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LAMPIRAN A

Daftar Komponen yang digunakan

Komponen Aktif
Nama komponen Fungsi Jumlah
AVR ATMega 8535 Mikrokontroler 1
TP337A Sensor Thermopile 1
LM358 Penguat Operasional 1
L7805 & L7812 Regulator 1
DCW04M Dioda Jembatan 1
ECS 10-13-1 Kristal 16Mhz 1
Resistor

Komponen Jumlah
100 Q 1
300 Q 1
1K Q 2
1K7 Q 1
2K7 Q 1
4K7 Q 1
IM Q 1

Kapasitor
33pF 1
10nF 1
0,1uF 5
1000 pF 1
2200 pF 3
Transfomator
Trafo OT 3A 1
Trafo CT 3A 1
LCD

LMI162AFC | 1

A-3
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LAMPIRAN B

/*****************************************************

This program was produced by the

CodeWizardAVR V1.25.3 Professional

Automatic Program Generator

© Copyright 1998-2007 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project :

Version :

Date : 8/7/2008
Author : Lab
Company : Lab
Comments:

Chip type : ATmega8535
Program type : Application
Clock frequency : 16.000000 MHz
Memory model : Small

External SRAM size : 0

Data Stack size : 256

*****************************************************/

#include <mega8535.h>
#include <delay.h>
#include <stdio.h>

float cel,far;

char text[16],1;

float temp[11];

float teg;

// Alphanumeric LCD Module functions
#asm

.equ __lcd port=0x15 ;PORTC
#endasm
#include <lcd.h>

#define ADC_VREF_TYPE 0x40

// Read the AD conversion result

unsigned int read_adc(unsigned char adc_input)

{

ADMUX=adc _input | (ADC_VREF_TYPE & 0xff);
// Start the AD conversion

ADCSRA|=0x40;

// Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);

ADCSRA|=0x10;

return ADCW;

}

// Declare your global variables here
void suhu (char adc)

{
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switch(adc)
{

case 492
case 491
case 490
case 489
case 488
case 487
case 486
case 485
case 484
case 483
case 482
case 481
case 480
case 479
case 478
case 477
case 476
case 475
case 474
case 473
case 472
case 471
case 470
case 469
case 468
case 467
case 465
case 464
case 463
case 462
case 461
case 460
case 459
case 458
case 457
case 456
case 455
case 454
case 453
case 452
case 451
case 450
case 449
case 448
case 447
case 446
case 445
case 444
case 443
case 442
case 441
case 440
case 439
case 438

tcel=
tcel=

tcel=
tcel=
tcel=
scel=
scel=
scel=
scel=
scel=
tcel=
tcel=
icel=
tcel=
tcel=
tcel=
ccel=
ccel=
ccel=
scel=
scel=
scel=
tcel=
tcel=
tcel=

:cel=
:cel=
scel =
:cel =
tcel=
tcel=
tcel=
ccel=
ccel=

tcel=
tcel=
tcel=
scel=
ccel=
ccel=
scel=
scel=
scel=
tcel=
tcel=
tcel=
scel=
scel=
scel=
scel=
scel=

45,0
44,9
44,8
44,7
44,6
44,5
445
44,4
44,4
44,3
44,2
44,1
44,0
43,9
43,8
43,7
43,6
434
433
432
43,1
43,0
42,9
42,8
42,6
42,5
42,4
42,3
422
422
42,1
42,1
42,0
41,9
41,8
41,7
41,6
41,6
41,6
41,6
41,5
41,5
41,4
41,4
41,4
41,3
41,3
41,3
412
41,1
41,1
41,0
40,9
40,8

;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
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case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

437
436
435
434
433
432
431
430
429
428
427
426
425
424
423
422
421
420
419
418
417
416
415
414
413
412
411
410
409
408
407
406
405
404
403
402
401
400
399
398
397
396
395
394
393
392
391
390
389
388
387
386
385
384
383
382

ccel=
ccel=
tcel=
tcel=

tcel=
tcel=
tcel=
scel=
scel=
scel=
scel=
scel=
tcel=
tcel=
icel=
tcel=
tcel=
tcel=
ccel=
ccel=
ccel=
scel=
scel=
scel=
tcel=
tcel=
tcel=

:cel=
:cel=
scel =
:cel =
tcel=
tcel=
tcel=
ccel=
ccel=

tcel=
tcel=
tcel=
scel=
ccel=
ccel=
scel=
scel=
scel=
tcel=
tcel=
tcel=
scel=
scel=
scel=
scel=
scel=

40,8
40,8
40,8
40,7
40,7
40,6
40,6
40,5
40,4
40,4
40,4
40,4
40,4
40,4
40,3
40,3
40,2
40,1
40,0
39,9
39,9
39,8
39,8
39,7
39,7
39,6
39,6
39,5
39,5
39,5
39,5
39,4
39,4
39,4
39,4
39,3
39,2
39,1
39

39

38,9
38,9
38,8
38,7
38,6
38,6
38,6
38,5
38,5
38,5
38,4
38,4
38,4
383
383
383

;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;

Universitas Kristen Maranatha



LAMPIRAN B

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

381
380
379
378
377
376
375
374
373
372
371
369
367
366
365
364
363
362
361
360
359
358
357
356
355
354
353
352
351
350
349
348
347
346
345
344
343
342
341
340
339
338
337
336
335
334
333
332
331
330
329
328
327
326
323
322

ccel=
ccel=
tcel=
tcel=

tcel=
tcel=
tcel=
scel=
scel=
scel=
scel=
scel=
tcel=
tcel=
icel=
tcel=
tcel=
tcel=
ccel=
ccel=
ccel=
scel=
scel=
scel=
tcel=
tcel=
tcel=

:cel=
:cel=
scel =
:cel =
tcel=
tcel=
tcel=
ccel=
ccel=

tcel=
tcel=
tcel=
scel=
ccel=
ccel=
scel=
scel=
scel=
tcel=
tcel=
tcel=
scel=
scel=
scel=
scel=
scel=

382
38,1
38,0
38,0
37,9
37,9
37,8
37,8
37,7
37,7
37,6
37,5
374
374
374
374
374
373
373
37,2
37,1
37,0
37,0
36,9
36,9
36,8
36,8
36,7
36,7
36,6
36,6
36,5
36,5
36,4
36,4
36,3
36,2
36,2
36,2
36,1
36,1
36,0
36,0
35,9
35,9
35,8
35,8
35,7
35,7
35,6
35,6
35,5
354
354
353
353

;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
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case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

321
320
319
318
317
316
315
314
313
312
311
310
309
308
307
306
305
304
303
302
301
300
299
298
297
296
295
294
293
292
291
290
289
288
287
286
285
284
283
282
281
280
279
278
277
276
275
274
273
272
271
270
269
268
266
265

ccel=
ccel=
tcel=
tcel=

tcel=
tcel=
tcel=
ccel=
ccel=
ccel=
scel=
scel=
ccel=
tcel=
tcel=
tcel=
ccel=
tcel=
ccel=
scel=
scel=
scel=
scel=
scel=
tcel=
tcel=
tcel=

scel=
scel=
1cel =
scel =
tcel=
tcel=
tcel=
ccel=
:cel=

tcel=
tcel=
tcel=
scel=
tcel=
tcel=
scel=
scel=
scel=
tcel=
tcel=
tcel=
tcel=
tcel=
scel=
scel=
scel=

353
35,2
35,2
35,1
35,0
35,0
34,9
34,9
34,8
34,8
34,7
34,7
34,6
34,6
34,5
34,5
34,4
34,4
34,4
344
343
343
343
343
343
34,2
34,2
34,2
342
342
342
34,1
34,1
34,1
34,0
34,0
33,9
33,9
33,8
33,8
33,7
33,7
33,6
33,6
33,5
33,5
33,5
33,4
33,4
333
333
332
33,1
33,1
33,0
33,0

;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
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case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

264
263
262
261
260
259
258
257
256
255
254
253
252
251
250
249
248
247
246
245
244
243
242
241
240
239
238
237
236
235
234
233
232
231
230
229
228
227
226
225
224
223
222
221
220
219
218
217
216
215
214
213
212
211
210
209

tcel=
tcel=
tcel=
tcel=

tcel=
tcel=
tcel=
ccel=
ccel=
ccel=
scel=
scel=
ccel=
tcel=
tcel=
tcel=
ccel=
tcel=
ccel=
scel=
scel=
scel=
scel=
scel=
tcel=
tcel=
tcel=

scel=
scel=
1cel =
scel =
tcel=
tcel=
tcel=
ccel=
:cel=

tcel=
tcel=
tcel=
scel=
tcel=
tcel=
scel=
scel=
scel=
tcel=
tcel=
tcel=
tcel=
tcel=
scel=
scel=
scel=

33,0
32,9
32,9
32,9
32,8
32,8
32,7
32,6
32,5
32,5
32,4
32,4
32,3
32,3
32,2
32,2
32,1
32,1
32,0
32,0
31,9
31,9
31,8
31,8
31,8
31,8
31,8
31,8
31,8
31,8
31,8
31,7
31,7
31,7
31,7
31,6
31,6
31,6
31,5
31,5
31,5
31,4
31,4
31,3
313
31,2
31,2
31,1
31,1
31

31

30,9
30,9
30,8
30,8
30,7

;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
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case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

208
207
206
205
204
203
202
201
200
199
198
197
196
195
194
193
192
191
190
189
188
187
186
185
184
183
182
181
180
179
178
177
176
175
174
173
172
171
170
169
168
167
166
165
164
163
162
161
160
159
158
157
156
155
154
153

tcel=
tcel=
tcel=
tcel=

tcel=
tcel=
tcel=
ccel=
ccel=
ccel=
scel=
scel=
ccel=
tcel=
tcel=
tcel=
ccel=
tcel=
ccel=
scel=
scel=
scel=
scel=
scel=
tcel=
tcel=
tcel=

scel=
scel=
1cel =
scel =
tcel=
tcel=
tcel=
ccel=
:cel=

tcel=
tcel=
tcel=
scel=
tcel=
tcel=
scel=
scel=
scel=
tcel=
tcel=
tcel=
tcel=
tcel=
scel=
scel=
scel=

30,7
30,6
30,6
30,5
30,5
30,5
30,4
30,4
30,4
30,3
30,3
30,3
30,3
30,3
30,2
30,2
30,2
30,2
30,1
30,1
30,1
30,1
30,0
30,0
30,0
30,0
29,9
29,9
29,8
29,8
29,7
29,7
29,6
29,6
29,5
29,5
29,4
29,4
29,3
29,3
29,2
29,2
29,1
29,1
29,0
29,0
28,9
28,8
28,8
28,8
28,7
28,7
28,7
28,6
28,5
28,5

;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
;break;
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case 152 ccel= 28,4 ;break;
case 151 ccel= 28,4 ;break;
case 150 ccel= 28,3 ;break;
case 149 ccel= 28,3 ;break;
case 148 ccel= 28,2 ;break;
case 147 tcel= 28,2 ;break;
case 146 icel= 28,2 ;break;
case 145 ccel= 28,1 ;break;
case 144 tcel= 28,1 ;break;
case 143 ccel= 28,0 ;break;
case 142 ccel= 28,0 ;break;
case 141 ccel= 27,8 ;break;
case 140 ccel= 27,7 ;break;
case 139 ccel= 27,6 ;break;
case 138 ccel= 27,6 ;break;
case 137 ccel= 27,5 ;break;
case 136 tcel= 274 ;break;
case 135 tcel= 27,3 ;break;
case 134 tcel= 272 ;break;
case 133 tcel= 27,1 ;break;
case 132 ccel= 27,0 ;break;
case 131 tcel= 26,9 ;break;
case 130 ccel= 26,8 ;break;
case 129 ccel= 26,5 ;break;
case 128 ccel= 26,5 ;break;
case 127 ccel= 26,3 ;break;
case 126 ccel= 26,3 ;break;
case 125 ccel= 26,2 ;break;
case 124 tcel= 26,0 ;break;
case 123 tcel= 26,0 ;break;
case 122 tcel= 259 ;break;
case 121 tcel= 25,7 ;break;
case 120 tcel= 25,5 ;break;
case 119 ccel= 25,5 ;break;
case 117 ccel= 254 ;break;
case 116 ccel= 254 ;break;
case 115 ccel= 253 ;break;
case 114 ccel= 252 ;break;
case 113 ccel= 25,0 ;break;

}
far=(((9/5)*cel)+32);

H

void main(void)

{

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTA=0x00;

DDRA=0x00;

B- 8 Universitas Kristen Maranatha
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// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T

PORTB=0x00;
DDRB=0x00;

// Port C initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTC=0x00;
DDRC=0x00;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T

PORTD=0x00;
DDRD=0x00;

// Timer/Counter 0 initialization
/I Clock source: System Clock
// Clock value: Timer 0 Stopped
// Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO=0x00;

TCNTO0=0x00;

OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: Timer 1 Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

/I Noise Canceler: Off

// Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCRI1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer 2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;
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TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

// External Interrupt(s) initialization
// INTO: Off

// INT1: Off

// INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

/I ' Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/I ADC initialization

/I ADC Clock frequency: 1000.000 kHz
/I ADC Voltage Reference: AVCC pin
// ADC Auto Trigger Source: None
ADMUX=ADC_ VREF TYPE & 0xff;
ADCSRA=0x83;

// LCD module initialization
led_init(16);
DDRC.3=1;
PORTC.3=1;
while (1)
{
// Place your code here
For (i=0;i<10;i++)

{

temp[i]=read_adc(1);

temp[10]= temp[0]+temp[ 1 ]+temp[2]+temp|3 [+temp[4]+temp[ S +temp[6]+temp[ 7] +Htemp[ 8 ]+temp[9];
temp[10]=temp[10]/10;

teg=temp[ 10]*5/1024;suhu(temp[10]);
}

delay ms(500);
sprintf(text,"IR-THERMOMETER");
led clear();

led_puts(text);

led_gotoxy(0,1);

sprintf(text,"C %2.2f F %2.2{" cel,far);
lcd_puts(text);

>
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Features

+ High-performance, Low-power AVR® 8-bit Microcontreller
+ Advanced RISC Architecture
- 130 Powerful Instructions - Most Single Clock Cyele Execution
- 32 x 8 General Purpose Working Reqisters
- Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
- On-chip 2-cycle Multiplier
+ Nonvolatile Program and Data Memeories
- 8K Bytes of In-System Self-Programmable 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 Operation
- 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
- 512 Bytes Internal SRAN
- Programming Lock for Software Security
+ Peripheral Features
- Two 8-bit Timer/Counters 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 for TGFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x for TQFP
Package Only
- Byte-oriented Two-wire Serial Interface
- Programmable Serial USART
- Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparatar
+ Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: ldle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
+ |0 and Packages
- 32 Programmable 1/Q Lines
- 40-pin PDIP, 44-lead TQFP, 44-lead PLCC, and 44-pad MLF
+ Operating Voltages
- 2.7-5.5Y for ATmegaB535L
- 4.5-5.5Y for ATmegaB535
+ Speed Grades
- 0 -8 MHz for ATmega8535L
- 0-16 MHz for ATmegaB535

Y F)

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

ATmega8535
ATmega8535L

Preliminary
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Pin Configurations

Disclaimer

Figure 1. Finout ATmegassas
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HOTE: MLF Bolton pad should ba saldared o grournd.

Typical values contained in this data shast are basad on simulations and charactanza-
fion of other AVR microcontraliers manufacturad on the sama procass technology. Min
and Max values will ba available after the device is charactarized,
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Overview The ATmagass3s is a low-power CMOS 8-bit microcontrollar based on the AVH
enhanced RISC architecturs. By exacuting instructions in a single clock cycla, the
ATmegass3as achieves throughputs approaching 1 MIPS per MHz allowing the systam
designer to optimiza power consumpfion varsus processing speed.

Block Diagram Figure 2. Block Diagram
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ATS0S58535 Compatibility

ATo058535 Compatibility
Hode

The AVR core combines a rich instruction sat with 32 peneral purpose waorking ragistars.,
All 32 registers ara diractly connacted to the Arthmetic Logic Unit (ALUY, allowing two
independant registars to be accessed in one singla instruction axecuted in one clock
cycle. The resuliing architecturs is mora code efficient while achieving throughputs up to
ten imes faster than corventional CISC microcontrollers.,

The ATmegassas provides the following featuras: 8K bytas of In-Systam Programmabla
Flash with Read-While-Writa capabilities, 512 bytes EEPROM, 512 byles SRANM, 32
ganaral purpose 'O lines, 32 ganaral purpose working registars, three flaxible
TimerCountars with compara modes, intemal and extamal intemupts, a sarial program-
mable USART, a byte oriented Two-wire Sarial Interfaca, an 8-channal, 10-bit ADC with
optional differantial input stage with programmable gain in TQFP package, a program-
mabla Watchdog Timar with Internal Oscillator, an 5P| serial port, and six softwara
salactable powar saving modes. The ldle mode stops the CPU while allowing the
SRaM, TimarCounters, SPI port, and interrupt system to continua functioning. The
Power-down mode saves the ragister contents but freazes the Oscillator, disabling all
other chip functions until the next intarrupt or Hardwara Reset. In Power-zave mods, the
asynehronous timar continuas to un, allowing tha user to maintain a imer base whils
tha rest of the devica is sleaping. The ADC Moisa Raduction mode stops tha CPU and
all Vo modules excapt asynchronous imer and ADC, to minimize switching noise during
ADC conversions. In Standby meode, the crystal’resonator Oscillator is running while the
rest of the davice is sleaping. This allows very fast start-up combinad with low-power
consumption. In Extended Standby moda, both the main Oscillator and the asynchro-
nous timar continue to run,

The devica is manufactured using Atmal's high density nomvolatile memaory tachnalogy.
The On-chip ISP Flash allows the program memory to be raprogrammed In-System
through an SPI sarial intarfaca, By a corventional nonvolatila mamory programmar, or
by an On-chip Boot program running on the AVR core. The boot program can usa any
intarfaca to download the application program in the Application Flash mamary. Soft-
wara in tha Boot Flash saction will cortinua to run while the Application Flash section is
updated, providing trus Read-Whils-Write operation. By combining an &-bit RISC CPLU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmagagsas
is a powarful microcontroller that provides a highly flexible and cost effectiva solufion to
mary ambadded control applications.

The ATmegassas AVR is supported with a full suite of program and system devalap-
mant tools including: C compilars, macro assemblers, program debuggersimulators, In-
Circuit Emulators, and evaluation kits.

The ATmegassss provides all the features of the AT90S8535. In addition, sevaral new
features are added. The ATmegass3s is backward compatible with ATA0S85351n most
cases. However, some incompatibilities batwean the two microcontrallers axist. To
solve this problem, an ATa058535 compafibility moda can ba selacted by pragramming
tha 585350 fusa. ATmegaBs35 is pin compatible with AT2052535, and can replaca the
AT9058535 oncurrent Printed Circuit Boands. However, tha location of fuse bits and the
alectrical charactaristics differs betwaen the two devicas.,

Programming tha 53535C fugsa will changs the following functionality:

= The fimed saquenca for changing the Watchdog Time-out period is disabled. See
“Timed Sequancas for Changing the Configuration of the Waltchdeg Timer” on page
43 for details.

»  The double buffering of the USART Recaive Register is disablad, See "aVR USART
ve. AVR UART - Compatibility” on paga 142 for details.
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Pin Descriptions
Vie
GND

Port A (PA7..PAQ)

Port B (PET..PED)

Port C (PC7..PCO)

Port D (PD7..PD0)

ATALT
ATAL2

AVCC

AREF

Dinital supply valtaga.
Ground,

Port & serves as the analog inputs to the A'D Converter.

Port A also serves as an 8-bit bi-directional 1O port, if the A/D Convertar is not usad.
Port pins can provida intemal pull-up rasistors (selectad for each bit). Tha Port A output
buffers have symmetrical drive charactaristics with bath high sink and source capability.
When pins PAD to PAT are usad as inputs and are externally pullad low, they will source
current if the intemal pull-up resistors are activated. The Part A pins are tri-stated when
a reset condition bacomas activa, even if the clock is nat running.

Port B is an 8-bit bi-directional 'O port with intemal pull-up resistors (sslactad for aach
biti. The Port B output buffers have symmetrical driva characteristics with bath high sink
and sourca capability. As inputs, Port B pins that are axtarnally pullad low will source
current if the pull-up resistors are activated. The Port B ping ara tri-stated when a rasat
condition becomes active, avan if tha clock is not running.

Port B also sarves the functions of various special features of the ATmenaB535 as listad
on page 58,

Port Cis an 8-bit bi-diractional 110 port with intarnal pull-up resistors (sslacted for aach
biti. Tha Port C output buffers hava symmatrical drive characteristics with both high sink
and sourca capability. As inputs, Port C pins that are extarnally pullad low will source
current if the pull-up resistors are activated. The Port C pins are tri-statad when a resat
condition becomes active, even if the clock is not unning.

Port O is an a-bit bi-directional [0 port with intarnal pullup resistors (selactad far aach
biti. The Port D output buffars have symmetrical drive charactaristics with bath high sink
and sourca capability. As inputs, Port D pins that are extarnally pullad low will source
current if the pull-up resistors ara activated. The Port D ping ara tri-stated when a resat
condition becomes active, avan if tha clock is not unning.

Paort D also serves the functions of various special features of tha ATmegaB535 as listad
on page 62,

Rezet input. A low level on this pin for kbnger than the minimum pulse length will gener-
ate a resat aven if tha clock is not unning. The minimum pulsa length is given in Table
150n page 35. Shortar pulses are not quarantead to ganerata a raset.

Input to the imverting Cscillator amplifier andinput to the intemal clock operating circuit

Output from the invaring Oscillator amplifiar.

AVCE is tha supply voltage pin for Port & and the A/D Converter. It should be extemally
connectad to Voo, even if the ADC is not usad. If the ADC is usad, it should be con-
nectad 1o Ve through a low-pass filter.

AREF is the analog reference pin for the &/0 Convartar,
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About Code
Examples

AVR CPU Core

Introduction

Architectural Overview

This documantation contains simple code axamples that briefly show how to use various
parts of the device. These code axamplas assuma that the part spacific header fila is
included before compilation. Be aware that not all C compiler vendors include bit defini-
tions in the header files and intarrupt handling in C is compiler dependant. Pleasa
confirm with the C Compiler documentation for maore details.

This section discusses the AVR core architecturs in general. The main function of the
GPU core is o ensure comact program exacufion. The GPU must therefora be able to
access mamories, parform calculations, control peripherals, and handle intarupts.

Figure 3. Block Diagram of the AVR MCLI Architacture
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I orcler to maximize parformanca and parallalism, the AVR usas a Harvard architacture
- with saparate memaries and busas for program and data. Instructions in the program
mamory are exacuted with a singla lavel pipslining. Whila ona instruction is baing axa-
cuted, the next instruction is pre-fetched from the program memoary. This concept
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ALU - Arithmetic Logic
Unit

anables instructions to be executed in every clock cycla, The program memary is In-
System Ra-Programmabla Flash mamary.

The fast-accass Registar File contains 32 x 8-bit general purposa waorking registars with
a single clock cycle accass ime. This allows single-cycla Arithmatic Logic Unit (ALLY)
operation. In a typical ALL operation, two oparands are output from the Register File,
the oparation is exacutad, and the rasult is stored back in the Ragistar File - in one
clock cycla,

Six of the 32 ragistars can be used as three 16-bitindinect addrass register pointers for
Data Space addressing - enabling afficient address calculations. Ona of tha these
ardrass pointars can ako be used as an address pointar for look up tables in Flash pro-
gram mamory. Thasa added function registars are the 16-bit X-, Y-, and Z-ragistars,
describad latar in this section.

