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Ji8 LBI oy (30 4ol b siily o Jg At (03 5,586 9,0 (ERASE") (8 SL L oy b

ool Gy s 80 Aol slixe & I g 0 (g0 Aol (slize 4 0 slaie . W9
Cor olyed & oy ol (i deby WBL okt iy by JB o oy S e 1 OCDEN
& o ) 5 sy 4y - 395 Jlb ON CHIP DEBUG s S 595 o s JTAGEN

i By il el 395 pl &S WS S SLEEP clase > oS sad o Kal 9,80 5l old Caod

sl (D)oris (532y 4ebyy (258 Ly Sy & S () - 205 (0

S(JTAG)  IEEE s s)sicul oo gySeo i) aslip oslo JW el i : JTAGEN
- olod oalitl 398 (g5 4eliy sl LIl ST W15 (o0 9,500 5 sl JUb (25 iy s 5

355 (oo S5y 4l SPI by 325 31 9,Sse g 005 gjay aebyy (28 iy o > : SPIEN

Sl a4 il 3pShes + ol 0t iy dabiy LB e g 4 45 SYS sl : CKOPT
ool ot b et (sla) 3 (1) i S iy 3 48 31> St CKSEL

sl 9,Se ( ERASE) 0 SU ooy 53 g odis op)y abyp 40,8 Liw b o« EESAVE
o3 Sb ooy 0 EEPROM g 595 5y acby o Gygo ) Jg 355 o Sy EEPROM
- Sl (oo Bgimo 9 )S

55 Ss5 o s 4ol 3 ot b BOOT dilo juie Ll o)y BOOTSZ0 , BOOTSZ1

AW J.a.s|95 )l:j BOOT a:éls u.;)ﬂ 5l 4ol dl)}lBOOTRSTW 5988 A Sy 4l O"“’}

Application Boot Flash Boot Reset

Boot |
Pages Flach Addrecses Addresces Addrecs

Size

BOOTSZ1 | BOOTSZ0

LTS

1 0 256 4 | 0x0000 - Ox1EFF | Ox1F00-1FFF | 0x1F00 |
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S Cw e & Ll & cuay by el Gy by Cise 5 el 30000 ey sy

L8l o 5 5 03,8 asie BOOTSZ1, BOOTSZ0

BOOTRST RESET ADDRESS
I(UNPROGRAMMED) | RESET VECTOR = APPLICATION RESET (ADDRESS $0000)
0(PROGRAMMED) RESET VECTOR = BOOT LOADER RESET

2.7V 5l ycce b Uy ST asl (8,8 Lhw ) ol (gjuy aobp cun ol & Jloj : BODLEVEL
¢ il o (g3) dolp Cay cpl &S Sloj . AST o Gy ) piianw 5 00 J1xd 9,00 (51 Gy 3545 5 ol

WS (oo Gy Y=Y SIS 3o |y 9,500 g 00 Jlad 9,8 (1> )y 3985 5 b 4V I VEC L, 514 S

opl e il ord iy debp sl cw opl BROWN-OUT s s Shes o35 Jué <l : BODEN

c Gl 05 g3y Aol (1548 i Oy 4 G

BODEN, BODLEVEL BROWN- OUT DETECTION
1 DISABLE
— 10 DISABLE
01 AT VCC=2.7V |
00 AT VCC=4.0V

oo bl 2 WYY i 0 START-UP bj Ol Gly cw ¢ ol 38 : SUTI ,SUTO

. Cowl 0445 03l Y Ml J.a_‘)

ods o3l prusgs MalS fuad paods (slesl 0 V=Y isu o b cun oyl 5,8dee : CKSEL3  CKSELO

0P L e . Cuw
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Sl AINTERNAL KC OSCILLATUK@ IMHZ

caly oo 3 0)9e xS sla ygy 3 Shas )y JESU pl

S .0 PORTB & olas) IO dasls 6 5l opd] aw . col s A )b o VO S5 B o)

PINB . B &5 (639)5 4 090  DDRB o3> caz juy 299 PORTB o3b i) o1y o))
03> Ca> yrauny 9 03> gy &S gy . Cul ulgs LB kid B e (39)9 o 4l oyl L ol
s 295 Bl dius lize PULL-UP coogio (s gy (slo a1+ din (52555 o0 9 G4l oo
PBO- 5 o Kn . 38 o il oly bsiins |y LED a5 > ¢ 55 Sink 1, 20mA G sy - B
Sboj . 398 o by SOURCE ) 5545 o odliiwl 9,5 PULL-DOWN (s cwglio L PB7
casb b ¥ 8 PULL-UP (ol cuglis oS

 Jbowd pges JO K lgie 4 B &y 5l o3lil

A (Sl 3,8as chd Ko o o3litw] Jluzes O sla b lgie 445 Sloj 3990 w0l A plos
DDBn 3. cul ol cas oaiS asie DDRB juwsy o DDBR ¢ i (p90e I/0 4L, g PBn
4 PBn . sl joo DDBR 51 95,5 (o )8 odliial 550 (295 4l S Glsie 4 PBR 03l S,
L9 (o 4iB)S 5lai )3 (639)9 b Su i

&lp 395 (o Jad PUI-UP coglin 595 Casyas (639)9 Hlge & b & oK b S PortBn 3|
Wb L 39 i oy lgie Al Sl L wib e Port Bn ub Pull-UP cwglio 3,8 jsgels

B g gl 50

: PORTB.7-TOSC2
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cels Jlus,S TUSCL 4 5 &l o) & 55 Lo 55 g)Sisl o 0 ¥ 5l /sl &5 oy TUSCZ
3905 03wl /O aie b ab cpl 5l olgs 05 S0 cls ol )3 390 (0 Juato

: PORTB.5-SCK

oy & SPI &S oy . cu SPI L5l <l Slave 34,9 SN g Master 45 S SCK
o Sy o> Master o s 5 59,3 DDB7 oo & a2 95 b a0k ool 958 oo (25 JS5 Slave

- Do

: PORTB.4-MISO

SPI s5 o . 590 (o0 izl SPI Lls)l <1y oS slave o> 4,5 g Master o3> ¢34, MISO
aSlave 2l )5 g 639,9 DDB6 clobas & 4555 L 4L ol 395 o 2> S Master (\lgc
39 (o odliul (293 (loie

: PORTB-MPS1,0C2

W SPI S by . 395 o odliiwl SPI Lls)l ¢ly a5 Master ols 45 o Slave oy 39, MIS1
aSlave s g 595 DDB3 bl & a5 b ab opl . 595 0 2 JS Master gs
09 (oo oLl (039)9 (lgis

do o b lge & olg o DDB3 o35 S5 L PB3.2 S | b ¢l awlie do (9,5 1 OC2
o ozl s G PWM (9,5 lp izmod a0l (ol 295 0 (2> S timer/counter2 () a.lis

.39,;‘3

:PORTB.2-§5.0CIB
3 9 390 (oo iy (639y9 DDB2 & 4555 L PB2 545 s JSs Slave )ge & SPI &S JL; SS

.39,;‘3
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>0 Slp Sl o DDBZ (05 Sy L PBZ &\, Timer/Counter 1 ) aulio 3o 59> OCLE
o3zl yoos PWM 595 (lp owiomen b cpl . 395 0 (2> S Timer/Counter gl alis so

F 29 (5

: PORTB.0.ICP

(48 Jae ) 55/ ot CAPTURE (35,5 4\, gie & 35 o PBO.ICP

Port Pin Alternate Functions
PB7 XTAL2 (Chip Clock Oscillator pin 2)
TOSC2 (Timer Osciliator pin 2)
PBE XTAL1 (Chip Clock Oscillator pin 1 or External clock input:
TOSC1 (Timer Oscillator pin 1)
PB5 SCK (SPI Bus Master clock Input)
PB4 MISO (SPI Bus Master Input/Siave Output)
PE3 MOS! (SPi Bus Master Output/Slave input)
OC2 (Timer/Counter2 Output Compare Match Output)
PB2 S5 (SPI Bus Master Slave select)
_ OC1B (Timer/Counter1 Output Compare Match B Output)
PB1 OC1A (Timer/Counter1 Output Compare Match A Output)
PBO ICP Timer/Counter1 input Capture input)

) PORTC & [olas| IO absls Ss 51 oyd] dw sl g Y asib 3 /0 S C o)
. cwl PING,C &5 a0l (090 ¢ DDRC o3> e sy (093 PORTC 03y (6lys o3l K
C Sye (95 L. dtun I (Pull-up ) coglio gl g cla 4L . siun iig ob g SVl

PCO-PC7 5 x5 (o g3l oy lsiitnne |, LED a5 y> 9 538 sink 1, 20mA G sy »
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S le; Sgd o s SOUKCE ) Sgi o ol 29,5 PUL-DOWR o Cusglio |y a5
casl b s Pull-up clo cwglio

 Jbswd pges JO S lgie 4 € &yg 5l oolinl

M (Solane 3,8das (glyls K4 o o3liiw] Jlimws /O sla a0l lgie 4 a5 Sloj 3990 AL Y plos

S DDCh 3. el 4l cas 008 asuie DDRC sy s DDCho ey i 090 1/0 4L PCh
Sy & PCR ¢ 23l oo DDCR 31 § 5,5 o )),8 ol 3y50 (298 4L 6 glgie & PCh (0L
9 (oo 48,5 5la0 )3 (639)9 4L S

98 oo Jud Pull-up  coglio < 395 o G 85 (3959 ks 4 b &S LK wib S Port Cno S|
Wb g Ly (e leie b b 4Ll L wib ae Port Cn wb Pull-up coglio 038 (s9els <)y
. gy oo THi-State cll> & 33l o 56| Cony & Sloj &y sl

1€ Oyg slad )5 o

S5 ol Bgd Ly 9y € Sygr o ab 5l oolas ST, Bgd o odliwl wa ADC lgie & C oy
Canl oo, oyl N9is gagw « ADC by SPUl JUiSw 51 gyl diges oy ;5 &S cunl pro sl

XS e U, ADC a5 Slles

Port Pin Alternate Function
2CE RESET (Resei pin!
ek ADCS (ADC Input Channel £,
o SCL {(Two-wire Sernial Sus Clock _ing!

