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Abstract— Digital Pulse Width Modulator transforms non
constant amplitude signals into pulse signals , wit the
information of non constant amplitude signals lyig on the
width of the pulsed signals. Additional processingsteps are
required to reduce the inherent aliasing effect. Tis brief
describes an alternative method for the implementaon of a
digital aliasing free pulse width modulator which poves to
reduce the computational complexity further than mutiplier
less implementation of digital aliasing free pulsewidth
modulator which uses look up tables, adders and ahimetic
shifters only. Here two dimensional look up tablesare used
instead of one dimensional look up tables to reducehe
complexity.

Keywords—Aliasing Free Pulse Width
Modultaion(PWM),Radio Frequency (RF),Power Amplifiers
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. INTRODUCTION

Digital pulse width modulation (PWM) can beedsto
create the switching mode power amplifiers (PAsgdiin,
eg. Digital audio applications, or to generate thdsed

exhibit's a sufficient good DR to enable satisfyisignal
recovery quality and to fulfill the tight spectruemission

requirements posed by modern communication stasdard

This is only possible if the driving supplied t@tRA provide
excellent spectral characteristics.

There are several well-established methods¢odma non
constant amplitude signal into a pulsed signalhsasXA
modulation [9] or various comparator-based PWM rmodth
[5]. All these methods, however, have in commori thay
inherently suffer from distortion in and around fhequency
band of the input signal, which prevents retrievandnigh
quality signal after amplification and the filtegiroperation
[8], [11]. Hence, a solution that eliminates thetdition
while maintaining low computational effort has te tound.
Several methods have been proposed to reducentnate
the effects of the distortion. In [1], a noise aaliation circuit
that requires additional analog hardware is progpo3de
authors of [7] present an algorithm to optimize tiwse
shaped coding performance @A modulators. In [9], A
modulator comprising noise shaping loop filters
combination with a digital feed forward error catien
method is introduced. This concept is further efatemd in

signals required in burst mode radio frequency (RH§I- In [8], the authors introduce a modified versiof

transmitters. For these applications, a digitalspulvidth
modulator encodes a non constant amplitude ingagsinto
two level pulsed signals by encoding amplitude rimfation
into pulses of different widths. The pulsed signals pass
band equivalent of it is applied to the PA. Aftee tPA, the

asymmetric double-edge PWM that eliminates allrdesive
aliasing distortion but requires a large number
multiplications and trigonometric functions, whititreases
the computational effort compared to a compardtofl2]
the method proposed in [8] is implemented by usomiup

amp“ﬂed input Signa'y or its pass band equiva|entab|es (LUTS), adders, and arithmetic shifts Omyh|s brief

respectively, can be retrieved by using an adediliste The
high quality of the retrieved signal is crucial fdhe
aforementioned applications.

two dimensional look up tables are used insteacbrod

dimensional look up tables to reduce the compuiatio

complexity further. The suggested implementaticerefore

The phase modulated and RF upconverted pulsedlsigallows for generating practically distortion-fregital pulse

can be used to drive an RF PA in burst mode omarafifter
amplification, the desired signal, which is the &ifrgal pass
band equivalent of the original baseband signal tbake
recovered by a band pass filter .In the processeazting the
pulsed signal, a large amount of additional freqyerontent
is added to the original baseband signal. The rifilge
operation is feasible only if the distortion arouhé desired
signal is low enough .A measure of amount of digioris
the dynamic range (DR), which is defined as theadise
between the average power of the desired signaltiaad
power of the surrounding distortion given in dB. i$t
therefore of utmost importance that the amplifiegphal

width-modulated signals in a computationally e#iti way.

II.LPRINCIPLE OF PULSE WIDTH MODULATION

The pulse width modulation encodes a non constarglepe
signal into train of two level pulses with varyingdths, such
that the width of the pulses represents the magaitf the
signal. The input signal to the pulse width modudat(t) i.e.,
the modulating signal can be demodulated by theghation
over the pulsed signal y(t), which can be achidyedsing an
adequate filter. Consider asymmetrical pulses thed
centered around the midpoint of a fixed intervhk pulse
period Tp. The transitions between the two levedni@ 1 ,
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and vice versa , are called leading edge (LE) arailing
edge (TE) respectively . Both edges are determibgd
finding the intersection points of the modulatirgnal a(t)
with triangular reference waveform r(t), where ad r(t),
where a(t) and r(t) are bounded by [0,1] . The &igthe
amplitudes, the longer the arising pulse widths.

