To our customers,

Old Company Name in Catalogs and Other Documents

On April 1!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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charge_enable = TRUE

—> 4_
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100 ms
charge_enable = FALSE

K. 14 LIRS
Eb A o sl
5 F A P R B8 1 FE B S R FE VR A ) 1R I s b R 2 L LU B R 2 (PD #5577

RS TR PISE, LU MBS

1
G(S) = Kp+ K| xg

Fetie o — R e
Ke X+ K (ZX)

Xo= X(n) - X(n - 1)
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Xp FRoNHiR
XX FR R IR
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LhRE AR

void update_timers(void);

BFFP 100V 1R FH 840 Al 52 I 3§ TM50 . I/ NERPE 52
e, 3 FL LA ) b S A5 A% I ]

void load_timer (char timer_id, int timer_val);

LE10usP R FH AR A s I 2% (#: K 65535) &

void start_timer (char timer_id);

JA B E I E I 2

void stop_timer (char timer_id);

bR E N g5 (AREEAD

char check_timer (char timer_id);

i&IAl: TIMER_STOPPED, TIMER_RUNNING,
TIMER_TIMEOUT 1# TIMER_IDLE .

void reset_timer (char timer_id);

TERARCHE R 2, JF LBEERAREA
TIMER_IDLE .

void initialize_pwm (int initial_pw);

WITEAL AR HI28PPG (PWM) Kk Tl i (1)
{i,

int get_adc_value (char channel);

X AN E RIAD e sl (OZ HLA8 I E0 ~
3) HEAT [ URAE .

void write_pwm (int pwm_value);

5 pwm_value {EIPWME X . pwm_value fk
EIE L B IPWM S 46 (847/2£255) KK,

void initialize_adc (void);

PE AID FEH s

int compute_pi (signed int setpoint, signed int

FLF W (ESRAE D FISEBR{EIR[EIPI .

actual);
void cv_cc_control (signed int setpoint, signed int | {+&EPWMiiH . 1#H compute_pi DfE.
parameter); H write_pwm g FR il 45 R A IRBIPWMEL

void do_adc_conversions (void);

PR s IR T BR AR A L A FL s A2
“housekeeping” fH¥ . SEIXADCIEIE .. 1H
LR P [R] O A8 FH R AR SO S (E IF R AP 45

=8

R SR, LSRR ) &2 A #difines -

#define  LION_CC_CURRENT_NOMINAL 1800 I =%
#define  LION_CV_VOLTAGE_NOMINAL 12300 I =4k
#define LION_TERMINAL_VOLTAGE_NOMINAL 10800 =4k
#define NICD_CC_CURRENT_NOMINAL 1000 I =%
#define  NICD_TRICKLE_CURRENT_NOMINAL200 Il =%

#define SLA_CC_CURRENT_NOMINAL 1500 I &%

#define SLA_CV_VOLTAGE_NOMINAL 14700 =4k
#define  SLA_TERMINAL_VOLTAGE_NOMINAL 12000 I =4k
#define SLA_FLOAT_VOLTAGE_NOMINAL 13500 11 =R
ZHUE T mV 5 mA iy HA7

DA A et B -

#define LION_DETECT_VOLTAGE_MIN 8000 I =4k
#define LION_DETECT_VOLTAGE_MAX 14000 /2N
#define NICD_DETECT_VOLTAGE_MIN 8000 I =4k
#define  NICD_DETECT_VOLTAGE_MAX 14000 /2N
#define SLA_DETECT_VOLTAGE_MIN 8000 I =4k
#define SLA_DETECT_VOLTAGE_MAX 14000 /2N
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PR TG, JFH TR, x4 10.8V HUAEH i 10000mV ~ 11000mV . 7o HH 2% &4 B 0% 4
SERAE,  DUKT I (P AS () B ) ) 286 1 W e b A7 b, AT A ) i R @A T 4007, G SR 2 5 DA S (1) H
PO BN A S, BErsE— DRI s

#define  AVERAGING_POINTS 4

Y B R ADC 2 H KB B B R S B o SeBr b, X AT IS E] 5 3 v S 0
“smoothness” 1471 .
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FIE BEHFIR

