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— QAM modulation (sin/cos)
— Used in DVB, Wi-Fi, WiMAX, 3G, 4G LTE

| o )7/'444 + In Multiplexing;
COJ'Q ﬂ) ZisoA M“”Tplt 4‘((};. - CDMA (walsh COdeS, G%D codes)
f b f;«e Piision — Used in 3G cellular telephony ‘ bl '
Mw:f/) le Acrgc,s _ OFDMA (multiple cosinég)—+ «/i1h mulfi'¢ freg

— Used in Wi-Fi, WIMAX, 4G LTE
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QAN Transmitter and Beceiyver

Yama(t)

J

P, J AN
‘ Y = .Y
" Transmitter Receiver
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QAM ys. RSB-SC

* Advantages of QAM:
—QAM is more bandwidth efficient than
DSB-5C, allowing us to send two signals
on the same channel (of bandwidth 2B).

* Disadvantages of QAM:

— When synchronous detection is used for

3/12/2016

AM with errors in synchronization,
Sttenuation, distortior)l’ and co-channel whed g,Lt)= Kim (¢)
interference show up. ﬁ/_b +1y vz (1)
Copyright © Dr. Mohammed Hinoa # Electrical Engincering Department, Unicersiy o ordon 7 yz [+) = l(:’ M) L'U
(CO-Chomnel + Ky, [+
interfevence

Applications

* /Analog QAMiis used to carry chrominance
(color) information in Analog TV
broadcasting.

« | Digital QAM]/(to be discussed later) is very
popular nowadays: DVB, DAB, Wi-Fj,

WiIiMAX, 3G, 4G, ADSL, etc.
» DSB-SC is used in analog instrumentation,
and as part of multiplexing in Stereo FM

broadcasting.
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o L/ean‘giM Side Bond.-

|
YRB-3¢C (HSB) Transmitter

ovss-sc(t)
(USB)

m(t m(t) cos(mct) Hifo) Channel

Vestigial BPF
(odd symmetry around o)

cos(oct)
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'YRB-3C (WRB) Beseiver

e \1/
o) | x(t) Output

Channel N ey SN
| y(t) = Yam(t)

Bandwidth =B Hz
Gain=1

cos(wcf)
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* Advantages of VSB:

o S§7
Ns. P4tU—> —Simple to generate (no need for sharp filters).

(flexibility).
— V5B transmission bandwidth is smaller than
DSB.
— Smaller bandwidth means more immunity to
frequency-selective fading compared to DSB.
— In case of synchronization errors, VSB-SC
suffers less attenuation and distortion
compared to DSB-SC.
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* Disadvantages of VSB:
@ - VSB-SC require synchronous detection.

» Applications:

information in Analog TV broadcasting,.

Copyright © Dr. Mohammed Hawa

(memorl'?c;).

(&) =VSB+C (which allows envelope detection) is
less power efficient compared to AM (since

we need A >> -m(t),,;) b DYB-1C.
— VSB+C is used to send luminance (B & W)

— VSB-5C is used in facsimile (fax) machines.
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SHAMAary

* QAM
. — Bandwidth is 2B (but we send two signals)
— Average power is ¢2(t) = %mf )+ %m%(t)

« SSB-SC (USB or LSB) i

\
— Bandwidth is B (one signal) o é g 2 || "osn

— Average power is @?(t) = %mz ()

* VSB-SC (USB or LSB)
— Bandwidth is (1 + €)B (one signal)

— Average power is ¢2(t) = %mz(t)
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Analag Television Standards

U.S. Standard European Standard
I \'a A ~
NTSC: PAL:
National Television Phase Alternating
Analog TV System Committee Line
(VSB+C, QAM, FM; (VSB+C, QAM, EM;
FDM) FDM)
ATSC: DVB-T, DVB-§,
Advanced Television DVB-S2, ...:
Digital TV System Committee Digital Video
(MPEG-2; VSB-8 or QAM; Broadcasting
TOM+FDM) (MPEG-2; QPSK, QAM;
TDM+FDM)
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Analag Television (PAL/ NTSQ).

ja KOPOWJ
) use [PAL-

S 3 PAL or PAL/SECAM /
~coagimie, B no ke SEERIRIENT"
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NTSC 599
pAL 6%

Standard Refinition (RTY)

MG Aspect ratio|Pixel shape|F f ing| Fi Rate (Hz
e|Form of scann e
Vertical| Horizontal spect ratio|Pixel shap ing|Frame (Hz)
[~
| T interlaced | 30 (60 fields/s)
640 4:3 square 5 24
progressive 30
60
480 F
ol interlaced 30 (60 fields/s)
704 4:3 or 16:9 |non-square ) 24
progressive 30
60

Copyright © Dr. Mohammed Hawa

oS the above are the most popular and
o digital TV set (monitor)}.)'[%e monito!

