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INTRODUCTION

This application note provides the schematics, software
listings, and circuit board layout for a PIC16C73 based
Smart Battery Charger. The Demo Board, DC101, is
available to selected customers through Linear Tech-
nology Corp. product marketing.

The DC101 (Figure 1) is the Smart Battery Charger
(SBC) portion of a Smart Battery System. A simplified
block diagram of a Smart Battery System is shown in
Figure 3 (refer to "The Smart Battery Charger Specifi-
cation," Duracell).

Authors: Laszlo Kiraly, Linear Technology

Robert Schreiber, Microchip Technology
  1997 Microchip Technology Inc.
The Smart Battery (SB) contains circuitry which pro-
vides charging information to the SBC. The SBC
receives this information in terms of ChargingVoltage(),
ChargingCurrent(), and AlarmWarning() commands
from the SB. The SBC and SB communicate via the
System Management Bus (SMB), which is an imple-
mentation of the I2C bus (refer to "The Smart Manage-
ment Bus Specification," Intel; and "The I2C Bus and
How to Use It," Philips Semiconductor). The SBC sets
the charging current and voltage based on input from
the SB. The SBC charger also has the intelligence to
monitor the SB’s thermistor. The thermistor provides
temperature information for charge termination, and
battery chemistry information.
FIGURE 1:  DC101 SMART BATTERY CHARGER   

FIGURE 2: SIMPLIFIED BLOCK DIAGRAM
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FIGURE 3: BLOCK DIAGRAM

From

LT1129

LT1511

Charger

PIC16C72/PIC16C73

+5V

26

11

13

12

14

15

2Shutdown

Voltage PWM

Current PWM

Q2

Q1

Q3

DC101C
Smart Battery Charger

µP

+5V

SMB

DCOK

R10

+

-

DC Out
To System

GND

(+)

C  SMBus Clock (SCL) 

D  SMBus Data (SDA) 

T  Thermistor

(-)
Battery Charger

System Current

Wall
Cube
OPERATING THE BOARD

Input voltage. The nominal input voltage of the board
is 24V DC (Refer to Appendix A for Performance Sum-
mary). The input voltage must be higher than the bat-
tery voltage by a minimum of 3V. The minimum input
voltage is 16V, limited by the undervoltage lockout cir-
cuit in the LT1511 and set by resistors R16, R17 and
R18. The highest input voltage is 27.4V, that is limited
by the maximum input voltage of the LT1511. The input
is protected against reverse polarity up to 30V.

Input current. The sum of the system current and the
charger input current is limited by the LT1511 to 2A.
When both the system current and the charger input
current requirements are high, the charger reduces the
charging current to meet the 2A current limit.

RED LED. It indicates SMBus activity. It lights-up for
about 1 second when the charger recognizes its own
address (12hex) on the SMBus. 

Green LED. Flashing green LED indicates micropro-
cessor activity and charger status. 

Fast blinking (approximately 8 Hz) indicates normal
microprocessor activity and either trickle charge or shut
down charger status. After valid voltage and current
data have been received the blinking speed of the LED
slows down to about 2 Hz, indicating normal charging.
DS00667A-page 2
Battery removal, thermistor measurements. The
charger periodically checks the thermistor in the battery
through the T terminal. When the thermistor is out of
normal operating temperature range, the charger
switches to trickle charge mode and increases the
flashing frequency of the green LED to indicate an
abnormal charging condition. When the resistance of
the thermistor is in the 500Ω < Rth < 1.5 kΩ range, the
charger assumes Li Ion battery is at the output, and
instead of trickle charging the battery it shuts-down the
charger until a valid voltage and current request arrives
from the battery. 

An open thermistor forces the charger into trickle
charge mode and the charger disregards data on the
SMBus. 

