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//u3.c

#pragma code

#include <reg51.h>

#include "define.h"

/

#define KEYMINDEX 0x0a

#define KEYSTEP 0x0b

#define KEYPSHIFT 0x0c

#define KEYT 0x0d

#define KEYDTIME 0x0e

#define KEYENTER 0x0f

#define CURSON 0x0f

#define CURSOFF 0x0c

// Global variable-- -

uchar dM3,dM2,dM1,dM0,dT3,dT2,dT1,dT0;
uchar dS2,dS1,ds0,dP2,dP1,dP0,dD2,dD1,dDO;
uint dM,dT,dS,dP,dD;

/I Constants=-================znmmnmmx

// String for LCD display -------------

/I "0123456789ABCDEF";

code uchar LINEO[] ="M= T= ",

code uchar LINEI[]="S= P= D= ";

// M(modulation index) 10-1000 ;(1.0-100.0)%
/I T(for cal. freq.) 1-1000 ;(3k-3M)Hz

/1 S(freq. step) 10-500 ;(1.0-50.0)Hz

// P(phase shift) 0-360 degree

// D(dead time) 1-160 ;(0.1-16.0)us

/)

void main(void)

{ uchar k;
initial();
while(1)
{ while((k=scankey())!=0xff)

{ if(k==0x0a) { peep1(); fill_m(); }
else iftk==0x0b) { peep10); fill_s(); }
else iftk==0x0c) { peep1(): fill_p(); }
else iftk==0x0d) { peep10); fill_t(; }
else iftk==0x0e) { peep1(); fill_d(); }

}//end while((k=scankey()!=0xff)

}//end while(1)
}
/

void initial(void)

{ peep1(); ledini(); Iedwi(CURSOFF); ledle(0x80,LINEO);
Icdlc(0xcO,LINE1);

}
/)

void fill_m(void) //10-1000 (1.0-100.0)%
{ uchar k,b3,b2,b1,b0;
uint bint;
ledwi(0x82); ledwd(' "); ledwd(' "); ledwd('"); ledwd(' ");
Icdwi(0x82); ledwi(CURSON);
while((k=scankey())>1); b3=k; shownum(b3); peep1();
while((k=scankey())>9); b2=k; shownum(b2); peep1();
while((k=scankey())>9); b1=k; shownum(b1); peep1();
while((k=scankey())>9); b0=k; shownum(b0); peep1();
bint=(b3*1000)+(b2*100)+(b1*10)+b0;
if((bint<=1000)&&(bint>=10)) { dM3=b3; dM2=b2; dM1=b1;
dM0=b0; txdata(0x00,bint); }
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else { lcdwi(0x82); shownum(dM3); shownum(dM2);
shownum(dM1); shownum(dMO); peep2(); }

lcdwi(CURSOFF);
}
/

void fill_t(void) //1-1000 (3k-3M)Hz
{ uchar k,b3,b2,b1,b0;
uint bint;
Iedwi(0x8a); ledwd('"); Iedwd(' ); ledwd(' "); Iedwd(' ");
ledwi(0x8a); Iedwi(CURSON);
while((k=scankey())>1); b3=k; shownum(b3); peep1();
while((k=scankey())>9); b2=k; shownum(b2); peep1();
while((k=scankey())>9); b1=k; shownum(b1); peep1();
while((k=scankey())>9); b0=k; shownum(b0); peep1();
bint=(b3*1000)+(b2*100)+(b1*10)+b0;
if{(bint<=1000)&& (bint>=1)) { dT3=b3; dT2=b2; dT1=bl;
dT0=b0; txdata(0x03,bint); }
else { ledwi(0x8a); shownum(dT3); shownum(dT2);
shownum(dT1); shownum(dTO0); peep2(); }
ledwi(CURSOFF);
}
/

void fill_s(void) //10-500 (1.0-50.0)Hz
{ uchar k,b2,b1,b0;
uint bint;
ledwi(0xc2); ledwd(' ); ledwd('"); Iedwd(" ); ledwi(0xc2);
lcdwi(CURSON);
while((k=scankey())>5); b2=k; shownum(b2); peep1();
while((k=scankey())>9); bl=k; shownum(b1); peep1();
while((k=scankey())>9); b0=k; shownum(b0); peep1();
bint=(b2*100)+(b1*10)+b0;
if{(bint<=500)&&(bint>=10)) { dS2=b2; dS1=b1; dS0=b0;
txdata(0x01,bint); }
else { ledwi(0xc2); shownum(dS2); shownum(dS1);
shownum(dS0); peep2(); }
lcdwi(CURSOFF);
}
/)

void fill_p(void) //0-360 degree
{ uchar k,b2,b1,b0;
uint bint;
lcdwi(0xc7); ledwd('"); Iedwd(" "); ledwd(' "); lcdwi(0xc7);
ledwi(CURSON);
while((k=scankey())>3); b2=k; shownum(b2); peep1();
while((k=scankey())>9); b1=k; shownum(b1); peep1();
while((k=scankey())>9); b0=k; shownum(b0); peep1();
bint=(b2*100)-+(b1*10)+b0;
if(bint<=360) { dP2=b2; dP1=b1; dPO=b0; txdata(0x02,bint); }
else { ledwi(0xc7); shownum(dP2); shownum(dP1);
shownum(dP0); peep2(); }
lcdwi(CURSOFF);
}
/

void fill_d(void) 1/1-160 (0.1-16.0)us
{ uchar k,b2,b1,b0;
uint bint;
Iedwi(0xcc); Iedwd(' ); ledwd(' "); Iedwd(' ); ledwi(Oxcce);
ledwi(CURSON);
while((k=scankey())>1); b2=k; shownum(b2); peep1();
while((k=scankey())>9); bl=k; shownum(b1); peep1();
while((k=scankey())>9); b0=k; shownum(b0); peep1();



bint=(b2*100)+(b1*10)+b0;

if{(bint<=160)&&(bint>=1)) { dD2=b2; dD1=b1; dDO=bO;
txdata(0x04,bint); }

else { ledwi(0xcc); shownum(dD2); shownum(dD1);
shownum(dDO); peep2(); }

Iledwi(CURSOFF);
}
/

void txdata(uchar a,uint d)

