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R ymunication System

pose of a commumcatlon svstem B
Carry information from one point to

of three main components
~Source B
i Chann_el :
- = Destination
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How to kuild it
Three basic blocks:
Generates Reads
information information
L 4
Source Channel #| Destination
m(t)
Simpl :
HIRE example Charmel: Copper Wires
v BT
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Channel Impairments
Generates Reads
information information
A rd
Source —»|  Channel —»| Destination
(i) T m'(t) =m(t)
Impairmenis:
AHenuation, Distortion,
Noise, etc
RI
+ -
e +
| m(f) =5 V( } R %4.9 v
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’ Channel Impairments

Attenuation: As the signal travels through the
channel it loses some of 1ts ener g (power) as heat in

the internal resistance of the el. We say the
signal is attenuated.
A cos (2=f; £} 0.9 x A cos (2nfi f)
t t

=)

V' mify: 0.9 x m(t)
] t
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+ Attenuation can be problematic for long distance
communications (say cross-country).
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:  1km ikm 298 km

m(f) + i - ¥
%B Cirarinel (Attenvation Level results in 0.9 fkn) % 9

/ (0.9%0 x m(s) /

=1.874x10M x m(f)
“0.9 xm(f
_‘ [._‘ 0.9 x 0.9 = m(f) |
: | 1 t
t
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__Solutions te Attenuation
' Use Amplifiers: i

m(t) *
il B ST o
t Gain = 53~10"

10

—10km . 10km ., OO

km
m(t)
i_| [ I% 0.9 /km tH>—--}} 0.9/km ‘{
t Gain = 2868

Gain =2.868

‘ {52 Use channels with smaller attenuation levels (e.g., optical
" *“iber) - such channels are usually more expensive.

Digital signals are less susceptible to attenuation (because
. of threshold detection at the receiver).
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Fourier Transform Again!
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Non-Linearly-Distorted Signals
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Ristorted signals are net desired!

g

. L |

O sl e

. =Li jstortiont Use an Equalizer at
.- the xeceiver or Pre-distortion at the transmitter.
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Channe! Impairments

4 Noise: All the undesired signals (not part of the

original signal) that are addedTby the channel. |\

Noise is a random (rion-deterministic) signal
generated by external and internal sources.

. External Sources: interference from signals

transmitted on nearby channels (crosstalk),

interference generated by contact switches,
automobile ignition radiation, fluorescent lights,
natural noise from lightning, solar radiation, etc.
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Impairments ALL Together

Attenuation + Noise:
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: Hemaﬂfoh
We need neyw solutions: Regenrators (Digital Transmission) @ no?‘# Qa

m(OF 3 01 m() + n()— R>— m() _3— B>—

R=RX+TX
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Other Channel Impairments

5. Fading: Variable attenuation with time of
ay and receiver location (wireless systems).

6. Doppler Shift: Shift in the frequency of the
transmitted signal. Shows up when we have
a wireless channel and fast moving objects.

7. Frequency-reuse interference: Shows up in
wireless systems when we re-use the same
frequencies at multiple nearby locations to
increase system capacity.

8. Chromatic Dispersion: Specific to optical
fiber channels.
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| Ferture 2 Classification of
Communication Systems
| Dr. Mehammed Haya

Electrical Engineering Department
University of Jordan

EE421: Commnunications |
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the type of sienal sent on the Channe
h"\g

[ ey

— o S -
Analog Baseband Analog Carrier |
Communication Communication

Systems Systems
:

B | e

Digital Baseband Digital Carrier
F Communication Communication

1 Systems Systems

| B
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#TDM-& digﬂoﬂ
Basehund
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. r
Analog m

(® Simplest system to build
) Inexpensive

Each system has its advantages!

Ana!o‘m‘[Cam'cr k

(o) Allows use of. Antennas

@& Allows Multiplexing (FDM)—»

(@ Allows exchanging SNR
for Bandwidth

* Immunity to Noise

* Allows Multiplexing at
baseband level (TDM)

* More bandwidth efficient

Allows exchanging SNR

Jor Bandwidth

*® For more, see Handout
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DigitallCarrier)
e Allows use of Antennas
o Allows Multiplexing (FDM)

o Allows exchanging SNR
Jfor Bandwidth

e Also the advantages of
digital baseband
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,,,(f)amund 260 ng‘i‘z :?cg? u:g;zéil.omam spectrum clustered

[M(0)]

Copyright © Dr. Mc.
2t © Dr. Mchamined Hiwa Electrical Engincering Department, University of Jordon

-2xB 0 2nB o}
5

| Lit Bu e
Exammles: Audig cositve <t
QPGf?OchC | Mucice(0) | Ruw Nekece= {14 KHz
~ 2n(3400 Hz 3¥
Rase b /Wé, | Pehim
-2n(4 kHz) 0 ‘\ 2n(4 kHz) "~ o (rad/s)
2m(300 Hz)
IMmusic((D) |
Q (P@(fo QQ? C
Rase meO o (rad/s)
27(20 kHz) 0 21(20 kHz) -
Copyright © Dr. Mohammed Hinoa Electrical Engineering Departnient, University of Jordan 6

Scanned with CamScanner



Dc_ fcm (me.nl

P i 1({'7 oF null

1/23‘

Examples: Yideg

| Mrscoio@) | USP elia

l 2n(4 MHz)
PN .
o ()G(f(_c,qjc’ ( 0 o (rad/s)
o b
_ Aas Pﬂn \ | Mpavrite@) | Euorepe 0
« Yhere 85 0 b [ | jﬁ(ﬁ %
Y Ql w 0 o (rad/s)

7
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Analog Baseband Rystems

- An analog baseband system sends the analog
baseband signal m(t) as is (without any
modifications).

.+ _Advantages:
(@ Simplest possible system.
©Inexpensive to build.
« Usually used for short-distance 2w DL

communications.
- Examples of such systems in the next slide.

8
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Medulation

* In modulation, the signal m(f) is combj
- ’ DN 1
a high-frequency signal called the carries.d i
* Hence, frequencies are shifted.
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Analag and Rigital Carrier Systems

* Modulation (i.e., analog and digital carrier
systems) advantages:
— Allows the@m' lengths.

— Allows Multiplexing (EDM). As well as CDMA and
OFDMA in digital systems.

1l — Allows exchanging SNR for Bandwidth.
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- reedulodion,

—.AM and FM radio broad
— Analog TV broadcasting

— Digital TV broadcasting
— WiMAX metropolitan ar
— Wi-Fi wireless local area

— Old dial-up modems.
ADSL modems.

Copyright © Dr. Mohammed Hiwa

— A/u-—pcxmph‘#uc& mdulaﬁx’on / FA ]Q(eq,
Example Carrier Systems

* Examples of analog carrier systems:

* Examples of digital carrier systems:
— Digital radio broadcasting (DAB). _—

— Cellular Telephony (274, 3rd and 4th generations).
— Bluetooth, Zigbee and NFC

Electrical Engincering Department, University of Jordan

casting.
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%1
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* To convert the analog baseband signal intg 4
digital baseband signal : k
— Sampling. .
— Quantization.
S¥*|— Mapping.
— Encoding (coding).
— Pulse Shaping.

* DRigital baseband Advantages:
(3 Immunity to Noise.

(SAllows Multiplexing at baseband level

Cepyright © Dr. Mohammed Hirea
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Example Rigital Basehand Rystems

* Digital baseband Advantages (Continue):
| More bandwidth efficient (com ression and line
U coding). . ,sthoul 0sing, a{iﬁ,_\_}_f:—:.

ol a G Allows exchanging SNR for Bandwidth at the
) Eo ( WJXOV‘ baseband level..__, S Qo N,

t B For more, see Handout.(\*giﬂoggo

* Examples of digital baseband systems:

— Serial (RS-232) and USB port connections.

— Ethernet (a popular local area network).

- Teleqﬂhony (between local exchanges), such as the
T-1,T-2, ..., E1, B2, ... etc PDH carriers.

