74470 Sulautetut prosessorisoveliukset

Tentti 25.2.2004

Kirjoita selkeésti!

1. Lyhyet erikoiset. Kerro mité asia tarkoiftaa muutamalla lauseella,
tyhjentavésti. Ala jaarittele.

a) Sulautettu jarjestelma
b) Ulkoinen keskeytys
c) Maataso

d) SPI

e) PWM-lohko

f) Watchdog

2. Essee. Kerro AD- ja DA- muunnoksesta. Alé jaarittele.

3. Suunnittele toiminnallisuus ja piirikaavio.

Suunnittele valaistusmittari. Kaytdsséasi on LDR, jonka arvo muuttuu
lineaarisesti. Kun LDR on taysin pimeassé, sen arvo on 2k2 ja taysin
kirkkaassa auringonvalossa sen arvo on 47k. Valaistusmittarista pitaa pystya
lukemaan selkeasti valoisuus prosentteina. Mittari toimii patterilla tai
pattereilla, patterin voit paattaa itse.

Luovuus sallitaan, teknisia virheita ei. Piirra selked piirikaavio, seké kerro
lyhyesti mitoitusperusteet. Kayta joko AVR- tai PIC-kontrolleria. Kaikki
komponentit ovat pintaliitoskomponentteja. (Datalehtien etusivut ohessa.)

4. Tee ohjelmisto edelliseen. Kéyté joko C:t4, assembleria, tai
"pseudokoodia”. Pyrkikdd mahdollisimman tarkkaan ilmaisuun, keskittyen
kuitenkin ohjelman toimintaan. (Assembler-kdskyt ohessa.)
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Microcontroller Core Features:

+ High-performance RISC CPU

* Only 35 single word instructions to learn

» All single cycle instructions except for program
branches which are two cycle

+ Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle

* Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM data memory

+ Pinout compatible to the PIC16C73/74/76/T7

* Interrupt capability {up to 14 internal/external
interrupt sources)
+ Eight level deep hardware stack
+ Direct, indirect, and relative addressing modes
» Power-on Reset (POR)
* Power-up Timer (PWRT) and
Oscillator Start-up Timer(OST)

* Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code-protection

+ Power saving SLEEP mode

* Selectable osciltator opfions
Low-power, high-speed CMOS FLASH/EEPROM
technology
Fully static design
In-Circuit Serial Programming™ via two pins
Only single 5V source needed for programming
In-Circuit Debugging via two pins
Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 256 mA

“Commercial and Industrial temperature ranges
Low-power consumption:
- <2 mA typical @ 5V, 4 MHz
-~ 20 pA typical @ 3V, 32 kHz
~ <1 uA typical standby current
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Peripheral Features:

+ Timer0: 8-bit timer/counter with 8-bit prescaler

+ Timer1: 16-bit timer/counter with prescaler,
can be incremented during sleep via external
crystal/clock

* Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

» Two Capture, Compare, PWM modules

+ Capture is 16-bit, max. resolution is 12.5 ns,
Compare is 16-bit, max. resolution is 200 ns,
PWM max. resolution is 10-bit o

* 10-bit multi-channel Analog-to-Digital converter

+ Synchronous Serial Port (SSP) with SPI™ (Master
Mode) and 12C™ (Master/Slave)

* Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

* Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

* Brown-out detection circuitry for

Brown-out Reset (BOR)

RCO/T10SOITICKI
0SC2/CLKOUT

OSC/CLKIN

RE2/AN7/CS
RE1/ANG/WR
REO/ANS/RD
RAS5/AN4
RA4/TOCK)
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TABLE 2-1:  SPECIAL FUNCTION REGISTER SUMMARY

