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ABSTRACT

The sope of this diploma thesis is the presentation of three Pulse Width Modul@idt)
techniqueswhich aremainly used in power electronapplications, and their implementation using the
hardware descriptive language VHOIhe first technique is a simpRulse Width Modualtiol®WM)
technique, thatis an integral part of most embedded systems. The second technique is an alternative
implementation of the Sinusoidal Pulse Width Modulation(SPWM) technique used to control the
output voltage of an inverter, whitis implemented in two ways, while the third one is a parametric,
multiphase and multilevel Space Vector Pulse Width Moduté8yPWM) techniqueThese three
techniques are implemented with the hardware descriptive language VHDL and are being controlled
with the use of a Field Programmable Gate Array(FP@dde specificallypne method idllustrated to
implement the PWM technique whichses a counter in ordeo achieve the desired duty cycle. Also
there are presented two ways in order to implement theVBM technique where in the first one we
produce dynamic sinusoitlaamples when needed, while ahe other one we have stored 1000
samples of a sinusoidal wave in a ROM memory which we use in order to achieve the desired
comparisons witha triangular wave Regarding SVPWM an exampfehandling the switches of a five
phase, five; level inverte is presentechs well as another example that has to do with the handling of

a single phase inverter circuit of three levelhe results of these three techniqueare identified
theoretically, are proved through simulations and are applied to real FPGAs through which are being
observed with the use of an oscilloscope.

The various simulations are done using the simulation tools Modelsim Altera 10.0c (Quartud Il 11.
Starter Edition, PSim and Matk&imulink and the digital implementation on the material is achieved
with the use of the ISE Design Sdite4 Xilinx. The FPGA which was used for the techniques S&WM
SVPWM was SPARTAN6 XCBSl(Rackage CSG324), whifor the PWM techniqgue we used
SPARTANS3E.

This diploma thesis is divided into five main sections:

1) An introduction to the basic concepts of FPGAs.

2) Implementation of the PWM technique.

3) Implementation of the SPWM technique.

4) Implementation of the parametrienultilevel and multiphase SVPWM.
5) Conclusions.

Key Words: Sinusoidal pulse width modulation, computation of sinusoidal samples, pulse width
modulation with space vectorgarametric design, multilevel and multiphase converters, hardware
description languge VHDL, FPGA.
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5 1500 14500 5 300 g 10
= E s
10,000 : 2,000 120
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5,000 " g 1,000 = I 0
o mmm , R 0 7
2-Core DSP 58-Core FPGA 2-Core DSP 58-Core FPGA 2-Core DSP 58-Core FPGA
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DualCore DSP Spartan6 LX45 wh* >
FPGA B~ 47
(FPGA/DSP
Million MACS 600 14.500 24
per Chip
Million MACS 571 5.897 10
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Million MACS 7 279 40
per Dollar

[ 7 ahEirvyh * 3T L Y Spatan6 FPGA / Dual Core DSP

- v -
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Silicon Gate Level(SGL) - K
Reconfigurability
8 "I hs<sYA .8 CO1." <" 87 n -~ VHDL & ¥rilog (RTL)
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2.3d ™

N-BIT

COUNTERoUTPUT

1:clock

—
INPUT

N-BITDUTY

CYCLEALUE

1. " >NB H.OHYE S _ PWMRPs "A A"

232VHDy mpnagr By Bfovafnr{s)l
B S - AVHDL “ hA _ '<Y T Yt h
library IEEE

--------------- pE ML E [ M)
use IEEE.std_logic_1164.all;

use IEEE.numeric_std.all;

Bfvafnri{sysrae ruvnpi B &l

COMPARATO

EQUAL

I 1

reset

B JJ B BLL MG UM M -

pErmy e Ja&l nysfE{B
Entity PWM is
Port ( Rstin std_logic;

Clk : In std_logic;

Din : In std_logic_vector (8 downto 0);

[ 81

~-B----t-f--Er-+-F-HBf-B 1 EL BT
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PWMout : Out std_logic );

end PWM;

