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Special Project Title Spectrum Analyzer
Name Mr. Jakaphun Karoonkittisarn
Department Applied Physics Faculty of Science
Program Applied Physics — Science and Industry Instrumentation
Academic Year 2007
Special Project Advisor Assoc. Prof. Wichit Sirichot
ABSTRACT

A device used for spectral analysis has been developed. The circuit is built with the
Microchip Digital Signal Controller, dsPIC30F6015 and the Nokia 3310 graphic LCD display.
The spectral analysis algorithm is based on a 256-point Fast Fourier Transform. The firmware for
signal capturing and FFT computing has been developed using the Mikro-C compiler for dsPIC
V3.0. The sampling rate of input signal is 3400 sample per second. The test signals are sine and

square waves with frequency of 20-100Hz.
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M1 2.1 4AAINFYYIUYD0 LCD 3310

PIN | Signal | Description Port
i VDD ‘tﬂhlﬂtgﬂx?f‘hﬁ;u LcD Tagly voltage %29 2.7 - 7 volt Power
2 SCLK m'd"ﬂgmgm clock ¥84 LCD «?af‘imxmﬁw max q’ﬂﬁﬂ 4 Mbits/s Input
3 | SDIN | 831910 serial data input iifuaniildlumssudoya ifouanwn Input

Ay
nvu1ea L.CD

¥

4 |pc |[wilddenniugu serae Wiudoya dataD) / dadds Input

P
command(C) %4 active low

5 SCE 419 enable #2190 LCD 1ﬁﬁ101ll(active low) Input

6 GND | 91 ground Power
—y— v

7 vouT | v11Widusvioenuos LoD Tagviiidnaae electrolytic capacitors Power

¥

910 VOUT 11)&s GND Taslda11@aaus 1 uF 89 10 uF

8 RES 91 reset (active low) Input

2.2.1 #HaNM$1914Y89 LCD NOKIA 3310

wamshaweendh 2 Tuua fe Midauac) fu feyalnuam) Taverde
ndyanm D/C nidenTnua Tswazdon Tnua &t

1) doyaTnua Wdmsu sudeya wenhdeyalumnmauunes

2) fda Tnua 198 m3u fufds (active low) et muadumisvesmsSuduiou
deyauas Hruaa config 139 TR LCD uaﬂmmfuéhmuaniﬁ'uﬁmwaﬂﬂﬁ M3 DUDL

Inverse "lﬁ’ﬁs)lw

2.2.2 MITEYAWHHIDUMITRUTAINAYEI LCD NOKIA 3310
wiheeos LCD wxtlsznew ldrofmangaranuamiify 48 x 84 pixels dumou
nedun] (column) 1M7L 84 AOFINT aE 11907 (row) 48 U0 AR TAEUDINS 48 1102
v szuarasnaoenin iy 6 ussva (o990 1ed PCDSsa4 BuTHETaE 1 byte M50 8 bits
swarawwa Iasdudeyanndeldva vugauiaiige a1 48 pixels 0 48 bits i1 1¥H15 77
Saunssa dmiuuans waridy 48 /8 = 6 ussia e LCD 3310 Sudeymiioudang
SuLUTABIIDY mﬂmsﬁ'ﬂusnuuqmmmﬂuﬂﬁu‘ﬁa ganedl vindholulunnen ey

. 14 .
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1 jot
x(t) = — f X (@)e’™ dw
2T

o ar ) 3 a ° =
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X(w) = R(w)+ jI{(@w) = Ae’*

Taufi
R(®) Aodufifumiese
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D Ao phase angle
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Bill Of Materials

Item  Quantity Reference Part
1 2 C4,C3 20pf

2 2 C6,C5 10uF

3 1 Cc7 1000uF

4 1 C8 0.1uF

5 1 D] 4148

6 1 D2 LED red

7 1 D3 LED_yellow

8 1 D8 LED

9 1 D9 DIODE

10 | 1 CONS

11 1 12 CONIOAP

12 1 I3 CON24 R

13 1 J4 CON24 L

14 1 J6 RCA JACK

15 1 17 CON3

16 6 RI,R3,R4 R7.R8,R9 3.3k 1/8w
17 1 R2 10k 1/8w

18 2 R5,R6 330 1/8w

19 1 R11 4.7k 1/8w

20 1 R20 1k 1/8w

21 1 SW1 RESET

22 4 SW2,SW4,SW55W6  SW KEY-SPST
23 1 Ul DSPic30F6015

24 1 U2 LM7805C/TO

25 1 U4 LMI117

26 1 Y1 10MHz



#include<built_in.h>
char mode1=0;

char buffer p[10];
unsigned Samples[512];
unsigned freq;

char txt[5];

unsigned Written[128];

char picture[ ] =

{
0x00,0x00,0x00,0x00,0x2E,
0x2A,0x3A,0x00,0x88,0xF8§,
0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x88,0xFF,
0x00,0x00,0x00,0xC0,0x20,
0xC0,0x00,0x80,0x88,0xFF,
0x00,0x00,0x00,0x01,0x02,
0x01,0x00,0x00,0x88,0xFF,
0x00,0x00,0x00,0x00,0x00,
0x00,0x00,0x00,0x88,0xFF,
0x00,0x08,0x08,0x00,0x2E,
0x2A,0x3A,0x00,0x08,0x0F,

|5

char font[ | =

{

0xf8, 0x88, 0xf8, // 0
0x90, 0xf8, 0x80, //1
0Oxe8, 0xa8, Oxb8, //2
0x88, 0xa8, 0xf8, //3
0x30, 0x20, Oxf8, // 4
0Oxb8, Oxa8, 0xe8, //5
0xf8, 0xa8, Oxe8, // 6
0x08, 0xe8, Ox18, // 7
0xf8, Oxa8, 0xf8, //8
0xb8, 0xa8, 0xf8, // 9
0x00, 0x00, 0x00,

|5

char graphl[]={

0x00,0x00,0x00,0x00,0x00,0x08,
0x00,0x00,0x00,0x00,0x00,0x04,
0x00,0x00,0x00,0x00,0x00,0x02,
0x00,0x00,0x00,0x00,0x00,0x01,
0x00,0x00,0x00,0x00,0x80,0x00,
0x00,0x00,0x00,0x00,0x40,0x00,
0x00,0x00,0x00,0x00,0x20,0x00,
0x00,0x00,0x00,0x00,0x10,0x00,



0x00,0x00,0x00,0x00,0x08,0x00,
0x00,0x00,0x00,0x00,0x04,0x00,
0x00,0x00,0x00,0x00,0x02,0x00,
0x00,0x00,0x00,0x00,0x01,0x00,
0x00,0x00,0x00,0x80,0x00,0x00,
0x00,0x00,0x00,0x40,0x00,0x00,
0x00,0x00,0x00,0x20,0x00,0x00,
0x00,0x00,0x00,0x10,0x00,0x00,
0x00,0x00,0x00,0x08,0x00,0x00,
0x00,0x00,0x00,0x04,0x00,0x00,
0x00,0x00,0x00,0x02,0x00,0x00,
0x00,0x00,0x00,0x01,0x00,0x00,
0x00,0x00,0x80,0x00,0x00,0x00,
0x00,0x00,0x40,0x00,0x00,0x00,
0x00,0x00,0x20,0x00,0x00,0x00,
0x00,0x00,0x10,0x00,0x00,0x00,
0x00,0x00,0x08,0x00,0x00,0x00,
0x00,0x00,0x04,0x00,0x00,0x00,
0x00,0x00,0x02,0x00,0x00,0x00,
0x00,0x00,0x01,0x00,0x00,0x00,
0x00,0x80,0x00,0x00,0x00,0x00,
0x00,0x40,0x00,0x00,0x00,0x00,
0x00,0x20,0x00,0x00,0x00,0x00,
0x00,0x10,0x00,0x00,0x00,0x00,
0x00,0x08,0x00,0x00,0x00,0x00,
0x00,0x04,0x00,0x00,0x00,0x00,
0x00,0x02,0x00,0x00,0x00,0x00,
0x00,0x01,0x00,0x00,0x00,0x00,
0x80,0x00,0x00,0x00,0x00,0x00,
0x40,0x00,0x00,0x00,0x00,0x 00,
0x20,0x00,0x00,0x00,0x00,0x00,
0x10,0x00,0x00,0x00,0x00,0x00,
0x08,0x00,0x00,0x00,0x00,0x00,
b

char graph2[]={
0x00,0x00,0x00,0x00,0x00,0xc0,
0x00,0x00,0x00,0x00,0x00,0xe0,
0x00,0x00,0x00,0x00,0x00,0x{0,
0x00,0x00,0x00,0x00,0x00,0x{8,
0x00,0x00,0x00,0x00,0x00,0xfc,
0x00,0x00,0x00,0x00,0x00,0xfe,
0x00,0x00,0x00,0x00,0x00,0xff,
0x00,0x00,0x00,0x00,0x80,0xfT,
0x00,0x00,0x00,0x00,0xc0,0xff,
0x00,0x00,0x00,0x00,0xe0,0xff,
0x00,0x00,0x00,0x00,0x{0,0xff,
0x00,0x00,0x00,0x00,0x{8,0x{f,
0x00,0x00,0x00,0x00,0xfc,0x{f,
0x00,0x00,0x00,0x00,0xfe,0xff,
0x00,0x00,0x00,0x00,0xff,0xff,



