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ABSTRACT

This thesis present the study,design and built of self balancing robot with its
configuaration of coaxial wheels to be able o balance it self even an external force has apply to
it .The robois work on basis of feedback control theory , by measure an angle of the robot by
variable resistor that act as an sensor in this project and send to microcontroller to caleulate and

control of posture and motion of robot to keep it stable in an upright position
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{
! {FS2bits. PWMIF = Q;
}
int main{)
{ .
A MMUARIMTOUINDT TURUDIPWM ¥/
unsigned int config;
+ Smuad g InaaldarigSnsudhin +
unsigned int period;
= fvuam 13 dmaeivosdannunszduiiam =/
unsigned int sptime;
#* Anuamms IHOuPwWM +/
unsigned int configl;
= Srmuaiiiiozlnaald S3aae PWMCONT %/
unsigned int config?;
 fuas Tnadmnanas Spins wihivesdaamnszduii »
unsigned int config3;
 fmuamilezda 1 S5ames pDCx */
unsigned int dutycyclereg;
unsigned mt dutycycle;
unsigned char updatedisable;
* fvuas IRy un B uRes U +
config = (PWM INT_EN & PWM FLTA DIS INT & PWM_INT PRI
& PWM_FLTA_INT PR
& PWM FLTB DIS INT & PWM FLTB INT PRO);
ConfiglntMCPWM( config );
* Configure PWM to generate square wave of 50% duty cycle */

dutycyclereg = 1;
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dutveyele = Ox3FFF;

' updatedisable = 0,

By
ar T

fretranmsdanimslFauieiiiadyandvtouiiaiigininihns % (#e)

SetDCMCPWM(dutycyclereg,dutycycle,updatedisable);
period = Ox 7T
sptime = 0x(;
configl = (PWM EN & PWM_PTSIDL_DIS & PWM_OP SCALEI16
| & PWM JPCLK SCALEI16 &PWM_MOD_UPDN);
config2 = (PWM_MOD1_COMP & PWM_PDIS4H & PWM_PDIS3H &
PWM_PDIS2H & PWM PENIH & PWM_PDIS4L &
PWM_PDIS3L & PWM_PDIS2L & PWM_PENIL);
configd = (PWM_SEVOPS1 & PWM OSYNC_PWM & PWM_UEN),

OpenMCPWM(period,sptime,configl config2 config3);

while(1);
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MPLAB ICD2 Tiwaziduaved Ilrunsuemunsoumas lddsd

/f Program : Library for Motor control

/¢ Description : Include for motor control system

i operate clock 7.3738 MHz at PLL 16x

/{ Filename :mc.h

¢/ C compiler : C30 Compiler by Microchip Technology

#include<pwm.h> /{ Module function for PWM

#include<gei.h> / Module function for PWM

#include<ade10.h> /f Module function for 10 bit ADC

#define PERIOD 4608 _ // Define Period 10 ms(100 Hz) FSZE
S — -
{f-mminnnmns Fenmmmmn Interrupt service routine for PWM--------
PSSR E—— - .-

void ISR PWMInterrupt{void)
{

[FS2bits. PWMIE = ¢;  // Clear PWM interrupt flag

void ISR _QElInterrupt(void)

{
POSCNT = 0; // Reset position counter

[FS2bits, QEIIF = 0; // Clear QEI interrupt flag

i - Function for initial module PWM



void pwm_init{void)

{

unsigned int config;
unsigned int sptime;
unsigned mt configl,
unsigned int config?;

unsigned int config3;

sptime = 0x0;

58

// Holds the PWM interrupt configuration value

// Holds the value to be loaded into special event compare
// Holds PWM configuration value