The triangular reference waveform r(t) is givienthe
equation 1

¢ _{ (=2t/Tp) +2m+ 1, mTp<t<mTp + (Tp/2)
'O 2t/Tp) — 2m — 1, mTp + (Tp/2)<t < (m + 1) Tp
(1)
Where m denotes the m th interval, such thaahé TE of

the m th pulse occur at the time instant whichiiem in
equations 2 and 3

tLEm=mTp+(Tp/2)-a(tLEmM)Tp/2
tTEm=mTp+(Tp/2)+a(tTEmM)Tp/2

)
©)

An operator P(a(t),r(t)) = 1, for a(t)> r@hd 0 , for
a(t)< r(t).Such that the pulsed signal y(t) is aitd which is
expressed by equation 4

y(®=P(@(®).r(®) (4)

A. Time domain analysis

A detailed analysis of the signal generated H®y pulse
width modulator requires an analytical descriptrPWM
process. Hence it is demonstrated that a Founiegrssean be
used to derive an analytical closed form descniptib the

. ASYMMETRIC DOUBLE EDGE PWM

A digital pulse width modulator transforms the aiyale
signal a[n] which belongs to [0,1] into a train tofo level
pulses y[n] of different widths at a fixed pulseripd Tp.
Hence, the information lying in the amplitude ofhlajs
encoded in the widths of the pulses of y[n] comssist
asymmetric double edge PWM ,where the pulse trih y
consists of asymmetrical pulses that are centexathd the
midpoint of the pulse period Tp. The edges of thisg can
be determined by finding the intersection point the
amplitude signal a[n] with a triangular referencave r[n]
that is periodic in Tp. The amplitude signal a[aktto fulfill
certain constraints. First the bandwidth of a[n]siibe
adequately smaller than the reference wave frequenc
fp=1/Tp. Second the amplitudes of a[n] has to lighin the
interval [0,1]. In order to use the described aswtrin
double edge PWM for signals that do not meet tlierla
requirement, appropriate processing steps have &pplied.
For a real valued signal proper scaling and addiag could
solve the problem. For a complex valued signal,okamp
system architecture or an in-phase/quadrature coemio
(IQ) system architecture can be implemented. Inokarp
architecture, PWM is performed on the magnitudeshef
signal, and phase modulation is performed subseéigudm
IQ architecture, PWM is performed on real imaginpayts
of the signal separately, requiring a signal coradlin
afterward.

The asymmetric double edge PWM operator [, (dn])

asymmetric double edge process .By introducing twis given in equation 11.

different time variablesl and 12 , the PWM operator P can
be written as a two dimensional operator wheresigaal
y(t) can be obtained according to the equation 5

y(t)=P(afl),r(t2))[t1=t2=t (5)

Since the reference wave r(t) is periodic with pefp , it
follows that P (afl),r (t2)) = P(atl), r @2+mTp )). Thus,
forany tl , P (afl),r (t2)) is a periodic function of2 and

P (afl1),r(t2)) can be expanded into a Fourier series wisich
given in equations 6,7 and 8

P(a(r1),r(x2)) = Y.~ __ ck(a(rl))ej 2ITk 2 /Tp (6)
Where the coefficients ck () is given by
ck(a1)=1/Tpf, " P(a(t1), r (t2))e —j 21k 12 /
Tp dt2)) 7)
ck(at1))=(1Mk)sin(Tka(1))ejilk (8)

By substituting the equation 8 in equation @jatpn 9 is
obtained

P(a(rl), r(rZ)) =

© )k
a(tl) + Z %sin(l’[k a(rl)) cos (k2
k=1

) ©

The pulsed signal y(t) can be obtained by settihg 12 =t
is given in equation 10

211kt

y(t):a(t)+Z:O:=1 % sin(Hk a(t)) cos(T—p (20)

Where Qp = Z1fp = 211/Tp is the angular PWM frequency

P(a[n],r[n])={1,for a[n}r[n] and 0,for a[n]<r[n]} (11)
y[n]:a[n]+2:=1 % sin(TTk a[n]) cos(zgzn) (12)

Conventional digital asymmetric double edge P\&dvper
equation 3.12 can be implemented with low compouezi
effort by using comparator. However, the non limeam band
limited operation of the pulse width modulator irakly
induces aliasing in the resulting pulsed signal].y[hhe
aliasing effect causes distortion in and aroundftbg@uency
band of amplitude signal a[n] from the pulsed sigyja],
distortion remains within recovered signal. Dueatiasing
effect, conventional PWM is not suitable for apations
where the amplitude signal a[n] has to be recoveiigdthe
high quality from the pulsed signal y[n].Fig.1 repents
asymmetric double edge PWM.
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Fig.1. Asymmetric Double Edge PWM.
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IV.AF- PWM Finally, the aliasing free pulse width moduladeitput can

The AF-PWM method is based on conventiondh€n be computed which can be mathematically expreby
comparator PWM. To avoid the aliasing effect, thy\p ~ €duation 22

operator P(a[n],r[n]) is slightly altered in a wthat limit's  y[n]=a[n]+ylut[I1[n]]-ylut[I2[n]] (22)

the frequency content of the pulsed signal y[n]jclhis
given in equation 13.

