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Department of Electronic and Information Engineering

Communication Laboratory

Frequency Shift Keying (FSK)
&

 Differential Phase Shift Keying (DPSK)
&

Differential Quadrature Phase Shift Keying (DQPSK)

Objectives
On completion of this laboratory, you will be:
i) Able to describe the generation of Frequency Shift Keying (FSK) and its

demodulation process using a Phase Locked Loop (PLL),
ii) Familiar with the concept of differential preceding for PSK transmission (DPSK),

and its generation and demodulation circuitry will be described,
iii) Able to describe the generation and demodulation of DQPSK signals.

Background Knowledge
(1) Voltage Controlled Oscillator
A voltage controlled oscillator (VCO) is just as the name suggests: an oscillator whose
frequency is controlled by an external applied voltage. VCO may be low frequency of the
RC oscillator or integrator type, or high frequency of the LC oscillator type.

The VCO associated now is the integrator type, where the applied control voltage
determines the time taken to integrate up and down between internally set levels and
hence the output frequency. The integrating waveform is internally squared up to give a
squarewave output. When no control voltage is applied to a VCO, it will oscillate at a
frequency determined by the design of the oscillator circuit. This frequency is called the
Free Running Frequency of the VCO. When a control voltage is applied, the frequency of
oscillation will be dependant on the magnitude of that control voltage. The relationship
between control voltage and frequency is important when dealing with a VCO. It is
generally quoted in hertz/volt and is often referred to as VCO Sensitivity. The frequency
range over which the VCO can be controlled is also of important.

(2) Frequency Shift Keying (FSK)
Frequency-shift keying (FSK) is a method of transmitting digital signals. The two binary
states, logic 0 (low) and 1 (high), are each represented by an analog waveform. Logic 0 is
represented by a wave at a specific frequency, and logic 1 is represented by a wave at a
different frequency. A modem converts the binary data from a computer to FSK for
transmission over telephone lines, cables, optical fiber, or wireless media. The modem
also converts incoming FSK signals to digital low and high states, which the computer
can "understand."
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In FSK, the amplitude of the carrier is constant while its frequency is altered in
accordance with the value of the modulating signal. When the modulating signal is a
binary waveform, the transmitted signal is switched directly from one frequency to
another.

Figure 1: Illustration of FSK.

Baseband binary signal can be used to switch between two oscillators operating at
different frequencies, or alternatively a single oscillator can be voltage controlled to
produce the two frequencies.

(3) PLL Demodulation of FSK
An FSKsignal is demodulated using a Phase Locked Loop (PLL), which includes a
voltage controlled oscillator (VCO), a multiplier (balanced modulator) and a low pass
filter (LPF).
                                          balanced modulator

FSK signal                                                                                                                           demodulated signal
(modulated signal)

Figure 2: PLL circuit.

The VCO is designed to have a free-running frequency close to the carrier frequency of
the incoming FSK signal. The multiplier will thus have two input signals of nominally
the same frequency. The output from the multiplier will have components at twice the
carrier frequency and at near zero frequency (at zero frequency if the two input
frequencies are the same). The polarity of this control voltage is arranged such that if the
frequency of the input signal increases slightly, the control voltage will change so as to
move the VCO to follow the input signal. This means that the VCO ‘tracks’ the input
signal. If the input is an FSK signal, then the VCO will follow the switches in frequency
made by such a signal. To do this, the control voltage must switch between two values,
one which sets the VCO to the frequency representing binary 0 and the other to that for
binary 1. Thus the control voltage will change according to the original binary data
signal.

LPF

VCO

X
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(4) Differential Phase Shift Keying (DPSK)
With normal PSK, there is a reference phase about which the phase of the transmitted
wave shifts as it is modulated. With this type of system, both the transmitter and the
receiver have to maintain an absolute phase reference against which the received signal is
compared.

With Differential Phase Shift Keying (DPSK), the data is transmitted in the form of
discrete phase shifts, where the phase difference is the phase of the previously transmitted
signal phase. This implies that the demodulator circuitry required is simpler than PSK or
QPSK.

Generation of DPSK
To make the previous bit phase, the reference phase for the present bit a binary 0 is
transmitted with the same phase as that of the previous bit and a binary 1 is transmitted as
a change in phase. A common method for producing DPSK is to pass the data stream
through an Exclusive-OR gate, the other input of which is at the state of the previous bit.
Once the data has passed through the Exclusive-OR circuit, it can then be applied to a
normal binary PSK modulator to give the required DPSK.

Figure 3:Producing DPSK circuitry.

(5) DPSK Demodulation
The demodulation of DPSK signals can be achieved with simpler circuitry than for the
demodulation of PSK or QPSK because no absolute phase reference is needed.