// Holds the value be loaded into PWMCON]1 register

// Holds the value to configure the special event trigger

/{ postscale and duty cycle

configl = ( PWM EN & // Enable PWM module

PWMioPASC'ALEw & // Output post scaler select 1:1

PWM _IPCLK SCALEIS$ & _// Input prescaler select 1:1

PWM_MOD FREE); /{ PWM free running mode

config? = ( PWM MODI IND & // 3th channel in independent mode

PWM MOD2 IND & // 2th channel in independent mode

PWM_MOD3 IND & // 1th channel in independant mode

PWM_PEN3H & // H of channel 3 works as PWM
PWM PDIS3L & // L of channel 3 works as 10
PWM PDIS2H & /{ H of channel 2 works as 10
PWM PDIS2L & /{ L of channel 2 works as 10
FWM_PDIS1H & // H of channel 1 works as 10
PWM PDISIL ); /{ L of channel 1 works as 10

config3 = ( PWM_SEVOPSI & // Special event post scaler 1:1

PWM OSYNC PWM & /{ over ride syncronised with PWM
clk
PWM_UEN); // Update of PDCs land PTPER

enabled
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QpenMCPWM(PERIOD,sptime,configl config2,config3), // Setup parameter for PWM

module

et Funetion drive DC motor Forward ---- -- -

e e v —m—e— - - . —_

void forward(char pow)

{
unsipned int dutycycle,updatedisable;
dutycycle = pow*(PERIOD/50) ; // Keep duty cycle
updatedisable = 0; // Disable update
LATBbits. LATBO=1; //Bitl control direction drive motor forward for module 1
SetDCMCPWMI(3,dutycycle,updatedisable);
}
’,"’," ,,,,,,,,,,,, O . - [ ————
fifmmmnnn - Function drive DC motor Backward - -

/- —_— —-— - _— -—

void backward(char pow)
1
unsigned int dutycycle,updatedisable;
dutycycle = pow*(PERIOD/50) ; // Keep duty cycle
updatedisable = 0; // Drisable update
LATBbits. LATBO={(; // Bitl controi direction drive motor backward for module 1

SetDCMCPWM(3,dutycycle,updatedisable);

—_—




ffrmmmm s - Function stop motor ===-~=sr-—-—-ssemn-c-oo

_____________________ _——— —————— —— - ——————————
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void stop_mater{void)

£
L

LATEbits. LATES = 0; //Bitl control stop motor for medule 1

!
J
void me_init(veid)

{
TRISBbits. TRISBO = 0; // Configuration RBO as output port

pwm_init(); // Initial module PWM
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* ADDITIONAL NOTES:
* This file contains two functions - ADC_Init() and ADClnterrupt().

*

# C compiler : C30 Compiler by Microchip Technology

R KKK H R KRR KKK KK KR K KKK K AR RO R HR R R R AORF o |
#include <p30f2010.h>

#include "ADCme.h"

unsigned int ADResult];

unsigned int ADResult2;

unsigned int ADResult3;

unsigned int ADResultd;

unsigned int ADResult5;

unsigned int ADResult6;
/#Functions and Variables with Global Scope:

/fFunctions:
/{ADC_Init() is used to configure A/D to convert 16 samples of 1 input
/fchannel per interrupt. The A/D is set up for a sampling rate of IMSPS
/' Timer3 is used to provide sampling time delay.
/{The input pin being acquired and converted is AN3.
void ADC Init{void)
{
HADCONI Regmster
/fSet up A/D for Automatic Sampling
//Use intemal counter (SAMC) to provide sampling time

//Set up A/D conversrion results to be read in 1.15 fractional
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/mumber format.

f/Set up Sequential sampling for multiple S/H amplifiers
/A1l pther bits to their default state

ADCONI1bits. FORM =0,

ADCON1bits.SSRC =7,

ADCONI1bits. ASAM = 1;

ADCONI1bits SIMSAM =0,

#ADCON2 Register

//Set up A/D for interrupting after 2 samples get filled in the buffer
//Set up to sample on 2 §/H amplifiers - CHO and CH1

/All other bits to their defanlt state

ADCON2bits.SMPI = 9;

ADCON2bits. CHPS = 1;

HADCON2bits. VCFG = 3, //Ideally use external references

//ADCON3 Register

/fWe would like to set up a sampling rate of 1 MSPS

#Total Conversion Time= 1/Sampling Rate = 125 microseconds
#AL29.4 MIPS, Tcy = 33.9 ns = Instruction Cycle Time