Copyright © Dr. Mohamnied Hinva
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] Blerck Riasram of a
Commanicatan Rystem

‘ Source »| Channel > Destination\

Impairments:
Attenuation, Distortion,
Noise, etc

Electrical Engincering Department, University of Jordan 17
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‘Basic Signals

1

o t

0

|

S ‘_r;eff(t) \
1

[ unit Skep fun.

sgn fun

1

0 “t

— <]

i A rect(t/7) l

A
/2 ? 1/2 t /2 0 /2 : t
width=T= | width = T
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A0 Cirtangulac) A A
1 N
1 0 1 t P '
| e~
2T
baw®_\ <o doth A saw(ife)
1 A
=i -1/2
t

Mlx_l 1/2 t
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Fourier Series vs. Tranform
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Periadic vs. Aperiadis
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¥ value for dn® Cos @ §j/
DC ys. Ayerage Pawer

The DC value or average value of the signal x(t) is:

_ B 1 T/2
‘ DCi= x(t) = lim = x(O)dt Hme doniin

T—o0 ~T/2

BEk 70 Lo Creg, 4

The average power in the signal x(t) is:

T/2

B, =x%(t) = Jim = |x(t)]|2dt
-T/2

1 [ TS
P, =x2(t) = — | \Sk(w)dw
2w J_
Copyright © Dr. Mohammed Hinva Electrical Enginecring Department, University of Jordan 14
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RS vs. Average Pawer
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Quick BEY}?W of Fﬂtm

« There are three main filter types that
you studied in signal analy51s
~LPF: Low—Pass Filter —p fow Qfeﬁb’%‘bﬁ’
—BPF: Band-Pass Filter
—HPF: High-Pass Filter

o —
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Few-Pass Filter (KPF)

» Symbol:
ket

¢

() | LPF | vd(f) K

o
& %5\

<
Ui(t) —> /\’/ L 'Uo(t)

v,(t) = \oo &€’ o
RIS g/p :

Copyright © Dr. Mohammed Hinca Electrical Engincering Department, University of Jordm 19

Freanency-Fesrense functian || i
Hw) = 2@ CHEL - gyl \"OE:W

Vi(w) ' 1 (or k) /
; L _
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@ Always centered centered ad /s.

*_Bandwidth = Cut-off frequency =j@}rad /s

. Gam k.

vi(t) | LPF | (t)
o w/ Bandwidth = 5 kHz
& Gain=2
Copyright © Dr. Mohanumed Hinva Eiectrical Engincerinrg Department, University of Jordm 21

Examele Cirenit
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1
Bipr = 27RC Hz

Wu',.“.-e_.,:;‘,:,“;_ AV
‘ ~Dhe Gain =1

-

- (;op_yrigmﬂ[)r. Mohamnsed Hiea Electrical Engincering Departarent, l.'m'ltrsiryq{]mi_.m 2
1(s)= ,,QS\
\/ \f o S \-‘ (S) = _.L—
- Y(9 + 5c X5¢
Tt (1) |
e k)85 & _
A J : Ef(&lr otdev

Scanned with CamScanner



|

it -Pass Filter (RPF)

vi(t)
vi(t) @_\ X0
v.(t) ' vo(t)

.}Q,lf

Fﬂj}\@a
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FRRANENeY-TesRanss fanstion
Vo (w)
H(w) = —< Vi
|H(o)| A@Q
F %,/
(or k) /
| ~01 0 O CIO: 0 @
cenler .
! E)L/O ot wﬂ - h)| E 2.0y
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* Centered around center frequency( co;)r“ ad/s.
* Bandwidth of Filter = @, - @, rad/s
™ s;‘ajn —_ k. e

‘ Ui(t) — BPF | dlf)

w/ Bandwidth = 80 kHz
B Center Frequency = 100 MHz
& Gain=1 |
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Example Circyit
+ A" ° 4 SC’(th\ - éw
vi(t) C== SL ()
' ' 1
4@ Wb fi=fo =r—H
i R _.(rlD
Bgpr = Af = —H o
—Tl
Gain =1
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Three Modulatian TXRes

[lA m(t); o, = constant; 8, = constant

@Amplitude Modulation (AM)
— Amplitude Shift Keying [ASK]

=1 A = constant; o, o m(t); 6, = constant
@requency Modulation (FM)

- =Frequency Shift Keying

Vsl A = constant; o, = constant; 0, c m(f)
(Phase Modulation (% i

— Phase Shift Keying (PSK
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' \Exar ng

» Assume we perform DSB-SC modulation for
the baseband signal m(f) = o cos (a,, f) [the
case of tone modulation], where o, >> o, :

— Sketch the time-domain modulated signal ¢(#).

— Sketch the Fourier transform of the modulated
signal ®(w) [frequency domain].

— Find the bandwidth of m(f) and ¢(t).

— Find the average power in both m(f) and ¢(t).

— Show the demodulator hardware.

— Sketch x(t) and y(t) in the demodulator.
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- Hamewark

* For the following signals m(t), sketch:

— The modulated signal ¢(t) at the modulator
— The Fourier transform & (w)

— The signals x(t) and y(t) at the demodulator
— The Fourier transform X (w) and Y (w)

* Find the average power and bandwidth for the
signals ¢(t) and y(t).

* Are there any phase shifts in ¢(t)? If so, where? 9,
* Determine the DC value in m(t), @(t) and y(t).

Copyright © Dr. Mohanimed Himoa
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Homewark

* For the following circuit, sketch x(t) and y(¢t),
along with the Fourier transform X(w) and Y (w).

TX RX
A A
& S r N
m(t) of) x(f) LPF
H(ﬁ)) —> y(t)
Bandwidth = B Hz
Gain=1

c(t) =cos(oct) c(f) = sin(wf)

Copyright © Dr. Mohammed Hawa Electrical Engineering Departiment, University of Jordan 18
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Hay ta huild a Mexer?
() Variable Gain Amplifier

— The basic design.

(9 Gilbert Cell (e.g., MC 1496)
— Popular (used in Integrated Circuits).
— Uses variable gain differential amplifiers.

@ Switching Modulator

— Uses diodes.
Semm—

— Cheaper design (was popular before ICs).

Copyright © Dr. Mehanmmed Hmea Electrical Engineering Department, Universily of Jordm 19

Yariakle Gain Amplifier

m(l{},_cx m(t)

Fixed Gain
v—-—m‘*—

m(%c(t) x m(t)

Variable Gain
G =lkc(t)— ™ 3%@%’1
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IF-Amp

LNA SAW MIX IF-Filter

% & DEM]" ~ -
| 71MH2)
pupr|
T Power Amp Pre Amp
/ e ~, a—Q |
N ~ —fMO o e
TCXO
(13MHz) .
) VCOT VCO2 B0
—ﬂ—®"—‘ PLL '

Fig. 1. Transceiver block diagram: single-IF superhet receiver, direct up-
conversion transmitter.
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. @ert Cell (MC1496) can operafs in one of four
possible modes based on balancing and/or
@saturaﬁng the upper differential amplifiers.
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\@ Lo {5
If we use a switching demodulator (say a e % 2%
series-bridge diode demodulator), answer |{~ Sl %
the following: 5 % l iy
1 — What are the specifications of the filter? LP¥ P
9 —What is the value of k in the output 2
y(f) = k m(t) if the input is ¢(t) = m(t) cos (o, #)
3 —What is the value of k in the output —
y(t) = k m(t) if the input is
o(t) =2 oy | yn(f) cos (@, £), ¥2 : A
4 —Sketch the Fourier transform of the solution. y Lo ,!51‘71/
| ) e ‘\
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~6Ta ayaid prablems due tq
phase and frequency errors

at the
RX. A PLL can, by observing ¢(t), recover the

exact frequency and phase of the carrier at the TX,
and hence use these values at the RX. The PLL is
called a carrier-recovery circuit (complex and

expensive). The receiver in this case is known as a
synchronous or coherent receiver.

pSolution #2: Do not generate a carrier at the RX.
| Rather, let the TX send an extra copy of the carrier
'd (e.g., DSB-LC) to help the RX demodulate ¢(t).
25?/ The RX is known as asynchronous or incoherent
EJ receiver (cheaper), but the TX is power inefficient.
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Modilation,
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)y Rigital Systems Adyantages
¥ R __© Imm to noise (threshold detection; regenerative

repeaters
plexing at the baseband level ( :q\:”1:]215;1):%1351____> M Amio% we (an

e.g., FDM, CDMA and OFDMA)
S B Spread spectrum techniques and orthogonality. m‘j‘ malce ‘mdlhpla'
- ©® Channel coding (i.e. J&rror correctin ing codes). tn the i
&) @ Source coding techniques (i.e., compression). Also
'y Encrypthon. cafa

A (@ Exchanging SNR for bandwidth.
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QAM ys. RSB-SC

. Advantages of QAM:

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

- Disadvantages of QAM:

— When synchronous detection is used for
QAM with errors in synchronization,
attenuation, distortion and co-channel
interference show up.

