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/*****************************************************************************
* File: startup.c
* Author: Adam Drury & Andrew Hood
* Project: Robot 1.0
* Created: 23 April 2002
* Summary: Sets up TMS chip.
*****************************************************************************/

#include "f24x.h"
#include "startup.h"
#include "ioports.h"
#include "..\Common\board1.h"
#include "can.h"
#include "serial.h"

#define BOARD_ID 3
#define NO_SERIAL

int count=0;
int i = 0;
unsigned int timestamp;

int BOARD;

extern int data[4];

int *p_id ;
int id[4];

/*allows extra resolution for setting PWM values*/
extern int feather_count = 0;
extern int counter1;
extern int counter2;
extern int counter3;
extern int pwm_high_1 ;
extern int pwm_low_1 ;
extern int pwm_high_2 ;
extern int pwm_low_2 ;
extern int pwm_high_3 ;
extern int pwm_low_3 ;

void main() {

int count1 = 0;

/*p_data = &data[0];*/

get_ID();

id[0] = BOARD ;
id[1] = BOARD ;
id[2] = BOARD ;
id[3] = BOARD ;
p_id = &id[0];

init_board();
can_transmit(p_id, (unsigned long)((BOARD | 0x20) << 2)); /* transmit the board id numb

er */
timestamp = 0;

while(1) {
if (count >= 400) {

count = 0;
feather_count = 0;

b1_control();

/* timestamp++;
/* data[0] = timestamp;

/* Put actual velocities in CAN mailboxes */
/* temp force data */

/* data[0] = 0x0123 ;
data[1] = 0x4567 ;
data[2] = 0x89AB ;
data[3] = 0xCDEF ;

*/
CANMCR |= 0x0102 ; /* Request write access to data field for RTR configed mai

lbox 2*/
CANMBX2A = data[0];

1



CANMBX2B = data[1];
CANMBX2C = data[2];
CANMBX2D = data[3];
CANMCR &= 0xFEFD ; /* Clear CDR to allow transmit to occur */

}
}

}

void get_ID() {
/*sets BOARD variable to ID number stored in ?bootloader?*/
BOARD = BOARD_ID;

switch (BOARD) {
case 1:

LEDON1;
break;

case 2:
LEDON2;
break;

case 3:
LEDON12;
break;

case 4:
LEDON3;
break;

case 5:
LEDON13;
break;

default:
LEDOFF;
break;

}
}

void init_board() {
/*sets timer interrupt to go off every BOARD_DELAY seconds*/
/*sets up registers and other stuff*/

WDDISABLE;
EVIMRA = 0x0080;
INT_DISABLE;
IMR = 0x0003;
PBDATDIR = 0xFFFF;
OCRA = 0x1FDF; /* 00001111 11011011 */
OCRB = 0x02FC; /* setup IO as CAN*/

scisetup();
adc_setup();
qdec_setup();
pwm_setup();
cansetup01();

/* cansetup5(); */
init_gains();
init_pos();
INT_ENABLE;

}

/*sets up the analog to digital converter*/
void adc_setup()
{

ADCTRL1 = 0xC900;
ADCTRL2 = 0x4000;

}

/*decoder setup*/
void qdec_setup(){

/* info 8-66
* T2CNT 7-19
* T2PR 7-14
* T2CMPR 7-15
* T2CON 8-28
* CAPCON 8-59
*/

T2CNT = 0x0000;
T2PR = 0xFFFF;
T2CMPR = 0x8FFF;

/* ++---------------- not affected by emulation suspend
|| ++------------- Directional Up/Down Count mode

2



|| ||+++---------- Clock Prescalar = /1
|| ||||| +-------- Use own TENABLE bit
|| ||||| |+------- TENABLE - Enable Timer
|| ||||| ||++----- Clock Source - QEP Circuit
|| ||||| ||||++--- Register reload when counter is 0
|| ||||| ||||||+-- TECMPR - enable timer compare
|| ||||| |||||||+- SELTPR1 - use own period register
|| ||||| ||||||||
11011000 01110010 */

T2CON = 0xD872;

/* +---------------- Clear all capture registers
|++-------------- Enable QEP Circuit (bits 9, 7-4 ignored - *)
|||+------------- Disbale CAP3
|||| +----------- GP Timer selection for cap3 = GP Timer 2
|||| |+---------- GP Timer selection for cap1/2 = GP Timer 2 - *
|||| ||+--------- CAP3TOADC = no event
|||| ||| ++------ CAP1 Edge Detection = Detect both edges - *
|||| ||| ||++---- CAP2 Edge Detection = Detect both edges - *
|||| ||| ||||++-- CAP3 Edge Detection = none
|||| ||| ||||||
01100000 11110000 */