//The A1) converter will take 12*Tad periods to convert each sample
{So for ~1 MSPS we need to have Tad close to 83.3ns

//Using equaion in the Family Reference Manual we have

HADCS = 2¥Tad/Tey - |

ADCON3bits. SAMC = 0

ADCON3bits. ADCS = 15;

/ADCHS Register
/iSet up A/D Channel Select Register to convert AN3 on Mux A inpuf
/fof CHO and CH1 S/H amplifiers

ADCHS = 0x0023;



#ADCSSL Register
//Channel Scanning is disabled. All bits left to their default state

ADCSSL = 0x0000;

ADPCFG Register

/#Set up channels AN7 as analog input and configure rest as digital
//Recall that we configured all A/D pins as digital when code execution
/fentered main{) out of reset

ADPCFG = 0xFFFF;

ADPCFGbits. PCFG3 =0,

//Clear the A/I} interrupt flag bit
IFS0bits. ADIF =0,

/iSet the A/D) interrupt enable bit

[ECObits. ADIE = 0;

//Turn on the A/D converter
/{This is typically done afier configuring other registers

ADCONI1bits. ADON = 1;

7/ ADClInterrupt() is the A/D interrupt service routine (ISR).
/The routine must have global scope in order to be an ISR,
/#The ISR name is chosen from the device linker script
void _ attribute_ ((__interrupt_)) ADClnterrupt(void)
{

ADResult]l = ADCBUFQ;

ADResult2 = ADCBUF1;

ADResultd = ADCBUF2;

ADResultd = ADCBUEF3,



ADResult5 = ADCBUF4;

ADResultt6 = ADCBUFS;

TFS0bits. ADIF = 0

/fClear the A/D Interrupt flag bit or else the CPU will

//keep vectoring back to the ISR
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// Program : Motor control

// Description : Contro! position motor by PWM module

.’f,".

i operate clock 7.3738 MHz at PLL 16x
#/ Filename : motor _control.c

#/ C compiler : C30 Compiler by Microchip Technology

#include <p30f2010.h> // Header file for dsPIC30F2010
#include <ADCme.h>

#include <mc.h> / Module function motor control
#define con 4

frdefine con? 2

#define con3 590

#detine t 1

unsigned int ADResult ,ADshow;

{f o oo Function For drive motor-—--- ~-

unsigned int adc_val,adc_val2.isum,max,min, old ,new,diff{10],n,e[4];

unsigned char power; /f value for controlmotor

_FOSC(CSW FSCM_OFF & XT PLL16); //Run this project using an external crystal
/frouted via the PLL in 16x multiplier mode
//For the 7.3728 MHz crystal we will derive a
//throughput of 7.3728e+6*16/4 =29 4MIPS(Fcy)

//,~33.9 nanoseconds instruction cycle time{Tcy).

_FWDT(WDT OFF), //Tum off the Watch-Dog Timer.



_FBORPOR(MCLR_EN & PWRT_OFF); //Enable MCLR reset pin and turn off the

/fpower-up timers.

_FGS(CODE PROT OFF);

vald PD(void)//PD Function

{

diff[1]= abs(adc_val2 - ADshow); /P
diff[2]= (diff[ 1]}/t; #D
power = con*diff[ 1] + con2 * diff[2] ;
e[2] = ADshow; /fold ADC Value
if{power > 100)
{

power = 100 ;
!

