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Department of Electronic and Information Engineering

Communication Laboratory

Phase Shift Keying (PSK) & Quadrature Phase Shift Keying (QPSK)

Objectives
To familiar with the concept of describing phase modulation by a binary waveform
(Phase Shift Keying, PSK) and its extension (Quadrature Phase Shift Keying, QPSK).

Background Knowledge
(1) Phase Shift Keying (PSK)
Phase Shift Keying (PSK) is a form of phase modulation where the modulating waveform
is a digital data stream. In PSK, the transmitted signal has constant amplitude and
frequency but its phase, with respect to a reference, is directly related to the value of a
binary data signal. There are several schemes that can be used to accomplish PSK. The
simplest method uses only two signal phases: 0 degrees and 180 degrees. The digital
signal is broken up timewise into individual bits (binary digits). The state of each bit is
determined according to the state of the preceding bit. If the phase of the wave does not
change, then the signal state stays the same (low or high). If the phase of the wave
changes by 180 degrees -- that is, if the phase reverses -- then the signal state changes
(from low to high, or from high to low). Because there are two possible wave phases, this
form of PSK is sometimes called BPSK (Binary Phase Shift Keying). For a two-level
binary signal, the phase shift can be made equal to 180 degrees, that is a phase shift of
plus and minus 90 degrees from the reference.

Figure 1: PSK with two states.

Phase Shift +/-90 degrees
The waveform of the signal transmitted will be of the form shown in Figure 2. There is
no dc component in the modulating waveform, thus there will be no carrier frequency
component in the resulting PSK waveform. With phase shifts of +/-90 degrees, the carrier
is suppressed.
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Figure 2: The waveform of the signal transmitted.

Phase Shift <+/-90 degrees
Suppose the phase shift between the two states representing binary 1 and binary 0 was
zero degrees (not a very practical form of PSK!), the waveform of the digital transmitted
would not change in phase between binary states. The transmitted wave would just be the
unmodulated carrier. Between these two extremes, when the phase shift between the two
states representing binary 1 and binary 0 is between zero and +/-90 degrees, the
waveform of the signal transmitted will have a reduced carrier. As the phase shift is
increased from zero towards +/-90 degrees, the carrier component will decrease and the
sidebands increase.

Therefore, using +/-90 degrees for PSK gives the advantages of:
i) there is maximum separation between the two states,
ii) the carrier is suppressed, thus no power is wastes in transmitting a component that

carries no information,
iii) the power saved can be used to increase the magnitude of the information

carrying sidebands.

(2) Demodulation <90 Degrees
With PSK using a phase shift between states of less than <+/-90 degrees, the
demodulation process requires a reference signal to be generated in the receiver, whose
frequency is equal to that of the carrier. The phase of the received signal is then
compared to that of the reference to produce a positive dc output for a leading phase
angle and a negative output for a lagging phase angle.

    PSK signal                                               Phase-Locked Loop

                                                      Reference signal

                                                                                                                            Demodulated signal

Figure 3: Demodulation of PSK signal.

From Figure 3, the reference signal for the receiver is derived from the incoming PSK
signal by the Phase Locked Loop (PLL) detector, which controls an oscillator so that it
maintains a constant phase angle relative to a reference signal. With BPSK, the phase
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shift will change with each data bit. The PLL is designed so that its response is relatively
slow and it is held at the mean of the two signalling phases. The reference signal will then
be in quadrature with the mean phase of the received signal and will be of the same
frequency. The lower modulator in Figure 3 multiplies the received PSK signal with the
reference signal.

Two output components will be given as the result of the multiplication mentioned:
i) a dc term proportional to the phase shift of the incoming signal and
ii) a term at twice the frequency of the carrier.

