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Lecture 14: FRM. AM Radie. and
the Superheterpdyne Becervey

Dr. Mphammed Haya
Electrical Engineering Department i
Uniyersity of Jordan ;

EE421: Communications I: Lecture 14. Far wore information read Chapter 4 in your fexthook or isit Inttp;funkpedia.org/.

Multiplexing: FRM

» Frequency Division Multiplexing (FDM)
is a process that allows the transmission of
several signals over the same channel at
the same time.

* This is achieved by modulating the
different signals on different carriers with
different carrier frequencies.

* The receiver isolates one signal from the
rest using a tuneable BPF.

Copyright © Dr. Mohammed Hinoa Electrical Engineering Departrment, University of Jordm 2
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TY Braadeasting

* Satellite TV uses- s
broadcast frequencies
within the ranges
(Uplink/ Downlink):
i‘C band: 6/4 GHz " |
* Ku band: j

14/10-12GHz
Ka band

= - a .
- 27-31/18-20 GHz )
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% AM Radio

(«)

M(w).
m(t)=wlce . [ =uKHe] %M{‘IKHZJ'

% Modulate using DSB-LC (Am)
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| . AM Baslin Breadeasting
of mt)=Music.
8. Q=uYKHE- * Each station is an AM modulation of human voice.
+ FDM is used to multiplex signals on the air waves.
» US: Each station occupies a bandwidth of 1) kHz.
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The Supsrheteradyne Becelver

« Receivers in FDM system require a BPF.

« Ttis extremely difficult (expensive) to
design highly selective (narrowband) filters
at high center frequencies.

« This is specially true if the filter is
tuneable.

« Solution: Use a two-stage filtering process,
one of which at lower frequency.

Copyright © Dr. Mohanimed Hmoa Electrical Engincering Department, University of Jordan 9
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AM Superheteradyne Becetyer
Frequency Converter Demodulator
/—”_—_A'_—Y_—_—A_—_\
3 [m(#) + A] cos{me)t [m(f) + A) cos{wn)t
r,//J /,/
t RFfPF% IF EPF N Envelope Audio ke
RF Amplifier IF Amplifier Deicics Amplifier (]
o A
. >
A 5o + @) ;
: cos{o. + o)t Loca.l 05(‘.|“6L+0{(L'0)'
. r
Knob 78305
" Tuned Station Center of RE BPE L.O. Freq  IE Freq G
Ex. 1000 kHz 1000 kHz 1455kHz 455 kHz
—  HWI 1020 kHz 1020kHz  1475kHz 455kHz
HW2 1500 kHz 1500 kHz 1955 kHz 455 kHz
Copynght © Dr. Mohammed Hinoa Electrical Engineering Department, University of Jordan 10
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wWhat is the Maximum allowable RF EPF  Banduvidth ? /
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Image Station (Part 2)

L station

- AhAA - | AADA - rh"“ - station
'S s e @ 1000KHZ
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IF Filter IF Filter 4
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: —‘2"55 3 -465 '455 445 —435 445 455 2455 1
kHz kHz kHz kHz kHz kHz kHz kHz kHz |
—’455 455 f H

kHz kHz

Copyright © Dr. Mohamumed Hawa Electrical Enginecring Department, University of jordan 13

superheteradyne Why's

* Why the RF Filter?
— Eliminates the image station.

— Reduces the amount (power) of noise that
enters the receiver.

* Why the IF Stage (heterodynﬁg)"

— With its high-selectivity and lower price, the
IF filter isolates the desired radio station from
all others sent using FDM.

. —Since the TF frequency does not change with
the tuned station, it is easier to design the E.D.

Capyright © Dr. Mohammed Hawa

Electrical Engineermg Department, University of Jordan 14
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Superheteradyne YWhy's

* Why the sum, not difference?

» The sum (as opposed to the difference) in
the receiver results in a smaller tuning
range ratio, which requires a smaller
tuning capacitor for the local oscillator.

« Hence, this solution is cheaper.

Copynght © Dr. Mohammed Hmwa Electrical Eng g Dep Uni

of Jordm 15

Hameweark

+ Now design a superheterodyne receiver,
but this time using the difference for L.O.:

—If you want to listen to the station at 1000 kHz
what settings should you choose for the
RF BPF, the oscillator, and the IF BPF?

— Repeat the same problem if you want to listen
to the 1020 kHz and 1500 kIz stations.

— What is the frequency of the image station if
you are listening to the station at 1000 kHz?

Copyright © Dr. Moharomned Huwa Electrical Eng; g Depar

Universify of Jordan 16
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Superheteradyne Everywhere!

» The superheterodyne receiver is much more
ﬁopular nowadays compared to the
omodyne receiver.