1

void read_adc2 (unsigned int t0) //read ADC value

{

mt 1,j;

uﬁsigned intd_adc,old adshow;

ADResult] = ADCBUF{;

ADResult2 = ADCBUFI;

ADResult3 = ADCBUF2;

ADResult4 = ADCBUF3;

ADResults = ADCBUF4;

ADResulté = ADCBUFS;
ADResult:(ADResult1+ADResu1t2+ADResu1t3+ADResu1t4+ADResd1t5)/5 ;
ADshow = ADResult;

delay ms(10);

void mem_balanc(void) // memmory setpoint
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LATChits. LATC14 =1,
delay ms(200);

read adc2(300);

adc_val2 = ADshow ;
delay_ms(200),

LATCbits. LATC14 =1

67

{fmrrn e Function drive motor Forward --- -

void pos_fd{unsigned int step)//control motor forward

!

forward(step); #/ Call function process drive motor

(e

frmm oo Function drive motor Backward -

void pos_bk(unsigned int step)//control motor backward

{

backward(step) ; //function process drive motor

int main(void)

{
unsigned int count=1,step; // Keep position count
me_init); /{ initia] for module PWM
ADC Init); //Initialize the A/D converter
adc_val2 =conl ; /hmemory setpoint

while(1)



—

o

-

—_——

return O

read adc2(10); //read ADC Value for 10 ms
PID();

if (ADshow < ade val2 ) // if ADC Value more than setpoint

pos_fd(power);

if (ADshow > adc_val2 )/ if ADC Value less than setpoint

pos_bk(power);
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SHARP GP2D12/GP2D15

G P2D1 2,G P2D1 5 General Purpose Type Distance

Measuring Sensors

# Features ® Outline Dimensions (Unit : mm)
1. Less influence on the colar of reflective objects, reflectivity L‘\
1. Line-up of distance vutpul/distance judgement type
Dlsta.n.ce ou‘qmt type (analog voltage) : GP2D12 I— e Light detector sida
Detecting distance : 10 to 80cm "%g5 63 Lenscase
Distance judgement type : GP2D15 4.5 *20:40.1 |
Tudgement distance : 24cm $32 fola At 7
{Adjustable within the range of 10 1o 80cm) ) - G 1N - ﬂi%’
3. External control circuit ts unnecessary R3'753_75 _L. ‘ 3.2 hola 4
4. Low cost L ; A ‘ Connacior
ight emitter sidel/ 1(1.1 1.2
"1 Tars Madeby . 33 \pwe
W Applications dooies T
Lf_"._%_]'i-" 63 . 8BPH
1. TVs —1
2. Personal computers —@—‘ f%ﬁ
3. Cars = \—?—i'
4. Copiers Terminal connedlion
N . @ The dimensions marked * ana @ Vo
M Absolute Maximum Ratings described the dimenssions of @ GND
(Ta=25°C, Voo=5V) lens center position. 3 Voo
- - # Unspacified klerance : +0.3mm
Parameter Symbol Rating Unit .
Supply voltage Veo D3 w+7 v
QOutput terminal vollage Vo  [-iwVeeHls \4
Operating temperature Topr —10 to +60 °C
Storage temperature Tug —40 to +70 °C

Notice  In the ahsence of confirmatian by device specification sheets, SHARP takes no responsibiiily for ary defects that may occur in equipment mir&?,w SHARF
devices shown In cataiops, dala books, etc. Cantact SHARF in grder to oblain the latest device specification sheets hefore using any SHARP device.
intemat  intemet addmess for Electromc Companenta Groug hitpwww.sharp.co jplecg)




SHARP GP2D12/GP2D15

# Recommended Operating Conditions

farameter Symbol Rating Unit
Operating supply voltage Vco 4.5 10 +5.5 v

B Electro-optical Characteristics (Ta=25°C, Voc=5V)
Pamameter Symbol Conditions MIN. TYP. MAX. Unit
Distance measuring range AL K 10 - RO cm
GP2D12|{ Vo |L-80cm” 0.25 0.4 0.55 v
Oup terminal voliage | o g | Vo | Output voltage at High ™ Vec 0.3 - -~ v
- Vo. | Output voltage at Low ' - - 0.6 v
Difference of eutpl volinge | GP2012 |  AVo | Output change at L=B0cm to 10cm ' | 1.75 20 2.25 v
Ditave cancterigicsofovnt | GP2D15{ Vo [T 21 24 27 cm
Average Dissipation current Icc L=80cm "' - 33 50 mA

Note) L : Distance to reflective object.