1%

/

** PROJECT = BATTCHG1

** MODULE = battchgl.c
**VERSION = V1.0

** DATE = 11.03.2004

** | AST CHANGE = 12.05.2004

*%

*%

R 2 EALAE R s AL

** Environment:  Device: uPD78F0148

** Assembler: A78000 Version 3.34.2.4
** C-Compiler: ICC78000 Version 3.34.2.4
** Linker: XLINK Version 4.55.9.0

*%

** By: NEC Electronics (Europe) GmbH
** Cygnus House

** Sunrise Parkway

** Milton Keynes

*%

*%

Changes:
*%

*/

/*

** pragma
*%

*/
#pragma language = extended

/*

** include
*%k

*/

#include <in78000.h>
#include <Df0148.h>

#define TRUE 1

#define  FALSE 0

#define  INPUT 1

#define  OUTPUT 0

#define  DISABLED 1

#define ENABLED 0

#define  MAX_TIMERS 2

#define TIMER_STOPPED 0

#define  TIMER_RUNNING 1

#define  TIMER_TIMEOUT 2

#define TIMER_IDLE 3

#define AVERAGING_POINTS 4

#define BATTERY_VOLTAGE 0 // ADS {iiLAiE+: ADC iliH
#define CHARGER_VOLTAGE 1"
#define BATTERY_THERMISTOR 2./
#define BATTERY_CURRENT 3N
#define BATT_V_SCL_FACTOR 16
#define CHG_V_SCL_FACTOR 16
#define BATT_I_SCL_FACTOR 2

#define PWM_RESOLUTION 8

#define  XTAL_FREQ 10000000
#define PWM_PERIOD (1 << PWM_RESOLUTION)-1
#define  PWM_OUT_PIN PO.1

U17173CA1VOANOO
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#define PWM_OUT_DIR PMO0.1

#define  TOCO004 TOC00.4 1 ATESL A
#define  PWM_VAL_MIN 50 11 50 OK with {jjE.#} @ 10MHz 8 bit PWM
#define CHARGE_ENABLE P5.0

#define CHARGER_MODE_LION 0

#define CHARGER_MODE_NICD 1

#define CHARGER_MODE_SLA 2

#define LION_DET_V_MIN 8000 I/E=-2N
#define  LION_DET_V_MAX 14000  //=Ak
#define  NICD_DET_V_MIN 8000 /E=2N

#define NICD_DET_V_MAX 14000 /=R
#define SLA_DET_V_MIN 8000 V/E=ZIN

#define SLA_DET_V_MAX 14000  /1=AR
#define  LION_MAX_V 16000  //=Ak

#define  NICD_MAX_V 16000  //Z=fk

#define SLA_MAX_V 16000  //1=Ak

#define BATT_REMOVED_LIMIT 6000 /=2

#define LION_CC_CURRENT_NOM 1800 /EZON
#define  LION_CV_VOLTAGE_NOM 12300 /=R
#define LION_TERM_VOLTAGE_NOM 10800  //Z4k

#define  NICD_CC_CURRENT_NOM 1000 Il =%
#define  NICD_TRICKLE_CURRENT_NOM 200 I =%

#define SLA_CC_CURRENT_NOM 1500 I =%
#define SLA_CV_VOLTAGE_NOM 12000 1/ =4k
#define SLA _TERMINAL VOLTAGE_NOM 12000  // =1k
#define SLA_FLOAT_VOLTAGE_NOM 11000  // z=fk

#define NICD_CHG_TERM_V 250 /2N

I HLA T A
#define  BATTERY_THERMISTOR_LIMIT 500

/I SYSTEM STATES

#define STARTUP_STATE 0

#define DETECT_STATE STARTUP_STATE + 1
#define CC_LION_STATE DETECT_STATE + 1
#define CV_LION_STATE CC_LION_STATE +1
#define CC_NICD_STATE CV_LION_STATE + 1
#define TRICKLE_NICD_STATE CC_NICD_STATE +1
#define CC_SLA_STATE TRICKLE_NICD_STATE + 1
#define CV_SLA_STATE CC_SLA_STATE+1
#define FLOAT_SLA_STATE CV_SLA _STATE +1
#define  FAILURE_STATE FLOAT_SLA_STATE +1