ADC4 (ADC Input Channel 4}

e SDA (Two-wire Serial Bus Data input/Ourtput Line)
PL3 ADC3 (ADC Input Channel 3;
o - A3C2 {ADC Input Channel Z;
=C1 ADC1 (ADC input Channel 1)
~CC ADCC (ADC Input Channe! 0;

: PORTC.6-RESET
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+ 29 (o 03l 9)Sue (3)5 Cumm) sl by (R KESET
: PORTC.5-SCL,ADC5

g oo odlitwl WS bs lgie 4 2-WIRE L3yl -l > SCL
: PORTC.4-SDA,ADC4

39 oo odlatwl o3y s lgie 4 2-WIRE L5l 1l 0 SDA
)
S s PORTD 5 (polas! O abils e 5l oyl dw . col oo A )b 0 1/0 S D oy
PIND,D &5 (63599 44 (o900 e DDRD o315 cgs iy 095 « PORTD o3> yivsy (6lys o)
g5 o oob S 0ol i) & g0 > sl ilss L6 Laid D) gy (939y9 sl aly ol
b Wl o D yg (95 8L . s Iime PUl-UP cnglio cl)s &y sla 4l . siiun by on
L3S e oIl ol Lewiane |y LED a5 > ¢ 58 sink 1, 20mA
oty SOURCE Wl 395 o odlil (9,5 Pull-Down ¢l cwglio L PDO-PD7 &5 o5
diwd S Pull-up oo cwglis S Jloj gs o
Pl p9es V0 S yis 4 D o) ) ool
A (Solus 3, Slas (gl B oo o3latl Jioms JO o ol plgis 4 45 Sloj o2 ge 4l A plas
DDDn 31 .l &l s 018 aseio DDRD sy » DDDt ey : ages 1/O s\, PDN
2 @395 0L S lsis @ DDA 15 5,5 o )18 0okl 5y50 (295 4L S Gl 4 PDR 0L S
9 (o i8Syl
@l 355 o Jb Pull-up cogio 395 iy 5 939)5 lyis 4 a4l & oK 13l S, PortDn 5|
sl Gl L 3gs G ys >oy5 oloie 4wl aSGl L b o PortDn b Pull-up cwglio 55 jsgels
N9, sl ri-state b & 53] o 3] cun,y 4Skej &g

t D oy slaap)S S0

: PORTD.7.AIN1
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:PUKID./.AINU

sl ST 0138 dgliio Cuito (539y9 AINO

: POTRD.5.T1

. cwl Timer / Counterl (), S 63459 T1

: PORTD.4-XCKTO0

. cwl Timer / Counter0 ,, SMS (¢34, T0

S )5 odlil 5590 USART 5,5 S lsic & Slg5 o 5 4y o : XCK

g o Jd A4S 0 )8 9,Sinl de > USART oS Jloj Lasis 4yl ]

: PORTD.3-INT1

Sy o2y aidy guie: INTI

g odlaiwl 9)Sue (gl ()8 ddBy xiis lgie 4 Wlg UAPD3 X

: PORTD.3-INTO

S, L5 4By guie - INTO

s el 55 elp 2 Ay aite lyts 4 Sl o S5 0 PD2 al
: PORTD.1-TXD

& oy b ol 395 o Jub USART Jloy) s loj (USART (dly o3l (255w ) ol L)
D5 (o (B S5 (295 g 4 DDDI

: PORTD.0.RXD

(USART \y 53959 4L ) o3> dby> RXD

Dgde (B S5 (£39y9 i & DDDO & 455 b &b d4d o Jud USART 3L y> &S Jloj

Port Pin Alternate Function
PD7 AIN1 {(Analog Comparator Negative Input)
PD6 AIND (Analog Comparator Positive Input}
PD5 T1 (Timer/Counter 1 External Counter input)
L TU [ TITETCUUIMET U CATETTIaT COUTITeT TpaT) e
Dha IMNITA IEwtarmal Intarrmrirmst 4 b bt
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ATMEGA16 L. &l Siles

PDIP
: L
(®CKTO) PBO O 1 40 O pAD (ADCO)
Ty PE1 O 2 38 [ Pat1 (ADC1)
(INT2/AIND) PEZ O 8 38 O Paz (aDC2)
{OCOAaINT) PES O 4 AT O paz (aDC3
ES)PBA OB a8 [ pad (ADC4)
(MOSl) PBS O] § 3B [0 pas (aDCS)
Miso) PBE OO T A4 [ Pas (ADCE)
(SCK) PET O] B 33 O pa7 (4DCT)
RESET O 8 42 O AREF
VCC O 10 31 [ GHND
GND O 14 30 O AvVCC
XTALZ O] 12 2| 1 PCT (TOSC2)
XTAL1 O 13 28 O PCHE (TOSCH)
(RXD) PDOD O 14 27 O PCS (TDI)
(THD) PD1 O 15 2B O PC4 (TDO)
{(INTD) PDZ2 ] 148 28 O PC3 (TMS)
{INT1) PD3 ] 17 24 O PC2 (TCK)
(DC1B) PD4 [ 18 23 O PCH (SDA)
(OC14) PDS O 19 22 O PCO (SCL)
(ICF) PDE O] 20 21 [ PDT (OC2)
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YV = 0ytuS )3 oS Cal ueblite 9l gl 5l (Syge @Bl 13 503 (gole )95
sl )3 enl ol 5008 ol sgiigse Jsko gz 9 20 2929 VYo eee e
o5 395 (oo o3lil 508 g3le )55 3l 4 lale 13 g Cans o el 4 2B
Wlgs oV JSs p aiS sloul JMS] i o JI8 5wl (o5 ,S00

Aples osalie |y b o3 9o Jsbo

Ultraviolet 38o-ric Infrared
100-400 nm 770-1,000,000 nm

Z 3 4 5 6769 2 3 4 5 B T893

100 Wavelength . 1,000  (nanometers) 10,000

Jrlog o o3lital kil G pae 3)lge 51 (S5 25,05 Jlgld 2,8 508 (igole (sl i

2 G e o505 (oo a5 (5 25 5 (g (Sl s J5 250 il S
o el La jpuiw g5l 5l il )3 S8 sl s 53 9 olod (g gl jguiin Gl 4 Cato
odiiyd g8 il ] (6 05 95 3l g )l g2 ot B 55 il wh o8 igole (Sl yguins . 395 (o0
o3l xawg S ygo 4 ol (¢

PR N

A5l Jle ol 4 3L g9 o 02 S g ot 3 bl (STple (s b i )3 Lais

F il e S0y bl ety Sl ey (il 3 (B3gaxe

55,5 g sla LEDU 5olés gun (g 0l S5 i 5l oatin 8 (gl yguinw

24 Sygee ol Bl > @y 5 g e dg b il sl la 4l
Syge ool 4 b 4l MMY g5 55 Cunliils sy 30l ol 5 Coul (uto )l iy ol 4y, MMogys
€ 9 2 ysais 95 ol sl ((shie) STl 5 0BsS 5l 5 (ko) 9 (o) Wl s paily by oS el
S5 oo ¥ USS 30,1 el (K58 b 5 2l 4 (St ol il 50 (6,500 Sglite (gl S5 ]
S odmliie 1y ok yd D0 >
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led-red =0

GOTO main
ENDIF
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It pin ¢.2=0 then
Goto one
Loop
One:

Portb.2=1
Wait 10
Portb.2=0

Goto main
END
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Philips Semiconductors Military Linear Products Product specification
Timer 555
FEATURES # Sequential timing PIN CONFIGURATION
® Turn-off ime less than 2ps ® Time delay generation BPA Package
# Max. operating frequency greater than # Pulse width modulation - —\J—E Yo
500kHz
. i i TRIGGER[Z 7] DISCHARGE
# Timing from microseconds to hours Pulse position modulation E % THAESHOLD
* Missi | QUTPUT
® Operates in both astable and monostable Missing pulse detector meser[7] CONTROL
modes DESCRIPTION o
© High output current The 555 monolithic timing circuit is a highly BCA Package
® Adjustable duty cycle stable controller capable of producing Y a—
. accurate time delays, or oscillation. In the GNo (1] 4] vee
TTL compatible time delay mode of operation, the time is e 2] EL
® Tamperature stability of pracisely controlled by one extemal resistor
0.005% per G and capagitor. For a stable operation as an TRIGGER [3] 79 oischARGe
oscillator, the free running frequency and the ouTeuT [4] 1] N
duty ¢ycle ars both accurately controlled with nelE A THRESHOLD
APPLICATIONS two external resistors and one capacitor. The ] i
# Precision fiming circuit may be friggered and reset on falling RESET [6] 3] arrncu.
. waveforms, and the output structure can ne [7] 8] VOLTAGE
Pulse generation source or sink up to 200mA.
ORDERING INFORMATION
DESCRIPTION ORDER CODE | FACKAGE |
14-Pin Ceramic DIP 555/BCA GDIP1-T14
8-Pin Ceramic DIP ES5/BPA GDIP1-T8
* MIL-STD 1835 or Appendix A of 1995 Military Data Handbook
EQUIVALENT SCHEMATIC BLOCK DIAGRAM
Veo
o 38
2]
F CONTROL VOLTAGE
ew s: R CONTROL
2K VOLTAGE
THRESH 05

