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H8/300L Super Low Power (SLP)

ADC
H8/38024F SLP Super Low Power MCU A/D
MCU SLP
10 ADC 8
NTC
H8/38024F
P PP PP 2
TP 4
RN 5
22T 6
B 8
s 16
5 TP 17
00 TR 17
TP 17
.................................................................................................................................................. 17
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/‘z H8/300L Super Low Power (SLP)
| E N ESAS ADC

1.
NTC 1 BC Components
NTC R/Ry
- 25°C Rys 10K 0°C
28.1K 60°C 4.086K R, 5K 0°C 14.050K
1 NTC
°C R/R,s °C R/Rys
-40 33.210 40 0.5330
-30 17.520 50 0.3605
-20 9.6360 60 0.2490
-10 5.5050 70 0.1753
0 3.2550 80 0.1256
10 1.9870 90 0.0915
20 1.2490 100 0.0677
25 1.0000 110 0.0508
30 0.8059 120 0.0386
4 N
&
o
k NTC thermistor
°
& BC Components (P/N: 232264063472)
-s;o ; 0 56 160 1%0 260
N\ Temperalure J
1 R/R, (NTC)
1
10 5 1

1%
10%
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/‘z H8/300L Super Low Power (SLP)
| E N ESAS ADC

] - V, to ADC input

Thermistor

ADC ADC 5V Vg
5V

1°C

+5°C
+0.1°C

RJS06B0005-0100Z/Rev.1.00 2003.09 Page 3 of 19



LENESANS

H8/300L Super Low Power (SLP)

ADC
1.1
Vref 2.5V
Thermistor
|
-,
Rth(KQ) Rth(KQ)
D : D
18 B
© ‘ ‘ ‘ | | ‘ i
Our application uses only thisrange | 5
1 (10 to 40°C), u
2] 7
104
8,
64
41
2,
0 — 0 : : : : : !
0 10 D D 0 D (5] 0 0 0] 5 20 5 D k) 9]
Temperature(°C) Temperature(°C)
3
3 10-40°C
ADC 0-3.3V
yf1. R RO VR
o V1

ADC
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H8/300L Super Low Power (SLP)

RENESAS ADC

1.2

1% 0.1%

ADC

RTD

RTD
-100°C 450°C -250°C 900°C -270°C 1800°C
QIQ/°C 0.00385 Q/Q/°C pv/eC
+0.1°C +0.01°C +0.5°C
15 1 10 1
0.1x0.1 0.25x0.25 = Jx5
$2 $10 $25 $1000 $1 $50
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H8/300L Super Low Power (SLP)
ENESAS ADC

2.
H8/38024F
MCU
ANO
4
3
a — ADC
b. _
C LCD —ADC
Auke  — D
Thermistor Thermistor &
Thermometer
sensor

H8/300L SLP series
Application Board
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H8/300L Super Low Power (SLP)