The schematics, parts list, and circuit layout are shown
in Appendix A.
  1997 Microchip Technology Inc.
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SYSTEM MANAGEMENT BUS 
(SMBUS)

When charge in the Smart Battery (SB) drops below
85% of the nominal capacity, it initiates communication
over the SMBus every 64 seconds. After sending a
START sequence the battery addresses the Smart Bat-
tery charger and waits for acknowledgment (ACK) from
it. If the charger fails to acknowledge the word, the bat-
tery terminates further communication by placing a
STOP sequence onto the SMBus. If the charger
acknowledges (ACK) the reception of first word, the
battery continues the communication sequence and it
sends six more words to the charger. The complete cur-
rent and voltage request communication sequence is
shown below:  

START   
address (12 hex)   
ChargingCurrent() command code (14 hex), 
current_LSB 
current_MSB, 
address (12 hex)
ChargingVoltage() command code (15 hex)
voltage_LSB
voltage_MSB     
STOP
  1997 Microchip Technology Inc.
The idealized SMBus waveforms shown in Figure 4
illustrate SMBus communication between the battery
and the charger. The first seven bits after the start
sequence is the battery address. The R/W tells the
charger that the battery attempts to write to the charger.

During the acknowledge period (ACK), the charger
becomes active and it pulls the data line (SDA) low indi-
cating reception of a data word. When reception of the
data word is not acknowledged by the charger, the bat-
tery terminates the communication by sending a STOP
sequence to the bus. The clock pulses for the commu-
nication are always generated by the battery (BUS
MASTER).

CONCLUSION

The PIC16C73 contains the on-board peripherals nec-
essary to easily implement an SMBus battery charger.
The I2C module allows for the SMBus communications
and the PWM modules allow for voltage and current
control. This high level of integration reduces the exter-
nal components required and increases the flexibility of
the design.

A complete software listing is shown in Appendix B.
FIGURE 4: SMBus WAVEFORMS
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APPENDIX A:

TABLE A-1: PERFORMANCE SUMMARY 

Parameter Conditions MIN TYP MAX UNIT

Input Voltage 16.0 24.0 27.0 V

Input Current Hardware Limited 2.0 A

Output Current Software Limited 0 2.5 A

Output Voltage Software Limited 4 20 V

Thermistor Resistance NiMH Battery 3k 30k Ohms

Li Ion 500 1000 1500 Ohms
DS00667A-page 4   1997 Microchip Technology Inc.
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FIGURE A-1: SCHEMATIC DIAGRAM 
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TABLE A-2: PARTS LIST 