—0
CUTRUT|

SN
L
zm @
i
R14
o
TRIGER 20 .
o — azs Gz
RESET s
OISCHARGE Q14 47K
GND = R — -
= =

TRIGGER

'1 CCNPMI&TO&—-Q 2
Dis- J_—

CHARGE
7 o HESET
AUPAOR |0 4

I'-!.Y
=

| % |
STAGE

&s L

auTeuT GND
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Philips Semiconductors Military Linear Products Preduct specification
Timer 555
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING? UNIT
Vee Supply voltage +18 A
Pp Power dissipation 600 mwW
Tsta Storage temperature range -65 1o +150 C

DC ELECTRICAL CHARACTERISTICS
Vg = +5V 1o Voo = +15V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS Tamb = +25°C Tamb = -56°C, +125°C UNIT
MIN TYP MAX MIN TYP MAX
Voo Supply voltage 45 18 45 18 v
lee Supply current {low state)? Veg=5V. A === 3 5 6 mA
VCC' 15V, RL=°° 10 12 14 i
Timing error {(monostable) Ra = 2k to 100k0
e Initial accuracy® C=01pF 0.5 2.0 25 %
A/AT Drift with temperature?. & 100 pprmC
AtpfaVg Drift with supply voltage 0.05 0.2 0.25 Yol
Timing error (astable) Ra. Re = 1kQ to 100k
ta Initial aceuracy3 C=01pF 4 6 10.0 %
Atg/aT Drift with ternperature” Vee =15V 500 ppmeC
AlaliVg Drift with supply voltage® 0.15 0.6 1.5 %V
Ve Control voitage level Vep = +15V 9.6 10.0 104 9.6 10.4 v
Vg =46V 29 3.33 3.8 2.9 3.8 %
Vin Threshold voltage Vog = +15V 8.4 100 | 108 9.4 10.6 v
Voo = +5V 2.7 3.33 40 24 40 v
ItH Threshold current? Vin = 106V 0.4 0.25 0.35 mé,
VrRig Tngger voltage Voo = +15V 4.8 50 5.2 45 55 v
Voo =+5V 1.45 1.67 1.9 1.5 22 v
It Trigger current Vigig =0V 05 0.9 20 nA
Veeser | Resstvoltage® 0.3 1.0 0.1 1.3 A
IneseT Resat current VReseT = 0.4V 0.1 0.4 -0.6 mA
IRESET Reset current VeeseT = OV -0.4 -1.0 -1.2 mA
Voo = +15V
lain = 10mA 0.1 0.15 0.25 v
lsing = 50mA 0.4 0.5 0.70 v
VoL Output voltage {low)10 lgink = 100mA 20 22 28 v
Voo =+5V
IsmK = BmA 0.1 0.25 043 v
IsinK = SmA 0.05 0.2 0.28 v
Voo = +15V
Vo Output voltage (high)1? Isource = 100mA 13.0 133 12.5
Voo = +5V v
lgnurce = 100mA 3.0 33 26 v
Ip Discharge leakage current 20 100 500 nA
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Philips Semiconductors Military Linear Products Product specification

Timer 555

7AC ELECTRICAL CHARACTERISTICS
Vg = +5V, Vog = +15V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS Tamp = +25°C _T,_n-lh =-55°C, +125°C UNIT
MIN TYP MAX MIN TYP MAX
torr Tum-off timeS. 7 Vaeset = Veo 0.5 20 1]
th Rise time of output’ T100 200 ns
te Fall ime of output” 100 200 ns
NOTES:

1. Operation beyond the limits in this table may impair the useful ife of the device.

2. Supply current when output high typically 1mA less.

3. Tested at Ve = +5V and Vgg = +15V.

4. This will determine the max, value of Ry, + Rg, for 15V operation, the max. fotal R = 10M(2, and for 5V operation, the max. total R = 3.4MQ.

5. Specified with trigger input high.

6. Time measured from a positive going input pulse from 0 to 0.8 X Vg into the threshold to the drop from high to low of the output. Trigger is
tied to threshold.

7. This parameter is guaranteed, but not tested.

8, Testing performed at Ry = 100ks2 only.

9, Testing parformed at Ra = Rg = k&t only.

10. For long term static operation, derate the sink and source currents to S50maA maxirmum,
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Philips Semiconductors Military Linear Products Product specification
Timer 555
TYPICAL PERFORMANCE CHARACTERISTI cs
Minimum Pulse Width Supply Current Delay Time
Required for Triggering vs Supply Voltage vs Temperature
150 10.0 | I I 1015
T2 « 80 |— +125C T 1010
§ -65'C T | !
Al 'c =
g'® LT 2 50 } 3 1008 I
ﬁ " o'C g 3 "-.....--
7 4 55°C 1000
E ﬂ"'r ; 40 g l—-_,‘__--‘
£ g “ 2 oo |-
: 3, i
EF 25 = 0580 1
. 0 0 08
0 o1 02 03 gaveg) 50 00 150 S0 6 0 435 450 73 41004125
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE SUPPLY VOLTAGE - YOLTS TEMPERATURE - 'C
Low Qutput Voltage Low Output Voltage Low Output Voltage
vs Output Sink Current vs Qutput Sink Current ¥s Output Sink Current
0 T 0 T e T 17
V-I::CI-S" ] Vee=1ov _ vcc-lwv -
— } - )
{'-r#g e ‘ISEEI; ':'- ‘e 5S'CI:
2 10 -55-::’ .-_i L 2 +as.c” ‘ g ]
g| ; B 2' 25C | ] s, o g. T
o1 o1 | o1 +25
§ > 5 Fse 5 | +25'C |
> > $5C > — 55C
0001 oo I om
10 20 50 10 20 20 100 1.0 20 50 10 20 50 100 10 20 50 10 20 50 100
ISINK ~ mA IginK - mA ISINK - mA
WV =Voo =15V
High Output Voltage Drop Delay Time Propagation Delay vs Voltage
vs Output Source Current vs Supply Voltage Level of Trigger Pulse
20 — . 1015 00
SE°C ;
'8 ! w 1010 2 250 “—
16 25C ~ H \ ‘ C
?J b4 -~ E 1005 ‘ E 200 e
3 |, | /| a \ ] o oC “1}/
- - — (=]
£ 10 Nl —t"] g 1000 \ ] F = <=7
- e E
3 oe ] ] ‘
= [ 0595 100 ] La5'c
8 os T = | .
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Philips Semiconductors Military Linear Products Product specification
Timer 555
TYPICAL APPLICATIONS
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Philips Semiconductors Military Linear Products Product specification
Timer 555
TYPICAL APPLICATIONS {Continued)
Yoo Veo
Yoo I
|
10K
1 |
|
2 ss |
-T_ OB Bvee +
= 0 VOLTS I
—_—) t —=
DURATION OF TRIGGER PULSE
NOTE: Al resistor values are n L SWITCH GROUNDED AS SEEM BY THE TIMER
AT THIS POINT
Figure 1. AC Coupling of the Trigger Puise

Trigger Pulse Width

Requirements and Time Delays
Due to the naturs of the trigger circuitry, the
timer will trigger on the negative going edge
of the input puise. For the device to time out
properly, it is necessary that the trigger
voltags level be retumed to some voltage
greater than one third of the supply before
the time out period. This can be achieved by
making either the trigger pulse sufficiently
shart or by AC coupling into the trigger. By
AC coupling the frigger (see Figure 1), a
short negative going pulse is achisved when
the trigger signal goes to ground. AC
coupling 18 mast frequently used in
conjunction with a switch or a signal that
goes 1o ground which initiates the timing
cycle. Should the trigger be held low, without

AC coupling, for a longer duration than the
timing cycle, the output will remain in a high
state for the duration of the low trigger signal
without regard to the threshold comparator
stata. This 1s due to the predominance of Q15
on the base of Q16, contralling the state of
the bistable flip-flop. When the trigger signal
then returns to a high level, the output will fall
immediately. Thus, the autput signal will
follow the trigger signal in this case.

Ancther consideration is the “turn-off time”,
This is the measurement of the amount of
time required after the threshold reaches 2/3
Vg to tum the output low. To explain further,
Q1 atthe threshold input turns on after
reaching 2/3 Vg, which then tums on QS,
which turns on Q6. Current from Q6 turns on
Q16 which turns Q17 off. This allows current

from Q19 to turn on Q20 and Q24 to give an
output low. These steps cause the 2us max,
delay as stated in the data sheet.

Also, a delay comparable to the turn-off time
is the trigger releass time. When the trigger is
low, Q10 is on and tumns on Q11 which fums
on Q8. Q15 tums off @16 and allows Q17 1o
turn on. This turns off current to Q20 and
Q24, which results in cutput high. Whan the
trigger is released, Q10 and Q11 shut off,
Q15 tumns off, Q16 turns on and the circuit
then follows the same path and time delay
explained as “tum off lime”. This trigger
release hme is very important in designing
the trigger pulse width so as not to interfere
with the output signal as explained
previously.