Value on: | Value on all
Address | Name Bit7 Bit 6 Bit 5 Bit4 Bit3 Bit2 Bit1 Bit 0 POR, other resets
BOR (2)
Bank 0
ooh® | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 co00
0th TMRO TimerQ module’s register 006x 000X | uuuu uuuu
ozh4 I pcL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
o3n4 | status we | me1 | rRo | TO | D | z | oc | ¢ |ooor 1ooxo00g quuu
04ht4 FSR Indirect data memory address pointer XAXX XAXX { uuUU uuuu
0Sh PORTA — ] —_ ';)RTA Data Latch when written: PORTA pins when read --0x 0000 { --0u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx | uuuu uvuuu
07h * " | PORTC  |PORTC Data Latch when written: PORTC pins when read 30000 3000 | uuuu uuuu
o8h® | PORTD PORTD Data Latch when written: PORTD pins when read 200x 300k | uuuu uuuu
0sh(® | PORTE - — - — | = [ rez | ret | REO oo ook |--o- cuw
0An(" | PCLATH —_ — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000
osh) | INTCON GIE PEIE TOIE INTE- RBIE TOIF INTF RBIF {0000 000x | 0000 000U
och PIR1 PSPIF® |  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF { TMR1IF {0000 0000 { 0000 0000
0Dh PIR2 - ) — EEF BewF | — | — 1 ccPaF |-r-0 0--0f-r-0 0--0
OEh TMRIL Holding register for the Least Significant Byte of the 16-bit TMR1 register xxxx 30X | uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register x000cx 2000 | uuuy uuuu
10h T1CON — | = Jr1ckest] Tickpso |T10scen] TisvRE [ TMr1cs [ TMR1ON | <00 0000 | --uu wuuu
11h TMR2 Timer2 module's register 0000 0000 | 0000 0000
12h T2CON — [ 1outess | Toutpsz2 | ToutPs1 | TouTpso | TMRz20N [T2ckPs1] T2cKPSO| -000 0000 | -000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx 00 | uuuu uuuu
14h” 7| sspcoN | weoL | sspov | ssPEN | ckp | ssPM3 | sspmz | sspm1 | sspmo |oo00 0000|0000 o000
15h CCPR1L Capture/Compare/PWM Register1 (LSB) XXXX XXX | uuuu uuuu
16h CCPR1H  }Caplure/Compare/PWM Register1 (MSB) xxx 30 | uuuu uuuu
17h CCP1CON — 1 = CCP1X | CCP1Y | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | --00 0000
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D | 0000 000x ) 0000 000x
1%h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000} 0000 0000
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) xxx Xxxxx | uuuu uuuu
1Ch CCPR2H  {Capture/Compare/PWM Register2 (MSB) 00 20 | uuuu uuuu
ih  [ccpecon | — [ — [ copex | cepay | copams [ copamz [ copamt [ ccpamo | --00 0000 [ --00 0000
1Eh ADRESH | A/D Result Register High Byte XXX AKXX { UUUU UuuY
1Fh ADCONO ADCS1 ADCSO0 CHS2 CHs1 CHSO0 RG%E — ADON | 0000 00-0|0000 00-0
Legend: x =.unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0', r = reserved.
Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the
PC<12:8> whose
contents are transferred to the upper byte of the program counter.
2: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
4: These registers can be addressed from any bank.
5. PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0.
6: PIR2<6> and PIE2<6> are reserved on these devices, always maintain these bits clear.
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Note 1:

Shaded locations are unimplemented, read as ‘0.
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the
PC<12:8> whose

contents are transferred to the upper byte of the program counter.

Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0",
PIR2<6> and PIE2<6> are reserved on these devices, always maintain these bits clear.