The double frequency term is unwanted and is filtered out by the low pass filter, while
the dc term is the wanted demodulated PSK output signal. Because the dc term is
proportional to the phase shift of the incoming signal, the higher the difference in phase
between the two states, the higher will be the difference between the two output voltage
levels from the demodulator. However, there is a problem if the phase shift for the PSK is
increased to +/-90 degrees, there is ambiguity between plus and minus 90 degrees
(Q+cosπ/2 = -cosπ/2) in the multiplying process. Hence, with PSK of +/-90 degrees, the
demodulator described will not be able to determine which of the two phases is which
and the output will be in error.

(3) Demodulation 90 Degrees
When a PSK signal either leads, or lags the phase of a reference carrier by 90 degrees, the
total change from one phase to the other is 180 degrees. This is equivalent to inverting
the signal as it changes from one state to the other.

(4) Quadrature Phase Shift Keying (QPSK)
Quadrature Phase Shift Keying (QPSK) is an extension of the simple PSK method of
keying. In QPSK, the signal can take up one of four possible phase angles, mutually in
quadrature, each corresponding to a particular data input condition. Consider NRZ
formatted data in which each word is divided into bit pairs (or dibits) instead of
individual bits.

QPSK offers twice as many data bits per carrier phase change than Binary Phase Shift
Keying (BPSK), hence it finds wide application in high-speed carrier-modulated data
transmission systems. This means that the bandwidth
required for any given data transfer rate will be
approximatly halved for QPSK as compared with
BPSK. The typical possible phase angles are +/-45
degrees and +/-135 degrees; each phase shift can
represent two signal elements.

The simplest method of generation of the bit pairs is
 to store two bits, read off the combinationand generate
 the required carrier phase shift and then store the next     Figure 4: QPSK Constellation with
two bits, etc.                                                                        0°as the reference signal.
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(5) Demodulation of QPSK
The received QPSK signals are demodulated in a double Costas Loop circuit to produce
the two data signals corresponding to those originally generated at the transmitter.

Figure 5: Double Costas Loop circuit.

In normal operation, the frequency of the VCO is synchronised with that of the incoming
signal and it produces two square wave outputs, mutually in quadrature, at the carrier
frequency. When a sine wave signal is multiplied with a square wave of the same
frequency, the output will contain a dc component proportional to the phase difference
between the two waveforms. Therefore, multipliers 1 and 2 act as phase detectors which
extract the in-phase and quadrature components from the incoming signal and produce
two data waveforms corresponding to the two signals originally generated at the
transmitter. As we know, the phase angle of the incoming signal can be +/-45 degrees, or
+/-135 degrees with respect to the carrier reference. In the receiver, the VCO provides the
reference signal, and the outputs from multipliers 1 and 2 will produce different
combinations of polarity for each phase angle, such as mentioned in 4. One of the outputs
will give a waveform corresponding to the MS bits pattern, the other will give the LS bits
pattern. The loop must remain in lock as the input signal changes between these four
phases. This means that system must be able to lock on to these four phases without the
VCO changing frequency or phase.

Multipliers 3 and 4 are arranged that one input to each of these multipliers is made so
large that each multiplier effectively switches the polarity of its other input. Then the
combined output is applied to the control terminal of the VCO.

Remembering that the VCO is frequency synchronised tot he incoming signal and that a
particular voltage is required to maintain this synchronism. This gives the circuit the
ability to maintain a steady reference phase as the input changes between its four possible
phase values.

In BPSK, there was a two-fold ambiguity in defining the reference phase, while there is a
four-fold ambiguity with QPSK. To resolve this ambiguity, a recognition word is
periodically transmitted and has a distinctive combination of 1s and 0s. It can be used to
recognise if any bits have been inverted as a result of locking onto an ambiguous phase.
The bits in error can be corrected lastly.
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Reference
1. Ferrel G. Stremler, Introduction to Communication Systems 3rd, Addison Wesley
2. Using Mixers in Radio Communications

http://members.tripod.com/michaelgellis/mixerscom.html
3. Digital Data, Analogue Signal

http://www.cis.ohio-state.edu/~gurari/course/cis677/cis677Se13.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.
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 6: Setting.
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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 <25> in the list for Assignment 25 and then select <Yes> for this experiment.
7. Click at the <Practicals> in the Menu Bar, and select <Practical 1> for Part 1

experiment.