Item Quantity Reference Part Description

1 4 C1,C8,C17,C19 CAP., CHIP 0.1 µF 50V AVX 12065C104KATMA

2 2 C2,C18 CAP., TANT. 10 µF 10V AVX TAJB106M010 

3 1 C3 CAP., CHIP 0.33 µF 25V AVX 12063G334ZAT2

4 2 C4,C5 CAP., CHIP 1 µF 25V AVX 12063G105ZATMA

5 1 C6 CAP., CHIP 0.047 µF 50V 10% AVX 12065C473KAT

6 1 C7 CAP., CHIP 0.015 µF 25V 5% AVX 12063C153KAT2

7 1 C9 CAP., CHIP 0.47 µF 25V AVX 12063G474ZAT2 

8 4 C10,C11,C12,C20 CAP., CERAMIC 10 µF 25V MARCON THC550EIE106Z

10 2 C14,C15 CAP., CHIP 33 pF 50V AVX 1206A330KAT2 

11 1 C16 CAP., CHIP 100 pF 50V VITRAMON VJ1206A101KXA

12 1 D1 LED, SF1-BR RED DATA DISPLAY PRODUCT

13 1 D2 LED, SF1-G GRN DATA DISPLAY PRODUCT

14 2 D3,D5 DIODE MOTOROLA MBRS340T3

15 2 D4,D6 DIODE MOTOROLA BAS16LT1

16 12 TP1--TP5, E1--E7 TESTPOINT, TURRET KEYSTONE 1502-2

17 1 JPR1 JUMPER, HEADER   12 PIN COMM CON CONN. 3801S-12-G1

18 1 J1 CONNECTOR, AMP-787441-1

19 1 J2 CONNECTOR, CUI-PJ-002A     CUI-STACK

20 1 L1 INDUCTOR,   20 µH COILTRONICS CTX20-4     

21 3 Q1,Q2,Q3 MOSFET N, Channel MOTOROLA 2N7002LT    

22 1 Q4 TRANS.   NPN, MOTOROLA MMBT3904LT1   

23 1 R2 RES., 301, 1/8W, 1% AVX CR32-3010F-T 

24 2 R3,R18 RES., 1.00k, 1/8W, 1% AVX CR32-1001F-T    

25 3 R1,R4,R16 RES., 3.32k, 1/8W, 1% AVX CR32-3321F-T 

26 3 R5,R6,R14 RES., 330, 1/8W, 5% AVX CR32-331J-T 

27 1 R7 RES., 33.2k, 1/8W, 1% BECKMAN BCR1/8-3322F-T 

28 1 R8 RES., 0.033, 1/2W, 5% IRC LR2010-01-R033-J

29 1 R9 RES., 100k, 1/8W, 5% AVX CR32-104J-T 

30 1 R10 RES., 0.050, 1/2W, 5% IRC LR2010-01-R050-J

31 1 R11 RES., 510, 1/8W, 5% AVX CR32-511J-T

32 1 R12 RES., 100k, 1/8W, 0.1% IRC   W1206R-03-1003-B

33 1 R13 RES., 143k, 1/10W, 0.1% IRC   W1206R-03-1433-B 

34 1 R15 RES., 21.5k, 1/10W, 0.1% IRC   W1206R-03-2152-B

35 1 R17 RES., 1.05k, 1/8W, 1% AVX CR32-1051F-T   

36 2 R20,R19 RES., 200, 1/8W, 1% AVX CR32-2000F-T 

37 3 R21,R22,R25 RES., 22k, 1/10W, 5% AVX CR-32-223J-T

38 1 R23 RES., 22, 1/10W, 5% AVX CR32-220J-T  

39 2 R24,R26 RES., 10k, 1/8W, 5% DALE CR1206-103J

40 1 S1 PB-SWITCH,    MJTP1230 MORS-ASC   MJTP1230

41 1 U1 I.C., PIC16C73, PIC16C72 MICROCHIP IC, Microcontroller

42 1 U2 I.C., LT1511 LINEAR TECHNOLOGY IC, Battery Charger

43 1 U3 I.C.,   LT1129IST-5 LINEAR TECHNOLOGY IC, Voltage Regulator

44 1 Y1 CRYSTAL,   4 MHz EPSON(USA) MA-505-4.00M-C2 

45 1 XU1 I.C.,    SOCKETS COMM CON 7167-14-G2
DS00667A-page 6   1997 Microchip Technology Inc.
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FIGURE A-2: CIRCUIT COMPONENT SIDE   

FIGURE A-3: COMPONENT SIDE SILKSCREEN   
  1997 Microchip Technology Inc. DS00667A-page 7
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FIGURE A-4: COMPONENT SIDE SOLDERSIDE   

FIGURE A-5: CIRCUIT SOLDER SIDE    
DS00667A-page 8   1997 Microchip Technology Inc.
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FIGURE A-6: SOLDER SIDE SOLDER MASK    
  1997 Microchip Technology Inc. DS00667A-page 9



 

AN667

     
APPENDIX B:

FIGURE B-1: SOFTWARE FLOWCHART 
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//--------------------------------------------------------------------------
//                         CHRGR101.C                       Version: 1.01
//                      By: Laszlo Kiraly
//                    Email:KiralyL@aol.com
//                     Linear Technology
//                   Applications Department
//          1630 McCarthy Blvd, Milpitas, CA 95035, USA 
//          Phone: (408) 432-1900,  Fax: (408) 434-0507 
/*---------------------------------------------------------------------------
                                                    April 16,1996
This program: 
 Sets-up PWMs and I2C communication.
 It receives data from I2C (including its own address) and stores them 
 in i2c_data[10] as they come in, including its own address (0x12). 