              DPSK                                                                                                                                       Data

Figure 4: DPSK Demodulator.

The DPSK signal is passed both to a phase detector and a 1 bit-period delay line. The
phase detector produces a positive output voltage when the phases of its two input signals
are the same and a negative output when they are in anti-phase.

For example, if the DPSK input signal phase is πππ00π00, the delayed input to the
detector will be 0πππ00π0, assuming that the state of the first delayed bit is 0. Thus, the
detector output is +--+-++-, which is equivalent to 10010110. The required data output is
obtained as a result.

XOR

Delay

Phase
Detector LPF

One-bit
Delay
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(6) Differential Quadrature Phase Shift Keying (DQPSK)
The phase shift in DPSK is related to the last phase state transmitted. Similarly, it is the
same in DQPSK, except that there are four possible phase shifts allowed. The four
possible bit pairs (dibits) are: 00, 01, 10, 11. With DQPSK, the transmitted phase is
related to the phase of the previously transmitted dibit.

Figure 5: DPSK Constellation.

For example, the data stream is 10 01 01 10. Then the relative phase shift is +135 –45 –
45 +135 while the absolute phase is +135 +90 +45 +180. To achieve this absolute phase,
which is transmitted as DQPSK, a+/-4-level voltage is generated with which to
modulated a phase modulator.

Figure 6: The voltage for the example data.

A common method for producing DQPSK is to pass the dibits through adders, the other
inputs of which is at the states of the previous bits. Once the data has passed through the
adder-delay circuit, it can then be applied to a normal binary QPSK modulator to give the
required DQPSK.

(7) DQPSK Demodulator
The demodulation of DQPSK signals can be achieved with simpler circuitry than for the
demodulation of PSK or QPSK because no absolute phase reference is needed. The phase
reference is taken from the phase of the last received bit. The DQPSK signal is passed to
two phase detectors, one with a 1 bit-period delay line and the other with a 2 bit-period
delay. The outputs from the two detectors correspond to the originating dibit states from
the transmitter. Each detector is followed by a low-pass filter to reject the high frequency
components of the outputs of the detectors.
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Reference
1. Ferrel G. Stremler, Introduction to Communication Systems 3rd, Addison Wesley
2. Digital Data, Analogue Signal

http://www.cis.ohio-state.edu/~gurari/course/cis677/cis677Se13.html
3. Communication Systems IV

http://www.elec.gla.ac.uk/~ironside/comms4/lecture15.html

Equipment
1. PC Interface Box (RAT 53-100)
2. Interface Card (serial No. 53-101/1/72)
3. Modulation & Keying Workboard 53-160
4. Feedback Power Supply 01-100
5. PC with Discovery Software

Brief Control Description
There are 8 potentiometers and 2 switches on the 53-160 Wordboard. Their functions are
briefly described below.
1. The Frequency control <1> sets the frequency of the Voltage Controlled Oscillator

(VCO).
2. The Offset control <2> sets a frequency offset about which control <1> operates.
3. The Range control <3> sets the magnitude of the variation achieved by control <1>.
4. The Phase control <4> is used to vary the phase of the modulation in some

experiments using Phase Shift Keying (PSK).
5. The Carrier Level control <5> controls the amplitude of the sinusoidal carrier that is

modulated in various ways dependent on the Assignments being carried out.
6. The PLL Filter control <6> sets the cut-off frequency of the low-pass filter used in

the VCO control voltage path when a Phase-Locked Loop is being used.
7. The MS bits switch <7> sets the four most significant data bits.
8. The LS bits switch <8> sets the least significant four bits.
9. The PDF control <9> controls the cut-off frequency of the low-pass filter used as a

post detection filter in the Assignments that use PLL techniques for demodulation.
10. The Balance control <10> is used to balance the double-balanced multiplier

(modulator) circuit used in some Assignments.

Preliminary Preparation
1. Connect the equipment as the following diagram and DO NOT turn on any power at

this moment.

Figure 7: Setting.
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Keyboard

Interface
RAT 53-100

Modulation & Keying
Board 53-160

Power
SupplyInterface Card



The Hong Kong Polytechnic University                                                                                CM824, 828, 829

6

2. Turn on the Computer first and connect Modulation & Keying Board to the Interface
before switching on the FEEDBACK Power Supply 01-100.
Note: Connect the voltages of the Board to that of the Interface carefully, otherwise,
the Board will be burnt!

3. In DOS Prompt mode, type <CD\FBTP> and then <START>.
4. Turn on the power.
5. Use the Mouse to click at the <System> in the Menu Bar and then select <Index>.
6. Click <24> in the list for Assignment 24 and then select <Yes> for this experiment.
7. Click at the <Practicals> in the Menu Bar, and select <Practical 1> for Part 1

experiment.