. TABLE 2-1: . . SPECIAL FUNCTION REGISTER SUMMARY (COnt.’d)

Value on: | Value on alt

Address [Name Bit7 Bit 6 Bit 5§ Bit 4 Bit3 Bit 2 Bit 1 Bito POR, other resets
BOR 2)
Bank 1

8on® | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) { 0000 0000 { 0000 0000
8ih gPTlON_RE KBPU | INTEDG | TOCS TosE | Psa PS2 PS4 PSO  }1111 1111{1111 1111
82nt4 PCL Program Counter's (PC) Least Significant Byte 0000 0000 ) 0000 0000
83n® | s7aTUS | re1 | ro | ' | 2z | oc | ¢ Jooor 1xxx]o00g quuu
84nt4 FSR Indirect data memory address pointer 20 xxxx { uuuu uuuu
85h TRISA — ] - IPORTA Data Direction Register --22 11212022 1211
86h TRISB PORTB Data Direcfion Register 1111 1111§1111 1111
87h TRISC PORTC Data Direction Register 1111 1111§{1211 1111
8sh® | TRISD PORTD Data Direction Register 1111 11111111 1111
89h3 TRISE 1BF OBF 1Bov PSPMODEI 'PORTE Data Direction Bits 0000 -111}0000 -111
san') | peLaTH - " = | =" wmeauﬁerformeuppersmsomeprogrammter ---0 0000} ---0 0000
8shi® | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF Joooo 000x | 0000 0oou
8Ch PIE1 PSPIE® | ADIE RCIE TXE SSPIE | CCPHIE | TMR2IE | TMRTIE {0000 0000 | 0000 0000
8Dh PIE2 . ® | — | e=e BCUE | — .| CCP2E |-x-0 0--0)-r-0 0--0
8Eh PCON — - I - — - BOR |---- -- qq) ---- -- uw
8Fh - Unimplemented T S
90h - Unimplemented ) JETR ~ B
oth  [sspcoN2 | GCEN | ACKsTAT | ACKDT | ACKEN | RCEN ] PEN I RSEN [ SEN | 0000 0000|0000 0000
92h PR2 Timer2 Period Register 1111 111112111 1111
93h” . SSPADD Synchronous Serial Port (IZC mode) Address Register 0000 0000 | 0000 0000
94h SSPSTAT SMP J CKE l DA T P ' s [ RW | UA [ BF 0000 0000 ] 0000 0000
 96h — | Unimpleented
97h — Unmg!g_men!ed ) Ly
98h TXSTA CSRC [ TX9 l TXEN I SYNC I 0000 -010] 0000 -010
9%h SPBRG Baud Rate GeneratorReglster 0000 0000} 0000 0000
9Ah - Unmplemen}ed‘m e '
9Bh — " |unimplemented
9Ch —.__[Unimpleménied
9Dh —_ Ummplemen(ed S
SEh ADRESL A/D Result Register Low Byle uuuu uuuu
orh  Japcom [ aoem [ — | = | — "i] pcrea | pcrez | poFet | PeFGo | --o- 0000 | --0- 0000
Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as ‘0", r = reserved.

© 1998 Microchip Technology Inc. Pr eliminary
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TABLE 2-1:  SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)