Electrical Eng;

"-..+ Many other profiles and frame rates are supported by ATSC and DVB, but
the most likely to be supported by a
r profile name is called 480i and 480p.

ing Department,

University of Jordan. 25

High Refinitien (HRTY)

Resolution

Vertical|Horizontal

Aspect ratio

Pixel shape

Form of scanning|Frame Rate (Hz)

720 1280

16:9

square

progressive

24
30
60

Hﬂ 10

80 1920

square

interlaced

A 25 (50 fields/s)

30 (60 fields/s)

progressive ' 1

P

25
30

LIKTV 2160

3840

16:9

square

progressive

30
60
120
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9 Backwands Compatibility
Fuminance & Chraminance
Kfor VTC*
)X?Q'f FAL: M| M) _Gl sk VOV
RGE—s YUV / Ra\ / Luminance "\ L <l
bunz  6mHE ’ e ° o yniz 4
GmHE  IMHZ o e ymiz 1MHEZ
EmHZ  IMHE / o\ I ey, yunz  AMHZ
0 40MHz L 40MHz
M) IMvo)| " ‘ saé/:dtﬁ,m[/ﬁ)
/ | Blue \ ',-" [ Guo+inarre2"'.‘
40MHz 0 1MHZ 4.0MHz
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RGB to YHY Transfermation

Y’ 0.299 0.587 0.114 |[R
Ul = |-0.14713 -0.28886  0.436 G

|4 0.615 —0.51499 -0.10001] |B

R 1 0 1.13983 ] [Y]
G| = |1 -0.39465 -0.58060| |U

B 1 203211 0 Vv

it :‘}75 " See httpfen.wikipedia.org/wiki/YUV for mode details.

Copyright © Dr. Mohanimed Hmoa Electrical Enginecring Dep , University of Jordan 29

Naticeable anly in sharp images

Copyright © Dr. Molummnied Hioa Electrical Engineering Department, University of Jordm 30

15

Scanned by CamScanner



{\

Luminaace, —* YE€Z1C -

| i
} = = % Cos(act)
‘\ (h_e)i?"’gM“% 3MHZ
{ % \ y—-z 3/12/2016
Q+E)q / \ e ‘
‘ L]
[ (e=0-9 \ We
{
| Hnaleg TY(YRB+C & FM & QAM)
\\ SR 4MHz i < /Amd(j?c
o e e G the Mok
G.Mgu(d['bwﬂ Hd\,\ = '//vsnec e \/\A dio -
° AP A 4 sendliy ved
)7,\\\0 g r N\\\ oz fi+3579545 +15 L. oetolle
dLbMJL"Oi PAL * s This is FJPM
| e e e ol €2
f-125 : }2+‘43'36{;75 SO0 fres =4 JMQ//GV‘%
Copyright © Dr. Mohanmed Hirwa Electrical Engineering Department, Unicersity of Jordan 31 A/T-fC
My (4 cosfuat) + my(t) sia(w.k) iy @m@’iﬁ]{h of GAM :ZB -2x1M HZ.
_ T . FAT.

|

|

b—‘*;]
|
|
|
|
|

!
|
|
| X TV is
{
i
J
\
|

3" Comeeptual ¢ 0

e £ L
B , el
e ﬁ 3 ‘_3 Jreict Luminance - - - i g7
Efl e T\ fle |
! 3 —r= T e ¢
: -1.23 Q 357954571 45475
£ rnrQUT\CY(\m) PR T
Db Adwlhemg L TOT T
E £ g
i TR i
% 7 fyidia b
¥ 5 A i
SR
i . | |
Vool s 0. . 3579:45 4sus 4
B o i I‘REQUEI\CY (Ml'll) 5
hacai h-: 7: 8 2 4 RN 8 SN L .. ___3

Electrical Engincering Depar mmlu niversity of Jordm 32

Copyright © Dr. Mohamned Hinoa

%NM M‘O’{"(/ﬂ'bdv\ 0'530“('%/‘ AUﬂIOP ):‘/VI Mcﬁlﬂ‘l‘/b{l .
,jM”U' - PeA fdé’éff (JUof:mobfh —Nat ;m,aulsgg)
Lokt Li¥e fhis /L«/Lfl,ﬂ»ﬂ

Scanned by CamScanner



NTEC:

%Summaﬁ%e Yo, ZgMH%’ ﬁuwo{-

1MHT L 8K

Umhz /s &Am.
O ZEMH—? juwd

0. SMHZ  Anglio

~ A, Loadseidth of ONE WTxC
g =4 —1 </ s fafion -

4 gmﬂlm&l}’l afﬁ;/ﬁg A?:S'C Tv statim =fMUE

PAL

-_

0.26 Az Juard
| Muz 193

6 MHZ  (sBRQAM -
o-ToM 7 3@/0(/
a9 0‘6/“ Hz . 0

Z %MHE = Bmlmab{h d?dA/E @Tvsfaﬁzm_
%fwa&v,p[ﬂz ’ﬂgﬂCADVE"T 'TV 5“7"4%/0',4 — SMH%

Scanned by CamScanner



C ommunicationsl

' F a11017

s ON

Dr.Mhmd Hawa

_ By Mhmd Abuhashya
@ | gué

O

owerunit:ju ju.com

Scanned by CamScanner




10/22/2016

Homdne —+ Stugle Freg
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Lectyre 7: Heterodyning
(Ur & Rawn Freauency Cenwerter)

Dr. Mohammed Hawa
Electrical Engineering Department
Uniyersity of Jordan

EE421: Communications {

Dasehandl  Modulae. .
e DJC ) .
X Cos(wt) Heteradyne: Multiple Freauencies

(a‘HﬂvW 'ﬂw{} we dﬂ! + Typical transmitters do not modulate immediately
from baseband to carrier frequency o.. Rather, they

modulate to an intermediate frequency ©;, then an
up-converter shifts the frequency to the higher
frequency o,

/,@f « 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 oy,
then demodulate to baseband.