TSAL6200 ;0,8 :ygolo saiiuw,d  SleMbl o5y,
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m TSAL6200
Vishay Telefunken

GaAs/GaAlAs IR Emitting Diode in @ 5 mm (T-1)
Package

94 8389

Description

TSAEGR00 is a high efficiency infrared emitting diode
ImGaAlAs on GaAs technology, molded in clear, blue-
grey tinted plastic packages.

In comparison with the standard GaAs on GaAs
technology these emitters achieve more than 100 %
radiant power improvement at a similar wavelength.
The forward voltages at low current and at high pulse
current roughly correspond to the low values of the
standard technology. Therefore these emitters are
ideally suitable as high performance replacements of
standard emitters.

Features

Extra high radiant power and radiant intensity
« High reliability
+ Low forward voltage
« Suitable for high pulse current operation
¢ Standard T-134 (@ 5 mm) package
e Angle of half intensity o =+ 17"
s Peak wavelength i, = 940 nm
+ Good spectral matching to Si photodeteciors

Applications

Infrared remote control units with high power requirements
Free air fransmission systems

Infrared source for optical counters and card readers

IR source for smoke detectors

Absolute Maximum Ratings
Tamb = 25°C

Parameter Test Conditions Symbol Value Unit
Reverse Voltage VR 5 V'
Forward Current Ig 100 mA
Peak Forward Current t,/T =05, t, =100 us lEp 200 mA <,
Surge Forward Current tp = 100 us IFsm 1.5 pre
Power Dissipation Py 210 W
Junction Temperature T 100 1§ -C
Operating Temperature Range Tamb —55_ #1060 C
Storage Temperature Range Tstg —55¢26400 *C

. 26 C
w

Soldering Temperature t = 5sec, 2 mm from case Tsd - 4, 200
Thermal Resistance Junction/Ambient RihJa 350 K

Document Number 81010 Ww.viéhdy_de « FaxBack +1-408-970-5600
Rev. 6, 20-May-99 \ 1(5)
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TSAL6200

Vishay Telefunken

Basic Characteristics

Tamp = 25°C

N .. A
VISHAY

Parameter Test Conditions Symbol | Min Typ Max Unit
Forward Voltage Il =100 mA, t, =20 ms VE 1.35 1.6 \i
[F=1A t,=100us VE 26 3 v
Temp. Coefficient of Vg Il = 100 mA TKyr -1.3 mV/K
Reverse Current V=5V Ip 10 uh
Junction Capacitance V=0V f=1MHz E=0 Ci 25 pF
Radiant Intensity I =100 mA, t, = 20 ms la 40 60 mW/sr
[F=1.0A,t, =100 us le 340 500 mWi/sr
Radiant Power Il =100 mA, t, =20 ms da 35 mw
Temp. Coefficient of ¢4 lg =20 mA TKse —0.6 %/K
Angle of Half Intensity [ +17 deg
Peak Wavelength IF = 100 mA hp 940 nm
Spectral Bandwidth I =100 mA A 50 nm
Temp. Coefficient of ap I =100 mA TKip 0.2 nm/K
Rise Time Il = 100 mA t, 800 ns
Fall Time lg = 100 mA t 800 ns
Virtual Source Diameter method: 63% encircled o 28 mm
energy
Typical Characteristics (Tamp = 25° C unless otherwise specified)
250 250
E 200 \\ ;_ 200
Z o150 N £ 1%
2 \\ Rasa 3
3 100 100
I \\ = \\Rzu-;_
50 ~\ =50 \
0 0
0 20 40 60 80 100 0 20 40 60 80 100
947957 e Taoph — Ambient Temperature ( °C ) 96 11986 Tamh — Ambient Temperature ( °C )

Figure 1. Power Dissipation vs. Ambient Temperature

Figure 2. Forward Current vs. Ambient Temperature

www.vishay.de « FaxBack +1-408-970-5600

2(5)

Document Number 81010

Rev. 6, 20-May-59
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VISHAY

TSAL6200

101
=<
= Ipsni=1 A ( Single Pulse )
o Lo Vi
: 1 1 _I T
o] ty/T=0.01
T ~ 005
:J 1 )0 _, 0.03 - M
E TR S
s 0.1 ~
o I H"'"‘-.""“‘:i‘;-'-."..:“::
- 0.5 T4
I
|
101 10
10-2 10-1 100 10! 102
05 11987 tp — Pulse Duration { ms )

Figure 3. Pulse Forward Current vs. Pulse Duration

104
E 103 -
— P
B Pl
3 !/
“:I 102 ;/
g i tp=100us ||
5 ]/ tp/T=0.001
10! :"
[
I
1|:|0
0 1 2 3 4
13600 Vr—Forward Voltage (V)

Figure 4. Forward Current vs. Forward Yoltage

12
= 11
- L TF=10mA
E: 1.0 H"""—-...,__‘
I [
o ‘H"""‘--.
= —
= 09 —
E
£ 08
0.7
0 20 40 60 80 100
94 7000 & Tamb — Ambient Temperature ( °C )

Figure 5. Relative Forward Voltage vs.
Ambient Temperature

Vishay Telefunken

1000
v
Z 100 7
;_ A
4 /‘/
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L
d
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_' P
0.1
100 10! 102 103 104
13601 Ir — Forward Current ( mA )

Figure 6. Radiant Intensity vs. Forward Current
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Figure 7. Radiant Power vs. Forward Current
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Figure 8. Rel. Radiant Intensity\Power vs.
Ambient Temperature
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TSAL6200 —
Vishay Telefunken

123
5 1.0 ?
2 O / \ :
0 / \ 2
K / \ E
o :
e U 7 Z
L~ Ir= 100 mA -
0 | | |
890 940 920
14291 i —Wavelength ( om ) 14329

Figure 10. Relative Radiant Intensity vs.

Figure 9. Relative Radiant Power vs. Wavelength
Angular Displacement

Dimensions in mm

(s
- =
— +1
T = o
- = e R2.49 (sphere)
r r fz—
{;"
N o |
0 T ™\_AREA NOT PLANE
~ $5+0.15
-f —
=
T 06 12126
|--"" r “‘\I
&
T technical drowings
+0.15 accord n\'*_ru oW
U.E—D.35 specifications

2.54 nom.

HS0038B 0,8 g0l 03,5  SleMbl &5




PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Juilei Jolo uled «QVN\—FFFIYFe o «AVFPPFPALY o +AFFPPYYFIY s o Ll L

v-ls,_my HS0038B
Vishay Telefunken

Photo Modules for PCM Remote Control Systems

%

Description

The HS0D038B — series are miniaturized receivers for
infrared remote control systems. PIN diode and
preamplifier are assembled on lead frame, the epoxy
package is designed as IR filter.

The demodulated output signal can directly be
decoded by a microprocessor. HS0038B is the
standard IR remote control receiver series, supporting
all major transmission codes.

14 500

Features

e Photo detector and preamplifier in one package e Suitable burst length =10 cycles/burst
e Internal filter for PCM frequency ® | ow power consumption

e TTL and CMOS compatibility & High immunity against ambient light

& Output active low & (Continuous data transmission possible
e Improved shielding against electrical field (800 bit/s)

disturbance

Block Diagram

3
Vs
Input (éqntrg;l
ircui 20 ko
v ! )
PIN ouT

Y

~ . Band - | Demodu-

= AGC Pass - lator —t
2

e

pE12228
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HS0038B —
VISHAY

Vishay Telefunken
Absolute Maximum Ratings
Tamp = 25°C

Parameter Test Conditions Symbol Value Unit
Supply Voltage (Pin 3) Vs -03.60 v
Supply Current (Pin 3) Ig 5 mA
Output Voltage (Pin 1) Vo -0.3.60 \
Output Current (Pin 1) g 5 mA
Junction Temperature T; 100 °C
Storage Temperature Range Tstg —25._+85 °C
Operating Temperature Range Tamb —25.+85 °C
Power Consumption (Tamp = 85 °C) Piat 50 mwW
Soldering Temperature t = 10 s, 1 mm from case Tad 260 °C

Basic Characteristics
Tamb = 25°C

Parameter Test Conditions Symbol | Min | Typ | Max Unit
. Vg=5V E, =0 lsp 0.8 1.1 1.5 mA
S — -
upply Current (Pin 3) Vs =5V, E, = 40 kix, sunlight Isp 14 mA
Supply Voltage Vg 45 55 \4
_— . E, =0, test signal see fig.7,
Transmission Distance IR diode TSAL6200. Ir = 250 mA d 35 m
Output Voltage Low (Pin 1) logL = 0.5 mA Eg = 0.7 mW/m?2 VoL 250 mV
Pulse width tolerance:
Irradiance (38 kHz) tpi — 5/fg < thg <t + 6/, Ee min 0.2 0.4 |mW/m?2
test signal see fig. 7
Directivity Angle of half transmission distance 012 +45 deg
Application Circuit
100 Q *) +5V
O 3 T uE 11+ T O
. T
) . » optional )
TSALG2.. */ 1 i e
G 2 i @]
16114 GND

*) recommended to suppress power supply disturbances
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VISHAY

HS0038B

Suitable Data Format

The circuit of the HS0038B is designed in that way that
unexpected output pulses due to noise or disturbance
signals are avoided. A bandpassfilter, an integrator
stage and an automatic gain control are used to
suppress such disturbances.

The distinguishing mark between data signal and
disturbance signal are carrier frequency, burst length
and duty cycle.

The data signal should fullfill the following condition:

e Carrier frequency should be close to center
frequency of the bandpass (e.g. 38kHz).

+ Burst length should be 10 cycles/burst or longer.

» Aftereach burst which is between 10 cycles and 70
cycles a gap time of at least 14 cycles is neccessary.

