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Abstract 
Here, we are presenting the FPGA based simulation of π/4- QPSK 

modulator and demodulator. π/4- QPSK is widely used modulation 

scheme in satellite radio applications. Complete modulator and 

demodulator units will be modeled using VHDL and their 

functionality are verified using modelsim simulation tools. The 

code was synthesized on the Spartan-3E FPGA .Simulation 

waveforms and a brief synthesis report is also presented in this 

paper. 
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1. Introduction 

With digital techniques, extremely low error rates with high 

signal reliability can be achieved in communication systems. 

Digital circuits are also more reliable and can be reproduced 

at a lower cost than analog circuits. The digital technique 

based communication systems are highly reconfigurable and 

programmable. This is an essential and desirable property in 

latest mobile technologies. 

/4- QPSK transmits two bits/symbol. So, only 4 carrier 

signals are needed. In QPSK, we have 4 signals that are used 

to send the four two-bit symbols. In /4- QPSK, we have 8 

signals, every alternate symbol is transmitted using /4 

shifted pattern of the QPSK constellation. Symbol A uses a 

signal on path- A as shown below and the next symbol, B, 

even if it is exactly the same bit pattern uses a signal on path 

B .So, we always get a phase shift even when the adjacent 

symbols are exactly the same. Although the symbols move 

around, they always convey just 2-bits/symbol [1]. 

Maximum phase transition of /4- QPSK is limited to  

135 as compared to 180 for QPSK and 90 for OQPSK. 

Hence, the /4- QPSK preserves the constant envelope 

property better than the band limited QPSK but is more 

susceptible to envelope variations than OQPSK. However, 

/4- QPSK has the advantage over OQPSK in that, it can be 

differentially detected. A stream of identical 1’s or 0’s will 

always produce a phase change. In π/4-QPSK the set of 

constellation points are toggled each symbol, so transitions 

through zero cannot occur. This scheme produces the lowest 

envelope variations [2]. 

QPSK modulation ordinarily use modem chips, or ASIC to 

implement, but those chips usually don’t have sufficient 

Programming skills and its functionality can not easily be 

changed or improved in the product development process. 

Therefore, those chips are not suitable the situation where 

the parameters changed frequently. The communication 

system based on FPGA is easy to implement the pipeline 

architecture and simple to upgrade. This is a very practical 

approach to implement the QPSK modulator and 

demodulator [3]. 

In this paper, the FPGA implementation of /4 

QPSK modulator and demodulator is presented .Complete 

modulator and demodulator units will be modeled using 

VHDL and functionality will be verified using Modelsim 

simulation tools. The code will be synthesized fully onto 

Xilinx FPGAs. The Modulator consists of various 

communication modules like phase calculator, I-Q mapper, 

frequency synthesizer, clock generators, and COS-LUT. The 

demodulator consists of modules COS-LUT, Negative SIN-

LUT, digital multiplier, integrate & dump circuit and base 

band differential detector. These digital modules will be 
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implemented as different modules and used as components 

in top level entities.  

 FPGA synthesis tools from Xilinx Corporation are 

used for synthesis on spartan-3E FPGA. The post synthesis 

analysis will be carried out for obtaining maximum clock 

frequency and other performance factors. The obtained 

results will be complemented with modern digital 

communication system requirements. 

 

2. π/4- QPSK Transmission techniques 

 

The input bit stream is partitioned by serial to parallel 

converter into two parallel data streams of mI,k and mQ,k, 

each with a symbol rate equal to half that of the incoming bit 

rate. The Kth in-phase and in-quadrature pulses, Ik and Qk 

are produced at the output of the signal mapping circuit over 

time KT≤t≤ (K+1) T, and are determined by their previous 

values, Ik-1 and Qk-1, aw well as πk, which itself is a 

function of πk, which is a function of the current input 

symbols mI,k and mQ,k. Ik and Qk represent rectangular 

pulses over one symbol duration having amplitudes given 

by: 

 Ik=cosπk 

Qk=Sinπk 

πk= π(k-1) +πk 

Ik = Cos (π(k-1) +πk)  

= Cosπk-1 Cosπk    -       Sinπk-1Sinπk 

Ik= Ik-1Cosπk            -        Qk-1 Sinπk       (1) 