———————————— NEMLE TB1 1T B[ BIE
Architecture RTL_Comp of PWM is
signal Cnt : unsigned (7 downto 0);
begin
process (CIk,Rst)
begin
if Rst="1" then
Cnt <= (others=>'0";
PWMout <="Q,
elsif rising_edge(CIk) then
Cnt<=Cnt+1;
if unsigned(Din(7 downto 0)) >= Crihen
PWMout <="1";
else
PWMout <="0",
end if;
end if;

end process;

end RTL_Comp;

E [ &

U 101 e 1] BY--dp-rem
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233 [ B1 B r BY MYAGDELSIM

mg h/\ _Iﬁ'_h<"‘ " ~ _. <B' _v g ,Lh, ] N r_>v—Vt—nh‘rhh>—BhA_‘v
7 7 " 7 >7ModelsimAltera 10.0c(Quartusll 11.1) Starter Editiond® ¢ 8 h ' C>hs> shou <YA
¢ _4 ' ¢h ¢h- Chah>s = 7YY PUTY-CYELE, [h ' hh =T ' gw™ xh *Hf
- v s v oYt g A h oA - h " TUhy YA R “hohCh LY

[~ < Duty Cycle re -

1 - " > hy "H>PEWM L 8L h T

ih h =~ B <wW ' >h h 1 DUtyCycI‘e‘hh,'”' BY "ChCywY A h**>w” h = h ¢ h .Y

Now [DS6575 ps

1 - " 24m' DUTY CYCLE = 001000000 => DUTY CYCLE = 25%
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1 - "2:5hm* DUTY CYCLE = 010000000 => DUTY CYCLE = 50%

1 - " 26:m' DUTY CYCLE = 011000000 => DUTY CYCLE = 75%

2.34 RTLSCHEMATIC [ XILINXSE

[ hhe-hn v ' FRTISchématic 'h ~ . ' _ 8 ¢ At ¢

RTIRegister Transfer Leve) I' | . s+ " h > _* ¢ h,h? 7t T > A8 <7
T ''>h > 6 YA Ty LU TU>h L AQLBLTYT >SWALAD
< B! ¥ Tl e Y TN h ‘s ¢ & h h h " s h h o
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PWM:1

PWMout_or0000 Mout_or00001

1" >hRTH®TYh _* ¢ hah~-h h> h>' h° © ¥¢
J’h h > > B - A > > B ¢ ht >
> B ~ h =~ W< B > h - ¥ ¢ - Bt ¢ ht ! wyvyY Y b

235B1Buf B vfEL1rBf g1l ELE 11171 nt e

rs A ! TNt s o .81 h . > h . IE_DegignS“uife_“ " !
Xi|inx""w<.”‘,|5 >’ h h Ah ¥ " h > B _h <Y 1 ' Ch >~ <Y ¢
CFPGA[ M _ Tt . h hAah, > h h “hY o
Slice bgic Utilization Used Available Utilization
Number of Slices 9 960 0%
Number of Slice Flip Flops 9 1920 0%
Number of 4 input LUTs 16 1920 0%
Number of bonded I0Bs 11 66 16%
Number of GCLKs 1 24 4%
J"AhChUI''H‘Cljl\/PY’_v‘V,>B AT ‘_"'/K"<_“'Ij’,"“<'¢,5_“'“F2V\A\/I" _h'_
_ B At S
J’ h h _ ' ¥ > B - ¥ _ ¥ Yy -y v 1 B > B s h
FPGA
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B -'h ¢ ¢ R ' Ssh> oA - 1t h Ah T O <, B2