« For each burst which is longer than 1.8ms a
corresponding gap time is necessary at some time in
the data stream. This gap time should be at least 4
times longer than the burst.

+ Upto 800 short bursts per second can be received
continuously.

Vishay Telefunken

Some examples for suitable data format are:
NEC Caode, Toshiba Micom Format, Sharp Code, RC5H
Code, RC6 Code, R-2000 Code.

When a disturbance signal is applied to the HS0038B
it can still receive the data signal. However the
sensitivity is reduced to that level that no unexpected
pulses will occure.

Some examples for such disturbance signals which
are suppressed by the HS0038B are:

+ DC light (e.g. from tungsten bulb or sunlight)

e Continuous signal at 38kHz or at any other
frequency

+ Signals from fluorescent lamps with electronic
ballast with high or low modulation (see Figure A or
Figure B).

f
0 5 10

15 20

time [ms]

Figure A: IR Signal from Fluorescent Lamp with low Modulation

0 5 10

time [s]

Figure B: IR Signal from Fluorescent Lamp with high Modulation
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HS0038B V-|SHAY
Vishay Telefunken

Typical Characteristics (Tap = 25°C unless otherwise specified)

1.0 A

B 20 !/
Z os [\ = — f(E)=f //
Z [ \ -~ 16
2 AR //
- 06 2=
1\ .
04 \ s
/ \
&= .,
g 02 fet o = 04 L~
LE =fp+3% g —
¢ Af(3dB)=1£p/10 .5 ]
0.0 | | | 0.0
07 08 02 10 11 12 13 0.0 0.4 0.8 1.2 16 20
248143 f/fy — Relative Freguency 242147 E — Field Strength of Distorbance ( EV/m )
Figure 1. Frequency Dependence of Responsivity Figure 4. Sensitivity vs. Electric Field Disturbances
10 - 1o T
—HH
0.9 o — £ f=fy
£ 08 -r. B N B R B d E 1kHz
:, 0.7 Input busst duration B ’
= 06 3 i | 10w
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S 03 © M1 (I P
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0.1 B
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0 0.1
0.1 10 100 1000 1000.0 10000.0 001 01 1 10 100 1000
96 12110 E. - Iadiance ( mWim? ) 940106 AV, s _ AC Voltage on DC Supply Voltage (mV)
Figure 2. Sensitivity in Dark Ambient Figure 5. Sensitivity vs. Supply Voltage Disturbances
- 0 T T T 0
B s Correlation with ambient ljg}:_l‘t sources | 9 | | | | |
= (Disturbance effect): m==14klx Sensitivity in dark ambient
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1 3 7
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Figure 3. Sensitivity in Bright Ambient Figure 6. Sensitivity vs. Ambient Temperature
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Vishay Telefunken
Optical Test Signal
Es | (IR diode TSALB200, Iz = 0.4 A, 20 pulses, f=1f;, T=10ms) 10
2 09
f f - e Tox |
If If n 3 07 e S
foo % os X
(o =
T T 05 P LN
*tpi = 10/fo is recommended for optimal function E_ 04 Tt |
03
0.3 }
. Output Signal 18110 = 92 L=950nm,
Vo = optical test signal, fig 8
Vi 1) Ty <ty 150 e o | | |
ol 2) tyo=ty = 6Ify 0
o1 1.0 10,0 1000 10000 100000
VoL 2
. t 0612114 E: — Irradiance (mW/m<)
!'d1 ) tmz
Figure 7. Output Function Figure 10. Qutput Pulse Diagram
Optical Test Signal
E, 12

i
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Relative Spectral Sensitivity
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*g Z 02
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0
VoL 750 850 50 1050 1150
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Figure 8. Output Function Figure 11. Relative Spectral Sensitivity vs. Wavelength
Q- 10° 20
08 v 7 30"
f=38 kHz
0.7
& 06 e
< 40°
S s 7 \ i
> /
g / 09
o 03 r4 09 0
g / \
2 03 / 08 S
=
G 02 70°
0.7
01 807
0
0 20 30 40 30 60 0 80 90 06 04 02 0 02 04 05
16156 Burstlength [number of cyclesiburst] 96 12225p2 dra) — Relative Transmission Distance

Figure 9. Max. Envelope Duty Cycle vs. Burstlength

Figure 12. Directivity




PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Juilei Jolo uled «QVN\—FFFIYFe o «AVFPPFPALY o +AFFPPYYFIY s o Ll L

1S0038B A\ 4
VISHAY
fishay Telefunken
limensions in mm
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AIMEL

Pin Configurations Figure 1. Pinouts ATmegaié

PDIP
N
(xckmay PE0 O 1 40 [0 FAD (ADCO)
T EEI O 2 38 [ PA1 [ADC1)
(INTZIAIND) PBZ ] 3 38 [0 PAZ (ADC2)
(OCDANT) PB2 O 4 37 O PAZ (ADC3)
E5) PBa ] 5 36 [ Pad4 (ADC4)
(MOSI) PBE O & 35 [0 Pas (ADCS)
MIZ0) PEE O 7 34 O FAG (ADCE)
(SCK) FBT O 8 33 [0 FAT (ADCT)
RESET O & 32 O AREF
WCC ] 10 31 O GND
GND O 11 30 O AvVCC
XKTAL2 O 12 28 0 PCT (TOSGC2)
HTALT O 13 28 O PCB (TOSC1)
(RXD) FOO O 14 27 O PCS (TON)
(T#D) PD1 O 15 26 O PC4 (TDO)
{INTD) PD2 O 18 25 O PC3 (TMS)
(INT1) PD2 O 17 24 [0 PC2 (TCK)
(OC1B) PD4 O 18 23 O PC1 (SDa)
(oC14) PDS O 19 22 O FCO (SCL)
{ICF) POE O 20 21 O PD7 (OC2)
TQFP/MLF

8 44
MOs) PEE O 1 O Fad (ADC4)
MISO) FEE O 2 2 1 Pas5 (ADCS)
(sck) PE7 O] 3 1 Pag (ADCE)
RESET O] 4 1 FAT (ADCT)
woo O & O mREF
GND O 6 0 GMND
XTalz O 7 O avce
XTALT O] & & O PCT (TOSC2)
(RMD) POD O @ 5 01 PCE (TOSCH)
(T¥D) PDH O 10 + O PCE (TDN)
(INTD) PDZ O 11 01 PC4 (TDO)
12 51111515 T1i1 92U?1?3

OOoo0oouooood
o o o

Disclaimer Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min

and Max values will be available after the device is characterized.
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ATmegal6(L)

Overview The ATmegal6 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegals achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Block Diagram Figure 2. Block Diagram

PAD - FAT FCO-FCY
WCC

| FORTA DRIVERZ'BUFFERE | FORTC CANVERS'BLFFERS |
GHD ‘ PORTA DIGITAL INTERFACE l FORTC DIGITAL INTEFFACE |

o Mux s l_, apc .._.I
ADG INTEFFACE
Pﬁc‘ TIMERE CECILLATOR
SRAM I__ srace | COUNTERS =
COUNTER FOINTER

INTERMAL
CECILLATOR

l XTALY H
EEMER.L YHTCHOOS e I
PURPCSE

REGISTERS
—_— I XTALS “ ]
| I | D
r 1 ETIMING - RESET
INTERMAL
INTERFLFT CALIERATED
CECILLATCR
-

AVR GPU Funss I... _.{ —

AFEF ™

S I

PORTE DIGITAL INTERFACE ’ PORTD DIGITAL INTERFACE |
| FORTE DRIVERS'BLFFERE | FORTD CANVERS'BLFFERS |
FBO -PET FOO - FOT




PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Juilei Jolo uled «QVN\—FFFIYFe o «AVFPPFPALY o +AFFPPYYFIY s o Ll L

Port B (PB7..PBO) Port B is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a resst
condition becomes active, even if the clock is not running.

Fort B also serves the functions of various special features of the ATmegal6 as listed
on page 55.

Port C (PCY..PCO) Port C is an 8-bit bi-directional 10O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port © pins that are externally pulled low will source
current if the pull-up resistors are activated. Tha Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3{TMS) and PC2(TCK) will be acti-
vatad even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmegalt as listed on page 58.

Port D (PD7..PDO) Port D is an 8-bit bi-directional 'O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pullad low will source
current if the pull-up resistors are activated. Tha Port D pins are tri-stated when a resst
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmegal6é as listed
on page &0.

RESET Reset Input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 25. Shorter pulses are not guaranteed to generate a reset.

XTALA Input to the inverting Oscillator amplifier and input to the intermal clock oparating circuit.
XTAL2 Output from the inverting Oscillator amplifier.
AVCC AVCC is the supply voltage pin for Port A and the AD Converter. It should be externally

connected to Ve, even if the ADC is not used. If the ADC is used, it should be con-
nected to Vs through a low-pass filter,

AREF AREF is the analog reference pin for the A/D Corwvarter.
About Code This documentation contains simple code examples that briefly show how to use various
Examples parts of tha device. These code examples assume that the part specific header file is

included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.
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AVR CPU Core

Introduction This section discusses the AVR core architacture in general. Tha main function of the
CPU core is to ensure correct program execution. The CPU must therefore be able to
access memaoiies, perform calculations, control peripherals, and handle interrupts.