ADC

r — —— — =/ |_ - - - - - - - - - - ——
| | H8/38024F MCU v
CIRCUIT 1 com
| coM2
| | com3
coma
| SEG32
| R2 SEG31
= 22K NN SEG30
| SEG29
| AvEeC |
| N B 1 A e
2 [t el e e e e e e R S RS B R R N
| | o] 25585588859227395888  |aw  seom
| x5 pgo goaaaaafQ Qaoaadaad pgy £ SEGo7
x—g= P31 § P82
R1 63 4
47k, 1% L 6a| P32 =
' X—g| P33
| AvcC | AvcC X 66| P34 P77 1735 SEG23
oA ] P76 732 SEG22
%—211 p3s P75
ANO ANO 68 33 SEG21
L 69| P37 P74 32 SEG20
- %—5- P40 P73
AVSS AVSS 70 u1 H8/38024 31 SEGI19
X—— Pa1 P72
RTL o e e SEG18
THERMISTOR 7 29 SEGL7
X—=2-{ P43 P70
o 73 28 SEG16
t | 74| PBO P67 757 SEG15
L7 PBL P66 726 SEG14
| | *—2 pg2 P65
76 25 SEG13
X—— PB3 P64
77 24 SEG12
AVSS K78 | PB4 P63 53 SEGIL
=+ *—2 pes P62
= 79 = 22 SEG10
*—55- PB6 O P P61
%1 pp7 Qusen | 833080 aamswer Peo 2 ECE
| TEMPERATURE | Za0aaRRIOOLRRLRERELR
| CIRCUIT | )
| AVCC
| | SEG8
| X1 SEGE
| | X2 = SEG5
U SEG4a__
| S —
| | e
|
| | 3.3V
| RS
| 10K,
| | "
| | | x D X2 i
2
32.768KHz v2 1
N a0 b
[2)
| | c2 15p c3 15p 1L 1u
9.8304MHz
= ca == cs
| | | 12p 12p
| | Crystal 32.7680KHz °
| Cylinder 2x6 =
| P/N:XC-05181-0
Crystal 9.8304MHz
| HC49-U-S
| I P/N:XC-06709-0
S S

A/D
H8/38024

B 8

56,7,8 SEGO SEG32

LCD
H'F740 H F74F

ADC

AVCC AVSS

H8/38024 MCU
A/D

A COM1 COM4

LCD

| | LCD PANEL |
CIRCUIT |
[ LCD PANEL
U2_VIM-828-DP |
| | coma 36 CoM2
SEG30 S oo 35 seGal |
| | Seczz 3| SFEC PSS e e
SEG26 33 SEG27
SEG28 7Hg“‘" 32 SEG25 |
| SEG22 7’25 GDP 31 SEG23
SEG24 HOLM 730 Secal
SEats 6ABCDP
SEG20 SHOLM |
5ABCDP
| | SEG14 4 FED AHGLM 27 SEG15 |
| | 26 _SEGI3
SEeis A1JKN aABCDP [58—SrerT
oz 3 FED sHoLM 5y —Sroy |
| | TSEGE 14| 3UKN SABCDP 53 SEG7T_
—SEG8 15 | 2. FED 2HGLM =55—3FG5
—sre 213KN 2ABCDP 5T —SFG3~ |
| e 1_FED LHGLM 55— SFeT—
SONVE 1IIKN 1ABCDP [~1o—ComT
—1 COM3 COomM1 |
| | Varitronix Ltd
| | VIN-828-DP-6-LV-RC |
| | LCD
| | BOOSTER CIRCUIT |
33v |
I . |
100K |
| | vi |
| | R4
| | 100K |
| v2 |
R7
| | 100K
| | v3 |
R8 |
| | 100K c6 c7  ——=c8
0.1u 0.1u 0.1u |

0 ANO

ANO

32x4 LCD

LCD
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LENESANS

H8/300L Super Low Power (SLP)

ADC
3.
ADC
5°C
RT1 AVcc 0°C 20°C 3 Vin ANO
ADC oV 0, 33V 1023,
3 ADC
R1 RT1 AVcc ANO Vin ADC ADC

(°C) (Ohms) (Ohms) V) V) (10 ) ()
0 15300 4700 3.3 2.524500 783.36 783

5 11910 4700 3.3 2.366225 734.24684 734

10 9340 4700 3.3 2.195299 681.20798 681

15 7378 4700 3.3 2.015847 625.52343 626

20 5869 4700 3.3 1.832501 568.63052 569

5°C 1°C 5°C ADC 1°C
ADC
4
R1 RT1 AVcc ANO Vin ADC ADC

(°C) (Ohms) (Ohms) V) V) (10 ) C )
0 15300 4700 3.3 2.524500 783.36 783

1 773.53737 774

2 763.71474 764

3 753.8921 754

4 744.06947 744

5 11910 4700 3.3 2.366225 734.24684 734

6 723.63907 724

7 713.03129 713

8 702.42352 702

9 691.81575 692

10 9340 4700 3.3 2.195299 681.20798 681

11 670.07107 670

12 658.93416 659

13 647.79725 648

14 636.66034 637

15 7378 4700 3.3 2.015847 625.52343 626

16 614.14485 614

17 602.76627 603

18 591.38769 591

19 580.0091 580

20 5869 4700 3.3 1.832501 568.63052 569
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LENESANS