Copyright © Dr. Mchanumed Hinoa ’ Electrical Engincering Department, University of Jordan 7

Applications

* Analog QAM is used to carry chrominance
(color) information in Analog TV
broadcasting.

* Digital QAM (to be dlscussed later) is very
popular nowadays: DVB, DAB, Wi-Fi,
WiIiMAX, 3G, 4G, ADSL, etc.

« DSB-SC is used in analog instrumentation,
and as part of multiplexing in Stereo FM
broadcasting.

Copyright © Dr. Mohammed Hinea Electrical Enginecring Department, University of Jordan 8
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AT digital TV set (monitor).

ctandard Refinitian (SRTY)

- Resolution Aspect ratio pixel shape Form of scanning|Frame Rate (Hz)
Vertical|Horizontal| ' :
interlaced 30 (60 fields/s)
24
640 o= A progressive 30
: 60
480 i eewer| 3 .
interlaced 30 (60 fields/s)
E2d g
704 4:3 or 16:9 |non-square progressive 30
y - 60
! ' Lol
ame rates are supported by ATSC and DVB, but

...+ Many other profiles and f
O emost ruarandthemostlikely.tobe:;up orted by a

.- the above are the most po 1
e monitor profile name 15 called 480i and 480p.
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Sl

High Refinitian (HRTY)

Resolution

Frame Rate (Hz)

S Aspect ratio| Pixel shape|Form of scanning
Vertical|Horizontal] -

24
progressive 30
60

720 1280 16:9 square

25 (50 fields/s)

interlaced
30 (60 fields/s)

1080 1920 16:9 square
24

progressive 25
30

. 30
progressive 60

120

2160 3840 16:9 square
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*homodlines Lecture 7: Heterpdyning
otrgle (Lin & Dawn Freawetey Canverter)
ﬁ‘e? r Dr. Mghammed Hawa
Electrical Engineering Repartment
Uniyersity of Jerdan

'
' EE421: Communications |

 Heterpdyne: Multiple Frequencies

{1 Typical transmitters do not modulate immediately
from baseband to carrier frequency .. Rather, they
modulate to an infermediate frequency o,, then an
up-converter shifts the frequency to the higher
frequency o..

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

equency w,,
then demodulate to baseband. Jrequency o

* This has advantages, especially
hit , Y in FDM systems
digital systems (see: super-heterodyne rec)’eiver) o
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2NB vs. Quality

« For voice signals:

y22 —SNR =5 dB to 10 dB at the receiver output

e implies a barely intelligible signal.
— SNR = 25 dB to 35 dB is telephone quality signal.
— Summary: If SNR 2 30 dB, good quality voice.

_ o+ For video sienals:

2 gals

—— e

.
, ;9 ~ — Summary: If SNR > 50 dB, good quality video.

& For digital signals:
7~ — Need enough SNR for BER < 10%, good quality.

Copyright © Dr. Mohanuned Hirva Electrical Engfinecring Department, University of Jordin 11

Noise in Time Romain S
=
- Noise is a purely random signal. andom
Sram=———_ . . . o
« Cannot be written as a deterministic equation. S':j I)CJ
‘-’—‘—-———__-_,>
3.00 cT/—.__n_\\‘
2.00 \;54_{_ §
1.00 T
0.00 ?” ktﬂq( &
o i 4 Lcmc'\,k
-2.00
-3.00 . . . \! \
0.00 020 0.40 0.60 0.80 1.00 _C/}-——-—’
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Scanned with CamScanner



(<.

I noi~
a

f’p ech’tlms

+ I he

= AWGM—h adclplve  whik b

-nofsd
() ‘—9‘ m (H + noise

Su(®) . W
o ™ o= (3/)
0 [0
&)!f]”& = fo’ﬂ} dﬁ' S >hye

mesk  used wiereded

Lo pa=e 7 YE AW@MU

Qussian ol <e

S (it Hove

g

Copyright © Dr. Mohanuned Hinea

Naise in Time Remain
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Jistribefon
pd,

0 n

méay = o = DC

2
\(Clﬂ’cn & = O > (RMSJ = ng
= Eiectrical Enginecring Departmient, University of Jordan 13 J
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Noise in Frequency Domain
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Electrnical Engineering Departmet, University of Jordan 14
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Example
» A voice signal m(f) i
Sl transmj .
modulation thrOugh 210 ]S(I;;lilited Wwithout
baseband channe] with AWe I:)Ing _
Assume: —= Y Noise.
- Average_power in m(t)
D at the TX j
— Channel Attenuation = 5 dB/kr: =
=54(©) =2*10°W/Hz <y /5 —
» Show the block dj ’ =
Bt 8 lagram of the recejver, 6\\
ne NRchm,meI and SNRout. % N o ( s
Copyright © Dr. Mohammed Hinoa Electrical Engincering Departiment, University of Jordan 15 R |

N 2@&9 f.

Gain=1
_ \:{. \O “\\N

-Hd P’/‘Q‘n

i k2m2(t) 20
s SNRchannet = ol JSNROM = :’;Eg
" foy € VW

\ W e~ N6
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el Electrical Engincering Department, University of Jordan 17
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e * Or determine the necessary cooling (temperature) of
" the channel to get good quality voice,

Hemewark — on pape,

Transmitter Receiver Uo(t) + n.(t)
N___, 10 km \--__-______1'
& «—p i
m(b) | Lot ko) +n(t) | LPF i
50 e ) 0210 |
Lo 1T LT _____
Voltage Attenuation Bé\’ =B };Iz
Gain + Noise ain =

!
* Is the gain G, useful for improving quality? NO
* Is the gain G, useful for anything else? ves, [?O ‘ (,Q,ﬁum

* Determine the gain G, at the transmittef to get good \
-quality voice at the receiver output.

Copyright © Dr. Mohamnied Huwa

Electrical Enginecring Department, University of Jordan 18
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Example 2
A DSB-SC si

T e e e
gnal is sent thou
with no attenuation_

affected by AWGN

side:
Show the block diagram of the
Determine SNR,
Determine SNR. |

Determine SNR_ .

(9 Determine NF for the demodulator.

L\gm © Dr. Mohantmed Hinea SU Q? “ - SN Q

The channe] is

L ]

L]

gh a channe]

noise. At the receiver

receiver,

ot
_ —2dp —3 9

Electrieal Engincering Departiment, Unitersity of Jordan

3/14/2017
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E E AWGN SNR(hdnnd :‘Gainzil
1 I
| cos(t) : | _ SNRy coslod)
T S, S BE e
- m2(t)
SNRchannet =0, SNR,, = 4NgB '
ctrical Enginecring Departient, Universit of Jordot 0
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— __
g odpud | Neise Figure, NF

A number by which the performance of a device can
be specified. It measures the degradation of the
- quality (SNR) caused by components in this device.

NF 2 SNR;;(dB) — SNR,,:(dB)

" SNRn=20dB SNRou =15 dB

: S B PNy 2
Copyright © Dr, Mohamned Hinoa Electricnl Engineering Depriguent, University of fordm
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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 S X e ARLY
* Determine NF for the demodulator. : ? ( ]
Copyright © Dr, Mohammed Himwoa g . Electrical Engineering Department, University of Jordan 23 N A \
| N
— —
arh
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228 0 2B &
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Hemewark 2

* vf\\’ tQhéM signal is sent though a channel
Ith no attenuation. The channel is

:ifge;ted by AWGN noise. At the receiver

Show the block diagram of the receiver.
Determine SNR annel-

Determine SN R,.

Determine SNR__,.

Determine NF for the demodulator.