« It is used in many communication systems
including: FM Radio, Analog and Digital TV |
broadcasting, Cellular phones, WiMAX, i
Satellite and Microwave systems, GPS, etc. ;

* Some popular IF frequencies: “
o
/{4 oMot 26

— AM radio receivers: 455 kHz
— FM radio receivers: 10.7 MHz
— Analogue television receivers: 45,75 MHz

ityof Jordain 17
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Selutian: Net in the Exam

Supply Block
Local oscillator | Intermediate
frequency freq. range -
Voltage | Tone | Polarization Frequency band
13V 0kHz | Vertical 10.70-11.70 GHz, low | 9.75 GHz 950--1,950 MHz
8V 0 kHz | Horizontal 10.70-11.70 GHz, low | 9.75 GHz 950-1,850 MHz

13V 22 kHz | Vertical

11.70-12.75 GHz, high | 10.60 GHz

1,100-2,150 MHz

18V 22 kiz | Horizontal

11.70-12.75 GHz, high | 10.60 GHz

1,100-2,150 MHz

Copyright © Dr. Mohanuned Hinwa

Electrical Enginecring Department, University of Jordan
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Lecture 15: Frequency and Phase
Madulation (FM and PM)

Dr. Mohammed Hawa
Electrical Engineering Department
University of Jordan

EE421: Commrunications I: Lecture 15. For more information read Chapler 5 iss your textbook or visit hitpy/fwikipedia.org/.

Tust like eatlier...

* Time domain expression.

* Time domain sketch.

* Average power of modulated signal.

* Frequency domain representation.
Bandwidth of modulated signal.
Signal-to-Noise Ratio and Quality.

Practical Applications.

* Modulators and Demodulators (hardware).

Copyright © Dr. Mohamnied Hiwa Electricul Engineening Department, University of Jordan 2
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Angle Madwlation (FM and PM)

Punmodulated (t)y=4 COS(O)Ct + BU)

. ‘*—C/*Arg w-ev!f
* @rm or pu(t) = Acos (1) or angle.

0;(t) = 6(t) — wt
+ O(t) is generalized angle of the modulated signal.

* }) is instantaneous frequency of modulated
signal.
-+ 0,(f) is instantaneous phase of modulated signal.

Copyrigirt © Dr. Mgfunimed Hinoa Electrical Engincering Department, University of Jordm 3

o da Frequency Madulation (FM)

o « The instantaneous frequency of the carrier B (£) -.6;[6}-:4_-{;
j U‘.,M--:.f changes in proportion to the message. - 1(;(3 J r(f) gu‘

gy = fepterelt Wipy (&) = @, + () 2
s j['uon(;aw] dt Oru(6) = wt +ky f " e unit of |Hhe consfont Ke:

p- rad /g
w

t
@ry(t) = Acos (wct + ks j m(t)dt)

0u @ =kt | * me)dt
Copyright € Dr: hbawneed Hemd Electrical Enginzering Department, University offordan 4
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Phase Madulation (PM)

* The instantaneous phase of the carrier changes d
in proportion to the message.

B = k(] i

Opm (t) = w t + kym(t)

@py (t) = Acos (wct i kpm.(t))

e, .
dm(t) -
s ’
a)im (t) =w, + kp dt W, + kpm (t)
Copynght © Dr. Mohanmmed Hmoa Electrical Engmccring Department, University of Jordan 5
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FM and PM Equivalence |

« FM
— Constant
amplitude A
— Constant carrier
frequency w,
— Variable
instantaneous
~ frequency w; « m(t)
— Variable
: -instantaneous phase
o Gy oc fm(t)de

Copyright © Dr. Mohammed Hiwa

+ PM

— Constant
amplitude A

— Constant carrier
frequency w,

— Variable
instantaneous
frequency w; « m'(t)

— Variable
instantaneous phase
Bi x m(t)

Electrical Engineering Departntent, University of Jordmn 6
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Example 1

« For the following message signal m(f) and a 100 MHz
carrier:
a) Sketch the FM modulated signal. Use k,= 2nx10° rad/s/V.
b) Sketch the PM modulated signal. Use k, = 5t rad/ V.
¢) Find Af for both modulated signals.

m(t) 200 ps

M2 W(
YTV

Copyright © Dr. Mofutmmed Hiroa Electrical Eng: g Department, University of Jordan 7

Solution: FM

m(f) R

4

| r'% 1%

fi‘ f1 .fI
Copyrigitt © Dr. Mohammed Hioa ’4 : Eiccrr al Engineering Drp:::mm! University of Jordan 8
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p\mse_-

Qu‘l 4 s PM
since w(t)
changing

Min

’-Fc’f

e Pkﬂtﬁe.