0x00,0x00,0x00,0x80,0xft,0xft,

0x00,0x00,0x00,0xc0,0xft,0xff,

0x00,0x00,0x00,0xe0,0xft,0x{t,

0x00,0x00,0x00,0xf0,0x{f,0xfft,

0x00,0x00,0x00,0x18,0x{f,0xff,

0x00,0x00,0x00,0xfc,0xff,0xfTt,

0x00,0x00,0x00,0xfe,0xff,0xff,

0x00,0x00,0x00,0xff,0xT,0x ff,

0x00,0x00,0x80,0xft,0xff,0x{T,

0x00,0x00,0xc0,0x ff, 0xff,0x ¥,

0x00,0x00,0xe0,0xff,0x1Y,0xft,

0x00,0x00,0xf0,0xff,0x ff,0xff,

0x00,0x00,0x18,0xff,0x ff,0x{f,

0x00,0x00,0xfc,0xff,0xff,0xf¥,

0x00,0x00,0xfe, 0xff,0x ff, 0xfT,

0x00,0x00,0x ff,0x ff,0x ff, 0x{T,

0x00,0x80,0xff,0x ff,0x 1T, 0x ¥,

0x00,0xc0,0x ff,0x ff, 0x ff,0x ff,

0x00,0xe0,0xft,0xff,0xft,0x 1T,

0x00,0x10,0x T, 0x ff,0x T, 0x T,

0x00,0x18,0x1t, 0x ff,0x f,0x ff,

0x00,0xfc,0xftf,0x ff, 0x ff, 0x 1Y,

0x00,0xfe,0xff Ox T, 0x ff,Ox ff,

0x00,0x 1T, 0x ff, 0x ff, 0x T, 0x ff,

0x80,0x{t,0x 1T, 0x T, 0x ff,0x 1T,

0xc0,0xfY,0xff, 0x ff,0xff,0xff,

Oxe0,0xft, Oxft,0x ff,0x ff,0x ft,

0x£0,0xff, Ox T, 0x T, 0x ff, Ox AT,

0xf8,0x 1T, 0xff, 0x1T,0x ff, 0x T,

Oxfe,0x T, 0x ff,0x ff,0x ff, Ox T,

Oxfe, 0xfT,0x ff,0x ff,0x ff, 0x ff,

Oxft,0x T, 0xff, 0x ff, Ox ff, 0x ff,

Oxff,0x ff, 0xfY,0x 11, Ox f1, 0x T,

OxfYf, 0x ¥, 0x £, 0x £, 0x ff, 0x T,
1
int hunningw[256]={
0.04015162 ,0.040606389,0.04136403, 0.042424084,0.043785909,0.045448677,
0.047411382,0.049672832,0.052231656,0.055086302,0.058235038,0.061675956,
0.065406969,0.069425812,0.07373005 ,0.078317072,0.083184095,0.088328169,
0.093746173,0.099434821,0.105390663,0.111610087,0.118089322,0.124824437,
0.131811349,0.139045819,0.146523459,0.154239736,0.162189969,0.170369336,
0.178772878,0.187395496,0.196231962,0.205276917,0.214524875,0.223970228,
0.233607246,0.243430086,0.25343279 ,0.263609291,0.273953418,0.284458896,
0.295119356,0.305928331,0.316879266,0.327965519,0.339180367,0.350517009,
0.361968568,0.3735281 ,0.385188593,0.396942977,0.408784123,0.420704848,
0.432697923,0.444756075,0.456871991,0.469038322,0.48124769 ,0.49349269 ,
0.505765896,0.518059864,0.530367138,0.542680255,0.554991746,0.567294 145,
0.579579991,0.591841832,0.604072232,0.616263773,0.628409062,0.640500733,
0.652531451,0.664493922,0.676380889,0.688185145,0.699899528,0.711516936,
0.723030322,0.734432703,0.745717165,0.756876864,0.767905031,0.778794977,



0.7895401 ,0.800133881,0.810569896,0.820841815,0.830943409,0.840868552,
0.850611224,0.860165516,0.869525634,0.878685901,0.887640761,0.896384784,
0.904912667,0.913219237,0.921299457,0.929148426,0.936761384,0.944133714,
0.951260944,0.958138753,0.964762969,0.971129574,0.977234708,0.983074667,
0.988645909,0.993945057,0.998968896,1.003714379,1.008178628,1.012358936,
1.016252768,1.019857761,1.02317173 ,1.026192664,1.028918732,1.03134828 ,
1.033479835,1.035312104,1.036843976,1.038074522,1.039002995,1.039628832,
1.039951654,1.039971265,1.039687653,1.03910099,1.038211632,1.037020119,
1.035527172,1.033733697,1.031640783,1.029249698,1.026561892,1.023578996,
1.020302819,1.016735348,1.012878745,1.008735351,1.004307678,0.999598411,
0.994610407,0.98934669 ,0.983810453,0.978005054,0.971934013,0.965601012,
0.959009893,0.952164652,0.945069441,0.937728564,0.930146471,0.922327763,
0.91427718 ,0.905999605,0.897500059,0.888783695,0.879855801,0.870721792,
0.861387205,0.851857704,0.842139067,0.832237188,0.822158073,0.811907835,
0.80149269 ,0.790918955,0.780193042,0.769321456,0.758310792,0.7471677217,
0.735899018,0.7245115 ,0.713012079,0.70140773 ,0.689705491,0.677912458,
0.666035783,0.654082671,0.642060369,0.62997617 ,0.617837402,0.605651427,
0.593425636,0.581167443,0.568884283,0.556583605,0.54427287 ,0.531959543,
0.519651092,0.507354983,0.495078672,0.482829605,0.470615211,0.458442898,
0.446320047,0.434254011,0.422252109,0.410321618,0.398469774,0.386703766,
0.375030729,0.363457743,0.351991826,0.340639933,0.329408947,0.318305681,
0.307336868,0.296509161,0.285829127,0.275303242,0.264937891,0.254739359,
0.244713833,0.234867392,0.225206008,0.21573554 ,0.206461733,0.19739021 ,
0.188526473,0.179875899,0.171443732,0.163235088,0.155254945,0.147508142,
0.139999377,0.132733205,0.125714033,0.118946117,0.112433563,0.106180319,
0.100190178,0.094466773,0.089013576,0.083833893,0.078930867,0.074307469,
0.069966506,0.065910608,0.062142237,0.058663677,0.055477038,0.052584253,
0.049987077,0.047687083,0.045685668,0.043984045,0.042583246,0.041484121,
0.040687336,0.040193375,0.040002537,0.040114937,
3
unsigned spectrum[75];
void OscillatorFailTrap() org 0x06 { // if oscillator fails, the code jumps here
trisf = 0;

asm{

MOV [w15-34], w13

LSR w13, #8, wl3

MOV wl13, LATF

;LSR wls, #8, wl3

MOV wi3, LATB

}
while(1);

}

void AddressTrap() org 0x08 { //if the addressing mode is wrong, the code jumps
here

trisd = 0;

asm{

MOV [wl15-34], wl3

;LSR w13, #8, wl3



MOV wl13, LATd
}
while(1);
}

void StackErrorTrap() org Ox0A { // stack overflow, underflow...
trisf =0;

asmf{

MOV [wl15-34], w13

LSR wl3, #8, wi3

MOV wl3, LATF

:LSR wl5, #8, wl3

MOV wl3, LATB

} while(1);
}

void MathErrorTrap() org 0x0C { // div by zero etc...
trisf = 0;
asm{
MOV [w15-34], wl3
LSR w13, #8, wi3
MOV w13, LATF
;LSR wl5, #8, wl3
;MOV wl3, LATB

}
while(1);
]
void Mainlnit()

{
Twiddle Factors_Init();

}
unsigned ReadAdc() {

ADCONI1.F1 =1; // Start AD conversion
while (ADCONI1.F0 == 0) /f Wait for ADC to finish
asm nop;
return ADCBUFO; // Get ADC value
i~
[femmmmmmmm e Fills "Samples” with input samples in manner Re, Im, Re, Im
Im=0
void Samplelnput()
{
char j=0;
int adc0,adc1=0,adc2;
do

{

... where



adc2=Adc_Read(0);
if(adc2<adc1-5)