Copyright © Dr. Mokanuned Hmwa Electrical Engineering Department, University of Jordan 25
Modulated
Modulation 3 Noise Figure . .
s, Technique | Sldgmil‘ SNRaut NE, dgux Typical Applications
, L andwidth
P~ =7 |a=
S5 i e
DSB-sC Zdldg 7 instrumentation;
6 NB 3 multiplexing as part L8
of FM stereo
SSB-SC B o Poi int voi
NoB oint-to-point voice
Sin Facsimile (Fax
VSB- - ==, e
S B8 NoB 250 machines)
28 % Transmit color
A for wi ineffective information in TV
g ;i);m,l: NoB y broadcasting; digital
data
Sin Broadcast AM radio;
AM 28 —_— -
"NB 10log(zn) point-to-point voice
5, Multiplexing in old
SSB+C B n i =10log(n) telephony systems;
NoB i N
point-lo-point voice
Sin =10log(2n) ~ Analog Television
vsB+C L "NQ_B — 10 log(n) broadcasling
37\ S, K Broadcast FM radio;
n m . y
FM 2Af + 2B (TE._) Wb 10log (m) amk\gl::\‘;t’wn ave
(COREN (1Y) Telemetry; digital
PM 24 +28 (-;a—-ﬂ MF 10log (W) data
Copyright © Dr. Mohantined Hatea Electrical Engmecering Department, Unioersity of Jordan 26
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EE421: Communications 1. For more information read Chapler 4 iit your fextbook or

visit itlpy/fwikipedin.org/,
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Output

o) || Channel )

=m (Hcoswck + A coswct

m(t) " x(t

N
(V12>
c(t) = cos(oct)

ased on the value of A):

m<1

* Three possibilities (b
5 = Under modulation;
‘ = Critical modulationy;

j—>

AM Mmmamrwm '

adv. of Acoswek
-rCS?mPIE Rx

(asynch. Rx)

#dfady &p Aceswck
mole (,mce{ Q:r
calf ey’

= Over modulation;

irersi 2
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L5 Under modulation;  m <1
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{3ere Z:'; B P If we perform AM modulation on the followmg
Ayl baseband message signal m(t): Usng ™M = 0 _g' L0 |1
* Sketch the modulated signal in time domain p,,,(t)
- — || =+ Sketch the frequency domain Fourier Transform
L D ym(@

* Determine the modulated signal bandwidth. = Q(B h
m(t)
2
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i_dulation Insi@zsx |
‘| More power needed M=
from transmitter e T CL\)
@ A= &’\dfu ’
m<1 ld: Fonous receiver l QK ( l\)‘
can emod lat =t e m=
el Seyspleani T e
W\ Tt Very mexpensie) #( At f OLFO) _ -
;f m>1 Only asyncironous R ‘“S“M'(PL L)
u\ : " l‘edceli;rer E[a'l-?ls %
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Example

Sketch the AM modulated signal in time
domain ¢,,,(t) and frequency domain ®,,,(o),
then calculate the modulated signal
bandwidth, average power, power eﬁtc:ency
Assume the case of fone modulation, and:

-m=0.5
-m=1
-m=2
—_—m=

Electrical Engineering Departient, University of fordan 14

Copyright © Dr. Mohamnwed Hiea

Scanned with CamScanner



K 1or
T@ B

fone  modlulafon =p m @)= Kcos 2t 'A/‘ ]

O0.s —> m_:’C’i{)
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m:q___§<( s
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t we need o
ke Fum

ATyt e /m max. magnitude — min.magnitude
Releticsts max.magnitude + min.magnitude
; Copyright © Dr, Mohammed Hawu Electricnt En, ?u [exi Cpartment, University of Jordan 15

3/14/ 1,

Neotice the Difference!

’ ¢ m
A(l + m cos wnt) cos wet ’Yon
QL
2 11 "
We
We = W We + wpy
A cos wet + B cos wpt A‘t NT
$14
-we Wm 0wy we “

mcrﬁu'%knm—"” :
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AM Average Pawer

Py (@) = Pan () = lim Tf QL
T

@2y (£) = [m(t) cos(w,t) + A cos(w,t)]?

@2y (£) = m2(t) cos?(w,t) + A% cos?(w,t) + 24Am(t) cos?(w,t) v

@Zy () = m2(t) cos? (w,t) + A2 cos?(w,t) + 24m(t) cos?® (w.t)

Py
) M(t) =Em2(t)+?+flfm t

A

P.+P.+0
(3 fcr m(‘”-fgﬂ/o

17
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AM Pawer Efficiency

oy

m?(t)

ﬁzz—\‘ socl (tone modulation)
m
f

Electrical Enginecring Department, University of Jordam

Nl

n =
l mZ (t) P‘)
= (general)
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2P
o Hemewark #1
fs=lokuw * A given AM (DSB-LC) broadcast station
transmits an average carrj

0.707

ik
m‘i‘;\‘L

X
&
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(40 kWJand uses a mo
for tone modul

antenna is represented bya50Qr
load, calculate:

@ — The transmissio

b — The total avera

C — The extra carrier amplitude (A).

. d —The peak amp
2 ~ Answers:_gg_% 3

carrier power, P_,
. . r—
dulation index; m, of

5 |
ation. Assummg the
esistive

n efficiency (n).
&€ power output (P),

litude of the output si

al.
50 kW: 2000 V;3414 V.

—amek = A+
K=\ =pme :Bbilu‘

Hemewark #2

* The baseband signal m(t) shown is passed
through the followin

the power efficiency is 90%, T = 60 s and

g modulator. Assume

Je=40 MHz. Determine: 1\ Pertyh
Sodulatar e
b —T mey _ o0,
12v
ov i
-3V

Copyright © Dr, Mohkammed Huaa
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i
! cos(mf)

60ﬂ5(c
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~>" Hamewsrk #2

-
[ @ Type of the modulated signal ¢(t)? AM (Dse-
2 « Bandwidth of the modulated signal?

2+ Average power in the sidebands P,?

Y « Average power in the extra carrier P_?

S « Modulation index of the modulated signal?

4 ¢ Magnitude spectrum density of the
modulated signal |®(®) | at @=o~21/T?
« Answers: AM; 166.67 kHz; 18 W; 2 W; 1.5;
21x1.403 8(w-w +2n/T); '
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(® Both require the same transmission
bandwidth (equal to 2B).

(9 DSB-SC allows for a more efficient
transmitter (power savings).—-no €arfier

© AM allows for a cheaper recetver

(asynchronous demodulator), while
DSB-SC only works with synchronous
detection.
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4 @ Advantages of QAM:
0 =AM is more pandwidth effi ient than AM,
o &1 allowing us to send two signals on the same
bg( Ql g .
9 & channel (of bandwidth 2B).
c 0/,4)( & QAM allows for more power efficiency at the
Cayliey

transmitter.—>no

. (» Disadvantages of QAM:

— AM can be demodulated using CheEXM
dulators, but Q only

asynchronous demo _
works with Sf/nchronous detection (because
ity).

of orthogona
— There is NO such thing as QAM-LC.

Electrical Engincering Department, University of ordm 23
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EeriHre 11: AM Hardware

apler 4 in your textbook or visit hitpyfwikipedia.org/.
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Gain=1
(itlufuexcm
T

pratN -Channel | gam(t) ) | — Output
w0 v = loal [t)+ 4]

o : Bandwidth =B Hz
o ; L\/L)‘(’f) Gain=1
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[ Desi gzllgﬁ/ Synchraneus Retectar
aka Product Detector)

Output
y() = Ya[m(t) + A]

LPF

Bandwidth=B Hz
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series-bridge digde medulator

Oscillator

Ds Ds

m(t) O

C cos(axt)

Band-pass Filter
Gain=1
Bandwidth =28 Hz
Center Frequency = &«

.
v

+—%
2x(t) |\

X

odpufs m@), ©, m®,0 - — —
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1(t © Audi
”()-“_. Aml;lillfl'er

DC Supply =T

() = cos(aact)

M
i oan(t)
'"(‘)_"_; Audio .,
Amplif mnp Up RF Antenna
e 9 ." Converter [ | Amplifier | | Matching Net.
A
DC Supply — p(o)

opyright © Dr. Mok 7
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%- AM Transmitters! Design #C |

4 * 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 < mi(f) cos(oc)
DSB- Switching Mode
m(t) p(t)
Linear Mode
Unbalanced Mode < m(f) cos(wcf) + A cos(t)

(AM = DSB-L Switching Mode
m(t) p(h) + Ap(t

Electrical Engineering Department, University of Jordan 14
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Input 4 o= ! i | ]
Signal —H Qs " t)s :'—’
Input + oM
b= MA----mm e
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Bias Q7 Qs
z !
5000 500 500
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oL OM Signal-ta-Naise Batio
3 Oy lo ¥

el | * AnAM (DSB-LC) signal is sent though a
b e channel with no attenuation. The channel is
e nudope deled oy affected by AWGN noise. At the receiver

. side:
¢ (oo{jg‘}:ff * Show the block diagram of the receiver. Use

a product detector with capacitor in series.