The ALL supports arithmetic and logic oparations between ragistars or betwaen a con-
stant and a ragister. Singla register operations can also ba executed in the ALY, Aftar
an arithmetic operation, the Status Register is updated to reflact information about the
resullt of the oparation.

Program flow is provided by conditional and unconditional jump and call instructions,
able to directly address the whole address space. Most AVR instructions have a single
16-bit word format. Evary program mamary address containg a 16- ar 32-bit instruction.

Program Flash memary spaca is divided in two sactions, the Boot Program saction and
the Application Program section. Both sactions have dedicated Lock bits for wiite and
read’write protaction. The SPM instruction that writss into the Application Flash memary
gaction must raside in tha Boot Program section,

During interrupts and subrouting calls, the ratum address Program Countar (PC) is
storad on tha Stack. The Stack is affectively allocatad in tha general data SRAM, and
consaquently the Stack size is only limited by the fotal SRaM size and the usage of the
SRAM. All user programs must inifialize the SP in the resat routing (before subroutines
or inferrupts are exacutad). Tha Stack Paintar SP is readwrite accessible in tha /0
space. The data SRAM can aasily be accessed through tha five differant addressing
modes suppartad in the AVR architactura,

The mamary spacas in tha AYR architectura ara all linsar and ragular memary maps.

A flexibla intarrupt module has its control registars in tha 110 space with an additional
(Global Inferrupt Enabla bit in the Status Registar, &Nl infemupts hava a separate Infarupt
Vactor in tha Intarmupt Vector table. The interrupts have priority in accordanca with their
Intarrupt Vector position. The lower the Intarrupt Vector address, the higher the pricrity.

The 110 memary spaca containg &4 addresses for CPU paripheral functions as Canfrol
Ragistars, P, and other 170 functions. Tha 110 Mamary can ba accessad directly, or as
the Data Space locations following those of tha Ragistar File, 0x20 - 0x5F.

The high-performance AVR ALL oparates in direct connection with all the 22 ganaral
purpose working registers. Within a single clock cycle, arithmatic operations batwaen
genaral purpose registers or betwaen a register and an immadiate are axacuted. The
AL operations are divided into three main categories - anithmetic, logical, and bit-unc-
tions. Soma implamentations of the architectura also provide a powarful multipliar
supporting both signad/unsignad multiplication and fractional format. Sea the “Instrue-
fion Sat” saction for a detailed description.
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Asynchronous Timer Clock -

tlknsy

ADC Clock - clkypg

Clock Sources

Default Clock Source

Crystal Oscillator

The Asynchronous Timer clock allows the Asynchronous TimerCountar to ha clockad
diractly from an extemal 32 kHz clock crystal. The dedicatad clock domain allows using
this Timar/Countar as a real-ma countar even when the device is in sleep mode.,

The ADC is provided with a dedicated clock domain. This allows halting the CPU and
10 clocks in order fo reduce noise generated by digital circuitry. This gives more accu-
rata ADC conversion raslts,

The davice has the following clock source options, selectable by Flash Fusa bits as
shown below. The clock from the selacted source is input to the AVR clock generator,
and routed to the appropriate modules,

Table 2. Device Clocking Options Salact!!!

Device Clocking Opticn CKSEL3.O
Extzrnal Crystal/Caramiz Resonator 1144 - 1040
Extzrnal Low-frequency Crystal 1004
Extzrnal RC Ciecilator 1000 - 0404
Calibrated Intarmal RC Ciezillator 0100 - 0004
External Clack oon

Mate: 1. Forall fuses 4" means unprogrmmed whils 0" means programmed.

The various choices for aach clocking option is given in the fallowing sections. When the
CPU wakes up from Powear-down or Powar-save, the selected clock sourca is usad to
tima the start-up, ensuring stabla Oscillator oparation befora instruction exscution starts.
When the CPL starts from Reset, thera is as an additional delay allowing the power to
raach a stable leval befara commencing nomal operation. Tha Watchdog Oscillator is
used far iming this real-time part of the start-up time. The number of WOT Cscillator
cycles used for each time-out is shown in Table 3. Tha frequancy of tha Watchdog Oscil-
lator is voltage dapendent as shown in "ATmegaas35 Typical Charactaristics -
Praliminary Data" on page 263,

Table 3. Number of Watchdog Oscillator Cyclas

Typ Time-out (V.. = 5.0V) Typ Time-out (V. = 3.0V) Mumbsr of Cycles
44 ms 4.3ms 4K (4,006
65 ma 60 ma B4k (55 536

The device is shipped with CKSEL = "0001" and SUT = "10". The dafault clock source
satting is tharsfore the Intermal RC Oscillator with longest startup ime. This default set-
ting ansures that all usars can maka their dasirad clock source setting using an In-
Systam or Parallel Programmar,

XTal1 and XTAL2 are input and output, respectivaly, of an inverting amplifiar which can
bie configured for use as an On-chip Oscillator, as shown in Figure 12, Either a quartz
crystal or a caramic resonator may be usad. The CKOPT Fuse selacts batwaan two dif-
farant oscillator amplifier modas. When CKOPT is programmed, the Oscillator output
will oscillate will a full rail-to-rail swing on the output. This mode is suitable when operat-
ing in avary noisy emnvironmant ar whan the output fram XTALZ drives a second clock
buffar, This moda has a wide frequency range. Whan CKOPT is unprogrammed,, the
Oscillator has a smallar output swing. This reduces power consumption considarably.
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This modae has a limited fraquancy range and it can not be usad to drive other clock
buffars.

For resonators, the maximum fraquancy is 8 MHz with CKOPT unprogrammed and
16 MHz with CKOPT programmed. C1 and C2 should always be equal for both crystals
and resonators. The optimal value of tha capacitors depands on the crystal or resonator
in uge, the amount of stray capacitanca, and the electromagnetic naisa of the enviran-
ment. Soma initial quidelines for choosing capacitors for use with crystals ara given in
Tabla 4. For ceramic resonataors, the capacitor values givan by the manufacturar should
be used.

Figura 12. Crystal Oscillator Connactions

cz
i I XTalz
d
G ] XTAL1
¥ GEND

Tha Oscillator can oparata in three diffarent modes, sach optimizad far a spacific fra-
quancy ranga. Tha oparating moda is selectad by the fuses CKSEL3..1 as shown in
Table 4.

Tabls 4. Crystal Oscillator Operating Maodas

Fraquency Range!'! | Recommended Range for Capaitars
CKOPT | CKSEL3.A {MHz) C1 and C2 for Use with Crystals (pF)
i 047 04-08 -
1 110 0.8-30 12- 22
1 111 3.0-80 12- 22
g 10, 110, 111 1.0-16.0 12-22

Notes: 1. The frequency mnges are prelimirary values.
2. This cption shoukd not be used with crystals, only with ceramic rasonators,
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Analog-to-Digital
Converter

Features

* {(-hit Aesolution

* (1.5 L5B Integral Haon-linearity

* 2 | 5B Absolute Accuracy

® 5 - 260 p= Conversion Tima

* Upto 15 kSPS at Maximum Resolution

* & Nultiplexed Single Endad Input Channels

* 7 Differential Input Channals

* 2 Differential Input Channels with Optional Gain of 10x and 200"

* (ptional Left Adjustment for A0C Result Readout

* (- Vg ADT Input Voltage Range

* Balectable 2. 56Y ADC Referance Yoltage

* Free Running or Single Conversion Mede

* ADC Start Corwversion by Auto Triggering on Interrupt Sources

® |nterrupt on ADC Comversion Complete

* Sleep Made Moize Canceler

Note: 1. The differential input charrnel are not tested for devices in POIP and PLEC Package.
This feature is orly guarmntzed to work for devices in TOFP and MLF Packages.

The ATmapadsds faatures a 10-bit succassive approximation ADC. The ADC is con-
nected to an 8-channel Analog Multiplexer which allows eight single-andad voltage
inputs constructad from the pins of Part A. Tha single-ended valtaga inputs rafar to o
(GHD).

The device also supports 16 diffarential voltage input combinations. Two of the diffaran-
il inputs (ADC1, ADCO and ADC3, ADCZ) are aquipped with a programmable gain
slage, providing amplification staps of 0 dB (1x), 20 dB (10x), or 46 dB (200x) on the dif-
farantial input voltage befora the A/D conversion. Seven diffarantial analoginput
channels shara a comman negative terminal (ADC1), whila any other ADC input can be
salactad as the positive input terminal, If 1x or 10x gain is used, 8-bit resolution can be
axpactad. If 200 gain is usad, 7-bit resclution can be axpactad.

The ADC contains a Sample and Hald circuit which ensures that the input valtaga to the
ADC is hald at a constant leval during convarsion. & block diagram of tha A0C is shown
in Figura @8,

The ADC has a saparate analog supply voltage pin, AYCC. AVCC must not differ more
than +0.3V from V. Sea tha paragraph "A0C Noise Canceler” on page 211 on how o
connact this pin.

Intarnal referance voltages of nominally 2 56V or AVCC ara provided On-chip. The valt-
age refarenca may ba extemally decoupled at the AREF pin by a capacitor for battar
noisa parformanca.
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Operation
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The ADC converts an analag input voltage to a 10-bit digital valus through successive
approximation. Tha minimum valua represents GHD and the maximum value rapresants
the voltage on the AREF pin minus 1 LSB. Optionally, AVCC or an intemal 2,58 refar-
ance voltage may be connected to the AREF pin by writing to the REFSn bits in the
ADMUX Registar. The intemal voltage refarance may thus be decoupled by an axtamal
capacitor at the AREF pin toimprove noisa immunity.

The analog input channal and diffarential gain are selectad by writing to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GND and a fixed bandgap voltage refar-
anca, can be selactad as single ended inputs to the ADC. A salection of ADC input pins
can be selectad as positive and negative inputs to the differential gain amplifier.

If diffarantial channels ara selectad, the differantial gain stage amplifiss the voltage dif-
farence batween the selactad input channal pair by the selected gain factor. This
amplified valua then becomes the analoginput to the ADC. If single ended channals are
used, the gain amplifier is bypassad altogethar.

C-11 Universitas Kristen Maranatha




LAMPIRAN C

Differantial Gain Channels

Changing Channel or
Reference Selection

Tahle 82, ADC Conversion Tima

Sample & Hold {Cycles Conversion Tima
Conditian from Start of Comversion) (Cyclas)
First comeersion 14.5 25
Mormal corwerzsions, singls ended 15 13
Auta Triggered canversions 2 135
Narmal comversions, dilferential 152,51 134411

Mate: 1. Depending an the state of CHypes.

When using differantial gain channals, cartain aspacts of the conversion nead to be
taken into consideration,

Diffarartial corvarsions ara synchronized to the internal clock CKypes equal to half the
ADC clock. This synchronization is done automatically by the ADC interface in such a
way that the sample-and-hold occurs at a specific phasa of CKypez. A comarsion initi-
atad by the user {i.2., all singla convarsions, and the first free running convarsion) whan
CKapos is low will take the =ame amount of ime as a single endad corversion (12 ADC
clock cyclas from the next prescalad clock cycle). & convarsion initiated by the user
whan CKape; is high will take 14 ADC clock cyclas dua to tha synchronization macha-
nism. In frae running mode, a new convarsion is initiated immadiataly after the previous
corversion completes, and sinca CKapes is high at this tima, all automatizally startad
{i.a., all but the first) free running conversions will take 14 ADC clock cycles,

The gain stage is optimized for a bandwidth of 4 kHz at all gain ssttings. Higher fraquen-
cias may be subjectsd to nan-inear amplification. An extamal low-pass filker should be
used if the input signal contains higher frequency componants than the gain stage band-
width. Mote that the ADC clock frequancy is indapendent of the gain stage bandwidth
limitation. For example, the ADC clock period may ba & ps, allowing a channal to be
sampled at 12 kSPS, regandless of the bandwidth of this channal.

If differantial gain channels are used and conversions are started by Auto Triggaring, the
ADC must ba switched off betwaen convarsions. When Auto Triggaring is used, the
ADC prescaler is reset before the conversion is startad. Sinca the gain stage is depen-
dent of a stable ADC clock priorto the conversion, this convarsion will nat be valid. By
dizabling and thean re-enabling the ADC batwesn sach convarsion (writing ADEMN in
ADCSRA to "0” then to "1™, only extendad corvarsions are parformad. The result from
the extended corversions will be valid. See "Prascaling and Conversion Timing™ on
page 206 for iming details.

The MLXn and REFS1:0 bits in the ADMUX Register are single buthered through a tem-
porary register to which the CPU has random access. This ensuras that the channals
and refarance selaction only takes place at a safe point during the conversion. The
channal and refarance salection is continuously updated urtil a corversion is startad,
Once the conversion starts, the channel and reference selection is locked to ansure a
sufficient sampling time for the ADC. Continuous updating resumas in the last ADC
clock cycle bafors the conversion complates (ADIF in ADCSRA is sef). Mote that the
convarsion starts on the following rising A0C clock adge after ADSC is writtan. Tha usar
is thus advised not to write new channel or reference sslection valuas to ADMUY unil
ona ADC clock cycla after ADSC is writhan,

It Auto Triggering is used, the exact time of tha friggering event can be indetarminable.
Special cara must be taken when updating the ADMUX Ragistar, in order to control
which corversion will ba affacted by tha naw setiings.
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Register Summary

Address Mams BILT BIl & 1] Ell 4 Elt 2 Elt 2 Elt 1 Eilt & Fage
[ I
(L3 |EF | SREG | T H E i 1] I = g
ToSE |HEE| BPH = = = = = = EF EFE 10
oD [INEDY ZFL ZFT = SRE SP4 EF3 BRE EF1 EFT) in
e |INEC) O TIMENCOUNEn] CUpUl COmEora Hagishr =
I [ eEH) GICA T 1) T2 = = = |WEEL TWCE 47 ET
Do, |ToEA) GFR TIF1 HIFD WTF2 = = = = = E]
000 | [WEE) TREH, DCIER TOIEZ TICEI CCIE1A DCIETE TOEA DIE TOED 83 113,131
0G| EE) TIFA OCFz TOWZ ICFl OCF 1A OCFE TN 0GR ToW B, 114, 122
0T |IET) SPMCR ERMIE AYMNER - HIANE FE ELBSET PERAT FGERE EFVEH 2L
DOGE |IEE) TWCR T TWEA TWETA TWETD TWWC TWEN = TWE 17E
(035 |HEE) WCLCH [TH EE EXtt END EC11 15C10 JECH] ECID EN
T [OREE) (X = B2 — — WOFF EOFF EXTAF PoRF 3E, &7
o | TCCAD FOCD WERID owl CoMDd [T=al =] [E=x] G500 B
o [ ESy TCHTO Timas CourieD B Bisj =]
Doc 1 [MET) CECCAL Dacilaior Callraion Fiag st )
D030 [ITED SFIR AOTE2 AOTE1 AT z ALHE FLO FEFE FEA10 &7 AE, 153,210, 220
(L3 | P TCCA1A COM1AL COW1AD CoM 1E COME] FOC1A, FOCIE Wam WG D 108
To2E |TdE| TCCHIE [FIH] =] — WEM1E IENH EH =0 =300 K
oD (4 TCHTIH TimanCouniar| - Coumia 112
o | TCHTIL TGO - Couniar Fag Bl Low Byl [H
[ TineConieH - Cuiput Compara Ragistar & High Byl 12
TimarCouriar ] - Cuipuk Comparne: Aegisier & Low Byie: 112
TinerZonked - Cuiput Compare Registar E High Byl HE
TimarCourriar | - Cuiput Compare: Aegisier B Low Eyie 112
Tmey'Counier] _ npul Capiurs Fiag sfer High Byle 112
THTar/Couniar | — Input Capiong Aegusier Low Byto 12
Focz ] weweo | cows ] coum wavet | ocexe | cam ] cam 126
TAmatCoUTie B Biz {F
TimenCountenrd Cutpul Compam Ragiskr T
= = = = = TCHAE ]| OCRAE ] Toras 126
— - - WLCE WIE worz | wori ] wCen 40
- - RBEL = = = LEFA 1:H 186
B2 [eALy LICERC LABEL LMEEL LAt LFIM uees | ucem J wesm | ucrou 184
ToiF |D0iF | EEAFH = = = = = [ = | = | Ecars [
[oct E |03E | EEAAL EEFFOM Addiess Ragisier Low Bl 17
oD (el EELA EERALA Lt Aegisial [
ol (D2 EECH = - - = EEFIE EEWMNE EEWE EEAE 17
T || FORTAE FORTAE PORT 4 FORTAL FORT AR PLATAL FORTAL =]
Toct 4 [ LAk npac [iTirT] ) [irH] o] ] E4
oG |k Akuia FRAE Fuad G FHAE FHAl FilaD E]
DoclB |03 FORTHE FORTHE PORTE4 RORTEL FORTED POATEL BORTED ]
D7 [T DOBE DDRE DDB4 DOE2. OCEZ DOE1 (i8] E]
Dol [CIE) ARES FIEL FrEd FIRES [T FTIE] FIRED iE
Doci |Gk RORTCE FORTLE PORTLA PORTLS, FORTLE RORTC RORTLD 5
o4 |l DOCE DOCE DOCd [T [i] [Tee] [Ta] £S5
3 (D) FINCE FINGE Phe PIhCa Fhes ] PHLA s
orl2 |l ROATD FORTDT FORTDE FORTLS FORTL ROATO: FORTLE POATD FORTDO 5
Do | OCRD LoD DODE DOCE DOCA [ [ [ [[Ei5] 5
oD |3 FHD FIRLT FINDE FIROE PHO4_ FIHCd [ FIEA FICd 5
oo | ek | BFLA 5P| Data Haglssr 140
(ol E |(hezE] ERER L T -1 = _ | - I - | TS 140
=] BRLA =FE | EFe | DOAD | WemH | oGP | CPHa | BRAI | EFFA 138
ucA _ — LIEART |/C Cala Ragisia _ _ 181
TodE |hcahl| (=50 R ] TeC | UDAE FE LR | FE | = H
Iols, [Ocza UCErE FocE | TanE | LORIE FOEN THEN uczzz | FoEs ]| TaEm 183
o |t LERAL LESAAT Eaud itk Regisir Low Byl 1EE
(ol | (heEE ACER ACDH ACEG AL Y] ACIE ACC ACIEA AL ED 200
ol [T AL GEE GEE ALLAR LA IS (5 WML WD HE
D00 |CZE) AOCEAL ALEN ADEC ALATE S0F AL ADFEE ADFE ADFE] F1E
Do |Gzt ADCH A0 Cain Ragiar Hgh Bxte 210
o |eady AL ALC Oata Ragsicr Low Bt AT
Do | ez TWOR TwoWira Sanal Infoacd 021 Aoy sir 180
o |2 TR TWAE TWAS W Twad TWaz THA TVl TWGCE 120
o |y TWaR TWET TWEE THES = TWES = TWPRS1 TWFRED 180
Bidress Mame BILT BIl& 1] Ell 4 Elt 2 Elt 2 [=N] Elt O Page
Do) | 2T THER Two-wi 1o Borial Inieriaca EX Aalo Raglsior 17E

Motes: 1. Referto the USART description for details on how to access UBRAH and UCSRC.
2. For compatibility with future devices, reserved bits shoud be written to zem if accessed. Resarved 10 memorny addresses
should never be writhen.
3. Some of the status flags are deared by wiiting a logical ore to them, Mote that the CB1and SBI instructions will operate on
all kits in the 1O Registern, wriling a one back into any flag read as =st, thus clearing the flag. The CEI and SEI instructions
work with registers Dm0 to DxlF only.
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Instruction Set Summar