e = T EL T

Ke ()

2n min

/(h) ts Constant =

LU;.‘FM Ccmffﬂ'ﬂl-

oL, 11/29/2016
[OoM S
p—t
m(i) 200 ps
PM t Faay gt 8 = 50000 V/u -
ov : M C’U IOQ/"S S
-4\ /
m'(f) L_ﬂ‘s_.l
80,000 -
oV i

(& umed H

Ll

Electrical Engmecring Department, University of [ordmn 9

maux

=
%La 'y ;zégé)

orm(f)
A

ov
-A

orm(t)

Copyright © Dr. Mohammed Hioa
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Peak Frequency Q?YIGHQ
v b

. Y mid
. For EM: A 4%
Af £ ﬁ"i“i—_fﬂ'l = kf m(t)max — m(t)mm

2 ZTt 2

k , L]
Af = Z{T- X m(t)pk_pk [HZ] ‘
+ For PM: '

Af & fmax — fmin kp i m' (max — m' () min
2 T 2n 2

m ()

Mp

k
Af = Z?pt.x m'(t)pk—pk [Hz]

Copyright © Dr. Moharmed Himoa Electrical Engmeering Department, University of Jordm 11

Example 2

« For the following message signal m(t) and a 100 MHz
carrier:

a) Sketch the FM modulated signal. Use k;= 2nx10° rad/s/V. =+ SO‘VCOL
b) Sketch the PM modulated signal. Use k,= /4 rad/V. bcfafe
1
c) Find Af for both modulated signals. Scume ot l_ [ U

) 200 ps N ‘e Xamf’[tw .

2 . —

ov

y

-2

'
! Copyright © Dr. Mohammed Hawe Electrical Engmeering Dq"\?!fﬂ‘k‘!ﬂ, Unirersity of Jordan 12

You &n*{hm K abad Hhis gyﬂé{ As:
»—————)—Aﬂa'j as a fff fft'{f 6

! L@jzfﬂ’ as m(t) = Polar YRZ.
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=
OR 5 S, HZ.
- ZM*S——)?LML']
af= leT MK(‘H . 1 - /

P apl Ko i = BTy (60000 "@E
- 1/7 P-H’IC

=2
P alt) = polar MRE +FM = FSK.

cif MH) - polar MRZLPM = 2PS K
i m@) = polar WRE +AM = ASIK.

Le 2y o 7 P
E):;Mgr E‘l«)e Fere - Yoy =“c’f"(P7%4 = Y=t %SILM*'

7[)0( the lMpu, o bJ‘PM g + 00 = Wipy =00

? Wil Cause a,gmé{dﬂ Phase -Sift 180"

wm” (£
AR -
T+
@, ) = Acos (wettilpm (£)) - . Acos (a4 + v -2)
= Acos(e t] ,,_) |
Doa(4T= Acos(td +Upxr(£))

= ACOS[%{‘:.{-: 2.)

A g e Pt S
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0 (k)= ~cos(wt —90)
’ ) =Cos (et 490°)

Selutien: FM or FRK

m(f) L-—zo.i——-l

2 .

~S1a(We

ov }

Copyriglt © Dr. Mohammed Hmoa Electrical Enginecring Department, University of jordan 13
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Homeywark: P.2.1-2

« For the following message signal m(t) and a
200 MHz carrier;g ge signal m()
a) Sketch the FM modulated signal. Use k;=2000m rad/s/V.
b) Sketch the PM modulated signal. Use k,=1/2 rad/V.
¢) Try other k;and k, values. What is the effect?
d) Find Af for both modulated signals.

TUATA
TR

Copyright © Dr. Mohammed Hinoa Electrical Enginrcering Department, University of Jordm 15

i ———ns

e e
e

1

Hint: Far PM
m(f) L_—————Jl =
ov ;
1 / .~
m'(t) 1ms
2000
i : |
A 4 A 4
Copyright © Dr. Mohammied Huwa Electrical Engineering Department, University of Jordan 16
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Rules of Thumpb

« Smooth change in frequency means smooth

change in phase always.

« Sudden change in frequency (i.e., unit step
change) does not mean a sudden change in
phase, i.e., it means 0° phase shift.

« Impulse change in frequency (i.e., infinity
frequency) might cause a sudden change in
phase. To determine the phase shift (or lack
thereof) see k,m(f) for PM or kff m(t)dt for FM.