* Determine SNR .. —sho remeve TC
* Determine SNR,,.

%( * Determine SNR,,,;.

|« Determine NF for the demodulator.
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Solution

SNRpus =117
0
AZ

2

y JP—
Sin Emz(t) +

NF = —101og(2n)

{, Unizersity of Jordan

17
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Festure 14: FRM. AM Radig. and
- the Superheteradyne Recetyer

Dr. Mohammed Hawa
Electrical Engineering Department
Uniyersity of Jordan

EE421: Communications I: Lecture 14. For more information read Chapter 4 in your textbook or visit hitpy/fwikipedia.org/.

% Huenable B ;“
f e E

Multiplexing: FRM

2-puw - * Frequency Division Multiplexing (FDM)
1s a process that allows the transmission of
Ee o P several signals over the same channel at
(sha pness ) 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.
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TY Broadeasting FRM) 1

Lu,,,‘;mnfg stynad (gg }/)

(Vs -Lc)
weE . I/ m;ﬂ
L

H—> C“arornfnan 3

(@ For an FDM system, you need to know: (u' Y

¥
- © Broadcast Jfrequencies for the stations (i.e., allocated C q }3 M

\/(-
¢

Guard Band

\ k l
\ \

& & o & o &
N ép* vo.;,“ @a":‘:{; ‘0?@:-'

s 22 @Bandwidth of-each station. oY 4/
2T eGuardbmtd between adjacent stations. _l Ko

tan
Copuright © Dr. Mok d Hinoa Electrical Engincering Department, University of Jordan 3 Q 5 J

JV

(—5 fof both PAL/ NTSC = 625 MHz \

TY Broadeasting TS\ WY

L — ™~

| " Texestrial TV uses [,

.}f} - broadcast frequencies )
VHEF (Very High
Frequency): 30 MHz
to 300 MHz

~* _UHF (Ultra High

- Frequency): 300 MHz
and3GHz.
= '——\31 VPSS
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AM Radio Broadeasting |

. | | \ w‘ce 5?3 hﬂbl \
« Each station is an AM modulation of human voice

* EDM is v 'fo multiplex signals on the air waves, e %
« US: Each station Occupies a bandwidth of 0. kHz k,
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e The Surerheteradyne Beceiver
S ¢ (),)5" U@ . * Receivers in FDM system require a BPF.
\ o Itis extremely difficult (expensive) to
5”\&\ o design highly selective (narrowband) filters
ate @at high|center frequencies. \"exv AM radeo &
This is specially true if the filter is BW = ©K||or 9K

S i @tuble —high Beg -

= et Use a two- stage filtering process,

649‘9 one of which at lower frequency.
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V\Qb\L {  Demodulator
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km(f)

Envelope

Audio
Detctor

Amplifier
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RE BPF /J
+
RF Amplifier

’
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N
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IF Amplifier

\\\ 3 c;oi(b+ o)t _qu —Yc %32
G EEEY, e ,/=
S0 Tuned Station Center of RF BPF LO.Freq IF Freq
& 1000 kHz 1000 kHz 1455kHz 455 kHz
:Q e j ol 1020 kHz 1020 kHz 1475kHz 455 kHz
1500 kHz 1500 kHz 1955kHz 455 kHz
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Superheteradyne Why's
+ Why the RF Filter?(odv. PE )

Eliminates the image station.

(SReduces the amount (power) of noise that
enters the receiver.

ﬁay/ uj <« /_-\Why the IF Stage (heterodyning)?

o b . ©With its high-selectivity and lower price, the
A : : IF filter isolates the desired radio station from
all others sent using FDM.,

(3 Since the IF frequency does not change with
the tuned station, it is easier to design the E.D. eClor
gn the £.LJ. ‘9 ‘

Ehve lop
Copyright © Dr. Mohammed Hinwa Electrical Engineering Department, Uni versity of Jordan 14

% 1918 = lo? £ 28455 By = 2 O~ B_Imjf)
B8P

: \ A _E__sﬁ ;J; = qu— 2 Baref

el

Scanned with CamScanner




4 OM shedfon 1 (540 [Fco kﬂ%)

A : L KA
iani{ T At"%anfg down Coner el =p EL.O _ 5Yo - us5= 3G Ktz
\

| I-'{,oo——"fec-""' lQ\U\‘akH
' 4/10/2017
S = f—L,O_-; 54o + U5 = q 5 kiz
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sum <

(Foo + YSS = g g5tz

HRerheteradyne Wiy's .
tas Gl W

_+ Why the sum, not difference?  fo & ¢, %’g £ sam —>

| * The sum (as opposed to the difference) in raleo Q i 7.)
‘ the receiver results in 5 smaller tunin !

range ratio, which requires a smaller
tuning capacitor f i iofsanc.
& capacitor for the local oscillator. i

* Hence, this solution is cheaper. ratio( |t M)
——

sum ¢ CWOP £ S?mplm hardt.dqfe
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Homewerk

* Now design a superheterodyne receiver,
but this time using the difference for 1..0.: _

J | = 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? B\ w7 ks
2~ Repeat the same problem if you want to listen .

to the 1020 kHz and 1500 kHz stations. UOE%Y\Q,&
3 —What s the frequency of the image station if M

you are listening to the station at 1000 kHz?

|
o [, mox
Copyright © Dr, Mohantmed Hunea
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~ Superheteradyne Frerymhere!

* The superheterodyne receiver is much more
opular nowadays compared to the
Romodyne receiver.

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

* Some popular IF frequencies:

— AM radio receivers: 455 kHz
— FM radio receivers: 10.7 MHz
— Analogue television receivers: 45.75 MHz |

Iy Copyright © Dr. Mohanuned Hmoa
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&  EE421: Communications I: Lecture 15. For more information read Chapter 5 in your textbook or visit Iitp hoikipedia.org/,

ecture 15: Freanency ang Phase
Lg;MQdﬂl@ﬁQﬂ (FM and PM)

Dr. Mohammed Hawa
Electrical Engingering Department
Uniyersity of Jordan

N Tust Tike earlier..

* 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).

1. Copyright © Dr. Moharmmed Hitoa Electrical En ginee

ring Department, Universi ty of Jordm 2
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| Angle Medulation (FM and PM) !

Punmodulated (t) = A cos(w,t + Gy

ang le or|l ar umemL
Prmor py (t) = A coso(t) , d . d

Dosm=an - 6. ¥

. 1 i U i
* O(t) is generalized angle of the modulated signal.

* i(f) is instantaneous frequency of modulated
signal. ‘

i 0,(f) is instantaneous phase of modulated signal.

-
Copyright © Dr. Mohammed Hinwa . .. Electrical Engineering Departrttent, University of Jordan 3 i

Freauensy Madulation (FM)

| * Theinstantaneous frequency of the modulated
signal changes in proportion to the message.

Oipy (t) = w, + kfm(.t)

Opm (t) = wt + ks f m(t)dt )3 'a.:?

@rm(t) = Acos (wct @f\j m(t)dx)
R -

‘ \
Bipyy (E) = K I_wm(t)dt\m@n%*““

[
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W= we + Kp ')

4/ 10/
Brch = Kp m(H)—s PM |
o) fe (36X g S0 O m@) il
- - = : ]
Phase Madulation (PM)
The instantaneous phase of the modulated
signal changes in proportion to the message.
0i,, (t) = kpm(t)
epM (t) = wct + kpm(t)
@py (t) = Acos (wct + kpm(t))]
Rt sl dm(t
o Wiy, ®) =w, + kP—n% = w, + kpm'(t)
Copyright © Dr, Mohanumed Hmoa : Electrical Engincering qul‘mefl!, University of Jordan 5
EM and PM Equivalense
j P eConsjfant (3 Constant
-2 amplitude 4 amplitude A
Q_)\,/ (3 Constant carrier &XConstant carrier
: freq.uency W, frequency w,
(-DYarlabIe ®Variable
lfnstantaneous instantaneous
el | frequency w; < m(t) frequency w; '
./ & ) (@ Variable E‘)V«':u(‘liabley el
i ol nstantaneous phase instantaneous phase
‘ (9,_ ¢ fm(t)dt 0; « m(t) .
; Copyright © Dr. Mohammed Hinoa Electrical Engineering Department, University of Jordm I3
3
|

Scanned with CamScanner



L
CQA ®-A (ps Cudct -+ KQ &mfﬂ 9 f:)

wi:z We % kgma')

’0“4*3 - C o K? nTCquK
W () = We o & K m@)

4/10/2017
— E‘.(qu)" fe v K? Vh@r)qu ((4%\

min '21 (men) = ’PC- o ﬁ& m(ﬁm?n
27

Example 1

For the following message signal m(f) and a 100 MHz
carrier:
a) Sketch the FM modulated signal. Use k, = 21x10° rad/ s/V.
b) Sketch the PM modulated signal. Use k, = 5n rad/ V.
) Find Af for both modulated signals.

mt) Lm\“s,l

| |
o

Electrical Engiieering Department, University of Jordan 7
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Peak Fredanency Reyiation

R, |
fmax = fmin kf M) max — M) min
4 L% T

k

« For PM:

Af & M j. k i L m' () max — M O min A
\~/\2JJ/ “a 2 5
: \6o-°

k
(7 = R e 4
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Example 2

* For the following message 51gna1 m(t) 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, = 7r/ 4rad/V.
c) Find Affor both modulated signals.

m(t) ! 200 Hs ,!
2 L —
ov i
oy B
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a) Sketch the FM modulated LU audt
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Hint: For PM
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- Rules of Thumb

~ « Smooth change in frequency means smooth
change in phase always.