{
=1
}
adcl=adc2;
}while(j==0);
J=0;
do

{
adc2=Adc_Read(0);
if(adc2>adc1 && adc2>490)
{

inti=0;
while (i <= 512)
{

adc0= Adc_Read(0),
Samples[it++] = adc0-512;
Samples[i++] = 0;
}
=1
}
adcl=adc2;
}while(j==0);

i~

lcd_write_data(char datal);
Icd_write_command(char command1);
led initial();

led clear screen();
lcd_write_picture();
led_gotoxy(char x,char y);
led_put_char(char character);
led print_string(char *string);
read_wave();

putpoint(char a,char x);
putpoint2(char a,char x);
putgraph();

spoint1();

print_s();

print_s2();

sprint();

print_lcd(int a);
plotspectrum();

float int2float(int input);
led_write_picture_s();
scankey();

frequency1();

hunning();



void main() { Mainlnit();

TRISD = 0xftcO;

TRISE = Oxfffe;

TRISB = Ox({fft;

LATD=0x{f00;//LCD3310_RES = 0;

delay us(20);

LATD=0xff26; //set LCD

LATE {=0x0001;

delay ms(300);

led_initial();

led_clear_screen();
led_write_picture(};

while (1) { /! Infinite loop
scankey();
Samplelnput();

if(mode1==0)

{
frequencyl();
putgraph();
led gotoxy(70,0);
print_led(freq);

}

else if(model==1)
{
frequency1();
FFT(8, TwiddleCoeft 256, Samples);
BitReverseComplex(8, Samples);
spoint1();
plotspectrum();
lcd_gotoxy(70,0);
print_lcd(freq);
}
else if{model==2)
{
frequency1();
hunning();
FFT(8, TwiddleCoeff 256, Samples);
BitReverseComplex(8, Samples);
spoint1(};
plotspectrum();
led_gotoxy(70,0);
print_lcd(freq);



}

hunning()
{
int i,n;
i=0;
for(n=0;n<256;n++)
{
Samples[i]=Samples[i]*hunningw|[n];
i=1t+2;
}
}
float int2float(int input)
{
if (input < Q)

input = - input;
return (input /512.0);

}
frequencyl()

{
char j;
int 1,r,f,trick,trick 1;
1=0;
=05
trick=Samples[0];
trick1=Samples[0]-5;
do
{
r=Samples][i];
if(r<=trickl)
{
=1
)
1++;
i++;
}while(j==0);
i=0;
do
{
r=Samples][i];
if(r>=trick)
{
=L
3
1++;
1++;
}while(j==0);
freq=6730/1;
}



scankey()

{

}

int x,y;
x=PORTE;
x&=0x00¢0;
Y=X;
1f(x!=0x00e0)
{
if(x==0x00c0)
{
mode1=0;
led _clear screen();
led_write picture();
}
if(x==0x00a0)
{
model=1;
led clear screen();
led write_picture_s();
}
if(x==0x0060)
{
model=2;
led_clear_screen();
led_write_picture_s();
}
do
{
x=PORTE,;
x&=0x00¢e0;
}
while(x==y);
}

spoint1()

{

char a,j;

int e,f,i,sf,pm;

float re,im,re2,im2,am;
a=0;

j=0;

while(a<70)

{

e=Samples[j++];
f=Samples[j++];
re=int2float(e);

im=int2float(f);
re2=re*re;



im2=im*im;
am=sqrt(re2+im?2);

pm=am*100.;

st=pm;

spectrum[a]=sf;

at+;

}
}
plotspectrum()
{

char a;

a=0;

while(a<=65)

{
putpoint2(spectrum(a],a+11);
at++;

}

}
putgraph()
{
char m,n,o;
for(m=0;m<140;m=m+2)
{
o=m/2;
n = (Samples[m]+512)/25;
putpoint(n,o+10);
}
}
putpoint{char a,char x)
{
char b;
int c;
c=a*6;
for(b=0;b<=5;b++)
{
led gotoxy(x,b);
led_write_data(graphl{c]);
c++;
}
}
putpoint2(char a,char x)
{
char b;
intc;
c=a*6;
for(b=0;b<=5;b++)
{

led_gotoxy(x,b);
led_write_data(graph2[c]);
ctt;

2



}
}
lcd_write data(char Datal)

{

char ac ;

LATD |=0x0004;
for (ac=0;ac<8;ac++)

{
if(Datal &0x80)
{
LATD |=0x0008;
!
else
{
LATD &=0x{ff7;
b

LATD [=0x0010;
delay _us(20);
LATD &=0xffef;
delay us(20);
Datal<<=];
}
}

lcd_write_command(char commandl)

{

char ab;

LATD &=0xfffb;
for (ab=0;ab<8;ab++)
{
if(command1&0x80)

{
LATD [=0x0008;

}

else

{
LATD &=0xfff7,

i
LATD |=0x0010;
delay_us(20);
LATD &=0xffef;
delay us(20);
command]<<=1;
}
h

led_initial(void)

{



LATD &=0x{tfd;
delay us(20);
LATD |=0x0002;
delay us(20);

led write command(0x21);
led_write command(128+38);
led_write_command(4+3);

led write command(16+3);

led write_command(32+0);
led write command(12);

led_clear screen(void)

{

unsigned int i=0;

led write command(128+0);
led_write_command(64+0);

for(i=0;1<504;i++)
led_write_data(0);

}
led_write picture()
{
char a,b,c,i;
a=0;
b=0;
do
{
led_gotoxy(a,b);
c=0;
1=b*10;
do
{
led_write_data(picture][i]);
c++;
i++;
ywhile(c<10);
a=0;
b++;
}while(b<=5);
}
led_write picture s()
{

char a,b;
a=0;



while(a<=5)

{
lcd_gotoxy(9,a);
led_write_data(0xff);
a++t;

}

a=0;

while(a<=5)

{
lcd_gotoxy(8,a);
led_write_data(0x44);
at+t;

}

b=10;

while(b<=83)

{
led gotoxy(b,5);
lcd_write_data(0x40);
b++;

}

}

Ied gotoxy(char x,char y)
{

led write_command(128+x);
led write_command(64+y);

}

led_put_char(char character)

{

char font_size count = 0;
int font_data_index;

font_data_index = character-48;
font data index = font data index*3;

while(font_size_count<3)

{

led_write_data(font[font_data_index]);
font_size_count++;
font data index++;

led_write_data(0);

}
led_print_string(char *string)
{

char i;

1=0;

do

{



led_put_char(buffer_p[i]);

it+;
}
while(buffer p[i]!=0x00);
}
print_lcd(int a)
{

sprinti(buffer p,"%d",a);
led print_string(buffer p);
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dsPIC30F6010A/6015 Enhanced Flash
16-bit Digital Signal Controller (DSC)

Note: This data sheet summarizes fgatures of this
groupof dsPIC30F devices-and is notintended to be
a complete reference source. For more information
on-the CPU,. peripherals, register descriptions and

Family Reference Manual” {DS70046). For more
information on the device instruction set and pro-

Reference Manual”{DST0157).

general device functionality, -refer o the *dsPIC30F

gramming, refer to the “dsPIC30F/33F Programmers

High-Performance Modified RISC CPU:

Modified Harvard architecture

+ C compiler optimized instruction set architecture
with flexible Addressing modes

+ 83 base instructions

+ 24-bit wide instructions, 16-bit wide data path

» 144 Kbytes on-chip Flash program space
(Instruction words)

» 8 Kbytes of on-chip data RAM

* 4 Kbytes of nonvolatile data EEPROM

* Up to 30 MIPS operation:
- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)

- 7.37 MHz internal RC with PLL active
(4x, 8x, 16x)
* 44 interrupt sources:
- 5 external interrupt sources

- 8 user selectable priority levels for each
interrupt source

- 4 processor trap sources
» 16 x 16-bit working register array

DSP Engine Features:

= Dual data fetch
= Accumulator write-back for DSP operations
* Modulo and Bit-Reversed Addressing modes

» Two, 40-bit wide accumulatars with optional
saturation logic

* 17-bit x 17-bit single-cycle hardware fractional/
integer muttiplier

* All DSP instructions single cycle
* +16-bit single-cycle shift

Peripheral Features:

High-current sink/source |/O pins: 25 mA/25 mA
Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules

16-bit Capture input functions

16-bit Compare/PWM output functions

3-wire SPI modules (supports 4 Frame modes)
12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

2 UART modules with FIFO Buffers

2 CAN modules, 2.0B compliant (dsPIC306010A)
1 CAN module, 2.0B compliant (dsPIC306015)

Motor Control PWM Module Features:

8 PWM output channels:

- Complementary or Independent Output
modes

- Edge and Center-Aligned modes

4 duty cycle generators

Dedicated time base

Programmable output polarity

Dead-Time control for Complementary mode
Manual output control

Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

Interrupt on position counter rollover/underflow

© 2007 Microchip Technology Inc.
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Analog Features:

» 10-bit Analog-to-Digital Converter (ADC) with
4 S/H Inputs:

- 1 Msps conversion rate

- 16 input channels

- Conversion available during Sleep and Idle
* Programmable Brown-out Reset

Special Microcontroller Features:

* Enhanced Flash program memory:
- 10,000 erase/write cycle {min.) for
industrial temperature range, 100K (typical)
* Data EEPROM memory:

- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical}

* Self-reprogrammable under software control

» Power-on Reset (POR), Power-up Timer (PWRT)
and QOscillator Start-up Timer (OST)

+ Flexible Watchdog Timer (WDT) with on-chip,
low-power RC oscillator for reliable operation

* Fail-Safe Clock Monitor operation detects clock
failure and switches to on-chip, low-power RC
oscillator

* Programmable code protection
+ In-Circuit Serial Programming™ (ICSP™)
» Selectable Power Management modes

- Sleep, Idle and Alternate Clock modes

CMOS Technology:

= Low-power, high-speed Flash technology

» Wide operating voltage range {2.5V to 5.5V)
* Industrial and Extended temperature ranges
+ Low-power consumption

dsPIC30F Motor Control and Power Conversion Family*

Oevica | pins | wam. Bytes | S°AM | EEPROM| Tmer input| o Ui | Cor | A0 | Qusa | | = 12| 2
Instructions PWM PWM > =

dsPIC30F2010 | 28 | 12KMK | 512 | 1024 | 3 [ 4] 2 6ch | 6eh | Yes [1[1[1]—
dsPIC30F3010 | 28 | 24KkiBK | 1024 | 1024 | 5 | 4 2 Gch | - 6ech <l ves |1]1]1]—
dsPIC30F4012 | 28 | 48K/M6K | 2046 1024 | 5 | 4 | 2 Gch | 6Goh | Yes | 1041|111
dsPIC30F3011 :c:/ 24K/8K [1024 | 1024 | 5 | 4 | 4 Geh | 9ch | Yes |21 1 |—
dsPIC30F4011 :3/ 48K/16K | 2048 | 1024 | 5 | 4 4 | 8ch | och |ves 21|11
dsPIC30F5015 | B4 | 66K/22K j2048 1 1024 | 5 | 4 4 | Boh | teoh | ves 12|11
dsPIC30F5E16 | 80 | 66K/22K - {2048 | 1024 5 4" 4 | Bon t6ch | Yes | 1|21 [1
dsPIC30FG010A | B8O 144K/48K | 8192 4096 5 8 8 8 ch 16 ch Yes | 2 | 2 . 112
dsPIC30F6015 | 64 | 144K/4BK | 8192 | 4006 | 5 | 8 8 8ch | 16¢ch | Yes |2 (2|1 [1

* This table provides a summary of the dsPIC30F peripheral features. Other available devices in the dsPIC30F Motor Control and
Power Conversion Family are shown for feature comparison.

DS70150C-page 2
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Pin Diagram
64-Pin TQFP
a
e B3
C.ECX pay
5 ATA %
o M N =D rs >
Ll Ll S =ZZ
grrre;g A280wa0
e e S a4 cz88acax
ZEYTTRR =8022ced
$E:23Fap8588332
iaaaa005205000000
088258%%58335%%6%@
PWM3H/RE5 T 1 48[ EMUC1/SOSCOT1CK/CNO/RC14
PWM4L/RES 2 47 EMUD1/SOSCITACK/CNA/RC 13
PWM4H/RE? =3 46— EMUC2/0C1/RDO
SCK2/CNB/RGS |4 45— IC4/INT4/RD11
SDI2/CNO/RG7 5 4411 IC3/INT3/RD10
SDO2/CN10/RG8 T— 6 431 IC2/FLTB/NT2/RDS
MCLR 7 42— ICY/FLTA/INT1/RD8
SSZ!CNWT/GQ Eg dsPIC30F6013 2(112 ;SSSCZ/CLKOIRC‘IS
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Note: Pinout subject to change.
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FIGURE 1-2: dsPIC30F6015 BLOCK DIAGRAM
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Tabie 1-1 provides a brief description of the device 1/0
pinout and the functions that are multiplexed to a port
pin. Multiple functions may exist on one port pin. When
multiplexing occurs, the peripheral module’s functional
requirements may force an override of the data
direction of the port pin.

TABLE 1-1: dsPIC30F6010A/6015 I/O PIN DESCRIPTIONS
. Pin Buffer I
Pin Name Type Type Description

ANO-AN15 | Analog |Analog input channels. ANO and AN1 are also used for device programming
data and clock inputs, respectively.

AVDD P P Positive supply for analog module.

AVss P P Ground reference for anaiog module.

CLKI 1 ST/CMOS |External clock source input. Always associated with OSC1 pin function.

CLKO o — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKQ in RC and EC modes. Always
assaociated with OSC2 pin function.

CNO-CN23 I ST Input change notification inputs. Can be software programmed for internal weak
pull-ups on all inputs.

C1RX I ST CAN1 bus receive pin.

C1TX o} — CAN1 bus transmit pin.

C2RX | ST CAN2 bus receive pin.

C2TX @] — CAN2 bus transmit pin.

EMUD I} ST ICD Primary Communication Channel data input/output pin.

EMUC 110 ST ICD Primary Communication Channel clock input/output pin.

EMUD1 IO ST ICD Secondary Communication Channel data input/output pin.

EMUCH O ST ICD Secondary Communication Channel clock input/output pin.

EMUD2 1o} ST ICD Tertiary Communication Channel data input/output pin.

EMUC2 fle} ST ICD Tertiary Communication Channel clock input/output pin.

EMUD3 I{e] ST ICD Quaternary Communication Channel data input/output pin.

EMUC3 l{e] ST ICD Quaternary Communication Channel clock input/output pin.

IC1-1C8 | ST Capture inputs 1 through 8.

INDX | ST Quadrature Encoder Index Pulse input.

QEA | ST Quadrature Encoder Phase A input in QEI mode.
Auxitiary Timer External Clock/Gate input in Timer mode.

QEB | ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

UPDN ¢} CMOS |Position Up/Down Counter Direction State.

INTO | ST External interrupt 0.

INT1 | ST External interrupt 1.

INT2 | ST External interrupt 2.

INT3 | ST External interrupt 3.

INT4 I ST External interrupt 4.

Legend: CMOS =

ST
I

CMOS compatible input or output Analog = Analog input
Schmitt Trigger input with CMOS levels 0 = Qutput
P = Power

= Input

DS70150C-page 10
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TABLE 1-1: dsPIC30F6010A/6015 I/O PIN DESCRIPTIONS (CONTINUED)
. Pin Buffer s
Pin Name Type Type Description
FLTA I ST PWM Fault A input.
FLTB I ST PWM Fault B input.
PWM1L e — PWM 1 Low output.
PWM1H O — PWM 1 High output.
PWM2L O — PWM 2 Low output.
PWMZH 0] — PWM 2 High output.
PWM3L 0] — PWM 3 Low output.
PWM3H o — PWM 3 High output.
PWM4L o] — PWM 4 Low output.
PWM4H 0] — PWM 4 High output.
MCLR P ST Master Clear (Reset) input or programming voltage input. This pin is an
active-low Reset to the device.
OCFA I ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
OCFB | ST Compare Fault B input (for Compare channels 5, 6, 7 and 8).
0OC1-0C8 0] — Compare outputs 1 through 8.
0Ssc1 1 ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.
0O8C2 Wo — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD o ST In-Circuit Serial Programming™ data input/output pin.
PGC | ST In-Circuit Serial Programming clock input pin.
RA9-RA10 o ST PORTA is a bidirectional /G port.
RA14-RA15 o ST
RB0O-RB15 Vo ST PORTB is a bidirectional /O port.
RC1 /o ST PORTC is a bidirectional IO port.
RC3 o ST
RC13-RC15 Vo ST
RDO-RD15 I{6] ST PORTD is a bidirectional /O port.
REQ-RE9 I{0] ST PORTE is a bidirectional /O port.
RF(Q-RF8 e ST PORTF is a bidirectional I/O port.
RGO-RG3 Vo ST PORTG is a bidirectional /O port.
RG6-RGY Vo ST
SCK1 o ST Synchronous serial clock inputfoutput for SP1 #1.
SDI ] ST SPI #1 Data In.
SDO1 0] — SPI #1 Data Out.
581 ! ST SPI #1 Slave Synchronization.
SCK2 l{0] ST Synchronous serial clock input/output for SPI #2.
SDI2 t ST SPI#2 Data In.
SDO2 o —_ SPI #2 Data Out.
SS82 I ST SPI #2 Slave Synchronization.
SCL 1o ST Synchronous serial clock inputioutput for I°C™.
SDA e} ST Synchronous serial data input/output for 12C.
S08CO 0 - 32 kHz low-power oscillator crystal output.
SQSsClI [ ST/CMOS |32 kHz low-power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.
T1CK I ST Timer1 external clock input.
T2CK i ST Timer2 external clock input.
T4CK | ST Timer4 external clock input.
Legend: CMOS= CMOS compatible input or output Analog= Analog input
ST = Schmitt Trigger input with CMOS levels 0] = Qutput
I =  Input P = Power

© 2007 Microchip Technology Inc.
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TABLE 1-1:  dsPIC30F6010A/6015 IO PIN DESCRIPTIONS (CONTINUED)

. Pin Buffer A
Pin Name Type Type Description

U1RX 1 ST UART1 Receive.