Architectural Overview Figure 3. Block Diagram of the AVR MCU Architecture

< Dala Bus &b
Fragram Sialus
PFN;;"EH“_" "—| Counter | and Corrol I""
Memary

£
)
HE

Cantral Lines

Direct Addressing
Indirsct &ddressing
; g
S5 g
EHRE
g

D Medde n

In arder to maximize performance and parallelism, the AVR uses a Harvard architecture
— with separate mamoties and buses for program and data. Instructions in the program
memory are exacuted with a single level pipelining. While one instruction is being exe-
cuted, the next instruction is pre-fetched from the program memery. This concept
enables instructions to be executad in every clock cycle. The program memory is In-
System Reprogrammable Flash memary.

The fast-access Register file contains 32 x 8-bit general purpose working registers with
a single clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU})
operation. In a typical ALU operation, two operands are output from the Register file, the
operation is executed, and the result is stored back in the Register file — in one clock
cycle.

Six of the 32 registers can be used as three 16-bit indirect address register pointers for
Data Space addressing — enabling efficient address calculations. One of the these
address pointers can also be used as an address pointar for look up tables in Flash Pro-
gram memary. These added function registers are the 16-bit X-, Y-, and Z-register,
described later in this section.

The ALU supports arithmetic and logic operations between registers or between a con-
stant and a register. Single register operations can also be executed in the ALLL After
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+ Bit 7 - I: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the intarrupts to be enabled. The individ-
ual interrupt enable control is then performed in separate control registers. If the Global
Interrupt Enable Register is cleared, nong of the interrupts are enablad independent of
the individual interrupt enable settings. The |-kt is cleared by hardware after an interrupt
has occurred, and is set by the RET! instruction to enable subsequent interrupts. The |-
bit can also be set and cleared by the application with the SEI and CLI instructions, as
described in the instruction set reference.

+ Bit 6 — T: Bit Copy Storage

The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STaore) use the T-bit as source or
destination for the operated bit. A bit from a register in the Register file can be copied
into T by the BST instruction, and a kit in T can be copied into a bit in a registar in the
Register file by the BELD instruction.

+ Bit 5 — H: Half Carry Flag

The Half Carry Flag H indicates a half carry in some arithmetic operations. Half Carry is
useful in BCD arithmetic. See the “Instruction Set Description” for detailed information.
+ Bit4-5:SignBit,S=N3V

The S-bit is always an exclusive or between the negative flag N and the two's comple-
ment cverflow flag V. See tha “Instruction Set Dascription” for detailed information.

+ Bit 3 - V: Two's Complement Overflow Flag

The Two's Complament Overflow Flag V supports two's complemeant arithmetics. See
the “Instruction Set Description” for detailed information.

+ Bit 2 — N: Negative Flag

The Megative Flag N indicatas a nagative result in an arithmetic or logic operation. See
the “Instruction Set Description” for detailed information.

« Bit1-Z: Zera Flag

The Zero Flag £ indicates a zero result in an arithmetic or logic operation. See the
“Instruction Set Dascription” for detailed information.

+ Bit 0 - C: Carry Flag

The Carry Flag C indicates a carry in an arithmetic or logic operation. See the “Instruc-
tien Set Description” for detailed information.

The Register File is optimized for the AVR Enhanced RISC instruction set. In order to
achieve the required performance and flexibility, the following inputioutput schemes are
supported by the Ragister file:

+  One 8-bit output operand and ona &-bit result input

+  Two 8-bit output operands and one 8-bit result input
+«  Two 8-bit output operands and one 16-bit result input
+  One 16-bit output operand and one 16-kit result input

Figure 4 shows the structure of the 32 genaral purpose working registers in the CPLU.
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Figure 4. AVR CPU General Purpose Working Registers

7 o Addr,
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Fi 01
Rz 02
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Registers A7 11
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Rza kol ‘f-registar Low Biyte
Rza kol ‘f-registar High Byte
Rao $1E Z-register Low Byts
Az #1F Z-registar High Byt

Muost of the instructions operating on the Register File have direct access to all registers,
and most of them are single cycle instructions.

As shown in Figure 4, each register is also assigned a data memory address, mapping
them directly into the first 32 locations of the user Data Space. Although not being phys-
ically implementad as SRAM locations, this memory organization provides great
flexibility in access of the registers, as the X-, Y-, and Z-pointer Registars can be set to
index any register in the file.

The X-register, Y-register and The registers R26..R31 have some addad functions to their general purpose usage.
Z-register These registers are 16-bit address pointers for indirect addressing of the Data Space.
The three indirect address registars X, Y, and Z are defined as described in Figure 5.

Figure 5. The X-, Y-, and Z-registers

15 XH XL 0
X - register 17 [ E [ |
-
R27 ($1E) Fi2E ($14)
15 H YL 0
¥ - register 17 ol 7 [ |
-
Rza (100 Fizd ($1C)
15 ZH ZL 0
Z - reqi ]
register 17 - 0 1 7 - 1
Ra1 (#1F) R0 ($1E)

In the different addressing modes these address registers have functions as fixed dis-
placement, automatic increment, and automatic decremeant (see the Instruction Set
Referance for details).
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Stack Pointer The Stack is mainly used for storing temporary data, for storing local variables and for
storing return addresses after interrupts and subroutine calls. The Stack Peinter Regis-
ter always peints to the top of the stack. Note that the stack is implemented as growing
from higher memaory locations to lower memory locations. This implies that a stack
PUSH command decreases the Stack Pointer.

The Stack Pointer points to the data SRAM stack area where the Subroutine and Inter-
rupt Stacks are located. This Stack space in the data SRAM must be defined by the
program before any subrouting calls are executad or interrupts are enablad. The Stack
Pointer must be set to peint above $60. The Stack Pointer is decramented by one when
data is pushed onto the Stack with the PUSH instruction, and it is decremented by two
when the return address is pushed onto the Stack with subroutine call or interrupt. The
Stack Pointer is incremented by one when data is popped from the Stack with the POP
instruction, and it is incremented by two when data is popped from the Stack with retumn
from subroutine RET or return from interrupt RETI.

The AVR Stack Pointer is implemented as two 8-bit registers in the /O space. The num-
ber of bits actually used is implementation dependent. Note that the data space in some
implementations of the AVR architecture is so small that only SPL is needed. In this
case, the SPH Register will not be present.

Bit 15 14 13 12 1 0 2] &
SP1E SM4 sp13 sp12 5P SPA0 SPY Spg SPH
sP7 S5 SPE 5Py ELE §p2 SP1 SPO SPL

7 & 5 4 3 2 1 Q
Read Writs R RW RW AW R RW RW RW
R RW RW AW R RW RW RW
Iritial Valus o 0 il 0 0 0 0
4] o 0 0 Q
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Instruction Execution This section describes the general accass timing concepts for instruction execution. The
Timing AVR CPU is driven by the CPU clock clkgpy, directly generated from the selected clock
source for the chip. Mo internal clock division is used.

Figure & shows the parallel instruction fetches and instruction executions enabled by the
Harvard architecture and the fast-access Register file concept. This is the basic pipelin-
ing concept to obtain up to 1 MIPS per MHz with the corresponding unigue results for
functions per cost, functions per clecks, and functions per power-unit.

Figure 6. The Parallel Instruction Fetches and Instruction Executions
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Figure 7 shows the internal timing concept for the Register file. In a single clock cycle an
ALU operation using two register operands is executed, and the result is stored back to
the destination register.

Figure 7. Single Cycla ALL Opearation
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Total Execution Time
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RN (U (U R S S

Result Write Back Oy
1
Reset and Interrupt The AVR provides several different interrupt sources. These interrupts and the separate
Ha ndling reset vector each have a separate program vector in the program memory space. All

interrupts are assigned individual enable bits which must be written logic one together
with tha Global Interrupt Enable bit in the Status Register in order to enable the interrupt.
Depending on the program counter value, interrupts may be automatically disabled
when Boot Lock bits ELBO02 or ELB12 are programmed. This feature improves software
security. See the section “*Memory Programming” on page 254 for details.

The lowest addresses in the program memaory space are by default defined as the Reset
and Interrupt Vectors. The complete list of vectors is shown in “Interrupts” on page 42.
The list also determines the priority levels of the different interrupts. The lower the
address the higher is the priority level. RESET has the highest priority, and next is INTO
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AVH ATmegalb This section describes the different memories in the ATmega16. The AVR architecture

Memories has two main memory spaces, the Data Memaory and the Program Memory space. In
addition, the ATmegal 6 features an EEPROM Memory for data storage. All three mem-
ory spaces are linear and regular.

In-System The ATmegal6 contains 16K bytes On-chip In-System Reprogrammable Flash memory
Reprogrammable Flash for program storage. Since all AVR instructions are 16 or 32 bits wide, the Flash is orga-
Program Memory nized as 8K x 16. For software security, the Flash Program memory space is divided

into two sections, Boot Program section and Application Pregram section.

The Flash memory has an endurance of at least 10,000 write/erase cycles. The
ATmegal16 Program Counter (PC) is 13 bits wide, thus addressing the 8K program
memaory locations. The operation of Boot Program section and associated Boot Lock
bits for software protection are described in detail in “Beot Loader Support — Read-
While-Write Self-Programming” on page 241. "Memory Programming” on page 254 con-
tains a detailed description on Flash data serial downloading using the SPI ping or the
JTAG interface.

Constant tables can be allocated within the entire program memory address space (see
the LPM — Load Program Memory Instruction Description).

Timing diagrams for instruction fetch and execution are presented in “Instruction Execu-
ticn Timing" on page 11.

Figure 8. Program Memory Map
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RAM Data Memory Figure 9 shows how the ATmegal 6 SRAM Meamory is organized.

The lower 1120 Data Memory locations address the Register file, the /'O Mamaory, and
the internal data SRAM. The first 96 locations address the Ragister file and V'O Memory,
and the next 1024 locations addrass the internal data SRAM.