{ uchar x;
intbyte dd;
dd.intx=d; P1=dd.bytex[1];
x=dd.bytex[0]; P3=((a<<2)|(x&0xe3));

ENFPGA=0; delaym(1); ENFPGA=1;

// define.h

/)
typedef unsigned char uchar;

typedef unsigned int uint;

/)

typedef union

{ uint intx;
uchar bytex[2];

} intbyte;

/)

// port declaration

// P0.0-P0.3 = LCD data(output)
//P0.4-P0.7 Key Column Input

sbit LCDRS = P2"0; //output
sbit LCDE = P2"1; /loutput

// P2.2-P2.3 reserve

sbit ROWO0 = P2/7; //Output to key
sbit ROW1 = P2"6; //Output to key
sbit ROW2 = P2"5; //Output to key
sbit ROW3 = P274; //Output to key

// P1.0-P1.7 data low out to FPGA
// P3.0-P3.1 data high out to FPGA
sbit ADDRO = P372; //output to FPGA select Address

sbit ADDR1 = P3"3; /loutput to FPGA select Address

sbit ADDR2 = P3"4;

sbit ENFPGA = P3"5;

//output to FPGA select Address

//output to FPGA Enable

sbit RPM = P3"6; //input
sbit BUZ = P3"7; //output
/

// delay.c

void delayu(uint count);
void delaym(uint count);
/Ivoid delays(uint count);
void peep(void);

void peep1(void);

void peep2(void);

/

// key.c

uchar scankey(void);

/

//'led.c

void ledwi(uchar ins);

void ledwd(uchar dat);

void ledle(uchar addr,uchar *msptr);
void ledini(void);

void shownum(uchar y);

/Ivoid showbcd(uchar y);

/
//u3.c

void initial(void);

void fill_m(void);

void fill_t(void);

void fill_s(void);

void fill_p(void);

void fill_d(void);

void txdata(uchar a,uint d);

/

/ delay-part:
// delay.c

#include <reg51.h>

#include "define.h"

//for 89C51 @12MHz,12clk

/

void delayu(uint count)
{ uchar x,y,z;
x=count/240; y=(count%240)/2;
while(x) { for(z=120;2>0;z--); }

for(z=y;z>0;z--);

void delaym(uint count)
1 uint x;

uchary;

for(x=count;x>0;x--)

{ for(y=250:y>0y--); for(y=250;y>0:y--); }
}
/)

//void delays(uint count)

11 uint x;

1/ for(x=count;x>0;x--) { delaym(1000); }
"}

/

void peep(void) //@2.5kHz

{ uint x;

for(x=0;x<400;x++) { BUZ=~BUZ; delayu(200); }
}
/

void peep1(void)

{ peep(); delaym(200);
}
/

void peep2(void)

{ peep(); delaym(100); peep();
}
/




//led.c
#include <reg51.h>
#include <string.h>

#include "define.h"

/
void ledwi(uchar ins)

{ PO=(ins>>4)|(0x{0);

LCDRS=0; LCDE=1; LCDE=0; delaym(2); // lcd instruction

P0=(ins)|(0xf0);

LCDRS=0; LCDE=1; LCDE=0; delaym(2); // lcd instruction

}
l

void ledwd(uchar dat)
{ PO=(dat>>4)|(0xf0);

LCDRS=1; LCDE=1; LCDE=0; delaym(2); // Icd data

P0=(dat)|(0xf0);

LCDRS=1; LCDE=1; LCDE=0; delaym(2); // led data

¥
/

void ledlc(uchar addr,uchar *msptr)
{ uchar len;
len=strlen(msptr); lcdwi(addr);
while(len--) { ledwd(*msptr); msptr++; }
}
/)

void ledini(void)

{ LCDE =0;
ledwi(0x33); /* 8 bits */
ledwi(0x32); /* 4 bits */
ledwi(0x28); /* function set */
Iedwi(0x06); /* entry mode set */
ledwi(0x0f);  /* display on/off */
Iedwi(0x01); /* clear display */
delaym(10);

}

/

void shownum(uchar y)

{ uchar x;

ifly<=0x09) x=y+'0'; else x=(y-0x0a+'A");

ledwd(x);
}
/

//void showbed(uchar y)

1 uchar x;

/! x=y>>4; x=x&0x0f; shownum(x);
/! x=y&0x0f; shownum(x);

1}

/

// key.c

#include <reg51.h>

#include "define.h"

// return Oxff if has no key press

uchar scankey(void)

{ uchar col;
P2=0x7f; col=P0&0xf0; //row O
if(col != 0xf0)

switch(col)

{ case 0x70:
0 c0
case 0xb0:
r0cl
case 0xd0:
10 c2
case 0xe0:
10 c3
S
P2=0xbf; col=P0&0xf0; //row 1
if(col != 0xf0)
switch(col)
{ case 0x70:
rl c0
case 0xb0:
rlcl
case 0xd0:
rlc2
case 0xe0:
rlc3
1
P2=0xdf; col=P0&0xf0; //row 2
if(col != 0xf0)
switch(col)
{ case 0x70:
12 c0
case 0xb0:
r2cl
case 0xd0
r2c2
case 0xe0:
r2¢c3
1
P2=0xef; col=P0&0xf0; //row 3
if(col != 0xf0)
switch(col)
{ case 0x70:
r3 c0
case 0xb0:
r3cl
case 0xd0:
r3c2
case Oxe0:
r3c3
S
return(0xff);  // no key press
}
/
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return(0x01); break; //