. » Sudden ch in frequency (i.e., unit step
change) does not meap,a sudden change in

-~ phase, ie, it means(0%/phase shift.

O 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 kffm(t)dt for FM.

17

Copyright © Dr. Mohanuned Hinoa Electrical Engincering Department, University of ordan

FM and PM Ayerage Pawer

$ru () = Acos (coct + kg f t m(t)dt) (_}M.é (14

_ = J Al

 ¢pu(t) = Acos (wct + kpm(t)) ST

‘ ks § e

Piu (1) =%i 53’“ dhep

— @iy (1) =ﬂ

Capyright © Dr. Mohamned Hinoa Electrical Engineering Department, University of Jordan ,u
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M and PM Bandwidth

« Mathematically speaking:
—Bpq=®
—Bpy =
» Practically speaking, use Carson’s Rule:
Bpy = 2Af + 2B =2B(p+1) _—

S Bpy ~ 2Af + 2B = 2B(B+1)
- FM Modulau;mjldfex:
(-B=4f/B]

@ Narrow-Band FM (NBFM) has f K 1 or Af K B
™ (3> Wide-Band FM (WBFM) has 8 > 1 or Af >»> B
GJFM radio uses WBFM with g =5

Copyright © Dr. Mchanimed Hawa Electrical Engincering Department, University of Jordan 19

FM Bandywidth: Semi-rreaf

x(t) frx fom

|
| |
b
y(®)
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m(f) \LG)C;%S\R CCD' W

ov : 3 ] ol d 5]
‘ LR
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'pr+ ELB— = Btk o 20 A

halls -

\
mG) ™
By
3 x\‘f 1 i
)

Randwidth: Example 1

* Estimate the bandwidth Bpy and By, for the

modulating signal m(£) shown below. Assume
ke=nx10*rad/s/V and k,=n/4rad/V.

';\m(t) | 2
v e

: Y LYY
\ ) |
@ : -Z::-:S:{!IDO}J
Copryright © Dr. Molummed HH'IN‘ Electrical Enginecring Department, Universi woffordm 22
BFM = a0 4 QB ES A @(’,(.(: 20f + 2B
IS ke mch_P :Mg:,qo;{H; AP ‘%%m(&%f,_t) = 10 KH2
R q
B L e st M1EEH %pM = UoK He
MG):-T_L—— - loo M

 Pru= 60Kz
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Rem = %‘ﬁ + 28 = 20k 4

s ¥R
& L% mCﬂpz 100 kHz 2evo
-_1_ - 6 K i
i Hz aEh 4/10/2017
2elo

Rw= 220 K4z

E@ﬂdwidth: Fxample 2

* [Estimate the bandwidth By, and By, for the
modulating signal m(t) shown below. Assume
k= mnx10°rad/s/V and k,=5nrad/V.

[FifSignal-to-Naise Batie : L)
2

,A\J/" -
-qv;z\ ~ 362\ s,
L/\ out — k.‘.zn NoB

o,
. MmO
Krect
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FM. of (PM
i ‘ri ?KC'{\ = A oS ((‘,u(/- - (/) ) > rM (@] P

. o P + Ca Cos (2w 4 o) -
fhon ye) = Co v @ﬁ‘_@c’v—d 410720y,

\US\’(\J gpr

| /,;\.'M ’?cv,ng:F, q/a{\ o o gel of
M (and PM) vs. AM

* FM (and PM) Advantages:
0 fdtngy [N (ndFM) Advantages

The constant amplitude of FM makes it less

Z e f; adron A \6 susceptible to nonlinearitim,t’slar.@ Boul A é%ﬂhl

The constant amplitude of FM gives it a kind of

ei' mmunity against rapid fading (even ’yéitl} the .
&%\ ¥ larger Eanawﬂtﬁf. I :Wa N imy \ Go t\\«‘s‘“‘dpgs

g o T Due to the constant amplitude, FM is less 1
vulnerable than AM to adjacent-channel ‘ 1
EUJ Y= Q BCM?) interference.,

EM is capable of exchanging SNR for bandwidth.

|L_ Cobyright © Dr, Mohununed Hmwa

. Electrical Engineering Department, University of Jordan 25
) SN T e ‘ L
e tjm:\ ~
FM (and PM) vs. Ay
: ~* FM (and PM) Disadvant :
wrd M [ antages:
maé» L ——(=JWBEM (which provides b

j etter uali
requires large transmissio oy

n bandwidth,
(FM modulators and demodulators are

relatively more ex ensive that AM
hardware, AR
/(SPM demodulation requires

. synchronous |
4 \\oj B detection (relatlvely expensive), 1
) R, o HE |
9}\}){ @ M A e l{friglilﬂﬂr Mohamnied Hion . — . Electrical Eng‘m\ﬁnsbq\nmml!. Uni:vrs:‘rypf,'.v.t_q %
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/JF—PQE*L Eru i Cuotope B USAe: 4/13/¢017
= | 2 \es

(oKHZ \‘___5_9

T
_Oprlications: FM Radie

* FM + FDM
— The baseband message is 15 kHz
— With B =5, the bandwidth of each station is
200 E]%z iEoth U.S. and Europe).
—The broadcast range is{88 - 108\MHz.
«_FM radio sounds s better than AM radio:

m(t) has a larger bandwidth.
— WBFM: exchanging SNR for bandwidth.

g:/?s’r&emphasis /De-emphasis improves SNR.
(=Stereo FM

Copyright © Dr. Mohantmed Hmra Electrical Enginecring Department, University of Jordoa 27
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» L.O. frequency =88 +10.7 MH to 108 + 10.7 MHz

RF Amplifier

~
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cos{mc + mi)t &’
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L‘*d’\uﬂ e We {
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Lecture 16: M Modwlators o ||\ g
and Remedulators e

Dr. Mohammed Haa
Electrical Engineering Reparfment
_ Uniyersity of Jordan

read Chapler 5 in your fextbook or visit tphoikipedia.org/.

[EE421: Communications I: Lecture 16. For more information
L :

~

FM MadulaterY &R

" \IDHC\je C@n{fo\ ’I/Q
Vce 5 Sd’l w\ror
: c(f) = cos(oct) : i c(t) = cos(@d) :
\ *3\5

ald oscilodor —> Q‘(xecﬁt Wt -— S 3P

Vec
m(t) i: o), i o m(t)

ariment, University of Jordan 2
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« To build an oscillator, we rMe

@ The frequency of the oscillator is controlled

g J{‘Clﬂ }\ §- P |
c (:%:b

VLo

Qseillator

com-ponents-:
= Amplifier

— Positive feedback
~ LC tank

by the LC tank resonant circuit.

Many implementations javailable: Colpitts

Copyright © Dr. Mohammed Hirw

‘oscillator, Hartley oscillator, Ring oscillator,
etc. B

Electrical Engiircering Depariment, University of Jordan

3

X

20kQ

m(t)
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e YCQ: HS?& Calpitts eseillater
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100Q
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«E_M nggm 3ty pes

(also called Slope Detector
or Ratio Detector):

L ® V\QC:PG%‘I'

w

— Convert f}@_gggn\cy Variations into amplitude
variations, then use an envelope detector.