*1 Using reflective object : White paper (Made by Kodak Co. Lud. yray cands R-27 - white face, reflective ratic ; 9084).

*2 We ship the device after the following adjustment : Output switching disvance [=24cnmt 3om must be measured by the senso.

*1 Distance measuring range of the optical sensor system.

*4 Cutput switching has a hysteresis width, The distance specified by Vo should be the one with which the ouiput L switches to the outpwn 1.

Fig.1 internal Block Diagram Fig.2 Internal Biock Diagram
GP2p12 GP20t5
GND Ve 5 GND Veg BV
{ L,
e —— N - [ peem— booocbos
! prlgzlsing L | Voltags | | voltags | | o
0oL ot regutator E regulator | | ¥12kﬂ
I e e ! = i ‘
! |_ Oscilation : W Vo ! Oscillation | 1+ | [Ty,
: circuft : Analog ouipul : circuil 5 Digital output
- LED drive Output | ! - r| LED drive Output 1 !
~ circuit circuit ! ~ 1 direuit circuit !
LED oo T ' (S T e A — '
Distance measusing IC Distance measuring 1IC ﬂ

Fig.3 Timing Chart

Fggwer supply) —] —I_

38.3mstD.6ms

Distanca

measuring First measurment o l X( meas"ﬂnem l _____ "'.'

cperafion \ \ \- __________ J

Vo (Oulput) | unstable output ( Firstoutt X Second output X:Qg oo |
&

ome" % (GPen12)
7.6mst1.9msT " (GPZD1S)




SHARP GP2D12/GP2D15
R R R e S

Fig.4 Distance Characteristics

GP2D15
5 1 1 1 | ] 1 ] 1 ] [} ] 1 t 1
R N S A A
' (Detedion H—L 1 | 1 1 1 1 1 1 3 !
ouputh |—ERERR) L2 b
] I 1 | 1 [} 1 1 1 H I I t 1 H
I 1 I 3 [ 1 I I 3 ] i 1 i ] ] 1
(T N | T A T T T N A
2 : : 1 1 I v 1 i 1 1 1 1 1 1 1 ;
- 1 1 1 ] I : " 3 1 1 ] 1 1 1
a2 1 1 i 1 i}, Hystersis width ' | 5 ' 1 1 ;
- t I ] I T T T T 1 ] t 1 i t 1
2 5 1 1 1 I ] 1 1 1 t ] 1 1 I 1 !
(=] ? ! ) ] 3 5 ) ) 1 ) ) ) ) 1 !
1 1 1 t 1 ! ] 1 1 r 1 1 1 ] t !
borob o don) L & i |
A | (Non deiectlon) Lo
OUmmL ) 1 1 [] 1 ] 3 ] ] 1 ] ] 1I
5 10 15 20 ’25 30 35 40 45 50 55 B0 65 760 TH 60
Output swﬁchlng point diskance
L=24:3cm
Distance fo reflective object L {cm)
Fig.5 Analog Output Voltage vs. Surface Fig.6 Analog Output Voltage vs.Distance to
flluminance of Reflective Object Reflective Object
10 GP2D1Z o GPZD12
28 [T 18 Drakt | Refloctivity
" 1=10cm ' Whitc 90%
" I I T O L a1 Gray | 18%
S Reflective cbyect Tight source 5 &
5 Xodak Co., Lid. =0 mamﬁ"‘ °
gray cards R-
:: 2D {reflective ratie : 50%) _T-w——{lGpante ::' 20
Es fiuminance 4
T L et T 16
*55- I "— i \\
g 12 L=30cm W M g 12
-y L R T 4 P Gray
o8 - T 08 “ \
g & M 5
k) m—
0.4 04 AT
T=60cm . White
0 | I 0 1
o 2000 4000 600D ROOG I0DOOO 12000 14000 0 10 20 30 40 50 & MW 8¢
Surface illumimance of coiteetive objort (ix) Digtance 10 reflective object L (cm)
Fig.7 Analog Output Voltage vs.Ambient Fig.8 Analog Output Voltage vs.Detection
Temperature Distance
10 GP2D12 GP2D12
) 1 A0 mxmu:: s R37
28 —1 2.8 i
[ ={0cm mecm
g I X Datectoa]
-~ 24 ~ 24 . i)
z < L=16c /N S |
o ~ 431 S0r
£ 20 3em £ oan a&PzD12 Kpsecke
% - g, 7
E B O A O E \
L ~2fcm g 16
T2 Tt T 1=300m T g 12 By
2 L e i M g t=gem [V Lobe o [a0em
g 0.8 L 3 08 v o | e e o
SR I e s Yo T
04 AoE= / o 0.4 # h
/ V] i N
0 L|=60|:~m L;—?Og.lm L:.Kﬁm’." 0 3
~20-10 0 10 20 30 40 SO &0 70 RO 9O -5 4 -3 -2 -1 @ 1 2 3 4 5§