Experimental Procedures & Questions
Part 1: PSK Modulation
You will investigate the concept of Phase Modulation by changing the phase of a carrier
in response to a modulating waveform.

Figure 7: PSK Modulation Configuration.

1. Select <Practical 1> in the Assignment 25.
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 1: Draw the waveform displayed and mark the times of the edges of the data
word.

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

Question 2: Draw the phase modulated waveform displayed and mark the points on it
where the phase is switched.
Question 3: Do you get the same results from question 1 and 2?

6. Change the <LS bits switch> to 1 and repeat the measurements to confirm your
observation.

7. Vary the <Phase control> from minimum to maximum, and vice versa, and carefully
observe the waveform at point <2>, especially around the switching points.
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Question 4: Can you see the shift in phase between the two states vary as the control is
varied?

8. Set the <MS bits switch> to 0 and the <LS bits switch> to 2.
9. Look at monitor point <2> with the large spectrum analyser display.
10. Increase the data word by adjusting the <MS bits switch> and <LS bits switch>.
11. Observe the spectrum of the PSK waveform.

Question 5: Does the shape of the spectrum change with data word setting?
Question 6: Is the amplitude of the carrier frequency component constant with switch
setting?
Question 7: Are the number and magnitude of the side frequency components constant
with switch setting?

12. Set both bits switches to 0 and then 1. Observe the changes in the spectrum.

Question 8: What frequency components are presented when both of the switches are set
to 0 and 1 respectively? Explain the reason for your answer briefly.

13. Set both of the data word switches to A.

Question 9: What data waveform does A represent in binary?

14. Vary the <Phase control> to vary the phase angle switched by the PSK.

Question 10: What happens to the spectrum of the PSK waveform?

Part 2: Demodulation <90 Degrees
You will investigate the demodulation of PSK signals which have phase shifts less than
+/-90 degrees. The carrier is being phase modulated by the data waveform, for which
NRZ (nonreturn-to-zero) or Split Phase format may be chosen. The phase shift of the
PSK can be varied.

Figure 8: PSK Demodulation <90 degrees.
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1. Select <Practical 2> in the Assignment 25.
2. Set the other potentiometer controls to their mid positions.
3. Set the <MS bits switch> to A and the <LS bits switch> to A. Thus, the data

waveform of A represents as 1010 in binary.
4. Look at monitor point <12> with the large oscilloscope display on the screen.
5. Select <NRZ> format and observe the demodulated waveform.

Question 11: Does the demodulated waveform at point <12> correspond with the data?

6. Click on the <Split Phase> button and observe the change.

Question 12: What happens to the demodulated waveform after switching <NRZ> to
<Split Phase>? Why?

7. Select <NRZ> format and set the <MS bits switch> and <LS bits switch> to 0.
8. Re-connect point <12> with the large oscilloscope display.

Question 13: What pattern of data bits does this represent? How does the waveform
represent the data at point <12>?

9. Set the <LS bits switch> to 1.

Question 14: What pattern of data bits does this represent? Any changes in the waveform
at point <12>?

10. Adjust the <LS bits switch> to other data word patterns and observe the changes.

Question 15: What can be said about the relationship between the magnitude of the
output from the PLL demodulator and the data word pattern for NRZ formatted data?

11. Reset both bits switches  to 0.
12. Select the <Split Phase> format and observe the waveform at <12>.

Question 16: Draw the waveform observed and describe it.

13. Change the <LS bits switch> setting to other data word patterns.

Question 17: Can you see any change when the <LS bits switch> is changed?
Question 18: What can be said about the relationship between the magnitude of the
output from the PLL demodulator and the data word pattern for Split Phase formatted
data?
Question 19: Do you consider that a PLL demodulator would be a suitable choice for a
receiving system for NRZ PSK data if the phase shift is less than +/-90 degrees?

