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Loop - 4 o

RIMF loop
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Tan bwg 4SS 55 slem Kl 5l dsl5 o daled Sl py 4 Sjg0 4 1) Sllaasl » Al o S
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D|2(@|s] 22w B] s

l; Das ist ein Testprogramm A
NOLIST — syntax highlighting) & L.
.INCLUDE “C:\avrtoolshappnotesi8515def.inc”
LIST Sy il sl s 05,5 ples
; Hier kommt eine einfache Schleife L
H dh&?}\.&@l&'ﬁbd‘j()ﬁnb
1:35“3 Loop ALout AR Editor _
AR, Editorfor Windows 95/98/NT 4 s S5 4 &) Oy gws jy b
@ Tan Sillksaar 1399 )
VR Editor is a freeware program L. .
Mote: "8%R" is & trademark of Atmel Corp. s O.:' 0 >3 u\}s‘;d salaiu! (M
Wersion 1.2.200 G ;LJ . G &
Ol 5 .asm S
tan@zillikzaar.ee ‘-}d" © S J’i = J
q | _,l_ RS o A5 B g;“:ﬁ Wane
g 7

I

035 Jool o Job oS dam 5 ol ogh BB AVR 0315 ol 45 bl O 5 4 1y sk 5 4 Al 0551

.,\,'J.S‘;o salaiwl ©WAVRASM J" ;‘ L | Q‘J}Im: “ ‘b"aja XS ollds C).ﬂ: )|J§ rﬁ ,L:S ‘;M a9 ol e.l.:.cl}

il 0l 03ls BLE 5 S s 4z 4eS SUS Assemble g sw 59, Jais

Bl waviasm [_ (3] x] L’}"u. l) A-Q"’..Js QL:L"’ CLQ‘.” JJ’?W‘
File Edit Search Assemble Options.. Window Help _ . _

slhs S aas s 58 Las

R ENE

B TEST.ASM 15 [=]

X Py ﬁ‘ l TR
; Das ist ein Testprogramm ﬂ ';J w °°|J & ‘ L" bJ e
: =
CHOLIST -
"INCLUDE "C:“avrtools\appnotess8515def inc" 4S 34 IS WS S cae S J"’l’
LLIST
| Hier homy e ok 03 p HIS 4 Ol B 5l eslaul Ao
: B Message HE B B d BAS) e
loop: AVREASH : AVE macro assembler version 1.30 {Jan 27 1999 01:30:00) R
RI Comeright (C) T995-1639 ATMEL Corporation J=b ol 85 S el Lol RIMP)

Creating  'TEST.EEP' -

Creating 'TEST .HEX' - M R 3 e

Creating 'TEST.OBJ' A g alises J‘.U JL@'?:' ‘;;L.‘“*“ Wacal

Creating 'TEST . LST'

Assenbling 'TEST.ASH' as Loyl 5o Lgl aen &S) Cusl s S

Including '€ havrtoolsthappnotes~8515def  inc'

Program memory usage: (.\:.ai 3 ts

Code : 1 words S e

Constant=z (dw-db): 0 words

Tnu=ed : 0 words a . . s .

Total 1 words J—lb Jl—é-? u‘—.’.‘ J‘ J—.'.b w.—“ﬁ‘

Azzenbly complete with no errors. PO .

Deleting 'TEST EEP’ omtu s s=2 JTEST.EEP W
E Jﬂ EEPROM L bil> 4 WL a5 el
F S it

o=l sl 53 558 s g AVR 515

ol 03,5 Bl 93,5 sl Jos pledl 51 g
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I3 505 iy Cwoal TEST.HEX ( U oo gs

