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Digital Passband Modulation - Introduction

 Baseband transmission is conducted at low frequencies.
Passband transmission happens in a frequency band toward the high end 
of the spectrum.
 Satellite communication is in the 6–8 GHz band, while mobile phones 
systems are in the 800 MHz–2.0 GHz band.
 Bits are encoded as a variation of the amplitude, phase or frequency, or 
some combination of these parameters of a sinusoidal carrier.
 The carrier frequency is much higher than the highest frequency of the 
modulating signals (or messages).
 Shall consider binary amplitude-shift keying (BASK), binary phase-shift 
keying (BPSK) and binary frequency-shift keying (BFSK): Error performance, 
optimum receivers, spectra.
 Extensions to quadrature phase-shift keying (QPSK), offset QPSK 
(OQPSK) and minimum shift keying (MSK).
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Digital Passband Modulation – Binary Passband Modulated 
Signals
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Digital Passband Modulation – Recall from previous mater ial
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 To detect bk, compare ȓ2 to the threshold value T
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Digital Passband Modulation – Binary Amplitude-Shift Keying (BASK)

Try to 
derive this
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Digital Passband Modulation – PSD of BASK BIRZEIT UNIVERSITY
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 Notice that  
𝑠𝑠𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑡𝑡 = 𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁 𝑡𝑡 × 𝑐𝑐𝑐𝑐𝑐𝑐 2𝜋𝜋𝑓𝑓𝑐𝑐𝑡𝑡

𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑓𝑓 = 𝑆𝑆𝑁𝑁𝑁𝑁𝑁𝑁 𝑓𝑓 ∗ 𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐2 2𝜋𝜋𝑓𝑓𝑐𝑐𝑡𝑡

=
𝑉𝑉2𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠2 𝜋𝜋𝑓𝑓𝑇𝑇𝑏𝑏

4
+
𝑉𝑉2𝛿𝛿 𝑓𝑓

4
∗

𝛿𝛿 𝑓𝑓 − 𝑓𝑓𝑐𝑐 + 𝛿𝛿 𝑓𝑓 + 𝑓𝑓𝑐𝑐
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Digital Passband Modulation – PSD of BASK BIRZEIT UNIVERSITY
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𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑓𝑓 = 𝑆𝑆𝑁𝑁𝑁𝑁𝑁𝑁 𝑓𝑓 ∗ 𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐 2𝜋𝜋𝑓𝑓𝑐𝑐𝑡𝑡

=
𝑉𝑉2𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠2 𝜋𝜋𝑓𝑓𝑇𝑇𝑏𝑏

4
+
𝑉𝑉2𝛿𝛿 𝑓𝑓

4
∗

𝛿𝛿 𝑓𝑓 − 𝑓𝑓𝑐𝑐 + 𝛿𝛿 𝑓𝑓 + 𝑓𝑓𝑐𝑐
4

=
𝑉𝑉2𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠2 𝜋𝜋𝑇𝑇𝑏𝑏(𝑓𝑓 − 𝑓𝑓𝑐𝑐)

16
+
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+
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=
𝑉𝑉2

16
�𝛿𝛿 𝑓𝑓 − 𝑓𝑓𝑐𝑐 + 𝛿𝛿 𝑓𝑓 + 𝑓𝑓𝑐𝑐 + 𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠2 𝜋𝜋𝑇𝑇𝑏𝑏(𝑓𝑓 − 𝑓𝑓𝑐𝑐)
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Digital Passband Modulation – PSD of BASK
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Digital Passband Modulation – Binary Phase-Shift Keying (BPSK)

Try to derive 
these
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Digital Passband Modulation – Binary Frequency-Shift Keying (BFSK)

Try to 
derive this
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Digital Passband Modulation – Binary Frequency-Shift Keying (BFSK)
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Try to 
derive this

 where fc is the carrier frequency and fd is the frequency deviation

Where 𝑛𝑛 ≫ 𝑚𝑚
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Digital Passband Modulation – Binary Frequency-Shift Keying (BFSK)
BIRZEIT UNIVERSITY

ECE

Modern Communication Systems, ENEE3306



© Dr. Mohammad Jubran Lecture 3  - Slide 13

Digital Passband Modulation – PSD of BFSK

Try to 
derive this
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Digital Passband Modulation – Binary Frequency-Shift Keying (BFSK)
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Digital Passband Modulation – Performance Compar ison of BASK, BPSK and 
BFSK
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Digital Passband Modulation – Quadrature Phase Shift Keying (QPSK)





BIRZEIT UNIVERSITY
ECE

Modern Communication Systems, ENEE3306



© Dr. Mohammad Jubran Lecture 3  - Slide 17

Digital Passband Modulation – Signal Space Representation of 
QPSK
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Digital Passband Modulation – Optimum Receiver  for  QPSK
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Digital Passband Modulation – Optimum Receiver for QPSK
BIRZEIT UNIVERSITY

ECE

Modern Communication Systems, ENEE3306



© Dr. Mohammad Jubran Lecture 3  - Slide 20

Digital Passband Modulation – Simplified Decision Rule and Receiver  
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Digital Passband Modulation – Minimum-Distance Receiver
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Digital Passband Modulation – Symbol (Message) Er ror  Probability of 
QPSK
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Digital Passband Modulation – Bit Er ror Probability of QPSK
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Digital Passband Modulation – An Alternative Representation of QPSK
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Digital Passband Modulation – An Alternative Representation of QPSK
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Digital Passband Modulation – Signal Space Representation of 
QPSK
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Digital Passband Modulation – Receiver Implementation of QPSK
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Digital Passband Modulation – Offset Quadrature Phase Shift Keying 
(OQPSK)
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Digital Passband Modulation – Offset Quadrature Phase Shift Keying 
(OQPSK)
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Digital Passband Modulation – Minimum Shift Keying (MSK)
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Digital Passband Modulation – Generation of an MSK Signal
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Digital Passband Modulation – Block Diagram of MSK Receiver
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Digital Passband Modulation – A Mathematical Descr iption of MSK 
Signals
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Digital Passband Modulation – Power Spectral Density
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Digital Passband Modulation – Modulation in 2G Cellular  Wireless 
Systems
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Digital Passband Modulation – Modulation in 3G CDMA-Based Cellular  
Systems
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