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

Nddu!q{;&n ffe_’. Conp/
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RF = Rads Fregumg;

' = Hljh f/g?.
Frequency Conyersion

Baseband Stage  RF Front-End Stage
_A A
r v N

mb Modulator o) » Up Conv "
wr 3 R

é\,) cos(oif)

RE Front-End Stage ~ Baseband Stage
A

A
e i da—— ™

N L% t 3
¢(_)> 5 it )> Demodulator _n:()

wc- F EREI RN C"JI
cos(@rot) (’\TD cos(wrt)
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Be careful!

« A frequency converter is also commonly
called a mixer, but do not confuse it with

a multiplication device.

» A frequency converter is not a
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.

Copyright © Dr. Mohamnied Hawa Electrical Engineering Deparfnsent, University of Jordan 4
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Freaneney Converter Hardyars
al) o HE se”
m(t) cos(wint) Frequency m(t) cos(@out)
Converter
14
ég') ¢ / SSE-Sc
@y, @ Clint :
m(t) cos(@int) * S ;/zbm(t) cos(Waut)
BLo= Oin + Wout e
COS(OJLO t) ®Lo= Imcfu!_. Oin -
Copynight © Dr. Mohammed Hmoa Electrical Engineering Dq;nrlmml, University of Jordan S

Examples

Output
frequency

Input

frequency

fEn f out

L.O.
frequency

Device
Type

" 300MHz | = 100MHz = | Down converter | 400 MHz |
: Pkl CRTRT N B (sum) e
300 MHz 100 MHz Down converter | 200 MHz .
(difference)
. 100MHz 300MHz . | ‘Upconverter | 400 MHz
- 100 MHz 300 MHz Up converter 200 MHz
(difference) 1

Copyright © Dr. Mohammed Huwa
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Frequency Conyerter
(Rewn Conrerter. Sw)

l%(m) ] OLO= Oin + Wout
},/2/\ W2 . Win > Oout
—Win 0 /ﬂ)n\
(0]
: 1X(@)] BPF
4 .

N P\ ) e

=20m — Ot . —Wout 0 Oont 20 + Ot ®
| @oui)

7//4“'\‘”}\
—Dowt []

Oout

(]
Copyright © Dr. Mokammed Hirwa Electrical Enginecring Department, Universify of jordan 7
Fredunensy Cenverter
(Rewn Cenwerter. Rifferencel
|9u(o)| 010 B Gou
"2 | 72 Oin > Dot
| X(w} | BPF
14 /4= /4 /4
[ ®ou(e) |
A~ | N
—Weut 0 Dout -
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Frequency Conyerter
(Ur Conwverter. Sum)

|0...((|))| OLO= O ¥ Oout

"~ | 7\ oo
—0in 0 Wi @

IX(@)] -

A 2~ { amah A~

=201 = Qout ~Wont 0 Oont 20m* Ot
| ®ou() |

—out 0 Wout @

Copyright © Dr. Mohamumed Hmwoa

Electrical Engincering Department, University of Jordan 9

Frequency Conyerier
(Hn Conwerter- Rifference)

| @u(w) ]| OLo= WDout = Oin
"2 ”7_’\ Om < Oout
/‘-‘(D.\ 0 Win &
[ X(w)] BPF
USRI NN
—Wout =20 + Wout 0 20in— Wout Wout @
[ ®ou(0) |
M AN
—Deut 0 Dout ®

Copyright © Dr. Mohamnted Hinoa

Electrical Engineering Departnient, University of jordan 10
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Homeweark 1

* Repeat the four cases above for SSB-SC (USB)
input modulated signal:
— Up converter, Sum
— Up converter, Difference
— Down converter, Sum
— Down converter, Difference

* Find k in the output signal:

y(®) =k @ssp-sc(t)
* Provide specifications for the BPF to be used.

n

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

Homeweork 2

* Does the frequency converter (mixer)
work if you use p(f) instead of cos (w;#)?

» If so, what is the necessary frequency(ies)
for p(t)? _

* Find k in the output signal:
y(t) = k m(t) cos(w,,,t)

» Provide specifications for the BPF to be
used.

Copyright © Dr. Moharumed Hawa Electrical Engineering Department, University of Jordan 12
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Lecture 8: Perfarmange
of Commmunication Systems
Pr. Mohammed Hawa

Electrical Engineering Department
Uniyersity of Jordan

EE421: C ications I. For more information read Section 9.9 in your textbook or visit httphwikipedin.org/.

shannen's Fimit

Shannon's Limit: :

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

/"'« "SNR: Signal-to-Noise Ratio (unitless)

Copyright © Dr. Mohammed Hawa Electrical Engincering Departmuent, University of Jordan 2
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Signakto-Naise Ratio GNR) | i

P Since 2~
e (-C Watf

Signal Power p .
Noise Power  p_ (unitless)

* Noise: all random ang unpredictable signals added
to the message by the channel.