17

Copyrigiit © Dr. Mohammed Hmea Electrical Engincering Department, University of Jordan

M and PM Ayerage Power

¢ru(t) = Acos (wct + k¢ ft m(t)dt)
eu (t) = Acos (wt + k,m(2))

2
T
@i (t) 5

—— A?
opy(t) = =

Electrical Engineeriig Department, University of Jordan 18
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AR Modula
. FM Modula tidy Tadey

FM Bandwidth: Seni-rreaf
\> m(t) 4-FM modu fa‘h'dr'\- EFS K
digity -
dis 1s AM
@ @y,
critical
Modlelafigu.
e i
@ Uﬁzz,'y.
%y'gﬂ“ ; Copyright © Dr. Moharmmed Hunoa Electrical DR il
= XE mpy) , D R =9aP128
%#\128@ m(¥)=Vorice Fm U M’J‘M' Fl%ﬂ 2 F-{.ﬁ
&({)ﬂ(ﬁ% vt 1S Coafrol on l%;m" 10

/\/o Coatyo / o _l%,,f”

fion Tade _ w.t/fJ\'\

% 11/29/2016
2B

- » PAF
BM:,ZAFHZ@ 2’2(‘%)—2—

T ——————

FM and PM Bandwish

+ Mathematically speaking:
-Bpy=o .
"~ =Bpy=
* Practically speaking, use Carson’s Rule:
— Bpm = 2Af + 2B = 2B(B+1)
— Bppy = 2Af + 2B = 2B(B+1)’
* FM Modulation Index:
—-B =Af/B
— Narrow-Band FM (NBFM) has 8 K 1or Af & B
— Wide-Band FM (WBFM) has § > 1 or Af » B
— FM radio uses WBFM with B =5

of Jordan

Copyright © Dr. Mohammed Hinva Electricnl Er 8 Dep

—
—
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A EE
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Copyright © Dr. Mohatmed Hmoa Electrical Enginecring Department, University of Jordan 21
Bandwidth: Example 1
+ Estimate the bandwidth By and Bpy, for the
modulating signal m(t) shown below. Assume
k= nx10%rad/s/V and k,=n/4 rad/V.
Aaswifs © g, ~60M HE  Bpm= Yo KHE
200 us
mp B 2Ll L sz
TINTIAL = e
VTN o= [
_4 ‘ 2
. = ¥{ m ()
Copyright © Dr. Mohammed Hawa Electricat Engincering Department, Unirersity of Jordan 22 '—1{%: PH-PIC
B = 20F +28 = 28(F) = fﬁf;"aﬁ § =20k
_ 920k} + 20K = EUKH T . e P
~ 2 (oK) of=——= o |
i
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oS B3-5C*

Sin
T et LA
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ik~ 335

—

Banswidth: Example 2

« Estimate the bandwidth Bgy and Bpm for the
modulating signal m(t) shown below. Assume
ke= nx105 rad/s/V and k, = 57 rad/V.

iy  e—2ne |
|

yunll .
o ' l t m(t) . E;D/'I: IUHK’ L’K

2
| 2

Angess'’
gyl ¢ 220 Ko 2K

ov

2

Copyright © Dr. Mohantmed Hawea Electrical Engincering Department, University of Jorda 23

FM Signal-ta-Ngise Batig

36%\ S;
SNR,y: = (k_z) N;’;
m
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} Using AGC 2/ whspmatic Gain (ontro] -
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FM (and I’l\rd_)x? oM .
« FM (and PM) Advantages: v

PO .
— The constant amplitude of FM makes it less
susceptible to nonlinearities.

r/M Slkg
a(‘ﬂ'M‘B — The constant amplitude of FM gives it a kind of
@ immunity against rapid fading (even with the /.\
Il { Vi

[y
=

A M\ larger bandwidth). f ——
Jﬁ\\ﬂm@ AN\ — Due to the constant amplitude, FM is less 4; fz -f; 1
ol vulnerable than AM to adjacent-channe i E,)z f“ z% ¢
&

/-interference. =
- 21 — FM is capable of exchanging SNR for bandwidth. N gy
[’) d/ y
UﬁA L}d.ea;f Copyright © Dr. Mohammed Hinoa Electrical Enginecring Department, University of Jordm P C[f /Qé'{ﬁf '{
C dﬂ’?f&{éfa’ff e
'Hlf i
Foy

FM (and PM) vs. AM

* FM (and PM) Disadvantages:

—WBFM (which provides better quality)
requires large transmission bandwidth.

—FM modulators and demodulators are
relatively more expensive that AM

" lbl(ardware

—PM demodulation requires synchronous
detection (relatively expensive).

Electrical Engineering Department, University of Jordan 26
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{KHE [na( bl * FM radio sounds better than AM radio: =~ s
g uard 9 — m(t) has a larger bandwidth. \ = 18 o WH i
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Lecture 16: FM Madulatars
and Remadulatars
Dr. Mohammed Hawa

Electrical Engineering Repartment
University of Jerdan

EE421: Comnumications I: Lecture 16, For more information read Chapter 5 in your fextbook or visit htipy/fwikipedia.org/.