Value on: | Value on all
Address |Name Bit7 Bit6 BitS Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR, other resets
BOR (2
Bank 2 —
100h{4  [INOF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 0000 0000
101h TMRO Timer0 module’s register 20X XXXX | UUUU QuuR
102ht4  |PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
103nt4  |STATUS | IRP ] RP1 l RPO J TO ] PD 1 z 1 ocC I c 0001 1xxx | 000q quuu
104n¥  |FSR Indirect data memory address pointer XXX 2% | uuuu uuuu
105h - Unimplemented _ =] —
106h ‘PORTB PORTB Data Latch when written: PORTB pins when read | 0o 00 | uuuu uuuu
107h —  |unimplemented I . -
108h - Unimplemented - — —
109h - U"i‘“P"-’"’emed e AR A = L
10AR) |PCLATH — | — f == write Buffer for the upper 5 bits of the Program Counter | ---0 0000 ---0 0000
10Bh\4  |INTCON GIE PEIE TOIE INTE I RBIE ] TmF—, INTF I RBIF | 0000 000x| 0000 000u
10Ch EEDATA EEPROM data register 00X XXXX | uuuu uuuu
100h EEADR EEPROM address register : xxxx axxx [ uuuu uuuu
10Eh EEDATH — | © = |EEPROM data register high byte 2000 00k | uuuy uuuy
10Fh  |EEADRH — | = | = . |ceProM address register high byte o —
Bank 3
180n®  |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 0000
t8th  |OPTIONRE| pppg | wreo | Tocs | Tose psa [ ps2 | pst | Pso (1113 mm1{1m un
182h4)  |PCL Program Counter's (PC) Least Significant Byte 0000 0000 {0000 0000
183n®  |STATUS IRP 1 RP1 [ RPO i T ] PD l z | DC I c 0001 1xxx |} 000q quuu
184ni4  |FSR indirect data memory address pointer 200 2000 | uuuy uuuu
185h —  |Unimplemented ' o = =
186h TRISB PORTS Data Direction Register 1111 11111111 1111
187h —  |Unimplemented I SR R
188h — | unimpiemented — =
189 —_|unimplemented ] R =~
18AK4) | PCLATH - | = — Wiite Buffer for the (t;&p;«;:rbits of the Program ---0 0000|-~-0 0000
18Bh14  |INTCON GIE PEIE TOIE RBIE ToIF INTF RBIF {0000 000x | 0000 000u
18ch  |EECON1 | EEPGD | — f = [T .— 7| wrRerr | wren | wR RD |x--- x000x--- w000
18Dh - - {EECON2 EEPROM control register2 (nof a physicalregister) ~ Jo--- —ooe|-ne- ooon
v, - _  i Po—" méintair_i"'éleér e e — b ‘ ‘ SO
18Fh —  [Reserved maintain clear o s 0000 000g| 0000 0
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the
PC<12:8> whose
contents are transferred to the upper byle of the program counter.
2:  Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
4: These registers can be addressed from any bank.
5: PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0.
6: PIR2<6> and PIE2<6> are reserved on these devices, always maintain these bits clear.
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TABLE 13-2 PIC16CXXX INSTRUCTION SET
Mnemonic, Description Cycles 14-Bit Opcode Status | Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d | AddWandf 1 00 0111 dfff ffff{CDC2Z 1,2
ANDWF f,d | ANDWwith f 1 00 0101 dfff ffff|Z 1,2
CLRF f Clear f 1 00 0001 1fff ffffl|Z 2
CLRW - Clear W 1 00 0001 Oxxx xxxx|Z
COMF f,d | Complement f 1 00 1001 Afff ffff)lZ 12
DECF f.d | Decrement f 1 00 0011 dAfff ffff|Z 1,2
DECFSZ f,d | Decrementf, Skipif 0 12) Joo 1011 dafff f£fff 1,23
INCF f.d | Increment f 1 00 1010 Afff ffff}Z 1,2
INCFSZ f,d | Incrementf, Skipif 0 12) {oo 1111 Afff ffff 1,23
IORWF f,d |indusive OR W with f 1 {o0 0100 afff ffff]Z 1,2
MOVF f,d | Movef 1 00 1000 dfff ffff|Z 1,2
MOVWF f Move W to f 1 00 0000 1f£ff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d | Rotate Left f through Camry 1 00 1101 d4fff ffff|C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff{C 1,2
SUBWF f,d { Subtract W from f 1 00 0010 Aafff ffff}CDCZ 1,2
SWAPF f,d | Swap nibbles inf 1 00 1110 dfff f£fff 1,2
XORWF f,d | Excusive OR W with f 1 oo o110 dfff ffff|Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b | BitClearf 1 01 o00bb bfff ffff 1,2
BSF f,b | BitSetf 1 01 01bb bfff ffff 1,2
BTFSC f,b | Bit Testf, Skip if Clear 1) | o1 10bb bEff fEff 3
BTFSS f,b | Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DCZ
ANDLW k AND literal with W 1 11 1001 kkkk kkkk| Z ™
CALL --- k | Call subroutine 2 10 Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0200{ TOPD
GOTO k Go to address 2 10 1kkk kkkk kkkk
JIORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk} Z
MOVLW k Move literal to W 1 11  00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01xx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 o0 0000 0110 oei1| TOPD
sSuBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DCZ
XORLW k Exdlusive OR kteral with W 1 11 1010 kkkk kkkk| Z

