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Abstract — QPSK is a widely used digital modulation technique in wireless communication, such as TDMA cellular
telephone, OFDM, Bluetooth, Satellite communication etc. due to its higher noise immunity, bandwidth efficiency and
simpler circuitry. Speed, power and area are the three main factors taken into consideration while designing any
electronic system. Low power devices are always demanding for electronic devices since power consumption is one of
the main factors; the focus is given on reducing the power consumption of the device. To minimize the power
consumption the size of actual block diagram is reduced by removing some blocks which will provide the same output
signal. In this paper a QPSK modulator is proposed and discussed to implement on FPGA kit using Active HDL
coding software tool.
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I. INTRODUCTION
Modulation is the process of sending data signal over carrier signal to minimize the noise or fading effect. They are
mainly divided into two categories i.e., analog and digital. In analog modulation carrier signal is modulated with the help
of analog data signal and in digital it modulates with digital signal. Digital modulation is called shift keying because in
this, the carrier signal is shifted in amplitude, frequency or phase by digital input signal. Different PSKs can be obtained
by M-ary PSK, where M is the no. of states or no. of phase shifts which is depend upon the no. of signals are combined
for modulation. In QPSK two signals are combined for modulation. BER of QPSK is better than higher order PSK
signals such as 8-PSK, 16-QAM, 32-QAM etc. which are easily affected by noise. At higher order PSK, larger
bandwidth is require for higher data transfer rate and consume more power, whereas QPSK is more bandwidth as well as
power efficient.
There are many applications where QPSK modulator is used, out of which few are of battery operated devices such as
Bluetooth, TDMA cellular communication, Medical Implant Communication Services (MICS) etc. therefore it is
necessary to minimize the power consumption of these devices so that the battery will last for longer time. It can be
reduce by reducing size of circuit or reducing the speed of operation.
II. CONVENTIONAL MODULATOR
The QPSK modulator can modulate two signals in same frequency band as shown in fig. 1. Each signal is to be
converted from analog to digital, then modulate one signal with sine and another with cosine which gives four different
phase shifts with two signals, by adding these two phase shifted signals we get QPSK output signal[1].
The QPSK signal can be given as
SQPSK =

2𝐸𝑠
𝑇𝑠

𝜋

cos( 2πfct + (i -1) ) for
2

i = 1, 2, 3, 4

(1)

Where,
2𝐸𝑠
𝑇𝑠

= Constant amplitude with Es energy and Ts time period of the signal

fc= Frequency of carrier signal
i = phase no. of signal as per the symbols of the data signal
from the trigonometric equation given below,
cos(A+B) = cos(A)cos(B) - sin(A)sin(B)

(2)

Fig. 1. Shows that separate sine and cosine waves are generated which require two ROM’s to store these signals [2]. This
is then modulated by the input binary data signal. These two signals are then added to generate the QPSK signal. All
these process is discuss in [5] with design flow diagram.
from eq. (2) we can write
SQPSK =

2𝐸𝑠
𝑇𝑠

𝜋

2𝐸𝑠

2

𝑇𝑠

cos( 2πfct )cos[(i -1) ] -
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(3)
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Fig. 1. Conventional block diagram of QPSK modulator
There are two signals in QPSK signal i.e. in phase I(t) and Quadrature phase Q(t). Which is given in eq. (3) can be
written as
SQPSK =

2
𝑇𝑠

cos( 2πfct ) I(t) -

2
𝑇𝑠

sin( 2πfct ) Q(t)

where,
π
𝜋
𝐼(𝑡) = 𝐸𝑠 cos[(i -1) ]
and
Q(t) = 𝐸𝑠 sin[(i -1) ]
2
2
Output QPSK waveform with four different phase shifts is as shown in fig. 2. In this, we can see that for each symbol
phase angle of original signal is different.

Fig. 2. Output waveform of QPSK modulator i.e., SQPSK
III. PROPOSED WORK
We can see, day by day the digital devices are getting smaller, many research is going on to minimize the size of the
design which reduce the power consumption of the device, hence cost of the device will get reduce. If we observe the
QPSK output waveform, we found that there is a sinusoidal wave shifting with the change in symbol and the phase angle
is same for different symbols as shown in table 1, means we can say that, for specific symbol there will be specific phase
shift output signal. So, instead of generating the phase shift by multiplying data signal with carrier one, we will just store
the signal in ROM and call it for specific symbol from specific phase. It means the output waveform will be the same
sinusoidal signal with starting from specific phase angle. In this case we don’t require more than one ROM to store our
signal since it is only the sinusoidal signal. We just have to start the output signal from different phase angle according to
input symbol (00, 01, 11, 10). The phase shift angle may be 00, 900, 1800 and 2700 or it may be 450, 1350, 2250 and 3150.
In proposed block diagram as shown, we are shifting signal from 450.
The constellation diagram shows the phase angle and amplitude of signal for different symbols. In above diagram the
phase angles are 450, 1350, 2250 and 3150 for “00”, “01”, “11” and “10” respectively. The symbols are taken as gray
codes i.e. one bit change per symbol or 900 phase shift per symbol.