               0 charger i2c address (always 0x12) 
               1 ChargingCurrent() CMD (0x14)
               2 charging current data byte L
               3 charging current data byte H       (unsigned int, mA)
               4 charger i2c address (0x12)
               5 ChargingVoltage CMD (0x15)
               6 charging voltage data byte L
               7 charging voltage data byte H       (unsigned int, mV)

Revision changes:

- scales current word and loads value to IPWM (PWM2).
- scales voltage word and loads value to VPWM (PWM1).
- 16CC73.H bits for CCP1CON registers need to be specified. 
- thermistor limits were changed   (2/21/96)
- using easy math (2/21/96)
//
- comments were added                                               (4/11/96)
- init() function was created                                       (4/11/96)
- AlarmWarning() function now checks b15:b12 bits.                  (4/11/96)
* At LT1511 UV shutdown (DCOK-L) uP pulls its shut-down high. 
- The uP enables the charger after valid data received from battery.(4/11/96)
- No broadcast from battery timeout (180 sec. nom.) now implemented.(4/11/96)
- SMBus reset function has been added.                              (4/15/96)
- GIE disable and enable was removed (__int handles them)           (4/16/96)
----------------------------------------------------------------------------
*/
#include "16C73a.H"
#include "math.h"
//
void delay( void );                     // 840msec delay for red LED
void delay1( void);                     // 20ms delay for while() loop
void delay_5us( void );
void timer0( char );
void load_ipwm( void );                 // scales received value and loads PWM1
void load_vpwm( void );                 // scales ChargingCurrent, loads PWM2
void initiv( char );                    // sets voltage and current PWMs
void ad_th( void );                     // measures thermistor, controls charger
void init_var( void );                  // initializes variables (general)
void clear_smbus( void );               // sends start-stop sequence to SMBus
//
char i2c_data[10];                      // i2C stack
char i2c_counter;                       // i2c stack pointer 
//
bits  flag;                    
                                        // flag.0 is set on return from I2C INT.
                                        // flag.1 blinking speed 1 = high speed
                                        // flag.2 themistor/resistor out of range
                                        // flag.3=1 comm. timeout, inibits cntr  
char LED_counter, ad_counter;
long unsigned ad_val;
  1997 Microchip Technology Inc. DS00667A-page 11
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long unsigned com_timeout_cntr;
long unsigned clear_smbus_cntr;
;
char val;
//
//------------------------------------------------------------------------
void __INT( void)
{ 
  SSPCON.CKP = 0;                      // HOLD CK 0
  flag.0 = 1;

  i2c_data[i2c_counter] = SSPBUF;    
  i2c_counter++;
  if(i2c_counter > 7) 
  {
     i2c_counter=0;                    // reset counter if overflows
  }
  PIR1.SSPIF = 0;
  SSPCON.CKP = 1;                      // release ck
}
//
// ----------------------------------------------------------- 
void main()
{
  init_var();                          // initializes variables (hardware setup)
  //
  // timer0(150);
  //
  delay();                             // wait 1sec until voltages settle
  //
  i2c_counter =0;                      // clear i2c data pointer
  ad_counter = 5;                      // clear 
  //
  com_timeout_cntr = 0;
  clear_smbus_cntr = 0;                // sets time between SMBus inits. 
  //
  SSPADD = 0x12;                       // define slave address
  //
  flag = 0;
  flag.1 = 1;                          // set fast blinking
  flag.2 = 1;                          // thermistor out of both NiMH and liIon
  flag.3 = 1;                          // disable com_timeout_cntr
  //
  PIE1.SSPIE  = 1;                     // enable i2c interrupt
  INTCON.PEIE = 1;                     // enable peripheral INTS
  INTCON.GIE  = 1;                     // general INT enable
  //
  while(1)                             // infinite loop in MAIN
  { 
    delay1();
    //
    // ---------------------------------------------------------------
    if(com_timeout_cntr == 6250)       // no communication timeout 100-> 2.88sec
    {                                       
       flag.1 = 1;                     // set fast blinking
       flag.3 = 1;                     // communication timeout cntr disabled
       // 
       PORTC.0 = 1;                    // disable charger
       com_timeout_cntr = 0;           // reset timer
       //
       PORTB.3 = 0;                    // turn red LED on for 50ms
       delay1();
       PORTB.3 = 1;                    // red LED off
    }
    //
    if( !flag.3 ) com_timeout_cntr++;  // if no timeout run counter
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    else com_timeout_cntr = 0; 
    if( flag.2) flag.3 = 1;            // if th. out of range reset cntr
                                       // do not override th. based decisions
                             
