Tyapuitnsmeinruguidlulnslisiwawes

TRUGEL L

WU

TXTIE IS, S
(AR R w!"!..ﬁ.ﬁg.gzg..
7549

1 ‘N iﬂ (3] u ﬂnunnlllull“l“m

aw

33077

bl 1R AES I

.

»l --------------------- [LEXLTTTTTYY

¥
o) ] A LY = L =
TassnuRreiidiudunilsesmsfnnaumdngasinnmansiacdia

madrWandlssynd

Ao IR

aotiumaTulatwszsoumnduhgunmsmanszis

Hnsfny 2548




Microprocessor Based Solar Integrator

Mr. Kittikon Sienarm

Mr. Nopphawoot Suraviras

A Special Project Submitted in Partial Fulfillment of the Requirement for the Degree of
Bachelor of Science
Deparment of Applied Physics
Faculty of Science
King Mongkut’s Institute of Technology Ladkrabang
Academic Year 20035



Tasandeudes  Twddufinsmesmiunuéaelulas Tlswaes

nfinu ww Adge  @ow

ww uwdl  qIImA

MAM Fanduszgnd ausgTnemand

a a o 4 4 A - ¢
min Aandilszynd - ndesiiainumeasunzgaamnssy
srovaafitinm 36.3% 73 9@

= Y4 o = o o =
madridndiseand auzinnmans aonfumnlulainazreunduinamus

Ed
ot L] ) 1 A QJ
mansste oylA Iassaumefiduduuiisveamsfinumumangns

AT iuha

ANLNTINANIATINEAD avilede
UsesmnTsunts 0.5unTM - darianauud CATZIND
ATTUAS 23438 GuAg s ol \{

™~ o
- o = = o o

ATTUNTS p.Qlund  Sumdnrian {% b
assumsfilSow se3¥a A5 16A /

...................................................

(3D4AAATINTINNGY ATATIZ)

o = = 7
famthaminidndiszyng

a o & = a & o - o
Avantveanmnlydndilszynd aszinuenaas

aortumaTuladnszasundudqunnismanseia



Tassnuriay TydrBuiinsmefaanqudelylas T swmaed

VinAn e fanm @9

Ww uwdl  gaiand

a o a4 o = o
MAI Aandilszgna AU NI TR
= =y o o d‘l oy 4
NI Aandlizynd - mealloImmmaaiuazgaa sy
Yn1sdnwn 2548
er01seninmn 5RIRTEATINGOIER AT 1VE
UnAage

= :ly 5 3/ A A o @ o = - Q4 1 o
Tnssuiisyi IBosnuuuiazatanisdlodmiialSmanaumnailduusasiu uawan
Ql o 1 o o

winlagidlnlalea nszuadeaeas zgﬂu‘ﬂaaﬁamwimJmﬂszumﬂummmqﬂﬂu

ar ] e @ o a ar

Foynawandng szderndh Apc vpsdalulasnenInsainoi MEGAL6 oy iugnIayna
= - | o g Q = R ] 4:;1 [N =1 [ 1

Lini msBuiinsanssihiddaesanedfiumsnan swes ADC e ldezlfumeudunives

Y = AW o 1 - ) 1

insTufimes wavesaiiialunng Suveldeilu W e h/m? /day szifviusnaly

EEPROM  151ausaiiondaynawmme LeDuazijuna dlandiy



Special Project Title Microprocessor Based Solar Integrator
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Mr. Nopphawoot Suraviras
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Special Project Advisor Assoc.Prof. Wichit Sirichote

ABSTRACT

An instrument used for measuring daily insolation has been designed and built. Sunlight was
measured by photodiode, The short circuit DC current [ was converted to voltage by current-to-
voltage converter. The voltage signal was fed to the ADC input of the MEGA 16, microcontroller. The
signal was sampled every one minute. Integration was made using summation algorithm. The ADC
reading has calibrated with pyranometer. The result of measurement every day, Wh/mz/day, was

saved in EEPROM. User can retrieve the reading using onboard LCD display and keypad easily.
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g W o 8 3 o o 3K
Tumsinudeyaiis 1duezhinisiny 131y EEPROM ( FM24C256-SE )

RAMTRON FRAM

R12 ua R13
4.7k 4.7k

X—3~{ AD

¥—3-1 A1 SDA <{SDA

X— A2
pSCLK

VCC

> R FM24C256-SE

71l 21 1393U83 EEPROM

3.1.3  oauveansiaulysunanielv s

r H i s .
S5 CodevianayR - masterr] - [DADst OiA\MEG AL masterc] B e
wirdows Help - fx

" AL 8Ly

1 SRR R AR AT T AR AV AT b ATy -~

2 This program was produced by cha o
3 CodeWizardAVR ¥1.23.8c Scandard

4 Automstir Program Gensrator

% & Copyright 1598-2003 HP InfoTech $.7.1.

; © bttp: //ovu hpintocach. rs

’ Eﬁ‘ ther Fi 7 e-mail:otficedhpinfotech.ro

8

9 Prejecc :

10 Yersion :

11 Pace D 1L/3772004

1?2 Auchoy : Thanongsah Samratwanich
5 13 Company : |

14 Comments:

15

16

17 Chap typa : ATaegals

18 Program typs : Application

19 Clock tregusncy * 4.000000 MHz

20 Bamery model ! Snall

21 Extarnal SRAH size : O

#7 Data Btack siza : 256

D] AR AP RSP N R AR ARSI S a b g

24
i 25 ff 2 Hov 2004 conplece basic waster fumccion For time on/off and connect -
WLEL] oy BT . T T T ————— ; N
Mesrages |
SNR— - s roe - p— - :

134 Insert
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azifiueureImsIRIA19IN deteetor ( Photo Diode 1A Thermistior) 11 141 ADC udninms

w o af

(-] J & v c’: o : o 1
TufinauAn13 EEPROM ( 24LC256) imafiumi]Inasanaiuaimiuiinig Intergrate i
3' 4 ¥ i v’ ] - ] 3 o = 1 9 |
HuR 18N MUD9 sampling Manua Tuaduvesmsaadeiiugnnismimsasde1a 2 na Ae 1
»
STK200 tasn i RS232 Tunisanasriunia STK200 iuszyhmsfansrunalalsiny Code
¥
Vision YIuWn136a llsinuad MEGA16

4.1 TIuv¥e4 detector (U52nBUAIE Photo Diode Maz Thermistior )

¥ a
a8 detector HZADINMINIA black ground  1auiiNE lunInane Al
wimstaamn 10 5w Tavivasa Tl auta 10 W 350 Im 35 /W Taullszozv19910A1

Photo Diode 1JUSst=Me 37.7 cm.
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q1# 26 F5n13MARBIMIAL black ground



na(s) | amlatudesiia (mv) a1 Idile 18 sunee (mv)
10 0 606
20 0 605
30 0 607
40 0 605
50 0 604
60 0 603
70 0 603
80 0 604
90 0 607
£00 0 606

A3137 1 HENTINARBIAT black ground 1% R = 10040

——T,
anldie lATunaa (mv)

aa(s) | anlaluesiia (mv)
10 1 3150
20 0 3140
30 1 3150
40 0 3160
50 0 3150
60 1 3130
70 0 3120
80 0 3120
90 0 3120
100 0 3120

AN 2 HAMINADBIA black ground 1% R = 5004Q
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na(s) | aiidudeadia (mv) w1l 1asuer (mv)
10 ! 4810
20 2 4800
30 1 4810
40 2 4810
50 i 4820
60 1 4820
70 i 4810
80 2 4810
90 1 4820
100 1 4810

AT 3 HANFNABBIM black ground 1% R = IMQ

A A luveiia (mv)

t i J a
AN 1A 185 Uue e (mV )

nar(s)
10 3 5360
20 3 5370
30 3 5370
40 3 5370
50 3 5370
60 3 5370
70 3 5370
&0 3 5370
90 3 5370
100 3 5360

A13137 4 HaN15NABBIA black ground W R = 2MQ
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Gain Set 1 ‘A/V\
Rs
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/********************i********************************

This program was produced by the

: CodeWizardAVR V1.24.8b Standard

Autcmatic Program Generator
@ Copyright 1996-2006 Pavel Haiduc, HP InfoTech s.r.1,
http://www.hpinfotech.com

Project :
Versicn :
: Date : 3/3/2006
¢ Author : reinforce
¢ Company : reinforce
: Comments:
: Chip type : ATmegalé
Program type : Applicatien
¢ Clock frequency ¢ 4,.000000 MHz
¢ Memory model : Small
External SRAM size : 0
Data Stack size 1 256

**************t**ﬁ"k*i********************************/

#include <megalé.h>
#include <delay.h>
#include <stdieo.h>
#include <math.h>
// I2C Bus functions
#asm
.equ _ i2c_port=0xl8 ;PORTB
.equ _ sda_bit=2
.equ __scl bit=1
fFendasm
$inciude <iZc.h>

// DS1307 Real Time Clock functions
$inciude <dsl307.h>

// Alphanumeric LCD Module functions
fasm

.equ _ lcd port=0xlS ;PORTC
#endasm
$inciude <led.h>

#define RXBE8 1
¥define TXB8 (Q
$define UPE 2
$define QVR 3
#define FE {4
#define UDRE 5
4define RXC 7

#define S1 PIND.3
#define S2 PIND.4
#define 83 PIND.5
#define S4 PIND.6
#define LED PORTD.7

#define FRAMING ERROR (1<<FE}
#define PARITY_ ERROR (l<<UPE}
fdefine DATA_OVERRUN (1<<OVR}
#define DATA_REGISTER _EMPTY (1<<UDRE)
tdefine RX_COMPLETE (lI<<RXC)

int xl,%x2,%3,%x4,%5,%6,x7,%8,%%,x10, number=0, tick = 0,get_data=1l,b,c=1,count_data=0;
: unsigned char lcd huffer[16];

int a,datal,data2,data3,i,show data;

char mode_display, count,countl,mode_control,hour_on,min_cn, hour_off,min off;

float hu_on,hu off;
char data_set[6],resl,res2,resd, resd;
char data value[&];

flaeh char *DISPLAY SET[4]={"ON -> HOUR","ON -> MIN","OFF -> HOUR","OFF -» MIN"};
flash char *DISPLAY VALUE[5]={"DATZ", "MONTH", "YEAR", "HCUR", "MIN"};

// USART Receiver buffer
¥define RX_BUFFER_SIZE 8
char rx_buffer[RX_BUFFER SIZE];

#if RX BUFFER_SIZE<Z56
unsigned char rx_wr_index,rx_rd index,rx counter;
#else

: unsigned int rx_wr_index,rx_rd index,rx counter:

#endif

1



87:

88: // This flag is set on USART Receiver buffer overflow
89: bit rz_buffer overflow;

90:

91: // USART Receiver interrupt service routine

92: interrupt {USART BRXC] wvoid usart_rx_isr (veid)

93: {

94: char status,data;

95: status=UCSRA;

96: data=UDR;

97: if ((status & (FRAMING_ERRCR | PARITY_ERRCR | DATA_OVERRUN))==0)
98:

99: rx_buffer[rx wr_index]=data;

