
IJSRD - International Journal for Scientific Research & Development| Vol. 2, Issue 03, 2014 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 903 

Implementation of QAM Modulator on FPGA with ADC/DAC  
Devang K Bhavsar 

M. E. VLSI System Design Research Trainee, LCIT, Bhandu 

 
Abstract--- The development in the modulation techniques 

had been witnessed since last two decades which demands 

reliable transmission of information with higher data rate. 

Modulation scheme such as QAM (Quadrature Amplitude 

Modulation) is one of the widely used modulation 

techniques in cellular communication because of its high 

efficiency in power and bandwidth. 16-QAM is a kind of 

digital modulation scheme which transmits four bits per 

symbol on two orthogonal carriers; one in phase and the 

other one is in quadrature phase. Hence the data rate is 

increased by a factor of four. It is quite preferable as there is 

a balance between obtaining the higher data rates and 

maintaining  an  acceptable  bit  error  rate  keeping  the  

energy  of  the  constellation constant. Development of 

MATLAB model of 16 QAM MODEM and its simulation is 

done. High speed ADC/DAC card FMC150 interfaced with 

Xilinx FPGA Virtex-6. VHDL code  for  16  QAM  

Modulator  was  developed  and  ported  on  Xilinx  FPGA  

Virtex-6. 
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I. INTRODUCTION 

Quadrature Amplitude Modulation or QAM is a form of 

modulation which is widely used for modulating data 

signals onto a carrier used for radio communications. It is 

widely used because it offers advantages over other forms of 

data modulation such as PSK (Phase Shift Keying), although 

many forms of data modulation operate alongside each 

other. QAM is a signal in which two carriers shifted in 

phase by 90 degrees are modulated and the resultant output 

consists of both amplitude and phase variations. In view of 

the fact that both amplitude and phase variations are present 

it may also be considered as a mixture of amplitude and 

phase modulation.  

Radio communications systems ranging from 

cellular technology through wireless systems including 

WiMAX, and Wi-Fi 802.11 use a variety of forms of QAM, 

and the use of QAM will only increase within the field of 

radio communications. 

In 16 QAM, there are four I values and four Q 

values. This  results  in  a  total  of  16  possible  states  for  

the  signal.  It can transition from any state to any other state 

at every symbol time. Since 16 = 2
4
, four bits per symbol 

can be sent. This consists of two bits for I and two bits for 

Q. The symbol rate is one fourth of the bit rate. So this 

modulation format produces a more spectrally efficient 

transmission. It is more efficient than BPSK (Binary PSK), 

QPSK (Quadrature PSK) or 8PSK. 

II. MATLAB SIMULATION OF 16 QAM MODEM 

For simulation MATLAB 2010 software is used. MATLAB 

is a mathematical and graphical software package; it has 

numerical, graphical, and programming capabilities. It has 

built-in functions to do many operations, and there are 

toolboxes that  can  be  added  to  augment  these  functions  

(e.g.,  for  signal  processing).  I have written a code of 

transmitter and receiver of 16 QAM and simulated it. 
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Fig. 1. Block diagram of 16 QAM transmitter 

As shown in above block diagram of transmitter the steps 

are as follows: 

1. Information generation (A string of binary data is 

generated). 

2. The binary data is converted from serial to parallel in 

the symbol of four bits. 

3. These four bits are split in two channel I and Q. 

4. By using gray code I have assigned the 2 bit inputs of 

both I and Q channels to the four levels. This gives the 

constellation diagram of 16 QAM modulated signal. 

5. Then the modulated signal is passed through the root 

raised cosine filter for the purpose of shaping. 

6. The filtered signal is then multiplied with the carrier 

signal. 

7. Both the I and Q channel signals are added and 

transmitted. 

The gray code mapping is useful to reduce bit 

errors at receiver side as compared to binary code mapping. 

Fig. 2 below shows how the gray code constellation 

mapping is done. 

 
Fig. 2: Gray code mapping of 16 QAM 

[3]
 

Constellation diagram of transmitted signal 
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Fig. 3: 16 QAM transmitter constellations 

Simulation Results of 16 QAM Transmitter 

 
Fig. 4: 16 QAM transmitter waveforms 

In the above simulation result there are four waveforms: 

1. Input data stream 

2. I-channel symbol mapping 

3. Q-channel symbol mapping 

4. 16 QAM modulated signal 

Figer 5, below shows the spectrum of the modulated 

signal at center frequency of 3.656 MHz with bandwidth of 

approximately 1.536 MHz as expected. 

 
Fig. 5: Spectrum of transmitted signal 
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Fig. 6: 16 QAM receiver block diagram 

As shown in above block diagram of receiver the steps are 

as follows: 

1. The transmitted signal is received and both the I and Q 

channel signals are multiplied with the local carrier 

generated. 

2. Then the signal is passed through the root raised cosine 

filter for the purpose of shaping. 

3. The constellation de-mapping is applied. 

4. The binary data is converted from parallel to serial. 

5. The original Information is recovered. 

Figer 7 shows the comparison of transmitted and 

received data streams indicating zero bit error. 