    //
    // ---------------------------------------------------------------------
    if( flag.3) clear_smbus_cntr++;    // clear SMBus    
    if( clear_smbus_cntr == 1000)
    {
      clear_smbus();
      clear_smbus_cntr = 0;
    }
    if( flag.2) clear_smbus_cntr = 0;    
    //
    // -------------------------------------------------------------------
    if(ad_counter == 0)                // is it time to measure thermistor ?
    {                                  // checks UV (DCOK input) also
      ad_th();                         // if ad_counter starts at 5, td=140ms
    ad_counter = 5;
    }
    ad_counter--;
    // -------------------------------------------------------------------
    if(flag.0)                         // retrun from I2C interrupt ?  
     
    {                               
        PORTB.3 = 0;                   // red LED on 
        delay();                       // 1 second delay
        PORTB.3 = 1;                   // red LED off
        flag.0 = 0;
        i2c_counter = 0;               // reset I2C stack pointer
        // com_timeout_cntr = 0;
        flag.1 = 0;                    // change to slow blinking
    }
    // -------------------------------------------------------------------
    if(i2c_data[1] == 0x16)            // AlarmWarning() on stack ?
    {
       if( i2c_data[3] > 0x0f)
       {         
         PORTC.0 = 1;
         flag.1 = 1;                   // set fast blinking
         i2c_data [1] = 0xF6;          // erase command from stack  
         PORTC.0 = 1;                  // shutdown = 1 (inhibit charger)
         com_timeout_cntr = 0;
         flag.3 = 0;                   // enable com_timeout_cntr 
       }
    }
    // -----------------------------------------------------------------
    if(i2c_data[1] == 0x14)            // ChargingCurrent() on stack ?
    {
      load_ipwm();                     // set PWM
      i2c_data[1] = 0xF4;              // erase command
      flag.1 = 0;                      // set slow blinking
      com_timeout_cntr = 0; 
      flag.3 = 0;                      // enable com_timeout_cntr 
    }
    //----------------------------------------------------------------
    if(i2c_data[5] == 0x15)            // ChargingVoltage() on stack ?
    {
      load_vpwm();                     // set output voltage
      i2c_data[5] = 0xF5;              // erase command
      flag.1 = 0;                      // set slow blinking
      PORTC.0 = 0;                     // shutdown = 0 enable charger
      com_timeout_cntr = 0;
      flag.3 = 0;                      // enable com_timeout_cntr 
    }
    // -------------- setting LED blinking speed --------------------------
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    //
    if(flag.1)                         // fast blinking green requested ?
    {                                  // or shutdown
      LED_counter++;
      if(LED_counter > 1)              // is it time to change status of LED ?
      {
         LED_counter = 0;              // if yes, clear counter 
         if(PORTB.2) PORTB.2=0;        // and toggle LED
         else PORTB.2 = 1;
      }
    } 
    if(!flag.1)                        // slow flashing green - charging 
    {
      LED_counter++;
      if(LED_counter > 4)              // time to change LED status ?
      {
         LED_counter = 0;              // if yes, reset counter
         if(PORTB.2) PORTB.2=0;        // and toggle LED
         else PORTB.2 = 1;
      }
    } 
  } // end of while
}   // end of main   
// ------------------------------------------------------------- 
//
void clear_smbus( void )
{
  TRISC.SDA = 1;                       // set as input
  TRISC.SCL = 1;                       // set as input
  //
  PORTC.SDA = 0;                       // to pull down SDA line when TRISC.SDA=L
 