The five different addressing modes for the data memory cover: Direct, Indirect with Dis-
placement, Indiract, Indirect with Pre-decrement, and Indirect with Post-increment. In
the Register file, registers R26 to R31 feature the indirect addressing pointer registers.

The direct addressing reaches the entire data space.

The Indirect with Displacement mode reaches 63 address locations from the base
address given by the Y- or Z-ragister.

Whan using register indirect addressing modeas with automatic pre-decrement and post-
increment, the address registers X, Y, and Z ara decrementad or incremented.

The 32 general purpose working registers, 64 1O Registers, and the 1024 bytes of intar-
nal data SRAM in the ATmegalé are all accessible through all these addressing modes.
The Register file s described in *General Purpose Register File” on page 8.

Figure 9. Data Memory Map
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System Clock and
Clock Options

Clock Systems and their Figure 11 presents the principal clock systems in the AVR and their distribution. All of

Distribution the clocks need not be active at a given time. In order to reduce power consumption, the
clocks to modules not being used can be halted by using different sleep modes, as
described in "Power Management and Sleep Modes” on page 30. The clock systems
are detailed Figure 11.

Figure 11. Clock Distribution
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ok AR Clock by
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Tirne/Colntar Extarna RC Extemal Clock Cryatal Low-frequency Calbrated AC:
Cecllakn Cecllaky Creddllator Corystal Cedllaior Cracdliator
CPU Clock — clkcpy The CPU clock is routed to parts of the system concerned with operation of the AVR

core. Examples of such modules are the General Purpose Register File, the Status Reg-
ister and the data memaory holding the Stack Pointer, Halting the CPU clock inhibits the
core from performing general operations and calculations.

V0 Clock — clkg The 17O clock is used by the majority of the 1/0 modules, like TimarCountars, SPI, and
USART. The /O clock is also used by the Extarnal Interrupt module, but note that some
external interrupts are detected by asynchronous logic, alowing such interrupts to be
detected even if the /O clock is halted. Also note that address recognition in the TWI
madule is carried out asynchrenously when clk,q is halted, enabling TWI address recep-
tion in all sleep modes.

Flash Clock - clkp ssy The Flash clock controls operation of the Flash interface. The Flash clock is usually
active simultaneously with the CPU clock.
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and resonators. The optimal value of the capacitors depends on the crystal or resonator
in use, the amount of stray capacitance, and the electromagnetic noise of the environ-
ment. Some initial guidelines for choosing capacitors for use with crystals are given in
Table 4. For ceramic resonators, the capacitor values given by the manufacturer should
be used. For more information on how to choose capacitors and other details on Oscilla-
tor operation, refer to the Multi-purpose Oscillator application note.

Figure 12. Crystal Oscillator Connections

co
— . XTAL2
Ll
LG ] XTAL
. GND

The Oscillator can operate in three different modes, each optimized for a specific fre-
gquency range. The operating mode is selectad by the fuses CKSEL2..1 as shown in

Table 4.
Table 4. Crystal Oscillator Operating Modes
Frequency Range Recommencled Range for Capacitors
CKOPT | CKSEL3..1 {MHz) C1 and C2 for Use with Crystals (pF)
1 101" 0.4-09 -
1 110 0.8-3.0 12 -22
1 11 2.0-80 12 -22
0 101, 114, 111 1.0= 12 -22

Mote: 1. This option should not be used with crystals, only with ceramic resonataors.
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Low-frequency Crystal To use a 32.768 kHz watch crystal as the clock source for the device, the Low-fre-
Oscillator quency Crystal Oscillator must be selected by setting the CKSEL fuses to “1001". The
crystal should be connected as shown in Figure 12, By programming the CKOPT Fuse,
the user can enable internal capacitors on XTAL1 and XTALZ, thereby removing the
need for external capacitors. The internal capacitors have a nominal value of 36 pF.
Refer to the 32 kHz Crystal Oscillator application note for details on Oscillator operation
and how to choose appropriate values for C1 and C2.

When this Oscillator is selected, start-up times are determined by the SUT fuses as
shown in Table &.

Table 6. Starf-up Times for the Low-frequency Crystal Oscillator Clock Selection

Start-up Time from | Additional Delay
Power-down and from Reset
SUT1..0 Power-save (Voo =5.0V) Recommended Usage

oo 1K CK™ 4.1ms Fast rising power or BOD enabled

ol 1K CKM &5 ms Slowly rising power

10 32K CK 65 ms Stable frequency at start-up

11 Reserved

Mote: 1. These options should only be used if frequency stability at start-up is not important for
the application.

External RC Oscillator For timing insensitive applications, the external RC configuration shown in Figure 13
can be used. The frequeancy is roughly estimated by the equation f = 1/{3RC). C should
be at lzast 22 pF. By programming the CKOPT Fuse, the user can enable an intemal
36 pF capacitor between XTAL1 and GND, thereby removing the need for an external
capacitor. For more information on Qscillator operation and details on how to choose R
and C, refer to the External RC Qscillator application note.

Figure 13. External RC Configuration

':,,.f.;,;
Fi‘" NC XTalLz2
XTalil
Cx
GND
-

The Oscillator can operate in four different modes, each optimized for a specific fre-
fquency range. The operating mode is selected by the fuses CK3SEL2..0 as shown in

Table 7.




PGS Az 0 www.kandoocn.com calw 4 word B o3 5 g
Juilei Jolo uled «QVN\—FFFIYFe o «AVFPPFPALY o +AFFPPYYFIY s o Ll L

External Clock To drive the device from an external clock source, XTAL1 should be driven as shown in
Figure 14. To run the device on an external clock, the CKSEL fuses must be pro-
grammed to "0000". By programming the CKOPT Fuse, the user can enable an internal
36 pF capacitor between XTAL1 and GMD.

Figure 14. External Clock Drive Configuration

NG ——— XTAL2
EXTERMAL

cLock ——— XTall
SIGMAL

When this clock source is selected, start-up times are determined by the SUT fuses as
shown in Table 12.

Table 12. Start-up Times for the External Clock Selection

Start-up Time from Additional Delay
Power-down ancd from Reset
SUT1.0 Power-save (Ve = 5.0V) Recommended Usage
o0 & CK - BOD enabled
o1 &6 CK 4.1 ms Fast rizing power
10 &6 CK 85 ms Slowdy rising power
11 Reserved

Timer/Counter Oscillator For AVR microcontrollers with Timer/Counter Oscillator pins (TOSC1 and TOSC2), the
crystal is connected directly between the pins. No external capacitors are needed. The
Oscillator is optimized for use with a 32.768 kHz watch crystal. Applying an external
clock source to TOSCA is not recommended.
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ATmegal6(L)

Figure 15. Reset Logic
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Table 15. Reset Characteristics
Symbol | Parameter Condition Min Typ Max Units
Power-on Reset
Threshaold Voltage (rising) 14 23 v
Vear Power-on Reset
Threshold Voltage 1.3 2.3 W
ifalling)™
RESET Pin Threshaold
Vit Vaoltage 0.2 Ve 0.85V v
Minimum pulse width on
theT | RESET Pin 50 ns
v Brown-out Reset BODLEVEL =1 2.5 27 3.z y
i2)
BaT | Threshold Voltage BODLEVEL=0| 37 |40 | 42
Minimum low voltage BODLEVEL = 1 2 us
teop period for Brown-out
Detection BODLEVEL =0 2 s
Brown-out Detector
Viavs hysteresis 50 m/

Motes: 1. The Power-on Reset will not work unless the supply voltage has been below Vpa
(falling).

2. Vpor may be below nominal minimum operating voltage for some devices. For
devices where this is the case, the devics is tested down to Vi = Vgor during the
production test. This guarantees that a Brown-out Reset will occur before Vi drops
to a voltage where correct operation of the microcontraller iz no longer guaranteed.
The test is pedformed using BODLEVEL = 1 for ATmegal6L and BODLEVEL = 0 for
ATmegals. BODLEVEL =1 is not applicable for ATmega16.
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s A Tmega16(L)

Internal Voltage ATmeagal6 featuras an intemnal bandgap reference. This reference is used for Brown-

Reference out Detection, and it can be used as an input to the Analog Comparator or the ADC. The
2.56V reference to the ADC is generated from the intemal bandgap reference.

Voltage Reference Enable The veltage reference has a start-up time that may influgnce the way it should be used.

Signals and Start-up Time The start-up time is given in Table 16. To save power, the reference is not always turned

on. The reference is on during the following situations:
1. When the BOD is enabled (by programming the BODEN Fuse).
2. When the bandgap reference is connacted to the Analog Comparator (by setting

the ACBG bit in ACSR).
3. When the ADC is enabled.
Thus, when the BOD is not enabled, after setting the ACBG bit or 2nabling the ADC, the
user must always allow the reference to start up before the cutput from the Analog Com-
parator or ADC is used. To reduce power consumption in Power-down maode, the user
can avoid the three conditions above to ensure that the reference is turned off before
entering Power-down mode,

Table 16. Internal Voltags Referance Characteristics

Symbol | Pamameter Min Typ Max Units
Vee Bandgap reference voltage 1.18 1.23 1.35 v
tag Bandgap reference stant-up time 40 70 us
lpc Bandgap reference current consumption 10 i
Watchdog Timer The Watchdog Timer is clocked froam a separate On-chip Oscillator which runs at 1

MHz. This is the typical valua at Vi = 5V. See characterization data for typical values at
other Ve levels. By controlling the Watchdog Timer prescaler, the Watchdog Reset
interval can be adjusted as shown in Table 17 on page 40. The WDR - Watchdog Reset
— instruction resets the Watchdog Timer. The Watchdog Timer is also reset when it is
dizabled and when a Chip Reset occurs. Eight differant clock cycle periods can be
selected to determine the reset period. If the reset period expires without another
Watchdog Reset, the ATmegals resets and executes from the Reset Vector. For timing
details on the Watchdog Reset, refer to page 38,

To prevent unintentional disabling of the Watchdog, a special turn-off sequence must be
followed when the Watchdog is disabled. Rafer to the description of the Watchdog Timer
Control Register for details.