: return(0x02); break; //

return(0x03); break; //

return(0x0a); break; //

return(0x04); break; //

return(0x05); break; //

return(0x06); break; //

return(0x0b); break; //

return(0x07); break; //

return(0x08); break; //

: return(0x09); break; //

return(0x0c); break; //

return(0x0f); break; /

return(0x00); break; //

return(0x0e); break; /

return(0x0d); break; //
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sk |15 N TUAIUYDY FPGA*H ok sssonsokion 1s(rs),
// Author .db(db),
// Version 2 .enter(enter),
// Created 22-Jun-2005 .dtime(dtime),
1/ .step(step),
// Copyright (c) 2005, QuIC. All Rights Reserved. .pshift(pshift),
// There is no warranty with respect to T(T),
// the operation and/or functionality of the design files. .m_index(m_index)
// No use for commercial purpose without authorisation/permission from the );
auther! */
// Descriptions assign clksre = clkdiv2; /luse 'clk' as sampling clk
// Top-level module without LCD user interface assign m_index = 1000; //0-1000
// New system_vp2.v assign step = 3; //0-500
assign dtime = 6; //0-100 * 1/fclk
module ight_ noLCD(clk ,reset, lag, a, b, ¢, X, y, z, dbg); assign pshift = 96; //0-360 degree

assign T =50; //0-1000

input clk, lag, reset;

//PWM output defparam System.sm1.VecIni = 3'b000; /10
output [1:0] a,b,c; //3phase inverter defparam System.sm2.VecIni = 3'b000; /Ipshift
output [1:0] x,y,z; //1phase inverter defparam System.sm3.VecIni =3'b111; //180
//debugging ports //Useful Formula

output [3:0] dbg;

//Fc = Operating Frequency

//system_vp interface //Fs = Sampling Frequency

wire [7:0] dtime; //Fm = Motor Frequency (Speed)

wire [8:0] step; 1/

wire [8:0] pshift; /[Fs = 1/Ts = 1/(2T*Tc) = Fc/(2T)

wire [9:0] T, m_index; //Fm = 1/Tm = 1/(512/step * 6 * Ts/2) = (step)/(1536*Ts) =
wire [3:0] dbg; (Fs*step)/1536

//Deadtime = dtime * 1/Fc

wire start; /)

assign start = reset ;

/lclock divider //core module

wire clksre, clkdiv2; system_vp2 System(
wire clkdiv1024, blink; .clk(clksrc),
defparam div2.n=1; .dt_clk(clksre),
div2e_n div2(.clkin(clk), .clkout(clkdiv2)); .cal_clk(clksre),
defparam div1024.n = 10; _reset(reset),
div2e_n div1024(.clkin(clksre), .clkout(clkdiv1024)); .dtime(dtime),
defparam div1024x.n = 10; .m_index(m_index),
div2e_n div1024x(.clkin(clkdiv1024), .clkout(blink)); .step(step), //0..511

.pshift(pshift), //0..360 degree

//for probing with external logic analyser Jlag(lag), // phase shift lead => lag ="0": lag=>lag="1"
assign dbg[0] = a[1]; //ref pwm T(T),
assign dbg[1] = z[1]; //shifted pwm .a(a), .b(b), .clc), //for 3 phase induction motor
assign dbg[2] = ~reset; x(x), y(y), .z(z) //for 1 phase induction motor
assign dbg[3] = blink; );

endmodule
%

//input and display control module
input_ctrl InputControl(
.clk(clkdiv1024),

row(row),

.col(col),

Tw(rw),

.en(en),



/I Author

// Version 1

// Created 09-Jun-2005

/!

// Copyright (c) 2005, QuIC. All Rights Reserved.
// There is no warranty with respect to

// the operation and/or functionality of the design files.

// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// Divided by 2"n

// n is parameterisable

module div2e_n(clkin, clkout);

input clkin;

output clkout;

parameter n = 8;

reg [n-1:0] divff;

always @ (posedge clkin)

divff <= divff+ 1;

assign clkout = divff[n-1];

endmodule

/I Author

// Version 2

// Created 22-Jun-2005

/!

// Copyright (c) 2005, QuIC. All Rights Reserved.
// There is no warranty with respect to

// the operation and/or functionality of the design files.

// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// PWM for 1-phase and 3-phase inverter

// This system can vary phase from 0 - 360 degree with 1 degree resolution

// However, we can increase the resultion to 0.2 degree.
// Outputs are for both 3-phase IGBT (abc) also 1-phase inverter (xyz)

// Differences:

// Change Phasc10n (36states 112slices) to Vector_gen (4 state 50 slices!)

// Can be added for 3 inverters simultaneously

/I NEW~

// New cnt_address with loop_num3 for 180 degree

module system_vp2(
clk,
dt_clk,
cal_clk,
reset,
dtime,
m_index,
step, //0..511
pshift, //0..360 degree

lag, //phase shift lead =>lag="'0":lag =>lag="1'

T,
a, b, c, //for 3 phase induction motor
X, ¥,Z //for 1 phase induction motor
);
input clk;
input dt_clk;
input cal_clk;
input reset;
input [7:0] dtime;
input [8:0] step;
input [8:0] pshift;
input lag;
input [9:0] T, m_index;

output [1:0]a, b, c;

output [1:0]x,y, z;

wire check_wirel, check_wire2;
wire cal_wire;
wire [2:0] mod_wire;

wire [8:0] shift;

wire [2:0] pwm_ref wire, pwm_lag_wire, pwm_180_wire;
wire [2:0] sectorl, sector2, sector3;

wire [9:0] tal _wire,tb]_wire,tol_wire;

wire [9:0] ta2_wire,tb2_wire,to2_wire;

wire [9:0] MemA1, MemBl1;

wire [9:0] MemA2, MemB2;



wire [2:0] st_pcl, st_pc2;
wire [2:0] st_call, st_cal2;
wire [10:1] entl, cnt2, tmon1, tmon2;

wire [1:0] deltal, delta2;