14. Select the <Split Phase> format and click on <Var. Phase>, which allows the
magnitude of the phase shift of the PSK to be altered.
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15. Monitor point <12> on the large oscilloscope display.
16. Slowly increase the <Phase control> from left to right and observe the demodulator

output <12> until a ‘null’ in the square wave pattern (i.e. a straight line) is achieved.

Question 20: Does the waveform remain constant as the phase shift of the PSK is
changed? Explain why a ‘null’ in the square wave pattern exists.
Question 21: As the output waveform goes through the null, what happens to the parts of
the waveform that were 1s and those that were 0s?

Part 3: Demodulation 90 Degrees
The carrier is being phase modulated by the data waveform. The phase shift of the PSK is
+/-90 degrees, but also can be varied. Figure 8 shows the related system configuration.

1. Select <Practical 3> in the Assignment 25.
2. Set all of the potentiometer controls to their mid positions.
3. Set the <MS bits switch> to A and the <LS bits switch> to A.
4. Ensure that the <Var. Phase> is not selected at this moment.
5. Select <NRZ> format and observe the demodulated waveform at monitor point <12>

with the large oscilloscope display on the screen.

Question 22: Is there a recognisable demodulator output present? Try to prove your
answer by changing the data word.

6. Select the <Split Phase> format and set the data word to AA.

Question 23: Is there a recognisable demodulator output present now? Try to prove your
answer by changing the data word.

7. Select the <Var. Phase>.
8. Adjust the <Phase control> for a phase shift away from +/-90 degrees.

Question 24: Do you get a demodulator output now?
Question 25: Conclude the performance of a PLL demodulator for PSK applications.

Part 4: Generation of QPSK
Here, the carrier is being QPSK modulated by the data waveform. The data bits are set by
the MS and LS 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
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       Figure 9: Generation of QPSK.

1. Select <Practical 1> in the Assignment 27.
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. The green trace is the

carrier and the yellow trace is the modulated output.
5. Repeat step 3 and 4 for different settings and then complete the following table.

Please specify the phase shift of the output relative to the carrier in terms of 0, -90,
+90 or 180 degrees.

MS     LS
0         0

MS     LS
F         F

MS     LS
0         F

MS     LS
F         0

Dibits
In Phase? (Yes/No)

Phase shift
observed at <2>

Question 26: Do the four possible combinations of dibits give the four phase shifts?

Part 5:Demodulation of QPSK
The system below shows a double Costas Loop Detector for the demodulation of QPSK.

Figure 10: Demodulation of QPSK.
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1. Select <Practical 2> in the Assignment 27.
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 5.

Question 27: What dibit pattern does this give? Sketch QPSK output pattern in the space
provided below and point out any special feature(s) in terms of mark-space ratio.

1

0

4. Look at monitor point <2> with the largest oscilloscope display.

Question 28: Can you see the 180 degrees phase changes between the dibits from the
waveform displayed?

5. Look at the two outputs, points <10> and <14>, of the double Costas Loop.

Question 29: Are the waveforms the same?
Question 30: Ignoring the small variations present on one of the outputs, do they
correspond to the originating two data bit pattern?
Question 31: Which outputs correspond to the MS or LS bits patterns respectively?
Given that there are two sets of outputs for MS and LS bits patterns.

6. Monitor the output that corresponds to the LS bits pattern.
7. Set the <carrier level> control to minimum and then increase to maximum.
8. Repeat step 7 for a few times and observe the changes.

Question 32: Does the output always come up the same?
Question 33: Does it always correspond to the LS bits pattern?

9. Turn the <carrier level> control up and down until the output is in a state that does
not correspond with the LS bits pattern.

10. Observe the other output.

Question 34: Does it now correspond with the LS bits pattern?
Question 35: Is there ambiguity as to which output corresponds to which bit in each
dibit? How to overcome this ambiguity?