Mnemanics | Operands Dascription Operation Flags #Clocks
ARITHMETIC AND LOGIC NS TRUCTIGH:
AD0 Fid, Rr fuld we Register Rd « Fd 4+ Rr ICHMH 1
AL Fd, Rr Ald wilh Carry bwo Registers Ad i Fd 4 Fr + ZONVH 1
ADIW RdK Juddd Immechiate ba W Rdb:Rdl & Fdh:Rdl 4 K ICHNS 2
2R Fid, Rr Bubtrac! twa Registers Ad o Rd- R IGHWH 1
2Bl Rd K Zubtract Constan! from Fegister Ad - Fd- K ZCHVH 1
R0 Fd, Rr Bubiract with Camy two Registers Ad - Fd- Fr -0 ZONVH 1
| SBCI i K Sublract with Camy Corstant Iram Heg. Ad i Fd-K-C ICHVH 1
20 Ad K Eubtract Imrmsdiale fram Woed Fek:Adl i Bdh:Rdl - K IGHNS F
B Rd, Rr Leggical AHD Aeggsters A Ad & Ar NV 1
ANDI Rd K Logical 8HD Register and Conslank Rd - Rds K ENV 1
Or Rd, Rr Lesgical OH Registers Rd i Rl Ar NV 1
ORI Fd K Logical OR Register and Coretanl Rd - Rd v K ENV 1
EOR Fid, Rr Exchezive O Ragisters Rd i R &1 Rr INV 1
Lo Rd One's Complament RAd i ek F- Rd ICHN 1
| NEG fid Twe's Complamsnt fd i (w00 - B ICHWH 1
EL RdK Set Bilis] in Regiser Ad « v K NV 1
CEH RdK Clear Biljs) in Regisker Rd i Rl s [0xFF - K INV 1
TG Rd Iricrament Rd i Rl 41 INV 1
DEC Rd Decrement Rd - Fd - 1 INV 1
15T Rd Tesst fee Zera or Minus Rd i R Rd INV 1
CLH Rd Clear Register Rd « Hd @ Rd INV 1
2R Rd et Register R i DeFF Hera 1
LI Fid Rr Jdtiply Unsignesd A1:RD « Rd xR IC 2
| LIS Fid Rr Iikdtiphy Sioried F1H0 - Rd abr IG 2
WLILEL Fid, Rr Tikdtipty Sipried with Unsired 1:R0 o Rd R 0 2
FMUL Rd, Rr Fractional Khdtiply Unsigned AR o (R & Ar) << 1 Ic 2
FHULS Rd, Rr Fracticnal Kultiply Sigresd PP o (R & P <= 1 0 2
FLULSU fd, Rr Fracional fhiiply Sirved wilh Linsiged AR ¢ (Rdx Ar| << 1 It 7
BRANCH INETRUCTIONS
RMP k Reltive Jurp PO PO ks Here 2
| LIMP Irediracl ump bo (7] pCe 2 Hervs 2
RCALL k Pelafive Subrcutine Call PO P04 ks Hers 3
TCalL Todrect Gall (7] oo T 3
RET Bubroutine Relurn PC o STACK Hore L]
RETI Intemupl Retum PC o STACK | 1
CPSE Fd Rr Compare, 2kip { Equal fiRd=FRr)PCs PO+ 2ard Hene 11213
CP Rel Ar Campars Rd - Ar LNVEH 1
CRC Rd Rr Compara with Camy Rd-Rr-C LNVCH 1
CF AdK Campars Revister with Immeciate fd - K LHACH 1
| 2HRC Arb Zhip i it in Ragisler Claared i (Rrjb=0) FC o FC 4 2 3 Her 1/211
ZORS fir. b Zkip i Eit in Ragister is 51 f (Rrjbi|=1) FC o FC 4 2 3 Hervs 11211
EE P b Zkip ¥ Gitin 10 Registar Clazred FPi)=0) PG+ PG4 2ard Herws 11213
LR [ 2kip i Bitin 10 Registaris Set T (Plj=1) PG« PG+ 2ord HNere 11211
BRBS 5k Branch { Status Flg Se1 F{BREGIs) = 1) than PCePCak 41 Hore 112
BREC 5k Branch if Stalus Flag Clearsd T (SHEGs] = 0 then PG POk 4+ 1 Hene 112
BREQ k Pranch i Equal FiZ=1jthen PG o POk a1 Hera 112
| BRHE k Branch i Hot Equal fif =0l then PC o PG4k 41 Hore 1/2
| BRCS k Branch il Carry Set ¥ G = 1then PC o PC k4 1 o 112
| BRCC k Branch il Garry Cleared i = 0 then PC o PO+ ks Hore 1/2
BRSH k Branch § Same or Higher TG =0 then PC o PO+ ks Hore 1/2
BRI k Branch il Loawsr FiG = 1)then PC o PO o ket Herv 112
BRMI k Branch § Minus il =1 then PC o PO+ ks 1 Hore 1/2
BRPL k Branch i Pls Tl = O then PC o PO+ ko Herv 112
BRGE k Branch f Greater or Equal, Sigred ¥ (N & Ve ) than FC o FC 4 ko Hore 1/2
| BRLT k Pranch § Less Than Zem, Siored BN Ve tithan PG P4 kv i Herv 1/2
BRHS k Branch  Hall Camy Flag Set FiH=11then PC o PC 4 k4 Nere 12
R k Branch il Hall Cary Flag Cleared FiH= 0 then PG« PC ok | Herm 12
BRTS k Branch § T Flag Sat P (T =1)then PG o PO+ k + 1 Here 112
BRTC k Branch T Flag Cleared F(T = 0 then PG o PGk 41 Here 12
BRVS k Branch il Cverflcw Hag is Sa1 iV =1)than FC o PC+k+ 1 Here 112
BRVEC k Branch § Cverllow Flayg is Clzared i [\ =) than FC o PG+ k4 1 Hore 1/2
ﬂ k Branch il InIemEIEnablrd ifl= 1'|IE FCi FCakad Hore 1/2
il[l k Branch i InlcmEI[Ii':.abhd ¥ = Oithen PC o POk + 1 Nere 12
DATA TRANSFER IMSTRUCTIONS
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—
Knemonics | Operands Description Oparation Flags #Clocks
RO Ad, Rr Ikrie Betwesn Regislers Ad « Rr Here i
IO Ad, Ar Capy Hegister Ward R 1:Fd o Fr+1:Ar Nere i
Lol Fid, K Loerd Immesdiatk Ad « K Her 1
L0 Ad. ¥ Loerd Incirsct Ad . X] Here 2
Lo Ad, . Leerd Inchrect and Pos-Inc. R 0 X X1 Hena F]
LD R, - X Lcerd Increct and Fre-Deac. Lo K1, Bd o (X) Here 2
L0 Fd, ¥ Loerd Incirect Ad + (Y] Here 2
Lo Fd, Loerd Incirect and Posl-nc. Ad - V], V¥ o 1 Hema H
LD R, - ¥ Lcerd Increct and Fre-Deac. ¥ -1, Bd o (Y} Here 2
Lon i Y.q Lo Indirsct with Displazement Hd o (¥4 q) Hore 2
Lo hd, 2 Loerd Incirect Ad s [#) Hema H
L0 Fid 74 Loerd Inclrect and Post-nc, Ade @1 7 T4 Here 2
Lo Fd -2 Lo Incirsct sind Pra-Disz. LiZ-1.Rdeid) Heri 2
Lon Fd, £4q Loerd Indirect with Displacement Hd« (Z+g) Hore 2
DS Fid, k Loerd Direct from SHaM Ad « (k) Here 2
ar X kr Sore |ridract W Fr Neres 2
ar ¥, Fr Shors Iredirsct and Post-Inc. - Fr, Ko X1 Heres 2
ar - X, Rr Hore Indiracl and Pra-Dex, Ko -1, 0« Rr Here 2
ar W, hr Sore Irddrsct 4 Rr Neres 2
2T 1, Ar Shoes Iredirsct and Poet-Inc. [LEENCT R Heres 2
2T - ¥, Rr Elore Ircdrscl and Pra-Dex. W -1, ] Rr Hers 2
10 ‘{4, Rr Store Indirad with Cisplaczment ['f +q) s hr Hore 2
ar Z R Sore Indiract i)« Rr Here 2
ar £+, Rr Sore Incdracl and Post-Inc. [ Rr, fiFal Neres 2
ar -2, Fr Shore Ircdirsct and Pra-Dex, o Z-1,08) « Rr Heres 2
210 Zig Hr Slors Indirect with Cisplacsment {404 Fr Hore: 2
T8 k, Ar Sore Cirsct o 2RaM fkio Rr Neres 2
L1 | evd F‘no-cErn Memiany A« [} Heres q
LP Rd, Z Lerd F'no-cErn WMeman Ad .« (&) Here 3
L Fd, £+ Loerd Program Memary and Post-Inc Hd o (£}, £+ 41 Hore ]
2P Sdces Program Memary i)« R1:RD Here
[ Ad P Iri Pt Ad. P Heri 1
QuT F, Fr Cut Forl P Rr Hore 1
PLSH Fr Fush Ragister on Stack STACK « Rr Here 2
FOF Firl Fop Renisiar from Siack A« STACK Hena ]
EIT AND BIT-TEST INSTRUCTEING
] Pk Zet Eil inl'D Ragister ] A Here 2
CEI P b Clear il in |10 Register ID[Fb) -0 Hera 2z
LEL Hd Logical Shill Left Ackn+ 1)« Rdink Rj) < 0 ZONN 1
LSR Fid Leaizal Shill Right Al o Relins 1) RA(7) o 0 ICHV 1
RoL Fd Folale Lell Though Carry R R e Bdi), Co- Rk 7Y ZONY 1
ROR Rd Fatate Right Threugh Carry R 7 -G Rd (e Adins1),Co- Rl ZONW 1
h2R Ad Aithrrestic Shift Hight Reln) o Reliri1), =08 ICHV 1
P Ad Swiap Nitbles 03 e T O A N N 5 N Here 1
| BSET 5 Flag Sl SHEG[=)+ 1 SHEG(s) i
BCLA 5 Flay Clesar SHEGS) +- D SHEG(s) 1
BaT Ar b Bil Slors {rom Register 1o T T« Rrjhb) T 1
pLO Ad,b Bil baad from T 1o Regisher Al o T Here 1
BEC Bet Camy Cal [ 1
CLC Clear Camy Cail C 1
BEN Zet Neative Flag Ha N 1
CLH Clear Negalive Flag Hadl N 1
| BE2 Set Fero Hag L 4 1
CLZ Cleer Zara Flag Zil z 1
2EI Glabal Internpl Enable 141 | 1
CLI Glabal Interrpl Disabls 1o D | 1
3E3 Set Sigred Test Flag Si1 5 1
CLS Clear Signed Tes! Flag S0 5 1
2EV St Twos Complemyent Chelow. Va1 v 1
GLY Clear Twos Complement Crerllow Vil ) i
SET Zet Tin BREG Tai i T 1
B Clear 1 1 SAEG T 0 T 1
EEH Zet Hall Carry Flag in SREG Ha 1 H 1
CLH l:led'l-lgl Carry Hag 'nSH-EG Ha 0 H 1
MCU CONTROL INSTRUCTIONS
MOF | b Cperation [ Here 1
Mnemaonics | Operands Dascription Operation Flags #Clocks
3LEEF Bep [see specilio desor, lor Skeep lundtion) Hire 1
WOR Watchoy Reset [see specilio descr, lor WERTimer) Here i
BREAK Braak For On-chip Debug Criy Hire Ty
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LMB162AFC

LCD Module User Manual

Shenzhen TOPWAY Technology Co., Ltd.

Display Specifications
1) LCD Display Mode
2) Display Color

3) Viewing Angle
4) Driving Method
5) Back Light

Note:

*2. The Color is defined a

1) Outline Dimension

: STN, Negative, Transmissive
: Display Data = “1" : Light Gray (*1)
: Display Data = “0" : Deep Blue (*2)

:6H
: 1/16 duty, 1/5 bias
: White LED backlight

*1. Color tone may slightly change by Temperature and Driving Condition.

s the inactive / background color

Mechanical Specifications

:80.8 x 36.0 x 12.5MAX

(See attached Outline Drawing for details)

Block Diagram
BLA [ED
BLK Backlight Circuit
S—
LCD Panel
COIM1 16 x 2 Char (5x8dots)
COoMm16
VDD —— - =
vss — i g g 8
Vo — ® g 8 B
DO — D7 m— ST7066U ST7065
RS, RAW, E = or or
! equivalent equivalent
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Terminal Functions

Pin
Pin No. I ription
o Name O | Descriptions
1 VS8 Power | Power supply, Ground (0V)
2 VDD Power | Positive power supply
%) VO Power | LCD contrast reference supply
4 RS Input | Register Select
RS=HIGH: transferring display data
RS=LOW: transferring instruction data
L3 RW Input | Read / Write Control bus:
R/MW=HIGH: Read mode selected
R/WW=LOW: Write mode selected
6 E Input | Data Enable
7 DBO 1o Bi-directional tri-state Data bus
: . In & bit mode, DBO ~ DBT are in use
14 DB7 In 4 bit mode, DB4 ~ DB7 are in use, DBO~DB3 leave open
15 BLA Power | Backlight positive supply
16 BLK Power | Backlight negative supply
Display Commands
Code
22 58 8 33 1Nzl
No. | Instructions riojalaojajo|jafaja Function
Clear Write “20h" to DDRAM and
1 Display clpojofojojojojojof set DDRAM address (AC) to “00h”
Return Set DDRAM address (AC) to “00h" and
2 Home o|lof|o|ofo| 0|0 |O0]| 1] x | return cursor to its original position if shifted
(DDRAM contents are not change)
Set cursor moving direction and specify display
shift, during data read and write of DDRAM and
Entry Mode CGRAM.
3 Set ¢cjlojojofojojo)1)Dfs S=1, screen shifting; S=0, no screen shifting
I'D=1, AC=AC+1 and if S=1, screen shift left
/D=0, AC=AC-1 and if S=1_screen shift right
Displ D=1, display on; D=0, display off
4 0,':%?__5;: ojlo|lo|jo|o|o|1|D|C|B]C=1,cursoron; C=0, cursor off
B=1, cursor blinking on; B=0, cursor blinking off
Move the cursor or shift the display, where
Cursor or DDRAM contents.
5 Display Shift 0|0|0| 0|0 1|SICIRL| x| x | S/C=1, shift screen: S/C=0, shift cursor
play RIL=1, to right-side;  R/L=0, to left side
(if S/C=1, AC will not be changed)
Function DL=1, 8-bit interface; DL=0, 4-bit interface
6 Set gjofojo| 1 |DL{N|F| x| x ] N=1 2linedisplay; N=0, 1-line display
F=1, 5x11 dots font; F=0, 5x8 dots font
7 Se; d?j(::'eRs?M 0| 0| 0| 1 |ACSACAAC3IAC2IACIIACO] Set CGRAM address in address counter
8 Se; d?:lst‘:M 0] 0| 1 |ACBACS|AC4IACIIAC2IACI|ACO] Set DDRAM address in address counter
Check the system status and get the address
9 Regd 5:95’ flag | o | 1 |eF |ace|acs|acalacalaczlaci|aco] counter content (ACE~ACO).
e BF=1, busy: BF=0, ready
Write data Write the data into internal RAM, where the
10 to RAM 1]0|P7)be|b5 bab3)bzib1)bo address counter pointing at.
Read data Read the data from internal RAM, where the
11 from RAM 1|1 |D7)be[Ds5 DbaD3D2{D1)D0 address counter pointing at.
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Pin Configurations  Figure 1. Pinout ATmegassas
PO
G g 4 & mo KD
o P g MR
THIXARD PE M=
TEXARI] I o R R Ry
7 P FEETE
aea| F WA R AR
WIS FIE M [ P BT
TR P ML=
T B
= M
[ =] [ =S
wid m b R s
s m b R s
Hl| O ] 4 = Qe
[Tl A o v F = el
NI A% ] mpara
K| Pz Mpr
L AN O . st
i medw mp oo s
1071 1 ] H [ Ay
FLCC
FE _
T
H2 icH d 5 i3
EuEEzHsERg
HELREQIAL™ === 77777 QIR (2 pas ms e FEE A b iy
HED BE [P (A HED BE i e I
5K Pl BIFAE (R ey e g arfl e I
e Qi HESET mOW (NI
VL [AH WI s
GHI mledif i o G
AL rRMIE e T T
AWl pFLF (5L AW A o
L FIR SOFTE (T L MR o [ E (o)
o) P gL {13 P mp
HIH AL By = = e = AFtd NI AR e
AT ERETREH
UL U OOy
T
EPELE
HOTE: MLF Bolton pad should ba saldared o grournd.
Disclaimer Typical values contained in this data sheat are basad on simulations and charactariza-

fion of other AVR microcontraliers manufacturad on the sama procass technology. Min

and Max values will be available aftar the device is charactarized.
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Overview The ATmagass3s is a low-power CMOS 8-bit microcontrollar based on the AVH
enhanced RISC architecturs. By exacuting instructions in a single clock cycla, the
ATmegass3as achieves throughputs approaching 1 MIPS per MHz allowing the systam
designer to optimiza power consumpfion varsus processing speed.

Block Diagram Figure 2. Block Diagram
PR - AT PED- FO7
Ty W L &4 L & 3
EYREE E)
F POFT DR ERSELFRRS PORTE DR VERSULRFEFS
GHD PO CHGI AL INT ERFACE PORTGCAGITAL HTERFAZE
¢ ! ] :>
e L T
WUXE A0S
pres T e B ™
|
AREF
£ " — I T N
pr—— STH TNTS _—
M commm ]| rowmem [
T I
i i
PRONGRAN . INTRRHAL
M ram -j e OSELLATA
! KTAL
i | P
HETRUSTEN = WATCHDOG
weasen | LW poeeoes ol T LTI — =
EGE TS | l
.t — J, NTAL2
HETRUSTEN VEU CTRL —
DECER s 4 inws L
l I '
DOMTROL ——r IHTERHAL
- CALERATED:
LIKEE: UHT CECLLATOR
'
AVR CPU pramE e e im0
il I o
COUF
NEARCE [T Y
i:‘ - :>
) ]
PORTH MGITAL INTERRACE PORTCCAGITAL HTERFAZE
PORTE.DAVERSEUFFERS PORTD: DR VERSGLRFEFS
* 3 r T Y r r T 1% r T
PRD - PG FLO- FO7
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ATS0S58535 Compatibility

ATo058535 Compatibility
Hode

The AVR core combines a rich instruction sat with 32 peneral purpose waorking ragistars.,
All 32 registers ara diractly connacted to the Arthmetic Logic Unit (ALUY, allowing two
independant registars to be accessed in one singla instruction axecuted in one clock
cycle. The resuliing architecturs is mora code efficient while achieving throughputs up to
ten imes faster than corventional CISC microcontrollers.,

The ATmegassas provides the following featuras: 8K bytas of In-Systam Programmabla
Flash with Read-While-Writa capabilities, 512 bytes EEPROM, 512 byles SRANM, 32
ganaral purpose 'O lines, 32 ganaral purpose working registars, three flaxible
TimerCountars with compara modes, intemal and extamal intemupts, a sarial program-
mable USART, a byte oriented Two-wire Sarial Interfaca, an 8-channal, 10-bit ADC with
optional differantial input stage with programmable gain in TQFP package, a program-
mabla Watchdog Timar with Internal Oscillator, an 5P| serial port, and six softwara
salactable powar saving modes. The ldle mode stops the CPU while allowing the
SRaM, TimarCounters, SPI port, and interrupt system to continua functioning. The
Power-down mode saves the ragister contents but freazes the Oscillator, disabling all
other chip functions until the next intarrupt or Hardwara Reset. In Power-zave mods, the
asynehronous timar continuas to un, allowing tha user to maintain a imer base whils
tha rest of the devica is sleaping. The ADC Moisa Raduction mode stops tha CPU and
all Vo modules excapt asynchronous imer and ADC, to minimize switching noise during
ADC conversions. In Standby meode, the crystal’resonator Oscillator is running while the
rest of the davice is sleaping. This allows very fast start-up combinad with low-power
consumption. In Extended Standby moda, both the main Oscillator and the asynchro-
nous timar continue to run,

The devica is manufactured using Atmal's high density nomvolatile memaory tachnalogy.
The On-chip ISP Flash allows the program memory to be raprogrammed In-System
through an SPI sarial intarfaca, By a corventional nonvolatila mamory programmar, or
by an On-chip Boot program running on the AVR core. The boot program can usa any
intarfaca to download the application program in the Application Flash mamary. Soft-
wara in tha Boot Flash saction will cortinua to run while the Application Flash section is
updated, providing trus Read-Whils-Write operation. By combining an &-bit RISC CPLU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmagagsas
is a powarful microcontroller that provides a highly flexible and cost effectiva solufion to
mary ambadded control applications.

The ATmegassas AVR is supported with a full suite of program and system devalap-
mant tools including: C compilars, macro assemblers, program debuggersimulators, In-
Circuit Emulators, and evaluation kits.

The ATmegassss provides all the features of the AT90S8535. In addition, sevaral new
features are added. The ATmegass3s is backward compatible with ATA0S85351n most
cases. However, some incompatibilities batwean the two microcontrallers axist. To
solve this problem, an ATa058535 compafibility moda can ba selacted by pragramming
tha 585350 fusa. ATmegaBs35 is pin compatible with AT2052535, and can replaca the
AT9058535 oncurrent Printed Circuit Boands. However, tha location of fuse bits and the
alectrical charactaristics differs betwaen the two devicas.,

Programming tha 53535C fugsa will changs the following functionality:

= The fimed saquenca for changing the Watchdog Time-out period is disabled. See
“Timed Sequancas for Changing the Configuration of the Waltchdeg Timer” on page
43 for details.

»  The double buffering of the USART Recaive Register is disablad, See "aVR USART
ve. AVR UART - Compatibility” on paga 142 for details.
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Pin Descriptions
Ve Dinital supply valtaga.
GND Ground,

Port A (PAT7..PAD) Port & serves as the analog inputs to the A'D Converter.

Port A also serves as an 8-bit bi-directional 1O port, if the A/D Convertar is not usad.
Port pins can provida intemal pull-up rasistors (selectad for each bit). Tha Port A output
buffers have symmetrical drive charactaristics with bath high sink and source capability.
When pins PAD to PAT are usad as inputs and are externally pullad low, they will source
current if the intemal pull-up resistors are activated. The Part A pins are tri-stated when
a reset condition bacomas activa, even if the clock is nat running.

PortE (PET..PBO) Port B is an 8-bit bi-directional 'O port with intemal pull-up resistors (sslactad for aach
biti. The Port B output buffers have symmetrical driva characteristics with bath high sink
and sourca capability. As inputs, Port B pins that are axtarnally pullad low will source
current if the pull-up resistors are activated. The Port B ping ara tri-stated when a rasat
condition becomes active, avan if tha clock is not running.

Port B also sarves the functions of various special features of the ATmenaB535 as listad
on page 58,

Port C (PC7..PCO) Port C is an &-bit bi-directional 110 port with internal pull-up resistors (selactad for aach
biti. Tha Port C output buffers hava symmatrical drive characteristics with both high sink
and sourca capability. As inputs, Port C pins that are extarnally pullad low will source
current if the pull-up resistors are activated. The Port C pins are tri-statad when a resat
condition becomes active, even if the clock is not unning.

PortD (PD7..PDO) Port O is an a-bit bi-directional [0 port with intarnal pullup resistors (selactad far aach
biti. The Port D output buffars have symmetrical drive charactaristics with bath high sink
and sourca capability. As inputs, Port D pins that are extarnally pullad low will source
current if the pull-up resistors ara activated. The Port D ping ara tri-stated when a resat
condition becomes active, avan if tha clock is not unning.

Paort D also serves the functions of various special features of tha ATmegaB535 as listad
on page 62,

RESET Rezet input. A low level on this pin for kbnger than the minimum pulse length will gener-
ate a resat aven if tha clock is not unning. The minimum pulsa length is given in Table
150n page 35. Shortar pulses are not quarantead to ganerata a raset.

XTAL1 Input to the imverting Cscillator amplifier andinput to the intemal clock operating circuit

XTAL2 Output from the invaring Oscillator amplifiar.

AVCC AVCE is tha supply voltage pin for Port & and the A/D Converter. It should be extemally
connectad to Voo, even if the ADC is not usad. If the ADC is usad, it should be con-
nectad 1o Ve through a low-pass filter.

AREF AREF is the analog reference pin for the &/0 Convartar,
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About Code
Examples

AVR CPU Core

Introduction

Architectural Overview

This documantation contains simple code axamples that briefly show how to use various
parts of the device. These code axamplas assuma that the part spacific header fila is
included before compilation. Be aware that not all C compiler vendors include bit defini-
tions in the header files and intarrupt handling in C is compiler dependant. Pleasa
confirm with the C Compiler documentation for maore details.

This section discusses the AVR core architecturs in general. The main function of the
GPU core is o ensure comact program exacufion. The GPU must therefora be able to
access mamories, parform calculations, control peripherals, and handle intarupts.

Figure 3. Block Diagram of the AVR MCLI Architacture

&-bit Ciata Bus

< ¢

Program )‘_ Staius )‘_.
Flash g |
Progran Counter and Controd
Memary (ot
Inrmupt
1 B8 i Lrii
Instruction F'I'lfneral nl
Pegister Urpase
W Registrers Erﬁlilt
L
Instruction Watchdo
Cecader o £ "I'i'rﬁg
m =
E EE
l ﬁ 1 ALU Anakg
Conirol Lines E 3 ¥ Comparator
5l B
-
al = |0 Moduiet

L
Cala e 0N
SAAM 1O Module 2
- |0 hodule n

EERROM )(—I

[0 Lines

I orcler to maximize parformanca and parallalism, the AVR usas a Harvard architacture
- with saparate memaries and busas for program and data. Instructions in the program
mamory are exacuted with a singla lavel pipslining. Whila ona instruction is baing axa-
cuted, the next instruction is pre-fetched from the program memoary. This concept
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anables instructions to be executed in every clock cycla, The program memary is In-
System Ra-Programmabla Flash mamary.

The fast-accass Registar File contains 32 x 8-bit general purposa waorking registars with
a single clock cycle accass ime. This allows single-cycla Arithmatic Logic Unit (ALLY)
operation. In a typical ALL operation, two oparands are output from the Register File,
the oparation is exacutad, and the rasult is stored back in the Ragistar File - in one
clock cycla,

Six of the 32 ragistars can be used as three 16-bitindinect addrass register pointers for
Data Space addressing - enabling afficient address calculations. Ona of tha these
ardrass pointars can ako be used as an address pointar for look up tables in Flash pro-
gram mamory. Thasa added function registars are the 16-bit X-, Y-, and Z-ragistars,
describad latar in this section.

The ALL supports arithmetic and logic oparations between ragistars or betwaen a con-
stant and a ragister. Singla register operations can also ba executed in the ALY, Aftar
an arithmetic operation, the Status Register is updated to reflact information about the
resullt of the oparation.

Program flow is provided by conditional and unconditional jump and call instructions,
able to directly address the whole address space. Most AVR instructions have a single
16-bit word format. Evary program mamary address containg a 16- ar 32-bit instruction.