//find sector and shifted degree of shifted PWM
mod60 modulus_60(.indeg(pshift), .lag(lag), .mod(mod_wire), .shift(shift));

/laccess to the vlaues of vector stored in ROM
cnt_adr_vp2 mem_access( .clk(clk), .reset(reset), .sector_ini(mod_wire),
.step(step), .pshift(shift),

.start(check_wirel | check_wire2), .Al(MemAl), .B1(MemB1),
.A2(MemA?2), .B2(MemB2),

.ready(cal_wire), .loop_num]1(sectorl), .loop_num2(sector2),

Joop_num3(sector3));

//calculate ta, tb, tx of reference PWM

cal_time

cal_timel(.clk(cal_clk),.cal(cal_wire),.m(m_index),.mema(MemA

1),.memb(MemB1),

t(T),.ta(tal_wire),.tb(tb1_wire),.tx(tol_wire), .state(st_call));

//calculate ta, tb, tx of shifted PWM

cal_time

cal_time2(.clk(cal_clk),.cal(cal_wire),.m(m_index),.mema(MemA

2),.memb(MemB2),

(), .ta(ta2_wire),.tb(tb2_wire),.tx(to2_wire), .state(st_cal2));

//generate a new vector of reference PWM regarding to ta, tb, tx

//defparam sm1.VecIni = 3'b000;

vector_gen  sml(.clk(clk),.reset(reset),.sector(sectorl),
ta(tal_wire),.tb(tb1_wire),.tx(to1_wire),
.check(check_wirel),.abc(pwm_ref wire), .state(st_pc1),

.cnt(entl), .tmon(tmonl));

//generate a new vector of shifted PWM regarding to ta, tb, tx

//defparam sm2.VecIni = 3'b000;

vector_gen  sm2(.clk(clk),.reset(reset),.sector(sector2),
ta(ta2_wire),.tb(tb2_wire),.tx(to2_wire),
.check(check_wire2),.abc(pwm_lag_wire), .state(st_pc2),

.cnt(ent2), .tmon(tmon2));

//generate a new vector of 180 PWM regarding to ta, tb, tx

//defparam sm3.VecIni =3'b111;

vector_gen  sm3(.clk(clk),.reset(reset),.sector(sector3),
ta(tal_wire),.tb(tb1_wire),.tx(tol_wire),

.check(),.abc(pwm_180_wire), .state(), .cnt(), .tmon());

//insert deadtime for 3 phase inverter

defparam three_phase.e = 1'b0; //falling edge deferring (for active low driver)
dtime6x three_phase(.clk(dt_clk),

.inal(~pwm_ref wire[2]),.ina2(pwm_ref wire[2]), // 0 degree
.inb1(~pwm_ref_wire[1]),.inb2(pwm_ref wire[1]), // 120 degree

.inc1(~pwm_ref wire[0]),.inc2(pwm_ref wire[0]), // 240 degree
.dtime(dtime),
.outal(a[1]),.outa2(a[0]),
.outb1(b[1]),.outb2(b[0]),
.outc1(c[1]),.outc2(c[0]));

//insert deadtime for 1 phase inverter (can be added for 3 inverters

simultaneously)
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defparam one_phase.e = 1'b0; //falling edge deferring (for active low driver)
dtime6x one_phase(.clk(dt_clk),

.inal(~pwm_ref wire[2]),.ina2(pwm_ref wire[2]), // 0 degree (ref PWM)
inbl(~pwm_lag_wire[2]),.inb2(pwm_lag_wire[2]), // pshift degree
.inc1(~pwm_180_wire[2]),.inc2(pwm_180_wire[2]), // 180 degree
.dtime(dtime),

.outal(x[1]),.outa2(x[0]),

.outb1(y[1]),.outb2(y[0]),

.outc1(z[1]),.outc2(z[0]));

assign deltal =x[1]-z[1];

assign delta2 = y[1]-z[1];

endmodule



/I Author

// Version 1

// Created 09-Jun-2005

/!

// Copyright (c) 2005, QuIC. All Rights Reserved.

// There is no warranty with respect to

// the operation and/or functionality of the design files.

// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// Calculate Ta, Tb and Tx for ref PWM and shift PWM independently
// Shared multiplier to cal Ta, Tb and Tx respectively
// Make non-zero value for ta, tb to prevent missing VecOld stored at rising edge

of cnt_rst in vector_gen.v

module cal_time(clk, cal, m, t, mema, memb, ta, tb, tx, state);
input clk, cal;
input [9:0] m;
input [9:0] t;
input [9:0] mema;
input [9:0] memb;
output [9:0] ta;
output [9:0] tb;
output [9:0] tx;

output [2:0] state;

wire [19:0] mult_result;
reg [9:0] mult_dataa;
reg [9:0] mult_datab;
reg [9:0] aff;

reg [9:0] bff;

reg [9:0] mtff;

reg [2:0] ss_ d;

reg [2:0] ss__q;

reg [9:0] a;

reg [9:0] b;

reg [9:0] mt;

reg clka, clkb, clkmt, 1dx;

always @ (posedge clkmt)

mtff <= mt;

always @ (posedge clka)
if (a==0)
aff <= 1; //to prevent missing VecOld stored at rising edge of
cnt_rst in vector_gen.v
else

aff <=a;

always @ (posedge clkb)

if (b==0)

bff <= 1; //to prevent missing VecOld stored at rising edge of cnt_rst in
vector_gen.v

else

bff <=b;

always @ (posedge clk)
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ss_q<=ss_d;