>’ h
TSwrte Y o> 0 " AR CRh A mdanandaan 0" >h _h o
>7h Tt T T Y T T w g o st AAhA h R TheT i tw T T g A
J""B’_H'pﬁn@'nn‘n_cpv B‘_' ‘<V'V'B’_h’ S B _V 'h'hqh_
Sinusoidal Frequency = 50Hz
PROCESS(CLK,reset)

variable count2: INTEGER RANGE000 TO 250000 :=0;
begin
if(reset ='1") then
if(CLKeventand CLK'1"Ythen ---1 & h ‘8 _h € 2 "7 ¥ <~ I golUngerh = v h A"s> 80 " A8 h

if(upl = '1then —-hAbh <0 h > " A uypll >" R L

count2:= count2 + 1;
if(count2 = 250000) then
upl<='0"
end if;
else
count2:= count2- 1,
if(count2 =-250000) then
upl<=1"
end if;
end if;
end if;
else
upl<="14
end if;

end process;
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- 20ns* Tcounter=>Tcounter: 10.000
B~ he _tch ' 'Ssh> A" -, 1t h A h VeY S w0 h
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Triangular Frequency = 5kHz
PROCESS(CLK,reset)
variable countl: INTEGER RANZEI0 T(2500;
variableup: STDLOGIC
begin
if(CLKkeventandCLK'1Ythen -1 8 ¢ h* s s ¢ hosn ¥ MR o>
if(reset="1")then ~-hAah <2 h > ' A uyp' >" ">h Y

if (up ='1") then
countl:= countl+1;
if (countl = 2500) then
up:='0";
Triangular<="0";
end if;
else
countl:= countll,
if (countl =-2500) then

up:='1";



Triangulak="1"; [ w <~ 2 T o R
end if;
end if;
else
up:="1%
countl:= 0;
Triangular<="1"
end if;
end if;
end process;
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iflup_Ac = '1") then
count_Ac := count_Ac + 1,
if (count_Ac = 2500) then
up_Ac :='0,
end if;
else
count_Ac:= count_Ael;
if (count_Ac =2500) then

up_Ac:="1"
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end if;

m'h A h fw
I>I_VAVBI.{
rl/\{ts‘C ' ¢ h
<7 T > 8
LR Y s _
h = ' v '

if (count Ac<CMPA) then --g A '

SL:="1'
else

S1:='0,
endif;

-1

if(count Ac<CMPBthen --5 A

3:="1"

else

S3:='0"

end if;
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2) DelayevalSI/3:(h " >h h h ho <h>j h A A set@l/3_ " >"
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¢h _h AW 8 " DelayevahSL/3. fw Y Q st &1/13h <<hy ™ A " >"
‘w_" > B _V/\{‘hC"_' -y - h g ° B h->Y¢>¥y - n ’
hto oo YA w7 T > WMQ > <countSIBT S <t T
r YnqQ ~h Ch . Y>"YSThY CCY_ g tUCthiy o> T Y Y s u th
¢h_h/\“'_h _h ~h " h ™~ hAaA, ¥ B <wWiJ , ¥ S_B’Yv"p\"u\h"ﬁg
"7 S o h U setQu I WML "0
if(set_SlL = '1")then —-pw<. ' Ch* T wo T AbgQuE W xkhy R S SA
if(Delay eval Sl ='1)then--¢ h * S L N T LU
Q<:‘0'; __rh/\'/\h Y J’h/\_h ¢ h ¢ ‘_5’5‘ ¥ 1 " h¢ ‘_'
if(count 81 =50then -1 <> -~ >~ ' Cht ot w Tt Ing=usls o
Sl<="'1}
Delayeval S1:='0; -, =+ A8 ' Ch*t o wSt Tt LA WL Ah
count_Sl:=0; -4 "R o gttshh ot s hgy t o ht st Y
[h>i hA”A_N -Q .Y A _h Y h 8 TAN xS @ TShh Y Yt RCy Yyt
- - <v—vr5 _'/\ K h 1 S _v g - v ¢ >| ~ LIJQABQ
DeadbandModulation
if(set Sl = '1"then -pw<., ' Cht o owrr Tt oAhgQys h <ikhy BB S SAT
if([Delay eval Sl = '1')then--¢ h * " . ' “4AThe "0 ¥ hA77 v >h T h T h>wAaAs! .7 <
R<="'0" -8B >0 h Delayeval’'Su hTA WM QHH
if(count_Sl1 = 50)then -1 <Y T Y recthre ot ow o > 5Q*0fs=lug >¢ _ ' " ['F
Sl<="'1}
Delay eval S1:=0;, -k, ~ 4+ A*® ' Ch*‘  wor A W<, Ah v
COUnt_S]_:: 0; __{ € h _{ e i] h_ 1 B h S\/I r _ h w } " n —¢V
else