Qk = Sin (πk-1+πk) 

= Cos π k-1 Sinπk      +     Sinπk-1Cosπk 

Qk = Ik-1 Sinπk              +    Qk-1 Cosπk   (2) 

Where Qk and Qk-1 are phases of the Kth and K-1
st
 

symbols.The phase shift πk is related to the input symbols 

mIk and mQk according to the table below: 

 
Table-1 Relation between the input symbols and the phase shift 

Information Bits, mIk, mQk Phase Shift πk 

11 π/4 

01 3π/4 

00 -3π/4 

10 -π/4 

              

The in phase and in quadrature bit streams Ik and Qk are then 

separately modulated by two carriers, which are in 

quadrature with one another to produce π/4- QPSK 

waveforms given by : 

π/4- QPSK (t) = I
 
(t) Cos ωct – Q (t) Sin ωct   (3) 

Both Ik and Qk are usually passed through Raised Cosine roll 

off pulse shaping filters before modulation, in order to 

reduce bandwidth occupancy. Ik and Qk and the peak 

amplitudes of waveforms I (t) and Q (t) can take one of the 

five possible values. 0, 1, -1, 1/π2, -1/π2.The information is 

completely contained in the phase difference πk of the 

carrier between two adjacent symbols. Since the information 

is completely contained in phase difference, it is possible to 

use non-coherent differential detection even in the absence 

of differential encoding 

 

 

3. Proposed π/4- QPSK modulator module 

 

The Proposed π/4- QPSK modulator module which will be 

implemented in this paper is given below in Fig (1), 

 

 

 

 

 

 

 

 

 

Fig (1) Proposed implementation of pi/4 QPSK modulator 

Clock distributor,  Reset generator, Phase accumulator, True 

phase translator and COS carrier LUT. The significance of 

each block is discussed in detail 

3.1 IQ bit generator 

 

This block produces I and Q bits with its corresponding 

clock from given input bit stream. The internal circuit of IQ 

bit generator consists of a demultiplexer divide by 2 circuit, 

and unit delay circuit. The demultiplexer produces I and Q 

bits by taking one bit input bit stream. With the unit delay 

circuit I and Q bits are obtained one at a time. Divide by two 

circuits is used to produce the clock with which the dibit (I 

and Q bits) is to be sampled. 

 

3.2 Clock distributor 

 

The clock distributor module generates various clocks for 

different blocks in the circuit by deriving from the master 

clock.  

 

3.3 Reset generator 

 

This circuit generates a reset pulse at the beginning of every 

new symbol (I and Q bits), which will be used to reset the 

phase accumulator for 0
o
 phase. 

 

 

 

 



IJCEM International Journal of Computational Engineering & Management, Vol. 15 Issue 4, July 2012 

ISSN (Online): 2230-7893 

www.IJCEM.org 

IJCEM 

www.ijcem.org 

87 

3.4 Phase shift calculator 

 

For the obtained I and Q bits from IQ bit generator, phase 

shift calculator calculates the phase for the next symbol. The 

eight possible phase shifts are encoded by three bits as 

shown in the figure (2) below, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (2) Eight possible phase shifts are encoded into 3-bit. 

 

3.5 Phase accumulator 

 

Digital phase accumulator gives the instantaneous phase of a 

cosine signal according to a phase increment value 

(frequency word) and this increment value may be 

modulated [4]. In this implementation it is fixed at value 1, 

but this can be programmed to vary the carrier frequency.  

When the accumulator exceeds a value equivalent to 2π 

radians, it overflows, multiples of 2π are discarded, and the 

incrementation process continues to the next cycle. The 

output of phase accumulator will produce synthesized 

instantaneous digital phase. 

 

3.6 True phase translator 

 

This block translates (adds) the phase of the synthesized 

signal (which is output of the phase accumulator) according 

to 3 bit data coming from the phase shift calculator block. 

The above figure shows the amount of phase shift that will 

be produced for the signal according to the 3-bit code. 