  SSPCON.SSPEN = 0;                    // configure SDA and SCL pins as i/o pins
  //
     if( !PORTC.SCL) goto clsm1;       // SMBus traffic ? jump if yes
       delay_5us();
     if( !PORTC.SCL) goto clsm1;       // SMBus traffic ? jump if yes
       delay_5us();
     if( !PORTC.SCL) goto clsm1;       // SMBus traffic ? jump if yes
       //
  TRISC.SDA = 0;                       // SDA ->   ~~~\___    start
  delay_5us();  
  TRISC.SDA = 1;                       // SDA ->   ___/~~~    stop
  //
  clsm1:
  PORTC.SDA = 1;
  TRISC.SDA = 1;                       // set as output
  TRISC.SCL = 1;                       // set as output
  SSPCON.SSPEN = 1;                    // cofigure SDA and SCL as serial port pins 
}
//
//--------------------------------------------------------------
// initialize voltage and current PWMs.
//--------------------------------------------------------------
void initiv( char a )
{
  if( a==1)
  {
    i2c_data[1] = 0x14;                // ChargingCurrent command
    i2c_data[2] = 0x64;                // charging current L byte
    i2c_data[3] = 0x00;                //                  H byte
    i2c_data[5] = 0x15;                // ChargingVoltage command
    i2c_data[6] = 0xFF;                // charging voltage L byte
    i2c_data[7] = 0xFF;                //                  H byte
  } 
  if( a==0)
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  {
    i2c_data[1] = 0x14;                // Charging Current command
    i2c_data[2] = 0x32;                // charging current L byte
    i2c_data[3] = 0x00;                //                  H byte
    i2c_data[5] = 0x15;                // Charging Voltage command
    i2c_data[6] = 0xFF;                // charging voltage L byte
    i2c_data[7] = 0x8F;                //                  H byte
  } 
  load_ipwm();
  load_vpwm();
  // 
  i2c_data[1] = 0;
  i2c_data[5] = 0;
}
//-------------------------------------------------------------
// Measures thermistor and controls the charger accordingly.
// ------------------------------------------------------------
void ad_th( void)
{
  char *ptr;
  char i,j; 

  PORTA.5 = 1;                          // use 3.32k pull-up  
  ad_val = 0;

  for( j=0; j<4; j++)
  {  
    PIR1.ADIF = 0;
    ADCON0.GO = 1;
    while(ADCON0.GO);

    ad_val = ad_val + ADRES;
  }
  PORTA.5 = 0;                          // turn 3.32k pull-up off 
  ad_val = ad_val / 4;
  //
  ptr = &ad_val;                    
  val = *ptr;
  //
  if( val > 220)                         // -- thermistor too cold---------
  {
     flag.1 = 1;
     flag.2 = 1;
     initiv(1);
  }

  if( (val < 221) && (val > 121) )      // thermistor in-range -----------
  {
     if(flag.2)                          // returns from thermistor error 
     {
        initiv(1);                      // set trickle current
        PORTC.0 = 0;                     // start charger
        flag.2 = 0;                     // clear thermistor error flag
     }
  }

  if( (val < 122) && (val > 34) )       // thermistor too hot -----------
  {
     flag.1 = 1;                        // LED fast blinking
     flag.2 = 1;                         // set thermistor  flag
     initiv(1);                          // set trickle charge   
  }  

