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Abstract - The switching power converters (SPCs) are widely used 
nowadays and it is a major cause for conducted noises. This 
paper proposes a conducted noise reduction in randomly switched 
flyback converters using Field Programmable Gate Array 
(FPGA) based Pipelined Sigma Delta Modulation (PSDM). The 
system uses PSDM which reduces the levels of conducted noises 
by oversampling and noise shaping concepts. The increasing 
performance, the flexibility, programmability and cost reduction 
of FPGA technology has made it apt for SPC applications. The 
proposed converter has been simulated and implemented using 
FPGA based controller. The Power Spectral Density (PSD) and 
noise spectrum results show that the conducted noise level has 
been effectively reduced.      
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I. INTRODUCTION 

SPCs are extensively used in many consumer applications 
e.g., cellular phones, laptops, etc., ranging from several
milli-watt to mega-watts. The SPCs uses power electronic 
semiconductor switches such as IGBTs, BJTs, MOSFETs, 
SCRs, rectifiers, TRIACs, etc., which destroys our common 
electromagnetic environment causing Electro-Magnetic 
Interference (EMI) [1]. The EMI problem makes the SPCs 
unfit for sensitive applications. The EMI produced can be of 
conductive or radiative type.  

In order to maintain the levels EMI within the limits certain 
Electro-Magnetic Compatibility (EMC) standards like 
Comite International Special des Perturbations 
Radioelectriques (CISPR), Federal Communications 
Commission (FCC) and Verband Deutscher 
Electrotechnikere (VDE) etc., were formulated [2], [3]. The 
SPCs uses either analog or digital controllers. The proposed 
controller offers digital control technique which allows new 
control strategies thus enhancing the overall efficiency [4], 

[5], facilitates active monitoring [6], and increases transient 
responses [7]. 

Traditionally solutions for EMI reduction use EMI filters 
[8], [9] and shielding techniques. But this method cannot be 
used for space limited applications due to its increased 
hardware components. Hence several PWM, spread 
spectrum techniques are used to overcome these limitations. 
The spread spectrum technique spreads the noises over a 
wider bandwidth and results in a smoother as well as 
continuous spectrum, thereby reducing the EMI noises, 
disturbances [10].  

However, the switching frequency of random switching 
techniques imposes several limitations. On the other hand, 
random PWM techniques are used. This Random PWM or 
variable switching frequency techniques are further 
classified into four types, namely Random Carrier 
Frequency Modulation with Fixed Duty (RCFMFD) [11], 
Random Carrier Frequency Modulation with Variable Duty 
(RCFMVD), Random Pulse Width Modulation (RPWM) 
[12], and Random Pulse Position Modulation (RPPM). 
These techniques spread the harmonic to adjacent 
frequencies and reduce the EMI levels, but it results in 
increased switching losses.  

Hence an alternate PSDM technique is used, which uses the 
oversampling and noise shaping concept to reduce the levels 
of conducted EMI within the regulatory limits. Thus the 
proposed controller is implemented using FPGA based 
technology [13]. 

II. SYSTEM MODEL

Fig. 1 shows the block diagram of the flyback converter 
using FPGA technology. It comprises of flyback converter, 
Analog to Digital Conversion (ADC) circuit its driver, 
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digital compensator, pseudorandom stream generator, 
PSDM and its interface circuits.  The flyback converter has 
been selected because it the most commonly used simple 
converter topology and can be used for high frequency 
applications. 

The output of the flyback converter Vo is fed as input to the 
ADC circuit. The converter output voltage (Vo) is converted 
to a 16 bit digital signal by means of the ADC circuit. The 
ADC circuit’s driver is designed and accomplished in the 
FPGA based digital controller. This output is fed to the 
digital compensator. The digital compensator processes this 
signal and calculates the duty ratio d(n). In addition it 
regulates the output voltages to coincide exactly with the 
reference voltage.  

The digital compensator also computes the duty ratio d(n+1) 
for the next switching cycle during its present switching 
cycle in three different modes. The first one is step decrease 
mode; in this mode when the output voltage is higher than 
the upper threshold value the duty ratio d(n+1) is decreased 
by a step change (∆d). The second one is step increase 
mode; in this mode when the output voltage is less than the 
lower threshold value the duty ratio d(n+1) is increased by a 
step change (∆d). 
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 Fig.1 Block diagram of flyback converter using FPGA 
based digital controller 

The final one is deadzone mode; in this mode when the 
output voltage approaches the desired value the duty ratio 
d(n+1) is fixed. Thus in these three different ways the duty 
ratio d(n+1) is calculated for the next switching cycle. 

A pseudorandom stream generator is one of the random 
number generators which consist of several maximum length 
Linear Feedback Shift Registers (m-LFSRs) in parallel. The 
m-LFSRs have a maximum period and the taps are XOR’d 
sequentially with the output, which is then fed into the 
leftmost bit. At the commencement of each switching cycle 
the random output bits are converted to integer numbers and 
are fed to PSDM, while the other random bits are neglected.  

The output of the pseudorandom stream generator and 
digital compensator is fed to the PSDM. The PSDM uses the 
oversampling and noise shaping concept, which spreads the 
conducted emissions so that the total power at discrete 
frequencies are avoided. Thus the output from the PSDM is 
well regulated and it can be illustrated with the help of 
simulation results.     