Fig. 3. Constellation diagram of QPSK modulator
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TABLE I
PHASE SHIFTED SIGNAL FOR DIFFERENT INPUT SYMBOLS
Symbol Bits
S(t)
Phase
Mod. Signal
(Deg.)

2𝐸𝑠

S1

00

S2

01

𝑇𝑠

2𝐸𝑠
𝑇𝑠

𝜋

cos( 2πfct + )
4

cos( 2πfct +

3𝜋
4

450

1350

)
2𝐸𝑠

S3

11

𝑇𝑠

cos( 2πfct +

5𝜋
4

2250

)
2𝐸𝑠

S4

10

𝑇𝑠

cos( 2πfct +

7𝜋
4

3150

)
Table I shows the phase change of the signal is depend on the change in symbols, each symbol is having particular phase
angle or signal pattern. The proposed block diagram is shown in fig. 4, the size of the design is reduced up to much
extent, no. of blocks is few as compared to conventional block diagram. In proposed block diagram only one ROM is
used for carrier signal instead of two ROMs for sine and cosine signal generator. Each block of proposed block diagram
is as explained below,
A. Carrier Source
It provides a sinusoidal carrier signal of specific frequency which is modulated by the data signal. A ROM is used to
store the amplitude values of the signal which can be read by using VHDL coding for FPGA to produce sine signal. On
board frequency is in MHz which is high to observe the output signal on DSO, a shift register can be developing to
provide various frequency signals.
B. Phase Shifter
It shifts the sine signal into four different angles as shown in fig. 4. It is nothing but the ROM which stored the sinusoidal
signal and we are sending the signal at the output with different starting point of signal or different phase angle which is
specific for different symbols. Actually it is a DMUX which takes one input as carrier signal i.e. sinusoidal signal and
giving output as different phase shifted sinusoidal signal. These output are selected by two select lines which are two
input signals I and Q.
C. Shift Register
Practically we take two input data signals to modulate them with same carrier signal, but on board we need to generate
two signals from a random signal. Here we are taking one data signal and separating it into two signal i.e. Serial in
Parallel out (SIPO).

Fig. 4. Proposed block diagram of QPSK modulator
© 2014, IJARCSSE All Rights Reserved

Page | 594

Prashant et al., International Journal of Advanced Research in Computer Science and Software Engineering 4(1),
January - 2014, pp. 592-595
D. Multiplexer
It selects only one signal at a time out of four shifted signals and gives as output QPSK signal. The signal is selected by
two select lines I and Q, means output will be the phase shifted signal according to the input symbol.
E. DAC
All the above blocks can be dump into FPGA kit which gives output digital QPSK signal so, we need to convert it into
analog form using DAC. The waveform can be observed on DSO.
The ROM contains values of sinusoidal signal, it requires a clock to read the values i.e. one value per clock pulse,
similarly shift register require a clock signal to take input data signal then
1
T = * x = Td
fc
Where,
T = Time period of sine signal
x = No. of values stored in the ROM
fc = clock frequency applied to carrier signal
Td = Time period of data signal
To divide the frequency a divider block with factor x is required to design, it will take the input clock frequency f d which
is to be divided by x to get the frequency equal to freq. of sine signal.
In this paper, Active HDL tool is use to generate the blocks with VHDL coding. The FPGA kit will be use to
implement these blocks on hardware to observe the output waveform. But the FPGA is a digital circuit which provide
digital output signal hence we need a DAC to covert this signal to analog one and it can be observe on DSO. Before this
the Simulink software is used to verify the block diagram and check it’s output waveforms.
IV. CONCLUSION
In this paper we try to achieve a design which will give the same result by minimizing it’s size or area. The reduced
size of the design will reduce the power consumption. The proposed block diagram replaces several block diagram such
as adder, multiplier and minimizes no. of ROMs which will help to increase speed of operation of the design. It means
proposed block diagram try to improve all the three main factors which are taken into consideration for any system
design. The comparison of performance between conventional and proposed design can be done on FPGA kit i.e. speed,
device utilization, power consumption etc.
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