@ Quadrature Detector: Cypensive buk more  saplarll "
= Convert frequency variations into phase
X variations, then use a Phase-difference detector, ——{-sLPF +m?PXer~

@Phase-Locked Loop: . tpensrve Joub suptable on
— A phase-difference feedback system.

1C5
L‘LPL- —+ m{ ke &

Copymight © Dr. Mokanimed Hinoa

Electrical Enginecring Department, University of Jordan 5

1 Discriminator f
Jf

den(t)
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T
Quasdratire Retector
Q - U::"\f) prr— “’S(“fm COS(UUI[: +M‘J‘cl0) = LP(—

I %:LOS%__O\O)

Ll <tn CBQ\
=

|
— D(®)
*smal| X - stnx= K
miver~

é‘{a‘& L Copyright © Dr. Mohammed Hmoea . . S:j "Ch’

Electrical Engincer

ing Department, Unizersity of Jorda 9 hu% Af%ﬂ n «
delethor )

- Phase-Lacked Loep (PLL)

N
feed baek

& Copyright © Dr. Mohamnied Hioa Electrical Enginecring Department, Uninersity of Jordem 10
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Th-lock = UT back
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- PLL Terminalagy

! ( A PLL is said to be in-lock if the
; frequency of the inner VCO vy (t) is
exactly the same as the frequency of tFe
received signal v, (t) = @py, (t).
« Ifthe PLL stays in-lock, then the output -

voltage v,,,(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. Molunmed Hrea

Electrical Enginecring Department, University of fordm 11
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PRE: Step 2 (Input changes)
7 Change

orn(t) K
(PLL B — _ l(h@l.\k ) \

Input)

wveo(t)
(Vvco
Output)

Copyright © Dr. Mokanumed } i
yrig’ med Haowa Electrical Enginecring Department, University of Jordan 11

PLE: Step  (PLLfoll

v Change o Continuous Change
AE A[ Ac AOIPM new a
= AL S N R CY

Vi \ / \ [ o \}c%u

(PLL |
A e

/| /| A

vvco(t)

(vco \
O"tp”t) \/ U \/ \/ \/ \} UL
Copynght © Dr. Molammed Hipa Electrical Enginecring Dipertment. Univvrsity of fordin. 12
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| %I’LL Arelisatiens

(OCarrier recovery for Synchronous
detectors.

© Clock recb’very for digital baseband

receivers.

O Stabilizing VCO frequencies in FM
transmitters.

-O EMD&mom;@r.:

L Cepyright © Dr. Mohanimed Hmoa Electrical Engincering Department, University of Jordan 15

DX Remedulator: Synchsnans

0 /“:J : ¢(t) ='cos(wct+ 7/ 2)
L U

S‘ﬂ’\[wot)

" Copyright © Dr. Molammed Hiwa
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kecture 17: Time Rivision
Multiplexing and Telephany
Dr. Mohammed Hawa

Electrical Engineering Department
Uniyersity of Jordan

{ EE421: Cormmunications I. For more information read Chapler 6 in your texthook or visit hitp /ftoivip-dicorg/.

Multiplexing: TPM

« 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.

(“JThe receiver isolates one signal from the rest
using a time demultiplexer.

\e., <20 «_|— TDM is not limited to PCM or telephony.
: Juld Q—?O»\

v —_— Mo
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Multiplexer
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DM

ma(t) Multiplexer
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Multiplexer
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ANY number of steps!
]ﬂd(ﬂ —¥ TDM K
ms(t) ——»] Multiplexer lm(f)
TDM
I Multiplexer
nt) —» TDM | nm(f) mia(t)
mint) »| Multiplexer ] Mu-Irt]i:::r}Iv:vxer I——
()
e HOﬂ’l.(:"(UOTk.Z Show the hardware blocks at the
- receiver side (Aqaba).
Copynight @ Dr. Mohanuned Hinea Edectrictl Engincering Department, University of jordan 9
TRM Hierarchy Standard (Tel.)
U.S. Standard European Standard
vz — A = N
Low bit-rate
PDH: Plesiochronous T1 El
Digital Hierarchy
High bit-rate SONET SDH
SDH: Synchronous (Synchronous (Synchronous
Digital Hierarchy Optical Digital
Network) Hierarchy)
Copyright © Dr, Mohammed Hinoa Electrical Ellg{nn:rfns Departiuent, University of Jordan m. ;
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Homewark

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

Bipoler 7 Unipolar
Ao T pu | MZ

Duebenary o Mulpleser
fo = S0 i34

é1(n

cos(anf) ¢ (')

Mendhester

feS0as T DM Manchester e
AIT-3 Muhplexer €=02 [ 48P
Sfo= 1002 A%

cos{ exl)

I Capymigin © Tw Wiohanimré Fawe Fintrn g ngmacnimg Dipartmenl, Unmirersaty of fordm
"/ s

 Foea

e

Examples en 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 broadcasting

systems.
— Anywhere between 6 and 12 TV stations are

multiplexed in one 6 MHz or 8 MHz channel
using TDM.

Electrical Engineering Department, University of Jordan 14
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Hemewark: Satellite Receiver

.| Symbol Rate
27500
29900

27500

i

I <C<ICI<ICT

12245,H,27500

Copyright © Dr. Mohamnied Hinoa
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Fecture 12: Rigital
Madulation
Dr. Mohammed Haya

Electrical Engineering Department
Uniyersity of Jordan

EE421: Conmmmnications 1. For more information read Chapters 7 & 10 in your textbook or visit hitpifhoikipediaorg).

The Last Piece of the Puzzle!

Carrier

Baseband
T

e
= N

)

Analog Baseband il Analog Carrier
: - ngiog * :
Analog < Contmunication Moduation Communication
Systents

e Systems

EEE o
{ noyvzandiq I

Digitat < Digital Bascband | Digital '\ Digital Carrier
o Communication |Modidation/  Connmunication
Syslems

Systems

2

Copyright © Dr. Mohamnted Hinea Electrical Engivecring Department, University of Jorden
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f Rigital Madulatign

« 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 Enginecring Department, University of Jordan

3

e Use NMRZ

—

!!\)E: 0se polcu’ o( W Mctfj

Analag vs. Rigital Madulation

.+ 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
- » m(f) is M-ary NRZ + QAM = QAM
~» m(t) is M-ary NRZ+ AM = M-ASK

Copyright © Dr. Mehamnred Hinca Electrical Engineering Department, University of Jordan
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Data 1
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Data 1 0 0 1 1 0

Copyright © Dr. Mohammed Hinea Electrical Engineering Department, University of Jordan 5

ASK is AM
L Dsh_ e

Data 1 0 0 3 1 0
2 Polar

\Q ) D{), wm Yz Shift cos(@cf)

- fechk, .
L._QZZ Fald 'mmmmnu

Copyright © Dr. Mohammied Flitoa Electrical Enginoering Dapartmeent, University of Jordam - 6
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PSP of an ASK Rignal

Suin(®)

5V

5V

Data

orsk(t)

A cos(fo+Aw]f) A cos([oc- An]t)

Copyright © Dr. Mokammed Hiwa Electrical Engineering Department, University of jordan 8
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Copyright © Dr. Mohannmed Hinva Electrical Engincering Department, Unicersity of Jerdae 9
MO
R, = apf+r2R =2
Py il 5
— Q
| BPSK/ A
R e e 0 180)",\ 1 C W
=~< ----- T —: i N hag '»chr'("
A A () )C\Sf
CoS (r\;c_ é)

- Polar l i
NRZ
- Quad (g

Data 1 1 1 0 <SS [Léc L }

sy
'uuumuumu

: <—T0—>- Bit Time
hedg :":_TF i SO e Acos(m 1) Acos(mt 180°)
Electrical Enginecring Departman ent, University of Jordm

) 10
Copyright © Dr, Mohammed Hioa

~ S

o> Wb A 8
Fh =k

4

Scanned with CamScanner



( — Acos (w t ”’Vi)

ol — A cos Cwo"’ ‘?’6)

lo — Acos ch -+ (/(5& 410720y,
s A cos (wek ,916)

L]
00 . 10
5V
Q-ary
g = I NRZ
: - S5V
\/&—-—l \ &\,
J pata 10 11 00 01

il 0l p A LA AN

7 e
7 1@/1’({_ it Toymp=2To  Syntbol Tinte
d . © Copyright © Dr. Mohammed Hawea Electrical Engincering Departrent, Unizersity of Jordan 11