00: if (++rx_wr index == RX_BUFFER_SIZE) rx_wr_index=0;
01: if (++rx_counter == RX_BUFFER SIZE)

02: {

03: rx_counter=0;

04z rx_buffer overflow=1;

.05z b

06 )i

.07: }

.08:

.09: #ifndef _DEBUG_TERMINAL IC

10: // Get a character from the USART Receiver buffer
11: #define _ALTERNATE_GETCHAR_

12: #pragma used+

.13: char getchar{wvoid)

114 |

.15: char data;

.16: while (rx_counter==0);

.17: data=rx_buffer[rx _rd_index];

118: if (++rx_rd_index == RX_BUFFER_SIZE) rx_rd_index=0:
(19: #asm("cli"™)

.20: --rx_counter;

21 $asm("sei™)

122: return data;

123: }

l24: #pragma used-
125: #endif

126:

l27: // USART Transmitter buffer

128: #define TX_BUFFER_SIZE &

l29: char tx buffer[TX BUFFER _SIZE];

130:

131: #if TX BUFFER_SIZE<256

132: unsigned char tx_wr_index, tx_rd_index,tx_counter:;
133: #else

134; unsigned int tx_wr_index,tx_rd_index, tx_counter;
135: #endif

136:

137: // USART Transmitter interrupt service routine
138: interrupt [USART_TXC] woid usart_tx_isr{veid)
139: ¢

140: if (tx_counter)

141: {

142 --tx¥_counter;

143: UDR=tx_buffer[tx_rd index]:

144: Af (++tx_rd_index == TX BUFFER_SIZE) tx_rd_index=0;:
145: }:

146: }

147:

148: #ifndef _DEBUG TERMINAL IC

149: // Write a character to the USART Transmitter buffer
150: #define _ALTERNATE PUTCHAR

151: #pragma used+

152: weoid putchar{char c)

153: |

154: while (tx_counter == TX_BUFFER SIZE};

155: #asm{"cli™)

156: if (tx_counter || ({UCSRA & DATA_REGISTER EMPTY}==0))
157: {

158: tx_buffer[tx_wr_ index]=c;

159: if {(++tx_wr_index == TX BUFFER_SIZE) tx_wr_index=0;
160: ++tx_counter;

lel: }

162: elsa

163; UDR=¢;

164: #asm({"sei")

165: }

166: #pragma used-

167: #endif

168:

169%: // Standard Input/Output functions
170: #inciude <stdio.h>

171:

172: #define ADC_VREF_TYPE 0xQ0



// Read the AD conversion result

: unsigned int read adc{unsigned char adc_input)

{

: ADMUX=adc_input |ADC_VREF TYPE;

// Start the AD conversion

: ADCSRA|=0x40/

// Wait for the AD conversion tc complete

: while {(ADCSRA & 0x10)==0);
: ADCSRA|=0x10;
: return ADCH;

}

// Declare your global variables here

// Declare your global variables here
// SET DAY TO DS1307

void set_day (unsigned char day)

{
i2c_start{);
i2¢ write(0xdO};
i2e_write(3);
i2¢_write(day);
i2c_stop(}:

)

// GET DAY FROM DS1307

char rtc_get_day()

{
char day;
i2¢_start(};
i2c_write (Oxd0);
iZc_write(3);
iZe_start();
i2¢c write{0xdl};:
day=iZc read(0};
i2ec stop():
return day;

}
4define EEPROM BUS_ADDRESS Oxal // FM24C256 RAMTRON FRAM

// read FRAM

: unsigned char eeprom read(unsigned int address) ({
+ unsigned char data, regl;

i2¢c_start(};

: i2¢c_write (EEPROM BUS_ADDRESS) ;
: regl = address>>8;

: i2c_write(regl):

: regl = address;

i i2e¢_write{reqgl);

: i2¢_start():

i2¢_write (EEPROM_BUS_ADDRESS | 1)
data=i2c_read(0);

i2¢ stop(i;

return data:

}

// write FRAM no delay needed

: void eeprom write(unsigned int address, unsigned char data)
: unsigned char regl;

v di2c_start();

: i2c_write(EEPROM_BUS_ADDRESS);

regl = address>>8;
//printf ("$x", regl};

: i2¢_write(regl);
: regl = address;

/iprintf ("¥x",regl);

1 12¢c_write(regl);

i2c_write(data);

: 12¢_stop():
: delay ms(10):

}

: float read_solar()

{
float n;
//r10=x9;
//x9=%8;
//RB=XT3
//x7=x6;
/ir6=x5;



59: //%5=x4;

60: //xd=x3;

61: //x3=x2;

62: //x2=x1;

63: x1l= read adc{(0);
64: n= xl;

65: raturn{{(n*0.71926));
66: }

67

681

69: // SAVE/LOAD DATA
70: // Save data to EEPROM
71: save_data()

72: |

73: eeprom write (2000, mode_display);
74 eeprom _write (2001, mode_control);
75 eeprom_write (2002, count);

76: eeprom _write (2003, countl);

77 eeprom write(2004,hu_on);

78: eeprom write(200%,hu_off};

79: eeprom write (2006,hour_on):

80: eeprom_write (2007, hour_off);

81: eeprom_write (2008, min_on);

g2: eeprom_write(2009,min_off};

‘83: }

‘84: // Load data from EEPROM
‘85: load_dataf)

BE: |

87 mode_display = eeprom_ read(2000);
88: mode_control = eeprom_read(2001);
'89: count = eeprom_read{2002);

90: countl = eeprom read{2003);

191 hu_cn = eeprom_read (2004);

1921 hu_cff = eeprom_read{2005};:

193: hour_on = eeprom_read(2006);

1941 hour off = eeprom_read(2007);

195 min_on = eeprom_read{2008};

196 min off = eeprom read(2009);
197}

198:

299: // Show display day,date,month, year, time, hu, temp
100: show display()

101: |

102: char day:

103: unsigned char h,m,s,date,month, year;
304:

305: day = rtc_get_day()s

306: rtc_get_date(&date, amonth, kyear);
307: rtc_get_time (&h, &m, &8} 7

308:

309:

310: // display count

311: countl++;

312: if (countl > 5)

313: count = 1;

314: if (countl > 10}

315: {

316: count = 0;

317: countl = 0;

318: }

319:

320;

321: if (count == 0)

322: {

323: sprintf(lcd _buffer," ")
324: led_gotoxy(0,0):

325: lecd puts(lcd_buffer):

326: sprintf(led buffer,"” $02d:%02d;%02d" h,m,s5);
327: lcd_gotoxy(0,0);

328: lcd puts(led_buffer):

329: }

330: if {count == 1)

331: {

332: sprintf (led buffer,” ")
333: lcd_gotoxy(0,0);

334: led_puts (led_buffer);

335: sprintf (lcd_buffer,” $02d-%02d-%02¢",date, month, year) ;
336: lcd_gotoxy(0,0);

337: led_puts(lcd_buffer):

338: }

339:

340: }

341

342: write_eeprom{)

343: ¢

344: //a = 0xDO0;



45: //while (L)

46: //delay ms(1000);

47: eeprom write(l,read adc(0}):

48: //get_data = 2500;

49: //data2 = eeprom_read(1}:

50: //data2 = {data2/60):;

51: sprintf{lcd_buffer,"Data = %04d",a}:
52: lcd_gotoxy(Q,1);

53; lcd puts(lcd_buffer);

54: for{c=2;c<=1700;c=c+1)

55: {

56: delay ms{€0000);

57: eeprom write(a, read_adc(0));

58: //datal=eeprcm_read{a};

59: //dataZ = data2+datal:

60: //data3l {dataz/eq});

61l: //eeprom write(get_data,data3);

62: sprintf(lcd_buffer, "Data = %044",c):
63; lcd gotoxy(0,1);

64: lcd puts(lcd_buffer);

65:

66: |}

67: }

68:

69:

70: read eeproml()
TJ1: |

172: b = 15

73: //get_data= 20Q0;

i74: datal = eeprom_read (b);

175: printf{"%04d \r",datal}:

J76: for(b=2:b<=1700;b=b+1)

177 |

178: delay ms (500},

}79: datal=eeprom_read(b};

380: //data2 = dataZ+datal;

181: printf£{"%04d \r",datel);

182:  //a = a+l;

183: )

184: //data3 = (dataZ/e0):

185: //eeprom_write{get_data,data3);
186: //printf{"insolation %0.Cf",datal};:
i87: )

3i89: 81 _exef)
380: {

392: if (51==0)

393: {

394: write_eeprom();
3951 }

396: }

398: S2_exel)

399: |

400:  if(S54==0)

401: {

402: read_eeprom() ¢
403: }

404: }

406: // SWITCH KEY

407: SWITCH_EXE()

408:

409: char ddday,dday:

410: unsigned char hour,min, sec,dd,mm,yy;

411: char display_s,display_v, stoper,stoperl, selects

412 select = O;
413: stoper = 0;

414: LED = 1;

415:

416: //83 Set ON/OFF control

417: if(82 == 0)

418: {

419: select = 1;

420z delay ms(200);

421: //5et CON/CFF Time

422: display_s = 0;

423: while(select)

424: {

425: if(S1 == ()

426: {

427: if(display_s == 0}
4128 {

429 hour_ont++;

4302 if (hour_on > 23)



hour_on = 07
}
if (display s == 1}
{

min_on++;
if{min_on > 59)
min_on = 0;

}
if (display s == 2)
{

hounr_off++;
if (hour_ off > 23)
hour_off = 0;

H
if (display s == 3}
{

min_off++;
if(min_off > 59)
min_off = 0;

if (display s == 0)
{
nour_ on--:
if (hour_on > 250}
hour_on = 23;

}

if (display_s == 1}

{
min_on--;
if(min_on > 250)

min_on = 59;

}

if (display_s == 2)

{

hour off--;
if (hour_off > 250)
hour off = 23;

}
if (display_s == 3)
{
min_cff--;
if (min off > 230Q)
min_off = 59;
}

}
if (83 == 0)
{
display s++:
if{display_s > 3)
display_s = 0¢

}
if (54 == 0)
{
select = 0;
delay_ms(100);
}
delay_ms{100);

data_set[0] = hour_on;
data_set[l] = min_on;
data_set([2] = hour_off;
data_set{3]) = min_off;

sprintf (led buffer,”
lecd_gotoxy(0,1);
led_puts (lcd _buffer);

sprintf({led buffer,"$p = %02d",DISPLAY;SET[display_s],data_set[display_s]]:

lcd_gotozyi{0,1);
lcd_puts(licd_buffer);

H

//51 Set day,date,month,year, time

if (8l == 0)

{
#asm{"cli") // disable interrupt
stoper = 1l;
stoperl = 0;

display v = 0;

dday = rtc_get _day{);
rtc_get_date (&dd, &mm, &yy);
rtc_get_time (shour, &min, &sec);
data_value[0] = dd;



17: data_wvalue[l] = mm;

18: data_value[2] = yvy;

19: data_value[3] = hour;

203 data_walue(4] = min;

21: delay ms(200);

22:

23: while{stoper)

24: {

25: if{31 == O)

26: {

27:

28: if {display_v == 0)

29: {

30: dd++;

31: if({dd > 31)

32: dd = 1;