Program Flash memary spaca is divided in two sactions, the Boot Program saction and
the Application Program section. Both sactions have dedicated Lock bits for wiite and
read’write protaction. The SPM instruction that writss into the Application Flash memary
gaction must raside in tha Boot Program section,

During interrupts and subrouting calls, the ratum address Program Countar (PC) is
storad on tha Stack. The Stack is affectively allocatad in tha general data SRAM, and
consaquently the Stack size is only limited by the fotal SRaM size and the usage of the
SRAM. All user programs must inifialize the SP in the resat routing (before subroutines
or inferrupts are exacutad). Tha Stack Paintar SP is readwrite accessible in tha /0
space. The data SRAM can aasily be accessed through tha five differant addressing
modes suppartad in the AVR architactura,

The mamary spacas in tha AYR architectura ara all linsar and ragular memary maps.

A flexibla intarrupt module has its control registars in tha 110 space with an additional
(Global Inferrupt Enabla bit in the Status Registar, &Nl infemupts hava a separate Infarupt
Vactor in tha Intarmupt Vector table. The interrupts have priority in accordanca with their
Intarrupt Vector position. The lower the Intarrupt Vector address, the higher the pricrity.

The 110 memary spaca containg &4 addresses for CPU paripheral functions as Canfrol
Ragistars, P, and other 170 functions. Tha 110 Mamary can ba accessad directly, or as
the Data Space locations following those of tha Ragistar File, 0x20 - 0x5F.

ALU - Arithmetic Logic  Tha high-parfarmance AVR ALU oparates in direct connaction with all the 22 ganaral

Unit purpose working registers. Within a single clock cycle, arithmatic operations batwaen
genaral purpose registers or betwaen a register and an immadiate are axacuted. The
AL operations are divided into three main categories - anithmetic, logical, and bit-unc-
tions. Soma implamentations of the architectura also provide a powarful multipliar
supporting both signad/unsignad multiplication and fractional format. Sea the “Instrue-
fion Sat” saction for a detailed description.
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Asynchronous Timer Clock -  The Asynchronous Timer clock allows the Asynchronous TimerCountar to ha clockad
clkggy diractly from an extemal 32 kHz clock crystal. The dedicatad clock domain allows using
this Timar/Countar as a real-ma countar even when the device is in sleep mode.,

ADC Clock - clkype The ADC is provided with a dedicated clock domain. This allows halting the CPU and
10 clocks in order fo reduce noise generated by digital circuitry. This gives more accu-
rata ADC conversion raslts,

Clock Sources Tha davice has the following clock source options, selectable by Flash Fuse bits as
shown below. The clock from the selacted source is input to the AVR clock generator,
and routed to the appropriate modules,

Table 2. Device Clocking Options Salact!!!

Device Clocking Opticn CKSEL3.O
Extzrnal Crystal/Caramiz Resonator 1144 - 1040
Extzrnal Low-frequency Crystal 1004
Extzrnal RC Ciecilator 1000 - 0404
Calibrated Intarmal RC Ciezillator 0100 - 0004
External Clack oon

Mate: 1. Forall fuses 4" means unprogrmmed whils 0" means programmed.

The various choices for aach clocking option is given in the fallowing sections. When the
CPU wakes up from Powear-down or Powar-save, the selected clock sourca is usad to
tima the start-up, ensuring stabla Oscillator oparation befora instruction exscution starts.
When the CPL starts from Reset, thera is as an additional delay allowing the power to
raach a stable leval befara commencing nomal operation. Tha Watchdog Oscillator is
used far iming this real-time part of the start-up time. The number of WOT Cscillator
cycles used for each time-out is shown in Table 3. Tha frequancy of tha Watchdog Oscil-
lator is voltage dapendent as shown in "ATmegaas35 Typical Charactaristics -
Praliminary Data" on page 263,

Table 3. Number of Watchdog Oscillator Cyclas

Typ Time-out (V.. = 5.0V) Typ Time-out (V. = 3.0V) Mumbsr of Cycles
44 ms 4.3ms 4K (4,006
65 ma 60 ma B4k (55 536

Default Clock Source The devica is shipped with CKSEL = ‘0001" and SUT = "10". The default clock source
satting is tharsfore the Intermal RC Oscillator with longest startup ime. This default set-
ting ansures that all usars can maka their dasirad clock source setting using an In-
Systam or Parallel Programmar,

Crystal Oscillator ¥TAL1 and XTAL2 ara input and output, respactively, of an inverting amplifiar which can
bie configured for use as an On-chip Oscillator, as shown in Figure 12, Either a quartz
crystal or a caramic resonator may be usad. The CKOPT Fuse selacts batwaan two dif-
farant oscillator amplifier modas. When CKOPT is programmed, the Oscillator output
will oscillate will a full rail-to-rail swing on the output. This mode is suitable when operat-
ing in avary noisy emnvironmant ar whan the output fram XTALZ drives a second clock
buffar, This moda has a wide frequency range. Whan CKOPT is unprogrammed,, the
Oscillator has a smallar output swing. This reduces power consumption considarably.
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This modae has a limited fraquancy range and it can not be usad to drive other clock
buffars.

For resonators, the maximum fraquancy is 8 MHz with CKOPT unprogrammed and
16 MHz with CKOPT programmed. C1 and C2 should always be equal for both crystals
and resonators. The optimal value of tha capacitors depands on the crystal or resonator
in uge, the amount of stray capacitanca, and the electromagnetic naisa of the enviran-
ment. Soma initial quidelines for choosing capacitors for use with crystals ara given in
Tabla 4. For ceramic resonataors, the capacitor values givan by the manufacturar should
be used.

Figura 12. Crystal Oscillator Connactions

cz
i I XTalz
d
G ] XTAL1
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Tha Oscillator can oparata in three diffarent modes, sach optimizad far a spacific fra-
quancy ranga. Tha oparating moda is selectad by the fuses CKSEL3..1 as shown in
Table 4.

Tabls 4. Crystal Oscillator Operating Maodas

Fraquency Range!'! | Recommended Range for Capaitars
CKOPT | CKSEL3.A {MHz) C1 and C2 for Use with Crystals (pF)
i 047 04-08 -
1 110 0.8-30 12- 22
1 111 3.0-80 12- 22
g 10, 110, 111 1.0-16.0 12-22

Notes: 1. The frequency mnges are prelimirary values.
2. This cption shoukd not be used with crystals, only with ceramic rasonators,
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Analog-to-Digital
Converter

Features

* {(-hit Aesolution

* (1.5 L5B Integral Haon-linearity

* 2 | 5B Absolute Accuracy

® 5 - 260 p= Conversion Tima

* Upto 15 kSPS at Maximum Resolution

* & Nultiplexed Single Endad Input Channels

* 7 Differential Input Channals

* 2 Differential Input Channels with Optional Gain of 10x and 200"

* (ptional Left Adjustment for A0C Result Readout

* (- Vg ADT Input Voltage Range

* Balectable 2. 56Y ADC Referance Yoltage

* Free Running or Single Conversion Mede

* ADC Start Corwversion by Auto Triggering on Interrupt Sources

® |nterrupt on ADC Comversion Complete

* Sleep Made Moize Canceler

Note: 1. The differential input charrnel are not tested for devices in POIP and PLEC Package.
This feature is orly guarmntzed to work for devices in TOFP and MLF Packages.

The ATmapadsds faatures a 10-bit succassive approximation ADC. The ADC is con-
nected to an 8-channel Analog Multiplexer which allows eight single-andad voltage
inputs constructad from the pins of Part A. Tha single-ended valtaga inputs rafar to o
(GHD).

The device also supports 16 diffarential voltage input combinations. Two of the diffaran-
il inputs (ADC1, ADCO and ADC3, ADCZ) are aquipped with a programmable gain
slage, providing amplification staps of 0 dB (1x), 20 dB (10x), or 46 dB (200x) on the dif-
farantial input voltage befora the A/D conversion. Seven diffarantial analoginput
channels shara a comman negative terminal (ADC1), whila any other ADC input can be
salactad as the positive input terminal, If 1x or 10x gain is used, 8-bit resolution can be
axpactad. If 200 gain is usad, 7-bit resclution can be axpactad.

The ADC contains a Sample and Hald circuit which ensures that the input valtaga to the
ADC is hald at a constant leval during convarsion. & block diagram of tha A0C is shown
in Figura @8,

The ADC has a saparate analog supply voltage pin, AYCC. AVCC must not differ more
than +0.3V from V. Sea tha paragraph "A0C Noise Canceler” on page 211 on how o
connact this pin.

Intarnal referance voltages of nominally 2 56V or AVCC ara provided On-chip. The valt-
age refarenca may ba extemally decoupled at the AREF pin by a capacitor for battar
noisa parformanca.
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Operation
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The ADC converts an analag input voltage to a 10-bit digital valus through successive
approximation. Tha minimum valua represents GHD and the maximum value rapresants
the voltage on the AREF pin minus 1 LSB. Optionally, AVCC or an intemal 2,58 refar-
ance voltage may be connected to the AREF pin by writing to the REFSn bits in the
ADMUX Registar. The intemal voltage refarance may thus be decoupled by an axtamal
capacitor at the AREF pin toimprove noisa immunity.

The analog input channal and diffarential gain are selectad by writing to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GND and a fixed bandgap voltage refar-
anca, can be selactad as single ended inputs to the ADC. A salection of ADC input pins
can be selectad as positive and negative inputs to the differential gain amplifier.

If diffarantial channels ara selectad, the differantial gain stage amplifiss the voltage dif-
farence batween the selactad input channal pair by the selected gain factor. This
amplified valua then becomes the analoginput to the ADC. If single ended channals are
used, the gain amplifier is bypassad altogethar.
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Differantial Gain Channels

Changing Channel or
Reference Selection

Tahle 82, ADC Conversion Tima

Sample & Hold {Cycles Conversion Tima
Conditian from Start of Comversion) (Cyclas)
First comeersion 14.5 25
Mormal corwerzsions, singls ended 15 13
Auta Triggered canversions 2 135
Narmal comversions, dilferential 152,51 134411

Mate: 1. Depending an the state of CHypes.

When using differantial gain channals, cartain aspacts of the conversion nead to be
taken into consideration,

Diffarartial corvarsions ara synchronized to the internal clock CKypes equal to half the
ADC clock. This synchronization is done automatically by the ADC interface in such a
way that the sample-and-hold occurs at a specific phasa of CKypez. A comarsion initi-
atad by the user {i.2., all singla convarsions, and the first free running convarsion) whan
CKapos is low will take the =ame amount of ime as a single endad corversion (12 ADC
clock cyclas from the next prescalad clock cycle). & convarsion initiated by the user
whan CKape; is high will take 14 ADC clock cyclas dua to tha synchronization macha-
nism. In frae running mode, a new convarsion is initiated immadiataly after the previous
corversion completes, and sinca CKapes is high at this tima, all automatizally startad
{i.a., all but the first) free running conversions will take 14 ADC clock cycles,

The gain stage is optimized for a bandwidth of 4 kHz at all gain ssttings. Higher fraquen-
cias may be subjectsd to nan-inear amplification. An extamal low-pass filker should be
used if the input signal contains higher frequency componants than the gain stage band-
width. Mote that the ADC clock frequancy is indapendent of the gain stage bandwidth
limitation. For example, the ADC clock period may ba & ps, allowing a channal to be
sampled at 12 kSPS, regandless of the bandwidth of this channal.

If differantial gain channels are used and conversions are started by Auto Triggaring, the
ADC must ba switched off betwaen convarsions. When Auto Triggaring is used, the
ADC prescaler is reset before the conversion is startad. Sinca the gain stage is depen-
dent of a stable ADC clock priorto the conversion, this convarsion will nat be valid. By
dizabling and thean re-enabling the ADC batwesn sach convarsion (writing ADEMN in
ADCSRA to "0” then to "1™, only extendad corvarsions are parformad. The result from
the extended corversions will be valid. See "Prascaling and Conversion Timing™ on
page 206 for iming details.

The MLXn and REFS1:0 bits in the ADMUX Register are single buthered through a tem-
porary register to which the CPU has random access. This ensuras that the channals
and refarance selaction only takes place at a safe point during the conversion. The
channal and refarance salection is continuously updated urtil a corversion is startad,
Once the conversion starts, the channel and reference selection is locked to ansure a
sufficient sampling time for the ADC. Continuous updating resumas in the last ADC
clock cycle bafors the conversion complates (ADIF in ADCSRA is sef). Mote that the
convarsion starts on the following rising A0C clock adge after ADSC is writtan. Tha usar
is thus advised not to write new channel or reference sslection valuas to ADMUY unil
ona ADC clock cycla after ADSC is writhan,

It Auto Triggering is used, the exact time of tha friggering event can be indetarminable.
Special cara must be taken when updating the ADMUX Ragistar, in order to control
which corversion will ba affacted by tha naw setiings.
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Register Summary
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Do | ez TWOR TwoWira Sanal Infoacd 021 Aoy sir 180
o |2 TR TWAE TWAS W Twad TWaz THA TVl TWGCE 120
o |y TWaR TWET TWEE THES = TWES = TWPRS1 TWFRED 180
Bidress Mame BILT BIl& 1] Ell 4 Elt 2 Elt 2 [=N] Elt O Page
Do) | 2T THER Two-wi 1o Borial Inieriaca EX Aalo Raglsior 17E

Motes: 1. Referto the USART description for details on how to access UBRAH and UCSRC.
2. For compatibility with future devices, reserved bits shoud be written to zem if accessed. Resarved 10 memorny addresses
should never be writhen.
3. Some of the status flags are deared by wiiting a logical ore to them, Mote that the CB1and SBI instructions will operate on
all kits in the 1O Registern, wriling a one back into any flag read as =st, thus clearing the flag. The CEI and SEI instructions
work with registers Dm0 to DxlF only.
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Instruction Set Summar

Mnemanics | Operands Dascription Operation Flags #Clocks
ARITHMETIC AND LOGIC NS TRUCTIGH:
AD0 Fid, Rr fuld we Register Rd « Fd 4+ Rr ICHMH 1
AL Fd, Rr Ald wilh Carry bwo Registers Ad i Fd 4 Fr + ZONVH 1
ADIW RdK Juddd Immechiate ba W Rdb:Rdl & Fdh:Rdl 4 K ICHNS 2
2R Fid, Rr Bubtrac! twa Registers Ad o Rd- R IGHWH 1
2Bl Rd K Zubtract Constan! from Fegister Ad - Fd- K ZCHVH 1
R0 Fd, Rr Bubiract with Camy two Registers Ad - Fd- Fr -0 ZONVH 1
| SBCI i K Sublract with Camy Corstant Iram Heg. Ad i Fd-K-C ICHVH 1
20 Ad K Eubtract Imrmsdiale fram Woed Fek:Adl i Bdh:Rdl - K IGHNS F
B Rd, Rr Leggical AHD Aeggsters A Ad & Ar NV 1
ANDI Rd K Logical 8HD Register and Conslank Rd - Rds K ENV 1
Or Rd, Rr Lesgical OH Registers Rd i Rl Ar NV 1
ORI Fd K Logical OR Register and Coretanl Rd - Rd v K ENV 1
EOR Fid, Rr Exchezive O Ragisters Rd i R &1 Rr INV 1
Lo Rd One's Complament RAd i ek F- Rd ICHN 1
| NEG fid Twe's Complamsnt fd i (w00 - B ICHWH 1
EL RdK Set Bilis] in Regiser Ad « v K NV 1
CEH RdK Clear Biljs) in Regisker Rd i Rl s [0xFF - K INV 1
TG Rd Iricrament Rd i Rl 41 INV 1
DEC Rd Decrement Rd - Fd - 1 INV 1
15T Rd Tesst fee Zera or Minus Rd i R Rd INV 1
CLH Rd Clear Register Rd « Hd @ Rd INV 1
2R Rd et Register R i DeFF Hera 1
LI Fid Rr Jdtiply Unsignesd A1:RD « Rd xR IC 2
| LIS Fid Rr Iikdtiphy Sioried F1H0 - Rd abr IG 2
WLILEL Fid, Rr Tikdtipty Sipried with Unsired 1:R0 o Rd R 0 2
FMUL Rd, Rr Fractional Khdtiply Unsigned AR o (R & Ar) << 1 Ic 2
FHULS Rd, Rr Fracticnal Kultiply Sigresd PP o (R & P <= 1 0 2
FLULSU fd, Rr Fracional fhiiply Sirved wilh Linsiged AR ¢ (Rdx Ar| << 1 It 7
BRANCH INETRUCTIONS
RMP k Reltive Jurp PO PO ks Here 2
| LIMP Irediracl ump bo (7] pCe 2 Hervs 2
RCALL k Pelafive Subrcutine Call PO P04 ks Hers 3
TCalL Todrect Gall (7] oo T 3
RET Bubroutine Relurn PC o STACK Hore L]
RETI Intemupl Retum PC o STACK | 1
CPSE Fd Rr Compare, 2kip { Equal fiRd=FRr)PCs PO+ 2ard Hene 11213
CP Rel Ar Campars Rd - Ar LNVEH 1
CRC Rd Rr Compara with Camy Rd-Rr-C LNVCH 1
CF AdK Campars Revister with Immeciate fd - K LHACH 1
| 2HRC Arb Zhip i it in Ragisler Claared i (Rrjb=0) FC o FC 4 2 3 Her 1/211
ZORS fir. b Zkip i Eit in Ragister is 51 f (Rrjbi|=1) FC o FC 4 2 3 Hervs 11211
EE P b Zkip ¥ Gitin 10 Registar Clazred FPi)=0) PG+ PG4 2ard Herws 11213
LR [ 2kip i Bitin 10 Registaris Set T (Plj=1) PG« PG+ 2ord HNere 11211
BRBS 5k Branch { Status Flg Se1 F{BREGIs) = 1) than PCePCak 41 Hore 112
BREC 5k Branch if Stalus Flag Clearsd T (SHEGs] = 0 then PG POk 4+ 1 Hene 112
BREQ k Pranch i Equal FiZ=1jthen PG o POk a1 Hera 112
| BRHE k Branch i Hot Equal fif =0l then PC o PG4k 41 Hore 1/2
| BRCS k Branch il Carry Set ¥ G = 1then PC o PC k4 1 o 112
| BRCC k Branch il Garry Cleared i = 0 then PC o PO+ ks Hore 1/2
BRSH k Branch § Same or Higher TG =0 then PC o PO+ ks Hore 1/2
BRI k Branch il Loawsr FiG = 1)then PC o PO o ket Herv 112
BRMI k Branch § Minus il =1 then PC o PO+ ks 1 Hore 1/2
BRPL k Branch i Pls Tl = O then PC o PO+ ko Herv 112
BRGE k Branch f Greater or Equal, Sigred ¥ (N & Ve ) than FC o FC 4 ko Hore 1/2
| BRLT k Pranch § Less Than Zem, Siored BN Ve tithan PG P4 kv i Herv 1/2
BRHS k Branch  Hall Camy Flag Set FiH=11then PC o PC 4 k4 Nere 12
R k Branch il Hall Cary Flag Cleared FiH= 0 then PG« PC ok | Herm 12
BRTS k Branch § T Flag Sat P (T =1)then PG o PO+ k + 1 Here 112
BRTC k Branch T Flag Cleared F(T = 0 then PG o PGk 41 Here 12
BRVS k Branch il Cverflcw Hag is Sa1 iV =1)than FC o PC+k+ 1 Here 112
BRVEC k Branch § Cverllow Flayg is Clzared i [\ =) than FC o PG+ k4 1 Hore 1/2
ﬂ k Branch il InIemEIEnablrd ifl= 1'|IE FCi FCakad Hore 1/2
il[l k Branch i InlcmEI[Ii':.abhd ¥ = Oithen PC o POk + 1 Nere 12
DATA TRANSFER IMSTRUCTIONS
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—
Knemonics | Operands Description Oparation Flags #Clocks
RO Ad, Rr Ikrie Betwesn Regislers Ad « Rr Here i
IO Ad, Ar Capy Hegister Ward R 1:Fd o Fr+1:Ar Nere i
Lol Fid, K Loerd Immesdiatk Ad « K Her 1
L0 Ad. ¥ Loerd Incirsct Ad . X] Here 2
Lo Ad, . Leerd Inchrect and Pos-Inc. R 0 X X1 Hena F]
LD R, - X Lcerd Increct and Fre-Deac. Lo K1, Bd o (X) Here 2
L0 Fd, ¥ Loerd Incirect Ad + (Y] Here 2
Lo Fd, Loerd Incirect and Posl-nc. Ad - V], V¥ o 1 Hema H
LD R, - ¥ Lcerd Increct and Fre-Deac. ¥ -1, Bd o (Y} Here 2
Lon i Y.q Lo Indirsct with Displazement Hd o (¥4 q) Hore 2
Lo hd, 2 Loerd Incirect Ad s [#) Hema H
L0 Fid 74 Loerd Inclrect and Post-nc, Ade @1 7 T4 Here 2
Lo Fd -2 Lo Incirsct sind Pra-Disz. LiZ-1.Rdeid) Heri 2
Lon Fd, £4q Loerd Indirect with Displacement Hd« (Z+g) Hore 2
DS Fid, k Loerd Direct from SHaM Ad « (k) Here 2
ar X kr Sore |ridract W Fr Neres 2
ar ¥, Fr Shors Iredirsct and Post-Inc. - Fr, Ko X1 Heres 2
ar - X, Rr Hore Indiracl and Pra-Dex, Ko -1, 0« Rr Here 2
ar W, hr Sore Irddrsct 4 Rr Neres 2
2T 1, Ar Shoes Iredirsct and Poet-Inc. [LEENCT R Heres 2
2T - ¥, Rr Elore Ircdrscl and Pra-Dex. W -1, ] Rr Hers 2
10 ‘{4, Rr Store Indirad with Cisplaczment ['f +q) s hr Hore 2
ar Z R Sore Indiract i)« Rr Here 2
ar £+, Rr Sore Incdracl and Post-Inc. [ Rr, fiFal Neres 2
ar -2, Fr Shore Ircdirsct and Pra-Dex, o Z-1,08) « Rr Heres 2
210 Zig Hr Slors Indirect with Cisplacsment {404 Fr Hore: 2
T8 k, Ar Sore Cirsct o 2RaM fkio Rr Neres 2
ﬁ | evd F‘no-cErn Memiany A« [} Heres q
ﬁ Rd, Z Lerd F'no-cErn WMeman Ad .« (&) Here 3
L Fd, £+ Loerd Program Memary and Post-Inc Hd o (£}, £+ 41 Hore ]
2P Sdces Program Memary i)« R1:RD Here
[ Ad P Iri Pt Ad. P Heri 1
QuT F, Fr Cut Forl P Rr Hore 1
PLSH Fr Fush Ragister on Stack STACK « Rr Here 2
FOF Firl Fop Renisiar from Siack A« STACK Hena ]
EIT AND BIT-TEST INSTRUCTEING
] Pk Zet Eil inl'D Ragister ] A Here 2
CEI P b Clear il in |10 Register ID[Fb) -0 Hera 2z
LEL Hd Logical Shill Left Ackn+ 1)« Rdink Rj) < 0 ZONN 1
LSR Fid Leaizal Shill Right Al o Relins 1) RA(7) o 0 ICHV 1
RoL Fd Folale Lell Though Carry R R e Bdi), Co- Rk 7Y ZONY 1
ROR Rd Fatate Right Threugh Carry R 7 -G Rd (e Adins1),Co- Rl ZONW 1
h2R Ad Aithrrestic Shift Hight Reln) o Reliri1), =08 ICHV 1
P Ad Swiap Nitbles 03 e T O A N N 5 N Here 1
| BSET 5 Flag Sl SHEG[=)+ 1 SHEG(s) i
BCLA 5 Flay Clesar SHEGS) +- D SHEG(s) 1
BaT Ar b Bil Slors {rom Register 1o T T« Rrjhb) T 1
pLO Ad,b Bil baad from T 1o Regisher Al o T Here 1
BEC Bet Camy Cal [ 1
CLC Clear Camy Cail C 1
BEN Zet Neative Flag Ha N 1
CLH Clear Negalive Flag Hadl N 1
| BE2 Set Fero Hag L 4 1
CLZ Cleer Zara Flag Zil z 1
2EI Glabal Internpl Enable 141 | 1
CLI Glabal Interrpl Disabls 1o D | 1
3E3 Set Sigred Test Flag Si1 5 1
CLS Clear Signed Tes! Flag S0 5 1
2EV St Twos Complemyent Chelow. Va1 v 1
GLY Clear Twos Complement Crerllow Vil ) i
SET Zet Tin BREG Tai i T 1
B Clear 1 1 SAEG T 0 T 1
EEH Zet Hall Carry Flag in SREG Ha 1 H 1
CLH l:led'l-lgl Carry Hag 'nSH-EG Ha 0 H 1
MCU CONTROL INSTRUCTIONS
MOF | b Cperation [ Here 1
Mnemaonics | Operands Dascription Operation Flags #Clocks
3LEEF Bep [see specilio desor, lor Skeep lundtion) Hire 1
WOR Watchoy Reset [see specilio descr, lor WERTimer) Here i
BREAK Braak For On-chip Debug Criy Hire Ty
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TP377A

Features

The thermopile sensor consists of a series of 116 thermoelements, forming a sensitive
region size of 545 um (diameter). The sensor is hermetically sealed into a TO-5 metal
housing, with an optical filter. This standard filter allows measurements to be made in the
spectral range above 5 pm wavelength. The thermosensor exhibits an almost white noise,
comparable to an ohmic resistance. It has a constant signal versus frequency up to its
frequency limit, and is directly proportional to incident radiation. The thermopile sensors are
featured with an additional temperature reference resistor on the same chip. The standard
version of temperature reference resistor is housing connected to ground.