count_Sl:=count_S1 + 1;

end if;
end if;

elsif(set Sl ='0")then

[ SlE AN S AT Ch A QO

if(Delay_eval_S1 ='1") then
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S1<="0,
if(count_S1 = 50) then
S2<="1
Delay _eval_S1:='0"
count_S1:=0;
else
count_S1:=count_S1+ 1,
end if;
end if;
end if;
if(set S3 = '1")then ~{ ™S s Ab v TGt ht oAb T AT YMQO
if(Delay_eval _S3 ='1") then
S4<="0"
if(count_S3 50) then
S3<="1"
Delay_eval_S3:='0
count_S3:=0;
else
count_S3:=count_S3 + 1;
end if;
end if;
elsif(set S3 = '0")then - B AT T CosAth Ch AP Q
if(Delay_ewl_S3 ="1") then
S3<="0}
if(count_S3 = 50) then
S4<="1"

Delay_eval_S3:='0



count_S3:=0;
else
count_S3:= count_S3 + 1,
end if;
end if;

end if;
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Ah h ¢ h h A >~ S B o h Ppnm®dapn>e  _hAj T B

W >hoh Kfﬁ_a_’:50(>h r

.l . A B - - h /\h pnn J n >h R /R ! ‘_rv?nv h—>vB:_:'V|<_v"J :—yv“ >; )I]hh B t >||
'"'>h A v E ° h ARSI | > ¢ _ 4" ¢h - LI

“h “'ht B A h* “h~ h¢h Y

Mo BAR ppanp P">h_ho T > 0 ST LT Ssw r e W

I ‘8 ginewaluesT C AW T R Y h -~ 6 <B’ h h - -
hlBrll —"{lh‘ "<|l (I‘hl '{'<_AB hl l—‘ —hrhch

TYPE wetor_array is ARRAY (0 TO 999) of sfixed(1 dowd®); -] ~ AhT00O0 _ ~ * .8 . A

signal sine_values: vector_array;
BT T <7 >y A C>>a h AR T PpAmSCHh " S>h _ B"sh AR _ bt Ch

if(counter > 499)then

counter=0; --r " 4AE® T > Y > St " a0t hoo>w 0t A BT SWA
sine_values(index)<= to_sfixed(SIN(rad}1B); -~ =~ * " ¢ &' _“'>"¢ > Ah Ch
index:=index+1; -n~ "> A" fw> ' Y " AhCh D
endif;
2)s _hAndex” > A8t I .>B-MAMOE Ws' wmanan 484 >h _ho ¢ h
>t Y AT Y Y " > hindex© h hh Yy hh v Ap g YD " >h _hdpnan F
<7 T Tt B h * > B > =~ h " h ¢h . >" > h ¢ _ 41 " ¢hy

stop<='1; --BA indéx! * A¥ ' wmaoan ' 4T hL T Ch T how st T oY Ot T,

end if;

c[h 1 8B 1 >h h - v - y¢c - Y A h h - Y+« ' ¢ g . B
¢ h mh >R h YA C'_"{'Clh"">"‘"'_Ctn'h"_o(]\""B"’/\'>"">’h,"" h -

+
N

h L e ) Sil‘E_)lOOO.dEi "< ,_“"!" AB B h“*h ~ h C_h>_",¢>_h4 ' ¢ h
file  outfile :textis out "sine_1000.txt"; --declare output file

variable outline : lie; --line number declaration
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CE h - ~ ‘ n (" % N 1

temp:=to_slv(to_sfixed(SIN(rad),4.8));

write (outline,chr(0)&str(temp)&chr(0)&","); --v W ~ A .