Note: When observing any experiment results with a large oscilloscope display or a large
spectrum analyser display, please select <Change Monitor Point> under the <Conditions>
menu. This ensures that the output observed is correct.

Experimental Procedures & Questions
Part 1: Operation of the VCO
The VCO investigated has its Range adjustable by three controls on the workboard,
which are Frequency <1>, Offset <2> and Range <3>.

Figure 8: VCO Configuration.

1. Select <Practical 1> in the Assignment 24.
2. Set the <frequency>, <offset> and <range> controls to their minimum (fully counter-

clockwise) positions.
3. Look at monitor point <6> with the large oscilloscope and then record the frequency

control voltage from the waveform displayed.
4. Record the frequency of the oscillator from the kilohertz meter.
5. Switch the <frequency> control from minimum to its maximum.
6. Repeat step 3 and 4 again and then complete the following table.



The Hong Kong Polytechnic University                                                                                CM824, 828, 829

7

Question 1: Complete the following table 1 with the data obtained from step 3 to 6.
<frequency> control frequency control

voltage at point <6>
(volts)

frequency of the
oscillator

(kHz)
Minimum
Maximum

(Absolute) Range:

7. Reset the <frequency> control to minimum.
8. Set the <range> control to maximum.
9. Repeat step 3 to 6.

Question 2: Complete the following table 2.
<frequency> control frequency control

voltage at point <6>
(volts)

frequency of the
oscillator

(kHz)
Minimum
Maximum

(Absolute) Range:

Question 3: From table 1 and 2, comment on the effect of the <range> control on the
frequency control voltage and the frequency of the oscillator.
Question 4: What are the VCO sensitivities with the <range> control set at minimum
and maximum respectively?

10. Reset the <frequency> and <range> controls to minimum.
11. Set the <offset> control to maximum.
12. Repeat step 3 to 6.

Question 5: Complete the following table 3.
<frequency> control frequency control

voltage at point <6>
(volts)

frequency of the
oscillator

(kHz)
Minimum
Maximum

(Absolute) Range:

Question 6: Any significant changes compared with the previous results?
Question 7: Is the frequency of the oscillator for any given control voltage the same as
that for the minimum offset setting?
Question 8: Conclude the effect of the <offset> control from table 1 and 3?
Question 9: What form would the output of the oscillator take if the control voltage of a
VCO was switched between two levels?
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Part 2: Production of FSK
FSK is a form of frequency modulation where the modulating waveform is a digital data
stream. A frequency modulator is being used instead of an amplitude modulator.

Figure 9: FSK Modulation Configuration.

1. Select <Practical 2> in the Assignment 24.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to 0 and the <LS bits switch> to 2.
4. Look at monitor point <1> with the large oscilloscope display on the screen.

Question 10: If this waveform is applied to a circuit that switches between two
frequencies, or is applied as the control voltage of a VCO, what form of output on
monitor point <2> will be obtained?

5. Change to monitor point <2> with the large oscilloscope display.

Question 11: Can you see the frequency modulation on the signal?

6. Set both bits switches to 0, so that the data word of 0 is 0000 in binary.
7. Observe the waveform at point <1> with the large oscillator display.

 Question 12: What voltage does the waveform represent?

8. Set both bits switches to F, so that the data word of F is 1111 in binary.
9. Observe the waveform at point <1> with the large oscillator display again.

Question 13: What voltage does the waveform represent now?

10. Change to monitor point <2> with the large spectrum analyser display.

Question 14: What frequencies correspond to binary 0 and 1 respectively?

11. Set both bits switches to A.
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Question 15: What will be the data word in binary?

12. Observe the spectrum of the FSK waveform at point <2> on the large spectrum
analyser display.

13. Change both bits switches to C and repeat step 12 again.

Question 16: Are the spectra for two data words different?
Question 17: Which occupies the greater bandwidth? Why?

Part 3: PLL Demodulation of FSK
The system below shows a VCO and Phase Locked Loop for the demodulation of FSK.

Figure 10: FSK Demodulation Configuration.

1. Select <Practical 3> in the Assignment 24.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to 0 and the <LS bits switch> to 0.
4. Look at monitor point <1> with the large oscilloscope display and record the voltage

value. You will observe a dc level waveform.
5. Look at monitor point <2> with the large spectrum analyser display and then record

the frequency of this spectrum.
6. Repeat step 4 and 5 again with setting both bits switches to F and then complete the

following table 4.

