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Abstract: 

In recent years digital designs have been highly automated, and the digital modulation provides more informat ion capacity, 

compatibility, higher data security, better quality communications and quicker system availability with digital services. This paper 

proposes a QPSK module based on bandwidth efficiency of the QPSK modulator has been implemented with the proposed 

technique; and thereby compared with the conventional BPSK modulat ion scheme. Synthesis and implementation of QPSK 

modulation technique is described viz. subsystem modules of digital communication. The QPSK modulator unit will be modeled 

using HDL code and simulation is done using Modelsim 10.d simulator fo llowed by synthesis and FPGA implementation of the 

design using Xilinx ISE design suite using Spartan-6 FPGA kit In recent years digital designs have been highly automated, and 

the digital modulation provides more information capacity, compatibility, higher data security, better quality communications and 

quicker system availability with digital services. This paper proposes a QPSK module based on bandwidth efficiency  of the 

QPSK modulator has been implemented with the proposed technique; and thereby compared with the conventional BPSK 

modulation scheme.  Synthesis and implementation of QPSK modulation technique is described viz. subsystem modules of dig ital 

communicat ion. The QPSK modulator unit will be modeled using HDL code and simulation is done using Modelsim 10.d 

simulator fo llowed by synthesis and FPGA implementation of the design using Xilin x ISE design suite using Spartan-6 FPGA kit. 
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I. INTRODUCTION  

In digital communication systems, the transmitter input is 

chosen from a finite set of possible symbols, or messages. 

Modulation is generally used in wireless communication for 

data transmission and to minimize antenna design. It is the 

process in which a property of one signal (the carrier) is varied 

in proportion to the second signal (the message or information 

signal). In Digital Modulation digital symbols are t ransmitted 

in the form of waveforms that are compatible with the 

characteristics of the channel. In digital carrier systems, 

baseband pulses modulate a h igh-frequency carrier. The 

digital modulat ion techniques include amplitude-shift keying 

(ASK), frequency-shift keying (FSK), and phase-shift keying 

(PSK).The method of Digital modulation can be considered as 

digital to analog conversion. The error probability of the 

optimum detector depends only on the pulse energy, not on 

the pulse shape of the signal. Hence, as far as the error 

probability is concerned, the performance of a modulated 

scheme will be identical to that of the baseband scheme of the 

same energy. As the demand for more data rate has increased, 

many new types of modulation schemes in satellite 

communicat ion  

system have been developed. BPSK is one type of digital 

modulation technique which uses a constant  amplitude carrier 

and carries the information in phase variation. BPSK is 

simplest form of Phase Shift Keying (PSK) modulation 

technique. One of the modulation method used in satellite 

communicat ion system is QPSK which is one form of PSK 

(Phase Shift Keying) modulation scheme. In PSK modulation, 

the phase is changed according to the baseband data while the 

frequency and amplitude remain unchanged [2][3].In QPSK 

the process of generating sine and cosine carrier wave to 

produce I and Q channel phases consume high power. In this 

paper the proposed method will eliminate the generation of 2 

phases and will produce the QPSK output based on stored data 

in RAM. Verilog HDL is used to implement the proposed 

QPSK modulators and it has been successfully simulated on 

Xilinx ISE 12.4 software platform and significant 

improvement can be seen in terms of area and power 

consumption. 

 

II. QPSK TECHNIQUES  

Phase Sometimes this is known as quadriphase PSK, 4-PSK, 

or 4-QAM. (A lthough the root concepts of QPSK and 4-QAM 

are different, the resulting modulated radio  waves are exact ly 

the same.) QPSK uses four points on the constellation 

diagram, equi spaced around a circle.With four phases, QPSK 

can encode two bits per symbol, shown in the diagram with 

Gray coding to minimize the bit error rate (BER) —  

sometimes misperceived as twice the BER of BPSK..In 

satellite communication power, bandwidth and size of circu it 

are very important parameter. These parameters must be 

maintained for on board processing system in satellite 

communicat ion. Now in satellite communication power is 

severally limited. For the satellite communication FSK is not 

generally used as it would require very h igh bandwidth to 

modulate our data resulting in very low bandwidth efficiency. 

The mathematical analysis shows that QPSK can be used 

either to double the data rate compared with a BPSK system 

while maintaining the same bandwidth of the signal, or to 

maintain the data-rate of BPSK but halv ing the bandwidth 

needed. In this latter case, the BER of QPSK is exactly the 

same as the BER of BPSK - and deciding differently is a 

common confusion when considering or describing QPSK. 
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The transmitted carrier can undergo numbers of phase 