FM Madnlatar: YEQ

Vee
: (t) = cos{a.t) i c(t) = cos(wct)

Vee
m(f) i () we am(l) g :-_,> Mu’)f

Copyright © Dr. Mokammed Hawa Electrical Engi g Department, University of Jordm ]
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+ To build an osc111ator, we require three

— Positive feedback
- LC1ta
+ The frequency of the oscillator is co trolled

mﬂa resonant circuit.
. Many imp Tementations available: Col itts
osc1![atok, artley oscillator) [King oscilla or,|

etc. (,_2,) @

Copyright © Dr. Mohanumed Himwa Electrical Enginecring Department, University of Jordan 3

Example YCQ: uses Colpitts ascillater
(NQT in the exam)

Vee
T 9V
1002
10kQ
L

_I_ G 'L;mm:

100F
20kQ P

(1] Ne] S
) BB109
V‘“"‘P T 15 pF
—_
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FM Remadulatars

#. FM Discriminator (also called Slope
Detector or Ratio Detector):
— Convert frequency variations into amplitude
variations, then use an envelope detector.
#9-
* Quadrature Detector:
— Convert frequency variations into phase—o[l"%/ enf
43 variations, then use a phase detector.
* Phase-Locked Loop:
— A phase-difference feedback system.

xS

sWha ¢
Wl:;g:d_algow!?uﬂd
M JQJ'QG" I'minw{‘a{? ) o
) Limiter- FM Riscrimvinater
NYfleentiator 0
Degdy, | e | om0
b
i 4
% £ fo ()
@’M H=A cosfw t+ ICjE S{'-"‘ (H oU‘)
;%fm (0= < A rpmit] sia (gt [ (BdE) o,
= Afurlg m®) sin (ot + [mipdf=180" ).

“Eavelope.
E). = £ Hignt—> E(H)=Kanlt)-
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PLL Terminglagy

. A PLL is said to be in-lock if the
frequency of the inner VCO vycolt) is
exactly the same as the frequency of the
received signal v (t) = @rm (t).

« If the PLL stays in-lock, then the output
voltage v,y (t) is proportional to the
baseband message signal m(t).

« We want the PLL to stay in-lock.

« See the datasheet for MC4046 for details.

Copyright © Dr. Mohammed Hmwa Electrical Engincering Department, Uni of ordan 11
Hhese is
N
7 B t P hase
= S WLJTEJ' Jfffw ce.

PLL: Step 1 (In kagk)

/\ / a%f%b@f
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oy WA \WAW
Sl AVAVAVAY

Copynight © Dr. Mohamnied Hinoa

1123

e

Electrical Engincering Department, University of Jordm 12 J

R

Scanned by CamScanner



5/10/2016

PLL: Ster 2 (Ineut changes)

new
—

o LA A
N v AVATIAL

vvcolt) \ / /

(Vo

s AAVAY U \/
Copyright © Dr. Mohnomed Hinoa cpartment, Unicersity of jordan 13

PLL: Step ?z (I’LL fgugwg)
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PLL Apglicatians

« Carrier recovery for Synchronous

detectors.

« Clock recovery for digital baseband

receivers.

« Stabilizing VCO frequencies
transmitters.

 FM Demodulator.

Capyright © Dr. Mohammed Hrwe Electrical Engineering Dep University of jordan 15

in FM

PM Remadulatar: Synshranqns

(®) x(t)
=A cos(g::t + kpm(t)) LEE

Output
y(®)

c(t) = cos(ot + n/2)

Copyright © Dr. Mohammed Hinwa
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Lecture 17: Time Riyisign
Multiplexing and Telephany

Dr. Mohammed Hawa
Electrical Engineering Department
Uniyersity of Jordan

EE421: Communications {. For move information ecad Chapter 6 i your textbook or visit httpy/fwikipedia.org/.

Multiplexing: TRM

+ Time Division Multiplexing (TDM) is a
process that allows the transmission of
several signals over the same baseband
channel.

« Achieved by interleaving the bits of the
different signals using different time
instants,

* The receiver isolates one signal from the rest
using a time demultiplexer.

» TDM is not limited to PCM or telephony.