H8/300L Super Low Power (SLP)

ADC
7
temperature[] 100 °C
ADC

#include "iodefine.h"
#include "lcd.h"
#include <machine.h>

/ /
/* Function define */
/ /
void init_adc(unsigned char, char, char);

void init_lcd(void);

void display_number(unsigned char, unsigned char, unsigned char);
void taint(void);

void init_timerA(unsigned char);

/ /
/* RAM define */
/ /

// Temperature vs ADC-value lookup table
const unsigned short temperature[101] =

{783,774,764,754,744,734,724,713,702,692,
681,670,659,648,637,626,614,603,591,580,
569,557,546 ,535,523,512,501,490,479,468,
457,447 ,436,426,415,405,395, 385,376,366,
356,347,338,329,320,312,303,295,287,279,
271,264,257,250,243,236,229,223,217,210,
204,199,193,188,182,177,172,167,162,158,
153,149,144,140,136,132,129,125,121,118,
114,111,108,105,102,99,96,94,91,89,
86,84,81,79,77,75,73,71,69,67,
65}; // 10x10 table

unsigned char goRead=0;

//Global variable goRead is use by main() and taint()

RJS06B0005-0100Z/Rev.1.00

2003.09 Page 9 of 19




/‘z H8/300L Super Low Power (SLP)
| ‘EEI\\I.EE:!E;I‘!l:E; ADC

void main(void)
{
unsigned short ADC_value=0;
unsigned char templ=0, temp2=0, temp3=0, deg=0, i=0, nearl=0, near2=0;
it IcdQ; // Intialize LCD display
it _adc(0,0,0); // Intialize ADC
it _timerA(0x18); // Intitialize TimerA, default interrupt
i

while (goRead == 0); // Wait for status to start reading temp
while (P_AD.ADSR.BYTE & 0x80); // If ADSR = 1, A/D conversion in progress
ADC_value = P_AD.ADRR >> 6; // Capture the ADC value

goRead=0;

for ( 1=0; i<101; i++) // loop through the whole table, linear search
{
// within range?
iT( (temperature[i]>=ADC_value) && (ADC_value>=temperature[i+1]) )
{
nearl = temperature[i]-ADC_value; // Calculate to the nearest deg
near2 = ADC_value-temperature[i+1];
if(nearl<near2) deg=i; // Round off to the nearest deg
else deg=i+1;

}

iT(deg==100) {templ=1;} // check if reading==100 deg

else if(deg<l00 && deg>9) {temp2=deg/10; temp3=deg%l0;}

else if(deg<l0 && deg>=0) temp3=deg;

else {templ=16; temp2=29; temp3=29;} // display "ERR" if out of range

display_number(2, templ, 0); // Display 100th digit
display_number(l, temp2, 0); // Display 10th digit
display_number(0, temp3, 0); // Display lowest digit
templ=0;temp2=0;temp3=0; // Reset all

8 ‘main()’
8 main(Q) LCD ADC A A

nloopTAQ 1

RJS06B0005-0100Z/Rev.1.00 2003.09 Page 10 of 19



/‘z H8/300L Super Low Power (SLP)
| E N ESAS ADC

goRead 1 goRead
A taint(Q) 10
start_adc() ADC ADSF

AND &
while (P_AD.ADSR.BYTE & 0x80);