U1TX 8] — UART1 Transmit.

U1ARX ; ST UART1 Alternate Receive.

U1ATX o] — UART1 Alternate Transmit.

U2RX I ST UART2 Receive.

U2TXx 0] — UARTZ2 Transmit.

VoD P — Positive supply for logic and /O pins.

Vss P — Ground reference for logic and I/O pins.

VREF+ I Analog |Analog Voltage Reference (High) input.

VREF- I Analog [Analog Voltage Reference (Low) input.

Legend: CMOS= CMOS compatible input or output Analog= Analog input
ST = Schmitt Trigger input with CMOS levels 0 = Qutput
I = Input P = Power

DS70150C-page 12 © 2007 Microchip Technology Inc.
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2.0 CPUARCHITECTURE
OVERVIEW

Note: This data sheet summarizes feafures of this
group of dsPIC30F devices-and-is not intended to be
a complete reference source. For more-information
on the CPU; peripherals, register descriptions and
general device functionality, refer to the "dsPIC30F
Family Referance Manual® (DS700486). 'For mare
information on the ‘device instruction ‘set and pro-
gramming, refer:tothe “dsPIC30F/33F Programmaers
Reference Manual” (DS70157). s

This document summarizes the CPU and peripheral
functions of the dsPIC30F6010A/6015. For a complete
description of this functionality, please refer to
the “dsPIC30F Family Reference Manual” (DS70046).

2.1 Core Overview

The core has a 24-bit instruction word. The Program
Counter (PC) is 23 bits wide with the Least Significant
bit (LSb) always clear {see Section 3.1 “Program
Address Space”), and the Most Significant bit {(MSb)
is ignored during normal program execution, except for
certain specialized instructions. Thus, the PC can
address up to 4M instruction words of user program
space. An instruction prefetch mechanism is used to
help maintain throughput. Program loop constructs,
free from loop count management overhead, are sup-
ported using the DO and REPEAT instructions, both of
which are interruptible at any point.

The working register array consists of 16x16-bit regis-
ters, each of which can act as data, address or offset
registers. One working register (W15) operates as a
Software Stack Pointer for interrupts and calls.

The data space is 64 Kbytes (32K words) and is split into
two blocks, referred to as X and Y data memory. Each
block has its own independent Address Generation Unit
(AGU). Most instructions operate solely through the X
memory AGU, which provides the appearance of a sin-
gle unified data space. The Multiply-Accumulate (MAC)
class of dual source DSP instructions operate through
both the X and Y AGUs, splitting the data address space
into two parts (see Section 3.2 “Data Address
Space”). The X and Y data space boundary is device-
specific and cannot be altered by the user. Each data
word consists of 2 bytes, and most instructions can
address data either as words or bytes.

There are two methods of accessing data stored in
program memory:

» The upper 32 Kbytes of data space memory can be
mapped into the lower half (user space) of program
space at any 16K program word boundary, defined
by the 8-bit Program Space Visibility Page
(PSVPAG) register. This lets any instruction access
program space as if it were data space, with a limita-
tion that the access requires an additional cycle.
Moreover, only the lower 16 bits of each instruction
word can be accessed using this method.

+ Linear indirect access of 32K word pages within
program space is also possible using any working
register, via table read and write instructions.
Table read and write instructions can be used to
access all 24 bits of an instruction word.

Overhead-free circular buffers (Module Addressing)
are supported in both X and Y address spaces. This is
primarily intended to remove the loop overhead for
DSP algorithms.

The X AGU also supports Bit-Reversed Addressing on
destination Effective Addresses, to greatly simplify
input or output data reordering for radix-2 FFT algo-
rithms. Refer to Section 4.0 “Address Generator
Units” for details on Modulo and Bit-Reversed
Addressing.

The core supports Inherent {no operand), Relative, Lit-
eral, Memory Direct, Register Direct, Register Indirect,
Register Offset and Literal Offset Addressing modes.
Instructions are associated with predefined addressing
modes, depending upon their functional requirements.

For mast instructions, the core is capable of executing
a data (or program data) memory read, a working reg-
ister (data) read, a data memory write and a program
(instruction) memory read per instruction cycle. As a
result, 3-operand instructions are supported, allowing
C = A + B operations to be executed in a single cycle.

A DSP engine has been included to significantly
enhance the core arithmetic capability and throughput.
It features a high-speed 17-bit by 17-bit multiplier, a
40-bit ALU, two 40-bit saturating accumulators and a
40-bit bidirectional barrel shifter. Data in the accumula-
tor or any working register can be shifted up to 16 bits
right or 16 bits left in a single cycle. The DSP instruc-
tions operate seamlessly with all other instructions and
have been designed for optimal real-time performance.
The MAC class of instructions can concurrently fetch
two data operands from memaory, while multiplying two
W registers. To enable this concurrent fetching of data
operands, the data space has been split for these
instructions and linear for all others. This has been
achieved in a transparent and flexible manner, by ded-
icating certain working registers to each address space
for the MAC class of instructions.

The core does not support a multi-stage instruction
pipeline. However, a single stage instruction prefetch
mechanism is used, which accesses and partially
decodes instructions a cycle ahead of execution, in
order to maximize available execution time. Most
instructions execute in a single cycle, with certain
exceptions.

The core features a vectored exception processing
structure for traps and interrupts, with 62 independent
vectors. The exceptions consist of up to 8 traps (of
which 4 are reserved) and 54 interrupts. Each interrupt
is prioritized based on a user-assigned priority between
1 and 7 {1 being the lowest priority and 7 being the
highest) in conjunction with a predetermined ‘natural
order’. Traps have fixed priorities, ranging from 8 to 15.

©® 2007 Microchip Technology inc.
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2.2 Programmer’s Model

The programmer’'s model is shown in Figure 2-1 and
consists of 16x16-bit working registers (W0 through
W15), 2x40-bit accumulators (AccA and AccB),
STATUS register (SR), Data Table Page register
(TBLPAG), Program Space Visibility Page register
(PSVPAG), DO and REPEAT registers (DOSTART,
DOEND, DCOUNT and RCOUNT), and Program
Counter (PC). The working registers can act as data,
address or offset registers. All registers are memory
mapped. WO acts as the W register for file register
addressing.

Some of these registers have a shadow register asso-
ciated with each of them, as shown in Figure 2-1. The
shadow register is used as a temporary helding register
and can transfer its contents to or from its host register
upon the occurrence of an event. None of the shadow
registers are accessible directly. The following rules
apply for transfer of registers into and out of shadows.

* PUSH.S and POP, 8
W0, W1, W2, W3, SR (DC, N, OV, Z and C bits
only) are transferred.

* DO instruction
DOSTART, DOEND, DCOUNT shadows are
pushed on loop start and popped on loop end.

When a byte operation is performed on a working
register, only the Least Significant Byte of the target
register is affected. However, a benefit of memory
mapped waorking registers is that both the Least and
Most Significant Bytes can be manipulated through
byte-wide data memory space accesses.

2.21 SOFTWARE STACK PCINTER/
FRAME POINTER

The dsPIC® DSC devices contain a software stack.
W15 is the dedicated Software Stack Pointer (SP), and
will be automatically modified by exception processing
and subroutine calls and returns. However, W15 can be
referenced by any instruction in the same manner as all
other W registers. This simplifies the reading, writing
and manipulation of the Stack Pointer (e.g., creating
stack frames).

Note:  In order to protect against misaligned
stack accesses, W15<0> is always clear.

W15 is initialized to 0x0800 during a Reset. The user
may reprogram the SP during initialization to any
location within data space.

W14 has been dedicated as a Stack Frame Pointer as
defined by the LNK and ULNK instructions. However,
W14 can be referenced by any instruction in the same
manner as all other W registers.

222 STATUS REGISTER

The dsPIC DSC core has a 16-bit STATUS register
(SR), the LSB of which is referred to as the SR Low
Byte (SRL) and the MSB as the SR High Byte (SRH).
See Figure 2-1 for SR layout.

SRL contains all the MCU ALU operation status flags
(including the Z bit), as well as the CPU Interrupt Prior-
ity Level Status bits, IPL<2:0>, and the Repeat Active
Status bit, RA. During exception processing, SRL is
concatenated with the MSB of the PC to form a
complete word value which is then stacked.