Note 1:  When an VO register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themsetves. For example, if the data latch is '1' for a pin configured as input and is driven low by an external

device, the data will be written back with a ‘0",

2: Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned

to the Timer0 Module, .
3: if Program Counter (PC) is modified or a conditional test is true, the instruction requires two cydes. The second cyde is

_ executed as a NOP.
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Features

« Utilizes the AVR® RISC Architecture
AVR - High-performance and Low-power RISC Architecture
-~ 118 Powerful Instructions — Most Single Clock Cycle Execution
- 32 x 8 General-purpose Working Registers
— Up to 8 MIPS Throughput at 8 MHz
Data and Nonvolatile Program Memory
~ 8K Bytes of In-System Programmable Flash
Endurance: 1,000 Write/Erase Cycles
~ 512 Bytes of SRAM
~ 512 Bytes of In-System Programmable EEPROM
Endurance: 100,000 Write/Erase Cycles
- Programming Lock for Flash Program and EEPROM Data Security
Peripheral Features '
~ One 8-bit Timer/Counter with Separate Prescaler
~ One 16-bit Timer/Counter with Separate Prescaler
Compare, Capture Modes and Dual 8-, 9-, or 10-bit PWM
~ On-chip Analog Comparator
— Programmable Watchdog Timer with On-chip Oscillator
— Programmable Serial UART
~ Master/Slave SPI Serial Interface
» Special Microcontroller Features
— Low-power ldle and Power-down Modes
- External and Internal Interrupt Sources
* Specifications
— Low-power, High-speed CMOS Process Technology
- Fully Static Operation
* Power Consumption at 4 MHz, 3V, 25°C
— Active: 3.0 mA
- ldle Mode: 1.0 mA
-~ Power-down Mode: <1 pA
* /O and Packages
— 32 Programmable VO Lines
— 40-lead PDIP, 44-lead PLCC and TQFP
* Operating Voltages
- 2.7 - 6.0V for AT90S8515-4
- 4.0 - 6.0V for AT90S8515-8
* Speed Grades
— 0 - 4 MHz for AT90S8515-4

T
— 0- 8 MHz for AT90S8515-8 o
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Register Sljmmary

Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
$3F (35F) | SREG 1 T H s v N 2 c page 20
| _S3E($5E) | SPH SP15 SP14 SP13 SP12 SP11 sP10 SP9 sP8 | page21r |
$3D (35D0) | SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO page 21
$3C (35C) | Reserved |7« o o h. Sl e ' ’ :
$3B ($58) | GIMSK INT1 INTO age
$3A ($5A) | GIFR INTF1 INTFO : page 26
$39($59) | TIMSK TOIE1 OCIE1A TICIE?
$38($58) | TIFR TOVi OCF1A ICF1
$37 ($57) | Reserved B T
$36 (356) Reserved o
$35 ($55) MCUCR T isci1 | 1scto | isco1 1SC00 page 29
$34 (§54) Reserved : arp E
$33($53) | TCCRO o] CS02 ] CSO% CS00 page 33
$32($52) | TCNTO 1/Counter0 (8 Bits) age 34
Reserved [ - i o
$2F ($4F) | TCCRI1A COM1A1 | COM1AQ PWM11 PWM10 page 36
$2E ($4E) | TCCR1B ICNC1 ICES1 cSs11 CcS10 page 37
$2D ($4D) TCNT1H Timer/Counter1 — Counter Register High Byte page 38
$2C (84C) TCONT1L Timer/Countert — Counter Register Low Byte page 38
$2B($4B) | OCRIAH Timer/Counter! — Oulput Compare Register A High Byte page 38
$2A ($4A) OCR1AL Timer/Counter1 — Output Compare Register A Low Byte page 38
$29 ($49) OCR1BH Timer/Counter — Output Compare Register B High Byte page 39
$28($48) | OCR1BL Timer/Counter1 — re Register B Low Byle page 39
Reserved e
$25 ($45) ICR1H Timer/Counter1 — Input Capture Register High Byte page 39
$24 (344) ICR1L Timer/Counterl — inp
Reserved
$21(341) | WDTCR
$20 ($40) Reserved
$1F (33F) | EEARH
$1E ($3E) EEARL EEPROM Address Register Low Byte page 44
$1D ($30) -{ EEDR EEPROM Data Regist page 44
$1C ($3C) | EECR EEMWE EEWE EERE page 44
$1B ($3B) | PORTA PORTA7 | PORTAS6 PORTAS PORTA4 PORTA3 | PORTA2 PORTA1 PORTAQ page 63
$1A ($3A) | DDRA DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO page 63
$19($39) | PINA PINAT PINAG PINAS PINA4 PINA3 PINA2 PINA1 PINAQ page 63
$18($38) | PORTB PORTB7 | PORTB6 PORTBS PORTB4 PORTB3 | PORTB2 PORTB1 PORTBO page 65
$17($37) | DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 oDB1 DDBO page 65
$16 ($36) | PINB PINB7 PINB6 PINBS PINB4 PINB3 PINB2 PINB1 PINBO page 65
$15($35) | PORTC PORTC7 | PORTC6 PORTC5 PORTC4 PORTC3 | PORTC2 | PORTCH PORTCO page 70
$14 ($34) | DDRC pDCY DDCE DDC5 pDC4 DDC3 DDC2 DDCH DDCO page 71
$13($33) | PINC PINC7 PINC6 PINCS PINC4 PINC3 PINC2 PINC1 PINCO page 71
$12 ($32) | PORTD PORTD7 | PORTD6 PORTD5 | PORTD4 PORTD3 | PORTD2 | PORTD1 PORTDO page 73
$11($31) | DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO page 73
$10($30) | PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO page 73
$OF ($2F) | SPDR i e
$0E ($2E) | SPSR SPIF WCOoL
$0D ($2D) | SPCR SPIE SPE
$0C ($2C) | UDR UART 1/O Dala Register age 55
$0B ($28) | USR RXC TXC UDRE FE OR age 55
$0A ($2A) | UCR RXCIE TXCIE UDRIE. | RXEN TXEN | CHR9 RXB8 TXB8 page 56
$09 ($29) UBRR ] UART Baud Rate Register page 58
$08 ($28) ACSR ACI ACIE ACIS1 page 59
Reserved
$00 ($20) | Reserved
Notes: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses

2.

0841G-09/01

should never be written.

Some of the status flags are cleared by writing a logical “1” to them. Note that the CB! and SBl instructions \f«ill opefate on all
bits in the 1/O register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBi instructions work