 

3.7 COS carrier LUT 

 

The phase bits given by the true phase translator is used to 

address a look-up table held in ROM (read- only memory), 

which gives corresponding amplitude information. The COS 

carrier LUT consists of phase vs amplitude table 

corresponding to one COS waveform. The obtained 

amplitude bits correspond to the digitally synthesized π/4- 

QPSK modulated signal. 

 

4. π/4-QPSK Detection Techniques (Using differential 

detector) 

 

IF Differential detection is also available for π/4- QPSK 

modulated signal. Differential detection is often employed 

due to ease of hardware implementation and it is being used 

here. Differential detection offers a lower error floor, since 

it does not rely on phase synchronization. The above 

detection technique is called base band differential 

detection.Base band detector determines the cosine and sine 

functions of the phase difference, and then decides on the 

phase difference accordingly. 

 

4.1Baseband Differential Detection 

 

Incoming π/4- QPSK signal is quadrature demodulated 

using two oscillator signals that have the same frequency as 

the un-modulated carrier at the transmitter, but not 

necessarily the same phase. 

If πk = tan
-1

 (Qk/Ik) is the phase of the carrier due to the Kth 

data bit, the output wk and the Zk from the two low pass 

filters can be expressed as: 

w (k) =Cos (πk-r)     (4) 

Z (k) =Sin (πk-r)      (5) 

Where r is the phase shift due to noise, propagation and 

interference. The phase r is assumed to change much slower 

than πk, so it is essentially a constant. The two sequences wk 

and Zk are passed through a differential decoder which 

operates on the following rule: 

X (k) =w (k) w (k-1) +Z (k) Z (k-1) 

Y (k) =Z (k) w (k-1)-w (k) Z (k-1) 

X (k) =Cos (πk-r) Cos (π(k-1)-r) + Sin (πk-r) Sin (π(k-1)-r) 

         =Cos (πk-π(k-1))     (6) 

Y (k) =Sin (πk-r) Cos (π(k-1)-r) + Cos (πk-r) Sin (π(k-1)-r) 

         =Sin (πk-π(k-1))    (7) 

The output of the differential encoder is applied to the 

decision circuit which uses gray code to determine: 

           

    SI=1, if Xk>0  

     SI=0, if Xk<0 

     SQ=1, if Yk>0 

     SQ=0, if Yk<0 

 

Where SI and SQ are the detected bits in the in-phase and 

quadrature arms. Make sure that the local oscillator 

frequency of receiver is same as the transmitter carrier 

frequency, and that it does not drift. 
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5. Proposed π/4- QPSK Demodulator module 

The proposed π/4- QPSK demodulator module (according to 

base band differential detector principle), which will be 

implemented in this paper is shown in Fig (3) below, 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (3) π/4- QPSK Demodulator–Differential detector based non-coherent 

detection 

 

The different blocks in demodulator are Symbol Timing 

recovery circuit, Phase accumulator, Digital multiplier, 

Integrate and dump circuit, Base band differential Detector, 

Decision device and Multiplexer. Each individual block is 

discussed in detail in the next section. 

 

5.1 Symbol Timing recovery circuit 

 

  This block works as symbol timing recovery unit 

and produces a pulse at the occurrence of every new symbol. 

This pulse will be used to reset/synchronize several blocks 

in the demodulator unit. 

 

5.2 Phase accumulator 

 

Digital phase accumulator gives the instantaneous phase for 

cosine and sine signals. When the accumulator exceeds a 

value equivalent to 2p radians, it overflows, multiples of 2p 

are discarded, and the incrementation process continues to 

the next cycle. The output of phase accumulator will 

produce synthesized instantaneous digital phase. 

5.3 Digital multiplier 

 

This block performs simple nXn bit digital multiplication 

and produces 2n bit width output. 

5.4 Integrate and dump circuit 

 

 The function of this block is similar to low pass 

filter followed by a switch in analog implementation. As the 

low pass filter integrates the incoming samples values the 

accumulator here accumulates the incoming input values. 

The reset pulse generated by symbol recovery circuit will be 

used for resetting the sampling the accumulated value and 

resetting the accumulator for next symbol.  

