MaAX

-—
MAK = TOP CTC Mode (OFF), +
(FF) .
Normal Mode W | sec using the 8-bit Timer/Counter0) 16 MHz operating under Normal mode.
TOP = OCRO .include “mlz8def.inc”
TCNTO .def mpr = rlé
TCHTD .def counter = rl7
.ORG 50000
Load value - RIJMP Initialize
LT . ORG 50020 ; Timer/Counterd overflow interrupt vector
. BOTTOM RCALLReload counter
BOTTOM _* RETT
ikeli) = TOVO set (Do) OCFO sst .ORG 50046 ; End of interrupt vectors
Timear Timear
Tirmes Timer star and Initialize:
starl end 1 LDI mpr, 0ObOOOO0O100 ; Enable interrupt on Timer/Counter® overflow
———Dahay——| Delay J OUT TIMSK, mpr
SEI ; Enable global interrupt
I:MAX—I’GJHE]'FR‘ILHIE Delay =M LDI mpr, 0b00000111 ; Set prescalar to 1024
De}a)‘mm = oo ik OUT TCCRO, mpr i
Likuﬂ Mo LDI mpr, 99 ; Load the value for delay
OUT TCHTO, mpr H
initUSARTO: LDI ecounter, 100 ; Set timer
; Port E set up — pinl cutput DO0P:
1di mpr, 0b00000OLO ; configure USARTO CPI  counter, 0 ; Repeat for 100 times
out DDRE, mpr ; pin direction ocutput BRNE LOOP
; Set Baud rate -
1di mpr, 51 ; set baud rate to 19,200 with £ = 16 MH=z eload _counter:
out UBRROL, mpr ; UBRROH already initialized to 500 PUSH mpr
; Enable transmitter LDI mpr, 16 H
1di mpr, (L<<TXENO) gI;TET TCHT:, mpr ; Load the value for delay
a counter
?u.:. UC..;ROB}; mpr B POP  mpr
; ".’Et asynchronous mode RET
1di mpr, (0<<UMSELO) S —
sts UCSROC, mpr ; UCBROC in extended I/0 space, use sts ’
1di mpr, (l<<UDRE1)

: Bet frame format
mpr, (0<<USBSO0|0<<UPMOL|0<<UPMOO |0<<UCSZ02|1<<UCSZ01|1l<<UCSZ00)
UCSROC, mpr ; UCSROC in extended I/0 space, use sts

sts UCSRI1A, mpr ; Double USART transmit speed
;5et baudrate at 2400bps

1di

sts

; Disable interrupt 1di mpr, high(232) ; Load high byte of 0x0340
1di mpr, (0<<TXCIEOD) ; Disable interrupt sts UBRR1H, mpr ; UBRROH in extended I/0 space so 3is
out UCSROB, mpr H 1di mpr, low(232) ; Load low byte of 0x0340

=sts UBRRI1L, mpr

* 8§ data bats. 1 stop bat, and no panty

= 19,200 baud rate

*  Transmitter enabled

*  Normal asynchronous mode operation
*  No interrupts

15Cn1:0 Extemnal Interrupt n Sense Control Bits
00 - Low level generates an intermupt request.
01 - Reserved (for 13C3-0)
Any logical change on generates an interrupt request (1SC7-4)
10 - Falling edge generates an interrupt request.
11 - Rising edge generaies an interrupi requast.

sEnable receiver and enable receive interrupts
1di mpr, (l<<BEXEN1 | '<<RXCIE1)

sts UCSRI1B, mpr

;5et frame format: 8data bits, 2

1di mpr, (O<<UMSEL1l | 1<<USBS1 | 1<<UCSZ1l |
sts UCSRIC, mpr ; set to Asynchronous mode, 2

stop bit
1<<UCSZ10)

stop bits, 8 bit cha:

External Interrupt Flag Register (EIFR)