33: data_value([0] = dd;
34: }

35: if (display v == 1}

36: {

37: min-++;

38: if (mm > 12)

-39: mm = 1;

40: data_walue[l] = mm;
41 }

42 if (display_v == 2)

431 {

44 yy++;

1451 if{yy > %9)

46: yy = 0;

147t data_wvalue{2] = vy:
148 : }

349 if(display v == 3}

350z {

351 hour++;

3521 if (hour > 23)

353: hour = 07

3543 data_value[3] = hour;
3551 }

356 if (display_v == 4)
3i57: {

35B8: min++;

359: if{min > 59)

360: min = 0;

361: data_valuef4] = min;
362: }

563:

564: }

565: if(82 == O)

566 {

567:

568: if (display_v == 0)
569: {

570;: dd--;

571: if(dd < 1}

572: dd = 31;

573: data_value[C] = dd;
574 }

575: if (display_v == 1}
5763 {

577z mm-~;

578: if{mm < 1)

578: mm = 12;

380: data_value(l] = mm;
581: }

582: if(display v == 2)
583: {

584: Yy—--7

585: if(yy > 250}

586: yy = 99;

587: data_value(2] = yy;
568: }

589: if(display_v == J)
590: {

591: hour--;

592: if (hour » 250)
593: hour = 23;
594; data_walue(3] = hour;
595: }

596: if (display v == 4}
597: {

598: min--;

599: if (min > 250)

600: min = 3%;

601: data_value[4] = min;

602: H



129: (

5381
339
540:
541:
542:
343:
544
545:

display_v++;

if (display v > 4)
display v = 07
delay ms (100} ;

}
if (54 == 0}
stoper = 05

sprintf(lcd buffer,” "y
lcd_gotoxy(0,1);
led _putsilcd buffer):

sprintf{lcd buffer,” %p = %02d ,DISPLAY VALUE[display_v],data_value[display_v]):

lcd_gotoxy(0,1):
lcd_puts{lcd_buffer);
delay ms{100);
}
set_day (dday};
rtc_set_date (dd,mm, yy);
rtc_set_time (hour,min,0)7
fasm{"sei™)

}

delay_ms (100);
if (83 == 0}

// unsigned char dd2,mmZ,yy2;

//dd2 = eeprom_read(3100);

//mmz = eeprom_ read(3101);

//yy2 = eeprom_read(3102};
//for(a=1;a<=count_data;a=a+l)
/7

//delay ms(200%;

//resl = eeprom_read(get_data);
//res2 = eeprcm read{get_datatl};
//res3 = eeprom_read{get_data+Z);
//resd4 = eeprom_read(get_data+ld}:;

//printf("%024:%02d:%02d Scicicic Wh/m2 \r",dd2,mm2,yy2,resl,res2,resd, res4};
//dd2 = dd2 + 1;

//get_data = get_data+3;

read_eeprom() 7

/7Y

}
646: delay ms(l0Q);

647:
648: )
649:

650: // RUNING MODE
651: RUNNING MODE ()

652: {
6532
654:
655:
656:
657
658:
659:
660:
660l:
662:
663:
664:

int address;
unsigned char hl,ml,sl,dd2,mm2,yy2, check_ss,check_mml;
// RUNNING MODE 1 {TIME)

//address = 1;

rtc_qet_time(&hl,&ml,&sl);

if (hl == hour_on)

{

if(ml == min_on)
{

eeprom_write(c,read_adc(0))+
sprint®(lcd buffer,"Data = %04d",read_adc(0});

665: led_gotoxy (0,1}
666: lcd_puts(lcd _buffer};

667:
668:
669:
670:
671:
6723
673:
674:
675:
676:
677:
678:
679:
680:
681:

//sprintf(led buffer,” ")

//lcd_gotoxy (0,1

//1cd_puts{lced buffer);
//eeprom write (address,read_solar()}:

//data? = eeprom_read(address):

//data? = read solar():

//data3l (data2/60);

//sprintf(lcd_buffer, "INSC= %.0f Wh/m2 \r",data3d):
//lcd_gotoxy(0,1);

//flcd_puts(lcd_buffer);

/iprintf(" %0.0f %0.Cf %d \r",read_soclar(),data2,read_adc{0)};:

BB

a=1;
while(a)
{

c =c +1;

682: delay_ms(60000);

683: eeprom_write(c,read_adc(0)):

684: sprintf(lcd buffer, "Data = %04d",read adc(C))/
685: led_gotoxy(D,1):

686: lcd_puts{lcd buffer);

687:
688:

//eeprom_write(get_data,0)/
//eeprom write(get_data+l,0):

_8-



19: //eeprom_write(get_data+2,0);

30: //eeprom_write(get_data+3,0};

11 //address++;

312 //delay_ms(60Q00) ;

EH //eeprom_write (address, read_solax(})/

34: //datal=eeprom read(address};

35: //datal = read_solar();

36: //datald = datald+ (catal/€0};

37: //datal = (dataz2/60);

381 //eeprom_write(get_data,datad);

29: //sprintf(lcd buffer,"INSO= %.0f Wh/m2 \r”,data3);
20: //lcd_gotoxy (Q,1) ¢

J1: //lcd_puts(lcd_buffer);

22 // eeprom_write{get_data,lcd_buffer{6]};
03: //eeprom_write [get_data+l,lcd buffer[7]};
04: //eeprom_write (get_data+2,lcd _buffer[B]};
05: //eeprom_write (get_data+3,lcd_buffer(8]);
06: //printf("%.0f %.0f %.0f %d \r",a,datal,data3,read_adc(0});
07:

08:

09: rtc_get_time (&hl, &ml, &s1);

10: if (hl == hour off)

11: {

12: if{ml == min_off}

13: {

14: a = 0;:

15: count_data++;

16:

17: //eeprom_write (3000, count_data);

18: //rtc_get_date (&dd2, &mm2, &yy2);

19: //eeprom write(3100,d4d2}:

20: //eeprom_write (3101, mm2);

21: //eeprom write{3102,yy2};

22: }

23: }

'24: 1

251 }

126 )

127

128:

129: }

130:

I31:

r32:

733: // Bxternal Interrupt 0 service routine
734: interrupt [EXT_INTO] weoid ext_int0_isr(veid)

735: {

736: // Place your code here
137: show_display(}i

738: LED = 0;

739: tick++;

740: if(tick>59)

141: {

742: tick = 0;

743: number = 1;

T44: )

745: }

746

747:

748: void main(void)

T49: {

750: // Declare your local variables here
751:

7523 // Input/Output Ports initialization

7%3; // Port A initialization

754: // Func7=In Funcé=In Func5=In Funcé4=In Func3=In FuncZ=In Funcl=In Funcld=In
755: // State7=T $tate6=T State5=T Stated=T Statel=T State2-=T Statel=T Statel=T
756: PORTA=0x00;

757: DDRA=0x00;

758:

759: // Port B initialization

760: // Func7=In Funcé=In Func5=In Funcd=In Func3=In FuncZ=In Funcl=In Func0=In
761: // State7=T State6=T State5=T Stated=T State3=T StateZ=T Statel=T State0=T
762: PORTB=0x00;

763: DDRB=0x00;

T64:

765: // Port ¢ initialization

766: // Func7=In Funcé=In Func5=In Func4=In Func3=In Func?=In Funcl=In FuncO=In
767: // State7=T Stateé=T State5=T Stated=T State3=T State?=T Statel=T Statel=T
768: PCRTC=0x00;

769: DDRC=0x00;

7703

771; // Port D initialization

772: // Func7=Cut Funcé=In FuncS5=In Func4=In Funci=In FuncZ=In Funcl=In Func0=In
773: // State7=1 Statef=P State5=F Stated=P Stated=P State2=T Statel=T State0=T
T74: PORTD=0xFB;

-



'5: DDRD=0x80;

U-H

U

g: // Timer/Counter 0 initialization
i5: // Clock source: System Clock

30: /7 Clock wvalue: Timer 0 Stopped
31: // Mode: Normal top=FFh

32: // OCO output: Disceonnected

33: TCCRO=0x00:

14: TCNTO=0x00;

35: QCRO=0x00;

36:

37: // Timer/Counter 1 initialization
38: // Clock source: System Clock

39:; // Clock value: Timer 1 Stopped
30: // Mcde: Normal top=FFFFh

9l: // OC1lA output: Discon.

92: // OC1B output: Discon.

93: // Noise Canceler: Off

94: // Input Capture on Falling Edge
95: // Timer 1 Overflow Interrupt: Off
96: // Input Capture Interrupt: OQff
97: // Compare A Match Interrupt: Off
9g8: // Compare B Match Interrupt: Off
39: TCCRLA=0x00;

00: TCCR1B=0xC0;

01: TCNT1H=0xDO;

02: TCNT1L=0xz00;

03: ICR1H=0x00:

04: ICRLL=0x00;:

05: OCR1AH=(0x00;

.06: COCRIAL=0xz00;

.07: CCRIBH=0xz00;:

'08: OCRIBL=0x00:

09:

J10: // Timer/Counter 2 initialization
111: // Cleck source:; System Clock

112: // Clock value: Timer 2 Stopped
113: // Mode: Normal top=FFh

114: // OC2 output: Disconnected

315: ASSR=0x00;

316: TCCR2=0x00;

j17: TCNT2=0x00:

318: OCRZ=0x00;

319:

320: // External Interrupt(s) initialization
321: // INTO: On

322: // INTO Mode: Falling Edge

323: // INT1: Qff

B24: // INT2: Off

B25: GICR|=0x40;

B26: MCUCR=0x02;

827: MCUCSR=0x00;

828: GIFR=0x40;
829:
830: // Timer (s)/Counter (s) Interrupt{s) initialization
831: TIMSK=0x0C;
832:

833: // USART initialization

834: // Communication Parameters: 8 Data, 1 Stop, No Parity
835: // USART Receiver: On

836: // USART Transmitter: On

§37: // USART Mode: Asynchronous

838: // USART Baud rate: 2600

839: UCSRA=0x00;

840: UCSRB=0xD&;

§41: UCSRC=0x86;

§42: UBRRH=0x00;

843: UBRRL=0x19;

844:

§45; // Bnalog Comparator initialization
846: // Analog Comparator: Off

847: // Bnalog Comparator Input Capture by Timer/Counter 1: Off
848: ACSR=0xB0;

B49: SFIOR=0x00:

850

851: // ADC initialization

a52: // BDC Clock frequency: 125.000 kHz
853: // ADC Voltage Reference: AREF pin
g§54: // ADC Auto Trigger Source: None
855: ADMUX=ADC_VREF_TYPE;

856: ADCSRA=0x85;

857:

858: // I2C Bus initializaticn

B59: i2c¢c_init()s

§60:

- 10 -



il: // DS1307 Real Time Clock initialization
i2: // Square wave output on pin SQW/0UT: On

33: // 8quare wave freguency: 1Hz
3: rte_inic(0,1,0);

36: // LCD module initialization
37: led_init{l6);
38: //rtc_set_time(10,12,50);

10: // Global enable interrupts

11: hu_cn = 07

T2: hu eoff = 0;

73: heour_on = 0;

74: min on = 0;

75: hour off = 0;

16: min_off = 0;

7 load_data ()