writeline(outfile,outline);

E<' ¢ <" "7 > ¢ _14 " ¢h -

use STD.TEXTIO.all;

library IEEE;

use IEEE.STDOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
use work.my_data_types.all;

use ieee.math_real.all;

use ieee.fixed_float_types.all;

use ieee.fixed_pkg.all;

library std;

use std.standard.all;

use work.txt_util.all;

tvY o1 ¢

............... n" <.’ _ , nar" _ " _

entity Sinusoidal_ROM_1000 is
GENERIC (fr: REAL:= 50.0; fc: REAL:= 5000.0);
port(clk: in STD_LOGIC);

end Sinusoidal ROM 1000:




Architecture behavioural of Sinusoidal ROM_ 1D
signal samples,rad_offset: REAL;
signal rad: REAL:= 0.0;
signal stop: STD_LOGIC:="0";
TYPE vector_array is ARRAY (0 TO 999) of sfixed(1 dow@}p
signal sine_values: vector_array;
begin
PROCESS(clk)
variable index: INTEGER RANGE 0 TO 1@0:=
variable counter: INTEGER:= 499;
variable temp: STD_LOGIC_VECTOR(19 downto 0);
file  outfile :textis out "sine_1000.txt":-declare output file
variable outline : line; -line number declaration
begin
if(stop ='0")then
if(clk'event and clk ='1") then
rad<=rad + rad_offset;
counter:= counter + 1,
if(counter > 499) then
counter:= 0;
sine_values(index)<=to_sfixed(SIN(rad}]B);
temp:=to_slv(to_sfixed(P(rad),1;18));
write(outline,chr(0)&str(temp)&chr(0)&",");
writeline(outfile,outline);
index:= index + 1;
if(index = 1000) then

stop<="1";
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end if;
end if;
end if;
end if;

end PROCESS;

samples<= 2.0*(fc/(2.0*fr));
rad_offset<= MATH_PI/(500000.0);

end behavioural;
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j">h_hY

MO B‘ O R S . ¥ . > _ h 1 8 1 >h _ h -y . ¢~h "> wh ¢ “,Bh AW Ahh~ '~ ’_/\'\
AT sie values ™ T | h=%_ <8’ h° h = mann -7 7Tt >h T s>swaAT

B R " AB B h*Ah 7 h C{h"_<”:‘ !
TYPE vector_array is ARRAY (0 TO 999) of sfixed(1 dod@}p
CONSTANT sine_values: vector_array

2)5', w o, ¥ > B h Ah < 8" ¢ h ! ~h > h = h A, ! <Y - Y r e
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LIBRARY ieee;

USE ieee.std_logic_1164.ALL,;
--synthesis translate_off
LIBRARY XilinxCorelLib;

--synthesis translate_on
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ENTITY sin_function IS
PORT (
phase_in : IN STD_LOGIC_VECTOR(30 DOWNTO 0);
y_out: OUT STD_LOGIC_VECTOR(15 DOWNTO 0);
clk : IN STD_LOGIC
)i

END sin_function_float;

ARCHITECTURE sin_function_a OF sin_function IS
-- synthesis translate_off
COMPONENT wrapped_sin_function
PORT (
phase_in : IN STD_LOGIC_VECTOR(30 DOWNTO 0);
y_out : OUT STD_LOGIC_VECTOR(15 DOWNTO 0);
clk: IN STD_LOGIC
)i

END COMPONENT,;

-- Configuration specification
FOR ALL : wrapped_sin_function USE ENTIllnkQoreLib.cordic_v4 0(behavioral)
GENERIC MAP (
c_architecture => 2,
C_coarse_rotate => 1,
¢_cordic_function => 2,
c_data_format => 0,
c_family => "virtex7",