#define TERMINATE_STATE FAILURE_STATE +1
#define ADC_CHANNELS_USED 4

#define BATT_MON_STATE O O
#define BATT_MON_STATE_1  BATT_MON_STATE 0+1
#define BATT_MON_STATE_2  BATT_MON_STATE 1+1

int adc_result = 0;
int data_samples[AVERAGING_POINTS + 1][ADC_CHANNELS_USED];
char sample_pointersfADC_CHANNELS_USED];

char system_state;

char batt_mon_state;

char sub_state_1;

bit wait_for_interrupt;

int global_pwm_value = PWM_VAL_MIN;

char charger_mode;
char minute_counter;
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bit charge_in_progress;
bit battery_removed;

bit safety_timer_expired;
bit charger_error;

bit over_temperature;

1Pl 5

signed int XD; 11 Wk e
signed int Yp; 11 Le
signed int Yi; I B3 H R

signed int integrator;

constintKp=1;  // L3 & ¥ 4L
constintKi=0;  // B w HOEHIEE - S IIEX)

I it & FRHISRSHL

int battery_voltage;

int charger_voltage;

int battery_thermistor_value;
int battery_current;

int highest_battery voltage;

/R

void update_timers(void);

void load_timer (char timer_id, int timer_val);

void start_timer (char timer_id);

void stop_timer (char timer_id);

char check_timer (char timer_id);

void reset_timer (char timer_id);

void initialize_pwm (int initial_pw);

int get_adc_value (char channel);

void write_pwm (int pwm_value);

void initialize_adc (void);

int compute_pi (signed int setpoint, signed int actual);
void cv_cc_control (signed int setpoint, signed int parameter);
void do_adc_conversions (void);

typedef struct timer_struct{
int timer_value; /I counts centiseconds
char timer_state;

Htimers;

timers timer_block[MAX_TIMERS];

void main (void){

_DI(); UESKET

PCC = 0x00; 1 E RGN B2 1 2 4725
1 ¥ v fi
HAER )y E R e 3%

11 X1 H NPk Ring-osc B4
11 CPU NN (fepy) WEHE = 1:1

OSTS = 0x05; 11 Y= e sE I A] = 2716/Fxp = 6.55 ms @10MHz
MOC = 0x00; 11 A3 i Bk
while (OSTC <= 0x18){ IR B RE
_NOP();
MCMO = 1; I %5 CPU Il = 4
PM5.0 = 0; Il %% # CHARGE_ENABLE HJ%# 4511

HHIURAE 8 A7 52 N 4% TM50

TCL50 = 0x07; 1B EFE fx/(2713)
CR50 = 12;
TMC50 = 0x80; Il FF)A & I 4% 50

TMIF50 = FALSE;

U17173CA1VOANOO
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load_timer (0, 25);
start_timer (0);

I B RA AR i 2
charge_in_progress = FALSE;
battery_removed = FALSE;
safety_timer_expired = FALSE;
charger_error = FALSE;
over_temperature = FALSE;

CHARGE_ENABLE = FALSE;
initialize_adc();

wait_for_interrupt = FALSE;

initialize_pwm (50); A4, ¥4 0457 DC (> 99%)
TMIF000 = FALSE:;
_EIQ; Eipind s el i

charger_mode = CHARGER_MODE_LION; 1 AE M B HL i s
/I charger_mode = CHARGER_MODE_NICD;
/I charger_mode = CHARGER_MODE_SLA,;

for(;;{
WDTE = 0xAC;

if (TMIF50){
TMIF50 = FALSE;
update_timers();

}

do_adc_conversions();
if (charge_in_progress == TRUE){
if (check_timer(1) == TIMER_TIMEOUT){
load_timer (1, 6000);
minute_counter--;
if (minute_counter == 0)
safety_timer_expired = TRUE;

}

switch (charger_mode){
case (CHARGER_MODE_LION):{

if (battery_voltage >= LION_MAX_V){
system_state = FAILURE_STATE;
charger_error = TRUE;

