)" Xlw
7

o

é) cos(wif) dv) cos(wro.f)

Wy wlo

RF Front-End Stage Baseband Stage

m(f)

1) va(f)_

RX '— Down Converter

; E ;cos(wz.o.l)

lectri

\Mlmkbna / :a\uLMof ( Lema M M‘\.y\\l ws < Q’Lc,-
= g Gome | re or devicet

Demodulator

cos(wit)

ane Depar mient, Urioersity of Jordan: 3

Copyright © D1, Mokammed Haua

Be careful!

« A frequency converter is also commonly
calle {ﬁbbut do not confuse it with
a multiplication device. 0
e —ee—— o L LL ar
\,)l + A& frequency converter is nota . = Semott
demodulator.

+ A frequency converter is not a modulator.

+ Up converter takes you from low input
frequency to high output frequency.

» Down converter takes you from high input
frequency to low output frequency.

Copyrighs © Dr. Midzmumed Haag Eloctsicdl Engineering Depa imert, Uniuersity of Jardan
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W
F ek G Qpm 44
agfw< m(t ,
oo (1) cos(wint) E,ocquentcy m(t) cos(®auf)
D‘“ _s < nverter
m(t) cos(int) oir L/ﬁm(t) cos(Waut) - |
cos(@Lot) dML
Copyright © Dv. Mokmaned Hava b ‘d 5) f“ “:Alo’*xlln Aneering Depa [nient, Unioersity of Jordan g
Examples
5 1.0}
! frequency J
| 300 MHz T f)own converter 400 MHzm g e
T4 300 MHz 100 MHz Down converter 200 MHz Wh
0 \q‘ﬁ _ 7 (difference)
%0 100 MHz 30MHz  Upconverter  400MHz |j
T 7 (sum)
N2 \;( 100 MHz 300 MHz Up converter 200 MHz W
{ “ "
(difference)
\oo > — L
Copyright @ Dr. Mohamtnad Haza Llsctrical Engisieering Deparlment, Unioerity of Jordas 6
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Homework 1

Repeat the four cases above for 55B-SC (USB)
Input modulated signal:

= Up converter, Sum

= Up converter, Difference

= Down converter, Sum

— Down converter, Difference
Find k in the output signal:
Y(t) =k @ssp-sc(t)

Provide specifications for the BP

e e et Unfoet 46

F to be used.

Liectrical Dnganeers

Copymight € Di. Modammed Hara

Homeweork 2

nverter (mixer)
d of cos (0.0f)?
(ies)

Does the frequency cO

work if you use p(t) instea

« If so, what is the necessary frequency
for p(t)?

« Find k in the output signal:

y(f) =k m(f) CO8(W,yt)

Provide specifications for the BPF to be

used.

Llectrical Prgiveering DeparImeat, Uniuscrsiti of Jerdan 12

Copyright © Dr. Mokamired NHawa
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