* External and Internal sources of noise,

* Solutions exist to reduce noise power (but noise can
never be eliminated).

~ * Inanalog systems, SNR decides the Quality of the
received noisy signal.

-« In digital systems, SNR decides BER, i.e., Quality.

Copyright © Dr. Mohwnmed Haoa Electrical Enginccring Dep , University of Jordmn 3
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B e
T g

=NB is usually expressed in dB

\/‘H__/“ ——
SR = Stgnal Power _r \-—{*
Nolse Power P, L (,SS)

SNR =10 x logy, G-)f(@ |
o R

P, P Va2
7 [4B] = 10 x log (Ff {unltlcss]) =10 X logy, ((ﬁ) [unttless])

V, v,
V,[‘m] =20 x logq (l_/:- [unltless])

L Copyright © Dr. Mokhammed Haua Electrical Engineering Depariment, Untiversi 1y of Jordon
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Re cactal
for it
fose ﬂ;r

He 1052[]

i we  deal

with poweys
use 10|

if Uolfagt
SE ,'zploj

Copyright © Dr. Mohammed Hinva

Unitless ys. dB

P. P.
-E[dB] =10 X log, (—2 [unitless])
Py Py

e

P
2 [unitless] = 10
Py

1000 unitless = 10 x log;9(1000) = 30 dB

30
30dB = 101111] =103 = 1000 unitless

Electrical Engi 8 Department, University of Jordan

.: Lx. SWR=30dB

Paod wnilless valug €

, -:/aaaW' 200l62 ;
B g : .->w€75) _ 1 = 1000 maitless:

{’n =1 W .
SR =1000 waitles

n ) ; OLB
SR = 10109 1= @ (

o Y B W o P

f
'
'
(
(

I

T e B e A B P M I 0T e o 5+
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s Fm "’f—’rx i < i we il get _ve dl? valne - 11/5720
tx {01"3: (4-1 = —)o[)?

owe
1 (no gain) 0dB
2 (twice the power) =~+3dB
10 (ten times the power) +10dB
100 +20dB
1000 +30 dB
10000 +40dB
0 0
0.5 (half the power) =-3dB
0.25 (quarter the power) ~-6dB
0.1 (tenth the power) -10dB
0.01 (one hundredth) -20dB
0.001 (one in a thousand) -30dB
0.0001 (one in 10 thousand) | 40 dB
Coyyright © Dr. Mohowred Haww Elevtriod Erginecring Depurtment, University of frdan 7

Linear Ristarfion (wmtg Rf 5113)
.. N !H : :
i = ENT
; = 7 h:,.j,“"\.‘_j
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K SR 7217 e
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4B dBm and dBW

P, P, R
— [unitl —-—= = 2 [uni
P, [unitless] 2 [dB] = 10 x log, (P1 [umtle;s])

' P[mW] > Py[dBri] = 10 x log; (P iil:vﬂ)

P,[W] > P,[dBW] = 10 X logy, (Pi[un;])

N Copyright © Dr. Mohanuned Hawa Electrical Engineering Depy 1, University of jordan 9

Fxample

* Assume P, is 100 mW. Find P; in dBm.

Py ( Channel (0.9/km) 0 Pz' LChanne; (6-5/lm1) ~1’3

«—» -

Ly 1006 W ,

= 30 dBW
W s Joo0000mW O  fppo = 1W

2 60 B

10 km 10 km
o
LETRVE . ;. L 3
P ;'
tapyﬁghl’@ Dr. Mahnmn{cd Hawa v, Electrical Enginvrrin.g Department, University of jordan” 10
]
\ ;'a , 1ooorm WL
=0 90 dBm

L]

{

TS0 B

11/5/2016
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5%

(
[ = J el
SNB ys. Quality .~ |

* For voice signals:
—SNR =5 dB to 10 dB at the receiver output
implies a barely intelligible signal.

= SNR =25dB to 35 dB is telephone quality signal, 30.6 2 ((roed)

— Summary: If SNR > 30 dB, good quality voice. 29.5.45 (3 ai) .
* Forvideo signals; s #eo wartless -

= Summary: If SNR > 50 dB, good quality video.
* For digital signals: Ly 160000 watless.

| | L — Need enough SNR for BER < 10, good quality. .