7 8 5 4 3 2 1 0 o . .
| INTE7 | INTEG l INTES I INTF4 | INTE3 | INTE2 | INTE1 | INTFa I EIFR 16-bat Timer/Counterl with the system clock frequency of 16 MHz using the Normal mode.
RIW D) RW@ RW©) AW FRW@ AW AW AW value = 65535 — (1 ms/( prescale x 62.5 ns)) = 65535 — (16000/prescale)
INTFn =1 Triggers interrupt request ; AVR assembly code — Wait 1 ms
WAIT Ilmsec:
External Interrupt Mask register (EIMSk) LDI mpr, 0b0000OO0O01 ;
7 5 5 4 3 2 1 o OUT TCCRIBE, mpr ; Set prescalar to 1
[ w7 | nte | ints [ N4 [ nta | 2 [ T | nTo | Emsk LDI  mpr, low(49535) ;
OUT TCNTIL, mpr ; (Re)lecad the low byte of wvalue for delay
RAWID) RAV(D) RMW(D) RW@0) RMW(@ RWDO) RWI0) RMW@D) LDI mpr, high(49535) H
INTh =1 Enables interrupt OUT TCNTI1H, mpr ; (Re)lcad the high byte of wvalue for delay
LOOF:
External Interrupt Control Register A (EICRA) N mpr, TIFR ; Read in TOV1
4 3 1 ] BNDI mpr, 0b00000100 ; Check if its set
[ 1sca1 | 1scao | 1sca1 [ isceo [ isci1 | iscio | iscot [ 1scoo | Eicka BREQ LOOP ; Loop if TOVL not set
LDI mpr, 0b00000100 ; Reset TOV1
RAV(0) RW(@) RW(O) RW(O) RW(O RO RWIO)  RW(@O) OUT TIFR, mpr : Note - write 1 to reset
RET
External Interrupt Control Register B (EICRA)
i 1] WAIT_lsec:
[ 1sc71 | 1sco | iscet [ 1sceo [ 1scst | iscso [ iscar [ 1sce0 | EcRB LDI R30, low(1000) ; Load low byte of count = 1000
RAW(D) RM(D) RAW(G) RAW(Q) RAW(O) RW@) RW{D) RW D) LDI R31, high(l1000) ; Load high byte of count = 1000
Loaopy:
. RCALL WAIT lmsec ; Call 1 pzgg delay subroutine
_____________ c_) FE?'{E__E’_(?PE?I_-I____________________ 5BIW R30, 1 ; Decrement counter
1514 13121110 % 87 & 5 &4 3 2 1 0 BREQ Check_Upper
ojo] ANEEEEREREN RIMP Loopy
Group A - Check Upper:
munu Diefines difierent arichmens: & logic operations add BREQ Skip
1514 131219110 &8 87 & & &£ 3 2 1 0 RJHMF Loopy
o LT TTTTTTTITTT]
Drefines difierent immediace operanions arn ret

OSART Transmit:

15 14 13 12 11 10 &

‘aa" defings MY, or I rogisor

Lol [T 111

TTITITIT)

"+" defines post-increment

‘" defines pre-decrement
oj1|o|o|0 alal-|+ Id
ol1|o|of1 ala|-|+ 5t
gowc  [o]1]o]1]o] [Ty call
T TR e asr & 843z o TTTTT
OONNEEEEEEREEEEN
Gowo  [1]1]o]o] 0]of1) braq
Defines difierent conditions

;shis UCS5R1A, UDRE1 ;
1di TC5R1n
cpi mpr, O0bOOLOOOOC

mpr,
brne transmit
rjmp USART Transmitc

transmit:
=tz UDRI1,
ret

nop
loademd »