}

break;

}
case (CHARGER_MODE_NICD):{

if (battery_voltage >= NICD_MAX_V){
system_state = FAILURE_STATE;
charger_error = TRUE;

}

break;
}
case (CHARGER_MODE_SLA){
if (battery_voltage >= SLA_MAX_V){
system_state = FAILURE_STATE;

charger_error = TRUE;
}

U17173CA1VOANOO

30



break;

}

if (battery_thermistor_value >= BATTERY_THERMISTOR_LIMIT){
over_temperature = TRUE;
system_state = FAILURE_STATE;

}

switch (batt_mon_state){
case (BATT_MON_STATE_0){
CHARGE_ENABLE = FALSE;
load_timer (0, 10);
start_timer (0);
batt_mon_state = BATT_MON_STATE_1;
break;

}

case (BATT_MON_STATE_1):{
if (check_timer (0) == TIMER_TIMEOUT){
if ((charge_in_progress == TRUE) && (system_state |= TERMINATE_STATE) && (charger_error == FALSE))
CHARGE_ENABLE = TRUE; 11 ASEEFF A 78 i
V=T Rl RN
I AESE RS B IR

load_timer (0, 200);
start_timer (0);
batt_mon_state = BATT_MON_STATE_2;

}
break;
}
case (BATT_MON_STATE_2){
if (check_timer (0) == TIMER_TIMEOUT){
batt_mon_state = BATT_MON_STATE_O;
}

break;

}
}
switch (system_state){
case (STARTUP_STATE):{
system_state = DETECT_STATE;
break;
}
case (DETECT_STATE):{
switch (charger_mode){
case (CHARGER_MODE_LION):{
if ((battery_voltage >= LION_DET_V_MIN) && (battery_voltage <= LION_DET_V_MAX)){
CHARGE_ENABLE = TRUE;
charge_in_progress = TRUE;
minute_counter = 120; 112 AN/t
load_timer (1, 6000); 1L 3l 3

start_timer (1);
system_state = CC_LION_STATE;

break;

}
case (CHARGER_MODE_NICD):{
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if ((battery_voltage >= NICD_DET_V_MIN) && (battery_voltage <= NICD_DET_V_MAX)){
highest_battery_voltage = 2000; // initial (low) value
CHARGE_ENABLE = TRUE;
charge_in_progress = TRUE;
minute_counter = 120; /I 2 NN
load_timer (1, 6000); /g
start_timer (1);
system_state = CC_NICD_STATE;

break;

}

case (CHARGER_MODE_SLA){
if ((battery_voltage >= SLA_DET_V_MIN) && (battery_voltage <= SLA_DET_V_MAX)){

CHARGE_ENABLE = TRUE;
charge_in_progress = TRUE;
minute_counter = 120; 12 AS/NEF
load_timer (1, 6000); ]
start_timer (1);
system_state = CC_SLA_STATE;

break;

break;

}
case (CC_LION_STATE):{

if (charge_in_progress == FALSE) 1 Bl it
system_state = DETECT_STATE;
else if (safety_timer_expired == TRUE)
safety timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);

else if (battery_voltage >= LION_TERM_VOLTAGE_NOM)
system_state = CV_LION_STATE;  // #E&IFIE & Hi Ik 70 HY
else
cv_cc_control (LION_CC_CURRENT_NOM, battery_current);

break;

}

case (CV_LION_STATE){

if (charge_in_progress == FALSE) 11 BB ity
system_state = DETECT_STATE;

else if (safety_timer_expired == TRUE){
safety_timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);

}
else if (battery_current <= (LION_CC_CURRENT_NOM / 10){
system_state = TERMINATE_STATE; // i/, it

}

else
cv_cc_control (LION_CV_VOLTAGE_NOM, battery_voltage); // J% 1 52 i)

break;
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}
case (CC_NICD_STATE){

if (charge_in_progress == FALSE) 11 B b
system_state = DETECT_STATE;

else if (safety_timer_expired == TRUE){
safety_timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);