The upper byte of the SR register contains the DSP
adder/subtractor Status bits, the DO Loop Active bit
(DA) and the Digit Carry (DC) Status bit.

223 PROGRAM COUNTER

The Program Counter is 23 bits wide. Bit 0 is always
clear. Therefore, the PC can address up to 4M
instruction words.

DS70150C-page 14
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2.3 Divide Support

The dsPIC DSC devices feature a 16/16-bit signed
fractional divide operation, as well as 32/16-bit and
16/16-bit signed and unsigned integer divide opera-
tions, in the form of single instruction iterative divides.
The following instructions and data sizes are
supperted:

1. DIVF - 16/16 signed fractional divide

The divide instructions must be executed within a
REPEAT loop. Any other form of execution (e.g., a
series of discrete divide instructions) will not function
correctly because the instruction flow depends on
RCOUNT. The divide instruction does not automatically
set up the RCOUNT value, and it must, therefore, be
explicitly and correctly specified in the REPEAT instruc-
tion, as shown in Table 2-1 (REPEAT will execute the tar-
get instruction {operand value + 1} times). The REPEAT
loop count must be set up for 18 iterations of the D1v/

2. DI1Vv.sd - 32/16 signed divide ? ! NS '

3. DIV.ud - 32/16 unsigned divide }Selc‘\ll"l:relgs;t;ugg:.s Thus, a complete divide operation

4. DIV.s — 16/16 signed divide i

5. DIV.u- 16/16 unsigned divide Note: ~ The divide flow is interruptible. However,
the user- needs to save the cantext as
appropriate.

TABLE 2-1: DIVIDE INSTRUCTIONS

Instruction Function

DIVF Signed fractional divide: Wm/Wn — W0; Rem — W1

DIV.sd Signed divide: (Wm+1:Wm)yWn — WO0; Rem — W1

DIV.s Signed divide: Wm/Wn —» W0; Rem — W1

DIV.ud Unsigned divide: (Wm+1:Wm)/Wn — W0; Rem — W1

DIV.u Unsigned divide: Wm/Wn —» W0; Rem — W1

2.4 DSP Engine

The DSP engine consists of a high-speed 17-bit x
17-bit multiplier, a barrel shifter, and a 40-bit adder/sub-
tractor (with two target accumulators, round and
saturation logic).

The dsPIC30F devices have a single instruction flow
which can execute either DSP or MCU instructions.
Many of the hardware resources are shared between
the DSP and MCU instructions. For example, the
instruction set has both DSP and MCU multiply
instructions which use the same hardware multiplier.

The DSP engine also has the capability to perform inher-
ent accumulator-tc-accumulator  operations, which
require no additional data. These instructions are ADD,
SUBE and NEG.

The DSP engine has various options selected through
various bits in the CPU Core Configuration register
{(CORCON), as listed below:

1. Fractional or Integer DSP Multiply {IF).

Signed or Unsigned DSP Multiply (US).
Conventional or Convergent Rounding {(RND).
Automatic Saturation On/Off for AccA (SATA).
Automatic Saturation On/Off for AccB (SATB).

Automatic Saturation On/Off for Writes to Data
Memory (SATDW).

7. Accumulator Saturation mode Selection
(ACCSAT).

|_Note: . For CORCON layout, see Table 3-3,

@ Umh N

A block diagram of the DSP engine is shown in
Figure 2-2.

TABLE 2-2: DSP INSTRUCTION
SUMMARY
Instruction Algebraic Operation
CLR A=0
ED A= (x—y)’

EDAC A=A+ (x-y)?
MAC A=A+(x"y)

MOVSAC No change in A
MPY A=x"y

MPY.N A=—x"y
MSC A=A-x"y

DS70150C-page 16
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FIGURE 2-2: DSP ENGINE BLOCK DIAGRAM
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241 MULTIPLIER

The 17x17-bit multiplier is capable of signed or
unsigned operations and can multiplex its output using
a scaler to support either 1.31 fractional {Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the mul-
tiplier input value. The output of the 17x17-bit multiplier/
scaler is a 33-bit value, which is sign-extended to
40 bits. Integer data is inherently represented as a
signed two's complement value, where the MSB is
defined as a sign bit. Generally speaking, the range of
an N-bit two’s complement integer is -2N-1 10 2MN-1

For a 16-bit integer, the data range is -32768 (0)(3000)
to 32767 (0x7FFF), including 0. For a 32-bit integer, the
data range is -2,147,483,648 (0x8000 0000) to
2,147,483,645 (Ox7FFF FFFF).

When the multiplier is configured for fractional multipli-
cation, the data is represented as a two's complement
fraction, where the MSB is defined as a sign bit and the
radix point is implied to lie just after the sign bit
{QX format). The range of an N-bit two's complement
fraction with this implied radix point is -1.0 to (1-21"N).
For a 16-bit fraction, the Q15 data range is -1.0
{0x8000) to 0.999969482 (0x7FFF), including 0 and
has a precision of 3.01518x10®. In Fractional mode, a
16x16 multiply operation generates a 1.31 product,
which has a precision of 4.65661x10710.

The same multiplier is used to support the MCU multi-
ply instructions, which include integer 16-bit signed,
unsigned and mixed sign multiplies.

The MUL instruction may be directed to use byte or
word-sized operands. Byte operands will direct a 16-bit
result, and word operands will direct a 32-bit result to
the specified register(s) in the W array.

2472 DATA ACCUMULATORS AND
ADDER/SUBTRACTOR

The data accumulator consists of a 40-bit adder/sub-
tractor with automatic sign extension logic. It can select
one of two accumulators (A or B) as its pre-
accumulation source and post-accumulation destina-
tion. For the ADD and LAC instructions, the data to be
accumulated or loaded can be optionally scaled via the
barrel shifter, prior to accumulation.

2.4.21 Adder/Subtractor, Overflow and
Saturation

The adder/subtractor is a 40-bit adder with an optional
zero input into one side and either true or complement
data into the other input. In the case of addition, the
carry/barrow input is active-high and the other input is
true data (not complemented), whereas in the case of
subtraction, the carry/borrow input is active-low and the
other input is complemented. The adder/subtractor
generates Overflow Status bits, SA/SB and OA/OB,
which are latched and reflected in the STATUS register.

» Qverflow from bit 39: this is a catastrophic
overflow in which the sign of the accumulator is
destroyed.

+ Overflow into guard bits 32 through 39: this is a
recoverable overflow. This bit is set whenever all
the guard bits are not identical to each other.

The adder has an additional saturation block which
controls accumulator data saturation, if selected. It
uses the result of the adder, the Overflow Status bits
described above, and the SATA/B (CORCON<7:6>)
and ACCSAT (CORCON<4>) mode control bits to
determine when and to what value to saturate.

Six STATUS register bits have been provided to
support saturation and overflow. They are:

1. OA:
AccA overflowed into guard bits

2. OB:
AccB overflowed into guard bits

3. SA
AccA saturated (bit 31 overflow and saturation)
or
AccA overflowed into guard bits and saturated
{bit 39 overflow and saturation)

4. SB:
AccB saturated (bit 31 overflow and saturation)
or
AccB overflowed into guard bits and saturated
(bit 39 overflow and saturation)

5. OAB:
Logical OR of OA and CB
6. SAB:

Logical OR of SA and SB

The OA and OB bits are modified each time data passes
through the adder/subtractor. When set, they indicate
that the most recent operation has overflowed into the
accumulator guard bits (bits 32 through 39). The OA and
OB bits can also optionally generate an arithmetic warn-
ing trap when set and the corresponding overflow trap
flag enable bit (OVATE, OVBTE) in the INTCON1 regis-
ter (refer to Section 5.0 “Interrupts”) is set. This allows
the user to take immediate action, for example, to correct
system gain.

DS70150C-page 18
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The SA and SB bits are modified each time data passes
through the adder/subtractor, but can only be cleared by
the user. When set, they indicate that the accumulator
has overflowed its maximum range (bit 31 for 32-bit
saturation, or bit 39 for 40-bit saturation) and will be
saturated if saturation is enabled. When saturation is not
enabled, SA and SB default to bit 39 overflow and thus
indicate that a catastrophic overflow has occurred. If the
COVTE bit in the INTCON1 register is set, SA and SB
bits will generate an arithmetic waming trap when
saturation is disabled.

The Overflow and Saturation Status bits can optionally
be viewed in the STATUS register (SR) as the logical
OR of OA and OB (in bit OAB) and the logical OR of SA
and SB (in bit SAB). This allows programmers to check
one bit in the STATUS register to determine if either
accumulator has overflowed, or one bit to determine if
either accumulator has saturated. This would be useful
for complex number arithmetic which typically uses
both the accumulators.

The device supports three Saturation and Overflow
modes.

