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24. Frequency-Shift Keying (FSK) Modulation and Quadrature
Amplitude Modulation (QAM)

Binary Frequency-Shift Keying (BFSK) [1-3]
A binary frequency-shift keyin@FSK) signal can be defined by

_ [DAcos2rtfat, O<t<T

=0 (24.1)
JAcos2rfit, elsewhere

s(t)
where A is a constantfg andf; are the transmitted frequencies, ahds the bit

duration. The signal has a power= A2/2, so thatA = ~2P. Thus equation (24.1)
can be written as
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whereE = PT is the energy contained in a bit duration. For orthogondlity, m/T
andfq =n/T for integern > integerm andf; - fo must be an integer multiple of

[ [

12 12 .
i—cos 2ifpt and t) = ./=sin 2rfqt as the
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orthonormal basis functions [3]. The applicable signal constellation diagram of the
orthogonal BFSK signal is shown in Figure 24.1.

1/2T. We can take@q(t) =

Figure 24.1 Orthogonal BFSK signal constellation diagram.

Figure 24.2 shows the BFSK signal sequence generated by the binary sequence
0101001

Figure 24.2 (a) Binary sequence, (b) BFSK signal, and (c) binary modulating and
BASK signals.
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It can be seen that phase continuity is maintained at transitions. Further, the BFSK signal
is the sum of two BASK signals generated by two modulating sigmgig) and
my(t). Therefore, the Fourier transform of the BFSK sigialis
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Figure 24.3 shows the amplitude spectrum of the BFSK signal wigé) andmq (t)
are periodic pulse trains.

Figure 24.3 (a) Modulating signals, (b) Spectrum of (a), and (c) spectrum of BFSK
signal (positive frequencies only).

An alternative representation of the BFSK signal consists of lefigimgdfc - Af andfq
=fc + Af. Then

f1 - fg = 24f (24.4)
and
S(t) = Acos2( fe + Af)t (24.5)

where f¢ is thecarrier frequencyAf = B B is thefrequency deviationg is the
modulation indexandB = 1/T is the bandwidth of the modulating signal. When
Af >> 1T, we have avideband BFSKsignal. The bandwidth is approximately equal to
2 Af. WhenAf << 1/T, we have anarrowband BFSKsignal. The bandwidth is
approximately equal toR2

Figure 24.4 shows the modulator and coherent demodulator for BFSK signals [2].

Figure 24.4 (a) BFSK modulator and (b) coherent demodulator.
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M-ary Frequency-Shift Keying (M-FSK) [2-4]
An M-ary frequency-shift keyin@M-FSK) signal can be defined by

_ [Acos(2rtfit + ), 0<t<T
- ) elsewhere

S(t) (24.6)

fori=0,1,..M -1 HereA is a constantf; is the transmitted frequency) is
the initial phase angle, anilis the symbol duration. It has a power A2/2, so that
A = J2P. Thus equation (24.6) can be written as

s(t) = /2P cos(2fit + 9), 0<t<T
= ﬁ\/gcos(mfit +0), 0<t<T

= /@ﬁcos(mfit +0), 0<t<T (24.7)

where E = PT is the energy o§(t) contained in a symbol duration for= 0, 1, ...,

M - 1. For convenience, the arbitrary phase ayls taken to be zero. If we choose
fo =kiIT,f1 =k + 2)T,fg =k + 4T, ..,k > 0, we can take

—

p1(t) = \écos Zrfgt, @o(t) = \ésin 2rif1t, ... as the orthonormal basis

functions [3]. Figure 24.5 shows the signal constellation diagram of an orthogonal 3-FSK
signal.

Figure 24.5 Orthogonal 3-FSK signal constellation diagram.
Figure 24.6 shows the 4-FSK signal generated by the binary sequence 00 01 10 11.
Figure 24.6 4-FSK modulation: (a) binary signal and (b) 4-FSK signal.

Figure 24.7 shows the modulator and coherent demodulat-E8K signals [4]. The
mapping table simply maps the detected indaxto a binary vector.

Figure 24.7 (a)M-FSK modulator and (b) coherent demodulator.
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M-ary Quadrature Amplitude Modulation ( M-QAM)
An M-ary quadrature amplitude modulatigM-QAM) signal can be defined by

i cos(2rtfat + 6), O<t<sT
st = [ cos(2rtct + &) (24.8)
EQ, elsewhere

_ [A cosb; cos2rfct — A sing; sin2rfct, 0<t<T
o, elsewhere

(24.9)

fori =0,1,..M- 1 HereA is the amplitudef; is the carrier frequencyg; is
the phase angle, antl is the symbol duration. It has a poW%ir:AiZ/Z, so that
Aj = 2R . Thus equation (24.9) can be written as

s(t) =.RTcosH \Ecosmfct - JRT sing; /Esinzmct

= [Ej cosf; \écosmfct - /Ej sinf, FsinanCt (24.10)
‘ T

where Ej = P;T is the energy o§(t) contained in a symbol duration for= 0, 1, ...,

—

\écos 21t and @o(t) = -,J%sin 2rifet as the

orthonormal basis functions, the applicable signal constellation diagrams of the 16-QAM
and 4-QAM signals are shown in Figure 24.8.

M - 1. If we take@q(t) =

Figure 24.8 (a) 16-QAM and (b) 4-QAM signal constellation diagrams.

Figure 24.9 shows the modulator and a possible implementation of the coherent
demodulator foM-QAM signals.

Figure 24.9 (a)M-QAM modulator and (b) coherent demodulator.
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Figure 24.10rthogonal BFSK signal constellation diagram.
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Figure 24.2 (a) Binary sequence, (b) BFSK signal, and (c) binary modulating and

BASK signals.
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Figure 24.3 (a) Modulating signals, (b) Spectrum of (a), and (c) spectrum of BFSK
signal (positive frequencies only).
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Figure 24.4 (a) BFSK modulator and (b) coherent demodulator.
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Figure 24.5 Orthogonal 3-FSK signal constellation diagram.
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Figure 24.6 4-FSK modulation: (a) binary signal and (b) 4-FSK signal.
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Figure 24.7 (a)M-FSK modulator and (b) coherent demodulator.
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Figure 24.8 (a) 16-QAM and (b) 4-QAM signal constellation diagrams.
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Figure 24.9 (a)M-QAM modulator and (b) coherent demodulator.
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