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Multilevel Modulated Bandpass 
Signaling

With multilevel signaling, digital inputs with more than 
two levels are allowed on the transmitter input.
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Multiple Amplitude Shift Keying 
(MASK)
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M-ary Phase-Shift Keying (MPSK)
If the transmitter is a PM transmitter with an M = 4-
level digital modulation signal, M-ary phase-shift 
keying (MPSK) is generated at the transmitter output. 
The 4PSK is called quadrature phase-shift keyed 
(QPSK) signaling.
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QPSK Generation
MPSK can also be generated by using two quadrature 
carriers modulated by the x and y components of the 
complex envelope; in that case,
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QPSK Waveform (Complex Envelope)

In phase Quadrature
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QPSK Waveform
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QPSK Demodulation
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Quadrature Amplitude Modulation 
(QAM)

Quadrature carrier signaling is called quadrature amplitude 
modulation (QAM). In general QAM signal constellations are not 
restricted to having permitted signaling points only on a circle (of 
radius Ac, as was the case for MPSK). For example, a popular 
16QAM constellation is shown below. 
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Quadrature Amplitude Modulation is really Quadrature 
Phase Amplitude Modulation
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16 QAM Constellation
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QAM Constellation

M＝4
M＝16

M＝256

M＝128
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QAM Generation (1)



QAM Generation (2)
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Waveform of QAM
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QAM Demodulation



20

Offset QPSK
In some applications, the timing between the x(t) and y(t) 
components is offset by
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One popular type of offset signaling is offset QPSK (OQPSK), 
which is identical to offset 4PSK or 4QAM.
This offset greatly reduces the AM on the OQPSK signal 
compared with the AM on the corresponding QPSK signal.
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Offset QPSK ( Reducing Carrier 
Amplitude Change)

Possible paths for switching between the message points in (a) QPSK and (b) offset QPSK.



QPSK vs. OQPSK
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OQPSK Waveform
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PSD for MPSK and QAM
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M-ary FSK (?)
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Homework
LC 5-59, 5-62, 5-63, 5-66
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