Ambicnt temperature Te (°C) Deicction distance X (cm)
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L2938

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGE UP TO 46 V
» TOTAL DCCURRENTUPTO 4 A

» LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5V

{HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transisiors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L2Z9BHN (Multiwatt Horiz.)
L 298P (PowerS020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voliage.

1 2 3 &

It Ink
O $ L 2 Q
b 1
In2 In3
o—§ w | 0

¥ ) 3
SENSE AOD—¢ _L SENSE B S-38u2
Rsa Rsp

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 v
Vzg Logic Supply Voltage 7 V
V| Ven Input and Enable Voltage —0.3%07 V4
lo Peak Output Cument {(each Channel}
— Non Repetitive (f = 100ps) 3 A
—Repetitive (80% on —20% ofl; ten = 10ms) 25 A
~DC Operation 2 A
Veens Sensing Voltage -1to2.3 \'
Pt Total Power Dissipation {Tease = 75°C) 25 w
Top Junction Operating Temperature -25 1 130 °C
Tag, Tj Storage and Junction Temperature —40 to 150 o0
PIN CONNECTIONS (top view)
/ [ RN S —— CURRENT SENSING B
14 [T oUTPUT A
@' (k] Sv— CUTRUT 3
B -l h——— T
AR ENABLE B
Ln w0 T T INPUTS
(3 S—— LOGIC SUPPLY VOLTAGE Vg
ultiwattis ;e &0
. SE— INPUT 2
6 "1 ENABLEA
L} F— INPUT 1
4 [T SUPPLY VOLTAGE Vg
EB L S OUTPUT 2
2 T outRuTt
'\ _“ o~ /D  cumenTsENsmG A
Z TAB CONNECTED TO PIN & DASNZI0A
GND :C 20 7] GND
SenseA | 2 19 ] SensebB
Ne. T3 3 18 N.C.
out1 [ 4 177 ] Ow4
oz |5 PowerS8020 15 7] ou3
Vs [} 6 15 [ Input 4
npu1 17 14 =1 EnableB
EnableA [ _] 8 13 ] tnput 3
nputz 1 9 12 ] vss
GND [T} 10 1 ] GND
Da5iNZ3g
THERMAL DATA
Symbol Parameter PowerSO20 Muitiwatt15 Unit
Rirjcase | Themmal Resistance Junction-case Manx. — 3 O
Rihjamb | Thermal Resistance Junction-ambient Max. 13 (") 35 *CIW