‘0x80° 10 128 16 ADSR 7 MSB ADRRH ADRRL
6 ADC ADC_value

‘for’ ADC
LCD

void init_adc(unsigned char conv_period, char Ext_TRG, char Input_CH )

{
//conv_period = 0 => fast (but 0SCl <= 10MHZz)
//conv_period = 1 => slow (but 0SC1 <> 10MHZz)
//ExXt_TRG = 0 => Disable start of A/D conversion by external trigger
//ExXt_TRG = 1 => Enable start of A/D conversion by external trigger
//1nput_CH = 0-7 => select ADC input channel
conv_period = (conv_period & 0x01)<<7;
Ext_TRG = (Ext_TRG & 0x01) << 6;
Input_CH = (Input_CH & 0x07) + 4;
P_AD.AMR.BYTE = conv_period | Ext_TRG | Input_CH;
3

9 ‘init_adc()’

9 init_adc(Q conv_period A/D
Ext TRG 8 Input CH 3
OR AMR H8/38024

void init_lcd(void)

{
unsigned char temp_a;
unsigned char *dest;
dest = (unsigned char *)0xF740;
for (temp_a=0 ; temp_a<16 ; temp_a++){*dest++ = 0;}
P_LCD.LPCR.BYTE = 0xC8; //1/4 duty cycle
P_LCD.LCR.BYTE = OxFF; //display is faint
P_LCD.LCR2.BYTE = 0x60;
3
10 ‘init_lcd()’
10 LCD init_lcdQ) LCD RAM
*dest ‘for’ LCD RAM LCD

APPBD-3800 H8/38024
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/‘z H8/300L Super Low Power (SLP)
| ‘EEI\\I.EE:!E;I‘!l:E; ADC

void taint( void )

{

P_SYSCR.IRR1.BIT.IRRTA = O; // Clear IRRTA flag

goRead =1; // Set status to start to read temp

start_adc(1); // start ADC conversion
3

11 ‘taint()’
11 taint() main()
A A
IRRTA nOVF
count goRead A/D

intprg.c
12 2

intprg.c file

#include <machine.h>
#pragma section IntPRG
extern void taint ( void ); // Add this line

// vector 11 Timer A Overflow
__interrupt(vect=11) void INT_TimerA(void)
{

taint(); // Add this line
3

12

void start_adc(unsigned char start)

{

//start = 1 , start ADC

//start = 0 , stop ADC

if(start==1) P_AD.ADSR.BYTE |= 0x80; //Set ADSF : start A/D conversion

else P_AD._ADSR.BYTE &= Ox7F; //Set ADSF : stop A/D conversion
}

13 ‘start_adc()’
13 start_adc(Q taint() ADSF A/D
ADSF
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/‘z H8/300L Super Low Power (SLP)
| .EEEI‘\J .EEEf!E;;Afliﬂfi;» ADC

void init_timerA(unsigned char clkSel)

{
set_imask_ccr(l); // Interrupt Disable
//TMA i |-—-]-—-]-—-]---]TMA3| TMA2 | TMA1 | TMAO|
//Bits 7 to 5 are reserved; only 0 can be written to these bits
//Bit 4 is reserved; it is always read as 1 and cannot be modified
//Bits 3 to 0 : TMA3 to TMAO : Internal Clock Select
P_TMRA.TMA.BYTE = clkSel;
// 0x18, 1 sec
// 0x19, 0.5 sec
// O0x1A, 0.25 sec
// 0x1B, 0.03125 sec
P_SYSCR.IRR1.BIT.IRRTA = O; // Clear IRRTA flag
P_SYSCR.IENR1.BIT.IENTA = 1; // Timer A Interrupt, 1-Enable, O-Disable
set_imask_ccr(0); // Interrupt,0-Enable,1-Disable
// set_imask_ccr() comes as a pair
}
14 ‘init_timerA(Q)’
14 init_timerAQ A
1 0.5 0.25 31.25 IENR1 IENTA
A H8/38024

set_imask_ccr() machine.h

RJS06B0005-0100Z/Rev.1.00 2003.09 Page 13 of 19



/‘z H8/300L Super Low Power (SLP)
| ‘EEI\\I.EE:!E;I‘!l:E; ADC

void display_number(unsigned char digit, unsigned char number, unsigned char decimal_point)