Applications

* Ear thermometers; clinic thermometers
* Infrared thermometers

Consumer applications: hair dryer, micro-wave oven, air conditioner, refrigerator
Continuous temperature control of manufacturing

Security system

Radiation monitor switch system

* Absorbing measurement for gas analysis

Thermoelectric converter

Heat flux flowmeter
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Electrical Characteristics

Parameter Condition Min. Typ. Max. Unit
Thermopile
Number of thermojunctions -- 116 -
Chip size | 1740*1740 | - um?
T e Interference Diameter B T

layer 545
Thickness of substrate Shleels 600 625 650 pm
substrate

Resistance of thermopile 25 °C 50 65 80 KOhm
Sensitivity ::{ZT >AAEm g 85 100 | vw
Detecctivity 1.0710%]  1.3*10° |1.7*10% | em*Hz"2w
Time constant 16 -- ms
Noise voltage 28 32 36 n\V/Hz'"?
NEP 0.28 0.36 0.48 nWiHz"?
Temperature range Operation -20 -- 100 °C
Temperature reference resistor -
Resistance (1) 25 29.1 30.0 30.9 KOhm
Resistance (1) 25 97 100 103 KOhm
£ value (1) 0°C/25 3773 3811 3849 K
£ value (2) 0°C/25 3950 3670 3990 K

Measured at 1 Hz chopper frequency, within spectral range 5-14 um, using a

blackbody radiator of 500K temperature.

Note : Thermistor should be operated under 1 mA.

C-16

Universitas Kristen Maranatha




LAMPIRAN C

Thermopile voltage vs. blackbody temperature

an0E-0d

Arabient Teraperature = 250

b DOE-04

JN0E-D4

60004

JN0E4

4 MI0E-04

Dutput Woltage (W)

JMOED4

2MEQ4

1n0E-04

ODED T
A . D I T - T T, T O B | T Y S B B G, -
Targer Tetoperature (C)

Frequency response

Mormalized output voltags

10 1DID
Fragquency (Hz)
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2
4
1
3

thermistor pin

thermistor pin (GND)

Pin assignment & description

thermopile output pin (+)

thermopile output pin (-)

;Vermlstor Thermopile

RE

17

E=me—7

BACKSIDE VIEW SIDE VIEW
Order information : TP337 x
X A Standard filter (5-14 um), window size=2.57 mm (diameter).
B Silicon filter with flat band transmission, window size=2.57 mm (diameter).
E Standard filter (5-14 um), window size=3.80 mm (diameter).
F Silicon filter with flat band transmission, window size=3.80 mm (diameter).
TP337A

=

Window

| IR Filter

Unit: mm

r—

,—— Cap

6

L.~— Header
T 0.43
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Overview The ATmagass3s is a low-power CMOS 8-bit microcontrallar based on the AVH
enhanced RISC architecturs. By exacuting instructions in a single clock cycla, tha
ATmegass3s achisves throughputs approaching 1 MIPS per MHz allowing the systam
designer to optimiza power consumplion versus processing spead.

Block Diagram Figure 2. Block Diagram
PR - AT PED- 7
Iy W ¥ . & 4
| EEEE ER
F PO R ERSELFRRS PORTE DR VRSO FEFS
GHD POF CHE AL INTERFACE PORTGOAGITAL HTERFACE
/ ! ] :>
-  — =
WUXE A0S
pre T e B T
|
ARG
e " — I TR N ——
" STHa TLNTERS ||
[ commm [F]| rowmm [
T I
! i
PROGRAN . INTRRHAL
M L -j e OSCLLATOR
! KTALY
] } IO
HETRUSTEN —— WATCHDOG
npasten | Y moeross s DAL =
EGE TS | l
,t — J, KTAL2
HETRUSTEN VU CTRL —
CECOCER s i Lo
l I
CONTROL —r IHTERMAL
- CALERATED
LIKEE UHT LR
*
AVR CPL e
-F“Lﬁ*a'-g'“r_. T R
CoUE
HEARACE [T Y
{.1 - :>
) ]
PORTH D GITAL INTERFACE PIRTD DG ITAL HTERFACE
PORTA.DAVERSEUFFERS PORTD: DR VRSO FEFS
L A r T Y r r T Y r T
PEL - FET FOO- P
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ATO058535 Compatibility

ATo058535 Compatibility
Hode

The AVR core combines a rich instruction set with 32 ganaral purpose working registars.
All 32 registers ara diractly connacted to the Arithmetic Logic Unit (ALUY, allowing twa
indapandent registars to ba accessad in one single instuction axacutad in one clock
cycla. The resuling architecturs is mora code efficient while achieving throughputs up to
ten times faster than corventional CISC microcontrollers.,

The ATmegagsas provides the following featuras: 8K bytes of In-System Programmabla
Flash with Read-While-Write capabilities, 512 bytas EEPROM, 512 bytas SRAM, 32
ganaeral purpose /0 lines, 32 ganaral purpose working ragistars, three flaxible
TimanCourtars with compara modas, intermal and axtemal intermupts, a sarial program-
mable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit ADC with
optional differantial input stage with programmabla gain in TQFP package, a program-
mable Watchdog Timer with Internal Oscillator, an SPI sarial port, and six software
salectable power saving modes. The ldle mode stops the CPU whila allowing the
SRaM, TimerCountars, 3Pl port, and interrupt system to continua functioning. The
Power-down mode saves the registar contants but freezes the Oscillator, disabling all
athar chip functions until the next interrupt or Hardware Resat. In Power-save moda, the
asynchronous timar continuas to run, allowing the user to maintain a imer base whila
the rest of the davica is sleaping. The ADC Moise Reduction mode stops the CPU and
all '3 modules except asynchronous imer and ADC, to minimize switching noise during
ADC convarsions. In Standby mode, the crystalresonator Oscillator is running whila the
rest of the davice is sleaping. This allows very fast start-up combined with low-powear
consumption. In Extended Standby moda, both the main Oscillatar and the asynchro-
nous timer continue to run,

The davice is manufactured using Atmal's high dansity nomvolatile memaory tachnolagy.
The On-chip ISP Flash allows tha program mamory to be reprogrammed [n-Systam
through an SPI sarial intarface, by a corventional nonvolatile mamory programmar, or
by an On-chip Boot program running on the AVR cora. The boat program can uss any
intarfaca to download tha application program in the Application Flazsh mamory. Soft-
wara in the Boot Flash saction will continua to run while the Application Flash section is
updatad, providing trus Read-Whils-Write oparation. By combining an 8-bit RISC CPU
with In-System Salf-Programmable Flash on a monalithic chip, the Atmal ATmagags35
is a powerful microcontroller that provides a highly flaxible and cost effective solution to
mary embedded control applications.

The ATmegassas AVR is supported with a full suita of program and system devalop-
ment tools including: © compilers, macro assemblars, program dabuggar'simulators, In-
Circuit Emulators, and evaluation kits,

The ATmegass3s provides all the featuras of the ATO0S8535. In addition, sevaral naw
features are added. The ATmegassas is backward compatible with AT3058535 in most
cases. However, soma incompafibilities betwean the two microcontrollers axist. To
s0lvie this problam, an AT9038535 compatibility mode can be selected by programming
the 585250 fusa, ATmegals3s is pin compatible with AT2052535, and can replaca the
ATo052535 on current Printed Circuit Boards. However, tha location of fuse bits and the
alectrical charactanstics differs betwaen the two devices.,

Programming the 585350 fuse will change the following functionality:

»  Thatimed saquanca for changing the Watchdog Time-out period is disabled. See
“Timead Sequences for Changing the Configuration of the Watchdog Timer” on page
43 for details,

»  The double buffering of the USART Recaive Register is disablad. See "AVH USART
vs. AVR UART - Compatibility” on page 142 for datails,
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Pin Descriptions
Ve Dinital supply valtaga.
GND Ground,

Port A (PAT7..PAD) Port & serves as the analog inputs to the A'D Converter.

Port A also serves as an 8-bit bi-directional 1O port, if the A/D Convertar is not usad.
Port pins can provida intemal pull-up rasistors (selectad for each bit). Tha Port A output
buffers have symmetrical drive charactaristics with bath high sink and source capability.
When pins PAD to PAT are usad as inputs and are externally pullad low, they will source
current if the intemal pull-up resistors are activated. The Part A pins are tri-stated when
a reset condition bacomas activa, even if the clock is nat running.

PortE (PET..PBO) Port B is an 8-bit bi-directional 'O port with intemal pull-up resistors (sslactad for aach
biti. The Port B output buffers have symmetrical driva characteristics with bath high sink
and sourca capability. As inputs, Port B pins that are axtarnally pullad low will source
current if the pull-up resistors are activated. The Port B ping ara tri-stated when a rasat
condition becomes active, avan if tha clock is not running.

Port B also sarves the functions of various special features of the ATmenaB535 as listad
on page 58,

Port C (PC7..PCO) Port C is an &-bit bi-directional 110 port with internal pull-up resistors (selactad for aach
biti. Tha Port C output buffers hava symmatrical drive characteristics with both high sink
and sourca capability. As inputs, Port C pins that are extarnally pullad low will source
current if the pull-up resistors are activated. The Port C pins are tri-statad when a resat
condition becomes active, even if the clock is not unning.

PortD (PD7..PDO) Port O is an a-bit bi-directional [0 port with intarnal pullup resistors (selactad far aach
biti. The Port D output buffars have symmetrical drive charactaristics with bath high sink
and sourca capability. As inputs, Port D pins that are extarnally pullad low will source
current if the pull-up resistors ara activated. The Port D ping ara tri-stated when a resat
condition becomes active, avan if tha clock is not unning.

Paort D also serves the functions of various special features of tha ATmegaB535 as listad
on page 62,

RESET Rezet input. A low level on this pin for kbnger than the minimum pulse length will gener-
ate a resat aven if tha clock is not unning. The minimum pulsa length is given in Table
150n page 35. Shortar pulses are not quarantead to ganerata a raset.

XTAL1 Input to the imverting Cscillator amplifier andinput to the intemal clock operating circuit

XTAL2 Output from the invaring Oscillator amplifiar.

AVCC AVCE is tha supply voltage pin for Port & and the A/D Converter. It should be extemally
connectad to Voo, even if the ADC is not usad. If the ADC is usad, it should be con-
nectad 1o Ve through a low-pass filter.

AREF AREF is the analog reference pin for the &/0 Convartar,
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About Code
Examples

AVR CPU Core

Introduction

Architectural Overview

This documantation contains simple code axamples that briefly show how to use various
parts of the device. These code axamplas assuma that the part spacific header fila is
included before compilation. Be aware that not all C compiler vendors include bit defini-
tions in the header files and intarrupt handling in C is compiler dependant. Pleasa
confirm with the C Compiler documentation for maore details.

This section discusses the AVR core architecturs in general. The main function of the
GPU core is o ensure comact program exacufion. The GPU must therefora be able to
access mamories, parform calculations, control peripherals, and handle intarupts.

Figure 3. Block Diagram of the AVR MCLI Architacture

&-bit Ciata Bus

< ¢

Program )‘_ Staius )‘_.
Flash g |
Progran Counter and Controd
Memary (ot
Inrmupt
1 B8 i Lrii
Instruction F'I'lfneral nl
Pegister Urpase
W Registrers Erﬁlilt
L
Instruction Watchdo
Cecader o £ "I'i'rﬁg
m =
E EE
l ﬁ 1 ALU Anakg
Conirol Lines E 3 ¥ Comparator
5l B
-
al = |0 Moduiet

L
Cala e 0N
SAAM 1O Module 2
- |0 hodule n

EERROM )(—I

[0 Lines

I orcler to maximize parformanca and parallalism, the AVR usas a Harvard architacture
- with saparate memaries and busas for program and data. Instructions in the program
mamory are exacuted with a singla lavel pipslining. Whila ona instruction is baing axa-
cuted, the next instruction is pre-fetched from the program memoary. This concept
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anables instructions to be executed in every clock cycla, The program memary is In-
System Ra-Programmabla Flash mamary.

The fast-accass Registar File contains 32 x 8-bit general purposa waorking registars with
a single clock cycle accass ime. This allows single-cycla Arithmatic Logic Unit (ALLY)
operation. In a typical ALL operation, two oparands are output from the Register File,
the oparation is exacutad, and the rasult is stored back in the Ragistar File - in one
clock cycla,

Six of the 32 ragistars can be used as three 16-bitindinect addrass register pointers for
Data Space addressing - enabling afficient address calculations. Ona of tha these
ardrass pointars can ako be used as an address pointar for look up tables in Flash pro-
gram mamory. Thasa added function registars are the 16-bit X-, Y-, and Z-ragistars,
describad latar in this section.

The ALL supports arithmetic and logic oparations between ragistars or betwaen a con-
stant and a ragister. Singla register operations can also ba executed in the ALY, Aftar
an arithmetic operation, the Status Register is updated to reflact information about the
resullt of the oparation.

Program flow is provided by conditional and unconditional jump and call instructions,
able to directly address the whole address space. Most AVR instructions have a single
16-bit word format. Evary program mamary address containg a 16- ar 32-bit instruction.

Program Flash memary spaca is divided in two sactions, the Boot Program saction and
the Application Program section. Both sactions have dedicated Lock bits for wiite and
read’write protaction. The SPM instruction that writss into the Application Flash memary
gaction must raside in tha Boot Program section,

During interrupts and subrouting calls, the ratum address Program Countar (PC) is
storad on tha Stack. The Stack is affectively allocatad in tha general data SRAM, and
consaquently the Stack size is only limited by the fotal SRaM size and the usage of the
SRAM. All user programs must inifialize the SP in the resat routing (before subroutines
or inferrupts are exacutad). Tha Stack Paintar SP is readwrite accessible in tha /0
space. The data SRAM can aasily be accessed through tha five differant addressing
modes suppartad in the AVR architactura,

The mamary spacas in tha AYR architectura ara all linsar and ragular memary maps.

A flexibla intarrupt module has its control registars in tha 110 space with an additional
(Global Inferrupt Enabla bit in the Status Registar, &Nl infemupts hava a separate Infarupt
Vactor in tha Intarmupt Vector table. The interrupts have priority in accordanca with their
Intarrupt Vector position. The lower the Intarrupt Vector address, the higher the pricrity.

The 110 memary spaca containg &4 addresses for CPU paripheral functions as Canfrol
Ragistars, P, and other 170 functions. Tha 110 Mamary can ba accessad directly, or as
the Data Space locations following those of tha Ragistar File, 0x20 - 0x5F.

ALU - Arithmetic Logic  Tha high-parfarmance AVR ALU oparates in direct connaction with all the 22 ganaral

Unit purpose working registers. Within a single clock cycle, arithmatic operations batwaen
genaral purpose registers or betwaen a register and an immadiate are axacuted. The
AL operations are divided into three main categories - anithmetic, logical, and bit-unc-
tions. Soma implamentations of the architectura also provide a powarful multipliar
supporting both signad/unsignad multiplication and fractional format. Sea the “Instrue-
fion Sat” saction for a detailed description.
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Asynchronous Timer Clock - The Asynchronaous Timer clock allows the Asynchronous TimerCountar to e dlockad
clkgey diractly fram an extemnal 32 kHz clock crystal. The dedicatad clack domain allows using
this Timer/Countar as a real-ime counter evan when the devics is in sleap mode.

ADC Clock - clkype The ADC is provided with a dedicated clock domain. This allows halting the CPU and
110 clocks in ordar to reduce noise ganeratad by digital circuitry. This givas mora accu-
rate ADC convarsion raslts,

Clock Sources Tha davica has tha following clock source options, selactabla by Flash Fusa bits as
shown balow. The clock from the salectad source is input to the AVR clock ganaratar,
and routed to the appropriate modulas.

Table 2. Davica Clocking Options Selact"”

Device Clocking Opticn CKSEL3.O
Extzrnal Crystal/Caramic Rasonator 1441 - 1040
External Low-frequancy Crystal 1004
External RC Cacilator 1000 - 0401
Calibrated Internal RC Oscillator 0400 - 000
External Clack ]

Mate: 1. Forall fuses *1” means unprogrmmed whils *0° means programmisd,

The various choicas for each clocking option is given in tha following sections. When the
CPU wakes up from Power-down or Power-save, the salactad clock source is used to
tima the start-up, ensuring stable Oscillator o peration bafore instruction execution starts,
When tha CPL starts from Reset, thera is as an additional delay allowing the power to
reach a stable level bafara commencing normal operation. The Watchdog Oscillatar is
used for iming this real-time part of tha start-up time. The numbar of WOT Cscillator
cyclas uzad for aach time-out is shown in Table 3. Tha fraquency of the Watchdog Cscil-
lator is voltage dependent as shown in "ATmegad535 Typical Characteristics -
Praliminary Data" on page 2&3.

Table 3. Humbear of Watchdog Oscillatar Cyclas

Typ Time-aut (Ve = 5.0V Typ Tima-cut (W, = 30V] Murnbsr of Cyclas
41ms 43ms 4K (4,088
BE ma B9 ma B4k [B5,538)

Default Clock Source The device is shipped with CKSEL = "0001" and SUT = "10". The default clock source
satting is tharafora the Internal RC Oscillator with longest startup tma. This default sat-
ting ansures that all usars can make thair desirad clock sourca setting using an In-
System or Parallel Programmer.

Crystal Oscillator ¥TAL1 and XTAL2 ara input and output, respactively, of an inverting amplifiar which can
be configurad for use as an On-chip Oscillator, as shown in Figure 12, Either a quartz
crystal or a caramic resonator may be used. Tha CEOPT Fuse selacts batwean two dif-
farant cscillator amplifier modas. When CKOPT is programmed, the Oscillator output
will nscillate will a full rail-to-rail swing on the output. This mode is suitable when operat-
ing in avery noisy amironmant or whan tha output fram XTALZ drives a second clack
buffar. This mode has a wida frequancy range. Whean CKOPT is unprogrammead, the
Oscillator has a smallar output swing. This reduces power consumption considerably,
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This mode has a limited frequency range and it can not be used to drive other clock
buffers.

For resonators, the maximum frequancy is & MHz with CKOPT unprogrammad and
16 MHz with CKOPT programmad. C1 and C2 should always be aqual for both crystals
and resonators. The optimal value of the capacitors dapends on the crystal or resonator
in use, the amount of stray capacitance, and the electromagnatic noisa of the environ-
ment. Soma initial quidelines for choosing capacitors for usa with crystals ara given in
Table 4. For ceramic rasonators, the capacitor values givan by the manufacturar should
be used,

Figura 12. Crystal Oscillator Connactions

c2
]i % XTal2
G 7 XTAL1
¥ GND

Tha Oscillator can oparate in three diffarant modes, each optimizad far a spacific fra-
quancy ranga. Tha oparating mode is selected by tha fuses CKSEL3..1 as shown in
Table 4.

Table 4. Crystal Oscillator Qperating Modas

Frequency Rangel'l | Recommended Range for Capacitors
CKOPT | CKSEL3.A {WHz) C1 and C2 for Use with Crystals (pF)
i 101 04-04 -
i 110 0.8-30 12-22
i 111 3.0-80 12-22
I 104, 110, 114 1.0-160 12-22

Motes: 1. The frequency mnges ae prelimirary values.
2. This option should not be used with crystals, only with ceramic resonators,

C-25 Universitas Kristen Maranatha




LAMPIRAN C

Analog-to-Digital
Converter

Features

* {(-bit Assalution

® (0.5 L5 Integral Mon-linearity

* +2 |SB Absolute Accuracy

® 5 - 2680 p= Conversion Tima

* Upto 45 kSPS at Maximum Resolution

* & Nultiplexed Single Endad Input Channels

* 7 Differential Input Channels

+ 2 Differantial Input Channelz with Optional Gain of 10x and 200"

* Optional Left Adjustment for ADC Result Readout

* - Vg ADT Input Voltage Rangs

* Selectable 2,56V ADC Reference Voltage

* Frae Running or Singls Conversion Mede

= ADC Start Corwersion by Auto Triggering on Interrupt Sources

* |nterrupt on ADC Comversion Complete

* Sleep Made Moize Canceler

Note: 1. The differsniial input charnel are not tested for devices in POIP and PLCC Package,
This feature iz orly quamntzed to wark for devices in TOFP and MLF Packages,

The ATmapassds faatures a 10-bit succassive approximation ADC. The ADC is con-
nected to an 8-channel Analog Multiplexer which allows eight single-andad voltage
inputs constructad from the pins of Part A. Tha single-ended valtaga inputs rafar to o
(GHD).

The device also supports 16 diffarential voltage input combinations. Two of the diffaran-
il inputs (ADC1, ADCO and ADC3, ADCZ) are aquipped with a programmable gain
slage, providing amplification staps of 0 dB (1x), 20 dB (10x), or 46 dB (200x) on the dif-
farantial input voltage befora the A/D conversion. Seven diffarantial analoginput
channels share a comman nagative terminal (ADC1), while any other ADC input can be
salactad as the positive input terminal, If 1x or 10x gain is used, &-bit resolution can be
axpactad. If 200 gain is usad, 7-bit resclution can be sxpectad,

The ADC contains a Sample and Hold circuit which ensures that the input valtaga to the
ADC is hald at a constant leval during convarsion. & block diagram of tha ADC is shown
in Figura 98,

The ADC has a saparats analog supply voltage pin, AVCC. AVCC must not differ maore
than +0.2V from V. Sea the paragraph "A0C Naise Cancaler” on page 211 on how to
connect this pin.