changes.Given that radio communication channels are 

allocated by agencies such as the Federal Communication 

Commission giving a prescribed (maximum) bandwidth, the 

advantage of QPSK over BPSK becomes evident: QPSK 

transmits twice the data rate in a g iven bandwidth compared to 

BPSK - at the same BER. The engineering penalty that is paid 

is that QPSK t ransmitters and receivers are more complicated 

than the ones for BPSK. However, with modern electronics 

technology, the penalty in cost is very moderate.Quadrature 

Phase Shift Keying is generated by two independent BPSK 

systems (I and Q), and exhib its the same performance but 

bandwidth efficiency will be double. The  Serial to Parallel 

Converter groups as di-bits from the binary data input. Two 

bits have been clocked at a time serially into its buffer, the 

Serial to Parallel Converter outputs one di-bit in parallel at its 

two outputs. From the di-bit, one bit is sent to the I channel of 

the modulator and the other bit is sent to the Q channel of the 

modulator and the modulators will be working autonomously 

for each channel to processes the stream of bits it receives. In 

order to convert the data into a bipolar pulse stream we use 

Level converter the converted data is practical to one input of 

the mixer. 

 

A. TYPES  OF QPS K  

1. Offset QPSK  

Offset quadrature phase-shift keying (OQPSK) is a variant of 

phase-shift keying modulation with 4 d ifferent values of the 

phase to transmit. It is occasionally called staggered 

quadrature phase-shift keying. Taking four values of the phase 

at a time to theory a QPSK symbol can allow the phase of the 

signal to jump by as much as 180° at a time. When the signal 

is low-pass filtered (as is typical in a transmitter), these phase 

shifts result in large amplitude variations, an unwanted quality 

in communication systems. By offsetting the timing of the odd 

and even bits by one bit-period, or half a symbol-period, the 

in-phase plus quadrature components will never change at the 

same time. In the constellation diagram exposed on the right, 

it can be seen that this will limit the phase-shift to no more 

than 90° at a time. Th is produces much minor amplitude 

fluctuations than non-offset QPSK and is sometimes preferred 

in practice. 

 

2.π/4–QPSK 

This variant of QPSK uses two identical constellations which 

are rotated by 45° radians, hence the name with respect to one 

another. Usually, either the even or odd symbols are used to 

select points from one of the constellations or the other 

symbols select points from the other constellation. Th is also 

dimin ishes the phase-shifts from a maximum of 180°, but only 

to a maximum of 135° and so the amplitude fluctuations 

of QPSKare between OQPSK and non-offset QPSK

 
Fig.1.π /4–QPSK QPSK signal constellation 

 

 
Fig2 Block Schemat ic of QPSK modulator.  

 

 

 
Fig3 QPSK signal generation from two BPSK signals  

 

III.  PROPOS ED METHODOLOGY 

 

Fig.4.PROPOSED QPSK MODULATOR 

 

In this paper we are using an internal source to drive system 

clock at 80MHz. This system clock is divided into 4 data rates 

i.e. 500kbps, 1 Mbps, 2Mbps, 4Mbps. Frequency division is 

achieved by using a Counter; it is named as “Data Clock 

Generator”. Carrier frequency is taken as 10Mhz. Address 

generator generates Sine and cosine constants that are stored 

in a Notepad file preserved as a ROM file.MATLAB program 

is used for making sine and cosine waveforms thereby 

sampling at a rate greater than the Nyquist rate. We get trials 

of sine and cosine waves, these sample amplitudes are the 

coefficients that are to be stored in ROM i.e. a readable only 

notepad file . Address generator parties these specific 

coefficients for every cycle. Address generator is a 5 b it 

counter which generates and cycles 32 coefficients 

unceasingly. 
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IV. SIMULATION AND S YNTHES IS RES ULTS  

Figure 4 and 5 shows the simulation effects of QPSK 

modulation. In both these facts the waveforms for the system 

clock, modulation type, data rates, sine and cosine waves can 

be observed and the modulated output is QPSK. For QPSK 

modulation, the modulation type is ‘1’ and the cosine 

waveform is present. 

 

 

 
 

Fig.4. Waveforms of QPSK modulation  

 

 
 

Fig.5.Waveforms of QPSK demodulation 

 

 
 

Fig .6. Device utilisation summa 

 

 

V. CONCLUS ION 

This work proves the concept of hardware accelerator for 

communicat ion application. Performance of QPSK modulator 

has been simulated using Modelsim 10.3d afterward which it 

is synthesized by Xilinx Design Suite. In this paper, we have 

presented a methodology for synthesization of QPSK 

modulation. We target this paper for the viewers interested in 

VHDL and FPGA design and simulation of QPSK system, 

thus for the implementation intellectual p roperty is used. The 

simplicity of coding was touched using intellectual property 

component in a combination with the VHDL/ Verilog 

language. Hence, a bandwidth efficient scheme for digital data 

program i.e. “Quadrature Phase Shift Keying” has been 

successfully analyzed, synthesized and implemented. The 

simulated result demonstrates the output signal waveforms 

representative the transitions (180°, 270°) o f the carrier signal 

influence by input data signal. The carrier frequency 10 MHz 

is produced from the local clock signal. The designed 

modulator has achieved important decrease in area and power 

consumption and thereby increasing efficiency of the QPSK 

modulator. 
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