III. PREVIOUS WORK

The random PWM techniques have been developed over 
recent years for the EMI reduction in the switching power 
converters [14]. The random switching PWM scheme 
spreads the dominant harmonic clusters over a wide range to 
reduce the power of the leading harmonics.  

Some of the existing random PWM techniques require 
varying sampling frequencies which makes them unfit for 
closed loop applications [15]. But some other methods 
provide constant sampling frequency but it increases the 
output voltage ripple [16], [17].  

Presently a new random PWM technique with constant 
sampling frequency and constant average inductor are 
developed, which reduces the output voltage ripples [18]. 
Thus the random PWM technique and PSDM technique are 
compared in this paper, the comparison results are shown in 
the simulation results which proves the effectiveness of the 
proposed controller for EMI reduction.  

www.ijspr.com             IJSPR | 22 



   ISSN: 2349 - 4689 INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)  
Volume-05, Number -01, 2014 

1 In1 Out1 In1 Out1

In1
Out1

In2Out1 In1

1
Z

In1 Out1
1
Z

1
Z

In1 Out1

In1 Out1 1

K- K-

+
   -

In1 Out1 In1 Out1

Out1 In1

Analog in
Unit Delay Quantizer

Digital Low      Digital Low
Pass Filter        Pass Filter1Unit Delay1

Gain4

Analog Low
Pass Filter

Gain16
Unit Delay2

Quantizer1

D/A

 Digital Low
 Pass Filter2

D/A1

Digital Error     Digital
Correction        Compensation

Digital
Out

               +
+

+
-

+
_ +

+

Fig. 2 Two Stage PSDM Architecture 

IV. PROPOSED METHODOLOGY

Fig. 2 shows the architecture of the proposed two stages 
PSDM ADC. The first stage of the PSDM is basically a first 
order sigma delta modulator, with an integrator, multi-bit 
quantizer and low pass filter. The multi-bit quantizer uses 
clock frequency fs of 1GHz and input bandwidth is chosen as 
62.5 MHz, which results in the Over Sampling Ratio (OSR) 
8.  

The output of the quantizer is fed to the two stages of low 
pass filter i.e., through digital low pass filter and digital low 
pass filter 1. The output of the first stage is a 16 bit word and 
is accurate only up to 10-11 bits with OSR of 8. 

The input to the second stage is the difference between the 
analog input and analog output of the first stage multi-bit 
quantizer. The error signal is computed and then passed to 
the analog low pass filter. The analog as well as digital low 
pass filter consists of two averaging filters. The transfer 
function of averaging filter for each stage is given as 

∑
−

=
−

=
1

0

1
)(

M

i Z
i

M
ZTave

Tave (Z) has a sinc function frequency response. The in band 
signal magnitudes are mitigated by the Sinc square function. 
The analog low pass filter alleviates the high frequency 

components and allows the low frequency components to 
pass through. The filtered error signal from the analog low 
pass filter is fed as the input to the second stage first order 
sigma delta modulator.  

The output of the digital low pass filter 2 is the error signal 
which is 13 bit wide and accurate only up to 8-9 bits. The 
outputs of the digital low pass filters from the two stages are 
combined together and fed into the digital error correction 
and digital compensation circuit. The output thus obtained 
from the two stages PSDM is accurate up to 14-16 bits. The 
advantages of the PSDM architecture are high resolution, 
wide bandwidth operation and as a whole the overall 
component requirements are reduced. Thus the PSDM 
scheme reduces the total power and the levels of conducted 
EMI within the regulatory limits. 

V. RESULTS 

The MATLAB simulation diagram of two stages PSDM is 
shown in Fig. 2. The PSD output signals of the random 
PWM and PSDM schemes are presented and compared in the 
figures below. The PSD waveforms are useful for the 
analysis of noise spectrum. It is the most widely used 
frequency domain analysis of noise signals. The PSD output 
of the random PWM technique is shown in the Fig. 3. The 
noise spectrum and peak levels of the random PWM 
technique are clearly shown in Fig.4.  
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Fig. 3 PSD output of Random PWM scheme 

Fig. 4 Noise spectrum of Random PWM Scheme 

Fig. 5 PSD outputs of random PWM and PSDM 

Fig. 6 Noise spectrum of PSDM Scheme 

The PSDM and the random PWM scheme output waveforms 
are compared in Fig. 5. In the Fig. 5 blue coloured waveform 
indicates random PWM scheme and red coloured waveform 
indicates the PSDM scheme. It is clear from the Fig. 5 the 
PSDM technique is capable of suppressing total noise 
spectrum at both low and high frequencies. The noise 
spectrum of PSDM technique is shown in Fig. 6. 

The total noise power and the noise spectra of random PWM 
and PSDM techniques are analyzed and compared. The 
spectral Content of PSDM technique is well analyzed and the 
effectiveness of the proposed scheme is investigated.  

VI. CONCLUSION

The proposed PSDM controller is capable of operating at 
wide bandwidth applications and offers high resolution 
outputs. It reduces the noise levels of the converter at both 
high and low frequencies, and minimizes the component 
requirements. The increased performance level of FPGA 
technology has made it applicable for SPC applications. The 
MATLAB results of both random PWM and PSDM schemes 
are compared in this paper and the feasibility of the proposed 
controller is demonstrated. Thus PSDM technique is more 
effective than the random PWM. The cost of implementing 
the proposed controller is less as compared to the other 
analog circuit implementations.  
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