Copyright © Dr. Mohammed Hinoa Electrica! Engincering Department, University of Jordan
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Nultiplexer/ Remulfirlexef

—» L
R e T

—P> —>
TDM TDM
Multiplexer Demultiplexer
Copyright © Dr. Mohartmed Hiawa Electrical Engineering Dep Uni of Jordmn 3

Local Loop,
or Last Mile Core
— v A

Public Switched Telephone Network

Up 10 10,000
local Joops
Y 2 Main Exchange,
(Analog, ar Toll Office
Twasted Pair) . or Central Office
Local Exch ) Trunks between
rle— iy \ f”’,”rﬂﬂﬂhmhs
(Codec, Digital) High-bandwidth Trunks o (STM-16, STM-64)

1al, Optical Fi
Mol b Ty O Optical Fiber)

. (E4, STM-1)
(Digital, Optical Fiber)
(ELE2,T1,T2)
Public Switched Telephone
Network
Copyright © Dr. Molumed Hawa Electrical Engineering Department, University of Jordan 4
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Any number of steps!

malf) " DM

sill) —= Multiplexer l ) - ("B ‘
™M “"gm N f

Multiplexer | |

mclf) ——%  1pyg l o) LY. TDM X ‘f (H ;

—» 115(f) -1

o) Multiplexer Multiplexer
ma(l) I
o900
My

+ Homework: Show the hardware blocks at the
receiver side (Aqaba).

ityof Jordn 9

Electrical Engineering Dey t, Uni

Copyright © Dr. Mohammed Hmwa

]

TRM Higrarchy Standard (Tel.) |

U.S. Standard European Standard
, 4 hd ™
Low bit-rate

Plesiochronoys J
Digital Hierarchy

High bit-rate
[ SDH; Synchronous )

Digital Hierarchy

Copyright © Dr. Mohammed Hitoa Electrical Engincering Department, University of Jordan 10 ,
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Haomewark

+ Sketch the PSD for the output signal ¢(t) below.
« Show the block diagram of the receiver.

28 =2%500K

-;ﬂ}g_ » ~500 U H &
Bipolar Unipolar ’
f=100Abit's —>  TpM ‘ NRZ d1(f)
Duobinary o| Multiplexer 00
for= 400 kbit/s 5 Fbﬁ
0]
Manchester
© 5=500kbits " TDM Manchester e
- MLT-3 —_— hiu]tiplEX!! £=0.2 ¢ 2“)
. fo=1000 kbit/s

cos(ent)

Copyright © Dr. Mohammed Hinea Electrictl Engincering Department, University of Jordm 13

Examples an TRM with FRM

* GSM cellular communications system.

— Every 8 phone calls are combined using
TDMA into one 200 kHz channel.

— The 200 kHz channels are multiplexed using
FDMA.

« ATSC and DVB digital TV broadcastmg
systems.

=~ - Anywhere between|6 and 12 TV stations,are

o= =

multlplexed in one 6 MHz or 8 MHz channel
using

Copyright © Dr. Molammed Hinoa Electrical Engineerng Department, University of Jordan 14
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l
GSM uses TRMA/FRMA/FRR
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Lecture 19: Digital
Madulation

Dr. Mohammed Hawa
Electrical Engineering Department
Uniyersity of Jordan

EE421: Communications I. For more information read Chapters 7 & 10 in your texthook or visit httpy/fwikipedia.org/.

The Last Piece of the Puzzlsz!

Baseband

,

5/10/2016

[Gb'b'dy\.

A ~— — A ~
Analog Baseband Analog Carrier
Avali Communication | M Y  Communication
4 Modidatio
Systems Systems
=
&
2V - Y
f ‘
Dicital < Digital Baseband ||  Digital 7DigitalCarrier
' Communication l Modidation/ ' Communication
Systems & Llt Systems
b;r’wtilﬁf to Ana “’;’ MOO{‘
Electrical Engineering Department, University o 2
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Digital Modulation

* Four main modulation techniques:
— Amplitude-Shift Keying (ASK).
— Frequency-Shift Keying (FSK).
— Phase-Shift Keying (PSK).
— Quadrature Amplitude Modulation (QAM).
« PSK and QAM are the most popular
nowadays because of their smaller
bandwidths.

« PSK and QAM require synchronous
detection, which is easier nowadays (PLLs).

Copyright © Dr. Mohammed Hmwa Electrical Engineering Department, University of Jordan 3

Analog ys. Digital Modulation

« m(t) is Polar NRZ + AM = ASK
* m(t) is Polar NRZ + FM =FSK
« m(t) is Polar NRZ + PM = BPSK \
. m(t)is Q-ary NRZ+PM  =QPSK

 m(t) is M-ary NRZ+PM  =M-PSK
o m(t) is M-ary NRZ + QAM = QAM
« m(t)is M-ary NRZ+ AM  =M-ASK

Copyright @ Dr. Mohammed Hawa Electrical Engineering Department, University of Jordan 4 i
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ASK and QQK

Data 1 0 0 1 1 0
Carrier

\Hnnn“ LI s-gm}
VY '””””