Intarnal reference valtagas of nominally 2,56V or AVCC are provided On-chip. The valt-
age refarence may ba extemally decouplad at the AREF pin by a capacitar for battar
noisa parformanca.
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Operation
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The ADC converts an analog input voltage to a 10-bit digital value through succassive
approximation. The minimum valua reprasents GHD and the maximum valua rapresants
the valtage on the AREF pin minus 1 LSB. Optionally, AVCC or an intemal 2.58Y refar-
ance voltage may be connacted to the AREF pin by writing to the REFSn bits in the
ADMUX Register. The intemal voltage refarence may thus be decoupled by an extemal
capacitor at the AREF pin toimprove naise immunity.

The analog input channel and differential gain are selected by wiiting to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GHD and a fixed bandgap voltaga refer-
anca, can be selacted as single ended inputs o the ADC. & selection of ADC input pins
can be selected as positive and negative inputs to the differential gain amplifier.

If diffarential channals are selectad, the diferential gain stage amplifies the voltage dit-
farence batween the selactad input channel pair by the selacted gain factor. This
amplified valua then becomes the analoginput to the ADC. If single ended channals are
used, the gain amplifier is bypassed altogether.
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Differantial Gain Channals

Changing Channel or
Reference Selection

Tahle 82, ADC Conmvarsion Time

Sample & Hold {Cycles Conversion Time
Condition from Start of Conversion) {Cyclas)
First corwersion 145 25
Mormal corwersions, singls ended 15 13
Auta Trigered comversions 2 135
Normal carversicns, differential 15251 134411

Maote: 1. Depanding onthe state of CKypes.

When using differential gain channels, certain aspects of the conversion need fo be
takan into considaration.

Differantial corversions ara synchronized to the intarnal clock CKape. equal to half the
ADC clock. This synchronization is done automatically by the ADC intarfaca in such a
way that the sampla-and-hold occurs at a specific phass of CKypes. A convarsion initi-
atad by the uzar .., all singla convarsions, and the first free running conversion) whan
CRapns 15 low will take the same amount of ime as a single ended corversion (12 ADC
clock cycles from the newd prescaled clock cycle). & convarsion intiated by the user
whan Ckuoes is high will take 14 ADC clock cycles dus to the synchronization mecha-
nism. In free mnning made, a new convarsion is inifiated immadiataly aftar the pravious
corwersion completes, and sinca CKaoes is high at this tima, all automatically started
(i.8., all but the first) free unning conversions will take 14 ADC clock cycles.

The gain stage is optimized for a bandwidth of 4 kHz at all gain sattings. Higher fraquan-
cies may be subjectsd to nan-inear amplification. An extamal low-pass filker should b
used if the input signal contains highar frequancy companents than the gain stage band-
width. Mote that the ADC clock frequancy is indapendent of the gain stage bandwidth
limitation. Far exampla, the ADC clock period may be & ps, allowing a channal to be
sampled at 12 kSPS, regardless of the bandwidth of this channal,

If differantial gain channals are used and convarsions are started by Auto Triggaring, the
ADC must be switched off between convarsions. When auto Triggering is used, the
ADC prescaler is raset befors tha conversion is startad. Since the gain stage is depan-
dent of a stable ADC clock prior to the conversion, this conversion will not ba valid. By
disabling and than re-gnabling the ADC batwean sach convarsion (writing ADEN in
ADCSRA to "0 then fo ™1™, only extanded corwarsions are parformad. The result from
the axtendad corversions will be valid. See "Prascaling and Convarsion Timing™ on
page 208 for iming datails,

The MUXn and REFS1:0 bits in tha ADKMLX Register ara single buffered through a tam-
porary registar to which the CPU has random access. This ensuras that the channals
and referance selection only takes place at a safe point during the conversion. The
channel and referance selection is continuously updated untl a corversion is startad.
Once the conversion starts, the channel and referance selection is locked to ensure a
sufficient sampling ime for the ADC. Continuous updating rasumes in the last ADC
clock cycle betors the conversion completes (ADIF in ADCSRA is saf). Mote that the
conversion starts on the following rising ADC chbck edge after ADSC is written. Tha usar
is thus advised not to write new channel or referenca salaction values to ADMUX unti
ang ADC clock cycla aftar ADSC is writhan,

If Auto Triggering is used, the exact time of the tiggering event can ba indeterminabla,
Special cara must be taken when updating the ADMUX Ragister, in ordar to contral
which corversion will ba affacted by tha naw setings.
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Register Summary

Address Mams BILT BIl & 1] Ell 4 Elt 2 Elt 2 Elt 1 Eilt & Fage
—— —
TeaF |O0EF| SHED | T H 2 ¥ N ¥ C 0
ToEaE |IEE| BFH — ~ — — = — B B 0
o0 |DRED SR 2T 2P RE E EF3 [T EP1 EPD 10
oL |DREL) 5] o TIMENCINEE] CARpul COMEan Fegshr =
5 |1z ECA HTI [T [T _ _ _ IWBEL WCE 47, EF
Tocas, [DREA) GFR WEL ] N0 HiF2 = = = = = E]
o (DR TRER OCIEE TOIEZ TCET CCIELR DCIETE CIED TOEQ B3, 113,131
T |IEE) TIFR [EE oz WaFl TOF A =R E=5 Tl B, 114, 12
T (DETy EFIACH EFMIE FVANEE _ FIVANE FE ELBSET AT PAEFE: EFVEH ZE
T [IEE) THGR TWINT TWEA, TWETA, TWETD TG TWEH B TWE 17E
O [IEE) WCLCH EME EE E M EC11 IECI0 IECIT ECID e
E=IE WCUGER — = — — WOFF EOFF EXTAF PORF 36, &7
0 [Ty TCCAD FOCD WEMND oM WD = = o e Bl
T [Tz TEHTO TmerCounierD [E Bix| ]
0 (OREA DSCCAL Daglaice Calbraton Ragkta )
T (el | BFRR ATE2 AOTE ADTE = ACME ] PO PErE PERI0 &7 AE 1T A2 |
¥ (OwdF, TCCR1A CoM1Al COM1AD COMTE CoW1E] FOCAA FOCIE__| wawii TGO 108
T2 (DRAE| TLLHIE ] =] = WEM1Z [=TF EE Can a0 1
oD [Ted D TCHTiH TimanCouniari - Couriar jar H ol 112
Ot [Ted 5 TCHTIL TimerConisi - Counier Fiag ister Low Byia 12
I |hedB) CR TimeriConie] — QUi Compard Fajita & High Byl 1tz
oA, |Tcdaj QORI AL TimarCouriar ] - Cuipuk Comparne: Aegisier & Low Byie: 12
CCHIEH TimstSonier - Dulput Compa e Fagistar E High Byl 112
DL AL THTA /oA - UL Compe ARgskr B Low Byl iz
\CRIH TmevCouler — npu Caphure Fag e High B iz
WAL I /Lo | - PO Capire Roglski Low Byte iz
ToAz Focz ] weweo | cows ] coum wavet | ocexe | cam ] cam 126
TCHTZ Tmst ooz [E BE3| 126
[T TimenCounier? Culpul Compan Fegiskr 12D
ABER = = = = TCHAE ]| OCRAE ] Toras 126
WHTCH = _ _ WELCE WIE WORE__] WPl ] woen 40
P— URBEL B B B LEral TH 3
: LUCERS LREL LWEEL LEwt LF1K uees | ucem T uesen T ool 184
T F [DoF | EEARH B B B B B B B I cears [
Tocl E [Ic2E] EEARL EEFFOM Adrass Fagsia Low 1T
oDy |l EEDF EEFA A Cal Regisiat T
ol [ EECH _ _ _ _ EEFIE EENTNE EEWE EERE 1T
Tl |8 FLATA FORTAE FORTAE FORT M FORTAL FORTAZ PLATAL FORTAD E]
ot [y OCAA DOAE Opas DDA [ DCAZ COal DoAY [
oD (O | FIRA G T PihAS PHAZ PHAT | FIbAD E]
B (D38 FORTE PORTEE FCRTHE PORT B4 FORTEL PORTES PCHTE PORTED ]
CHEE ] TOBE DDBE [ Toas DLEZ EE] Eies] E]
ToclE (DoOE) FIhE: ARES FIEE FrEs FIhES FrED FHE FihED 3
EHEE] PORTG FORTGE FORTCE | PORTEA oA, FORTCZ PoRTC] | PORTCD &
ol (T DR TOCE TOCE [T [e=) nnc2 OECA [T=s) 3
Toia [y FHE FiGE FIGE PHCA PR FhcE CEEE &
o2 [y PORTD FORTOE FORTLS FORTEY POAT FORTLE ORI FORTOO i
T [ oA TODE TOLE EE s (I [ (55 i
ol [y FIiD FIRDE FIROE FHIL_ FIkEE FHLE RN FIDD i
T [k | BRLF 5P| Cata Foghkr an
T (2] EPER zaF ] woor ] - = 1 - - L - 1 :=ax 140
oI | BRLH EEE T = T I Y T T 3
ucA \JBART |/ Caka Fegisiar 181
(=50 e ] T ] UCAE FE_I% | T T ez
LCEFE FcE | TenE | LORIE FOEN TEN uczzz | Fms | TeEs 183
UEAAL LISART Eaard Farka Fagishr Low Byl 3
ACER _arD ACED AL A1 ACIE ALK ACIEA ACED 20
Tkl 2Ty AL GEE GEE ALLAR LA IS (5 WML WD HE
ol [ e ADCEHAA ACEN ALEC ADATE A0F ACIE ADFEE ADFE AFE0 1B
e [ ADCH ROC Dela FRgBI Fh Byl 210
Tl [Ty ADCL ADC [l Ragskr Low FIT
) TROR Two-ra San Inataca DAl Aoy skt 180
2 (022 TV A TWAE TWAS THad TWiad T2 TWAL TWaD TWECE 150
T (02 THEA TWES TWEE TS T TWES = TWPG TWPED D
Address Mame BILT BIl& Bl S Bl 4 Elt 2 Eilt 2 Elt 1 Eilt O Page
ol [IhceTry Tr'ﬂ Thoo-wi 1a B arial Inistiaca Ex Aoia EHI {TE
Maotes: 1. Referto the USART description for details on how to access UBRRH and UCSREC.

2. For compatibility with future devices, reserved bits shoud be written to zemif accessed. Resarved 10 memorny addresses
should never be writlzn.
3. Some of the status flags are deared by wiiting a logical ore to them. Mote that the CB1and SBI instructions will operate on
all bitz in the 10 Registern, wriling a one back into any flag read as zst, thus clearing the flag. The CEl and SEI instruclions

work with registers 000 to DxiF only.
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Instruction Set Summar

Mnemanics | Operands Dascription Operation Flags #Clocks
ARITHMETIC AND LOGIC NS TRUCTIGH:
AD0 Fid, Rr fuld we Register Rd « Fd 4+ Rr ICHMH 1
AL Fd, Rr Ald wilh Carry bwo Registers Ad i Fd 4 Fr + ZONVH 1
ADIW RdK Juddd Immechiate ba W Rdb:Rdl & Fdh:Rdl 4 K ICHNS 2
2R Fid, Rr Bubtrac! twa Registers Ad o Rd- R IGHWH 1
2Bl Rd K Zubtract Constan! from Fegister Ad - Fd- K ZCHVH 1
R0 Fd, Rr Bubiract with Camy two Registers Ad - Fd- Fr -0 ZONVH 1
| SBCI i K Sublract with Camy Corstant Iram Heg. Ad i Fd-K-C ICHVH 1
20 Ad K Eubtract Imrmsdiale fram Woed Fek:Adl i Bdh:Rdl - K IGHNS F
B Rd, Rr Leggical AHD Aeggsters A Ad & Ar NV 1
ANDI Rd K Logical 8HD Register and Conslank Rd - Rds K ENV 1
Or Rd, Rr Lesgical OH Registers Rd i Rl Ar NV 1
ORI Fd K Logical OR Register and Coretanl Rd - Rd v K ENV 1
EOR Fid, Rr Exchezive O Ragisters Rd i R &1 Rr INV 1
Lo Rd One's Complament RAd i ek F- Rd ICHN 1
| NEG fid Twe's Complamsnt fd i (w00 - B ICHWH 1
EL RdK Set Bilis] in Regiser Ad « v K NV 1
CEH RdK Clear Biljs) in Regisker Rd i Rl s [0xFF - K INV 1
TG Rd Iricrament Rd i Rl 41 INV 1
DEC Rd Decrement Rd - Fd - 1 INV 1
15T Rd Tesst fee Zera or Minus Rd i R Rd INV 1
CLH Rd Clear Register Rd « Hd @ Rd INV 1
2R Rd et Register R i DeFF Hera 1
LI Fid Rr Jdtiply Unsignesd A1:RD « Rd xR IC 2
| LIS Fid Rr Iikdtiphy Sioried F1H0 - Rd abr IG 2
WLILEL Fid, Rr Tikdtipty Sipried with Unsired 1:R0 o Rd R 0 2
FMUL Rd, Rr Fractional Khdtiply Unsigned AR o (R & Ar) << 1 Ic 2
FHULS Rd, Rr Fracticnal Kultiply Sigresd PP o (R & P <= 1 0 2
FLULSU fd, Rr Fracional fhiiply Sirved wilh Linsiged AR ¢ (Rdx Ar| << 1 It 7
BRANCH INETRUCTIONS
RMP k Reltive Jurp PO PO ks Here 2
| LIMP Irediracl ump bo (7] pCe 2 Hervs 2
RCALL k Pelafive Subrcutine Call PO P04 ks Hers 3
TCalL Todrect Gall (7] oo T 3
RET Bubroutine Relurn PC o STACK Hore L]
RETI Intemupl Retum PC o STACK | 1
CPSE Fd Rr Compare, 2kip { Equal fiRd=FRr)PCs PO+ 2ard Hene 11213
CP Rel Ar Campars Rd - Ar LNVEH 1
CRC Rd Rr Compara with Camy Rd-Rr-C LNVCH 1
CF AdK Campars Revister with Immeciate fd - K LHACH 1
| 2HRC Arb Zhip i it in Ragisler Claared i (Rrjb=0) FC o FC 4 2 3 Her 1/211
ZORS fir. b Zkip i Eit in Ragister is 51 f (Rrjbi|=1) FC o FC 4 2 3 Hervs 11211
EE P b Zkip ¥ Gitin 10 Registar Clazred FPi)=0) PG+ PG4 2ard Herws 11213
LR [ 2kip i Bitin 10 Registaris Set T (Plj=1) PG« PG+ 2ord HNere 11211
BRBS 5k Branch { Status Flg Se1 F{BREGIs) = 1) than PCePCak 41 Hore 112
BREC 5k Branch if Stalus Flag Clearsd T (SHEGs] = 0 then PG POk 4+ 1 Hene 112
BREQ k Pranch i Equal FiZ=1jthen PG o POk a1 Hera 112
| BRHE k Branch i Hot Equal fif =0l then PC o PG4k 41 Hore 1/2
| BRCS k Branch il Carry Set ¥ G = 1then PC o PC k4 1 o 112
| BRCC k Branch il Garry Cleared i = 0 then PC o PO+ ks Hore 1/2
BRSH k Branch § Same or Higher TG =0 then PC o PO+ ks Hore 1/2
BRI k Branch il Loawsr FiG = 1)then PC o PO o ket Herv 112
BRMI k Branch § Minus il =1 then PC o PO+ ks 1 Hore 1/2
BRPL k Branch i Pls Tl = O then PC o PO+ ko Herv 112
BRGE k Branch f Greater or Equal, Sigred ¥ (N & Ve ) than FC o FC 4 ko Hore 1/2
| BRLT k Pranch § Less Than Zem, Siored BN Ve tithan PG P4 kv i Herv 1/2
BRHS k Branch  Hall Camy Flag Set FiH=11then PC o PC 4 k4 Nere 12
R k Branch il Hall Cary Flag Cleared FiH= 0 then PG« PC ok | Herm 12
BRTS k Branch § T Flag Sat P (T =1)then PG o PO+ k + 1 Here 112
BRTC k Branch T Flag Cleared F(T = 0 then PG o PGk 41 Here 12
BRVS k Branch il Cverflcw Hag is Sa1 iV =1)than FC o PC+k+ 1 Here 112
BRVEC k Branch § Cverllow Flayg is Clzared i [\ =) than FC o PG+ k4 1 Hore 1/2
ﬂ k Branch il InIemEIEnablrd ifl= 1'|IE FCi FCakad Hore 1/2
il[l k Branch i InlcmEI[Ii':.abhd ¥ = Oithen PC o POk + 1 Nere 12
DATA TRANSFER IMSTRUCTIONS
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—
inemaonics Operands Dazeription Oparation Flags #Clocks
oV Ad, Rr Irve Btween Regislers Ad « Fr Here i
I Ad, Ar Capy Register Ward Ade1:Rd o Fre1:Ar Nere i
Lo Fd, K Loerd Immediak: Ad K Here 1
i fid, ¥ Lcerd Inchirsct fAd o (%) Herre 2
L0 Ad, s Loerd Inciract and Fosl-Inc. A (). X K41 Hir i
L R, - X Leard Indirect and Pre-Dec. K- X-1, Bd - i(X) Here 2
LD R, ¥ Loerd Inchrect Ad .« ] e 2
LD R, ¥+ Lierd Inchirect and Pest-Inc. Ad i (Y], =¥ 41 Herie 2
L R, - ¥ Leard Indirect and Pre-Dec. Y-V -1, Bd - i¥) Here 2
LoD i Yiq Lioard Indirsct with Displacemert Ad i (¥ 4+ q) N 2
LD .2 Lierd Inchirect Ad i (£} Herie 2
i fd, 2. Load Indirsct and Post-Inc, Ad o (7 T B4 Herre 2
L0 fil.-Z Liczrd Inchirsct sind Pre-Diss. TiZ-1 R (d) Heris 2
LoD Fd, £+ Load Indirect wilth Displacemert Ad o (£ + i Hone 2
LOS R,k Lizrd Dirsct from SRAM Ad « ki e 2
a7 X Fr Sinre |ridiract Xie Fr Nere 2
a7 ¥4, Ar Sors Irndirsct and Post-Ine. Mia Fr, Xa X4 1 Here 2
a7 - ¥, Rr Bore Indiract and PraDec. Lo X1, 0« Rr Nere 2
a7 f, Fr Sore Indiracl Wi+ Rr Nere 2
21 '+, Ar Slors Irdirsct and Post-Ine. [Via R ¥a Yl Heres 2
21 - ¥, Ar Slore Irdrac] and PraDes. Vo ¥-1, 0« Rr Ners 2
310 ‘fig,Rr Shore Inddrad wilh Cisplacamert [+ q) e Hr Hore 2
a7 Z,Ar Binre Indiract &« Fr Here 2
a7 L+, b Siore Indiracl and Post-Ine. [E R, Za T4 Nere 2
a7 -2 R Sore Irdrsct and Pra-Dec, Lo T-1 (8« Rr Nere 2
310 Lig hr Slors Iredract with Cisplacsment (£ s Hr Hore 2
E1E] k, Ar Siore Dirscl 1o 3Ral {ki« Rr Nere 2
ﬁ |oard F'rocErn Memany A0 () Heres a
ﬁ Rd, 2 |oard qu&rn Meman Ad [} Here a
LFH Fid, £+ Loard Prograrm Memary and Post-Ine Ad & &), £ Z41 Hore 2
2 Bers Program Memary (2] « R1:R0 Here
1N Ad, P Ini Par Ad P Heris 1
autT P, Rr Cut Porl P Rr Hore 1
FLISH Rr Push Register on Stack STaCK « Rr Here 2
FOP Fd Erp Registar from Stack Ad i STaCK Hir 2
EIT AND BIT-TEST INSTRUCTIONS
EL] ph Set Bil in |10 Ragister | 1 Herre 2
CEI Ph Clear Bit in [i0 Register I[Pk 0 Hire 2
L5 Rd Logical Shill Lekt Ackn+1) o Rdin}, Rd{J] « 0 ZOHN 1
LER R Lisgical Shill Hight Ackin} < Relins 13, Rd(7) <0 ICHY 1
ROL Fd Ralale Leh Thiough Carrg Ak C Rdine1 e Bdjr, A7 ZoHY 1
ROR Ad Ratale Right Through Carry AT G Rdings— Ad{ns 17,0 Ry ZOHNY 1
A2R Ad Arithimstic Shit Right Ackin) + Reljrie 1), r=0.8 ICHY 1
2P Ad Swap Hibbles A3, Che BT 4 Rl (7.. 4 Ak .0} Herie i
| BSET 5 Flag Sl SAEGs) ¢ 1 SHEG(s) i
BCLR 5 Flag Clear SREG(s) 4 0 SHEG(=) 1
BaT Ar, b Bil Sloes Irom Register 1o T T i Frbj T 1
BLO Ad, b Bit baad fram T 1o Register Ak}« T e 1
2EC Bet Cary Gl C 1
Lo Clear Camy G C 1
2EN et Megative Flag Ha1 N 1
CLH Clear Negalive Flag Ha il il i
| 2E2 Zet fero Hag i1 F4 1
CLT Clear Zara Flag Ll 1 i
2El Gilobal Internpl Enable |41 | 1
CL Glabal Internypl Disable [E] | 1
2ES et Sigresd Tesst Flag Sa1 5 1
CLS Clear Signed Tesl Flag S0 5 1
SEV Set Twas Complement Chaflow. Vi1 W 1
CLY Clear Twos Complemer Crerllaw Vil y i
SET Zet Tin SHEG T 1 T 1
B Tlear 1 0 SAEG T T 1
2EH Set Hall Carry Flerg in SREG Ha1 H 1
CLH Clear I-H Carry Flag i\SH-EG Ha 0 H 1
MCU CONTROL INSTRUCTIONS
HoP | | Mo Operation Here 1
Mnemanics | Operands Dascription Operation Flags #Clocks
2LEEP Beep [see specilio desar, lor Skeap luncticn) Here i
WOR Watcheksy Reset [see specilic dhssr. lor WOR/Timer) Here 1
BREAK Braak Fer On-chip Debug Crily Here i
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[S73

L7800

SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT UPTO1.5A
OUTPUT VOLTAGES OF 5;5.2; 6: 8;8.5: 9,
12;15:18; 24V

» THERMAL OVERLOAD PROTECTION

» SHORT CIRCUIT PROTECTION

» OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is _available in TO-220 ISOWATT220
TO-3 and D’PAK packages and several fixed
output voltages, making it useful in a wide range
of applications.These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed primarily as
fixed voltage regulators, these devices can be
used with external components to obtain
adjustable voltages and currents.