18: sprintf(led_buffer,”
79: lcd_gotoxy(0,0);

80: led_puts{lcd_buffer);
31: sprintf (lcd _buffer, "
82: lcd_gotoxy (0,0) ¢

33: led_puts{led buffer):
44: sprintf(lcd_buffer,"
85: lcd_gotoxy(0,1):

86: lcd puts (led_buffer):
87: sprintf(lcd_buffer,” INTERGRATOR
88: lcd_gotoxy{0,1);

80: led puts(led buffer};
90; delay_ms (20090);

91: sprintf(lcd buffer, "
92: lcd_gotoxy(0,1);

93: led_puts(led_buffer);
94:

95: ¥asm("sei"™)

96:

97:

98:

99: while (1)

00: {

0l: // Place your code here
V] delay ms(200);

03: LED = 1;

04: SWITCH EXE();

05: RUNNING_MODE () ;

06: save_data();

07: //81_exe();

08: //82_exe(};

09: bi

0}

111:

")

")

"

)i

")
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eatures

High-performance, Low-power AVR® 8-bit Microcontroller
Advanced RISC Architecture
— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x B General Purpose Working Registers
- Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
- On-chip 2-cycle Multiplier
Nonvolatile Program and Data Memories
- 16K Bytes of In-System Self-Programmabie Flash
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Opaeration
-~ 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
- 1K Byte Internal SRAM
- Programming Lock for Software Security
JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard
-~ Extensive On-chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
Peripheral Features
— Two 8-bit Timer/Countars with Separate Prescalers and Compare Modes
-~ One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
-~ Four PWM Channels
- B-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
- Byte-oriented Two-wire Serial interface
- Programmable Serial USART
~ Master/Slave SP1 Serlal Interface
~ Programmable Watchdog Timer with Separate On-chip Osclilator
- On-chip Analog Cemparator
Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: |dle, ADC Noise Reduction, Power-save, Powsr-down, Standby
and Extended Standby
/O and Packages
— 32 Programmable /O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
Operating Voltages
- 2.7 - 5.5V for ATmegai&lL
- 4.5 - 5.5V for ATmegalé
- Speed Grades
- 0 -8 MHz for ATmegai6L
— 0 -16 MHz for ATmega16
. Power Consumption @ 1 MHz, 3V, and 25°C for ATmega16L
- Active: 1.1 mA
- Idle Mode: 0.35 mA
- Power-down Mode: <1 pA

AIMEL

G
W

8-bit AVR"
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegal6
ATmegal6L

Preliminary

Summary

Rev. 2486FS-AVR-02/03

Nate: This is a summary document, A complete documentis
avaiable on our wab site at www.almel.com.,
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Figure 1. Pinouts ATmega16
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Disclaimer Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.
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The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram
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’in Descriptions
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‘ort A (PA7..PA0)
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The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resutlting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K
byte SRAM, 32 general purpose /O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but fraezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device Is sleeping.
The ADC Noise Reduction mode stops the CPU and all IfO modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, beth the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technolegy.
The On-chip ISP Flash allows the program memory tc be reprogrammed in-system
through an SPI serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmegal6 is
a powerful microcontrolier that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega16 AVR is supparted with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, In-Cir-
cuit Emulators, and evaluation kits.

Pigital supply voitage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used,
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability.
When pins PAQ to PAT are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when
a resst condition becomes active, even if the clock is not running.

ATmega16(L) ————
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Port B ts an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with bath high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed
on page 56.

Port C is an 8-bit bi-directional IfO port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even If the ¢lock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PCS(TDI}, PC3({TMS} and PC2(TCK) will be acti-
vated even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmegal6 as listed on page 59.

Port D is an 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled iow will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega16 as listed
on page 61.

Reset Input. A low level on this pin for longer than the minimum puise length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 36. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. it should be externally
connected to Ve, even if the ADC is not used. If the ADC is used, it should be con-

nected to V. through a low-pass filter.

AREF is the analog reference pin far the A/D Converter.

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header file is
included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.

ATMEL 5
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‘egister Summary

I A
Address Name Bit7 Bit 6 BitS Bit4 Bit 3 Bit 2 Bit1 Bit0 Page
$3F ($5F) SREG | T H [ v N z [5 7
$3E {35E) SFH S - - o - SP10 SPY SP8 10
$3D (§50} SPL SF7 SFB SP5 SP4 SP3 sP2 SP1 SPO 10
$3C (35C) QGRO TimerCounter) Qutput Compare Register 8z
$3B ($58) GICR INT1 INTO INT2Z B - . - IVSEL IVCE 46, 66
$3A ($54) GIFR INTF 1 INTFO INTF2 i = vl Ll T 67
$39 ($59) TIMSK OCIE2 TOIEZ TICIE OCIE1A QCIE1R TOIE1 OCIED TOIED 82,113,131
$38 ($58) TIFR OCF2 TOVZ KCF1 OCF1A OCF1B TOV1 OCFo TOVO 83, 114, 132
$37 ($57) SPMCR SPMIE RWWSH - RWWSRE BLBSET PGWRT PGERS SPMEN 250
$36 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWGC TWEN = TWIE 178
$35 ($55) MCUCR SM2 SE S SMO 1SC11 1$C10 ISCH 1SCO0 10, 65
$34 ($54) MCUCSR JTD 1SC2 S JTRF WDRF BORF EXTRF PORF 39, 66, 230
$33 (353} TCCRD FOCO WEMOD COMD1 COMOID WGMO1 cs02 C501 cs00 80
§32 ($52) TCNTD Timer/Counter {8 Bita) az
T — 0SCCAL Osdlla}uor Calibration Register 28
CGCOR On-Chip Debug Registar 226
$30 (350) SFIOR ADTS2 ADTS1 ADTSO ACME PUD PSR2 PSR1D 55,85,133,200,220
$2F ($4F) TCCRIA COMiA1 COM1AQ COM1B1 COM1B0 FOG1A FOCIB WGM11 WEMIO 108
$2E ($4E) TCCRIB ICNC1 ICEST e ] WGEM13 WEM1Z cs12 511 CS10 119
52D {$4D) TCNT1H Timar/Counter1 ~ Gounter Repister High Byte 112
$2C ($4C) TCNTAIL Timer/Counter1 — Counter Register Low Byle 112
$2B (34B) OCR1AH Timar/Countar! — Cutput Compare Register A High Byte 142
S2A (B4A) QOCR1AL Timer/Counter! - Output Compare Register A Low Byte 112
520 (349} OCRIBH Timer/Counter! — Qutpul Compars Register B High Byte 112
328 (548) QCR1BL Timer/Countari — Quiput Compare Register B Low Byle 112
$27 {$47) ICR1H Timer/Counter! — inpul Capture Register High Byte 113
$26 {548) ICRIL Timar/Countar! — Input Capture Registar Low Byle 113
$25 (345) TCCR2 Focz | womza | coMi | coman | womM2t cs22 cs21 | ©s20 126
$24 ($44) TCNT2 Timer/Counter2 (8 Bits} 128
$23 ($43) QCR2 Timer/Countar2 Guiput Cempare Regisler 128
$22 (342) ASSR ; i ] s TCN2UB OCR2UB TCR2UB 129
$21 ($41) WDTCR i P o WDF2 WoP1 WOPD 41
. 2 LBRRH URSEL : UBRR[11:8] 168
$20% (sanft UCSRC URSEL ucsz1 ucszo UCPOL 164
$1F ($3F} EEARH S e R EEARS 17
$1E ($3E) EEARL EEPROM Address Register Low Byte 17
$1D ($30) EEDR EEPROM Data Register 17
$1C ($3C) EECR 3 EERIE EEMWE EEWE EERE 17
$1B ($38) PORTA PORTA? PORTAS PORTAS PORTA4 PORTAI PORTA2 PORTA1 PORTAG a3
$1A ($3A} DDRA DDAT DDAS DDAS DDA4 DDA3 DDA2 DDAl DOAG 63
$19 ($39) PINA PINAT PINAG PINAS PINA4 PINA3 PINAZ PINA1 PINAQ 63
$18 ($38) PORTB PORTB? PORTES PORTBS PORTB4 PORTBE) FORTB2 PORTB1 PORTBO 63
$17 (37 DORB DDB7 oDes DDBS DOB4 nDa3a DDB2 DDB1 DDBO 83
$16 ($36) PINB PINBT PINBE PINBS PING4 FINB3 PINB2 PINB1 PINBO 64
$15 ($35) PORTC PORTC7 FORTCS PORTCS PORTC4 PORTC PORTC2 PORTC1 FORTCH 84
$14 ($34) ODRC DDC7 DDCS DHCS 0DC4 DDC3 DDC2 Doc1 DBCo 54
$13 {$33) PING PINCT PINCS FINC5 PINCA PINC3 PINC2 PINC1 PINCOD 64
$12(332) PORTD PORTD? PORTDE FORTDS PORTD4 PORTD3 PORTD2 PORTD PORTOO B4
$11{$3%) DDRD DDD? oDD6 oDOS 0pD4 DDD3 [ DODA DDBD 64
$i0{530) PIND PINDY PINDE PINDS PIND4 PIND2 PIND2 FIND1 PINDO B4
$OF ($2F) SPOR SPI Dala Register 149
$OE ($2E) SPSR SPIF WCOL LoEE e = - - SPIZX 140
$0D ($203 SPCR SPIE SPE BORD MSTR cPOL CPHA SFRi SPRO 138
$0C (52C) UDR USART VO Data Register 161
$0B ($28B) UCSRA RXC ™C UDRE FE DCR PE Uzx MPCM 162
$0A ($24) UCSRE RXCIE TXCIE UDRIE RXEN TXEN uesz2 RXBS TXBE 163
$09 (529} UBRRL USART Baud Rete Register Low Byte 168
$08 (§28) ACSR ACD ACBG ACO Al ACIE ACIC ACIS ACISQ 200
$07 ($271 ADMUX REFS1 REFSD ADLAR MUX4 MUX3 MUX2 MUX1 MUXG 218
$08 (526} ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 218
$05 ($25) ADCH ADC Daia Register High Byte 219
$04 {524) ADCL ADC Dala Reglstar Low Byte 213
$03 (§23) TWDR Two-wire Serial Interface Dala Register 181
$02 (522) TWAR TwaB | Twas | TwAs | TWAI | Twaz TWA1 Twao | TwGCE 181

j

ATmega16(L) s ——
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#?

Address Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit0 Page
$01(321) TWSR TWS? TWS8 TWS5 TWS4 TWS3 ] TWPSH TWPS0 180
$00 ($20) TWEBR Twa-wire Serial Interface Bit Rate Register 178

stes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register Is always accessed on this address. Refer to the debug-

2.
3.

ger specific documentation for details on how to use the OCDR Register.

Refer to the USART description for details on how to access UBRRH and UCSRC.

For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved |/C memory addresses
should never be written,

Some of the status flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on

all bits in the /O register, writing a ane back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F only.

