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Abstract 
The control of RF cavity amplitude and phase is mostly 

done using analog I/O modulators. I and Q are rectangular 

coordinates of a sine wave which are used for calculating 

amplitude and phase of an RF signal. This paper presents  

a digital technique for modulator implementation using an 

FPGA. 

The technique implemented uses look-up tables to store 

values of I and Q for different amplitudes/phase of RF 

signal. Using direct digital synthesis (DDS) block inside 

the FPGA, I/O data is converted into digital RF signal of 

pre-determined amplitude and phase which is given to 

high speed DAC which converts it into analog RF signal. 

The frequency, amplitude and phase of the required RF 

signal are easily changed by changing the I/Q values in 

the look-up tables and parameters o DDS block. The 

digital technique is flexible, accurate and less sensitive to 

aging and temperature effects compared to analog 

components. The technique is used for closed loop control 

of RF cavities as well as linearization of RF power 

amplifiers.  

THEORY OF I/Q MODULATION 

Figure 1 describes the basic decomposition of any 

sine/cosine signal. I and Q are nothing but rectangular 

coordinates of a periodic sine/cosine waveform. The 

conversion of I and Q into polar coordinates (Amplitude 

and phase) is explained in the following equations. 

tAty sin.)(                    (1) 

Using sin (A + B) formula we get 
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Rearranging the terms of equation 2, we get  
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I: In Phase component 

Q: Quadrature phase component 
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Where A = Amplitude of the signal and 

Φ = phase of the signal. 

 

 

Figure 1: Decomposition of I and Q of a signal 

 

BLOCK DIAGRAM DESCRIPTION 

Figure 2 describes the basic block diagram of I/Q 

modulator. A DAC (which is external to FPGA) is used in 

the system for converting digital output into analog 

waveform. The basic building blocks used in the FPGA 

are: 

a. DDS (Direct Digital Synthesis). 

b. 18x18 Multiplier. 

c. 20 bit adder. 

d. LUT (Look-up-Tables). 

The DDS block is used to generate sine and cosine 

waveforms simultaneously as they are required to be 

multiplied with I and Q respectively. The clock frequency 

for the DDS block is 125 MHz which is kept same as 

DAC clock frequency so that there is no mismatch 

between them and no sample is missed by the DAC while 

conversion. The maximum output frequency which is 

generated by I/Q modulator is restricted to 5 MHz 

considering the maximum conversion speed of DAC 

without distortion.  DDS block implemented in the Xilinx 

Virtex-5 FPGA is configurable for output frequency and 

phase. In this application the frequency of the DDS is 

selected by the required RF frequency (restricted to 

maximum of 5 MHz). 

The 18x18 multiplier block is available in the Virtex-5 

FPGA which can be used for multiplication of I with sine 

output of DDS and Q with cosine output of DDS. Hence 

two multiplier blocks are required for this application. An 

adder just adds the two multiplied outputs coming out of 

two multipliers. Finally the result is truncated to 14 bits as 

the DAC resolution is 14 bits.  

LUTs are used to store different I and Q values which 

are required to generate different frequencies/phase.  I and 

Q will decide the amplitude of the output RF signal. To 



have constant RF phase with change in amplitude, both I 

and Q should be equal. Both should be increased 

/decreased simultaneously to avoid any changes in the 

phase of the RF output. 

The Iref and Qref inputs at the input section of I/Q 

modulator are used for setting the reference 

amplitude/phase of the RF output. Any subsequent 

changes to these values can be made dynamically by 

varying I and Q inputs which are internally subtracted 

from Iref and Qref respectively.  

FPGA BOARD DESIGN 

The Virtex-5 FPGA board used for this application had 

two DAC channels and two ADC channels. The ADC 

channels were introduced for closed loop applications 

where there is a need to monitor amplitude and phase of 

RF signal and then correct I and Q values of I/Q 

modulator. The board has 125 MHz clock generator along 

with other power supplies and SMA connectors. This 

mixed signal 8 layered board is designed with proper 

grounding techniques which are necessary when both 

ADC/DAC and FPGA are together on-board. 

CONCLUSION AND APPLICATIONS 

I/Q modulator is tested by controlling a RF amplifier 

and RF input to the amplifier is easily changed by 

changing I and Q values. This digital technique is 

flexible, accurate and less sensitive to aging and 

temperature effects compared to analog components.  

The technique is used for closed loop control of RF 

cavities as well as linearization of RF power amplifiers.   
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Figure 2: Block diagram of I/Q Modulator ( Dashed line indicates the logic inside FPGA) 
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