TO-220 ISOWATT220
BLOCK DIAGRAM
INPUT QuTPUT
10 2
. SOA
CENERATOR PROTECTION
l
STARTING REFERENCE ERROR
CIRCUAT VOLTAGE AMPLIFIER
THERMAL
PROTECTION
GND
l 3
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi DC InputWoltage (for Vo = 510 18V) 35 v
(forVig = 20, 24V) 40 v
lo CQutput Current Intermally limited
Piot |Power Dissipation Internally limited
Top  |Operating Junction Temperature Range (for L7800) -55 to 150 Re
(for L7800C) 0to 150 “c
Tstg | Storage Temperature Range -65 to 150 °C
THERMAL DATA
Symbol Parameter D°PAK TO-220 |ISOWATT220) TO-3 Unit
Rihj-case | Thermal Resistance Junction-case Max 3 3 4 4 “crw
Rthj-amb | Thermal Resistance Junction-ambient  Max 62.5 50 60 35 °ciw
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
2 — outPut A QUTPUT
1 CUTPUT
GND @ ;[ —Deruno oD 1
. GND
1 INFUT
1 —— W ~ WPUT
FCi1920
515603
%- BERN
TO-220 & ISOWATT 220 D’PAK TO-3
Type TO-220 D’PAK {") ISOWATT220 TO-3 OQutput Voltage
L7E05 L7805T 5V
L7805C L7B05CY L7805CD2T L7805CP L7805CT 5V
L7&52c L7B852CV L7852CD2T L7852CP L7852CT 5.2V
L7&08 L7806T 6Y
L7&06C L7B0GCY L7806CD2T L7808CP L7806CT 6Y
L7&08 L7808T gV
L7808C L7808CY L7808CD2T L7808CP L7808CT gV
L7885C L7885CY L7885CD2T L7885CP L7885CT 8.5V
L7a0nac L7B0acyY L7809CD2T L7808CP L7800CT a9y
L7812 L7812T 12V
L7812C L7812CV L7812CD2T L7812CP L7812CT 12V
L7815 L7815T 15V
L76815C L7815CV L7815CD2T L7815CP L7815CT 15V
L7618 L7818T 18
L7&18c L7B18CY L7a18CchzT L7818CP L7818CT 18V
L7820 L7820T 20V
L7&20C L7B20CV L7820CD2T L7820CP L7820CT 20
L7E24 L7824T 24y
L7824C L7B24CV L7824CD2T L7824CP L7824CT 24V

"1 AVAILABLE IN TAPE AND REEL WITH -TR"™ SUFFIX
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TESTCIRCUITS

Figure 1 : DC Parameter

Figure 2 : Load Regulation.

¥i I 3 Co Yo vj — VY
Tnaapr 0 —ov
: 30us
—— S-270542 o
Figure 3 : Ripple Rejection.
o—12 _L 1 wexx 2
¥i . 3 l‘L Vo
'F-w
O O
4TOuF s2m
120Hz
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ELECTRICAL CHARACTERISTICS FOR L7805 (refer to the test circuits, T;=-55t0 150 °C,
Vi=10V, I =500 mA, C; =0.33 uF, C; =0.1 uF unless othenwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vy Output Valtage Tj=25 ac 4.8 5 5.2 V
Va Output Valtage le=5mAto1A Py=15W 4.65 5 5.35 V

Vi=8to20V
AVg*  |Line Regulation Vi=7to23V T;=25 §C 3 50 my
Vi=8t12V T;=25 e 1 25 my
AVg*  |Load Regulation lp=5t01500mA  T;=25 G 100 my
lp=230t0750mA T;=25 oG 25 my
lg  |Quiescent Current Tj=25°C B mA
Alg  |Quiescent Current Change lo =510 1000 mA 5 mA
Alg | Quiescent Current Change Vi=8to25Y mA
AVp - |Output Voltage Drift la=5mMA 0.6 mvi°C
AT
eN Output MNoise Voltage B =10Hzto 100KHz Tj=25°C 40 uVVo
SVR  |Supply Voltage Rejection Vi=8t018Y  f=120Hz 68 dB
Wy Oropout Vottage la=1A Tj=25°C 2 2.5 V
Ra Output Resistance f=1KHz 17 med
Ise Shont Circuit Current Vi=35V  T;=25°C 0.75 1.2 A
lsep | Short Circuit Peak Cumrent Tj=25 °c 1.3 2.2 3.3 A
ELECTRICAL CHARACTERISTICS FOR L7812 (refer to the testcircuits, Tj = -55 to 150 °C,
Vi= 19V, lo =500 mA, Ci =0.33 uF. Co = 0.1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max Unit
Vo |OutputVoltage Tj=25°C 11.5 12 12.5 v
Vo Output Voltage lp=5mAto 1A Pyp=15W 11.4 12 12.6 v

Vi=15.5t027V
AVg*  [LineRegulation Vi=14.5t030V Tj=25°C 120 my
Vi=16t022V T;=25°C 60 my
AWg*  [Load Regulation lo=5101500mA Tj=25°C 100 my
lp=250t0750mA T;=25°C 60 my
lg  |Quiescent Current Tj=25°C 6 mA
Alg  [Quiescent Cumrent Change lp =510 1000 mA 5 mA
Alg | Quiescent Curent Change Wi=15to30V mA
AVp | OutpltVoltage Drit lo=5mA 1.5 mv/°c
AT
eh Qutput Noise Vottage B =10Hzto 100KHz T;=25 °C 40 uViVp
SVR  [Supply Voltage Rejection Vi=15to 25V  f=120Hz 61 dB
Wy Dropout Yotage lp=1A Tj=25 Ao 2 2.5 v
Ra Output Resistance f=1KHz 18 mel
lsc  [Short Circuit Current Vi=35V  Tj=25°C 0.75 1.2 A
lscp | Short Circuit Peak Cumrent Ti=25%C 1.3 2.2 3.3 A

* Load and line requlation are specified at constant junction temperature. Changes in Wy due to heating effects must be taken into account
separately. Pulce testing with low duty cycle is used.

C-24

Universitas Kristen Maranatha




LAMPIRAN C

Pin Descriptions
Ve Dinital supply valtaga.
GND Ground,

Port A (PAT7..PAD) Port & serves as the analog inputs to the A'D Converter.

Port A also serves as an 8-bit bi-directional 1O port, if the A/D Convertar is not usad.
Port pins can provida intemal pull-up rasistors (selectad for each bit). Tha Port A output
buffers have symmetrical drive charactaristics with bath high sink and source capability.
When pins PAD to PAT are usad as inputs and are externally pullad low, they will source
current if the intemal pull-up resistors are activated. The Part A pins are tri-stated when
a reset condition bacomas activa, even if the clock is nat running.

PortE (PET..PBO) Port B is an 8-bit bi-directional 'O port with intemal pull-up resistors (sslactad for aach
biti. The Port B output buffers have symmetrical driva characteristics with bath high sink
and sourca capability. As inputs, Port B pins that are axtarnally pullad low will source
current if the pull-up resistors are activated. The Port B ping ara tri-stated when a rasat
condition becomes active, avan if tha clock is not running.

Port B also sarves the functions of various special features of the ATmenaB535 as listad
on page 58,

Port C (PC7..PCO) Port C is an &-bit bi-directional 110 port with internal pull-up resistors (selactad for aach
biti. Tha Port C output buffers hava symmatrical drive characteristics with both high sink
and sourca capability. As inputs, Port C pins that are extarnally pullad low will source
current if the pull-up resistors are activated. The Port C pins are tri-statad when a resat
condition becomes active, even if the clock is not unning.

PortD (PD7..PDO) Port O is an a-bit bi-directional [0 port with intarnal pullup resistors (selactad far aach
biti. The Port D output buffars have symmetrical drive charactaristics with bath high sink
and sourca capability. As inputs, Port D pins that are extarnally pullad low will source
current if the pull-up resistors ara activated. The Port D ping ara tri-stated when a resat
condition becomes active, avan if tha clock is not unning.

Paort D also serves the functions of various special features of tha ATmegaB535 as listad
on page 62,

RESET Rezet input. A low level on this pin for kbnger than the minimum pulse length will gener-
ate a resat aven if tha clock is not unning. The minimum pulsa length is given in Table
150n page 35. Shortar pulses are not quarantead to ganerata a raset.

XTAL1 Input to the imverting Cscillator amplifier andinput to the intemal clock operating circuit

XTAL2 Output from the invaring Oscillator amplifiar.

AVCC AVCE is tha supply voltage pin for Port & and the A/D Converter. It should be extemally
connectad to Voo, even if the ADC is not usad. If the ADC is usad, it should be con-
nectad 1o Ve through a low-pass filter.

AREF AREF is the analog reference pin for the &/0 Convartar,
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About Code
Examples

AVR CPU Core

Introduction

Architectural Overview

This documantation contains simple code axamples that briefly show how to use various
parts of the device. These code axamplas assuma that the part spacific header fila is
included before compilation. Be aware that not all C compiler vendors include bit defini-
tions in the header files and intarrupt handling in C is compiler dependant. Pleasa
confirm with the C Compiler documentation for maore details.

This section discusses the AVR core architecturs in general. The main function of the
GPU core is o ensure comact program exacufion. The GPU must therefora be able to
access mamories, parform calculations, control peripherals, and handle intarupts.

Figure 3. Block Diagram of the AVR MCLI Architacture

&-bit Ciata Bus

< ¢

Program )‘_ Staius )‘_.
Flash g |
Progran Counter and Controd
Memary (ot
Inrmupt
1 B8 i Lrii
Instruction F'I'lfneral nl
Pegister Urpase
W Registrers Erﬁlilt
L
Instruction Watchdo
Cecader o £ "I'i'rﬁg
m =
E EE
l ﬁ 1 ALU Anakg
Conirol Lines E 3 ¥ Comparator
5l B
-
al = |0 Moduiet

L
Cala e 0N
SAAM 1O Module 2
- |0 hodule n

EERROM )(—I

[0 Lines

I orcler to maximize parformanca and parallalism, the AVR usas a Harvard architacture
- with saparate memaries and busas for program and data. Instructions in the program
mamory are exacuted with a singla lavel pipslining. Whila ona instruction is baing axa-
cuted, the next instruction is pre-fetched from the program memoary. This concept
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anables instructions to be executed in every clock cycla, The program memary is In-
System Ra-Programmabla Flash mamary.

The fast-accass Registar File contains 32 x 8-bit general purposa waorking registars with
a single clock cycle accass ime. This allows single-cycla Arithmatic Logic Unit (ALLY)
operation. In a typical ALL operation, two oparands are output from the Register File,
the oparation is exacutad, and the rasult is stored back in the Ragistar File - in one
clock cycla,

Six of the 32 ragistars can be used as three 16-bitindinect addrass register pointers for
Data Space addressing - enabling afficient address calculations. Ona of tha these
ardrass pointars can ako be used as an address pointar for look up tables in Flash pro-
gram mamory. Thasa added function registars are the 16-bit X-, Y-, and Z-ragistars,
describad latar in this section.

The ALL supports arithmetic and logic oparations between ragistars or betwaen a con-
stant and a ragister. Singla register operations can also ba executed in the ALY, Aftar
an arithmetic operation, the Status Register is updated to reflact information about the
resullt of the oparation.

Program flow is provided by conditional and unconditional jump and call instructions,
able to directly address the whole address space. Most AVR instructions have a single
16-bit word format. Evary program mamary address containg a 16- ar 32-bit instruction.

Program Flash memary spaca is divided in two sactions, the Boot Program saction and
the Application Program section. Both sactions have dedicated Lock bits for wiite and
read’write protaction. The SPM instruction that writss into the Application Flash memary
gaction must raside in tha Boot Program section,

During interrupts and subrouting calls, the ratum address Program Countar (PC) is
storad on tha Stack. The Stack is affectively allocatad in tha general data SRAM, and
consaquently the Stack size is only limited by the fotal SRaM size and the usage of the
SRAM. All user programs must inifialize the SP in the resat routing (before subroutines
or inferrupts are exacutad). Tha Stack Paintar SP is readwrite accessible in tha /0
space. The data SRAM can aasily be accessed through tha five differant addressing
modes suppartad in the AVR architactura,

The mamary spacas in tha AYR architectura ara all linsar and ragular memary maps.

A flexibla intarrupt module has its control registars in tha 110 space with an additional
(Global Inferrupt Enabla bit in the Status Registar, &Nl infemupts hava a separate Infarupt
Vactor in tha Intarmupt Vector table. The interrupts have priority in accordanca with their
Intarrupt Vector position. The lower the Intarrupt Vector address, the higher the pricrity.

The 110 memary spaca containg &4 addresses for CPU paripheral functions as Canfrol
Ragistars, P, and other 170 functions. Tha 110 Mamary can ba accessad directly, or as
the Data Space locations following those of tha Ragistar File, 0x20 - 0x5F.

ALU - Arithmetic Logic  Tha high-parfarmance AVR ALU oparates in direct connaction with all the 22 ganaral

Unit purpose working registers. Within a single clock cycle, arithmatic operations batwaen
genaral purpose registers or betwaen a register and an immadiate are axacuted. The
AL operations are divided into three main categories - anithmetic, logical, and bit-unc-
tions. Soma implamentations of the architectura also provide a powarful multipliar
supporting both signad/unsignad multiplication and fractional format. Sea the “Instrue-
fion Sat” saction for a detailed description.
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Asynchronous Timer Clock - The Asynchronaous Timer clock allows the Asynchronous TimerCountar to e dlockad
clkgey diractly fram an extemnal 32 kHz clock crystal. The dedicatad clack domain allows using
this Timer/Countar as a real-ime counter evan when the devics is in sleap mode.

ADC Clock - clkype The ADC is provided with a dedicated clock domain. This allows halting the CPU and
110 clocks in ordar to reduce noise ganeratad by digital circuitry. This givas mora accu-
rate ADC convarsion raslts,

Clock Sources Tha davica has tha following clock source options, selactabla by Flash Fusa bits as
shown balow. The clock from the salectad source is input to the AVR clock ganaratar,
and routed to the appropriate modulas.

Table 2. Davica Clocking Options Selact"”

Device Clocking Opticn CKSEL3.O
Extzrnal Crystal/Caramic Rasonator 1441 - 1040
External Low-frequancy Crystal 1004
External RC Cacilator 1000 - 0401
Calibrated Internal RC Oscillator 0400 - 000
External Clack ]

Mate: 1. Forall fuses *1” means unprogrmmed whils *0° means programmisd,

The various choicas for each clocking option is given in tha following sections. When the
CPU wakes up from Power-down or Power-save, the salactad clock source is used to
tima the start-up, ensuring stable Oscillator o peration bafore instruction execution starts,
When tha CPL starts from Reset, thera is as an additional delay allowing the power to
reach a stable level bafara commencing normal operation. The Watchdog Oscillatar is
used for iming this real-time part of tha start-up time. The numbar of WOT Cscillator
cyclas uzad for aach time-out is shown in Table 3. Tha fraquency of the Watchdog Cscil-
lator is voltage dependent as shown in "ATmegad535 Typical Characteristics -
Praliminary Data" on page 2&3.

Table 3. Humbear of Watchdog Oscillatar Cyclas

Typ Time-aut (Ve = 5.0V Typ Tima-cut (W, = 30V] Murnbsr of Cyclas
41ms 43ms 4K (4,088
BE ma B9 ma B4k [B5,538)

Default Clock Source The device is shipped with CKSEL = "0001" and SUT = "10". The default clock source
satting is tharafora the Internal RC Oscillator with longest startup tma. This default sat-
ting ansures that all usars can make thair desirad clock sourca setting using an In-
System or Parallel Programmer.

Crystal Oscillator ¥TAL1 and XTAL2 ara input and output, respactively, of an inverting amplifiar which can
be configurad for use as an On-chip Oscillator, as shown in Figure 12, Either a quartz
crystal or a caramic resonator may be used. Tha CEOPT Fuse selacts batwean two dif-
farant cscillator amplifier modas. When CKOPT is programmed, the Oscillator output
will nscillate will a full rail-to-rail swing on the output. This mode is suitable when operat-
ing in avery noisy amironmant or whan tha output fram XTALZ drives a second clack
buffar. This mode has a wida frequancy range. Whean CKOPT is unprogrammead, the
Oscillator has a smallar output swing. This reduces power consumption considerably,
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This mode has a limited frequency range and it can not be used to drive other clock
buffers.

For resonators, the maximum frequancy is & MHz with CKOPT unprogrammad and
16 MHz with CKOPT programmad. C1 and C2 should always be aqual for both crystals
and resonators. The optimal value of the capacitors dapends on the crystal or resonator
in use, the amount of stray capacitance, and the electromagnatic noisa of the environ-
ment. Soma initial quidelines for choosing capacitors for usa with crystals ara given in
Table 4. For ceramic rasonators, the capacitor values givan by the manufacturar should
be used,

Figura 12. Crystal Oscillator Connactions

c2
]i % XTal2
G 7 XTAL1
¥ GND

Tha Oscillator can oparate in three diffarant modes, each optimizad far a spacific fra-
quancy ranga. Tha oparating mode is selected by tha fuses CKSEL3..1 as shown in
Table 4.

Table 4. Crystal Oscillator Qperating Modas

Frequency Rangel'l | Recommended Range for Capacitors
CKOPT | CKSEL3.A {WHz) C1 and C2 for Use with Crystals (pF)
i 101 04-04 -
i 110 0.8-30 12-22
i 111 3.0-80 12-22
I 104, 110, 114 1.0-160 12-22

Motes: 1. The frequency mnges ae prelimirary values.
2. This option should not be used with crystals, only with ceramic resonators,
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Analog-to-Digital
Converter

Features

* {(-bit Assalution

® (0.5 L5 Integral Mon-linearity

* +2 |SB Absolute Accuracy

® 5 - 2680 p= Conversion Tima

* Upto 45 kSPS at Maximum Resolution

* & Nultiplexed Single Endad Input Channels

* 7 Differential Input Channels

+ 2 Differantial Input Channelz with Optional Gain of 10x and 200"

* Optional Left Adjustment for ADC Result Readout

* - Vg ADT Input Voltage Rangs

* Selectable 2,56V ADC Reference Voltage

* Frae Running or Singls Conversion Mede

= ADC Start Corwersion by Auto Triggering on Interrupt Sources

* |nterrupt on ADC Comversion Complete

* Sleep Made Moize Canceler

Note: 1. The differsniial input charnel are not tested for devices in POIP and PLCC Package,
This feature iz orly quamntzed to wark for devices in TOFP and MLF Packages,

The ATmapassds faatures a 10-bit succassive approximation ADC. The ADC is con-
nected to an 8-channel Analog Multiplexer which allows eight single-andad voltage
inputs constructad from the pins of Part A. Tha single-ended valtaga inputs rafar to o
(GHD).

The device also supports 16 diffarential voltage input combinations. Two of the diffaran-
il inputs (ADC1, ADCO and ADC3, ADCZ) are aquipped with a programmable gain
slage, providing amplification staps of 0 dB (1x), 20 dB (10x), or 46 dB (200x) on the dif-
farantial input voltage befora the A/D conversion. Seven diffarantial analoginput
channels share a comman nagative terminal (ADC1), while any other ADC input can be
salactad as the positive input terminal, If 1x or 10x gain is used, &-bit resolution can be
axpactad. If 200 gain is usad, 7-bit resclution can be sxpectad,

The ADC contains a Sample and Hold circuit which ensures that the input valtaga to the
ADC is hald at a constant leval during convarsion. & block diagram of tha ADC is shown
in Figura 98,

The ADC has a saparats analog supply voltage pin, AVCC. AVCC must not differ maore
than +0.2V from V. Sea the paragraph "A0C Naise Cancaler” on page 211 on how to
connect this pin.

Intarnal reference valtagas of nominally 2,56V or AVCC are provided On-chip. The valt-
age refarence may ba extemally decouplad at the AREF pin by a capacitar for battar
noisa parformanca.
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Operation
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The ADC converts an analog input voltage to a 10-bit digital value through succassive
approximation. The minimum valua reprasents GHD and the maximum valua rapresants
the valtage on the AREF pin minus 1 LSB. Optionally, AVCC or an intemal 2.58Y refar-
ance voltage may be connacted to the AREF pin by writing to the REFSn bits in the
ADMUX Register. The intemal voltage refarence may thus be decoupled by an extemal
capacitor at the AREF pin toimprove naise immunity.

The analog input channel and differential gain are selected by wiiting to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GHD and a fixed bandgap voltaga refer-
anca, can be selacted as single ended inputs o the ADC. & selection of ADC input pins
can be selected as positive and negative inputs to the differential gain amplifier.

If diffarential channals are selectad, the diferential gain stage amplifies the voltage dit-
farence batween the selactad input channel pair by the selacted gain factor. This
amplified valua then becomes the analoginput to the ADC. If single ended channals are
used, the gain amplifier is bypassed altogether.
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Differantial Gain Channals

Changing Channel or
Reference Selection

Tahle 82, ADC Conmvarsion Time

Sample & Hold {Cycles Conversion Time
Condition from Start of Conversion) {Cyclas)
First corwersion 145 25
Mormal corwersions, singls ended 15 13
Auta Trigered comversions 2 135
Normal carversicns, differential 15251 134411

Maote: 1. Depanding onthe state of CKypes.

When using differential gain channels, certain aspects of the conversion need fo be
takan into considaration.

Differantial corversions ara synchronized to the intarnal clock CKape. equal to half the
ADC clock. This synchronization is done automatically by the ADC intarfaca in such a
way that the sampla-and-hold occurs at a specific phass of CKypes. A convarsion initi-
atad by the uzar .., all singla convarsions, and the first free running conversion) whan
CRapns 15 low will take the same amount of ime as a single ended corversion (12 ADC
clock cycles from the newd prescaled clock cycle). & convarsion intiated by the user
whan Ckuoes is high will take 14 ADC clock cycles dus to the synchronization mecha-
nism. In free mnning made, a new convarsion is inifiated immadiataly aftar the pravious
corwersion completes, and sinca CKaoes is high at this tima, all automatically started
(i.8., all but the first) free unning conversions will take 14 ADC clock cycles.