ATMEL 7
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istruction Set Summary

—— S ————
Inemonics Operands Description Operation Flags #Clocks
RITHMETIC AND LOGIC INSTRUCTIONS
oD Rd, Rr Add twa Registers Rd « Rd + Rr Z,CN.v.H 1
oc Rd, Rr Add with Camy two Reglsters Rd¢ Rd+Rr+C ZCNVH 1
DIW Rdl.K Add Immadiate ta Word Rdh:Rdl « Rdh:Rdl + K ZCNV.S 2
uB Rd, Rr Subtract two Registers Rd « Rd - Rr ZCNVH 1
uBl Rd, K Subiraci Canstant from Regisier Rd « Rd- K Z,C.NV.H 1
BC Rd, Rr Subiract with Carry two Registers Rd« Rd-Rr-C Z.C.NV.H 1
BCt Rd, K Sublract with Carry Constant from Reg. Rde—Rd-K-C Z,CNVH 1
BIW Rl K Subiract Immadiate fram Word Rdh:Rdl — Rdh:Rd) - K ZCNV.S 2
ND Rd, Rr Lagical AND Regisiers Rd + Rd s Rr ZNY 1
NDI Rd, K Lagical AND Register and Constant Rd« Rd ¢ ¥ 2NV 1
R Rd, Rr Lopical OR Ragisters Rd «— Rd v Rr ZHNV 4
IRI Rd, K Logical OR Register and Constant Rd+— RdvK ZNY 1
OR Rd, Rr Exclusive OR Registers Rd < Rd & Rr ZNV 1
0OM Rd Ona's Complemant Rd « $FF - Rd ZCNY 1
IEG Rd Two's Complemant Rd < $00-Rd Z,C.NVH 1
BR Rd,K Set Bil(s) in Register Rd — RAvK ZNV 1
BR RdK Clear Bil(s) in Ragister Rdd « Rd = (§FF - K) ZNV 1
NG Rd increment Rd ¢+ Rd + 1 2NV 1
JEC Rd Decrameni Rd+« Rd-1 Z NV 1
‘8T Rd Test for Zero or Minus Rd + Rd =Rd Z.NV 1
LR Rd Clear Ragistar Rd « Rd & Rd ZNV 1
iER Rd Sel Register Rd + §FF None 1
AL Rd, Rr Multiply Linsigned R1:RD« Rd xRr Z.C 2
AULS Rd, Rr Muliiply Signed R1:R0 + Rd X Rr ZC 2
AULSU Rd, Rr Muliply Signed with Unsigned R1:R0 < Rd x Rr Ze 2
‘MUL Rd, Rr Fractional Multiply Ungigned R1:R0 ¢ (Rd x Rr) << 1 ZC 2
‘MULS Rd, Rr Fractional Multiply Signed R1:R0 « (Rd x Rr) << 1 ZC 2
MULSU Ra, Re Fractional Multiply Sipned with Unsigned R1:R0  (Rd # Rr) << 1 ZC 2
IRANCH INSTRUCTIONS
WUMP % Relative Jump PCe PC+k +1 None 2
JMP Indirect Jump to {(Z) PCe—Z Nane 2
IMP k Direct Jump PC ek None 3
CALL k Ralatlve Subroutine Call PCe—PC+k+1 Naone 3
CALL Indlrec! Call to (Z) PC« Z None 3
SALL k Direct Subroutine Call PC+k Nona 4
RET Subroutine Retum PC « STACK WNone 4
RETI Interrupt Retum PC « STACK | 4
CPSE Rd,Rr Compare, Skip If Equal if(RO=RAPC«PC+20r3 Nonse /273
CP Rd,Rr Compare Rd -~ Rr Z,NV,.CH 1
CPC Rd,Rr Compare with Camry Rd~Re-C Z, NV.CH 1
CPl Rd,K Compare Register with Inmediate Rd-K Z,NV.CH 1
SBRC Rr, b Skip if Bit in Reglsier Cleared if (Rr(bj=0} PC &« PC +20r3 Narne 142713
SBRS Rr, b Skip if Bit in Regisler is Set if{Rr(b)=1) PC < PC + Zar3 Nane 11213
SBIC P.b Skip if Bit in L/C Register Claared it{P{b)=Q) PCe PC+20r3 None 17243
SBIS P, b Skip if Bit in G Register is Set If{P{b)=1) PC« PC +20r3 None 1/213
BRBS 8,k Branch if Status Flag Sei it (SREG{s) = 1) then PC—PC+k + 1 Nona 142
BRBC 8, k Branch if Status Flag Claared It (SREG{8) = 0) then PCPCt+k + 1 None 1/2
BREG k Branch if Equal W(Z=1)thenPCe PC+k +1 Nona 112
BRNE k Branch if Not Equal if(2=0)ther PC+— PC+k +1 Nong 1/2
BRCS k Branch if Carry Set f{C=1}then PC+—PC+k+1 Nona 172
BRCC k Branch if Carry Cleared if(C=0)thap PC+— PC+k+1 Nong 1/2
BRSH k Branch if Same or Highar if (C=0jthen PCe PC+k +1 Nong 1/2
BRLO k Branch if Lawer W(C=1)then PC e PC+k +1 Nong 1712
BRMI k Branch if Minus if(Nz1)then PC—PCt+k+1 None 112
BRPL L Branch if Plus if(N=0)then PC+— PC+K+1 None 112
BRGE k Branch if Graater or Equal, Signed iFNBV=0)than PC« PC +k +1 None 112
HRLT k Branch if Less Than Zaro, Signed ifN@V=1)thean PC+ PC+k+1 None 112
BRHS k Branch if Halfl Camy Flag Sel if{H=1}then PC ¢~ PC+k +1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if{(H=0)then PC+ PC+k +1 None 1/2
BRTS k Branch if T Flag Set if(T=1then PC~ PC+k +1 Nong 1/2
BRTC k Branch If T Flag Cleared ifT=0)thenPC— PC+k+1 None 1/2
BRVS .3 Branch if Overflow Flag is Set H{v=1)then PCPC+k +1 Nene 1/2
BRVC k Branch if Overflow Flag is Cloared il {V =0)then PC ¢+~ PC+k +1 N& 1/2
B ATmegaT6(L)  m—
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- R ——
Mnemonics Operands Description Operation Flags #Clocks
3RIE k Branch if interrupt Enablad if{l=1}then PC—PC+k +1 Nong 172
3RID k Branch if Imterrupt Disabled H{l=0jthan PC = PC+k +1 Nong 1/2
JATA TRANSFER INSTRUCTICNS
wov Rd, Rr Move Bt Registers Rd « Rr None 1
MCVW Rd, Rr Copy Ragister Ward Rd+1:Rdf + Rr+1:Rr None 1
DI Rd, K Load immadiais Rd « K None 1
Y Rd, X Load Indirect Rd « (X} Nona 2
.D Rd, X+ Load Indirect and Post-Inc. Rde (X). X=X +1 Nane 2
D Rd, - X Load Indireci and Pre-Dec. X X-1,Rd « X) None 2
.D Rd, Y Load Indiraci Rd « (¥} Nane 2
D Rd, Y+ Load Indirect and Post-Inc. Rd e (¥), Y+ Y +1 Nane 2
D Rd, - Y Load Indireci and Pre-Dec. Y ¥-1,Rd+ (Y) None 2
LDR Rd,¥+q Load Indirect with Displacemant Rd « (¥ +q} Mane 2
LD Rd, Z Load Indirect Rd « (£) Nane 2
L Rd, Z+ Load Indirect arx Post-Inc. Rd — (£}, Z+ Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z—Z-1,Rd {2} Nane 2
DD Rd, Z+g Load Indirect with Displacement Rd« (Z +q) None 2
LOS Rd, k Load Direct from SRAM Rd « (k) Nane 2
8T X, Rr Store Indirect {X)+— Rr Mone 2
8T X+ Rr Store Indirect and Post-Inc. (X)—Rr, X e X +1 None 2
8T =X, Rr Store Indirect and Pre-Dec. Xe=X-1, (X}« Rr Mane 2
ST Y. Rr Store Indirect {Y) < Rr None 2
8T Y+, Rr Store Indirect and Post-Inc, MeRLY Y1t None 2
8T -Y,Rr Stare Indirect and Pre-Dec. ¥Ye¥Y-1,{Y)Rr Nore 2
STD Yeg,Rr Store Indirect with Displacement Y+ ) Rr Mone 2
ST Z, Rr Store Indirect {Z)«Rr None 2
8T Z+, Rr Stora Indirect and Post-Inc. {Zy— R, Ze—Z+1 None 2
8T -2, Rr Stare Indirsct and Pre-Dac. Z+—2Z2-1,{f}« Rr None 2
STD Z+q,Rr Store Indirect with Displacernent {Z+q)+Rr Nona 2
S8TS k, Rr Store Direct to SRAM {k) & Rr Nena 2
LPM Load Program Memory RO+ (&) None 3
LPM Rd, Z Losd Program Memery Rd + (Z) Nona 3
LPM Rd, Z+ Laed Program Mermory and Fost-Inc Rd (&), Z « Z+1 Nona 3
SPM Store Program Memory {2) + R1:RO Nocne -
IN Rd, P In Port Rd+ P None 1
out P, Rr CQut Port P« Rr Nocne 1
PLSH Rr Pugh Register an Stack STACK « Rr Nona 2
POP Rd Pop Regster from Stack Rd < STACK Nore 2
BIT AND BIT-TEST INSTRUCTIONS
SBI P.b Sat Bit in IO Ragister VO(P,bY & 1 None 2
CBl Pb Claar Bit in /O Register WO(Pb) « Q& Nong 2
LSL Rd Lopical Shift Left Rd{n+1) + Rd{n), Rd(Q) « O ZLNV 1
LSR Rd Logical Shift Right Rd{n) + Rd(r+1), Rd{7} 0 ZONV 1
ROL Rd Rotate Left Through Canmy RA(0y—C,Rd{n+1 ) Ra{n).C—Rd(7) ZCNV 1
RCR Rd Rotate Right Through Cany RA(7H—C,Rd{n}— Rn+1).C«Rd(Q) ZCNY 1
ASR Rd Arithmetic Shift Right Rd(n) = Rd(n+1), n=0..6 ZCNV 1
SWAP Rd SwaE Nibbles Rd(3..D)t—B&(T.A),Rd(?.A)A—Rd(&.O) Nang 1
BSET 8 Flag Sel SREG(s) + 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « 0 SREG(s} 1
BST Rr, b Bit Store from Register to T T « Rr(b} T i
BLD Rd, b Bit Ioad from T 1o Register Rdip) &« T Nane 1
SEC Set Carry Ce1 C 1
CLC Clear Carnry Ceg C 1
SEN Set Ngaﬁva Flag Ne1 N 1
CLN Clear Negsative Flag Ne{ N 1
SEZ Set Zaro Flag L1 z 1
CLZ Clear Zero Flag Z+0 Z 1
SEI Global Interrupt Enabla 11 | 1
CL| Global Interrupt Disable |0 1 1
SES Set Signed Test Flag 8+ 1 S |
CLS Clear Signed Test Flag Seq S 1
SEV Sat Twos Complemant Querflow. Ve ) 1
oLV Clear Twos Complement Overflow Ve 0 W 1
SET Set T in SREG Te1 T 1
CLT Clear T in SREG Te0 T 1
SeH Set Half Carry Flag In SREG He1 H 1

