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Abstacl-This prpcr prcsetrts thc implemcntition of
back-cnd design for Sinusoidd Pulse Widtb
Modulrtion (SPWM) using Silterrr o.ltpm
tcchnolory rod it is besed on CORDIC dgorithm.
Tbe SPWM tcchnique is uscd to control rwitchcs
such e3 Insuletcd Gate Bipolar Trensistor (IGBT)
in major AC eppliances Synopsys tool is used to
synthesiz€ the Verilog Errdwrre Descriptiotr
hngurge (EDL) nodel of the SPWM to its ASIC
form. Thc use of Coordinrte Rotstion Digitrl
Computer (CORDIC) in th€ sourtc code mekc it
providcs en art:-effrcicnt rrchitecture for clfcctive
dcsigD rt Siltcrrr 0.1tpE CMOS tcchnolos/.

Indtx Ten - Sinuroidel Pulsc Width
Moduletion (SPWML Coordimte Rotrtiotr Digitd
Computer (CORDICI Iffulrted Glte BipoLr
Trrosistor (IGBT), S5mops5rs.

I. INTRODUCTION

Pulse Width Modulation @WM) is normally used
as a controller in power conversion and motion control.
There are various kinds of modulating modes available
srch as sinusoidal PW}I, space vector PWlvI, crlrent
tracking PWIvl, harmony elimination PWM and others

[l]. The mos widely used in industrial applications are
the sinusoidal PWM and spac€ veclor PWM [2]. The
SPWM i6 usod to coffol the inqrlsted gate bipotar
transistor (IGBT) which is a three-terminal power
semiconductor device with high efrciency and Sst
switching. Ttey 8re norrnally us€d in applicadons such
ss ele€trie €sl's dr-eeodtieoers ood steree systgms thrt
switch rapidly [5] SPWM produces several pulses pr
half cycle. The pulses near the edge of the cycle are

always narrower than the pulses near the c€nter of the
half cycle such that the pulse widths are proporlionat to
the conesponding amplitude of a sine wave at the
portion of the cycle [3]. The conventional SPWM uses
lookup table method in generating sine wave signal but

it is not effective in area-architecture hardware
implemertation due to excessive memories needed if
better r€solution is used.

CORDIC is another method in generating
trigonoretric functions such as sine, cosine, sinh and
cosh- It is an acronym for Coordinate Rotdion Digital
Computer, Since tle objective of this project is to
generare SPWM signal and the reference signal to be
compared with the triangular wave in SPWM is
sinusoidal signal, hence, only sine function is
considered. Thus, the architecture for CORDIC
algorithm and its hardware is only based on the sine
function

This paper describes the operaion and the
implementation of SPWM using Silterra 0.18um
CMOS technology. The design is sFthesized to its IC
layout by Astro. lt is a Synopsys tool commonly used
in ASIC industry. Capacity limits and excessively long
run time are major application issues of the physical
synthesis lools in multi-million gate designs.
Consequently, large designs often resort to hierarchical
physical implementation methods [6].

SINUSOIDAL PULSE WIDTH
MODTILATON

A- CORDIC Architecture

Tlre sine function is a class of shift and additional
algorithms for rohdng vecors in a pLane [a] as gven

II

( rosq -slne
sin , ios g I (l) : (l) (l)

(where (x' ,y') are the coordinotes of (x, y) rototed
by the ongle of E).

The sine and cosine function using rotation mode has a
rotdion of d, has coordinates of (cos 0, sine 0). This
implies that if a point on the x-axis is rotded by an



argle 0, then the siae and cosine of lie angle of
rotdion may be read direclly off the x and y axis. The
vector rotation may be achieved by rotating the point
on the unit cirqle in a serios of stepq which are smaller
than 0. The CORDIC Architecture is shown in Fig.l.

Fig. I : CORDIC Architecture

B. Corcept oISPWM ouw
The sinusoidal pulse width modulation (SP\{M)
produced by mmparing baween triangular
wavefonq i|, and sine wavefonn, l'..-r. fh6 5;ng

wavcform also catled as rsfcrcncc signal and thc
triangular waveform called as carrier signal. The cross
over point between triangular waveform and sine
waveform will generate the pulse widtll The outpn
SPWM ie illu*raed in Fig.2.

When sine wavefornr,i'-.;, is greater than triangular

waveforrn ll, the gulse width will start high and it
comes to low when the sine waveform lowers than
triangular waveform.

Itr. METHODOLOGY

Fig.3: process in developing the IC layout.

A. RTL Yerifi@tion

The architecture for SPWM as shown in Fig.l has been
modeled lrsing Verilog language and it has boon
simulated'lnd verified by Modelsim and VirSim. The
Register Transfer Logic (RTL) verification is the
saning poim of back-end design. The RTL is
simulated and synthesized before performing the layoul
(floorplanning place and route). Static Timing
Analysis (STA) has to be done before and after the
layout in order not to violato any timing constraints.
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Fig.2: Formation of SPWM
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Fig.4 and Fig.5 illustrated the RTL simulation and
synthesizable RTL performed by VirSim.

Fig.4: RTL Simuldio,
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interconi€ct parasitic. Fig.6 illustrated the floorplan for
SPWM.

Standard Cens are placed ln "placement iowg"
+ro raduce.outkre delavi.ariming-O.lven pl.cEment

Fig.6: Floorplanning

C- Place anl tunte (P&R)

I-ayout is buih out of thrEc typc of rcferencc cclls
which is Macro cell (ROMs, RAMs), Standard Cells
(nand, inv, dff) and Pad Cells (input, output, Vdd
pads). Location of all Stardard Cells is automatically
choeon by the tools during Placomont bss€d on
rouability and riming. Cells in a timing-critical path
are placed close tog€iher to reduce routing-related
dclay. Rorlting along thc timing-critical pdh is a
priority for shorter and faster conneclion. Non-critical
path are routed arormd critical areas to reduc€
routability problems for critical path and the timing
does not impact by non-critical path. Place and Route
is illusrared in Fig.7.