  if( (val<35) && (val > 10) )          // Li ION  
  {
    if(flag.2)
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    {
       initiv(0);
       PORTC.0 = 0;                     // start charger
       flag.2 = 0;                      // clear error flag
    }
  }
  if( val< 11)                          // Thermistor shorted 
  {
     flag.1 = 1;                        // green LED fast blinking
     flag.2 = 1;                         // set thermistor flag
     initiv(1);                          // set trickle charge   
  }
}
//----------------------------------------------------------------
// reads current values from i2c_dat[2] and i2c_data[3] locations,
// (L and H bytes) limits  the current, scales current word, and
// loadx PWM registers (10 bit mode)
//-----------------------------------------------------------------
void load_ipwm( void )
{
  long idata;
  char *ptr;
  bits ilowbits;
  //
  ptr = &idata;                     // get address of idata
  //
  *ptr = i2c_data[2];               // load L byte of idata
  *(ptr+1) = i2c_data[3];           // load H byte of idata
  //
  if(idata > 2600) idata = 2600;
  //
  idata >>=2;                       // scale idata 4096mA / 1024 = 4
  ilowbits = *ptr;                  // save L byte 
  //
  idata >>=2;                       // upper 8 bit of data
  //
  CCP2CON.CCP2X = ilowbits.1;       // load lower two LSBits of 10 bit word to PWM
  CCP2CON.CCP2Y = ilowbits.0;
  CCPR2L = *ptr;                    // load upper 8 bit of 10 bit PWM word
} 
//
//---------------------------------------------------------------------
// Reads voltage data from i2c_data[6] (L byte) and i2c_data[7] locations,
// assembles a 16 bit word. Limits the voltage at max 20V, scales vdata
// voltage data word and loads PWM with 10 bit data.
//------------------------------------------------------------------------
void load_vpwm( void )
{
  long unsigned vdata;
  char *ptr;
  bits vlowbits;
  //
  ptr = &vdata;                     // get address of idata
  *ptr = i2c_data[6];               // load L byte of idata
  *(ptr+1) = i2c_data[7];           // load H byte of idata
  //
  if(vdata < 8000) vdata = 8000;    // PWM1 0x000 =8V,  0x3FF = 20V
  if(vdata > 18000) vdata=18000;    // limit incoming voltage to 20V
  //
  vdata = vdata-6000;               // 
  //
  vdata >>= 4;                      // scale vdata 22-6=16V,  16V/1024=16
  vlowbits = *ptr;                  // save L byte 
  vdata >>=2;                       // upper 8 bit of data
  //
  CCP1CON.CCP1X = vlowbits.1;       // load lower two LSBits of 10 bit word
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  CCP1CON.CCP1Y = vlowbits.0;       // to PWM 9-th and 10-th bits.
  CCPR1L = *ptr;                    // load upper 8 bit of 10 bit PWM word
} 
//------------------------------------------------------------------------
void delay(void)
{
  char i, j, k;                     // software delay, about 1 sec
  for(k=0; k<2; k++)                // measured: 840 msec.
  {
    for(j=0; j<255; j++)
    {
      for(i=0; i<255; i++);         // inner loop delay: 1.647ms
    }
  }
}
// ---------------------------------------------------------------------- 
void delay1( void )
{
  char i,j;
  for(j=0; j<20; j++)
  {
    for(i=0; i<155; i++);           // delay 1ms
  }
}
// --------------------------------------------------------------------
void delay_5us( void )          // 5us delay
{
#asm
  nop
  nop
  nop
  nop
#endasm  
}
//---------------------------------------------------------------------------
void timer0( char a )           // td=(256-a)*256us @ 4MHz (prescaler /256)
{ 
  TMR0 = a;                     // reload load timer
  INTCON.T0IF = 0;              // reset TMR0 interrupt flag
}
//---------------------------------------------------------------------------
//
void init_var( void )
{
//------INIT TMR0--------------  
//
  OPTION = 0b11010111; // init timer 1, no pull-up at b (bit7=1)
                                // bit7 Port B pull-up enable (1=disable)
                                //      INTEDG 1=INT on rising of RBO/INT
                                //      T0CS TMR0 ck source 0 = internal
                                //      T0SE TMR0 source edge 1=H->L on RA4
                                // bit3 PSA prescaler assign. 1=WDT, 0=TMR0
                                //      PS2:PS0 prascaler div. rate 2,4,8,16..