with registers $00 to $1F only.
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R
Mnemonic J Operands l Description lOperation [ Flags # Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add Two Registers Rd & Rd + Rr ZCNVH 1
ADC Rd, Rr Add with Carry Two Registers Rde Rd+Rr+C ZCNV,H 1
ADIW Rdl, K Add Immediate to Word Rdh:Rdl « Rdh:Rdl + K 2,CNV,S 2
Sus Rd, Rr Subtract Two Registers Rd «Rd - Rr ZLCNVH 1
suBl Rd. K Subtract Constant from Register Rd « Rd - K ZCNVH 1
SBC Rd, Rr Subtract with Carry Two Registers Rd«Rd-Rr-C ZCNVH 1
SBCI Rd, K Subtract with Carry Constant from Reg. RdeRd-K-C ZCNVH 1
SBIW Rdl, K Subtract Immediate from Word Rdh:Rdi « Rdh:RdI - K ZLCNV,S 2
AND Rd, Rr Logical AND Registers Rd e RdeRr ZNV 1
ANDt Rd, K Logical AND Register and Constant Rd «Rd s K ZNV 1
OR Rd, Rr Logical OR Registers Rd « Rd v Rr ZNV 1
ORI Rd, K Logicai OR Register and Constant Rde<RAVK ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd <« Rd®Rr ZNV 1
COM Rd One's Complement Rd « $FF - Rd ZC NV 1
}_ﬁG Rd Two's Comph t Rd « $00 - Rd Z,CNV.H 1
SBR Rd, K Set Bit(s) in Register RdeRdvK ZNV 1
CBR Rd, K Clear Bit(s) in Register Rd « Rd » ($FF -K) ZNV 1
INC Rd Increment Rde<Rd+ 1 ZNV 1
DEC Rd Decrement Rde<Rd-1 NV 1
TST Rd Test for Zero or Minus Rd « Rd » Rd ZNV 1
CLR Rd Clear Register Rd < RI@Rd ZNV 1
SER Rd Set Register Rd « $FF None 1
BRANCH INSTRUCTIONS
RJMP k Relative Jump PCe—PC+k+1 None 2
1JIMP Indirect Jump to (Z) PCe27 None 2
RCALL Kk Relative Subroutine Call PCePC+k+1 None 3
ICALL indirect Call to (Z) PCe2 None 3
RET Subroutine Return PC « STACK None 4
RETI Interrupt Retum PC « STACK | 4
CPSE Rd, Rr Compare, Skip if Equal f(Rd=R)PCePC+20r3 None 17213
CP Rd, Rr Compare Rd-Rr ZNV,CH 1
CPC Rd, Rr Compare with Carry Rd-Rr-C ZNV.CH 1
cPi Rd, K Compare Register with Immediate Rd-K ZNV,CH 1
SBRC Rr, b Skip if Bit in Register Cleared f(Rb)=0)PCPC+20r3 None 1723
SBRS Rr,b Skip if Bit in Register is Set if (Rb)=1)PC « PC +20r3 None 1273
SBIC P.b Skip if Bit in VO Register Cleared H(P(b)=0)PC—PC+20r3 None 11213
SBIS P.b Skip i Bit in ¥O Register is Set i (P(b)=1)PCPC+20r3 None 1728
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC «~ PC +k + 1 None 12
BRBC s.k Branch if Status Flag Cleared if (SREG(s) = ) then PC < PC+k+1 | None 172
BREQ k Branch if Equal #(Z=1)then PC PC+k+1 None 12
BRNE k Branch if Not Equal f(Z=0)thenPCPC+k+1 None 172
BRCS k Branch if Carry Set if(C=1)thenPCPC+k+1 None 12
BRCC k Branch it Carry Cleared if (C = 0) then PC < PC+ k + 1 None w2
BRSH k Branch if Same or Higher if(C=0)then PCPC+k+1 None 1/2 )
BRLO k Branch if Lower if(C=1)then PC—PC+k+1 None 12 i
BRMI k Branch if Minus if(N=1)thenPC«PC+k+1 None 12
BRPL k Branch if Plus f(N=0)then PCPC+k+1 None 12
BRGE k Branch if Greater or Equal, Signed f(NOV=0)thenPCPC+k+1 None 112
BRLT 3 Branch if Less Than Zero, Signed f(NOV=1)then PC«PC +k+1 None 12
BRHS 3 Branch if Half-cany Flag Set if(H=1)then PCPC+k +1 None 172
BRHC k Branch if Hal{-carry Flag Cleared f{H=0)thenPC < PC +k +1 None 12
BRTS k Branch if T-flag Set H(T=1)thenPCPC+k+1 None 12
BRTC k Branch if T-flag Cleared if(T=0)thenPC~PC+k+1 None 12
BRVS k Branch if Overflow Flag is Set f(V=1)thenPCPC+k+1 None 172
BRVC K Branch if Overflow Flag is Cleared f(V=0)thenPCPC+k+1 None 12
BRIE k Branch if interrupt Enabled if{{=1)then PCePC+k+1 None 12
BRID K Branch if Intervupt Disabled if(1=0)then PCePC+k+1 None 12
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Instruction Set Summary (Continued)