The gain stage is optimized for a bandwidth of 4 kHz at all gain sattings. Higher fraquan-
cies may be subjectsd to nan-inear amplification. An extamal low-pass filker should b
used if the input signal contains highar frequancy companents than the gain stage band-
width. Mote that the ADC clock frequancy is indapendent of the gain stage bandwidth
limitation. Far exampla, the ADC clock period may be & ps, allowing a channal to be
sampled at 12 kSPS, regardless of the bandwidth of this channal,

If differantial gain channals are used and convarsions are started by Auto Triggaring, the
ADC must be switched off between convarsions. When auto Triggering is used, the
ADC prescaler is raset befors tha conversion is startad. Since the gain stage is depan-
dent of a stable ADC clock prior to the conversion, this conversion will not ba valid. By
disabling and than re-gnabling the ADC batwean sach convarsion (writing ADEN in
ADCSRA to "0 then fo ™1™, only extanded corwarsions are parformad. The result from
the axtendad corversions will be valid. See "Prascaling and Convarsion Timing™ on
page 208 for iming datails,

The MUXn and REFS1:0 bits in tha ADKMLX Register ara single buffered through a tam-
porary registar to which the CPU has random access. This ensuras that the channals
and referance selection only takes place at a safe point during the conversion. The
channel and referance selection is continuously updated untl a corversion is startad.
Once the conversion starts, the channel and referance selection is locked to ensure a
sufficient sampling ime for the ADC. Continuous updating rasumes in the last ADC
clock cycle betors the conversion completes (ADIF in ADCSRA is saf). Mote that the
conversion starts on the following rising ADC chbck edge after ADSC is written. Tha usar
is thus advised not to write new channel or referenca salaction values to ADMUX unti
ang ADC clock cycla aftar ADSC is writhan,

If Auto Triggering is used, the exact time of the tiggering event can ba indeterminabla,
Special cara must be taken when updating the ADMUX Ragister, in ordar to contral
which corversion will ba affacted by tha naw setings.
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Register Summary

Address Mams BILT BIl & 1] Ell 4 Elt 2 Elt 2 Elt 1 Eilt & Fage
—— —
TeaF |O0EF| SHED | T H 2 ¥ N ¥ C 0
ToEaE |IEE| BFH — ~ — — = — B B 0
o0 |DRED SR 2T 2P RE E EF3 [T EP1 EPD 10
oL |DREL) 5] o TIMENCINEE] CARpul COMEan Fegshr =
5 |1z ECA HTI [T [T _ _ _ IWBEL WCE 47, EF
Tocas, [DREA) GFR WEL ] N0 HiF2 = = = = = E]
o (DR TRER OCIEE TOIEZ TCET CCIELR DCIETE CIED TOEQ B3, 113,131
T |IEE) TIFR [EE oz WaFl TOF A =R E=5 Tl B, 114, 12
T (DETy EFIACH EFMIE FVANEE _ FIVANE FE ELBSET AT PAEFE: EFVEH ZE
T [IEE) THGR TWINT TWEA, TWETA, TWETD TG TWEH B TWE 17E
O [IEE) WCLCH EME EE E M EC11 IECI0 IECIT ECID e
E=IE WCUGER — = — — WOFF EOFF EXTAF PORF 36, &7
0 [Ty TCCAD FOCD WEMND oM WD = = o e Bl
T [Tz TEHTO TmerCounierD [E Bix| ]
0 (OREA DSCCAL Daglaice Calbraton Ragkta )
T (el | BFRR ATE2 AOTE ADTE = ACME ] PO PErE PERI0 &7 AE 1T A2 |
¥ (OwdF, TCCR1A CoM1Al COM1AD COMTE CoW1E] FOCAA FOCIE__| wawii TGO 108
T2 (DRAE| TLLHIE ] =] = WEM1Z [=TF EE Can a0 1
oD [Ted D TCHTiH TimanCouniari - Couriar jar H ol 112
Ot [Ted 5 TCHTIL TimerConisi - Counier Fiag ister Low Byia 12
I |hedB) CR TimeriConie] — QUi Compard Fajita & High Byl 1tz
oA, |Tcdaj QORI AL TimarCouriar ] - Cuipuk Comparne: Aegisier & Low Byie: 12
CCHIEH TimstSonier - Dulput Compa e Fagistar E High Byl 112
DL AL THTA /oA - UL Compe ARgskr B Low Byl iz
\CRIH TmevCouler — npu Caphure Fag e High B iz
WAL I /Lo | - PO Capire Roglski Low Byte iz
ToAz Focz ] weweo | cows ] coum wavet | ocexe | cam ] cam 126
TCHTZ Tmst ooz [E BE3| 126
[T TimenCounier? Culpul Compan Fegiskr 12D
ABER = = = = TCHAE ]| OCRAE ] Toras 126
WHTCH = _ _ WELCE WIE WORE__] WPl ] woen 40
P— URBEL B B B LEral TH 3
: LUCERS LREL LWEEL LEwt LF1K uees | ucem T uesen T ool 184
T F [DoF | EEARH B B B B B B B I cears [
Tocl E [Ic2E] EEARL EEFFOM Adrass Fagsia Low 1T
oDy |l EEDF EEFA A Cal Regisiat T
ol [ EECH _ _ _ _ EEFIE EENTNE EEWE EERE 1T
Tl |8 FLATA FORTAE FORTAE FORT M FORTAL FORTAZ PLATAL FORTAD E]
ot [y OCAA DOAE Opas DDA [ DCAZ COal DoAY [
oD (O | FIRA G T PihAS PHAZ PHAT | FIbAD E]
B (D38 FORTE PORTEE FCRTHE PORT B4 FORTEL PORTES PCHTE PORTED ]
CHEE ] TOBE DDBE [ Toas DLEZ EE] Eies] E]
ToclE (DoOE) FIhE: ARES FIEE FrEs FIhES FrED FHE FihED 3
EHEE] PORTG FORTGE FORTCE | PORTEA oA, FORTCZ PoRTC] | PORTCD &
ol (T DR TOCE TOCE [T [e=) nnc2 OECA [T=s) 3
Toia [y FHE FiGE FIGE PHCA PR FhcE CEEE &
o2 [y PORTD FORTOE FORTLS FORTEY POAT FORTLE ORI FORTOO i
T [ oA TODE TOLE EE s (I [ (55 i
ol [y FIiD FIRDE FIROE FHIL_ FIkEE FHLE RN FIDD i
T [k | BRLF 5P| Cata Foghkr an
T (2] EPER zaF ] woor ] - = 1 - - L - 1 :=ax 140
oI | BRLH EEE T = T I Y T T 3
ucA \JBART |/ Caka Fegisiar 181
(=50 e ] T ] UCAE FE_I% | T T ez
LCEFE FcE | TenE | LORIE FOEN TEN uczzz | Fms | TeEs 183
UEAAL LISART Eaard Farka Fagishr Low Byl 3
ACER _arD ACED AL A1 ACIE ALK ACIEA ACED 20
Tkl 2Ty AL GEE GEE ALLAR LA IS (5 WML WD HE
ol [ e ADCEHAA ACEN ALEC ADATE A0F ACIE ADFEE ADFE AFE0 1B
e [ ADCH ROC Dela FRgBI Fh Byl 210
Tl [Ty ADCL ADC [l Ragskr Low FIT
) TROR Two-ra San Inataca DAl Aoy skt 180
2 (022 TV A TWAE TWAS THad TWiad T2 TWAL TWaD TWECE 150
T (02 THEA TWES TWEE TS T TWES = TWPG TWPED D
Address Mame BILT BIl& Bl S Bl 4 Elt 2 Eilt 2 Elt 1 Eilt O Page
ol [IhceTry Tr'ﬂ Thoo-wi 1a B arial Inistiaca Ex Aoia EHI {TE
Maotes: 1. Referto the USART description for details on how to access UBRRH and UCSREC.

2. For compatibility with future devices, reserved bits shoud be written to zemif accessed. Resarved 10 memorny addresses
should never be writlzn.
3. Some of the status flags are deared by wiiting a logical ore to them. Mote that the CB1and SBI instructions will operate on
all bitz in the 10 Registern, wriling a one back into any flag read as zst, thus clearing the flag. The CEl and SEI instruclions

work with registers 000 to DxiF only.
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Instruction Set Summar

Mnemanics | Operands Dascription Operation Flags #Clocks
ARITHMETIC AND LOGIC NS TRUCTIGH:
AD0 Fid, Rr fuld we Register Rd « Fd 4+ Rr ICHMH 1
AL Fd, Rr Ald wilh Carry bwo Registers Ad i Fd 4 Fr + ZONVH 1
ADIW RdK Juddd Immechiate ba W Rdb:Rdl & Fdh:Rdl 4 K ICHNS 2
2R Fid, Rr Bubtrac! twa Registers Ad o Rd- R IGHWH 1
2Bl Rd K Zubtract Constan! from Fegister Ad - Fd- K ZCHVH 1
R0 Fd, Rr Bubiract with Camy two Registers Ad - Fd- Fr -0 ZONVH 1
| SBCI i K Sublract with Camy Corstant Iram Heg. Ad i Fd-K-C ICHVH 1
20 Ad K Eubtract Imrmsdiale fram Woed Fek:Adl i Bdh:Rdl - K IGHNS F
B Rd, Rr Leggical AHD Aeggsters A Ad & Ar NV 1
ANDI Rd K Logical 8HD Register and Conslank Rd - Rds K ENV 1
Or Rd, Rr Lesgical OH Registers Rd i Rl Ar NV 1
ORI Fd K Logical OR Register and Coretanl Rd - Rd v K ENV 1
EOR Fid, Rr Exchezive O Ragisters Rd i R &1 Rr INV 1
Lo Rd One's Complament RAd i ek F- Rd ICHN 1
| NEG fid Twe's Complamsnt fd i (w00 - B ICHWH 1
EL RdK Set Bilis] in Regiser Ad « v K NV 1
CEH RdK Clear Biljs) in Regisker Rd i Rl s [0xFF - K INV 1
TG Rd Iricrament Rd i Rl 41 INV 1
DEC Rd Decrement Rd - Fd - 1 INV 1
15T Rd Tesst fee Zera or Minus Rd i R Rd INV 1
CLH Rd Clear Register Rd « Hd @ Rd INV 1
2R Rd et Register R i DeFF Hera 1
LI Fid Rr Jdtiply Unsignesd A1:RD « Rd xR IC 2
| LIS Fid Rr Iikdtiphy Sioried F1H0 - Rd abr IG 2
WLILEL Fid, Rr Tikdtipty Sipried with Unsired 1:R0 o Rd R 0 2
FMUL Rd, Rr Fractional Khdtiply Unsigned AR o (R & Ar) << 1 Ic 2
FHULS Rd, Rr Fracticnal Kultiply Sigresd PP o (R & P <= 1 0 2
FLULSU fd, Rr Fracional fhiiply Sirved wilh Linsiged AR ¢ (Rdx Ar| << 1 It 7
BRANCH INETRUCTIONS
RMP k Reltive Jurp PO PO ks Here 2
| LIMP Irediracl ump bo (7] pCe 2 Hervs 2
RCALL k Pelafive Subrcutine Call PO P04 ks Hers 3
TCalL Todrect Gall (7] oo T 3
RET Bubroutine Relurn PC o STACK Hore L]
RETI Intemupl Retum PC o STACK | 1
CPSE Fd Rr Compare, 2kip { Equal fiRd=FRr)PCs PO+ 2ard Hene 11213
CP Rel Ar Campars Rd - Ar LNVEH 1
CRC Rd Rr Compara with Camy Rd-Rr-C LNVCH 1
CF AdK Campars Revister with Immeciate fd - K LHACH 1
| 2HRC Arb Zhip i it in Ragisler Claared i (Rrjb=0) FC o FC 4 2 3 Her 1/211
ZORS fir. b Zkip i Eit in Ragister is 51 f (Rrjbi|=1) FC o FC 4 2 3 Hervs 11211
EE P b Zkip ¥ Gitin 10 Registar Clazred FPi)=0) PG+ PG4 2ard Herws 11213
LR [ 2kip i Bitin 10 Registaris Set T (Plj=1) PG« PG+ 2ord HNere 11211
BRBS 5k Branch { Status Flg Se1 F{BREGIs) = 1) than PCePCak 41 Hore 112
BREC 5k Branch if Stalus Flag Clearsd T (SHEGs] = 0 then PG POk 4+ 1 Hene 112
BREQ k Pranch i Equal FiZ=1jthen PG o POk a1 Hera 112
| BRHE k Branch i Hot Equal fif =0l then PC o PG4k 41 Hore 1/2
| BRCS k Branch il Carry Set ¥ G = 1then PC o PC k4 1 o 112
| BRCC k Branch il Garry Cleared i = 0 then PC o PO+ ks Hore 1/2
BRSH k Branch § Same or Higher TG =0 then PC o PO+ ks Hore 1/2
BRI k Branch il Loawsr FiG = 1)then PC o PO o ket Herv 112
BRMI k Branch § Minus il =1 then PC o PO+ ks 1 Hore 1/2
BRPL k Branch i Pls Tl = O then PC o PO+ ko Herv 112
BRGE k Branch f Greater or Equal, Sigred ¥ (N & Ve ) than FC o FC 4 ko Hore 1/2
| BRLT k Pranch § Less Than Zem, Siored BN Ve tithan PG P4 kv i Herv 1/2
BRHS k Branch  Hall Camy Flag Set FiH=11then PC o PC 4 k4 Nere 12
R k Branch il Hall Cary Flag Cleared FiH= 0 then PG« PC ok | Herm 12
BRTS k Branch § T Flag Sat P (T =1)then PG o PO+ k + 1 Here 112
BRTC k Branch T Flag Cleared F(T = 0 then PG o PGk 41 Here 12
BRVS k Branch il Cverflcw Hag is Sa1 iV =1)than FC o PC+k+ 1 Here 112
BRVEC k Branch § Cverllow Flayg is Clzared i [\ =) than FC o PG+ k4 1 Hore 1/2
ﬂ k Branch il InIemEIEnablrd ifl= 1'|IE FCi FCakad Hore 1/2
il[l k Branch i InlcmEI[Ii':.abhd ¥ = Oithen PC o POk + 1 Nere 12
DATA TRANSFER IMSTRUCTIONS
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—
inemaonics Operands Dazeription Oparation Flags #Clocks
oV Ad, Rr Irve Btween Regislers Ad « Fr Here i
I Ad, Ar Capy Register Ward Ade1:Rd o Fre1:Ar Nere i
Lo Fd, K Loerd Immediak: Ad K Here 1
i fid, ¥ Lcerd Inchirsct fAd o (%) Herre 2
L0 Ad, s Loerd Inciract and Fosl-Inc. A (). X K41 Hir i
L R, - X Leard Indirect and Pre-Dec. K- X-1, Bd - i(X) Here 2
LD R, ¥ Loerd Inchrect Ad .« ] e 2
LD R, ¥+ Lierd Inchirect and Pest-Inc. Ad i (Y], =¥ 41 Herie 2
L R, - ¥ Leard Indirect and Pre-Dec. Y-V -1, Bd - i¥) Here 2
LoD i Yiq Lioard Indirsct with Displacemert Ad i (¥ 4+ q) N 2
LD .2 Lierd Inchirect Ad i (£} Herie 2
i fd, 2. Load Indirsct and Post-Inc, Ad o (7 T B4 Herre 2
L0 fil.-Z Liczrd Inchirsct sind Pre-Diss. TiZ-1 R (d) Heris 2
LoD Fd, £+ Load Indirect wilth Displacemert Ad o (£ + i Hone 2
LOS R,k Lizrd Dirsct from SRAM Ad « ki e 2
a7 X Fr Sinre |ridiract Xie Fr Nere 2
a7 ¥4, Ar Sors Irndirsct and Post-Ine. Mia Fr, Xa X4 1 Here 2
a7 - ¥, Rr Bore Indiract and PraDec. Lo X1, 0« Rr Nere 2
a7 f, Fr Sore Indiracl Wi+ Rr Nere 2
21 '+, Ar Slors Irdirsct and Post-Ine. [Via R ¥a Yl Heres 2
21 - ¥, Ar Slore Irdrac] and PraDes. Vo ¥-1, 0« Rr Ners 2
310 ‘fig,Rr Shore Inddrad wilh Cisplacamert [+ q) e Hr Hore 2
a7 Z,Ar Binre Indiract &« Fr Here 2
a7 L+, b Siore Indiracl and Post-Ine. [E R, Za T4 Nere 2
a7 -2 R Sore Irdrsct and Pra-Dec, Lo T-1 (8« Rr Nere 2
310 Lig hr Slors Iredract with Cisplacsment (£ s Hr Hore 2
E1E] k, Ar Siore Dirscl 1o 3Ral {ki« Rr Nere 2
ﬁ |oard F'rocErn Memany A0 () Heres a
ﬁ Rd, 2 |oard qu&rn Meman Ad [} Here a
LFH Fid, £+ Loard Prograrm Memary and Post-Ine Ad & &), £ Z41 Hore 2
2 Bers Program Memary (2] « R1:R0 Here
1N Ad, P Ini Par Ad P Heris 1
autT P, Rr Cut Porl P Rr Hore 1
FLISH Rr Push Register on Stack STaCK « Rr Here 2
FOP Fd Erp Registar from Stack Ad i STaCK Hir 2
EIT AND BIT-TEST INSTRUCTIONS
EL] ph Set Bil in |10 Ragister | 1 Herre 2
CEI Ph Clear Bit in [i0 Register I[Pk 0 Hire 2
L5 Rd Logical Shill Lekt Ackn+1) o Rdin}, Rd{J] « 0 ZOHN 1
LER R Lisgical Shill Hight Ackin} < Relins 13, Rd(7) <0 ICHY 1
ROL Fd Ralale Leh Thiough Carrg Ak C Rdine1 e Bdjr, A7 ZoHY 1
ROR Ad Ratale Right Through Carry AT G Rdings— Ad{ns 17,0 Ry ZOHNY 1
A2R Ad Arithimstic Shit Right Ackin) + Reljrie 1), r=0.8 ICHY 1
2P Ad Swap Hibbles A3, Che BT 4 Rl (7.. 4 Ak .0} Herie i
| BSET 5 Flag Sl SAEGs) ¢ 1 SHEG(s) i
BCLR 5 Flag Clear SREG(s) 4 0 SHEG(=) 1
BaT Ar, b Bil Sloes Irom Register 1o T T i Frbj T 1
BLO Ad, b Bit baad fram T 1o Register Ak}« T e 1
2EC Bet Cary Gl C 1
Lo Clear Camy G C 1
2EN et Megative Flag Ha1 N 1
CLH Clear Negalive Flag Ha il il i
| 2E2 Zet fero Hag i1 F4 1
CLT Clear Zara Flag Ll 1 i
2El Gilobal Internpl Enable |41 | 1
CL Glabal Internypl Disable [E] | 1
2ES et Sigresd Tesst Flag Sa1 5 1
CLS Clear Signed Tesl Flag S0 5 1
SEV Set Twas Complement Chaflow. Vi1 W 1
CLY Clear Twos Complemer Crerllaw Vil y i
SET Zet Tin SHEG T 1 T 1
B Tlear 1 0 SAEG T T 1
2EH Set Hall Carry Flerg in SREG Ha1 H 1
CLH Clear I-H Carry Flag i\SH-EG Ha 0 H 1
MCU CONTROL INSTRUCTIONS
HoP | | Mo Operation Here 1
Mnemanics | Operands Dascription Operation Flags #Clocks
2LEEP Beep [see specilio desar, lor Skeap luncticn) Here i
WOR Watcheksy Reset [see specilic dhssr. lor WOR/Timer) Here 1
BREAK Braak Fer On-chip Debug Crily Here i
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Data Kalibrasi Alat
SUHU (°C ) VOshim penguat (mv) | VO setelah penguat (vp) [VO dgn kapasitor (YDc) SUHU{"C}) VO shim penguat (mV) | VO setelah penguat (Vp) | VO dgn kapasitor{vDc)

45 3803 258 24 40 33 208 204
449 3788 2A72 2.394 399 3283 207 204
448 3784 K] 2.3 398 3249 2048 203
447 ERE] 255 2387 397 2288 203 202
446 3786 2521 2.382 396 3281 201 2013
445 378 248 2.8 3948 328 7 2

44 4 ATTT FEEE 247 39.4 327 1493 1497
143 3772 2483 2.6 393 326 1492 1.965
147 EXES 2484 2.353 392 328 1.849 1.965
141 3735 2481 238 391 324 1.887 1.951
14 373 248 234 39 323 188 1.95
4349 AT26 2474 2,337 28.9 1225 187 1.494
138 1718 246 2.335 388 1223 1.06 1.493
137 3711 2453 2331 8.7 121 1.852 1.923
136 2703 2421 2.324 286 2204 1.843 1.921
135 37 2.4 232 38.8 3.2 1.84 1.9

134 3.606 2,392 2.318 38.4 2196 1.831 1.89
43,3 2.682 2,388 2.314 383 ENEE 1.82 1.86
43,2 EEY 2372 231 8.2 1185 1.813 1.856
431 3682 2,358 2.303 381 2181 1.81 1.855
13 3.68 2,34 2.3 38 318 1.8 1.88
4129 2672 2,338 2.293 74 317 1.795 1.84
128 3.665 236 2.2 378 316 1.795 1.83
427 3654 2331 2.287 vy 314 1.794 182
426 3632 232 2.283 AT 6 314 1.7491 1.812
424 363 2.3 218 aTA 313 1749 1.8

424 3627 2.2491 227 a7 3126 1.788 1.749
423 36149 1286 2,266 34.3 3117 1.7848 1.77
427 387 1285 226 72 3112 1782 176
421 3822 3281 2281 a7 3111 178 1.784
42 381 228 224 37 3.09 176 178
418 3484 1277 2238 6.9 3089 1785 174
418 3481 1263 2232 36.8 3085 1.754 173
417 3487 1258 2226 6.7 3082 1743 172
41.6 3485 3237 221 36.6 3081 1741 1.71
418 348 M 22 36.5 3.08 174 17

41.4 3476 2187 219 36.4 307 1738 169
413 3459 2173 2477 36.3 3.08 1735 168
412 344 2168 2163 36,2 3043 1733 1677
411 3432 2154 2159 361 3038 1731 166
EX] 343 215 2148 36 3.03 173 165
404 3426 2143 2142 3549 3023 1728 164
40.8 3422 2137 2137 358 3021 1723 103
407 3418 FREL 211 357 3016 172 102
40.6 3.404 2124 2103 356 3011 1713 161
405 3.401 212 21 3548 3.0 1.71 16

40.4 3.382 2118 207 35.4 3.0 1.709 1449
40.3 3.361 FREE 2 066 353 2998 1.706 1476
40.2 334 2082 2054 352 24993 1703 1.564
401 3318 2073 2052 351 2988 1702 14652
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SUHU("C) WO shim penguat (my) VO setelah penguat(vp) | VO dgn kapasitor (vDc) SUHU("C) YO shim penguat (my) VO setelah penguatvp) | VO dgn Kapasitor (vDc)
3B 1.7 1.55 ] 255 11 0.9
349 2982 1.68 1.54 29.9 2545 1.09 0.89
348 2981 1.67 1.43 8.8 2541 1.06 0.88
47 2981 1.664 142 297 2537 1.05 0.87
46 298 1.652 1.51 29.6 2531 1.042 .88
5 298 1.65 14 205 143 1.04 0.83
34.4 297 1.64 1.49 29.4 242 1.03 0.84
343 296 1.63 147 283 2518 1.022 0.83
142 293 1.62 143 292 2518 1.013 0.82
341 2.91 1.603 1.41 29.1 25811 1.003 0.81
M 24 1.6 1.4 29 24 1 0.8
339 2599 1.58 1.39 289 2.498 0.93 0.79
138 2891 1.4873 1.38 8.8 2493 0.93 0.786
137 2087 1.56 1.37 8.7 2497 .86 0.78
336 2882 1.4557 1.36 8.6 2487 0.83 0.786
335 288 1.55 1.3% 285 248 0.8 0.73
334 287 1.54 1.34 28.4 247 078 0.74
133 285 1.53 1.33 8.3 246 0.778 0.73
132 2045 1.52 1.32 8.2 245 0.774 0.72
331 284 1.81 1.3 28.1 2434 0.763 0.1
3 283 1.8 1.3 28 243 .76 0.7
329 2825 1.49 1.24 279 242 0.753 0.69
128 2823 1.482 1.27 78 241 0.75 0.687
27 2818 1.467 1.26 27 2403 0.73 0.685
326 2.801 1.453 1.285 216 2401 0.72 0.681
325 24 1.45 1.2% 245 24 0.7 1.68
324 279 1.444 1.24 274 2.3 0.69 067
123 276 1.43 1.23 73 238 0.687 0.66
322 275 1.429 1.22 212 237 0.685 0.653
321 2744 1.412 1.21 2741 236 0.681 0.651
32 273 14 1.2 27 235 .68 1.65
K] 2727 1.382 1149 26.9 2358 .67 0.64
KK pRVE] 1.37 1.18 26.8 2357 0166 0.634
nr 2713 1.36 1.13 26.7 2354 0.65 0.632
kil 2.708 1.358 112 26.6 2352 01.64 0.631
5 PR 1.35 1.1 265 235 .63 .63
.4 168 1.34 1.09 26.4 234 0.623 0.62
N3 165 1.33 1.08 26.3 P 0.621 0.618
1.2 2E47 1.323 1.07 26.2 2301 0.618 061
kil 2633 .18 1.06 26.1 283 0.604 0.602
il 263 1.3 1.05 26 2.28 0.6 0.6
30.9 2628 1.29 1.04 259 227 0.598 0.588
30.8 1622 1.26 1.03 258 124 0.596 0.593
0.7 LE1B 1.28 1.02 8.7 2437 0.584 0.581
306 2604 1.23 1.0 256 2331 0.581 0.4583
305 26 1.2 1 255 2.23 0.59 0.58
0.4 258 116 0.98 154 2228 0.582 0.a7
30.3 256 1.14 0.97 253 2123 0.577 1.56
30.2 2867 1.12 0.94 5.2 2213 0.573 0.557
301 2853 1.1 0.93 251 21 0.572 0.553

25 2.2 057 058
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