//--- TMR2 and PWMs ----------
//
  T2CON = 0x04; // init timer, bit2 turns it on
                                // bit7 unimplemented
                                // bit6:bit3 postscaler select 1,2,3..16
                                // bit2 TMR2ON 1=TMR2 on 0=TMR2 off
                                // bit1:bit0 prescaler div. 1, 4 or 16
//      
  CCP1CON = 0b00001100; // init PWM1 
                                // bit7 unimplemented
                                //      unimplemented
                                //      bit1 for 10 bit mode (0 for 8bit)
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                                //      bit0 for 10 bit mode (0 for 8bit)
                                // bit3:0 mode select 11xx= PWM mode 
//
  CCP2CON = 0b00001100; // init PWM2
  
// --- init port A --
  PORTA = 0;
  //        76543210
  TRISA = 0b11011011;           // RA5  3.32k       OUT
                                // RA4  header 4    IN
                                // RA3  header 3    IN
                                // RA2  33.2k       OUT
                                // RA1  UV          IN  
                                // RA0  analog in   IN
// ----init A/D------
  //         76543210
  ADCON0 = 0b01000001;          // Analog digital converter module
                                // bit7 ADCS1   A/D clock select 
                                //      ADCS0   01= fosc/8 -> tconv=16us
                                //      CHS2    channel selection
                                //      CHS1    
                                // bit3 CHS0    000 -> RA0
                                //      GO/DONE_ start conv/finished
                                //      unimplemented
                                //      ADON 1= a/d on 0=a/d off
  //         76543210
  ADCON1 = 0b00000100;          // b7:b3 not implemented
                                // b2:b0 analog port pin config.
                                // 100   RA0=analog  RA1=analog
                                //       RA2=digital RA3=digital, Vref=VDD

// ----init port B---
//
  PORTB  = 12;
  //        76543210
  TRISB = 0b11110011;           // RB7 (pin 28) -> header 11    IN
                                // RB6 (pin 27) -> header 10    IN
                                // RB5 (pin 26) DCOK input      IN
                                // RB4 (pin 25) -> header 5     IN
                                // RB3 red  LED                 OUT
                                // RB2 grn. LED                 OUT
                                // RB1 (pin 22) -> header 9     IN
                                // RBO (pin 21) -> header 8     IN
// ----init.port C---

  PORTC = 1;    
  //        76543210 
  TRISC = 0b11011000; // init PORTC  C.2 = CCP1 C.1 = CCP2
                                // RC7 (pin18) header 7
                                // RC6 (pin17) header 6
                                // RC5 (pin16) header 5
                                // RC4 (pin15) SDA  I2C data  -> input
                                // RC3 (pin14) SCL  I2C clock -> input
                                // RC2 (pin13) CCP1 PWM1 pin, -> output
                                // RC1 (pin12) CCP2 PWM2 pin, -> output
                                // RC0 (pin11) shutdown       -> output   

  // -------------------------
  CCPR1L = 10;                  // pulse width1
  CCPR2L = 10;                  // pulse width2
  PR2 = 255;                    // period time 200-> 200us

  //---setting-up I2C communication ----------
  //         76543210
  SSPCON = 0b00110110;          // sync serial port control register
                                // B7 WCOL=0    Write collision det. (SW reset)
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                                //    SSPOV=0   receive collision det (SW reset)
                                //    SSPEN=1   enable ser port ( SCK SDO open D)
                                //    CKP = 1   0=enable clock 
                                // B2:B0 SSPM2:SSPM0=110 slave mode.
// --- timer interrupts--- 
  INTCON.T0IF = 1;              // reset TMR0 int flag
  INTCON.T0IE = 0;              // 1=enable TMR0 interrupt

  PIE1.SSPIE = 1;               // enable i2c interrupt
  PIR1.SSPIF = 0;               // reset i2c interrupt flag
 
//  T1CON = 0x00;               // init TMR1, internal ck, prescaler div=1 

  i2c_data[0] = 0;              // clear address locations
  i2c_data[1] = 0;
  i2c_data[2] = 0;
  i2c_data[3] = 0;
  i2c_data[4] = 0;
  i2c_data[5] = 0;
  i2c_data[6] = 0;
  i2c_data[7] = 0;
  i2c_data[8] = 0;
  i2c_data[9] = 0;
}
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