Mnemonic | Operands l Description ] Operation Flags # Clocks
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move between Registers Rd « Rr None q
LDl Rd, K Load immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-inc. R&— (X} XeX+1 None 2
m Rd, -X Load Indired and Pre-dec. X< X-1,Rd e (X) None 2
| LD Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-inc. Rde(¥), Y& Y +1 None 2
LD Rd, -Y Load Indirect and Pre-dec. Y Y-1,Rd < (Y) None 2
LDD Rd. Y+q Load Indirect with Displacement Rd « (Y + q) None 2
LD Rd, 7 Load Indirect Rd « (2) None 2
LD Rd, Z+ Load Indirect and Post-inc. Rd—(2),Z < 2Z+1 None 2
LD _Rd,-Z Load Indirect and Pre-dec. 2«2-1,Rd « (2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd & (Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd < {k) None 2
ST X, Rr Store Indirect (X) « Rr None 2
ST X+, Rr Store Indirect and Post-inc. )R XeX+1 None 2
ST -X, Rr Store Indirect and Pre-dec. XeX-1,(X) «Rr None 2
ST Y, Rr Store Indirect (Y)«Rr None 2
| ST Y+, Rr Store Indirect and Post-inc. (MeRLYeY+1 None 2
ST -Y, Rr Store Indirect and Pre-dec. YeY-1,(Y)Re None 2
STD Y+q, Rr Store Indirect with Displacement (Y+q) «Rr None 2
ST Z, Rr Store Indirect (Z) « Rr None 2
ST 2+, Rr Store Indirect and Post-inc. ()R, ZeZ+1 None 2
ST -Z, Rr Store Indirect and Pre-dec. Z2e«2-1,(2) «Rr None 2
STD Z+q, Rr Store Indirect with Displacement Z+q)<PRr None 2
STS K, Rr Store Direct to SRAM (k) &~ Rr None 2
LPM Load Program Memory RO « (2) None 3
IN Rd, P In Port Rd P None 1
ouT P, Rr Qut Port P« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Register from Stack Rd « STACK None 2
BIT AND BIT-TEST INSTRUCTIONS
s8I P.b Set Bit in IO Register VO(P.b) « 1 None 2
cBl P.b Clear Bit in VO Register VO(P,b) « 0 None 2
LSL Rd Logical Shift Left Rd{n+1) « Rd(n), Rd{0) « 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) < 0 ZCNV 1
ROL Rd Rotate Lef through Carry "Rd(0) « C, Rd(n+1) « Rd(n), C«Rd(7) | ZCNV 1
ROR Rd Rotate Right through Carry RA(7) « C, Rd(n) &« Rd(n+1), C<Rd(0) | ZCNV 1
ASR Rd Avithmetic Shift Right Rd(n) < Rd(n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3..0) <~ Rd(7..4), Rd(7..4) < Rd(3..0) | None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr, b Bit Store from Register to T T « Rr(b) T 1
BLD Rd, b Bit Load from T 1o Register Rd(b) = T None 1
SEC Set Carry Ce1 c 1
cLC Clear Carry Ce0 c 1
SEN Set Negalive Flag Net N 1
CLN Clear Negative Flag Ne0 N 1
SEZ Set Zero Flag Ze1 z 1
CLZ Clear Zero Flag Ze0 Z 1
SE Global Intesrupt Enable le1 ! 1
Ctl Global Inlerfupt Disable 10 1 1
SES Set Signed Test Flag Se1 s 1
CLS Clear Signed Test Flag S0 s 1
SEV Set Two's Complement Overflow Vet v 1
cLv Clear Two's Complement Overflow Veo v 1
SET Set T in SREG Te1 T 1
CLT Clear T in SREG Te0 T 1
SEH Set Half-carry Flag in SREG He 1 H 1
CLH Clear Half-carry Flag in SREG He0 H 1
| ~oP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/imer) None 1
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