{*) Moumted on aluminum subsirate

2113




L298

PIN FUNCTIONS {refer to the block diagram}

MW.15 PowerSoO Name Function
115 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
confrol the current of the load.
2,3 45 Out1; Out 2 Outputs of the Bridge A; the cument that flows through the load
connected between these two pins is monitored at pin 1,
4 6 Vs Supply Voltage for the Powsr Cutput Stages.
A nondnductive 100nF capacitor must be connected between this
pin and ground.
5,7 7,9 Input 1; Input 2 TTL Compatible Inputs of tha Bridge A.
611 8,14 Enable A; Enable B |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridga B {enable B).
8 1,10,11,20 GND Ground.
9 12 vS8S Supply Voltaga for the Logic Blocks, A100nF capacitor must ba
connecied batween this pin and ground.
16G; 12 13;15 Input 3; input 4 TTL Compatible Inputs of the Bridge B.
13; 14 1617 Out 3; Out4 Outputs of the Bridge B. The cuirent that flows through the load
connected betwsen these two pins is monitared at pin 15,
- 318 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbotl Paramater Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operative Condition Vih +2.5 46 V'
Vss  |Logic Supply Voltage {pin 9) 4.5 5 7 \'
Is Quiescent Supply Current (pin 4} | Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
Iss Quiescent Cumrent from Vsg (pin 9) |Ven=H; WL=0 Vi=L 24 36 mA
Vi=H 7 12 mA,
Ven =L Vi=X mA
Vi Input Low Voitage 03 1.5 Vv
{pins 5,7, 10, 12)
Vi Input High Violtage 2.3 VS8 \Y
(pins 5, 7, 10, 12)
b Low Vollage Input Current Vi=L -10 PA
{pins 5,7, 10, 12}
liH High Voltage Input Current Vi=H< Vgs 0.6V 30 100 nA
(pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage {pins 8, 11) -0.3 15 v
Ven = H |Enable High Voltags (pins 6, 11) 2.3 Vss v
len = Low Voltage Enable Curent Ven =L —10 HA
{pins 6, 11)
len =H |High Voltage Enable Curmment Ven = H < Vag -0.6V 30 100 pA
{pins 6, 11)
Vegsa ) | Source Saturation Voltage IL=1A .95 1.35 1.7 \Y
IL=2A 2 27 \'
Veesat() [Sink Saturation Voltage =1~ (5} 085 12 1.6 v
IL=2A (5) 1.7 2.3 A
Veeet | Total Drop kL=1A (B) 1.80 3.2 v
IL=2A (5} 4.9 v
Vsens | Sensing Voltage (pins 1, 15) -1 (N 2 \)
Ly 313




MICROCHIP

dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

_of dsPIC30F devices and is:mot intended to be’a complete
 referencesource.. For ‘more  information. on: the. CPU,
: penpherals. register descnptlons and generai device
- fuhctionality; - reffer: to ‘the dsPIC30F: Family. Reference
- Mapual {DS70046). For. more ‘informanon on' the: device

- Programmer’s. ‘Reférsnce Manual (DS70030);

‘Note: This data sheet summarizes features of this group!

‘instruction. set and: pfogramming; refer to the’ dsPJCSOF'

High-Performance Modified RISC CPU:

* Modified Harvard architecture
» C compiler optimized instruction set architecture

+ 84 base instructions with flexible addressing
modes

+ 24-bit wide instructions, 16-bit wide data paih
+ 12 Kbytes on-chip Flash program space
» 512 byles on-chip daia RAM
+ 1 Kbyte non-volalila data EEPROM
» 16 x 16-bit working register array
* Up to 30 MIPs cperation:
- DC to 40 MHz external clock input

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

+ 27 interrupt sourcas

* Three extemal interrupt sources

« 8 user seleciable priority levels for each interrupt
* 4 processor exceptions and software fraps

DSP Engine Features:

+ Modulo and Bit-Reversed modes

» Two, 40-bit wide accumulators with optional
saturation fogic

» 17-bit x 17-hit single cycle hardware fractional/
integer multiplier

» 8ingle cycle Multiply-Accumuiate (MAC)
operation

» 4D-siage Barrel Shifler

* Duai data fetch

Peripheral Features:

» High current sink/source YO pins: 256 mA/25 mA

» Three 16-bil timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

» Four 16-bit Capture input functions
» Two 16-bit Compare/PWM output funchons
- Dual Compare mode available
+ J-wire SPI™ modules (supports 4 Frame modes)

+ 12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

+ Addressable UART modules with FIFO buffers

Motor Control PWM Module Features:

+ 6 PWM oulput channels

- Complementary or Independent Output
modes

- Edge and Cenler Aligned modes
* 4 duty cycie generaiors
* Dedicaled time base with 4 modes
* Programmable output polarity
* Dead time control for Complementary mode
= Manual oulput control
+ Trigger for synchronized A/D conversions

Quadrature Encoder Interface Module
Features:

» Phase A, Phase B and Index Pulsa input

« 156-bit up/down posilion 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 rolloverfunderflow

Analog Features:

* 10-bit Analog-to-Digital Converter (A/D) with:
- 500 Ksps (for 10-bit A/D) conversion raie
- Sixinput channels
- Conversion available during Sleep and Idle

= Programmable Brown-out Detection and Reset
generation

© 2004 Microchip Technology Inc.