//'Sub Module Section
cal_time Ipm_mult0 mult (.dataa(mult_dataa), .datab(mult_datab),

.result(mult_result));

always @(ss__q or m or t or mema or mtff or memb or mult_result
or clk or cal) begin
{clkmt, clka, clkb} = 3'b000;
1dx = 1'b0;
casex (ss__q)
3'b000: begin
if (cal) begin
ss_ d=3001;
end else begin
ss__d=3'D000;
end
end
3'b001: begin
mult_dataa <=m;
mult_datab <= t;

mt <= mult_result[19:10];

ss_ d=3'b010;
clkmt = !clk;
end
3'b010: begin

mult_dataa <= mtff;
mult_datab <= mema;

a<=mult_result[19:10];

ss_ d=3011;
clka = Iclk;
end
3'b011: begin

mult_dataa <= mtff;
mult_datab <= memb;

b <= mult_result[19:10];

ss_ d=3'b100;
clkb = lclk;
end
3'b100: begin

if (!cal) begin
ss__d=3'D000;
end
end
endcase

end

assign ta = aff;
assign tb = bff;

assign tx=t - (aff + bff);

assign state =ss__q;

endmodule

module cal_time(clk, cal, m, t, mema, memb, ta, tb, tx, state);
input clk, cal;
input [9:0] m;
input [9:0] t;

input [9:0] mema;



input [9:0] memb;
output [9:0] ta;
output [9:0] tb;
output [9:0] tx;

output [2:0] state;

wire [19:0] mult_result;
reg [9:0] mult_dataa;
reg [9:0] mult_datab;
reg [9:0] aff;

reg [9:0] bff;

reg [9:0] mtff;

reg [2:0] ss_d;

reg [2:0] ss__q;

reg [9:0] a;

reg [9:0] b;

reg [9:0] mt;

reg clka, clkb, clkmt, 1dx;

always @ (posedge clkmt)

mtff <= mt;

always @ (posedge clka)
if (a==0)
aff <= 1; //to prevent missing VecOld stored at rising edge of
cnt_rst in vector_gen.v
clse

aff <=a;

always @ (posedge clkb)

if (b==0)

bff <= 1; //to prevent missing VecOld stored at rising edge of cnt_rst in
vector_gen.v

else

bff <=b;

always @ (posedge clk)

ss_q<=ss_d;

// Sub Module Section
cal_time_lpm_mult0 mult (.dataa(mult_dataa), .datab(mult_datab),

.result(mult_result));

always @(ss__q or m or t or mema or mtff or memb or mult_result
or clk or cal) begin
{clkmt, clka, clkb} = 3'b000;
1dx = 1'b0;
casex (ss__q)
3'b000: begin
if (cal) begin
ss_ d=3001;
end else begin
ss__d=3'5000;
end
end
3'b001: begin
mult_dataa <= m;
mult_datab <=t;
mt <= mult_result[19:10];
ss_ d=3'b010;

clkmt = Iclk;

end
3'b010: begin
mult_dataa <= mtff;
mult_datab <= mema;

a<=mult_result[19:10];

ss_ d=3Db011;
clka = !clk;
end

3'b011: begin
mult_dataa <= mtff;
mult_datab <= memb;

b <= mult_result[19:10];

ss__d=3'b100;
clkb = Iclk;
end
3'b100: begin

if (!cal) begin
ss__d=3'D000;
end
end
endcase

end

assign ta = aff;

assign tb = bff;

assign tx=t - (aff + bff);

assign state =ss__q;

endmodule
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/I Author

// Version 1

// Created 28-Apr-2005

/!

// Copyright (c) 2005, QuIC. All Rights Reserved.

// There is no warranty with respect to

// the operation and/or functionality of the design files.

// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// Calculate Time Ta, Tb, Tx

// Referenced from module: cal_time

module cal_time_Ipm_multO(dataa, datab, result);
input [9:0] dataa;
input [9:0] datab;

output [19:0] result;

wire [19:0] res;

// Start of original equations
assign res = dataa * datab;
assign result = res;

endmodule
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/I Author

// Version 2

// Created 22-Jun-2005

/!

// Copyright (c) 2005, QuIC. All Rights Reserved.

// There is no warranty with respect to

// the operation and/or functionality of the design files.

// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// Acess data in ROMs for ref PWM and shift PWM independently
// Use 2 ROMS synchronise with posedge of clk signal

// Multiplex adrr to access memory

// Modified to be used in system_vpl.v

// that has initial values of "sector" and "phase shift" loaded when 'reset'

// Access mem for 0, pshift, 180 (loop_num3)

module cnt_adr_vp2( clk, reset, sector_ini, step, pshift, start, A1, B1, A2, B2,
ready, loop_numl, loop_num2, loop_num3);

input clk, reset;

input [2:0] sector_ini;

input [8:0] step, pshift;

input start;

output ready;

output [9:0] A1, B1, A2, B2;

output [2:0] loop_num1, loop_num2, loop_num3;

reg 1d1, 1d2; //for loading rom outputs of two diff addresses (ref signal and
shifted signal)

reg ready;

wire Ip_cntl, Ip_cnt2;

reg [2:0] loop_num]1, loop_num2, loop_num3;

reg [1:0] ss__d;

reg [1:0] ss__q;

reg [8:0] adr;

reg [8:0] adrl;

reg [8:0] adr2;

reg [9:0] A1, B, A2, B2;

wire [9:0] A, B;

assign state = ss__q;

always @(posedge clk)
if (reset)

ss_ q<=0;

else

ss_q<=ss_d;

always @(ss__q or start or adr or adr1 or adr2 or step or pshift)
begin
1d1 <= 1'b0;
1d2 <= 1'b0;
ready <= 1'b0;
case (ss__q)
2'b00: begin
ready <= 1'b0;

if (start) begin



ss_ d<=201;

end else begin

ss_d<=2'b00;
end
end
2'b01: begin
1d1 <= 1'bl;
ready <= 1'b0;
ss_d<=2'bl0;
end
2'b10: begin
1d2 <= 1'b1;
ready <= 1'b0;
ss_d<=2'bll;
end
2'b11: begin
ready <= 1'bl;
if (!start)
ss_d<=2'b00;
else
ss_ d<=2bl1;
end
endcase
end