CAPCON = 0x60F0;

outport(WSGR, 0x0BFF);

}

void pwm_setup(void)
{

/*
* T1PR Timer 1 Period Register - 20Mhz/T1PR - freq
* CMPRx Compare Register x - duty
* OCRA 7-4 I/O Mux Control Register A - set pwm pins
* ACTR 8-37 Compare Action Control Register - active high
* DBTCON 8-41 Dead Band Timer Control Register - dead band
* COMCON 8-36 Compare Control Register - pwm
* T1CON 8-28 GP Timer Control Register (individual) - up, prescale
* GPTCON 8-30 GP Timer Control Register - up, pol
*/

/* Set period register for 100kHz = 20MHz/200 */
T1PR = 200;

ACTR = 0x0999; /* 00001001 10011001 */
DBTCON = 0x02E0; /* 00000010 11100000 */

CMPR1 = 0x0000;
CMPR2 = 0x0000;
CMPR3 = 0x0000;

/* +----------------- compare enabled
|++--------------- reload compare register on underflow or period match
|||+-------------- space vector not enabled
||||++------------ action control register reload on underflow
||||||+----------- compare output pins enabled
|||||||+-++++++++- reserved
|||||||| ||||||||
10100010 00000000 */

COMCON = 0xA200;

/* ++---------------- emulation control = not affected
|| ++------------- continuous up counting
|| ||+++---------- prescaler = 1
|| ||||| +-------- Use own TENABLE bit
|| ||||| |+------- enable T1
|| ||||| ||++----- internal clock as source
|| ||||| ||||++--- reload period on underflow or equal
|| ||||| ||||||+-- enable compare operation
|| ||||| |||||||+- not used in T1
|| ||||| ||||||||
11010000 01000110 */

T1CON = 0xD046;

/* +---------------- read only counting status
|+--------------- read only counting status
|| ++----------- no adc event with timer 2
|| ||+-+-------- no adc event with timer 1
|| ||| |+------- compare output enable - enable
|| ||| || ++--- polarity timer 2 - active high
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|| ||| || ||++- polarity timer 1 - active high
|| ||| || ||||

00000000 01001010 */
GPTCON = 0x004A;

}

/* interrupt service routine
* calls sepearte function if CANMB, CANER or Phantom error
*/

void c_int1(void){
/* sciout('I');
*/ if (PIVR == 0x0040) { /* test for CAN receive interrupt */

can_receive();
} else if (PIVR == 0x0041) { /* Can error */

CANIFR = 0x0078 ; /* clear error flag */
CANESR = 0xFFFF ; /* clear error register */

} else if (PIVR == 0x0000) {} /* phantom interrupt */

INT_ENABLE; /* re enable interrupts */
}

void c_int2 () {
/*if timer1 period interrupt occurs*/
if (PIVR == 0x0027) {

/*clear timer1 period interrupt flag*/
EVIFRA = 0x0080;
count++;

if (feather_count < counter1 )
CMPR1 = pwm_high_1 ;

else if (feather_count >= counter1)
CMPR1 = pwm_low_1 ;

if (feather_count < counter2 )
CMPR2 = pwm_high_2 ;

else if (feather_count >= counter2)
CMPR2 = pwm_low_2 ;

if (feather_count < counter3 )
CMPR3 = pwm_high_3 ;

else if (feather_count >= counter3)
CMPR3 = pwm_low_3 ;

feather_count++;

if (feather_count >= 16) {
feather_count = 0;

}

} else if (PIVR == 0x0000) {} /* phantom interrupt */

INT_ENABLE;
}
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/*****************************************************************************
* File: lowlevel.c
* Author: Andrew Hood
* Project: Robot 1.0
* Created: 03/05/2002
* Summary: Robot specific mirror functions of humanoid.cpp
*****************************************************************************/

#include "f24x.h"
#include "ioports.h"
#include "..\Common\humanoid.h"
#include "..\Robot\lowlevel.h"

int counter1;
int counter2;
int counter3;
int pwm_high_1 ;
int pwm_high_2 ;
int pwm_high_3 ;
int pwm_low_1 ;
int pwm_low_2 ;
int pwm_low_3 ;

extern int values[8];

unsigned int read_enc(int k) {

/*returns current encoder reading in encoder counts*/
unsigned int EXT_DATA1;
unsigned int EXT_DATA2;
unsigned int qdec_ext2;
unsigned int qdec_ext3;