 
Fig. 7: Transmitted and received data streams 

III. VHDL IMPLEMENTATION OF 16 QAM MODULATOR 

Table 1 lists the various modules of the QAM modulator 

with their brief description. 

Table 1: List of modules of the modulator 

Block Description 

PRBS Generator Linear Feedback Shift Resistor, 

PRBS 2
11

 - 1 sequence 

Serial to Parallel 

converter 

Serial PRBS data is converted into 

parallel to form I and Q channel 

Constellation 

Mapper 

Amplitude and phase are assigned 

to the symbols 

RRC Filter Square Root Raised Cosine Filter 

with Roll-off factor of 40% 

NCO Numerically Controlled 

Oscillator, a digital signal 

generator (sine & cosine) 

Table 2: MODEM Specifications 

Specification Value 

Modulation Technique 16 QAM 

Data Rate 6.144 Mbps 

Symbol Rate 1.536 Mbps 

Roll-off factor 40% 

Output Format 2's Complement 

Bandwidth 1.536 MHz 

Information is generated using PRBS. A PRBS 

(Pseudo Random Binary Sequence) is a binary PN (Pseudo-

Noise) signal. The sequence of binary 1’s and 0’s exhibits 

certain randomness and autocorrelation properties. Bit-

sequences like PRBS are used for testing transmission lines 

and transmission equipment because of their randomness 

properties. PRBS bit-pattern are generated in a linear feed-

back shift-register. This is a shift-register with a xored 

feedback of the output-values of specific flip-flops to the 

input of the first flip-flop. Here a PRBS of type 2
11

 -1 is 

1.536 

MHz 
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used which is of standard ITU-T O.150 / O.152 / O.153. It 

has a feedback tap is 9
th

 and 11
th

. 

Development of Modulator needs designing of 

digital synthesizer. NCO is designed and simulated in 

QuestaSim. NCO produces 9 bits sin & cosine digital signal. 

Frequency of the carrier depends on register value call 

Frequency Select word (FSW). Root Raise Cosine filter 

were designed in Matlab FDA tools and implemented in ISE 

Environment & response of the same was observed. RRC is 

designed for sampling frequency of 4 times of symbol rate. 

Modulator has been implemented for data rate of 

6.144 Mbps and center frequency of 3.656 MHz RRC pulse 

shaping filter was designed for 40% roll off factor. 

Modulator VHDL code for modules like NCO, constellation 

mapper & multiplier were developed and functionality was 

tested in ISIM simulation environment and same data was 

brought to Matlab for further spectral analysis. Architecture 

of modulator is given below: 
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Fig. 8: 16 QAM modulator architecture 

Figer 9 and 10 below shows the RTL view of top 

module and modulator respectively. 

 
Fig. 9: RTL view of top module of modulator 

 
Fig. 10: RTL view of modulator 

For the simulation of the modulator testbench was 

developed & simulated in QuestaSim environment. Fig. 11 

shows the symbol mapping and 2 to 4 level converted 

signals of I and Q channels. 

 
Fig. 11: Symbol mapping of I & Q channel 

 
Fig. 12: RRC filtered signals of I & Q channel 

 
Fig. 13: Modulated signals of I & Q channel 

Figer 12 shows square root raised cosine filtered 

signals of both I (magenta coloured) & Q (green coloured) 

channel signals. Fig. 13 shows the modulated signals (pink 

coloured) of I & Q channel signals. 

IV. TESTING METHODOLOGY 

Xilinx FPGA Virtex-6 is connected to Computer System via 

JTAG cable through which a bit file of the 16 QAM 

Modulator VHDL code is dumped using ChipScope core 

Inserter. ADC/DAC FMC150 card is connected to LPC 

connector of Virtex-6 FPGA (see Fig. 15). 

The modulated output signal of the DAC is seen on 

the Anritsu Spectrum Analyzer. Such that Hardware 

Software co-simulation is done and actual hardware signal 

spectrum is seen on Spectrum Analyzer (see Fig. 14). The 

spectrum shows the bandwidth of the modulated signal is of 

1.536 MHz as expected (see Fig. 16). 
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Fig. 14: Actual hardware setup 

 
Fig. 15: ADC/DAC FMC150 card interface with Virtex-6 

FPGA 

Spectrum of 16 QAM Modulated signal 

 
Fig. 16: Spectrum of 16 QAM modulated signal 

V. CONCLUSIONS 

QAM bandwidth efficiency is better than PSK/QPSK 

modulation methods. Compared to QPSK, transmission 

efficiency is 2 times. In 16 QAM the data rate is increased 

by a factor of four. Also it is more susceptible to noise 

because the states are closer together so that a lower level of 

noise is needed to move the signal to a different decision 

point. QAM is widely used in applications of IEEE 802.11 

(Wi‐Fi), IEEE 802.16 (Wi-MAX), Digital Video Broadcast 

(DVB), MODEMs, 3G wireless technologies. 
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