2466FS-AVR-02/03
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Mnemonics Operands Description Operation Flags #Clocks
SLH Clear Half Carry Flag in SREG He0 H 1
MCU CONTROL INSTRUCTIONS

NOP No Cperation None i
SLEEP Slesp (sea specific descr. for Sleep function} None 1
NDR Watchdog Reset (see specific descr. for WORMimer) None 1
3REAK Braak For On-Chip Debug Only None NfA

10 ATmegalo(L) m———
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)rdering Information

Spead (iﬁHz) Power Supply Ordering Code Package Operation Range
8 27-55V ATmega16L-BAC 447, Commercial
ATmega16L-8PC 40P6 {0°C to 70°C)
ATmega16L-8MC 44M1
ATmega16L-8Al 44A, Industrial
ATmega16L-8P| 40P6 (-40°C to 85°C)
ATmega16L-8MI 44M1
16 4.5-5.5V ATmega16-16AC 44A Commercial
ATmegal6-16PC 40P6 (0°C to 70°C)
ATmega16-16MI 44M1
ATmega16-16Al 44A Industrial
ATmega16-16P| 40P6 {-40°C to0 85°C)
ATmega16-16MC 44M1
Package Type
44A 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P§ 40-pin, 0.600" Wide, Plastic Dual Inline Package {PDIP}
44M1 44-pad, 7 x 7 x 1.0 mm body, lead pitch 0.50 mm, Micro Lead Frame Package (MLF)

ATMEL 1"
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R
'ackaging Information
4A
i
PIN 1 i
»
B
PIN 1 IDENTIFIER !
i
B\ \E
e
!
|
!
i
-y D -—
¢ ¥~7 !
At A2 A
- L
COMMON DIMENSIONS
{Unit of Measure = mm)
SYMBOL: MIN NOM | MAX | NOTE
A - - 1.20
A 045 - 0.15
A2 0.85 1.00 108
D 1175 | 1200 | 1225
D1 980 . 1000 | 10.10 | Note 2
E 1.75 ¢ 1200 | 1225
Noles: 1. This package conforms io JEDEC reference MS-026, Varialion ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable Et 99 | 1000 ; 10.10 | Note?
protrusion is 0.25 mm per side. Dimansions D1 and E1 are maximum B 0.30 - 045
plastic body siza dimensions including mold mismatch, c 0.09 020
3. Lead coplanarity is 0.10 mm maximur. e -
L 0.45 - 075
] 080 TYP
10/5/2001
250 Bark TITLE DRAWING NO, [REV.
AEL gi n5J . ;:“*gg 95r1;"13y 447, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, A B
) ' 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
2 ATmegal6(L) m———
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OP6
- b PIN
1
1.1 -\I_.Hﬂl_lﬁr‘i\‘ .0
! Ve
/ {
1 E1
/ /U
L |
I O O O 6 A
) E(] f;"'E li
J LM
- P
iy
/ COMMON DIMENSIONS
(°~ 150 REF {Unit of Measure = mm)
¢ N | ‘
> SYMBOL| MIN | NOM | WMAX | NOTE
., oB e A - - 4,826
............. A1 0'381 - »
D £2.070 - 52578 | Note 2
15.240 - 15.875
E1 13.462 - 13.670 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference M3-011, Variation AC. B 1.04% a 1651
2. Dimensions D and E1 do not incude mold Flash or Protrusion. L 3.048 - 3856 | .
Moid Flash or Protrusion shall net exceed 0.25 mm (0.0107). ¢ 0.203 _ 0.381
eB | 15494 - 17526
€ 2.540 TYP
09/28/01
2306 Orchard Pariow TITLE DRAWING NO. |REV.
rchard Parkway " . .
P6, . 15.24 mm Wide) Plastic Dual
AMEL 257 o o oy A ide) Plasti wps | B

AIMEL
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4M1
—
f Il
C )
\wMarked Pin# 110 4
B Kl
) ’
]
b—-SEATING PLANE
&
TOP VIEW Al
-~ [+Ag]
A
-—-L
L r_ . Pin #1 Comer SIDE VIEW
|
:JUUUUUUUUUUU N
| <
— T
- o COMMON DIMENSIONS
T - {Unit of Measure = mm)
iw -
= — SYMBOL| MIN | NOM | MAX | NOTE
- g A 080 | 080 | 100 :
g = Al C 002 | 005
o | By = A3 0.25 REF
— - b | 018 | 023 | 030
ITARATARARE AN D 700850
$l 5 $l D2 | 500 | 520 | 540
E 7.00 BSC
BOTTOM VIEW & |00 | 52 | w0
¢ 0.50 BSC
L | 035 | 085 | 075
Note: JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-1, : :
01/15/03
2195 Orehard Park TITLE DRAWING NO. iREV.
| rchard Parkway | gamq 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm
4._“.&". San Jose, CA 95131 | Micro Lead Frame Package (MLF) 4amt ¢

14 AT (a1 6 L) 0 ————————————————————————
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‘rratas The revision letter in this section refers to the revision of the ATmega16 device.
\Tmegal6(L) Rev. G. There are no errata for this revision of ATmega16.
\Tmega16(L) Rev. H. There are no errata for this revision of ATmega16.

AIMEL 5
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hanges from Rev.
466C-03/02 to Rev.
466D-09/02

-hanges from Rev.
'466D-09/02 to Rev.
M4B6E-10/02

shanges from Rev.
M466E-10/02 to Rev.
'466F-02/03

246BF5-AVR-02/03

All page numbers refer to this document.

1.

2.

Changed all Flash write/erase cycles from 1,000 to 10,000,

Updated the following tables: Table 4 on page 24, Table 15 on page 36, Tahie
42 on page B2, Table 45 on page 109, Table 46 on page 109, Table 59 on page
141, Table 67 on page 166, Table 90 on page 234, Tabie 102 on page 258, “DC
Characteristics™ on page 290, Table 119 on page 292, Table 121 on page 294,
and Table 122 on page 296,

3. Updated “Erratas” on page 15.

All page numbers refer to this document.

1.

Updated “DC Characteristics” on page 290.

All page numbers refer to this document.

1.

10.

1.

12.

13.

14.

Added note about masking out unused bits when reading the Program
Counter In “Stack Pointer” on page 10.

Addad Chlp Erase as a first step In “Programming the Flash” on page 287 and
“Programming the EEPROM” on page 288.

Added the section “Unconnected pins™ on page 53.

Added tips on how to disable the OCD system in “On-chip Debug System” on
page 34,

Removed reference to the “Multi-purpose Oscillator” application note and
“32 kHz Crystal Oscillater” application note, which do not exist.

Added infarmation about PWM symmetry for Timer0 and Timer2,

Added note In “Filling the Temporary Buffer (Page Loading)’ on page 253
about writing to the EEPROM during an SPM Page Load.

Removed ADHSM completely.

Added Table 73, “TWI Bit Rate Prescaler,” on page 181 to describe the TWPS
bits in the “TWI Status Register — TWSR” on page 180.

Added section “Default Clock Source” on page 23.

Added note about frequency variation when using an external clock. Note
added In “External Clock” on page 28. An extra row and a note added in Table
118 on page 292. :

Various minor TWI corrections.

Added “Power Consumption” data in "Features” on page 1.

Added section “EEPROM Write During Power-down Sleep Mode” on page 20 .

ATNEL ”
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15. Added note about Differential Mode with Auto Triggering In “Prescaling and
Conversion Timing” on page 206.

16. Added updated “Packaging Information” on page 12.

8 ATmegal6(lL) mee—————————————————sw
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Microcrie  24AA256/241. C256/24FC256

256K Bit I)C"™"CMOS Serial EEPROM

S
DEVICE SELECTION TABLE PACKAGE TYPE
PDIP
Part Vce Max Clock Temp =
| Humber Range | Frequency | Ranges An ]f ¥ Ve
24AA256 | 1855V | 400 kHz! c A1 WP
241256 | 2555V | 400 kHz LE ~

24FC256 2.5-5.5V 1MHz i

T100 ke for Voo < 2.5¥
1100 kHz for E temperature range.

FEATURES

= Low power TS ecdhnology
- Maxirmuan write current 3 mA at 5.5V
- Maximurm read current 400 yA at 5.5V
- Standby current 100 nA lypical at 5.5V
« 2-wire serial interface bus, 2C compatible
~ Cascatiabie for up to eight devices,
» SetfHimed ERASEWRITE cycle
+ G4-byle page-urite mode available
+ 5 ms max write-cycle time
* Hardware write protect for entire array
= Output slope confrat by eliminate groursd bource
» Schmilt trigger inputs for noise suppression
* 100,000 arasefarite cycles guaraniead
= Electrostatic discharge protection > 4000V
= Data retention > 200 years
+ 8pin POIF ared SOIC {708 mil} packages
* Temperalure ranges:
- Commercial (C):

0°C b +70°C

- Industrial (Iy: -40°C to +85°C
- Autamative (E): -40°C o +125°C
DESCRIPTION

The Microchip Technology Inc. 24AAZ56/24) C256/
24FC256 (24XX256*) is a 32K x 8 (256K hit) Senal
Elecirically Erasable PROM, capabie of

across a broad voltage range (1.8V to 5.5V). it has
baen devaloped for advanced, low power applications
such as personal communications or data acquisition.
This device also has a pags-write capability of up to 64
bytes of data. This dovice & capable of hotk random
and sequential reads up to the 256K boundary. Func-
tional address lines allow up to eight devices on the
same bus, for up to 2M bit address space. This device
is available in the standard 8-pin plastic DIP and 8-pin

SOIC (208 i) packages.

123 is a trademark of Philips Corporation.

50IC

BLOCK DIAGRAM

i A |

] MEMORY
EEPRC
CONTROL CONTROL  |—m xDEG Apm:l
LOGIC. LOGIC. - )
PAGE LATCHES
i
o] SCL
YDEC I
SDA $
Vee [
Ves [ o| SENSE AME
RN CONTROL

*24XX256 is used in this document as a ieneric part number for the 24AA256/24LC256/24FC256 devices,

@ 1989 Microchip Technology Inc.
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24AA256/241 C256/24FC256

1.0 ELECTRICAL
CHARACTERISTICS

11 Maximum Ratings*

Vee... e 1OV
mmmmm—tm -0 VBT » 5.0V
Sterage tempersture 65°C 1 +150°C
Ambient temp, with power applied .. -65°C ¥ +125°C
Soldering temperature of leads [10 58 ;. .. +300°C

E£30 protection on all pins...
*Notice: Stresses above those i:sted under ‘Mammum Ratmgs may

couse bermanert darrage o the dedos. This is 2 strocs. rating anty and
funclionsl operation of the device at thoss or any other conditions
above those indicated i the operational listings of s specificalion is
ot #ipied. EXPOSUTE {5 masdmoum memg condiforns e exterided peri-
ods may affact device reliability.