Data 1 0 0 1 1 0

Capyright © Dr. Mohammed Huwwa Electrical Engincering Department, University of Jordm 5

A3K 15 AM

Data 1 0 0 1 1 0
v
A NRZ

5V

Copyrigit © Dr. Mokammed Huwa Electrical Engineering Department, Untiversity of Jordan 6

@ask(t)
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PSR of an ASK Signal

(0]

Smin(@)
s . Nt — (i)
=2nfp O 2nfo
Sonsk(@)
/Carrier
e - s e
0c-2tf @ o+ 2mh

L P
e s Nt
7 -0c- 2t ~®c O+ 2%H

Copynight © Dr. Mohammed Hmwa

Electrical Engineering Department, University of Jordm 7

Fak

Polar
NRZ

A cos([oc- Ao]t)

A cos([o-+Av]E)

Copyright © Dr. Mohammed Huoa

Electrical Engineering Department, University of Jordan 8
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om" " A(ps (a{,:l:—‘fo)

Occw

i [ Acos(% 3"\_, 2 -VEe
= \ - Q3K = Acos (e b+ 205) : M gle
' Eﬂ ] . e | Can:hgllafaa/\r
=P " Q’ > Acos(wt-15°)
5V \
. 5V ~ NRZ A co S(‘Ué-f-[,{g
) l K ~90 Suouw phMC SL\:H )
pata 10 J IHU

o1
¢-130° Y

~dpe 7ol p A A KA NAA
— WVIVW VY \/ B JA,;)F;Z

; 4 Tsymb = 2T0 Symbol Tm" s
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Example: Find the bandwidth of an 8-PSK modulated signal if the data bit rate is
5 ’ 1 100 kbit/s.
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Transmitter Receiver
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16-QAM Constellatien Riagram
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Example; Find the bandwidth of an 16-QAM modulated signal if the data bit rate is
8 Mbit/s.

il 0 ; = - 8Mbps  _ 8Mbps
Solu_ho_n. For 16-QAM, Bandwidth = 2xBaud Rate = 2Xx g2 (16) PTIRTES
=4 MHz.

Copyright © Dr. Moharumed Hawa

Electrical Enginecring Depr , Lini;

ity of Jordan 15

Many QAM Canstellatiens
Q
i i 0900
o \O e%e"4%"%
/,/ e DO OO
ST AT “\ 0%6%%1e%%"
/ TN R Y BOOO0 OO0
X4 \i\ 1 : 180 —e2ete® DOC
i 'f“\_f—- 7/ Il / o:o:o:o:c o:- ®
LI e 2
= .l,—/ & 'o:oln:o
s 270 l
. |
Copyright © Dr. Mohammied Hiroa Electrical Engineering Departmuent, University of Jordm 16 \;

i

Scanned by CamScanner



5/10/2016

R
f()=\/-—2—;e 2
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AWGN Neiss

Gaussian pdf, fu(n)
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n

x Q(x) x Q&) Q) Q)
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Why Quantile?
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Matched Filter

Matched |
Filter
\ t = Tsymb
+p() + n(t o(t) + 1ot Decision
pt) + n(f) H(o) polt) + malt) Ttg:f;coeld
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Perfromanse of Rigital Systems

Modulation with AWGN _| Error Probability |
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Pefinitians

{(QAM ;

For the rest of this document, we will use the following notation: —W |

« M =Number of possible symbols that the modulated signal can assume. > I
k = the number of bits sent per transmitted symbol = logz (M). — PC = l"

«  Es= Average energy-per-transmitted-symbol in the modulated signal (Joule).
o Ey = Average energy-per-transmitted-bit in the modulated signal (Joule) = E./ k.
o S(w)= N—z" = Double-sided ngise power spectral density (in W/Hz = Joule).

T, = Bit duration. ——P"7¢ = 5= = bi‘}‘ rate.
Teyub = Symbol duration =k To ®
+ BER = Probability of bit-error = bit error rate.

Toget = KTe

Copyright © Dr. Mohammed Hmoa Electrical Engincering Department, University of jordan 23

Example:
Find the BER for BPSK if we use an optimal detector (a matched filter). Assume the {
amplitude of the carrier is A = 0.5 V, data rate is 2 bps, and No = 2 X 10~2 W/Hz

Solution:
In BPSK there is one symbol per bit (i.e,, a total of two symbols that the modulated
signal can assume). The two symbols can be written as:

5, = Acos(w,t) 5; = —Acos{w,t) = A cos(w.t — )

The energy-per-symbol here is the same as the energy-per-bit and is equal for both
possible symbols. Hence, its average is:

A2 A2 A A? A1
E, = E; = (—Tsymb ) Pl’[l] + (—Tsymb) P[’[O] = ?Tsymh ==T,

2 2 T W
Hence,
2E, A? 0,52
BER = @ ( IE—) =Q ( ’m) = Q( e | Q(v6.25) = Q(2.5)
=621x107
Copynight © Dr. Mohmnmed Hawa Electrical Engrneerit eparmszy of ’W&

Eb,_.f_g_ - aversIe omergy Wij_"f‘;‘ o ;ivcfa& power PEL symbel X Tsumb.
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e Vi 12
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Ly
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Exampele

Find the BER for the 16-QAM constellation sh
(a matched filter). Assume the data rate is 4 bps, an
1 Q
o @ 21

2.36
e O\
AY

and Ny = 5x 1072 W/Hz.

1. 414

4

4
=1

8

o Rw

2
%
¢
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own below if we use an optimal detector

*/’—‘—t |- Y14 COS[“c’E"'qG‘) i
Ca"a. POM s 11—

) ’g’.._—;{.luucos(%ﬂ%r')

Solution:
In this system there are 16 possible sy

mbols, which we assume to be equally probable,
i.e., each occurs with a probability of 1/16. Hence, the energy-per-symbol is:

1.414% 4 2.236% 8 2.8282 4
Eo=\—7Tom ("1_6)+ 7 Tsymb ('13)"' 3 Toymb (ﬁ)

=[0.25 + 1.25 + 1] Toymp = 2.5(Toymp )

E T, 25 25
B =7=125 (—”—,:"1’-) =2.5(Ty) = et 0.625]

=2l [ ) 4ol

3 3
=-0(3.162) ==x8x 10" =6x10™*
4707 4

3x4 0625

3
mxm)ﬁ‘?(m

‘P"no(' t
By in hoqalfon

(7
BER=1-(1—-Py)*=1-(1-6x107)2 =12x107%" gﬁwﬂ
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Comparisan

= ASK, FSK
~ap=BPSK, QPSK
= g-PSK

=4= 16-PSK

9+ 16-QAM

P S E o

!
I
1
ST (SN N Se-po
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Comparisan

Modulation Bandwidth Error free Eb/No (i.e., BER < 10%)
ASK 2f; 13.5dB
FSK 2Af +2B =2f,(B+1) 13.5dB
BPSK 2 X Baud = 2f, 10.5 dB
QPSK 2xBaud = f, 10.5dB
8-PSK 2 X Baud = 2f, /3 14dB
16-PSK 2XBaud = f, /2 18dB
16-QAM 2XBaud=f,/2 14.5dB
64-QAM 2XBaud = £, /3 18.5dB
256-QAM 2 X Buud = £, /4 23448

Copyright © Dr. Mohammed Huwa
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Remember: Rigital Madnlatien

. Bandwidth of the channel decides the baud
rate (symbols per second) you can send.

« Signal-to-noise ratio (E,/ N,) decides the
level of modulation {)ou can use while still
maintaining a small bit error rate. In other
words, it decides the number of bits you can
send per symbol.

« Hence, the two factors together (bandwidth
and SNR) decide the total bit rate you can
achieve over any single channel.

e Shannon’s Limit!

Copyright © Dr. Mohammed Hmoa Electrical Engineering Department, University of Jordm 29

Shannen's Limyit

C = B, x log,(1+ SNR)

« C: Capacity of the channel in bits/second (bps)
* B, Channel bandwidth (units of Hz)

- SNR: Signal-to-Noise Ratio (unitless)(not dB)

Copyright © Dr. Mohamnied Hawa Electrical Engineering Department, University of Jordan 30
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T
Applications

+ IEEE 802.11 (Wi-Fé): BPSK, QPSK, 16-QAM, 64-QAM and CCK
(Complementary Code Keying) (CCK is an extension of QPSK).

« IEEE 802.16 (Wi-MAX): BPSK, QPSK, 16-QAM, and 64-QAM. It
uses these modulation schemes in combination with OFDM
(Orthogonal Frequency division multiplexing) (OFDM is an
extension of FDelgl).

+ DVB (Digital Video Broadcastinlg): DVB-S (for satellite
broadcasting) uses QPSK or 8-PSK; DVB-C (for cable) uses
16-QAM, 32-QAM, 64-QAM, 128-QAM or 256-QAM; and DVB-T
(for terrestrial television broadcasting) uses 16-QAM or 64-QAM.

DAB (Digital Audio Broadcasting): DQPSK (Differential QPSK)
(DQPSK 15 a variation of QPSK).

ADSL: QAM in a scheme called DMT (Discrete Multi-Tone
modulation).

Copyright © Dr. Mohanimed Hmoa Electrical Engincering Department, University of Jordan k) |
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