Copyright © Dr. Mohanmed Hmwa

Electrical Engineeri g Dep i, University of Jordan 11

Nise in Time Remain

* Noise is a purely random signal.
* Cannot be written as a deterministic equation. e

020 0.40 0.60 0.80 1.00

Copyright © Dr. Mohanmed Hawa - : Electrical Engineering Departntent, University of Jordan 12
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= it is easienr & P,{'S well it infemal nofse (‘}ke,(mal) . RO

G)murfcm % (’b’&[:um)
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- . 1 aussian f iy a
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= 0 | i ¢m% i)
Pfﬂ[b>a]=05
Pn = 5 ,S" (w) o{w =00 Wat'hL ( Sall/f’og %ngj fel/)

/N Rise in Freaneney Ramain

, - of ald)
R

i Su(®) o2 R
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[ lCcms fmll

= e

Mwanl—e PRy 010 AWG/V

L

| e

Kz ifsltzmon Consloi =1.78 %10 /K.
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Fxamgle

« A {roice  signal m(#) is transmitted without
modulation through a 10 km long

baseband channel with AWGN noise.
Assume:

- Averaf;é power in m(f) at the TX is 1 kW
— Channel Attenuation = -5 dB/km -9
—Su(0) =2x10°W/Hz=N, /2 = N~ Y¥/0
"+ Show the block diagram of the receiver.
* Determine SNR ., and SNR,,;

Copyright © Dr. Mohnmmed Hiwa

Electrical Engincering Department, University of Jordan 15

3eutien

Receiver o,(t) + ()

—_—————— e e

w2=4 KHZ-

=6 MkH"P]ﬂ l_’j g’

26 x PSJ'QM"

Copyright © Dr. Mohammed Hiwa

0]
SNROHt = =.n%(t)

26 % Pn

Electrical Engineering Department, University of Jordan 16

SA/{Z 10m W

¢ haape (

—
—_—

SWR, purel (ndB) =

10000 AW _

= g = fomW i

16pw

= owmitless.

—o0 JiS -

S
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A% = o= J R (Wl =5 j S = 0 Wath.
-0 0
.
Band-Limited Neise
Sn()
= No/2
0 - ?" B o
.. A A/-/‘Q
ps) fordhe oufpd ) =35
S(fm; Naise . 248 2
L No/2 - M 4T
—zor
Copyright © Di e ’ s ‘m = Nog
pyright © Dr. Mohanuned Hioa Electrical Engincering Department, University of Jordan 17 __c,
= HU¥0_W 4 yoooH
HE
- \' -—
i =0
V7. Hamewsrk i e
. L\'M'\+C ‘i
fransmiter " 10 km e Ml 'f" e 20 v
m(t) | Lot | el | ko) +n(®) | [ o : o 16 1AW
Rl ‘ Pl o I
Voltage Attenuation BW=BHz
Gain Dl Gain=1

* Is the gain G, useful for improving quality? VO

w0 Is the gain G, useful for anything else? Yzg / £,— atH

* Determine the gain G, to get good quality voice.
Or determine the necessary cooling (temperature)
0 get good quality voice.

Electrical Engincering Department, University of Jordan 18

- Aot @.uﬁi}

Copyright © Dr. Mohammed Hinoa

. Fi/w( A# /n chM\' kojc,f’a‘i""’(/”“g Voj'ce.?

9

—_—

Scanned by CamScanner



11/5/2016

Example 2

A DSB-SC signal is sent though a channel
with no attenuation. The channel is
affected by AWGN noise. At the receiver
side:

* Show the block diagram of the receiver.

* Determine SNR annet’

* Determine SNR,_.

* Determine SNR_,.

* Determine NF for the demodulator. ,

Copyriglht © Dr. Mohammed Hiroa Electrical Engincering Department, Uni ity of Jordan 19
Sohutian g
\:\(“{'d}) )
Transmitter Lot Receiver o(f)+m(f)  oy(f) + nit)
T o L
m(f) ! ! nit) | o
L6 s s fure ]
! - /‘/ Center = oc BW=5 Hal L\
! ! AWGN  SNRowmne “iger =51 SNRu
1
:Icos(a),t) ‘: |: SNR cos_(mct) : QH:
Pt L —— R s sansaceecc AN | W .
N . J " ’
5 [l
spsfias m2(t) _ m2(t o
‘ SN Rg_hannel =0, SNRy, = 4NB ' SNRoyr = 2NyB l—.lc
YAz
L Co;;yrr'ghtﬂ Dr. Mohamned Hiwa Electrical Engineering Department, University of Jordan 20
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o (2" —n- .
Cinpet —nf et MS S () ol
m (we g-ve )
Sa() - Area
- s = Hidele %2
0 © e
2K
Sufo)
el = 2N, B
0 ©
@B n "Fj v e A?_:
X(o) b 2
“SNo/B s F gp' %(_\Z-) 3 T“f-
= =5 when use
5u(a) o 5“"‘ #Cos (wrt) -
/(Nn /4 )% 35
11
-2nB 0 2xB o
Copyrigitt © Dr. Mohammed Hawa Electrical Engineering Department, University of Jordan Zl/\,
= B . 2R ﬁ )
= A R o R =D (SWR =
° nE® 2525 - /w
o~ .

Homewark 1

* A SSB-SC (USB) signal is sent though a
channel with no attenuation. The channel

is affected by AWGN noise. At the
receiver side:

* Show the block diagram of the receiver.

* Determine SNR ;. .-

* Determine SNR; .

