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Phase Shift Keying

v' In the PSK (Phase Shift Keying) the information, in digital
form, is contained in the carrier phase.
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Phase Shift Keying

v" In the M-ary PSK:

X, (t)= icos(a)ct + ¢ +9)g; (t —KT) a, =01,...M -1
2a, +N

(pk=7r( kM ) N=01

T > time M-> levels

T =T,log, M
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Phase Shift Keying

v’ Example
(0,1)I 9 + O
(10)/,:’_"_"___?\(11)
(la‘ ’—2 (0.0 | : R
- SR
& (00)%=-1-=4%(01)
(10)
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Phase Shift Keying

v Analyzing the PSK power spectra (supposed that 0=0 ):

X, (t)= Acf(COSgok cos .t —seng, senw.t)-g; (t —kT)

—Q0

i component x;(t)=2_cosg, g (t—KT)
g component Xq (t)= Z seng, - g, (t —kT)
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Phase Shift Keying

m, =E{cosg, |=E{seng, }=0

a

) = Sx,(t)=Sx,(t)

Oa

? = E{Cos2 gok}: E{senzgok}:

N | =

/

thus i and g component are uncorrelated then:

S50 (1)= S (1) =, 160} + (myr f L 6(or) o —nr)
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Phase Shift Keying

1 1 1 . 7f 1 . 7f
S0 ()= S5q()= (1) = Lr Lsine? ™ = Line2 ™

S (1)= 2 [, )+ Sy (F)F + 1))

Sy (f)= Ajl[smcz 7(f ~fe) | ging2 7 +e )}

I I I

v The same shape as ASK spectrum without the carrier-
frequency impulse.
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Phase Shift Keying

Sxc(f)

B =r

r, =rlog, M

as the ASK case.
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Phase Shift Keying

v PSK has better power efficiency than ASK (the discrete
carrier component is absent).

v Example (QPSK)

. o]
Quaternary or Quadriphase PSK
M = 4 N =0 N 0—2 (00
\\\_‘-/’/,’/
P Zaﬁw N 5 =0123 (10)

QPSK signal constellation
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Phase Shift Keying

| = COS @, 2a,

0a)]

q — seng,

a =0=>¢, =0=cosp, =1=seng, =0
a, =1= ¢, :%:COSgok =0=seng, =1
a =2=> ¢, =r=>C0S¢p, =-1=sengp, =0

a, =3= @, :37”:005% =0=sengp, =-1
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Phase Shift Keying

v’ Examples:

Binary QAM 8-PSK
A q q

(1,0) 1,1) (011) (001)

o---r---9

_1i :1 (010) (000)

o 0 |
00 o--_|L--4 01 (110) (100)
( ) -1 ( ) (111) (101)
M=4 N=1 M=8 N=1
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Frequency Shift Keyng (FSK)

v’ FSK : Frequency Shift Keying.

v’ Digital information is contained in the carrier frequency.

1 0 1 0

AN, A MIMIA A
L a1 MVARA
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Frequency Shift Keyng (FSK)

v" An M-ary FSK may be represented with a basic design as:

X (t)
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Frequency Shift Keyng (FSK)

v’ The digital signal x(t) controls a switch that selects the
modulated frequency from a bank of M oscillators

v Problem: the modulated signal is discontinuous at every
switching instant t=kT
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Frequency Shift Keyng (FSK)

v Let all oscillators have the same amplitude A and phase
4 and let their frequencies be related toa, by:

fo = f + fr a, a, =+1,%3,...,. (M —1) M even
v Then:
Xe(t)= Ac Y cos(mpt + $+wpact)-gr (t—KT) wp = 27f
K
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Frequency Shift Keyng (FSK)

v" Continuity of X(t) at t =kT is assured if 20, T = 22N
where N is an integer.

v" Condition to have continuity at every switching instant

cos|a.(t +T )+ G+ wpay (t+T)|=cos|w.(t +T )+ 9+ wpay 1 (t+T)]
= wpdy T — oy T =22N N integer =

= (a, —ay 1) T = 22N a, =+1,+3,45,...
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Frequency Shift Keyng (FSK)

v’ (ay —ay,1) minimum value is 2 (if there is switching):
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Frequency Shift Keyng (FSK)

v' We will analyze a version of binary FSK known as Sunde’s
FSK.

v’ Let’s see if the condition to have continuity is verified:

20T =27N N integer = 2-27z-%bTb = 27N =

= 21 = 27N = N=1 OKl
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Frequency Shift Keyng (FSK)

A 4 4 4
—»
— !
1 I 1 I i
il ) /e “fe ¥ Nary & Je= dary fe fe+32r,
—f(—rb/Z _fr+’b"2 f‘.—r,,/Z f(+r,,/'2

Br ~1p =21,
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Frequency Shift Keyng (FSK)

v’ The spectrum has a fourth order {1/ #) roll-off, more rapid
than ASK and PSK.

v The central lobe is 50% wider than the central lobe of a
binary ASK or PSK spectrum.
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Frequency Shift Keyng (FSK)

v A special case is M-ary orthogonal FSK, in which the M
keyed frequencies are equally spaced by:

1 r
2f, =~ —_
AT oT T2

v’ Without attempting the spectral analysis, we can
summarize that:

BTzM-ZfA:M%
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Frequency Shift Keyng (FSK)

I, =rlog, M

v The spectral efficiency is given by:

_rIogZM 2Iog2 pr Br
M/ Hz < EET—bﬂ M >4

v’ The FSK spectral efficiency is worse than ASK and M-ary
PSK.
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