Preliminary

DS70118E-page 1



dsPIC30F2010
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Special Microcontroller Features: + Detecls dock failure and switches to on-chip low
power RC oscillator

+ Ephanced Flash program memaory: .

Programmable code proteclion

- 10,000 eraselwrite cycle (min.) for ) + In-Circuit Serial Programming ™ (ICSP™)
industrial temperature range, 100K (lypical)

» Dala EEPROM memory:
- 100,000 erasefwrite cycle {min.) for
industrial temperature range, 1M (typical)

Selectable Power Management modes
- Sleap, Idle and Altemate Clock modes

+ Setf-reprogrammable under software controt CMOS Technology:

» Power-on Reset {(POR), Power-up Timer (PWRT) + Low power, high speed Flash technology
and Oscillator Start-up Timer (OST) = Wide operating voliage range (2.5V to 5.5V)

+ Fiexible Watchdog Timer (WDT) with on-chip low * |ndustrial and Extended termperature ranges
power RC oscillator for reliable operation « Low power consumplion

+ Fail-Safe clock monitor operation

dsPIC30F Motor Control and Power Conversion Family*

Program . Output | Motor . [

oo | o e e 8 R i o i o A2 0 s 12
dsPIC30F2010 | 28 | 12KM4K | 512 | 1024 | 3 | 4 2 Gch | 6Gch | Yes [ 11101
OSPICI0F3010. | 28 1028 | doza | 5o |4 |2 1 ech |oech[Yes |1t
asPicaora0z | s |2 2 | een | son [wes|il]7ln
dsP!CSOFSDﬂ 40’44 . 5 4 4 Bcn Bch Yes 3 1 1 =
asPICROFa0TT | 404 | wskiek |20 | o2 | 5 [ 4 | 4 |Teoh | oah | Ves [2|1]1]1
GSPIC30F5015 | 64 | eoKi22k | 2048 | 1024 | 5 | 4 |4 | @ch | tech |ves|1|2] 1|1
d's'be'deegi'd B0 T 144K/MBK " | 8192 4095 s T8l & | s:c'n T teen | ves 2iErla

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices m the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.
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Pin Diagrams

r
28-Pin SDIP and S0IC
MCLR 1 AVDD
EMUDYANONVREFHCNZIRBO [ 2 AvsSs
EMUCMAN 1/VREF-/CNARBtT 13 PWMTL/REQ
ANZ/SSTCNAIRBZ 4 267 PWM1TH/RE1
AN3/INDX/CNSRB2 15 & 247 PWM2URE2
ANAIQEANCTICNE/RBA 6 3 231 PWMZH/RE3
ANS/QEBACECNTRBS 7 a 22 PWM3LRE4
vss []e =] 21[] PWM3H/RES
OSCI/CLKI 9 w2001 voo
OSC2ICLKORC1S [ 10 = 1017 Vss
EMUDHSOSCITZCINUTATXICNIHRC 3 Eﬁ e 181 PGCEMUCIURX/SDI1/SDA/RF2
EMUC 1/SOSCOITICK/UTARK/CNO/RC 14 PGDEMUD/UATXISDOYSCL/RF3
Voo [ FLTA/INTO/SCK1/OCFA/RES
EMUDZ/OCZACZ/INT2/RDT [ EMUC2IOC1ACIANT1/RDE
L

28-Pin QFN

281 EMUCYAN1/VREF- /CN3/RB1
27| EMUDYAND/VREF+/CN2/RBO
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