1. Bit 39 Overflow and Saturation:
When bit 39 overflow and saturation occurs, the
saturation logic loads the maximally positive 9.31
(Ox7FFFFFFFFF) or maximally negative 9.31
value (0x8000000000) into the target accumula-
tor. The SA or SB bit is set and remains set until
cleared by the user. This is referred to as ‘super
saturation’ and provides protection against erro-
neous data or unexpected algerithm problems
(e.g., gain calculations),

2. Bit 31 Overflow and Saturation:
When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally posi-
tive 1.31 value (0x007FFFFFFF) or maximaily
negative 1.31 value (0x0080000000) into the
target accumulator. The SA or SB bit is set and
remains set until cleared by the user. When this
Saturation mede is in effect, the guard bits are not
used so the OA, OB or OAB bits are never set.

3. Bit 39 Catastrophic Overflow
The bit 39 Overflow Status bit from the adder is
used to set the SA or SB bit, which remain set
until cleared by the user. No saturation operation
is performed and the accumulator is allowed to
overflow (destroying its sign). If the COVTE bit in
the INTCON1 register is set, a catastrophic
overflow can initiate a trap exception.

2422 Accumulator ‘Write-Back’

The MAC class of instructions {with the exception of
MPY, MPY.N, ED and EDAC) can optionally write a
rounded version of the high word (bits 31 through 16)
of the accumulator that is not targeted by the instruction
into data space memory. The write is performed across
the X bus into combined X and Y address space. The
following addressing modes are supported:

1. W13, Register Direct:

The rounded contents of the non-target
accumulator are written into W13 as a 1.15
fraction.

2. [W13]+ = 2, Register Indirect with Post-Increment:
The rounded contents of the non-target accumu-
lator are written into the address pointed to by
W13 as a 1.15 fraction. W13 is then
incremented by 2 (for a word write).

2423 Round Logic

The round logic is a combinational block, which per-
forms a conventional (biased) or convergent (unbiased)
round function during an accumulator write (store). The
Round mode is determined by the state of the RND bit
in the CORCON register. It generates a 16-bit, 1.15 data
value which is passed to the data space write saturation
logic. If rounding is not indicated by the instruction, a
truncated 1.15 data value is stored and the least
significant word is simply discarded.

Conventional rounding takes bit 15 of the accumulator,
zero-extends it and adds it to the ACCxH word (bits 16
through 31 of the accumulator). If the ACCxL word (bits
0 through 15 of the accumulator) is between 0x8000
and OxFFFF (0x8000 included), ACCxH is incre-
mented. If ACCxL is between 0x0000 and Ox7FFF,
ACCxH is left unchanged. A conseguence of this algo-
rithm is that over a succession of random rounding
operations, the value will tend to be biased slightly
positive.

Convergent (or unbiased) rounding operates in the
same manner as conventional rounding, except when
ACCxL equals 0x8000. If this is the case, the LSb
(bit 16 of the accumulator) of ACCxH is examined. If it
is '1’, ACCxH is incremented. If it is '0’, ACCxH is not
modified. Assuming that bit 16 is effectively random in
nature, this scheme will remove any rounding bias that
may accumulate.

The SAC and SAC.R instructions store either a trun-
cated (SAC) or rounded (SAC . R) version of the contents
of the target accumulator to data memory, via the X bus
{subject to data saturation, see Section 2.4.2.4 “Data
Space Write Saturation”). Note that for the MAC class
of instructions, the accumulator write-back operation
will function in the same manner, addressing combined
MCU (X and Y) data space though the X bus. For this
class of instructions, the data is always subject to
rounding.

©® 2007 Microchip Technology Inc.
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2424 Data Space Write Saturation

In addition to adder/subtractor saturation, writes to data
space may also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15
fractional value from the round logic block as its input,
together with overflow status from the ariginal source
{accumulator) and the 16-bit round adder. These are
combined and used to select the appropriate 1.15
fractional value as output to write to data space
memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly. For input data greater than
Ox007FFF, data written to memory is forced to the max-
imum positive 1.15 value, Ox7FFF. For input data less
than OxFF8000, data written to memory is forced to the
maximum negative 1.15 value, 0x8000. The MSb of the
source (bit 39) is used to determine the sign of the
operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

243 BARREL SHIFTER

The barrel shifter is capable of performing up to 16-bit
arithmetic or legic right shifts, or up to 16-bit left shifts
in a single cycle. The source can be either of the two
DSP accumulators or the X bus (to support muiti-bit
shifts of register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value will shift the operand
right. A negative value will shift the operand left. A
value of ‘0" will not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and bit positions 0 to 15 for left shifts.

DS70150C-page 20
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Philips Semiconductors Product specification

48 x 84 pixels matrix LCD controller/driver PCD8544
1 FEATURES 2 GENERAL DESCRIPTION
« Single chip LCD controlier/driver The PCD8544 is a low power CMOS LCD controller/driver,
« 48 row, 84 column outputs designed to drive a graphic display of 48 rows and

84 columns. All necessary functions for the display are

* Display data RAM 48 x 84 bits provided in a single chip, including on-chip generation of

* On-chip: LCD supply and bias voltages, resuiting in a minimum of
— Generation of LCD supply voltage (external supply external components and low power consumption.
also possible) The PCD8544 interfaces to microcontrollers through a
— Generation of intermediate LCD bias voltages serial bus interface.
— Oscillater requires no external components (external The PCDB8544 is manufactured in n-well CMOS
clock also possible). technology.

« External RES (reset) input pin

s Serial interface maximum 4.0 Mbits/s 3 APPLICATIONS
¢ CMOS compatible inputs

¢ Mux rate: 48

» Logic supply voltage range Vpp to Vss: 2710 3.3 V

* Telecommunications equipment.

» Display supply voltage range V| cp to Vgsg

— 6.0to 8.5 V with LCD voltage internally generated
(voltage generator enabled)

— 6.0t0 9.0 V with LCD voltage externally supplied
(voltage generator switched-off).

» Low power consumption, suitable for battery operated
systems

» Temperature compensation of Vi cp
« Temperature range: -25 to +70 °C.

4 ORDERING INFORMATION

PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
PCD8544U - chip with bumps in tray; 168 bonding pads + 4 dummy pads -

1998 Apr 12 3
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5 BLOCK DIAGRAM

C11o C83 RO to R47
3 Y
COLUMN DRIVERS | ROW DRIVERS |
BIAS [
Vicpz —+{ VoLTAGE I ‘
GENERATOR
I DATA LATCHES l——[ SHIFT REGISTER I
L ) RESET — RES
OSCILLATOR—«}— osc
VicD1+ vLeo
GENERATOR DISPLAY DATA RAM
] (EBD ':ABZ") + TIMING
[ « GENERATOR
Vpp1to Vpp2 [ +
VggqtoVgsy) —+— I
4 DISPLAY
ADDRESS
T4, ADDRESS COUNTER COUNTER
T2 +—
DATA
e REGISTER | 1 PCD8544
T4 4> +
10 BUFFER
s . 4

_ MGLE29
SDIN  SCLK D/iC  SCE

Fig.1 Block diagram.
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6 PINNING
SYMBOL DESCRIPTION
R0 to R47 LCD row driver outputs
COto C83 LCD column driver outputs
Vssi1, Vss2 ground
Vob1, Vopz supply voltage

Viep1. Vicnp?

LCD supply voltage

T1

test 1 input

T2 test 2 output

T3 test 3 input/output
T4 test 4 input

SDIN serial data input
SCLK serial clock input
D/IC data/command
SCE chip enable

0SsC oscillator

RES external reset input
dummy1, 2, 3, 4 | not connected
Note

1. For further details, see Fig.18 and Table 7.

6.1 Pin functions

6.1.1 RO 70 R47 ROW DRIVER OUTPUTS

These pads output the row signals.

6.1.2 C0 1O C83 COLUMN DRIVER OUTPUTS

These pads output the column signals.

6.1.3  Vgs(, Vgg2: NEGATIVE POWER SUPPLY RAILS

Supply rails Vggq and Vgg, must be connected together.

6.14  Vpp1. Vopz: POSITIVE POWER SUPPLY RAILS

Supply rails Vpp1 and Vppz must be connected together.

1999 Apr 12

6.1.5 Viep1, Viepz: LCD POWER SUPPLY

Positive power supply for the liquid crystal disptay. Supply
rails V| cpt and V| ¢pz must be connected together.

6.186 T1,T2, T3 AND T4: TEST PADS

T1, T3 and T4 must be connected to Vgg, T2 is to be left
open. Not accessible to user.

6.1.7  SDIN: SERIAL DATA LINE

Input for the data line.

6.1.8  SCLK: SERIAL CLOCK LINE
Input for the clock signal: 0.0 to 4.0 Mbits/s.

6.1.9 D/C: MODE SELECT

Input to select either command/address or data input.

6.1.10 SCE: CHIP ENABLE

The enable pin allows data to be clocked in. The signal is
active LOW.