Question 18: Complete the following table 4.
Data Voltage (volts) Frequency (kHz)

0
F

7. The PLL demodulator produces an output frequency at the difference between its
input and the VCO frequencies.

8. Monitor point <12> with the large oscilloscope display.
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9. Set the <range> control to maximum and adjust the <frequency> control for zero
difference. When the zero difference condition is achieved, you will observe a dc
level waveform.

Question 19: What is the VCO frequency as shown on the kilohertz meter?

10. Set both bits switches to 0.
11. Adjust the <frequency> control again for zero frequency difference.

Question 20: What is the VCO frequency as shown on the kilohertz meter now?

12. Go to the <Conditions> menu and select <Automatic VCO Control>.
13. Adjust the <PLL filter> control for lock, when the VCO frequency matches that

measured for zero beat for manual control (448kHz).
14. Set both bits switches to F now.

Question 21: Does the VCO frequency change to that of the other state (576kHz)?

15. Change the MS bit and the LS bits switches settings and observe the PLL
demodulator output.

Question 22: Does the output of the PLL demodulator follow the form of the input data
word?

Part 4: Generation of DPSK
The data is applied to an Exclusive-NOR gate and delay circuit to differentially pre-code
it before being applied to a phase modulator.

Figure 11: The configuration of DPSK Generation.

1. Select <Practical 1> in the Assignment 28.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to 0 and the <LS bits switch> to 0.
4. Look at monitor point <17> with the large oscilloscope display.
5. Select <Change monitor point> under the <Conditions> menu and then choose point

<21>, which can also observed with the large oscilloscope display.
6. Change to monitor point <2> with the large oscilloscope display.
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7. Set both bits switches to F and then repeat step 4 to 6 again. Also, complete the
following table 5.

Question 23: Complete the following table 5 by filling Yes or No.
Bits switches setting 0 F

Monitor Point Binary data pattern 0000
<17> Does the data input to the DPSK modulator

change with time?
<21> Does the state of the Exclusive-NOR output

change with time?
<2> Does the phase of the modulated output

change with time?

Question 24: How is the phase of the modulated output related to the data input?

Part 5: DPSK Demodulation
The system below shows a phase detector and delay type demodulator for DPSK.

Figure 12: DPSK Demodulation Configuration.

1. Select <Practical 2> in the Assignment 28.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to 0 and the <LS bits switch> to 0.
4. Look at monitor point <2> with the large oscilloscope display.

Question 25: Any phase change exists with MS and LS bits at 0?

5. Look at the output detector <31> with the oscilloscope.
6. Try a number of other settings of the MS bits and LS bits switches.

Question 26: Do the waveform at <31>corresspond to the originating data?
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Part 6: Generation of DQPSK
In this Assignment, the data bits are set by the MS and LS bits switches. The bits
associated with these switches are:

MS bits switch LS bits switch
  bit1 bit2 bit3 bit4          bit1 bit2 bit3 bit4

The grouping of the bits into dibits is:
MSbit1 LSbit1 MSbit2 LSbit2 MSbit3 LSbit3 MSbit4 LSbit4

Figure 13: The configuration of DQPSK generation.

1. Select <Practical 1> in the Assignment 29.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to 0 and the <LS bits switch> to 0.
4. Look at monitor point <18> with the large oscilloscope display.
5. Vary the settings of two bits switches individually.
6. Repeat step 5 in order to monitor point <19>.

Question 27: Does point <18> correspond to the most significant, or least significant
digit of the dibit? How about point <19>?

7. Reset both bits switches to 0.
8. Monitor point <2> with the large oscilloscope display.
9. Repeat step 7 and 8 with the bits switches are set to F.

Question 28: Complete the following table 6 according to the data obtained from the step
7 to 9.

Bits switch setting 0 F
Dibits

Any phase shift?
Degree of phase shift

10. Try to set the bits switches to 0F and 0F, and then observe the phase shifts
respectively.

Question 29: How do the output phase shifts relate to the 00 and FF cases?
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Part 7: DQPSK Demodulation
The system below shows a double phase detector and delay type demodulator for
DQPSK.

Figure 14: The configuration of DQPSK Demodulation.

1. Select <Practical 2> in the Assignment 29.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to 0 and the <LS bits switch> to 0.
4. Look at monitor point <2> with the large oscilloscope display.
5. Vary the settings of two bits switches as 00, 0F, F0 and FF.

Question 30: Does the DQPSK output at monitor point <2> correspond with the results
found in Question 29?

6. Look at monitor point <10> and vary the two bits switches.
7. Then look at monitor point <14> and vary the two bits switches.

Question 31: Does point <10> correspond to the most significant, or lease significant
digit of the dibit? How about point <14>?

8. Try a number of other settings of the MS bits and LS bits switches.

Question 32: Do the waveforms correspond to the originating data?