¢_has_ce =>0,
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c_has_clkk=>1,
¢_has _nd =9,
¢_has_phase in=>1,
¢_has_phase_out => 0,
¢_has_rdy => 0,
¢_has_rfd => 0,
¢_has_sclr =>0,
¢_has_x_in=>0,
¢_has_x_out=>0,
c_has y in=>0,
c_has y out=>1,
C_input_width => 31,
c_iterations => 0,
c_output_width => 16,
¢c_phase_format => 0,
C_pipeline_mode =>2,
C_precision => 0,
c_reg_inputs => 1,
C_reg_outputs =>1,
¢_round_mode => 0,
c_scale_comp => 0,
c_xdevicefamily => "virteX"
)i

-- synthesis translate_on

BEGIN

--synthesis translate_off

U0 : wrapped_sin_function
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PORT MAP (
phase_in => phase_in,
y_out=>y out,
clk => clk
)i
--synthesis translate_on

END sin_function_flogt
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reg_CMPA<= Ar*to_sfixed(sin_val;14);

reg_ CMPB<minus1*Ar*to_sfixed(sin_val,1-14);
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if(count_Ac >=reg_CMPA) then

sample A<="'1"; --[ “sample_As ° Aba'Q'h* ¥ ° | colint_Ac <reg_CMPA.
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set S1:="'0"

else

set S1:="'1"; --m" h t 1 8A h<c<<hys:" R B hoat >
end if;
if(count_Ac >=reg_CMPB) then- [ “samplewp ~ MA@ " 'h" ™ ° . cotint_Ac <reg CMR
sample_B<="1";
set_S3:='0
else
set_ S3:='1; -m' " Lt 8A h<<hys'" , Y TR hoat >t
end if;
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h Ah <Y 1 ¥ . _’/\hCB. _" B~ ' >SB AT "VI * ¢
- "'J"“>W/\, _V‘l "/\h%tfl _WLIV‘_>B>W'?
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if(SAMPLESREADY: '1')then

=,

if(pos_index="1")then
CMPA=sine values A(index); - h >i has* ° " @ " ¢wh h' >w
CMPB:=sine values B(index); --f h >i h A * °~ ~ 1 *h* ' >h h

index:= index + 1;



index= 0;
endif;
else
______________ l K"i _ ! J’ s 7 1> - ~ . &E ! -- A-——
CMPA=sine values B(index); - " >i h A * ~ L A ' >h h
CMPR:=sine values A(index); - h >i h A8 " R S L LA
index:= index + 1;
if(index = 99) then
pos_index:="'1";
index:= 0;
end if;
end if;
end if;
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if(index = 99) then

pos_index:="'0";
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1_" s Y h DY h o~ B~ h <! B “h > SPWM 8 . AT K Wh = h
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1)SPWM[ & § R ' > """ ROM r A" >
Device Utilization Summary
Slice Logic Utilization Used Available Utilization
Number of Slice Registers 98 54,576 1%
Number of Slice LUTs 1,997 27,288 7%
Number used as logic 1,971 27,288 7%
Number used as Memory 0 6,408 0%
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Number of occupied Slices

641

6,822

9%

Number of MUXCY's used

1,264

13,644

9%

Number of LUT Flip Flop pairs used

1,999

Number of bonded IOBs

218

2%

Number of RAMB16BWERS

116

0%

Number of RAMB8BWERS

232

0%

Number of BUFIO2/BUFIO2_2CLKs

0%

Number of BUFIO2FB/BUFIO2FB_2CLKs

0%

Number of BUFG/BUFGMUXs

6%

Number of DCM/DCM_CLKGENs

0%

Number of ILOGIC2/ISERDES2s

0%

Number of IODELAY2/IODRP2/IODRP2_MCBs

0%

Number of OLOGIC2/OSERDES2s

0%

Number of BSCAN

0%

Number of BUFHs

0%

Number of BUFPLLs

0%

Number of BUFPLL_MCBs

0%

Number of DSP48A1s

5%

Number of ICAPs

0%

Number of MCBs

0%

Number of PCILOGICSEs

0%

Number of PLL_ADVs

0%

Number of PMVs

0%

Number of STARTUPs

0%

Number of SUSPEND_SYNCs

0%

Average Fanout of Ne@lock Nets

0 |O|O|O|O|O|0|0O|W|O|0O|0O(0O|(0|0|0|0|r|O|0|O(O|O

w

[~ Ahch odPmMY U’
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<
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Device Utilization Summary