2(-1k

In hardware, the multiplications by 1) 2and 2' can be
completely avoided by implementing them as aritheorshift
2[Tkn operations, denoted by  (x>>N) = ¥Z&nd (x<<N) =

y[n]:a[n]+zk=1 o sin(Tka[n]) cos(==) (13) 2V The block diagram of Multiplier less Implementatiof
PWM is given in Fig.2

Where K is the finite number that ensures ttegdency
content of the pulse width modulator output y[nliisited to
an amount that avoid destructive aliasing in amdirad the
frequency band of the aliasing signal a[n].As asemuence
the AF-PWM cannot be implemented by a comparato
Instead the pulsed signal y[n] is obtained by direc
implementation of the equation y[n]. In order tostoa large
number of multiplications and sine and cosine catajons
are required ,where the computational effort insesawith
number of harmonics K. These operations might kmlco
when using fixed-point hardware such as applicatpecific
integrated circuits and field programmable gateysrHence
an implementation with low computational effortréxjuired
in order to make the AF-PWM a viable candidate fo
practical applications.

A. Implementation

In order to avoid multiplications and trigonometric
functions, the use of the LUTs is targeted as terative.

_ Kook _
y[n]= a[n]+ Zk—l e (sin(2I1kTs n/Tp) + IIka[n])
) sin(2ITkTs n/Tp )ITka[n]) (14)

By exploiting the @ periodicity of sine waves the
equation 14 can be split down into equation 15

yln]=a[n]+y1[n]-y2[n] (15)
y1[n]=ZZ=1 (‘Hl]jk (sin(2TTKTs n/Tp) + TTka[n]) (16)
y2[n]:ZZ=1 CLE (Sin(2T1KTs n/Tp) + Tkan]) 17)
B[n]=mod(Tsn/Tp,1) (18)

Equations 16, 17and 18 are introduced to fatdlithe
convenient hardware realization. In order to impmeainthe
PWM with LUTSs, the entries of the LUT has to be quted
as per equation 19

yIut[I]=ZZ=1 (‘Hllzk (sin(2TTKI/2Nlut)) (19)

Where ¥"is the number of values stored in the LUT anc
the index 1=0,....., " - 1. Hence , a LUT comprises values
for one complete saw tooth period. To obtain yHmjl y2[n]
from the LUTS, the indices 11[n] and I2[n] for taenplitude
signal a[n] at the current time index n need taccbmputed
according to equations 20 and 21

11[n]=[mod(B[n]+a[n}/2,1)2"] (20)
12[n]=[mod(@[n]-a[n]/2,1)2"] (22)
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Fig.2. Block Diagram of AF-PWM (1-D).

V.PROPOSED BLOCK DIAGRAM
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Fig.3.Block Diagram of AF-PWM (2-D).



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353 Volume 8 Issue 1 —APRIL 2014.

Table I. Comparison of values of y1[n] and y2[ni @iifferent a[n] values.

a[n]=0.1 & k=10 aln=02 & k=10

c[n] vi[n] v2[n] vi[n] v2[n]
1 201225 0.0225 20.1642 0.0348
2 -02007 0.0862 -0.2455 -0.0408
3 -02630 01630 -0.3256 -0.1209
4 03227 0.2444 -0.3810 -0.1882
5 -04092 03003 -0.4108 -0.2483
6 -0.5669 0.3616 0.5050 -0.3243
7 0.4388 04388 0.4104 04104
g 03616 05660 03243 ~0.5050
0 0.3003 04092 0.2483 0.4108
10 0.2444 03227 0.1882 0.3810
11 0.1630 02630 0.1209 0.3256
12 0.0862 02007 0.0408 0.2455
13 0.0225 0.1225 -0.0348 0.1642
14 -0.0435 0.0435 -0.0979 0.0979

The table | shows the values of y1 [n] and y2[r e same

12

but with different phase shift, so in order to dbtg2[n] from
y1[n] the indices d[n] is used which performs pease shift
operation .

VI.SIMULATION RESULTS

The ratio of the parameters Tp and Ts is chosd der all

the simulation results and the value of k is chatifarently.

According to the simulation results it is evidehat the
values of a[n] affects the width of pulse and thtue of k is
responsible for aliasing in and around the frequésand as
per [8].
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Figure 4. Simulation Resultmtenf Band Limited PWMygf]
for a[n]=0.7 and K=10.

The effect of amplitude ripples in the time domainsed
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Figure 5. Simulation Result of Band Limited PWM
of y[n] for a[n]=0.5 and K=25.
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signal can be minimized by intentionally choosirfie t Figure 6. Simulation Result of Band Limited PWM yih]

number of components which is given in Figure 5 @nd

for a[n]=0.5 and K=10.
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VII.CONCLUSION

An alternative method of implementation of digiPWM
that is based on the AF-PWM method [8] has beesented.
For the implementation, LUTs and arithmetic shifemations
are utilized in a way that allows for completelyoaing
computationally expensive multiplications and trigmetric
functions. Simulations demonstrate that the propose
implementation of the AF-PWM provides a simple ta@ghe
with only low computational effort to implement hidPR
digital PWM, which makes it suitable for applicatio
employing switched PAs, such as digital audio asbmode
RF transmitters. Two dimensional look up tables ased
instead of one dimensional look up table inordefurther
reduce computational complexity.
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