TABLE 1-1 PIN FUNCTION TABLE
Name Function
A0, A1, A2 | User Configurable Chip Selects

Vss Ground
SDA Seriat Data
SCL Seria! Clock
wpP Write Protect Input
Vco +1.8 to 5.5V (24AA256)

+2.5 tp 5.5V {241 C256,24F C256)

TABLE 1-2 DC CHARACTERISTICS
| Al parameters apply scross e | Commerndial {C): Vet =+1.8VIn55¢ Tamb= 0°C o +70°C
specified operating ranges, unless | industrial (I} Vee = +25Vto 5.5V Tamb = -40°C to +85°C
ofherwise nofed. Aulomofive (E):  Veo=+45V 0 5.5V Tamb = -40°C 1o 125°C
Parameter Symbol Min Max Units Canditions
AL, AT, AZ,
SCL, SDA, and WP pins:
Righ levetl input voltage Vin 0.7 Vee —_ v
Low level input voitage ViL - 0.3 Vce Vv Vee 2.5V
0.2 Vo v Vecec <25V
Hysteresis of Schwnill Trigger Vs 005 veo — v Voo 2.5V (Note)
inptts (SDA, SCI. pins)
Low level output valtage VoL — 0.40 v lot = 3.0 mA @ Vee = 4.5V
loL= 2.1 mA @ Vco = 2.5V
Inpt ieskage curent W 1] 10 [17:8 Win = Vs or Vo, WP = Vss
VI = V55 or Viee, WP = Ve |
Ouiptt leakage current ko -10 10 17,3 VouT = Viss or Voo
Pin capacitance Cin, Cout — 10 pF Ve = 5.0V (Note)
(all inputs/outputs) ) Tamb = 25°C, f.= 1 MHz
Dprerating cumrent lcc Read — 400 A Yoo = 5.5V, SCL =400 kHz |
fcc Wirite — 3 mA vee = 5.5V
Standby current lees —_ 1 pA SCL=SDA=Vcoc =55V
AD, A1, A2, WP = Vss
Mota: This parameter is pariodically samplad and not 100% testad.
FIGURE 1-1: BUS TIMING DATA
SCL
THD:DAT
504
iN Tup 2 N
_______ N
j—TBUF -
SDA T
ouT
wpP (protected) Tsu:wp% - THOWP, ~,§<’
‘ (unprotected)

Preliminary

@ 1999 Micrachip Technology inc.




24AA256/241 C256/24FC256

TABLE 1-3 AL CHARACTERISTICS

ified operating ranges unless other-
wise noted,

All parameters apply across the spec-

Commercial {C). Vec=+1.8Vi0 55V Tamb= 0°Cto+70°C

Industrial (1):
Automotive (E):

Voo = +2.5V 10 5.5V
Voo = +4.5V 1o 5.5V

Famb = -40°C to +85°C
Tamb = -40°C to 125°C

Symbot Min Max | Units Conditions
Clock frequency FeLK —_ 100 kHz | 4.5V <Vee < 5.5V (E Temp range)
— 100 1.8V sVeo< 2.5V
— 400 2.5v < Voo < 5.5V
— 00y HFCIH/LEN VR S HEY)
Clock high time THIGH 4000 | — | ns [45V<Veo <55V (E Temp range)
4000 — 1.8V s Vce s 2.5V
600 — 2.8V < Voo < B.5Y
500 — 24FC256 {25V Vee <55 V)
Clock low time. Tiow 470G — ns 4.8 < VoC < 5.5y {E Temp range)
4700 — 18V <sVec <25V
1300 — 25V <Vec = 5.5V
500 — 24FC256 (2.6VsVec <58 V)
SDA and SCL rise time TR — 1000 ns 4.5V 5 Voo £ 5.5V (E Temp range)
How 13 — 1000 LBV s Vo s 28
—_ 300 25V <Vee < 5.5V
— 300 24FC256 (25V sVec < 5.5 V)
SDA and SCL fall time TF -— 300 ns All except 24FC258
(Note 1) — 100 24FC256 (2.5V s Vee £ 5.5Y)
START comdition hold tire THERSTA 4000 - ns 4.5¥ < Voo = 5.5V [E Temp range)
4000 -_ 18V =<Vcec<2 5V
500 — 25¢¥ Voo 5.5V
250 — 24FC256 (2.5V <Veo < 5.5VY)
START cendition setup time Tsu:sTA 4700 o ns 4.5V < Vee < 5.5V (E Temp range)
4700 o 1BV <ViC £ 25V
600 — 28V sVeo <55V
250 o 24FC255 2.5V sVecs55Y)
Data input hotd time THD:DAT D — ns (Note 2)
Diata inpgk setun tione TerepeT 2540 — ns 4 8 < Voo < B AV (E Temp ranas)
250 — 18V <VCC <25V
100 — 25V <Vo <55V
100 — 24FC256 (2.5 Vs Veec s 5.5V
STOP condition setup time Tsw:sTO 4000 — ns 4.5V s Vo 5 5.5V (E Temp range)
4000 = 1AV sNGo < 28Y
600 _ 2.5V <vec <55V
250 = 24FCIS6 (25V e Vec s 8.5V)
WP setup time Tau:wr 4000 — ns 4.5V < Ve £ 5.5V (E Temp range)
4000 — 18V sVcoc< 25V
£ — 2RV <NEeG < RAY
600 — 24FC256 (25 V<Vcc<55V)
WP hold time THO:WP 4700 — ns 4.5V < Vce = 5.5V (E Temp range)
4700 - 1.8V < Vec < 25V
1300 — 2.5V < Ve < 5.5V
1300 o PAFG2AA 2RV <Vac <88V
Output valid from clock Taa —_ 3500 ns 4.5V < Vec < 5.5V (E Temp range)
{Note 2) — 3500 1.8V <Veec < 25V
— 900 25V Voo £ 5.8V
—_ 400 24FC256 {25V s Voc < 5.5V)
Bias Tres Yirve: Tietie e ook wiist be THF 470 - ns |} 4.5¢ SNCE 2 55V (£ Temp ange)
free befire a new transmission can 4700 — 1.8V <Vecoc < 25V
start 1300 —_ 25V <vVee < 55V
500 o 24FC2BB 25V =<Vec s B5Y)
Qutput falf time from ViH TorF 10 +0.1Cg | 250 ns All except 24FC256 (Note 1)
TRARRPRGTT Yy L ThEkinnoTn 250 AT0256 (ot 1)
Cg < 100 pF

© 1999 Microchip Technology inc,
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24AA256/241. C256/24F C256

TABLE 1-3 AC CHARACTERISTICS

All parameters apply across the spec- | Cammercial (C): Vec =+18Vto 5.5V TJamb= 0'Co+70°C
ified operating ranges unless other- | ingustrial (1): Vec =425V 1055V Tamb = -40°C 1o +85°C
wise noted. Automotive (E): Vec = +4.5V o 5.5V Tamb = 40°C to 125°C
Symbol Min Max [ Units Conditions
Inputt fifter spike suppressicn Tse _— 50 ns Al axcapt 24FC256 (Notes t and 3)
{SDA and SCL pins)
Write cycle time {byte or page) Twe - 5 ms
Endurance 100K o cycles | 25°C, Ve = 5.0V, Block Mode {Note 4}

Note 41 Nol 160% tested. Cg =1olal capacitance of one bus fine in pF.

2: As a transmitter, the device must provide an internal minimum: delfay time to bridge the undefined region (minimum
300 ns) of the faliing edge of SCL to avoid unintended generation of START or STOP conditions.

3: The combined TP and VYHYS specifications are due to new Schmitt trigger inputs which provide improved noise spike
suppression. This eliminates the need for a 7| specification for standard operation,

4. This paranetet s nol teated Dut guatantesd by charattarization. For endurance asimates in a specific application, piease
consult the Total Endurance Model which can be obtained on Microchip's website @www.microchip.com.

DS21203F-page 4
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24AA256/24LC256/24FC256

2.0 PIN DESCRIPTIONS
21 AD, A1, A2 Chip Address Inputs

The AD, A1, A2 inputs are used by the 24XX256 for
multiple device operations. The levels on these inputs
are compared with the corresponding bits in the slave
address. The chip is selected if the compare is true.
Up to eight devices may be connected {o the same bus
by using different chip select bit combinations. If left
unconneiad, nese npus will be pulied down iner-
nally to Vss.

22  SDA Serial Data

This is a bi-directional pin used tq transfar addressaes
and data into and data out of the device. It is an open-
drain terminai, therefore, the SDA bus requires a puflup
resistor to Voo (typical 10 kQ for 100 kHz, 2 kQ for 400
kHz and 1 MHz).

For normal data transter SDA is aliowed 10 change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

23  SCL Serial Clock

This input is used to synchronize the data transfer from
and 1o the device.

24 WP

This pin can be connecited 1o either Vss, Voo or left
floating. An internal puli-down resistor on this pin will
keep the device in the unprotected state if laft floating.
If tied to Va3 of left foating, normal memory operation
is enabled (readfwrite the entire memory 0000-7FFF).

If tied to Yoo, WRITE operalions are inhibited. Read
opsrations are not affected.

3.0 FUNCTIONAL DESCRIPTION

The 24XX256 supports a bi-directional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter, and a device
recelving dala as a receiver. The bus must be con-
trolled by a master device which generates the serial
clock (SCL), controls the bus access, and generates
the START and STOP conditions while the 24XX256
works as a slave, Both master and slave can operate as
a transmitter or receiver, but the masier device deter-
mines which mode is activated.

40 BUS CHARACTERISTICS
The following bus protocol has been defined:

» Data transfer may be initiated only when the bus
is not busy.

* Ouring data transfar, the data ling must ramain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH will be
interpreted as a START or STOP condition.

Accordingly, the following bus conditions have been
defined {Figure 4-1).

4.1 Bus not Busy (A)
Both data and clock lines remain HIGH.

4.2 Sta Ti 8

A HIGH to LOW transition of the SDA line while the
clock (SCL}is HIGH determines a START condition. All
commands must be preceded by a START condition.

4.3 S ata Ti c

A LOW to HIGH transition of the SDA line while the
clock (SCL) is HIGH determines a STOP condition. All
operations must end with a STOP conditian.

4.4 Data Valid {D)

The state of the data line represents valid data when,
after a START condition, the data line is stable for the
duration of the HIGH period of the clock signal.

The data on the line must be changed during the LOW
period of the clock signal. There is one bit of data per
clock pulse.

Each data transfer is iniiated with a START condition
and terminated with a STOP condition. The number of
the data bytes transferred between the START and
STOP conditions is determined by the master device.

4.5 Acknowledge

Each receiving device, when addressed, is cbliged to
generate an acknowledge signal after the reception of
each byte. The master device must generate an extra
tlock pulse which is associated with this acknowledge bit.
Note: The 24XX258 does not generate any
© acknowiedge bits if an internal program-
ming cycle is in progress.

A device that acknowiadges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is stable LOW during the HIGH peried
of the acknowledge related clock pulse. Of course,
setup and hold times must be taken into account. Dur-
ing reads, a master must signal an end of data to the
slave by NOT generating an acknowledge bit on the fast
byte that has been clocked out of the slave. In this case,
the slave (24XX256) will leave the data line HIGH to

enable the master to generate the STOP condition.