{

unsigned short *dest;

switch(digit)
{ case O:
dest = (unsigned short *)0xF740; break;

case 1:

dest = (unsigned short *)0xF742; break;
case 2:

dest = (unsigned short *)0xF744; break;
case 3:

dest = (unsigned short *)0xF746; break;
case 4:

dest = (unsigned short *)0xF748; break;
case 5:

dest = (unsigned short *)OxF74A; break;
case 6:

dest = (unsigned short *)OxF74C; break;
case 7:

dest = (unsigned short *)OxF74E; break;

}

it (decimal_point)

*dest = (unsigned short)(lcd_number_data[number] | 0x0800);
else

*dest = lcd_number_data[number];

}
15 ‘display_number ()’
15 display_number()
digit number
decimal_point 3 digit
*dest LCD RAM decimal_point
lIcd_number_data[]
lIcd_number_data[] lcd.h
LCD
Icd.h 16
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H8/300L Super Low Power (SLP
ENESAS PerLop oo B9

const short lcd_number_data[39] = {O0xE724, //0. "0" : ABCDEF

0x0600, //1. "1" : BC
0xC342, //2. "2 : ABDEGK
0x8742, //3. "3" : ABCDGK
0x2642, //4. "4 : BCFGK
0xA542, //5. "5% : ACDFGK
OxE542, //6. "6" : ACDEFGK
0x0700, //7. 7" : ABC
OxE742, //8. "8% : ABCDEFGK
0x2742, //9. "9" : ABCFGK
Ox00E7, //10. "*" - GHJKLN
0x0000, //11. Blank: All segments OFF
0x6742, //12. "A" :
OxE442, //13 "B" :CDEFGK
OxE100, //14. “C*
0xC642, //15. "D*
OxE142, //16. “E"
0x6142, //17. "F*
OxE540, //18. G-
0x6642, //19. “H*"
0x8118, //20. "I*
0xC600, //21. "J*
0x60A2, //22. "K-"
OxE000, //23. "L*
0x6621, //24. "M*"
0x6681, //25. “N*
OxE700, //26. "0*
0x6342, //27. "P*
OxE780, //28. Q-
0x63C2, //29. "R*
}:

16 LCD
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LENESANS

ADC

H8/300L Super Low Power (SLP)

4.

LCD ADC TimerA

LCD

AD

RJS06B0005-0100Z/Rev.1.00 2003.09

Page 16 of 19



LENESANS

H8/300L Super Low Power (SLP)

ADC
5.
5.1
ADC ADC
ADC
ADC INL AC
AC AC
DC AC
5.2
2 root-sum-square RSS
RSS RSS
=syt(E2+E2+E2+.. +E?)
Ex
2 RSS
RSS
ADC DC
0°C 70°C -20°C  75°C ADC
AVcc 27 55V
= sort[(ADC )2+ ( )?
+( )]
= sgrt( (0.78%)? + (5%)2 + (5%)?)
=711%
H8/38024 , H8/38024F-ZTAT
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H8/300L Super Low Power (SLP)

ADC

Rev.

1.00

2003.09.19
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/‘z H8/300L Super Low Power (SLP)
| E N ESAS ADC

EEREHCET S HHEL

1. %*ilin”n"ﬁs FEEMEORLIZZOTEY FIA. FERBUGREIHRENFEELZY ., REBET HEE

AHYET . BHOFBREROBERIFBREIEICL > THRRE LT, AFER. KKEH, 15

HIEEGEZELSELVL I LREMEER L-TURERET. ERX KRG, RBIEMILRE R E
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