Loop until UDRO is

schecks 5th bit,

smpty

UDRE1l if it is set

Mowve data to Transmit Data Buffer



RET RAL RET
. Output EX1 EX2 EX3 - . o :
EXI: PSP+ = T T, ] LPMustucton A LT Bh | RCALLnstruction. LD Rd, ¥+ mstriction
EX2  PChe M[SP]. 5P+ 8P +] \»,:3 X X X EXl: PMAR = Zh7l - T T T EXI: M[SP] < RARL S SP-1 EX1: DMAR = YhYL, Yh'Yl= YhYl+1
" r X X X 3. 7 i} . . - —
EX3: BT MSP) o . . . EX: MDR—MPMAR] [¥8 | = 15 TR0 ] gy )gp]c RaRL P SP-12C<MeC+sek X0 R~ MDMAR]
. EX3: RO MDR B 7 X T RAL LD Rd, ¥+
Control IF RET c 1 o RAL EXIRCALLEX') Qutput EX1 EX2
. ) i — - — " Output £ T Fh b4
Signals EXI EXx2 EX3 ontro F w
Signals EX1 EX2 EX3 wA = x wB Y1 Rd
MJ ] X X X T 0 wB x x rA Yh x
ME i) X X X K 5 x X X A = = B V1 x
X X X
ML 0 X X X ML 0 < . = B = = Control - LD Rd, ¥+
IR en 1 0 0 X R 1 0 0 Control F RCALL Signals EX1 EX2
PC _en 1 D i 0 € X Signals EX1 EX2 | [MI 0 = X
PC en 1 0 0 0
PCh en 0 0 ] 0 = MI 0 x 1 MK 0 x X
POl 0 5 0 | PCh_en 0 0 0 0 MK 0 x x ML 0 X x
L en ) y PCl en 0 0 0 0 ML 0 x x IR_en 1 0 x
NPC_en 1 X X X NPC en 1 X x x IR_en 1 0 x PC_en 1 0 0
5P en ] 1 | 1] SP en 0 0 0 0 PC_en 1 x 1 PCh_en 0 0 0
DEMUX X X | [i] = PCh en 0 0 0 PCL en 0 0 0
DEMUX X X X X 2Cl en 0 0 0 NPC o 1 - <
MA X X X X MA x x x x NPC_en 1 0 x - a 0 0
MB x A i i MB x x X x ;i;j‘bx g 1 L DEMUX | x x x
i 2 X X X
ALU HNNX HNNK HANX HANK ALU — — — T — - - - MA x X x
3 ' s “ 1|\ \: M X X = 10 MB X 2 X TI?U f xx:::x xx);x xxlxx
RF wA 0 o I' L RF wA 0 0 0 0 ALU f KEEX XKXEX KXXX i\'IC 0 o1
RF wB 0 0 0 0 RF wB ) 0 0 1 MC xx 01 01 - X
™MD " N n m MD RF wA ) 0 0 RF wA 0 1 0
- - - - - X X X X RE wB 0 0 0 RF_wB 0 1 1
ME X X 0 0 ME x x x x \D . 0 o MD x X <
DM ¢ X \ .| .| DM 1 x x x x ME - 0 0 ME X X 1
DM w ] 0 0 0 DM_w 0 0 0 0 DM 1 x 0 0 DM_"_ £ b 1
MF x X X X MF x x x x DM _w 0 1 1 DM w 0 0 0
MG X X X X MG x 1 x x ;1{22 X % g :1{:2 z )1( :
F X X
Adder f XX XX \.\. XX Adder f X 11 XX XX Adder - o o0 Adder T - o1 -
Inc Dec X 0 0 X Inc Dec X X X X Tnc Dec X 1 1 Inc Dec X x x
MH X X X X MH X x X X MH x x x MH x 0 x
M1 X X X X MI x x x x MI b 0 1 MI X x X
Load and Store Instructions
CPI Rd,E (Compare Regimar with Immediate) Stage Micro-oper =
RAL CoT Normal Dhisplacement Pre-Diecrement | Post-Increment
r = 1l DMAR — AR | DMAR — AR+q | DMAR — AR-1, | DMAR — AR,
Cratpra EX RAL | movw RAL LD Rd, -
EX-Bd-EK [wA = Output EX Output | EXI EX2 AR + AR -1 AR+ AR 41
=B % Wi Rd+1 WA Xh X EX2 Loauds Stores
T I B = wb X Rd IS Fod — MIDMAR] MDMAR] — Rr _
l T. Ah X -
fit] % A Rrtl B X . .
B Rr £ = I Alignment Unit. . 4
--1d dddd rrer Wwo-operan
Contmoll [ [ Control MoV [Comol | D Rd, X & | ap |