© 1999 Microchip Technology Inc.
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24AA256/241 C256/24F C256

FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS

W) | B) (D) {D) @ (A

N2 N /*#
TN S | " \

J I(
— v ~ — 3
START ADDRESS OR DATA ST0P
CONDITION ACKNOWLEDGE ALLOWED CONDITION

VALID TO CHANGE

FIGURE 4-2: ACHNOWLEDGE TIMING

e e .i T ot e
2 g—@. -| Data from transmitter |2
R O LTS it A BT s TR T s

TEmnsmiter must rokeasy Be SOA lre at this point T t Rectiver must relezse the SOA ling at this point
allowing the Recehwr to pull the SDA lina low o s0 the Transmitler tan coniinue sending dala.
ackrewdedge the previous eight bits of data.
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5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
start condition from the master device (Figure 5-1). The
contral byte consists of a 4-bit control code; for the
24XX256 this is sel as 1010 binary for read and wrile
cporations. The next Yhree bits of the control byte are
the chip select bits (A2, A1, AD). The chip seigct bits
allow the uss of up to eight 24XX256 devices on the
same bus and are used to select which device is
accessed. The chip select bits in the cantrol byte must
comrespond to the logic levels on the corresponding A2,
A1, and AD pins for the device to respond. These bits
are in effect the three mosl significart bits of the word
address.

The iast bit of e confrol oyte defines the operation to
be performed. When set to a one a read operation is
selected, and when set to a zero a write operation is
selected. The next two bytes received defins the
address of the first data byte (Figurs 5-2). Because
only At4._.AD are used, the upper address bits is a
don’t care. The upper address bits are transferred first,
nllowed by the less significant bits.

Following the start condition, the 24XX256 monitors the
SDA hus chaecking the device type identifier being
transmitted. Upon receiving a 1010 code and appropri-
ale device select bils, the siave device oufputs an
acknowledge signal on the SDA line. Depending on the
state of the R/W bit, the 24XX256 will select a read or
wiite operation.

FIGURE 5-1: CONTROL BYTE FORMAT
T
Read/Write Bit
Chip Select
Control Code Bits
I T 1
H t 7061 0| A2| A1 AD RW':CK
L. |
Slave Address J
Start Bit Acknowiedge Bit

5.1 Contiguous Addressing Across

Multiple Devites

The chip select bits A2, A1, AD can be used to expand
the cortiguous address space for up to 2 Mbit by add-
ing up to eight 24XX256's on the same bus. In this
case, software can use AD of the control hvte as
address bit A15; A1, as address bit A16; and A2, as
address bit A17. it is not possible to sequentially read
across device boundaries.

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS
CONTROL BYTE ADDRESS HIGH BYTE ADDRESS LOW BYTE
AL T, (3

- o Y Ny ™
Alala alalalalatala A A

111107 |o R lrx141312111098 ™ 1 ‘A X o

] it ]

ToE\\ =E X = Don't Care it
BITS

2 1998 Microchip Technolagy Inc.

Preliminary

RS21203F-page 7



24AA256/24L.C256/24FC256

6.0 WRITE OPERATIONS

6.1 Byte Write

Following the start condiion from the master, the
control code (four bits), the chip select (three bits), and
the RW bit (which is a logic low) are clocked onio the
bus by the master transmitter, This indicates to the
addressed slave receiver that the address high byte will
follow after it has generated an acknowladge bit during
the ninth clock cycle. Therefore, the next byie
transmittad by the mastar is the high-ordar byte of the
word address and will be written into the address
painter of the 24XX256. The next byte is the least sig-
nificant address byte. After receiving another acknowl-
edge signal from the 24XX256, the master davice will
transmit the data word to be written into the addressed
memory location. The 24XX256 acknowledges again
and the mastet genaerates a stop condition. This ini-
tiates the intemal write cycle, and, during this time, the
24XX255 will not generate acknowledge signals
{Figura 8-1). If an attempt is made to write to the array
with the WP pin held high, tha device will acknowlaedge
the command but no write cycle will ocour, no data will
be written, and the device will immediately accept a
new command. After a byte write command, the inter-
nal address counter will point to the address location
fallowing the one that was just written.

6.2  Page Write

The write contral byte, word address, and the first data
byte are transmitted to the 24XX258 in the same way
asin a byte write. But instead of generating a stop con-
dition, the master transmits up 1o 63 additional byies,
which are temporarity storad in the on-chip page buffer
and will be written into memory after the master has
transmitted a stop condition. After receipt of sach word,

the six lower address pointer bits are internafly
incrementad by one. if the master should transmit more

FIGURE 6-1: BYTE WRITE

than 64 bytes prior to generating the stop condition, the
address counter wili roll over and the previously
received data will be overwritten. As with the byte write
operation, once the stop condition is raceived, an inter-
nal write cycle will begin (Figure 6-2). If an attempt is
made 1o write to the amray with the WP pin held high, the
device will acknowledge the command but no write
cycle will occur, no date will be written, and the device
will immediately accept a new command.

6.3 Wirite Protection

The WP pin allows the user to write-protect the entire
array (0000-7FFF) when the pin is tied to Ve, ted to
Vss or left floating, the write protection is disabled. The
WP pin is sampled at the STOP bit for every write
command (Figure 1-1) Toggling the WP pin after the
STOPR bit will have no seffect on the execution of the
write cycle.

Note:  Page write operations arc limited to writing

' bytes within & single physical page, regardless

of the number of byies actually being written,

., Physicel page bouridaries start at addresses that

" are integer multiples of the page buffer size (or

‘page size”) and end at addresses that are integer

- multiples of [page size - 1]. If a page write com-

. mand attempis to write across a physical page

- boundary; the result is that the data wraps

around to the beginning of the current page

(overwriting data previously stored there),

mstead of being written to the next page as

- might be expected. It is therefore necessary for

the application softwars to. prevent page wrile

operations that woul.d ettempt 1o cross a page
boundary ALY
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FIGURE 6-2: PAGE WRITE
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7.0 ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write
cydle, this can be used ta determing when the cycla is
complete (This feature can be used to maximize bus
throughipul.} Once the stop condition for a write com-
mand has been issued from the master, the device ini-
tiates the internally timed write cycle. ACK polling can
be iniated immediately. This wwvolves the master
sending & start condition, followed by the conirol byte
for a write command {R/W = ©). If the device is still busy
with the write cycle, then no ACK will be returned. If no
ACK Is returned, then the start bit and control byts must
be resent. if the cycle is complete, then the device will
return the ACK, and the master can then proceed with
the next read or write command. See Figure 7-1 for
flow diagram.

FIGURE 7-1: ACKNOWLEDGE POLLING

FLOW

Send
Write Command

)

Send Stop
Condition to
Initiate Write Cycle

v

Send Start

® 18999 Microchip Technology Inc. Pre!iminary
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8.0 READ OPERATION

Read operations are initiated in the same way as write
operations with the exception that the RIW bit of the
control byte is set to one. There are three basic types
of read operations: current address read, random read,
and sequentia read.

8.1 Current Address Read

The 24XX256 cantains an address counter that main-
tains the address of the 1ast word acoessed, internally
incremented by one. Therefore, if the previous read
access was to address n (n is any legal address), the
next current address read operation would access data
from address n + 1.

Upot receipt of the control byte with RAW bit set to one,
the 24XX256 issues an acknowledge and transmits the
8-bit data word. The master will not acknowledge the
transfer but does generate a stop condition and the
24XX256 discontinues transmission (Figure 8-1).

8.2  Random Read

Random read operations allow the master 10 access
any memory location in 8 rahdom manner, To perform
this type of read operation, first the word address must
be set. This is dane by sending the word address to the
24XX256 as part of a write operation (R/W bit set to 0).
After the wortt address is sent, the master generates a
star{ condition following the acknowledge. This termi-
nates the write operation, but not before the internal
address pointer is set. Than, the master issues the
control byte again but with the R/W bit set to a one. The
24XX256 will then issue an acknowledge and transmit
the 8-bit data word. The master will not acknowledge
the transfar but does generate a stop condition which
causes the 24XX256 to discontinue transmission
{Figure 8-2). After a random read command, the inter-
nal address countar will point to the address location
following the one that was just read.

83 Sequential Read

FIGURE 8-1: CURRENT ADDRESS READ Sequeial reads are inflistad mdhe same way as a ran.
s dom read except that after the 24XX256 transmits the
BUS ACTMITY | 5 first data byte, the master issues an acknowledge as
MASTER A CONTROY gﬁg . oppasad ta the stop condition used in a random read.
T A A P This acknowledge directs the 24XX256 to transmit the
SDA LINE 1 ol1le EEE _'_'_'_‘—r—'_'—I_E] next sequentially addressed 8-bit word (Figure 8-3).
O Following the final byte transmitted to the master, the
BUS ACTIVITY é 3 master will NOT generate an acknowledge but will gen-
K A orate a stop condiion. To provide sequential reads, the
c 24XX256 contains an internal address pointer which is
K incremented by one at the completion of each opera-
tion. This address pointer allows the entire memory
contents to be serially read during one aperation. The
internal addrass pointer wiilt automaticaily roll over from
address 7FFF to address 0000 if the master acknowi-
edges the byte received from the array address 7FFF.
FIGURE 8-2: RANDOM READ
BUS ACTVITY 7 7 s
MASTER A CONTROL ADDRESS ADDRESS A CONTROL DATA T
R BYTE HIGH BYTE LOW BYTE R BYTE BYTE 0
T, o e ™ = B ;3 T TK—J IR - ) P
Al Al PO OF A -
SDALINE 0{2‘1!‘3&{’1 ]Xg NN E L1 4)d L [Siﬂﬁ;”ﬁ;z;"@ﬂ k Ll [ H
A A A A N
BUS ACTIVITY c [ c c 0
K K K K A
X = Don't Care Bit E
FIGURE B-3: SEQUENTIAL READ
s
BUS ACTIWITY
MASTER CONTROL  patan DATAR + 1 DATA D +2 DATAR+X &
"_’ S F - 3 F m— ’_IIIIIIF -
SDA LINE : [ I ' ' l _ |
[ AJ_III1II 7 0 2 T I ) y 1 £ 1 F 3.1 3 AJP}'_J NH
C c c c o)
BUS ACTIVITY K K K K A
| K
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24AA256/241.C256/24FC256

24XX256 PRODUCT IDENTIFICATION SYSTEM
To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

24)0(3_5__6_ — P
Package: P = Plastic DIP {300 mil Body), 8-lead
age: SM = Piastic SOIC (208 mil Body, EIAL standard), 8-lead
Blank = 0°C to +70°C
;"“‘p’f“‘““’ | = 40°C to +85°C |
ange: E = 40°Cto +125°C
24AA256 256K bit 1.8V I2C Serlal EEPROM
Device: 24AA266T 256K bit 1.8V 1°C Serial EEPROM (Tape and Reel)
. 24LC256 256K bit 2.5V 12C Serial EEPROM
241.C256T 256K bit 2.5V I2C Serial EEPROM {Tape and Real)
24FC256 256K bit 1MHZ 12C Serial EEPROM
Z4FC256T 256K bit TMHz 12C Serial EEPROM (Tape and Reel)
L
Sales and Support
Data Shawts
Produets supported by a prefiminary Data Sheet may have an emrata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
1. Your local Mierozhip sales office
2. The Microchip Cotporate Literature Center 8.8, FAX: (602) T85-7277
3. The Microchip Worldwide Site (www.microchip.com)
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.
New Customer Notiflcation System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

L N
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