* Determine SNR_,

. Determme NF for the demodulator. -oJB

Copyright © Dr. Mohumnied Hinoa Electrical Engincering Department, University of Jordan 22
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e
Su(0)
_ v No/2
o
Sui(®)
o No/2
— 0 W 0}
—
2B
X(®)
No/8
i 11 [
—2e, 0 20 o
Swf0)
v No/8
—r—
-2zB 0 2B =
Copyright © Dr. Mohammed Hawa Electrical Engineering Dep, s University of Jordan 23

Hamewsrk 2

* A QAM signal is sent though a channel
with no attenuation. The channel is
affected by AWGN noise. At the receiver
side: » ,
Show the block diagram of the receiver.
* Determine SNR ;e '
* Determine SNR,,..

Determine SNR . ;
' Determine NF for the demodulator,

Copyright © Dr. Mohammed Hawa Electricul Engineering Department, Uni ity of jordn 24
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= Power o#m«‘) = 5 MR 3
- Modulation | Modulated . ) su b! h h‘ {-e :
. Technique |, S0l ¢ SNR,. N o® | Typicat Apptications . .
LtQJ Bandwidth | - = T "va -I/\ ‘S‘A}aﬂ.u‘

W [we| o

ik
I
ii

i
g
5
i
l,
=

=
&
o
&
I
:
3
TE

i gl‘f\d SA/’@I'A :
ool g 0 L A{f—,we -SAR,

S Broadcast AM radio; ] . o(@
AN 25 "NeB —10log(2n) point-Lo-point volce
. Multiplexing in old
e 8 "E ~10log(n) telephony systems;
) Ppoint-lo-point voice
. - .
S —10log(2n) ~ Analog Television
VSB ~ o 10103(2n
e H=28 N8 —10log(m) . . * broadcasting
- 183 5, Broadcast FM radio;
. 251 +28 (I,F)ﬁ,,_a' 1010g ) analog microwave
2 1
S Telemetry; digital
PM 281 428 s | 10t n) s
Copyright © Dr. Mohmnmed Hmwq Electrical Engineering Department, University of Jordap 25

* A number by which the performance of a device can
be specified. It measures the degradation of the +/C means .
quality (SNR) caused by components in this device. B | wdarse. .

NF 2 SNR;,,(dB) — SNR,,:(dB) <
1 —=VE mepns

Exomple: Laood.
A GNRi =20 dB SNRow =15 dB

Copyright © Dr. Mohamnted Hinoa Electrical Engincering Departrgent, University of Jordan 26 -
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J-1c
pSB-SC Zamy (o)
§s@ ~SC — SSB-LC (Ss84¢C) |
Vs -s¢ —» VS8 -LC (\)gﬁ—%c) “ 11/5/2016
QAAM  —+ FAMELC (doesi’texish) '
¢ (v :M(_’H 'C°5["c{:‘) 5

psB-sc

B | zal) Fos(wet) +ACS(E) = [uHAT L rosfent).

AM) Extra
: Canties -

Lecture 10: Amplitude Modulation
(Rouble Sideband Large Cartiet.

oR K-_-\l__?;_J_S_E:LS:Rr AM) ;

Dsig+C Dr. Mohammed Hawa
Electrical Engineering Department
University of Jordan

EE421: & ications I. For more information read Chapter 4 in your lextbook or visit hitp//wikipedin.org/.

AM Medwlater (Methed 1)

Output

i ’I o (| Craneel ]
(D12

c(f) = cos(oct)

* Three possibilities (based on the value of A):
' o— Under modulation; m<1
: -= Critical modulation; m=1
... » = Over modulation; m>1

Copyright © Dr. Mohammed Huwa Electrical Engineering Department, University of Jordan 2 ;
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AY Madulater (Weftied #2)

Mixer’

m(t) 9 :

DC Supply — A o
o(t) = cos(w.t)

« Three possibilities (based on the value of A} -
— Under modulation; m<1 *
— Critical modulation; m=1
— Over modulation; m>1

Copyright © Dr, Mohanmed Hinwa Electrical Engineering Department, University of Jordan

o Output
) o)

]

-' . » &
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ov t 218 0 238 =
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10 =4 A
ov
t 0 -
mt)+A =
I AN IM@)+FiA)|
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N A
0\7 . -2nB 0 2nB >
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! [ << Under modulation :
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ov
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i 1] << Over modulation
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m(t)+A | M@}FAY
‘ ) r—l\ r-
‘ A
n. 2nB
S 1R AR R AL e 8
& IC@)
()
n T n T
OVN t ¢ [+] Qe o
|
=
[L0]
| 9 i 1o{o)|
I NN
oV U ) ~Oc 0 rooe '\ Py
U V 028 B
<< Critical modulation
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Homewark

If we perform AM modulation on the following
baseband message signal m(t):

Sketch the modulated signal in time domain @,,(t)
Sketch the frequency domain Fourier Transform

D ppm(®)
Determine the modulated signal bandwidth.

mi(t)

EALALAL L
2/5 PN o/ \Y/ teeconds)

Copyright © Dr. Mohammed Hiwa
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from transmitter m 2
(Larger A) A
‘J\
m<l A i,
(Very simple and
m=1 5 very inexpensive)
l?fﬁ\P / __‘;n_; 1— o Onlyleca s.yne:hronous
T v e
[ chofees "\ gL ol
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choose ﬁ&.’ﬂm gt | Dowhen Az0,in G L2007 .
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Catica\ #

059 __ ovw ¥4
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AR
D

Examnle.