146

B2 <=B; end
assign Ip_cntl = ~adr1[8];

assign Ip_cnt2 = ~adr2[8];

always @ (posedge Ip_cntl or posedge reset )
begin
if (reset) loop_numl <=0; //reference PWM
starts with sector_ini 0
else
if (loop_numl < 5)
loop_numl <=loop_numl + 1;
else
loop_numl <=0,

end

always @ (posedge Ip_cnt2 or posedge reset )
begin
if (reset) loop_num2 <= sector_ini; //shifted
PWM starts with 'sector_ini'
clse
if (loop_num2 < 5)
loop_num2 <= loop_num2 + 1;
clse
loop_num2 <= 0;

end

always @ (posedge start or posedge reset)

begin
if (reset) //load ini value

begin adrl <=0;

adr2 <= pshift;

end

clse //regular count

begin
adrl <= adrl + step;
adr2 <= adr2 + step;

end

end

//mux adrl and adr2 to roms' address
always @ (1d1 or 1d2)
begin

if (Id1) adr <= adrl;
else if (1d2) adr <= adr2;

end

always @ (posedge Ip_cntl or posedge reset )
begin
if (reset) loop_num3 <=3; /180 PWM starts
with sector_ini 3
else
if (loop_num3 < 5)
loop_num3 <= loop_num3 + 1;
else
loop_num3 <= 0;

end

endmodule

//read data from rom at falling edge of clk

syn_rom 0  romO(.clk(~clk), .address(adr),.q(A));
syn_rom_1  roml(.clk(~clk), .address(adr),.q(B));
/lrom0 romO(.addr(adr), .clk(clk), .dout(A));
//lrom1 rom1(.addr(adr), .clk(clk), .dout(B));

/Nload read data at falling edge of 1d1 and 1d2

always @ (negedge 1d1)

begin

Al<=A;

Bl <=B; end
always @ (negedge 1d2)
begin

A2<=A;
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/I Author 37 : q = 730 ;
// Version 1 38 q = 729 ;
// Created 28-Apr-2005 39 q = 728 ;
1 40 q = 727 B
// Copyright (c) 2005, QuIC. All Rights Reserved. 41 q = 726 ;
// There is no warranty with respect to 42 q = 725 ;
// the operation and/or functionality of the design files. 43 q = 724 ;
// No use for commercial purpose without authorisation/permission from the 44 q = 723 ;
auther! 45 q = 722 ;
46 q = 721 H

// Descriptions 47 q = 720 ;
48 q = 719 ;

// Attention! use negedge of clk 49 q = 718 ;
50 q = 716 ;

module syn_rom_0(clk,address,q); 51 q = 715 ;
input clk; 52 q = 714 B
input [8:0] address; 53 q = 713 :
output [9:0] q; 54 q = 712 ;
reg [9:0] q; 55 q = 711 ;
56 q = 710 5

57 q = 709 B

always @(posedge clk) 58 q = 708 5
begin 59 q = 707 ;
case (address) 60 q = 706 ;

0 q = 766 B 61 q = 705 B
1 q = 765 ; 62 q = 703 ;
2 q = 764 B 63 q = 702 B
3 q = 763 B 64 q = 701 B
4 q = 762 ; 65 q = 700 5
5 q = 761 ; 66 q = 699 ;
6 q = 760 B 67 q = 698 B
7 q = 759 ; 68 q = 697 5
8 q = 758 B 69 q = 696 B
9 q = 758 ; 70 q = 695 5
10 q = 757 ; 71 q = 693 ;
11 q = 756 ; 72 q = 692 ;
12 q = 755 ; 73 q = 691 5
13 q = 754 ; 74 q = 690 B
14 q = 753 B 75 q = 689 B
15 q = 752 ; 76 q = 688 5
16 q = 751 ; 71 q = 687 5
17 q = 750 B 78 q = 685 B
18 q = 749 ; 79 q = 684 ;
19 q = 748 ; 80 q = 683 ;
20 q = 747 ; 81 q = 682 ;
21 : q = 746 ; 82 q = 681 ;
22 : q = 745 ; 83 q = 680 ;
23 q = 744 ; 84 q = 679 5
24 q = 743 ; 85 q = 677 ;
25 q = 742 ; 86 q = 676 ;
26 q = 741 ; 87 q = 675 ;
27 q = 740 ; 88 q = 674 ;
28 q = 739 ; 89 q = 673 ;
29 q = 738 B 90 q = 672 B
30 q - 737 ; 91 q = 670 :
31 q = 736 ; 92 q = 669 ;
32 q = 735 B 93 q = 668 B
33 q = 734 ; 94 q = 667 ;
34 q = 733 ; 95 q = 666 ;
35 q = 732 ; 96 q = 664 ;
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/I Author 38 : q = 70 ;
// Version 1 39 q = 72 ;
// Created 28-Apr-2005 40 q = 74 ;
A 41 q = 76 ;
// Copyright (c) 2005, QuIC. All Rights Reserved. 42 q = 77 ;
// There is no warranty with respect to 43 q = 79 ;
// the operation and/or functionality of the design files. 44 q = 81 ;
// No use for commercial purpose without authorisation/permission from the 45 q = 83 ;
auther! 46 q = 85 ;
47 q = 86 H