Q(’Q :Q&{z %Q/B/‘ﬁg

= 9xloo = 8G|F1E

= 8PS = Moy + P

1
e.! LP & % | Example: Find the bandwidth of an 8-PSK modulated signal if the data bit rate is
i 100 kbit/s.
M aly Solution: For 8 PSK, Bandwidth = 2B = 2xBaud Rate = 2 x Tk = 2 X 100kEDY .
Fhy oy log2(8) 3 bits fsymb

2 A N L
g f’ —_— P(_) 10!
= BELCCURN Luoe e & O
Ve l’:%, uo/iﬁl E\
R P-.Slme-u(d-{ch—“\_ Pr—=1

(75L<<—~8 AP i

OJ@

Copyright © Dr. Mo i
opyrigh r. Alohamneed Hitea Electrical Enginesring Departnrent, University of fordan 12

it ke = f,- 1o Kbtl/

Syﬁbﬂ/ﬂ?k Cbﬁt\dqurtB: fg E-; .ij——/g‘ Eo ‘:,‘_‘;.E— A
A .o’%' J =

Scanned with CamScanner



4/10/2017

G’mm(l)

Bandiwidll =B Hz
( Channel ¢ )
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Transmitter Receiver
|
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0000 moo 1100 1000

'Y ® 3
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; Examplé: Find the bandwidth of an 16-QAM modulated signal if the data bit rate is
el 8Mb 8Mb
ps pSs
Solution: For 16- QAM, Bandwidth = 2xBaud Rate = 2 X - i (’1 SR e
" |=4MHz.

Electrical Enginecring Deparlmcat, University of Jordain 15
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AWGN Npise
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f&) =7

2 =1-F() [ @ [ rda=—=["e*a
o) =1-F(x)\=1- mpa= | -
._—_/j —00 ;
o D ‘; { Gaussian pdf, ful(n) }——H QJ;?,%'
2 3 d:;‘
i F(x) ocp
W om
%/ ’é A K
: S x i \“
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Quantile Funetion Q)

T 0@ r 0 x Q) x Q)

200 228E02 3.00  135E-03 400  317E05 500  287E-07
205  202E-02 305  1.14E-03 405  256E-05 505 221407
210 1.79E-02 310 968E-M 410  207E-05 510 1.70E-07
215  158E-02 315  8.16E-04 115 1.66E-05 515  1.30E-07
220 1.39E-02 320 68704 420  1.33E-05 520  9.96E-08
225 1.2E-02 325 5774 425  107E-05 525  7.60E-08
230  1.07E-02 330  483E-M 430  B.5ME-06 530  5.79E-08
235  9.39E-03 335  404E-04 435  681E-06 535  4.40E-08
240  8.20E-03 340  337E-4 440  541E-06 540  3.33E-08
245  7.14E-03 345  280E-04 445  4.29E-06 545  252E-08
250  6.21E-03 350  2.33E-4 450  3.40E-06 550  1.90E-08
255  539E-03 355  193E-04 455  268E-06 555  143E-08
260  4.66E-03 360  159E-04 460  211E-06 560  107E-08
265  4.02E-03 365  131E-04 465  166E-06 565  B.02E-09
270 347E-03 370  1.08E-M 470 1.30E-06 570  5.99E09
275  298E-03 375  B.B4E-05 475  102E-06 575  446E-09
280  256E-03 380  7.23E-05 430  7.93E07 580  332E09
285  219E-03 385  5.91E-05 485  6I17E-07 585  246E-09
290  187E-03 390  481E-05 490  4.79E-07 590  1.82F09
295  1.59E-03 395  391E-05 495  3.7IE07 595  134E-09

Copyright © Dr. Mohamnied Hinoa Electrical Enginecring Departrrent, University of Jsrdan 18
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Data 1 0 0 1 1 0
()
~
Generalized
( Polar p(t) ) ’ m
-n()
=5V
i sv |~
Polar
NRZ
SV
pl6) = Acos(od)
v
BPSK
A cos(at - 180°)
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Matched
Filter
N £ = Toynib
£p(t) + n(t) Po(t) + 1o(f) Threshold | Decision
MO, )| ¥ Device [
'
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Perfromange of Rigital Systems
[ [Modulation with AWGN Error Probability
- LJ2)
JEEA=A)
FS]
BPS]
A BER = Q(J%;i)
o
QPSK
. Q( _)
b
TSK (order M)
order 353&%0( ‘Zki—:XSin(%))
%‘\1\;‘[ (order M) Pl - S £
ectingular QAM) P”C:H(l—m)q( M—IN:)
So——  |BER=1-(-p.)
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_Pefinitions

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

M = Number of possible symbols that the modulated signal can assume.

k = the number of bits sent per transmitted symbol = logz (M).

E; = Average energy-per-transmitted-symbol in the modulated signal (Joule).
Ep = Average energy-per-transmitted-bit in the modulated signal (Joule) = E,/ k.
o S(w)= ? = Double-sided noise power spectral density (in W/Hz = Joule).

T, = Bit duration.

Tsymb = Symbol duration=k T,

BER = Probability of bit-error = bit error rate.

Copyright © Dr. Molunimed Hirea Electrical Engincering Department, University of Jordon 23

Example: a C @

Find the BER for E[Lal__(_if we use an optimal detector (a matched filter). Assume the
amplitude of the carrier is 4 = 0.5 V, data rate is 2bps, and Ny =2 x 1072 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;

51 = Acos(w,t) 57 = —Acos(wt) = Acos(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:

==

TN (A2 A2 A2 A g
E,=E; = (Trsymb)Pr[l] o ('_Tsymb)Pr[O] = —Z‘Tsymb =—T,

= 2 27 Bk
Hence, &
2E, ’ A? ’ 0.5
BER—Q( N_D)_Q( m)—@( IX107 %2 = Q(V6.25) = g(2.5)
=621x1073
Copyright © Dr. Mohammed Hawa Electrical Engmeering Departmient, University of Jordan 24
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'

Find the BER for the 16-QAM constellation shown below if we use an
ssume the data rate is 4 bps,and Ny =5 x 10

0

(a matched filter

(® @2
{_z.f\?sié{f’f 5 ,-\

= T ]
p o O 's)\ri\\ LE&@PJR@

‘(;J ¥
v Q\““(Lﬁ
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optimal detector
2 W/Hz.

\6"" CQAM

k=4
M_,_ké

Solution:
In this system there are 16 possible s

ymbols, which we assume to be equally probable,

Le., each occurs with a probability of

1/16. Hence, the energy-per-symbal is:

1.4142 4 2.2367
£ ( z T”’“") () * ( 2
e ~—

=[0.25 + 1.25 + 1]

Q)
N K

Es Tsymb
5= 2w as ()

e k)

3
— _{ =
! —4Q(3.162) =X8x107*=¢6

4
X

4

_(1_

4

Py

Copyright © Dr. Mohammed Hawa

¢

. T“”‘“‘) (16) (Z—'jajz"r”'"’/”lm)

sy’mb = Z-S(Tsymb)

2.5

1 3x4

(

x 104

BER=1-(1-P, ) =1-(1-6x10"%)2 = 1.2 x 10~}

Electrical Engineering Department, University of Jordan

e i

4

N
(R

25 .
=25(T) == ==2 = 0.625]

0.625
0.05

)%Q(@

26

To find Es?
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i

/ \g

Ml allio |
o)
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——B-PSK '
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)

Comparison X

Modulation Bandwidth Error free Eb/No (i.e, BER < 10%)
ASK 2f, 13.5dB

FSK 20f + 2B =2f,(B + 1) 135 dB

BPSK 2 X Baud = 2f, 10548

QPSK 2x Baud = f, 105d8
8-PSK 2 % Baud = 2f, /3 14 dB

16-PSK 2 X Baud = f,/2 18dB
16-QAM 2 X Baud = f,2 145dB
64-QAM 2 x Baud = f,/3 185dB

256-QAM 2% Baud = f,/4 234 dB
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Remember: Rigital Medulation

» Bandwidth of the channel decides the bayd
rate (symbols per second) you can send,

* Signal-to-noise ratio (E,/N,) decides the
level of modulation you 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.

* Shannon'’s Limit!

Copyright © Dr. Mohantmed Hawa Electrical Engincerin 2 Departient, Uni versity of Jordan 29

_hannan's Limit

C =By, 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)(iot dB)
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