/* read in the high bytes into variable*/
inport (0, &EXT_DATA1);

/* read in the low bytes into variable */
inport (1, &EXT_DATA2);

/* high byte into 16 bit variables, shift left 8 places for ext2*/
qdec_ext3 = EXT_DATA1;
qdec_ext2 = EXT_DATA1 << 8;

/* low byte into variables, shift right 8 places for ext3.*/
qdec_ext3 = (qdec_ext3 & 0xFF00) | (EXT_DATA2 >> 8);
qdec_ext2 = (qdec_ext2 & 0xFF00) | (EXT_DATA2 & 0x00FF);

/* return appropriate value, depending on which motor is being driven*/
switch(k){

case 0:
return T2CNT;
break;

case 1:
return qdec_ext2;
break;

case 2:
return qdec_ext3;
break;

}
}

/*reads current sensor and returns current in mA*/
unsigned int read_curr(int k)
{

unsigned int current;
unsigned int scaled_current;

switch (k) {
case 0:

ADCTRL1 = 0x6900; /* 6 sets the start conversion now bit, last*/
break; /* number specifies the h-bridge being read */

case 1:
ADCTRL1 = 0x6902;
break;

case 2:
ADCTRL1 = 0x6904;
break;

}
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ADCTRL1 = ADCTRL1 | 0x0001 ; /* Start conversion */

/* bit seven is high when a conversion is being
performed, and drops low when it is finished */
while((ADCTRL1 & 0x0080) == 0x0080);
current = ADCFIFO1 >> 6; /* bottom 6 bytes of FIFO1 are reserved */

scaled_current = (current * 17) + 152; /* scaled between 0 and 5000mA */

/* if (k == 2){
sciout('I');
sciouthex(scaled_current);

}

/* if (scaled_current > CURRENT_LIMIT){ /* if over, disable motor drivers */
/* PBDATDIR &= 0xFFDF ;

}else {
PBDATDIR |= 0x0020 ;

}
*/

/* This number determined experimentally result of ADC / 15.5 under static conditions*/
return scaled_current;

}

/*
Sets PWM duty cycle for motor k. Value passed ranges between -1600 to 1600
representing 100% backward to 100% foward
*/
void set_PWM(int k, int pwm_duty) {

switch(k) {
case 0:

counter1 = pwm_duty & 0x000F ;
pwm_high_1 = (pwm_duty >> 4) + 101 ;
pwm_low_1 = (pwm_duty >> 4) + 100 ;
break;

case 1:
counter2 = pwm_duty & 0x000F ;
pwm_high_2 = (pwm_duty >> 4) + 101 ;
pwm_low_2 = (pwm_duty >> 4) + 100 ;
break;

case 2:
counter3 = pwm_duty & 0x000F ;
pwm_high_3 = (pwm_duty >> 4) + 101 ;
pwm_low_3 = (pwm_duty >> 4) + 100 ;
break;

}

/* switch(k){
case 0:

CMPR1 = (unsigned int) (pwm_duty + 100);
break;

case 1:
CMPR2 = (unsigned int) (pwm_duty + 100);
break;

case 2:
CMPR3 = (unsigned int) (pwm_duty + 100);
break;

} */
}
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� High-Performance Static CMOS Technology
–  25-ns Instruction Cycle Time (40 MHz)
–  40-MIPS Performance
–  Low-Power 3.3-V Design

� Based on TMS320C2xx DSP CPU Core
–  Code-Compatible With F243/F241/C242
–  Instruction Set and Module Compatible

With F240/C240

� Flash (LF) and ROM (LC) Device Options
–  LF240xA: LF2407A, LF2406A,

LF2403A, LF2402A
–  LC240xA: LC2406A, LC2404A, LC2402A

� On-Chip Memory
–  Up to 32K Words x 16 Bits of Flash

EEPROM (4 Sectors) or ROM
–  Programmable “Code-Security” Feature

for the On-Chip Flash/ROM
–  Up to 2.5K Words x 16 Bits of

Data/Program RAM
–  544 Words of Dual-Access RAM
–  Up to 2K Words of Single-Access RAM

� Boot ROM (LF240xA Devices)
–  SCI/SPI Bootloader

� Up to Two Event-Manager (EV) Modules
(EVA and EVB), Each Includes:
–  Two 16-Bit General-Purpose Timers
–  Eight 16-Bit Pulse-Width Modulation

(PWM) Channels Which Enable:
–  Three-Phase Inverter Control
–  Center- or Edge-Alignment of PWM