6.1.11 (OSC: OSCILLATOR

When the on-chip oscillator is used, this input must be
connected to Vpp. An external clock signal, if used, is
connected to this input. If the oscillator and external clock
are both inhibited by connecting the OSC pin to Vg, the
display is not clocked and may he left in a DC state.

To avoid this, the chip should always be put into
Power-down mode before stopping the clock.

6.1.12 RES: RESET

This signal will reset the device and must be applied to
properly initialize the chip. The signal is active LOW.
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7 FUNCTIONAL DESCRIPTION
71 Oscillator

The on-chip oscillator provides the clock signal for the
display system. No external components are required and
the OSC input must be connected to Vpp. An external
clock signal, if used, is connected to this input.

7.2  Address Counter (AC)

The address counter assigns addresses to the display
data RAM for writing. The X-address Xg to Xy and the
Y-address Y; to Y are set separately. After a write
operation, the address counter is automatically
incremented by 1, according to the V flag.

7.3 Display Data RAM (DDRAM)

The DDRAM is a 48 x 84 bit static RAM which stores the
display data. The RAM is divided into six banks of 84 bytes
(6 x 8 x 84 bits). During RAM access, data is transferred

to the RAM through the serial interface. There is a direct

carrespondence between the X-address and the column

output number.

1999 Apr 12

7.4 Timing generator

The timing generator produces the various signals
required to drive the internal circuits. Internal chip
operation is not affected by operations on the data buses.

7.5 Display address counter

The display is generated by continuously shifting rows of
RAM data to the dot matrix LCD through the column
outputs. The display status (all dots on/off and
normalfinverse video) is set by bits E and D in the ‘display
control’ command.

7.6 LCD row and column drivers

The PCDB8544 contains 48 row and 84 column drivers,
which connect the appropriate LCD bias voltages in
sequence to the display in accordance with the data to be
displayed. Figure 2 shows typical waveforms. Unused
outputs should be left unconnected.
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Fig.2 Typical LCD driver waveforms.
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Fig.3 DDRAM to display mapping.
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7.7  Addressing

Data is downloaded in bytes into the 48 by 84 bits RAM
data display matrix of PCD8544, as indicated in

Figs. 3, 4, 5 and 6. The columns are addressed by the
address pointer. The address ranges are: X 0 to 83
(1010011), Y 0 to 5 (101). Addresses outside these
ranges are not allowed. In the vertical addressing mode
{V = 1), the Y address increments after each byte (see

771 DATA STRUCTURE

Fig.5). After the last Y address (Y = 5), Y wraps around
to 0 and X increments to address the next column. In the
horizontal addressing mode (V = 0), the X address
increments after each byte (see Fig.6). After the last

X address (X = 83), X wraps around to 0 and

Y increments to address the next row. After the very last
address (X = 83 and Y = 5), the address pointers wrap
around to address (X =0and Y =0).

LSB

AN

______________ ¢ Y-address

MSB

I—‘—‘— 0 X-address a3 g

Fig.4 RAM format, addressing.

MGLE38

________ — Y-address

X-address

Fig.5 Sequence of writing data bytes into RAM with vertical addressing (V = 1).

MGLB3S

1999 Apr 12



Philips Semiconductors Product specification

48 x 84 pixels matrix LCD controller/driver PCD8544

v

0|12 0

84| 85|86 T

168|169/170 ;
———————— — . Y-address

252|253/254 :

336{337(338

aoofaztfae] [ [T E—J 5

0 mm oo 83
X-address

MGLE4O

Fig.6 Seqguence of writing data bytes into RAM with horizontal addressing (V = 0).

7.8 Temperature compensation contrast. Figure 7 shows V| ¢p for high multipiex rates.
- . Inthe PCDB8544, the temperature coefficient of V| cp, can

D_ue tq the temperature dependency of the liquid crystals be selected from four values (see Table 2) by setting bits

viscosity, the LCD controlling voltage V| cp must be TC, and TC

increased at lower temperatures to maintain optimum ! o

Vico

(1)
(2)

(3)
K

0°C temperature
MGLE41

{1} Upperlimit.

(2} Typical curve.

(3} Temperature coefficient of IC.
(4} Lower limit.

Fig.7 Vicp as function of liquid crystal temperature (typical values).
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Fig.10 Serial bus protocol - transmission of one byte.

SCE

DIC

SCLK

SDIN

MGLBJ?

Fig.11 Serial bus protacol - transmission of several bytes.
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Fig.12 Serial bus reset function (SCE).
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Fig.13 Serial bus reset function (RES).
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8.1 Initialization

Immediately following power-cn, the contents of all internal
registers and of the RAM are undefined. A RES pulse
must be applied. Attention should be paid to the
possibility that the device may be damaged if not properly
reset.

All internal registers are reset by applying an external RES
pulse {active LOW) at pad 31, within the specified time.
However, the RAM contents are still undefined. The state
after reset is described in Section 8.2.

The RES input must be <0.3Vpp when Vpp reaches Vppmin
{(or higher) within a maximum time of 100 ms after Vpp
goes HIGH (see Fig.16).

8.2 Reset function
After reset, the LCD driver has the following state:
+ Power-down mode {bit PD = 1)

» Horizontal addressing (bit V = 0) normal instruction set
(bitH=0)

Display blank (bitE =D = 0)

* Address counter Xgto Xg=0; Yoto Yg=0
» Temperature control mode (TC{ TCy = 0)
+ Bias system (BS; to BS; = 0)

s V cpis equal to 0, the HV generator is switched off
(Vore to Vopg = 0)
« After power-on, the RAM contents are undefined.

8.3 Function set
8.3.1 BiT PD

o Al LCD outputs at Vgg {display off)

* Bias generator and V| ¢p generator off, V| op can be
disconnected

* Oscillator off (external clock possible)

» Serial bus, command, etc. function

» Before entering Power-down mode, the RAM needs to

be filled with ‘0’s to ensure the specified current
consumption.

832

When V = 0, the horizontal addressing is selected.

The data is written into the DDRAM as shown in Fig.6.
When V = 1, the vertical addressing is selected. The data
is written into the DDRAM, as shown in Fig.5.

BiIT V

1999 Apr 12
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When H = 0 the commands ‘display control’, ‘set

Y address’ and ‘set X address’ can be performed; when
H = 1, the cthers can be executed. The ‘write data’ and

‘function set’ commands can be executed in both cases.

8.4 Display control
8.4.1
Bits D and E select the display mode (see Tabie 2).

BiTs D AND E

8.5 SetY address of RAM
Y, defines the Y vector addressing of the display RAM.

Table 3 Y vector addressing

Y2 Y1 Yo BANK
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5

8.6 Set X address of RAM

The X address points to the columns. The range of X is
0 to 83 (53H).

8.7 Temperature control

The temperature coefficient of V| ¢p is selected by bits
TC1 and TCy.

8.8 Bias value

The bias voltage levels are set in the ratio of
R-R-nR-R-R,giving a 1/(n + 4) bias system. Different
multiplex rates require different factors n (see Tabie 4).
This is programmed by BS; to BS,. For Mux 1 : 48, the
optimum bias value n, resulting in 1/8 bias, is given by:

n=,/48-3=23928=4 (1)
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12.1 Serial interface
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Fig.15 Serial interface timing.

12.2 Reset
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Fig.16 Reset timing.
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LM1117/LM11171

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at 800mA of toad current. It has the
same pin-out as National Semiconductor's industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.25V to 13.8V with only two
external resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. Its
circuit includes a zener trimmed bandgap reference to as-
sure output voltage accuracy to within £1%.

The LM1117 series is available in LLP, TO-263, SOT-223,
TO-220, and TQ-252 D-PAK packages. A minimum of 10uF
tantalum capacitor is required at the output to improve the
transient response and stability,

800mA Low-Dropout Linear Regulator

October 2002

Features
® Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions
® Space Saving SOT-223 and LLP Packages
® Current Limiting and Thermal Protection
® Qutput Current 800mA
m Line Regulation 0.2% (Max)
® Load Regulation 0.4% {Max)
B Temperature Range
— LM1117 0°Cto 125°C
— LM11171 -40°C 1o 125°C
Applications

B 2.85V Model for SCSI-2 Active Termination

@ Post Regulator for Switching DC/DC Converter
m High Efficiency Linear Regulators

® Battery Charger

u Battery Powered Instrumentation
Typical Application
Active Terminator for SCSI-2 Bus
1100~
LM1117-2.85
['had\ﬁ I wo R
GND :
ke 4,75V TO + + :
= 5.25V 10 uf 22 pF g 1100
| T _J_ 1L W)
10091905

Fixed Output Regulator

LM1117-XX

Tantalum |

T ViN Vout
GND
10 uf*

I 10 uF
T Tantalum

-

-

* Required if tha regulator is located far from the power supply filter.

10091928

© 2002 National Semiconductor Corporation DS$100919

www.national.com
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