Sketch the AM modulated signal in time
domain ¢,,,(t) and frequency domain @ ,y,(o),
then calculate the modulated signal
bandwidth, average powet, power efficiency.
Assume the case of tone modulatlon and:

# —m=05 '

™ —m=1 L’ M(.a D<C°S(‘Jmf‘J
L~ —m= 2 i

L —— =M=

Copyright © Dr. Mohammed Hamwa Electrical Engi g Department, Uni
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¢UT) =m( ) Cosart +ACosedt

' orflegnals

= Powers X L2(H o AL

2
Assimt 2

Exfra poawes
= Extra Mdﬂ@~
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oam(t) ¢ m_< 1

oamu(f) :m =1

max. magnitude — min.magnitude
" max.magnitude + min.magnitude

Copyright © Dr. Mohanuned Hmwa mg Deparbment, University of Jordan 15

%o( 7/0;" ¢
Naolnledion

Notice the Difference!

A(l + m cos wpt) €os wet
-— E
t 14
T 1] we &
We - wm W *wy

A cos wet + B cos wpt
- b
]
-t
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. -L
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4 5""5" o’y
( o RiERS A m j ::—‘:!
’Qif@.‘mzz_g(gp‘)uzA Tcs[u %

AM Ayerage Power

TR 1
— 15 Y 2
Py = Pin(t) = }HE:T f GUAMﬂt)dt -
T

’ leM @)= [m(t) cos(aw, t) + A cos(w, t)]z,

@2y () =m2(t) cogl(mc t) + AZ cos?(w.t) + 2Am(t) cos?(w,t)

@2y () = mZ(0) cos?(w, 1) + A? cos?(wt) + 2Am(t) cos®(w.t)

2 1 i @ if Am
P3u(0) = 5m(E) + 5+ Am(E)= P + P +0 is Zedo
Hen

Tﬁiﬁfe;n . ; Electrical Engncering Dep rm N u" :yofr; dm 17 ME{) éos‘(-’c'!')
opyrig " aviofumume nea . eckrice NgOCCnn, \cpariment, Unioers: i 3
= 2 Aces @-L‘{')
a0 or ‘HU’

Qrf thee 1o PC:

S AMPoreEfdeey |~

_ Useful power Py P,

" Totalpower P, P, +P o

. 'l; ‘-I .
G P :
L prm— (general)

i is useless
/\ : pPowr .

(tone modulation)

n=m2+2

Copyright © Dr. Mohamzed Huwa
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Homewark #1

A given AM (DSB-LC) broadcast station
transmits an average carrier power, P,, of
40 kW and uses a modulation index, m, of
0.707 for tone modulation. Assuming the
antenna is represented by a 50 Q resistive

load, calculate: b iﬂ_
— The transmission efficiency (). = iz KUpN 77 .r%f‘

— The total average power output (P).

— The extra carrier amplitude (A).

— The peak amplitude of the output signal.
— Answers: 20%; 50 kW; 2000 V; 3414 V.

Electrical Eng 19

Copyright © Dr. Mohammed Himea ing Department, Urtiversity of Jordan

_,Hﬂm@ymﬂs #2

* The baseband signal m(t) shown is passed =
through the following modulator. Assume
the power efficiency is 90%, T = 60 us and
fe=40 MHz. Determine:

2174

Modulator |

m(l) fe T | et {

k — : :

12v = o) | ]

; !

ov : ‘

-3V [; i |
, ) cos(w.f) |

Copyrigltt © Dr. Mohammied Hinoa

Edectrical Engineerin 3 Departraent, University of Jorden 20 :
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Homewark #2

* Type of the modulated signal ¢(£)?

* Bandwidth of the modulated signal?

* Average power in the sidebands P,?

» Average power in the extra carrier P.?

» Modulation index of the modulated signal?
* Magnitude spectrum density of the
modulated signal |®(®) | at o=w21/T?
Answers: AM; 166.67 kHz; 18 W; 2 W; 1.5; | -5

21x1.403 6(w-w,+21/T); L—» ™ M= "r%@
Capyright © Dr. Mohanuned Hroa Electrical Enginecring Department, University of Jordan 21 s 2
A=Rf==
M = g/ " l -5
2 ’/,."

AM ys. RSB-5C

* Both require the same transmission
bandwidth (equal to 2B). !

* DSB-SC allows for a more efficient
transmitter (power savings).

* AM allows for a cheaper receiver
(asynchronous demodulator), while
DSB-SC only works with synchronous
detection. ;

Copyright © Dr. Mohammed Hinoa Electrical Engineering Department, Usiversity of jordm 22
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AMys. QAM

+ Advantages of QAM:

— QAM is more bandwidth efficient than AM,
allowinlg us to send two signals on the same
channel (of bandwidth 2B).

— QAM allows for more power efficiency at the
transmitter.

* Disadvantages of QAM:

— AM can be demodulated usin cheaXM
asynchronous demodulators, but Q only
works with synchronous detection (because
of orthogonaﬁty).

— There is NO such thing as QAM-LC.