Channels
–  Emergency PWM Channel Shutdown

With External PDPINTx Pin
–  Programmable Deadband (Deadtime)

Prevents Shoot-Through Faults
–  Three Capture Units for Time-Stamping

of External Events
–  Input Qualifier for Select Pins
–  On-Chip Position Encoder Interface

Circuitry
–  Synchronized A-to-D Conversion
–  Designed for AC Induction, BLDC,

Switched Reluctance, and Stepper Motor
Control

–  Applicable for Multiple Motor and/or
Converter Control

� External Memory Interface (LF2407A)
–  192K Words x 16 Bits of Total Memory:

64K Program, 64K Data, 64K I/O

� Watchdog (WD) Timer Module

� 10-Bit Analog-to-Digital Converter (ADC)
–  8 or 16 Multiplexed Input Channels
–  375 ns or 500 ns MIN Conversion Time
–  Selectable Twin 8-State Sequencers

Triggered by Two Event Managers

� Controller Area Network (CAN) 2.0B Module
(LF2407A, 2406A, LF2403A)

� Serial Communications Interface (SCI)

� 16-Bit Serial Peripheral Interface (SPI)
(LF2407A, 2406A, LC2404A, LF2403A)

� Phase-Locked-Loop (PLL)-Based Clock
Generation

� Up to 40 Individually Programmable,
Multiplexed General-Purpose Input/Output
(GPIO) Pins

� Up to Five External Interrupts (Power Drive
Protection, Reset, Two Maskable Interrupts)

� Power Management:
–  Three Power-Down Modes
–  Ability to Power Down Each Peripheral

Independently

� Real-Time JTAG-Compliant Scan-Based
Emulation, IEEE Standard 1149.1† (JTAG)

� Development Tools Include:
–  Texas Instruments (TI) ANSI C Compiler,

Assembler/Linker, and Code Composer
Studio  Debugger

–  Evaluation Modules
–  Scan-Based Self-Emulation (XDS510 )
–  Broad Third-Party Digital Motor Control

Support

� Package Options
–  144-Pin LQFP PGE (LF2407A)
–  100-Pin LQFP PZ (2406A, LC2404A)
–  64-Pin TQFP PAG (LF2403A, LC2402A)
–  64-Pin QFP PG (2402A)

� Extended Temperature Options (A and S)
–  A: – 40°C to 85°C
–  S: – 40°C to 125°C

                                    

Copyright   2002, Texas Instruments Incorporated

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Code Composer Studio and XDS510 are trademarks of Texas Instruments.
† IEEE Standard 1149.1–1990, IEEE Standard Test-Access Port
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LT1676

Wide Input Range,
High Efficiency, Step-Down

Switching Regulator

■ Wide Input Range: 7.4V to 60V
■ 700mA Peak Switch Current Rating
■ Adaptive Switch Drive Maintains Efficiency at High

Load Without Pulse Skipping at Light Load
■ True Current Mode Control
■ 100kHz Fixed Operating Frequency
■ Synchronizable to 250kHz
■ Low Supply Current in Shutdown: 30µA
■ Available in 8-Pin SO and PDIP Packages

■ Automotive DC/DC Converters
■ Telecom 48V Step-Down Converters
■ Cellular Phone Battery Charger Accessories
■ IEEE 1394 Step-Down Converters

The LT®1676 is a wide input range, high efficiency Buck
(step-down) switching regulator. The monolithic die in-
cludes all oscillator, control and protection circuitry. The
part can accept input voltages as high as 60V and contains
an output switch rated at 700mA peak current. Current
mode control offers excellent dynamic input supply rejec-
tion and short-circuit protection.

The LT1676 contains several features to enhance effi-
ciency. The internal control circuitry is normally powered
via the VCC pin, thereby minimizing power drawn directly
from the VIN supply (see Applications Information). The
action of the LT1676 switch circuitry is also load depen-
dent.  At medium to high loads, the output switch circuitry
maintains high rise time for good efficiency.  At light loads,
rise time is deliberately reduced to avoid pulse skipping
behavior.

The available SO-8 package and 100kHz switching fre-
quency allow for minimal PC board area requirements.