}
else if ((battery_voltage < (highest_battery_voltage - NICD_CHG_TERM_V)) && (battery_voltage >
(highest_battery_voltage - (2 * NICD_CHG_TERM_V))))
system_state = TRICKLE_NICD_STATE; /| #E& IR 78 HL
elsef
cv_cc_control (NICD_CC_CURRENT_NOM, battery_current);
if (battery_voltage > highest_battery_voltage)
highest_battery voltage = battery voltage;
}

break;

}

case (TRICKLE_NICD_STATE){

if (charge_in_progress == FALSE) 11 BB it
system_state = DETECT_STATE;
else if (safety_timer_expired == TRUE){
safety_timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);
}
else
cv_cc_control (NICD_TRICKLE_CURRENT_NOM, battery_current);

break;

}

case (CC_SLA_STATE){

if (charge_in_progress == FALSE) 11 FE B it
system_state = DETECT_STATE;

else if (safety_timer_expired == TRUE){
safety_timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);

}
else if (battery_voltage >= SLA_ TERMINAL_VOLTAGE_NOM)
system_state = CV_SLA_STATE; I WEAS L 1B H R 78 H
else
cv_cc_control (SLA_CC_CURRENT_NOM, battery current);

break;

}

case (CV_SLA_STATE){

if (charge_in_progress == FALSE) 11 FE B it
system_state = DETECT_STATE;

else if (safety_timer_expired == TRUE){
safety_timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);

}
else if (battery_current <= (SLA_CC_CURRENT_NOM / 50))}{
system_state = FLOAT_SLA_STATE; I HRIN, TS, HEA IR E R

}

else
cv_cc_control (SLA_CV_VOLTAGE_NOM, battery voltage); // ] 1E 5 Hi [

break;
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}
case (FLOAT_SLA_STATE){

if (charge_in_progress == FALSE) 11 FE B Lt
system_state = DETECT_STATE;

else if (safety_timer_expired == TRUE){
safety_timer_expired = FALSE;
system_state = TERMINATE_STATE;
reset_timer (1);

else
cv_cc_control (SLA_FLOAT_VOLTAGE_NOM, battery_voltage); // J¥ 18 5& H %

break;
}
case (TERMINATE_STATE){
CHARGE_ENABLE = FALSE; 11 SR 7e 2
if (charge_in_progress == FALSE){ I R R it
system_state = DETECT_STATE;
}
break;

}
case (FAILURE_STATE){
CHARGE_ENABLE = FALSE;

break;

void update_timers (void){
char loop;

for (loop = 0; loop < MAX_TIMERS; loop++){
if (timer_block[loop].timer_value){  // 1% & I 2% A2 0

if (--timer_block[loop].timer_value)
timer_block[loop].timer_state = TIMER_TIMEOUT;

void load_timer (char timer_id, int timer_val){

timer_block[timer_id].timer_value = timer_val;
timer_block[timer_id].timer_state = TIMER_RUNNING,;

char check_timer (char timer_id){

return (timer_block[timer_id].timer_state);
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I

void start_timer (char timer_id){
timer_block[timer_id].timer_state = TIMER_RUNNING;

}

1

void reset_timer (char timer_id){

timer_block[timer_id].timer_state = TIMER_IDLE;
timer_block[timer_id].timer_value = O;

}

I

void initialize_pwm (int initial_pw){

PWM_OUT_PIN = FALSE; I %5 PWM Hirth
PWM_OUT_DIR = OUTPUT,

TMCO0 = 0x00; 115511 5E I 2% TMOO
PRMO0 = 0x00; 11 1:1 Fi43 45 TMOO

I ** RBefF DCs < 50 4824 PWM TAERI AR +
CRCO00 = 0x00; /I CRO0O 1 Ay Lh % a5 A7 1A

CR000 = PWM_PERIOD;

CRO010 = initial_pw; I8 PWM 55

TOC00.0 =1;

TOCO00 |= 0x1B;