Copyright © Dr. Mohammed Himva Electrical En g;trrm'n ¢ Department, University of Jordm

23
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QAM
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EE421: C

ications 1. For more info

Lecture 11: AM Hardware

Dr. Mohammed Haya
Electrical Engineering Department
University of Jordan

iont read Chapter 4 in your textheok or visit hitpy/fwikipedin.org/.

W Ll |
T

LG Enpelope =E(f) M L*J -PA.

. Jrnun A r\ I\

; et
Mt

=,
- K

{1
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AM
DRemodulation
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(cheice
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mz1
(ene cheice:
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‘/Casel " vades Mod

vV Casel" c(i“'fff&l :
o Case3’ oyer Mod -

& ) # nltlHA
E({)—.lm(t)h‘\]

Design #A: Enyelope Detector

Dy

+ » +
Pamll) %R Le myeml {) +A

Rematt Dy
+ + % |_4°-
oam(t) R ==C E® [\ m(f)
LPF
Gain=1

Bandwidth = B Hz

Electrical Engineering Department, University of Jordm

: MCO( {35

T S T —
P e —

First-order RC circuit dischage

0o(t)

5C.

Electrical Engineering Department, Universi ty of Jordan 4
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Choasing Time Constant

e shiff

L T.=1f = &AL S chosdot
#t) --;J - “t s @éﬂ* e
Mgzl
@t
oV “A AU!W\I\AAAMVAVAUAUAU(\V[\ AUM v .
b A== au
B Mw[“’“*iﬁ:‘ﬁ o sadder {. “4

i
3 ; Channel  |@am(f) x(t) THE Output
Y0 = ] ) + 4]
b Bandwidth = B Hz

Resign #B: Synchroneus Detector
(aka Product Retector)

=L
Channel | @am(¥) x(t) S Output
¥ = Ya[m(t) + A]
Bandwidth =B Hz
Gain=1

cos{wcf)

(0 Gain=1

Copyright © Dr. Mohammed Hirwa
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% |o@)] <A
¥/2 \ r/2
- 0 f [ \ [}
Q= 2rB ot 27B
| Clo)|
2xx1/2 2x1/2
—0¢ We

[ X(e)!

nA/2 2% ma./z\ nA/2

ris X 2xy/4 ' r/4
O
= —‘.’lm. —We 0 O 2w, P
1Y)
2rAS2
ri2 /
~ -2nB 0 2nB o
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9

~ Remember:
seties-bridge diade medulater

C cos(aw.t)
illator -
oA B 5 Band-pass Filter
Gain=1
Bandwidth = 2B Hz

Center Frequency = o

X

X

Copyright © Dr. Mohamnied Hinoa

v

Electrical Engmeering Department, University of jordan 10

By W= m(4) cos (wt) +A Cos (wet) = [M(‘H'i*A]'C“‘(‘*‘c{‘) XYt .
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4
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AM Transmitters: Design #A

oamlt)

g

pacﬁo ﬁf% =

Modulator

Antenna

RF
Matching Net.

Up
Amplifier

Converter

S
(My—A>

«(t) = cos(wct)

Modulator oam(t)
AL

4
o

Antenna
Matching Net.

atrequation
A U.-w\'t\"\ﬂ (75 a

12

-
Up
Converter
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AM Transmitters: Resign #R

Modulator oan(t)
AN
50% A58 pa
?o 4 /V/ ax -
Pau)&f
Modulator oan(t) (&.YM $ F&f‘
"1(0_‘ e "“ Aml:)}:l.fwr Ma?:‘ht;\r;;et j/
DC Supply -4 Al
Copyrigit © Dr. Mohammed Hirea Electrical Engineering Department, University of Jordan 13
AM Transmitters: Resign #&
+ Use the Gilbert Cell (MC1496) in the unbalanced
mode, in which the gain of the top two
differential amplifiers is unbalanced, which adds
a residual carrier in the output signal.
Linear Mode
Balanced Mode m(f) cos(ecd)
(DSB-5C) Switching Mode v
Gilbert m(t) () ) _EE__?—LV
‘Cell
Modes Linear Mode
Unbalanced Mode m(f) cos() + A cos(od)
(RSB Switching Mode )
) pl) + Ap() Lo
Capyright © Dr. Mohammed Hawa Electrical Engineering Department, University of Jordan 14
7
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Gilbert Cel} n n |
(V€=1426) |5, G
Sehematic

Copyright © Dr. Mohanmed Hmoa Electrical Engmecring Department, University of Jordam 15

AM Signal-te-Noise Batiq

* An AM (DSB-LC) signal is sent though a
channel with no attenuation. The channel is

a_ffected by AWGN noise. At the receiver h L a syn h

side: sympt = |
» Show the block diagram of the receiver. Use gies e

a product detector with capacitor in series. Som e (+
* Determine SNR,, o = ~o0dB - (ERINSS
+ Determine SNR; (Sy«c\v st

* Determine SNR_,
Determine NF for the demodulator.

Copyright © Dr. Mohamnied Hawa Electrical Engineering Department, University of Jordan 16
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selution

AM(USE~LL)

Si
- SNRye =1 NoB

sy 2
= |00/.= _ 1 e

NF = —10log(27n)

Cnpyn'th © Dr. Mohanimed Hmoa
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