Slice Logic Utilization

Used

Available

Utilization

Number of Slice Regers

1,163

54,576

2%

Number of Slice LUTs

3,262

27,288

11%

Number used as logic

3,218

27,288

11%

Number used as Memory

5

6,408

1%

Number of occupied Slices

955

6,822

13%

Number of MUXCY's used

2,296

13,644

16%

Number of LUT Flip Flop pairseds

3,311

Number of bonded IOBs

6

218

2%

Number of RAMB16BWERS

116

0%

Number of RAMB8BWERS

232

0%

Number of BUFIO2/BUFIO2_2CLKs

32

0%

Number of BUFIO2FB/BUFIO2FB_2CLKs

32

0%

Number of BUFG/BUFGMUXs

16

6%

Number of DCM/DCM_CLKGENSs

8

0%

Number of ILOGIC2/ISERDES2s

376

0%

Number of IODELAY2/IODRP2/IODRP2_MCB:

376

0%

Number of OLOGIC2/OSERDES2s

376

0%

Number of BSCANs

0%

Number of BUFHs

256

0%

Number of BUFPLLs

0%

Number of BUFPLL_MCBs

0%

Number of DSP48A1ls

W|O(0O|O|0O|0|0|0O|0O(r|O|O|0|O

58

5%
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Number of ICAPs 0 1 0%

Number of MCBs 0 2 0%

Number of PCILOGICSEs 0 2 0%

Number of PLL_ADVs 0 4 0%

Number of PMVs 0 1 0%

Number of STARTUPs 0 1 0%

Number of SUSPEND_SYNCs 0 1 0%

Average Fanout of Ne@lock Nets 3.29
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library ieee;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

library ieee_proposed;
use ieee_proposed.fixed_float_types.all;
use ieee_proposed.fixed_pkg.all;

use ieee_proposed.float_pkg.all;

library std;

use std.standard.all;

Packagesvpwm constantsis
CONSTANN: INTEGERANGB TO127:=5; -n " <. ' B~

CONSTANF:. INTEGERANGB TO127:=5; --n " <. ' B’

CONSTANT QNTEGER RANGE 0 TO 127:=®itf <h ~ >h o w S gAh , ~ ~ h

CONSTANT I: INTEGER RANGE O TO 127:=B35 ¢ ¢ ~ h'w™ “gah , "7 h

.......... n'<->s°* [ AR AT
TYPE vector_Vref is ARRAY(1 TO P) of sfited@wnto -Q);

TYPE vector_Vfis ARRAY(1 TO P) of sfixed(l dov@jto

TYPE array_P is ARRAY(0 TO P) of INTEGER RANGE 0 TO P;

TYPE array_Viis ARRAY(1 TO P) of INTEGER RANGE;



> O O =™
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=x

TYPE array_D is ARRAY(0 TO P, 0 TO P) of INTEGER RANGE 0 TO 1;
TYPE array_DP is ARRAY(1 TO P, 0 TO P) of INTEGER RANGE 0 TO 1;
TYPE array_V is ARRAY(1 TO P) of INTEGER RANGE 0 TO 1;

TYPE array Vd is ARRAY(0 TO P) of array_V,

TYPE amy_for_Vs is ARRAY(1 TO P) of INTEGER RANGE2;

TYPE array_Vs is ARRAY(0 TO P) of array_for_Vs;

TYPE array_tj is ARRAY(1 TO P+1) of sfixed(l+1 dow@nto

end svpwm_constants;
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