// Descriptions 48 q = 88 ;
49 q = 90 ;

// Attention! use negedge of clk 50 q = 92 ;
51 q = 94 ;

module syn_rom_1(clk,address,q); 52 q = 95 ;
input clk; 53 q = 97 B
input [8:0] address; 54 q = 99 :
output [9:0] q; 55 q = 101 ;
reg [9:0] q; 56 q = 103 ;
57 q = 104 :

always @(posedge clk) 58 q = 106 ;
begin 59 q = 108 ;
case (address) 60 q = 110 :

0 q = 1 ; 61 q = 112 ;
1 q = 3 B 62 q = 113 B
2 q = 5 ; 63 q = 115 5
3 q = 7 B 64 q = 117 B
4 q = 9 B 65 q = 119 B
5 q = 10 ; 66 q = 121 5
6 q = 12 B 67 q = 122 B
7 q = 14 H 68 q = 124 H
8 q = 16 ; 69 q = 126 5
9 q = 18 B 70 q = 128 B
10 q = 19 ; 71 q = 129 5
11 q = 21 H 72 q = 131 5
12 q = 23 B 73 q = 133 B
13 q = 25 ; 74 q = 135 5
14 q = 27 H 75 q = 137 5
15 q = 28 B 76 q = 138 B
16 q = 30 ; 77 q = 140 5
17 q = 32 ; 78 q = 142 5
18 q = 34 ; 79 q = 144 ;
19 q = 36 H 80 q = 146 H
20 q = 38 H 81 q = 147 H
21 : q = 39 B 82 q = 149 B
22 : q = 41 : 83 q = 151 :
23 : q = 43 : 84 q = 153 :
24 : q = 45 B 85 q = 155 B
25 : q = 47 : 86 q = 156 :
26 q = 48 B 87 q = 158 B
27 q = 50 B 88 q = 160 B
28 q = 52 H 89 q = 162 H
29 q = 54 B 90 q = 163 B
30 q = 56 B 91 q = 165 B
31 q = 57 H 92 q = 167 H
32 q = 59 5 93 q = 169 5
33 q = 61 5 94 q = 171 5
34 q = 63 95 q = 172 ;
35 q = 65 B 96 q = 174 B
36 q = 66 5 97 q = 176 5

37 : q = 68 ; 98 : q = 178 ;
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// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// top level of dead time inserter contains 6 'deadtime's

module dtime6x(

inal,
clk,

incl,
inc2,
inbl,
inb2,
ina2,
dtime,
outal,
outcl,
outc2,
outbl,
outb2,

outa2

parameter e = 1'bl;

input
input
input
input
input
input
input
input
output
output
output
output
output

output

inal;
clk;
incl;
inc2;
inbl;
inb2;
ina2;
[8:1] dtime;
outal;
outcl;
outc2;
outbl;
outb2;

outa2;

defparam b2v_1.f=e¢;

deadtime

b2v_1(.clk(clk),.in(inal),.dtime(dtime),.out(outal));

defparam b2v_2.f=e¢;

deadtime

b2v_2(.clk(clk),.in(ina2),.dtime(dtime),.out(outa2));

defparam b2v_3.f=e¢;

deadtime

b2v_3(.clk(clk),.in(inb1),.dtime(dtime),.out(outb1));

defparam b2v_4.f=e¢;

deadtime

b2v_4(.clk(clk),.in(inb2),.dtime(dtime),.out(outb2));

defparam b2v_5.f=e¢;

deadtime

defparam b2v_

deadtime

endmodule

b2v_5(.clk(clk),.in(inc1),.dtime(dtime),.out(outc1));
6.f=e¢;

b2v_6(.clk(clk),.in(inc2),.dtime(dtime),.out(outc2));
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// Descriptions

// insert deadtime by delaying rising edges of all signals

// determine values of dtime and has independent clk to count the delay

module deadtime(clk, dtime, in, out);
parameter f=1'b1;
input clk;
input [7:0] dtime;
input in;

output out;

wire out_clk;

wire [7:0] cnt;
wire cntl_clk_ctrl;
reg out_d, out_q;
reg [7:0] cent_d;

reg [7:0] ent_q;

assign out = out_q;
always @(posedge out_clk)

out_q <=out_d;

always @(posedge cntl_clk_ctrl)

cnt_q <=cnt_d;

// Start of original equations
assign out_clk = clk;

assign cntl_clk_ctrl = clk;

always @(out_q or cnt_q or dtime or in) begin
out_d=out_gq;
ent_d = 8'b0000_0000;
if (dtime == 8'b0000_0000) begin
out_d=in;
end else begin
if ()
casex (out_q)
1'b0: begin
if (in == 1'b1) begin
cnt_d =cnt_q + 8'b0000_0001;
end
if (ent_q == dtime) begin
out_d=1'bl;
ent_d = 8'b0000_0000;
end else begin
out_d=1'b0;

end

end
end

endmodule

else

end

1'b1: begin
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if (in == 1'b0) begin

end
end

endcase

casex (out_q)

1'bl: begin

out_d = 1'b0;

if (in == 1'b0) begin

end

cnt_d=cnt_q + 8'b0000_0001;

if (ent_q == dtime) begin

out_d=1'b0;

cnt_d = 8'50000_0000;

end else begin

end
end

1'b0: begin

out_d=1'bl;

if (in == 1'b1) begin

end
end

endcase

out_d=1bl;
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// Descriptions

// find sector and shift degree which shifted PWN will be locate at the beginning
// sector = indeg mod 60