Figure 21. Watchdog Timer
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I A Tmegai6(L)
Table 19. Reset and Interrupt Vectors Placement!!
BOOTRST IVSEL | Reset address Interrupt Vectors Start Address
1 0 $O000 $o002
1 1 $0000 Boot Resst Address + $0002
0 0 Boot Reset Address 0002
0 1 Boot Resst Address Boot Resst Address + $0002
Mote: 1. The Boot Reset Address is shown in Table 99 on page 252, Forthe BOOTRST Fuse
“1" means unprogrammed while ‘0" means programmed.
The most typical and general program setup for the Reset and Interrupt Vector
Addresses in ATmegaléis:
Address Labels Code Comments
2000 imp  RESET ; Resst Handler
2002 dmp  EMT_INTO ; IRQD Handler
2004 JmE EXT_THT1 ; IRQL Handler
dmp  TIM2Z_COMP ; TimerZ Compars Handler
dmp  TIMI_CWFE ; TimerZ owverflow Handler
5004 jmp  TIML_CAPT ; Timerl Capturs Handler
£00C jmp  TIML_COMPA ; Timerl Comparsa Handler
Z00E jmp  TIML_COMFE ; Timerl ComparsE Handler
2010 qmp TIHL_OVE ; Timerl owverflow Handler
2012 dmp  TIHO_OVE ; Timsrl Owverflow Handler
2014 dmp  SPI_STC ; SPI Transfer Complste Handler
2016 imp  USART_RXC ; USART RX Complste Handler
5018 jmp  USART_ULDRE ; UDR Empty Handler
201a Jmp  USART_TXC ; USART TX Complete Handler
201c Jmp  ADC ; ADC Conversion Complete Handler
Z01E imp  EE_RDY ; EEPROM Ready Handler
2020 Jmp  ANA_COMP ; Analog Comparator Handler
2022 dmp  TWSI ; Two-wirs Ssrial Interfacs Handler
%024 dmp  EXT_INTZ2 ; IRQZ Handler
2028 jmp  TIMO_COME ; Timerl Compars Handler
5028 qmp  SPM_ROYW ; Store Program Mesmory Ready Handler
s02a RESET: 141 rlé, high (RAMEND) ; Main program start
Z02E cut SEH,rlé ; Zet stack polnter to top of RAM
202C 141 rlé&, low (RAMEND)
202D cut SBEL,rlé
Z02E sed ; Enakle intsrrupts
s02F <instrs xxx
u -
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When the BOOTRST Fuse is unprogrammed, the Boot section size set to 2K bytes and
the IVSEL bit in the GICR Register is set before any interrupts are enabled, the most
typical and general program setup for the Reset and Interrupt Vector Addresses is:

address Labels Code Commants

2000 RESET: 141 rlé,high (RAMEND) ; Main program start

2001 ocut SPH,.rlé ; Set stack polnter to top of RAM
2002 141 rlE, low{RAMEND]

%003 cut  SPL,rla

4004 sel ; Enable interrupts

%005 =instr> Xxx

.org 51c02

51c02 Jmp  EMT_INTO ; IRQD Handler

£1c0d Jjmp  EMT_INTI1 ; IRQL Handler

51c28 Jjmp  SPH_ROY ; Store Program Memory Ready Handler

Whan the BOOTRST Fuse is programmed and the Boot section size set to 2K bytes, the
most typical and general program setup for the Reset and Interrupt Vector Addresses is:

address Labels Code Comments

.org 5002

%002 Jmp  EMT_INTO ; IRQD Handler

%004 Jmp  EMT_INTI1 ; IRQL Handler

4028 jmp  SPH_ROY ; Store Program Memory Ready Handler
.org $1c00

£1c00 RESET: 141 rl6.high(RAMEND) ; Maln program start

£1c01 cut SPH,rlé ; Set stack polnter to top of RAM
21c02 141 rlé, low (RAMEND)

£1c03 cut  SPL,rlé

£1c0d sel ; Enable interrupts

£1c0s «instr» MNx

Whean the BOOTRST Fuse is programmed, the Boot section size set to 2K bytes and the
IVSEL bit in the GICR Register is set before any interrupts are enabled, the most typical
and general program setup for the Reset and Interrupt Vector Addresses is:

address Labeals Code Cammsnks
.org $1c00
5100 jmp  RESET i Besst handler
£1c02 jmp  EMT_INTO ; IRQO Handler
£1c04 jmp  EMT_INTI1 1 IRQ1 Handler
21c28 jmp  SEM_ROY 1 Store Program Memory Ready Handler
21lc2a RESET: 141 rlé.high(RAMEND) ; Main program start
21C2E ocut SPH,.rlé ; Set stack polnter to top of RAM
21c2c 141 rlé,low (RAMEND)
21C2D ocut SPL,.rlé
21C2E sel ; Enable interrupts
21c2F =instr> Xxx
u -
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O Ports

itroduction All AVR ports have trug Read-Modify-Write functionality when used as general digital
YO ports. This means that the direction of one port pin can be changed without uninten-
tionally changing the direction of any other pin with the SEI and CBI instructions. The
same applies when changing drive value {if configured as output) or enabling/disabling
of pull-up resistors (if configured as input). Each output buffer has symmetrical drive
characteristics with both high sink and source capability. The pin driver is strong encugh
to drive LED displays directly. All port pins have individually selectable pull-up resistors
with a supply-voltage invariant resistance. All 1/0 pins have protection diodes to both
Vo and Ground as indicated in Figure 22. Refer to “Electrical Characteristics” on page
285 for a completa list of parameters.

Figure 22. /O Pin Equivalent Schematic

See Figure 23
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All registers and bit references in this section are written in genaral form. A lower case
" represents the numbering letter for the port, and a lower case “n” represants the bit
number. Howeaver, when using the register or bit defines in a program, the precise form
must be used. i.e., PORTES for bit no. 3 in Port B, here documented generally as
PORTxN. The physical IO Registers and bit locations are listed in *Register Description
fior YO Ports” on page 62.

Thrae /O memory address locations are allocated for each port, one each for the Data
Register — PORTx, Data Direction Register — DDRx, and the Port Input Pins — PINx. The
Port Input Pins /O location is read only, while the Data Register and the Data Direction
Register are read'write. In addition, the Pull-up Disable — PUD bit in SFIOR disables the
pull-up function for all pins in all ports whan set.

Using the YO port as General Digital /O is described in *Ports as General Digital 1FO" on
page 48. Most port pins are multiplexed with alternate functicns for the peripheral fea-
tures on the device. How 2ach alternate function interferes with the port pin is described
in “Alternate Port Functions” on page 52. Refer to the individual module sections for a
full description of the alternate functions.

Mote that enabling the alternate function of some of the port pins does not affect the use
of the other pins in the port as general digital 170,
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Ports as General Digital  The ports are bi-directional 1#0 ports with optional internal pull-ups. Figure 22 shows a
1o functional description of one VO-port pin, here generically called Pxn.

Figure 23. General Digital /0"
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Mote: 1. WPx, WDx, RRx, RPx, and RDx are commaen to all pins within the same port. clkq,
SLEEP, and PUD are commaon to all ports.

Configuring the Pin Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in
“Register Description for VO Ports” on page 62, the DDxn bits are accessed at the DDRx
/O address, the PORTxN bits at the PORTx YO address, and the PINxn bits at the PINx
YO address.

Thea DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written
logic one, Pxn is configurad as an output pin. If DDxn is written logic zero, Pxn is config-
ured as an input pin.

If PORTxn is written logic one when the pin is configured as an input pin, the pull-up
registor is activated. To switch the pull-up resistor off, PORTxn has to be written logic
Zero or the pin has to be configured as an output pin. The port pins are tri-stated whan a
reset condition becomes active, even if no clocks are running.

If PORT=n is written logic one when the pin is configured as an output pin, the port pin is
driven high (one). If PORTxn is written logic zerc when the pin is configured as an out-
put pin, the port pin is driven low (zero).

When switching between tri-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn,
PORTxn} = 0b11), an intermediate state with either pull-up enabled ({DDxn, PORTxN} =
0b01) or output low ({DDxn, PORTXn} = 0b10) must occur. Normally, the pull-up
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nate Port Functions Most port pins have alternate functions in addition to being General Digital 1'Os. Figure
26 shows how the port pin contral signals from the simplified Figure 23 can be overrid-
den by alternate functions. The overriding signals may not be presant in all port pins, but
the figure serves as a generic description applicable to all port pins in the AVR micro-
controller family.

Figure 26. Alternate Port Functions!”
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MNote: 1. WPx, WDx, RRx, RPx, and RDx are commen to all pins within the same port. clk,q,
SLEEF, and PUD are common to all ports. All ather signals are unique for each pin.

Table 21 summarizes the function of the overriding signals. The pin and port indexes
from Figure 26 are not shown in the succeeding tables. The overriding signals are gen-
erated internally in the modules having the alternate function.

. A>L09 é’l.m
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