Figure 1

, LTC and LT are registered trademarks of Linear Technology Corporation.
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HIP4081
80V/2.5A Peak, High Frequency

Full Bridge FET Driver

Features
• Independently Drives 4 N-Channel FET in Half Bridge

or Full Bridge Configurations

• Bootstrap Supply Max Voltage to 95V DC
• Drives 1000pF Load at 1MHz in Free Air at 50 oC with

Rise and Fall Times of Typically 10ns

• User-Programmable Dead Time

• On-Chip Charge-Pump and Bootstrap Upper Bias
Supplies

• DIS (Disable) Overrides Input Control

• Input Logic Thresholds Compatible with 5V to 15V
Logic Levels

• Very Low Power Consumption

Applications
• Medium/Large Voice Coil Motors

• Full Bridge Power Supplies

• Class D Audio Power Amplifiers

• High Performance Motor Controls

• Noise Cancellation Systems

• Battery Powered Vehicles

• Peripherals

• U.P.S.

Description
The HIP4081 is a high frequency, medium voltage Full
Bridge N-Channel FET driver IC, available in 20 lead plastic
SOIC and DIP packages. The HIP4081 can drive every pos-
sible switch combination except those which would cause a
shoot-through condition. The HIP4081 can switch at fre-
quencies up to 1MHz andssssss is well suited to driving
Voice Coil Motors, high-frequency Class D audio amplifiers,
and power supplies.

For example, the HIP4081 can drive medium voltage brush
motors, and two HIP4081s can be used to drive high perfor-
mance stepper motors, since the short minimum “on-time”
can provide fine micro-stepping capability.

Short propagation delays of approximately 55ns maximizes
control loop crossover frequencies and dead-times which
can be adjusted to near zero to minimize distortion, resulting
in rapid, precise control of the driven load.

A similar part, the HIP4080, includes an on-chip input com-
parator to create a PWM signal from an external triangle
wave and to facilitate “hysteresis mode” switching.

See Application Note AN9325 for HIP4081, Harris Answer-
FAX, (407) 724-7800, document #99325. Harris web home
page: http://www.semi.harris.com

Similar part HIP4081A includes undervoltage circuitry which
does not require the circuitry shown in Figure 30 of this data
sheet.

Pinout
HIP4081

(PDIP, SOIC)
TOP VIEW

Ordering Information
PART

NUMBER
TEMP.

RANGE (oC) PACKAGE
PKG.

NUMBER

HIP4081IP -40 to 85 20 Lead Plastic DIP E20.3

HIP4081IB -40 to 85 20 Lead Plastic SOIC M20.3

11

12

13

14

15

16

17

18

20

19

10

9

8

7

6

5

4

3

2

1BHB

BHI

DIS

VSS

BLI

ALI

HDEL

AHI

LDEL

AHB

BHO

BLO

BLS

VDD

BHS

VCC

ALS

ALO

AHS

AHO

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1996
File Number 3556.7
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Application Block Diagram

Functional Block Diagram (1/2 HIP4081)
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IRFZ44VS
IRFZ44VL

HEXFET® Power MOSFET

01/04/02

Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V 55
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V 39 A
IDM Pulsed Drain Current � 220
PD @TC = 25°C Power Dissipation 115 W

Linear Derating Factor 0.77 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy� 115 mJ
IAR Avalanche Current� 55 A
EAR Repetitive Avalanche Energy� 11 mJ
dv/dt Peak Diode Recovery dv/dt � 4.5 V/ns
TJ Operating Junction and -55  to + 175
TSTG Storage Temperature Range

Soldering Temperature, for 10 seconds 300 (1.6mm from case )
°C

Absolute Maximum Ratings

Parameter Typ. Max. Units
RθJC Junction-to-Case ––– 1.3 °C/W
RθJA Junction-to-Ambient ––– 40

Thermal Resistance

www.irf.com 1

VDSS = 60V

RDS(on) = 16.5mΩ

ID = 55A
S

D

G

Advanced HEXFET® Power MOSFETs from International Rectifier utilize advanced
processing techniques to achieve extremely low  on-resistance per silicon area.
This benefit, combined with the fast switching speed and ruggedized device
design that HEXFET power MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use in a wide variety of
applications.

The D2Pak is a surface mount power package capable of accommodating die
sizes up to HEX-4. It provides the highest power capability and the lowest possible
on-resistance in any existing surface mount package. The D2Pak is suitable for
high current applications because of its low internal connection resistance and
can dissipate up to 2.0W in a typical surface mount application.
The through-hole version (IRFZ44VL) is available for low-profile applications.

� Advanced Process Technology
� Ultra Low On-Resistance
� Dynamic dv/dt Rating
� 175°C Operating Temperature
� Fast Switching
� Fully Avalanche Rated
� Optimized for SMPS Applications

Description

D2Pak
IRFZ44VS

TO-262
IRFZ44VL

PD - 94050A
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