// phase shift = remainder

module mod60(indeg,lag,mod,shift);

input [8:0] indeg;
input lag;

output [2:0] mod;
output [8:0] shift;

wire [8:0] degree;

reg [2:0] mod;

reg [5:0] rem;

assign degree = lag ? 360-indeg: indeg ;

always @ (degree)
begin
if (degree > 360) begin
mod <= 3'bxxx;
rem <= 6'bXXXXXX; end
else if (degree >=300) begin
mod <=5;
rem <= degree-300; end
else if (degree >= 240) begin
mod <=4;
rem <= degree-240; end
else if (degree >= 180) begin
mod <=3;
rem <= degree-180; end
else if (degree >= 120) begin
mod <=2;
rem <= degree-120; end
else if (degree >= 60) begin
mod <= 1;
rem <= degree-60; end
else begin
mod <= 0;
rem <= degree; end
end

assign shift = (rem * 17) >> 1; // scaled by 512/60 = 8.5 = 17/2

endmodule
// Author P

// Version 2
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// Created 09-Jun-2005

"

// Copyright (c) 2005, QuIC. All Rights Reserved.

// There is no warranty with respect to

// the operation and/or functionality of the design files.

// No use for commercial purpose without authorisation/permission from the

auther!

// Descriptions

// new version of vector generator
// reduced from 36 state machine to only 5 state machines (2states at initial)
// capable to start at any sector and any phase shift

// make it own decision of the next vector to minimize switching activity

module vector_gen(cnt, ta, tb, tx, clk, sector, reset, abc, check, state, tmon);
parameter VecZ0 = 3'6000 ;
parameter VecZ1 = 3'b111;
parameter Veclni = 3'b000 ;

input [10:1] ta;

input [10:1] tb;

input [10:1] tx;

input clk;

input [3:1] sector;

input reset;

output [3:1] abe;

output check;

output [3:1] state;

output [10:1] ent;

output [10:1] tmon;

reg check;

reg [10:1] ent;

reg cnt_rst;

reg [3:1] st_q, st_d;

reg [3:1] abe, abe_st;

reg [10:1] tZero, tOdd, tEven;

reg [10:1] Tab, Tz; //store period of ta, tb, tx for comparison in state
machine

reg [3:1] VecA, VecB, VecOdd, VecEven, VecAB, VecZ; //classify vector
to be odd or even (no of '1')

reg [3:1] VecOld; //store previous value to select the next vector

with mim switching

//debugging port
assign state =st_q;

assign tmon = Tab;

//select vector A and B to be combined
always @(sector)
begin

case (sector)

S

: begin VecA <=3'b100; VecB <=3'b110; end

: begin VecA <=3'b110; VecB <=3'b010; end

[§)

: begin VecA <=3'b010; VecB <=3'b011; end

w

: begin VecA <=3'b011; VecB <= 3'b001; end

I

: begin VecA <=3'b001; VecB <=3'b101; end
5 : begin VecA <=3'b101; VecB <= 3'b100; end
default : begin VecA <= 3'b000; VecB <=

3'b000; end



endcase

end

//Categorise Odd or Even type when 'check' signal, for the next vector

always @ (check or VecA or VecB or ta or tb or tx)

begin
if (check) begin
tZero <= tx;
if ("VecA)
begin
VecOdd <= VecA;
VecEven <= VecB;
tOdd <= ta;
tEven <= tb;
end
clse
begin
VecOdd <= VecB;
VecEven <= VecA;
tOdd <= tb;
tEven <= ta;
end
end
end

//store previous vector
always @ (posedge cnt_rst)

VecOld <= abc;

//select the right vector to minimize switching

wire [3:1] NextVecAB, NextVecZ;

wire [10:1] NextTab;

assign NextVecAB = “VecOld ? VecEven : VecOdd;
assign NextTab ="VecOld ? tEven : tOdd;

assign NextVecZ = "VecOld ? VecZ0 : VecZ1;

//register the right vector

always @ (negedge cnt_rst)

begin
VecAB <= NextVecAB;
Tab <= NextTab;
VecZ <= NextVecZ;
Tz <= tZero;
end

//counter ta, tb or tx with reset
always @ (posedge clk)
if (ent_rst) ent <= 0;

else cnt <= cnt+1;

//state change with reset

always @(posedge clk )
if (reset)
st q<=0;
else

st_q<=st_d;

//state combinational functions
always @(st_q or Tab or Tz or VecAB or VecZ or cnt )

begin

cnt_rst <= 0;
case (st_q)

0: begin //initial state
check <= 1'b0;
abc_st<=0;
cnt_rst <=1;
st d<=7;

end

7: begin //start with gen 'check' pulse

check <= 1'bl;

abc_st <= 0; //initial value

if (cnt == 15) //waiting for calculating ta, tb, tx

begin

cnt_rst <=1;

std<=1; //change state

end
else
st d<=7, //same state
end
1:begin  //period 1
check <= 1'b0;
abc_st <= VecAB;
if (cnt==Tab) //change state
begin
cnt_rst <= 1'b1;
st d<=2;
end
clse

st_d <=1; //same state

end
2: begin /lperiod 2
check <= 1'b0;

abc_st <= VecAB;
if (cnt==Tab) //change state
begin
cent_rst <= 1'b1;
st d<=3;
end
else
st_d <=2; //same state
end
3: begin /Iperiod 3
check <= 1'bl;
abc_st <= VecZ;
if (cnt==Tz) //change state
begin
cnt_rst <= 1'bl;
st d<=1;
end
else
st_d <= 3; //same state
end

endcase

end

//sync output

always @ (posedge clk)

abc <= abc_st;

endmodule
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