 

5.5 Base band differential detector 

 

The two sequences wk and zk, which are obtained from 

Integrate and dump circuit, are given to the Base band 

differential decoder as shown in Fig (4) operates on them 

and produces X and Y values according the following 

equations, 

 

 

 

 

                       

 

 

 

 

 

 

 

 

 
                              Fig (4) Base band differential detector 

 

5.6 Decision device 

 

The output of the differential detector is applied to the 

decision circuit, which uses threshold levels to determine the 

demodulated bits as given below. 

SI=1, if Xk>0 

SI=0, if Xk<0 

SQ=1, if Yk>0 

SQ=0, if Yk<0 

 

5.7 Multiplexer 

 

This block converts the given I and Q parallel bits to serial 

bit. The rate, at which the serial demodulated bits come, will 

be double in comparison with I and Q bit rate. 

 

6. VHDL Simulation results and discussion 

 

Simulated waveforms are shown in Fig (5) 

Fig (5) (a) shows π/4- QPSK input data and the data clock  

Fig (5) (b) shows the phase shift in π/4- QPSK  

Fig (5) (c) shows the π/4- QPSK modulated carrier 

Fig (5) (d) shows the modulated I-channel carrier  

Fig (5) (e) shows the modulated Q-channel carrier 

Fig (5) (f) shows the data clock followed by demodulated 

output data 

The FPGA implementation and testing is achieved using 

xc3s500e-4-fg320 based development board. The proposed 
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method can improve the efficiency, shorter developing 

period leading to cost reduction. All the simulated 

waveforms obtained are in standard expected forms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (5) Simulation waveforms of π/4- QPSK Transmitter and Receiver 

 

7. Conclusions 

 

In this paper, we have presented a methodology for 

modeling and simulation of π/4- QPSK modulation and 

demodulation. Demodulation was implemented based on 

baseband differential detector principle. We target this paper 

for the audience interested in VHDL and FPGA design and 

simulation of the π/4- QPSK system. 

 

Brief details of Synthesis 

Target Parameters 

Target Device                       : xc3s500e-4-fg320 

Source Options 

Top Module Name                     : pi_4_QPSK_toplevel 

Target Options 

Add IO Buffers                       : YES 

Global Maximum Fan out        : 500 

Add Generic Clock Buffer (BUFG)      : 8 

General Options 

Optimization Goal                    : Speed 

Optimization Effort                  : 1 

Slice Utilization Ratio              : 100 

Slice Utilization Ratio Delta        : 5 

Device utilization summary 

Selected Device: 3s500efg320-4  

Number of Slices:                        35 out of   4656     0.752 %   

Number of Slice Flip Flops:        37 out of   9312     0.397 %   

Number of 4 input LUTs:            57 out of   9312     0.612 %   

Number of IOs:                            2 

Number of bonded IOBs:            2   out of    232      0.862 %   

Number of GCLKs:                     1    out of     24      4.167 %   

Timing Summary 

Speed Grade  : -4 

Minimum period  : 8.074ns (Maximum Frequency:  

  123.854MHz) 

Minimum input arrival 

 time before clock : 5.969ns 

Maximum output required  

time after clock  : 0.591ns 

Maximum combinational 

path delay  : 3.276ns 

Timing Details 

All values displayed in nanoseconds (ns) 

Timing constraint  :Default period analysis for  

  Clock 'master_clk' 

Clock period  :5.856ns(frequency: 70.765MHz) 

Total number of paths 

 / destination ports : 173 / 24 

Delay   : 5.856ns (Levels of Logic = 4) 

Source :PI_4_QPSK_TX/ 

PHASE_GEN/phase_reg/y_3 

(FF) 

Destination :PI_4_QPSK_TX/ 

COS_LUT/temp_amp_1 (FF) 

Source Clock  : master_clk rising 

Destination Clock : master_clk rising 

Total                      5.856ns (3.149ns logic, 2.707ns route) 

                                           (53.8% logic, 46.2% route) 

Timing constraint  

Default period analysis for Clock 

'PI_4_QPSK_TX/CLK_GEN_CKT/count_5' 

Clock period  :3.624ns(frequency: 75.938MHz) 

Total number of paths / destination ports : 1 / 1 

Total memory usage is 171616 kilobytes 

Number of errors    :    0 (   0 filtered) 

Number of warnings :   78 (   0 filtered) 

Number of infos     :   19 (   0 filtered) 
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