Sizmale EX Signals EX Signals EX1 EX2 ‘E: ---- |KKKK | dddd | KKKK | Immediate
i ) = I ) < M 0 * " El=|~ ---- | -AAd | dddd | AAAA 1O
ME L] X MK 0 x MK 0 X X o ---- ---d dddd ---- Single-operand
PC en 1 U PC en 1 0 PC en 1 0 0 E“ g kkkk | kkkk | kkkk | 12-bit PCrelative
PCh en 0 0 PCh_en 0 0 PChen | 0 0 0 7 3] coo= | --kk | kkkk | k--- | 7T-bit PCrelative
BCl en 0 0 PCl en 0 0 PClen 0 0 0 allEa
NPC _en 1 X NPC_en 1 x NPC_en 1 x X
SP_en o 0 SP_en 0 0 SP_en 0 0 0 i
DEMUX x x DEMUX | __x % |DEMUX | x x X g \ Alignment |
MA x [i MA X X MA X X X 2l A Rd |Rr [k ]a |k
MB = x MB x x MB X X 1 gl+|7 6 5 45 B 46 fTori2
ATUE | wox | 0010 ALUf | oo | oo [ALUT | oo | wox | s S|\ (5
MC X XX MC XX 01 MC XX 01 00 L
FF wi [1] [1] RF wA 0 1 RF wA 0 1 0 .def mpr = rlé ; Multi-purpese register
EF wB 0 i} RF wB 0 1 R]’:WB 0 1 1 .def count = rl7 ; Assume R17 is initially 0
MD x x MD x x MD x x X imanT: we TNTT
ME X X ME X X ME X x .ORG $0002
DM ¢ X x DM r x X | DM r X x igﬁh ISR
DM w 0 0 DM w 0 0 | DM w 0 0 INIT: 1LDI mpr, 0b000O0O11 ; Sets Input Sense Control for pin INTO
MF X X MF X x MF X X X STS EICRA, mpr ; to detect an interrupt on a rising edge
MG x X MG X 1 MG X 1 X LDI mpr, 0b000000OL ; Enables interrupt for pin INTO
— — ouT EIMSK, i
in%‘:déef 1“? ':‘ {\ddg f XX 11 i”ddgf xx 10 XX LDI  mpr, rssl ; Set Port A Direction Register for input
3 2 inc_Dec X X In¢ Dec X X X OUT DDRA, H
MH X X MH X X MH X 1 X SET e ) ; Turn on interrupts
M s s ] [ S S r e
INIT: 1di mpr, 0b00001111 (1) ; Set DDRA to control engine LDI YH, high(DATA)
out DDRA, mpr (2) LDI YL, low(DATA)
1di mpr, 0b000000O0 (3) ; Set DDRD to detect whiskers ngg: ‘;Jﬁo"“‘n
out DDRD, mpr 4 ; : SR_ *x100F
1di mpr, 0b00000011l (5) ; Enable pull-up resisters for L/R whiskers ISR: ‘;i ?Er’ PINA
out PORTD, mpr (6) H INC Cﬂlllnrzpr
1di mpr, 0b00001010 (7 ; Set EICR to detect on falling edge ST %, count
sts EICRA, mpr 8) RET
1di mpr, 0BO0000OOIL (9) ; Set EIMSK pSEG
out EIMSK, mpr (10) ; CTR: .BYTE1
sei ; Turn on interrupts DATA: .BYTE256
.ORG $0000
RIJMP Initialize
.ORG $0020 i Timer/Counter( overflow interrupt vector
RCALL Reload_counter
RETT
+ORG $0046 ; End of interrupt vectors
Initialize:

LDI mpr, 0b00000100 ; Enable interrupt on Timer/Counter0 overflow
OUT TIMSK, mpr
SET ; Enable global interrupt
LDI mpr, 0b00000L1l ; Set prescalar to 1024
OUT TCCRO, mpr
LDI mpr, 99 ; Load the value for delay
OUT TCNTO, mpr
LDI counter, 100 i Set timer

LOOP:
CPI counter, 0 ; Repeat for 100 times
BRNE LOOP

Reload_counter:
PUSH mpr
LDI mpr, 16 3
OUT TCNTO, mpr ; Load the value for delay
DEC counter
POP  mpr
RET