TOCO00 &= 0x13; // %4 CROOO 1 TMOO #HZ5ERY, FF)H [ [
I Ew 2R FIF s (D
/I 4 CRO10 M1 TMOO AHZE I, FFIH & Il

TMCO0 = 0x0c; 1116 V752 I 5 A Fl 2 17 %

/24 TMCON2 #1 TMCON3 44BN, 16 £ 8 I 28 oK os JT 44 THE

/1 24 TMOO #1 CROOO AHAR I, 7=/ Z 1= By

/I 24 TMOO F1 CRO0O A%, B TMOO Fil CROL0 A& 7= Az i [+

1
interrupt [INTTMOOO_vect] void timer00 (void){
TMCO0 = 0x00;
wait_for_interrupt = FALSE;

CRO010 = global_pwm_value;
TMCO0 = 0x0C;

}

I

int get_adc_value (char channel){

int adc_result;

ADS = channel; /I ¥¥% ADC ifiE
ADCS = TRUE; I FUR 4
while (IADIF) Il %4F EOC
adé:_result = (ADCR >> 6);

ADCS = FALSE; RN s R
ADIF = FALSE; ISR IR bR &

retumn (adc_result);
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I

void write_pwm (int pwm_value){

global_pwm_value = pwm_value;
TMIF000 = FALSE;
TMMKO000 = ENABLED; IAE S HIEE R, 3N PWM
wait_for_interrupt = TRUE;
while (wait_for_interrupt == TRUE)
WDTE = 0XAC;
TMMKO000 = DISABLED;

1

void initialize_adc (void){

ADM = 0x38; /I ADC B A7 2%

ADS = 0x02; 1SR NI T8 g 2 P 479

PFEM = 0x00; I s LR S 25 A7 4% — POR 1l
PFT = 0x00; I P LR T T R A7 4745 - POR 1M
ADIF = FALSE;

1

int compute_pi (int setpoint, int actual){
XD = setpoint - actual;
Yp =Kp * XD;
integrator += XD;
Yi = Ki * integrator;

return (Yp + Yi);

I

void cv_cc_control (signed int setpoint, signed int parameter){
signed int temp;
temp = compute_pi(setpoint, parameter);

if (temp > 0)
global_pwm_value++;

else if (temp < 0)
global_pwm_value--;

if (global_pwm_value <= PWM_VAL_MIN)
global_pwm_value = PWM_VAL_MIN;

else if (global_pwm_value >= 254)
global_pwm_value = 254;

write_pwm (global_pwm_value);

I

void do_adc_conversions (void){

char loop_1;

char loop_2;

int total;

static char pointer;
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I

if (CHARGE_ENABLE == TRUE) // 05 7F )3 7c A4, U0 & e it F A ..
data_samples[pointer][BATTERY_CURRENT] = get_adc_value(BATTERY_CURRENT);
else I 75 )0 e v A
data_samples[pointer][BATTERY_VOLTAGE] = get_adc_value(BATTERY_VOLTAGE);

data_samples[pointer][ CHARGER_VOLTAGE] = get_adc_value(CHARGER_VOLTAGE);
data_samples[pointer][BATTERY_THERMISTOR] = get_adc_value(BATTERY_THERMISTOR);

if (++pointer >= AVERAGING_POINTS)
pointer = 0;

for (loop_1 = 0; loop_1 < ADC_CHANNELS_USED; loop_1++){
total = 0;
for (loop_2 = 0; loop_2 < AVERAGING_POINTS; loop_2++){
total += data_samples[loop_2][loop_1];

}
total /= AVERAGING_POINTS;
data_samples [AVERAGING_POINTS][loop_1] = total;

}

battery_voltage = data_samples [AVERAGING_POINTS][BATTERY_VOLTAGE] * BATT_V_SCL_FACTOR;
charger_voltage = data_samples [AVERAGING_POINTS][CHARGER_VOLTAGE] * CHG_V_SCL_FACTOR,;

battery_thermistor_value = data_samples [AVERAGING_POINTS][BATTERY_THERMISTOR];

battery_current = data_samples [AVERAGING_POINTS][BATTERY_CURRENT] * BATT_I_SCL_FACTOR,;

if ((charge_in_progress == TRUE) && (battery_voltage < BATT_REMOVED_LIMIT)Y{
charge_in_progress = FALSE; 1 3R 5 % Bk it
CHARGE_ENABLE = FALSE; I RAFEHES
reset_timer (1);
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