Fig.7: Place and Route (P&R)

D. Dengn Rule Clcck @RC), Iayoul vs Schemalic

av$.
Design rule are a series of parameters provided by
semiconductor manufacturer that enable the designer to
veri$ the correctness of mask set. Design rule are

a :il=
E

Fig.5: Register Transfer t gic (RTL)

B. Flurplaning

A qushty synthesis resrh is imponart to I $rccessful
timing closure. Physical Corpiler based synthesis flow
optimized this design. The gate level is the reeuk whsn
performing the logic synrhesize in the design compiler
where the used of con$raln and I(TL code. The dmlng
report for hold and setup time have to MET in positive
value. Astm is a Synopsys tool that perform Iayout of
the desigrl Floorplan of integated ctqit (IC) is
representation of tentative placement of its major
functional blocks and are created dudng the
floorplanning design stagg an early stage in the
hierarchical approach to chip design The layour
planner provides funaionality to e$imde area and
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specific to s particular semicorductor Banufrcturing
proc€ss where Siltetra 0, I Epm CMOS tcchnology is
used ro p€rform this design. LVS is to e srre thar the
layout ir corroct reclization of the ir*eoded oircuit
topology by comparing the layout and the RTL.

E S:ra'c nnhS AmWs (STA)
Static liming Analysis is to perform while ignoring net

C. The purposed is to veri! the constrained nerlist has

good chance of meeting timing after Place and Route

@&R). The hole and setup time after performing STA
is a positive value otherwise the layout need to be

synthesis again.

F. Posl-Lqroul Yenfcqtion

Post-kyout Verification is to verify the layout and
view the simulation of the layout. The existing
te$bench and other stimulus file are reused where the
testbench play a big role in defin;"g the resrlt of the
simulation. Insertion of IO bufier are perform after the
core ofthe layout is verift-

IV. RESULTS AND DISCUSSION

Tho simulation result of SPWM usiag CORDIC is
match betwesn source code simulations using
(ModelSim), RTL simulation (VirSim), and also layout
simulalion (vCS). Thc used of CORDIC is to providcs
an area-emcient architecture for effective design and
the result prove that CORDIC able to reduce the size of
the actual hardware of SPWM.

A. Contgring Sinrulations Restlt

Fig.8: Source Code Simulation
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Fig. l0: Layout Simulation

Figure above shows the simulations result for source
code, RTL and also layout. From the simulation the
res.rlt are tabulated below.

Table I : Number of Pulse per cycle

Number of pulse width produc€d from this system can
b€ €lculared usiry equafiion (4). Thu number of pulse
is ration ftom sir€ waveform ftequency and triangle
waveform &equency. For this system oumber of pulse
(p) is IOO for 50IIz sine &equency wavefor4 (f's1 ),

and 5 kl{z triangular frequency waveforrl (/! ).

Calcrrlation for number of pulse per cycle:
The sine frequency wavefonn, f,., ) is 50tlz, and 5

kllz triangular frequency wavefor4 (f. ).
-tSirre frcq kanc\' , fnr = .'* (2)

I
I ftangua." lt?qk€ftc.r., ,- : ;

(3)

Prr lsc p - -:=-

(4)
I nl = 'fl l6'-fi!6 ttme
Ii = ferragr r;rne

The discussions that can be made by the result are in
FPGA the frequency divider can't perform division of
friction numbet so the reference nequency U', t.-)
that are sent is not exactly 5OIIZ. In RTL simulatiorL
the pulso ggnerated is 1 04 compare to I 08 in the Eourc€
code, this is because ofthe timing delay after the RTL
is synthesis and also affected by the inaccurate of

Source
Code

RTL Lryout

Numbcr of
pulse por cycle

l08pulses l04pulses 9Spulses

E

Fig.9: RTL Simulation
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B. Efective Area

The size of core without IO buffer is 256um X 260pm
as shom h Fig.l l. lte total number of gste of this
design is zol8 compare to tlr€ originsl design which is
MgO gats'.

Original Design
(lookup trblr)

New Design
(coR-Drc)

Legic
Element
(s!t€s)

4490 2018

Table 2: Comparison l,ogics Element

Fig. I l: Core without lO buffer

The die size of the design is about 0.68mm X
0.68mm.The actual core with IO buffer are illustrued
in Fig.12
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Core *ithout IO buffer Cor€ with
IO bulfer

Are{ (mm) 0.26x0.26 0.68x0.68

Table 3: Effective fuea based on CORDIC algorithm

Fig. 12: Core with IO buffer

V, CONCLUSION

It can be concluded that an area-efficient Sinusoidal
Pulse Width Modulation (SPWM) has been designed
using Verilog coding by representing the Coordinate
Ro6tion Digitsl Computer (CORDIC) Algorithm to
calculate trigonometric fuoaion performed by a shift
and add operation instead by lookup table which is not
an area-efiicient. The approach in coding enables fie
design to be implemented in ASIC design srch as
Synopsys. In firture this design is recommended to use
a latest tool from Synopsys which is IC Compiler for
more optimized and reduc€ the gste length to l2onm. .

The design shall be tapeout for commercialization.
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on calculations that are made from froat-end design-
For this design, the worth case is taken as the operating
point.
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