Datei Bearbeiten Suchen 7 wi g AVR il J&hs & &5 conl 1) 5w ol

|: 02 008000FFCF30 =] ' . . .
:P0BA0OB1FF el 9 gy JKE 4 LBl as al g

cASCII fJJ a L§|°J:'i.3 ;,Jls L) ebJ'SLfo db..w slasl

_Ij Checksum sSa‘ 9 w).ﬁi a .h_,.\j: S| b o|,¢.h
a7

)

bs o gl (B o) 6l ) dhilis § gooes)
&__ﬂ .C—-ﬁ‘ﬁ.&é JL,«.: Ly a‘,&w O-L:GL; (Intel-Hex—Format)ﬁ\ eb};u dl.'-.a JG uTJB CJ‘»’»‘ RGO IPR W 4:.\.2‘,4

el g 5 0l Sl 5 a5 g o6 I
O B .l 35 3550 AVR (5laad olbes sl b cpl Ad dalss b jme Tay TEST.OBJ ( |6 s g
alasl Jf.ia"lﬂj kSi )" oalziul b Jilé Cﬁ‘ Q\g_,&'."u RGO PR Ja_fu" ATMEL Ja.wj ERLXY a:}}u Ls\.'e..c Syl @
990 J5= alie a5l gl

B Testobj H=l 3
0on 0023 0ooo panz G220 4FRZ2 .. #.. .. ..

00000010 BARS 6374 2046 696C 6500 0000 OOCE FFOO ject File.......
00000020 000A 0054 4553 542E 4153 4D00 433A SCel ... .TEST.ASM.C:™a
00000030 7672 746F eFeC 735C 6170 706E 6F74 6573 vrtools“wappnotes
00000040 5C38 3531 3564 6566 Z2E69 pER3I 0000 ~8515def.inc. .

2l 585l 34l 5l

St gl OF 5 a5
(C}JJ: rlﬁ.& J_,w Sl oLl SO) S salaad AVR

el 2o J6 S TEST.LST (6 esler
Datei  Bearbeiten Suchen s
= eMUﬂe}@@‘ﬁj&@ﬁb&‘Qhw

AURASH ver. 1.38 TEST.ASH Sun Jun 18 81:4%6:13 2861

el filas O g0 4 S AsS

; Das ist ein Testprogramm

-MHOLIST

L‘,_gjo d‘-h:"- ‘suc% 3 QIJ_,:.«: ‘\Au.ojb—[ rLoS
Hier kommt eine einfache Schleife

Loop: RUNEW PR WYY PR N r.g: ‘_}3\5 JPU VIR

0008888 cfFff RJHMP loop

J-iu ol p oK ¢l syl Fp oo

Assembly complete with no errors.

4 : '/ NGI{ PR WA PEgp B

Ladl 5 s 4l
03,5 uJ g I, ISP ol e 5 &y ATMEL 5,5 AVR 515 4 595 0555 glw IS 85,5 55,40 5 sl »

HEX Jo6 5 05,8 1l 5 ISP i580p 5 (g oad 55 5 Slaids K3 15l 5 cnl &8 sl S5 4 p3Y).com
;3 LOAD PROGRAM &« ¥ C".Jl’}‘)résd“ IAIRY] JFsa )y S sl peles S slow! Sibaas ;s

(e g
Test - ATMEL AVR ISP
Project  File Buffer Program  Options  “window Help =z
3l PROGRAM a8 Ol
EEREIEIEEEIEEEEBRImIE = S
T — - 5> 4 WS 045 G sl
Title: |Test
Project ID: [0001 f\_".ul 6|ﬁ 0D g gt A_J’o‘JS A_oUﬁ

Comments: [Dies ist das Testprogramm

o3 Ll pd b al o ol el il e

Sl &9 U ) KR V‘“'J’

i Manager A Device f Security and Fuses |

J'_‘uub'ﬁ ‘J._-"Sle ol gg\éﬁ‘ o yd
ALout ATMEL AVR ISP

Am ATMEL AVR ISP ‘4_.:2'.\.3 4_"4; )‘JJ' 208 S w“u“’

“ersion 2.65

Copyright (z) 1998-1999 Kanda Systems L1d.

‘FOI Help, press F1
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.Ja':fyg'dj.'i‘d‘”ﬁngﬂdiﬁ‘tSJéﬂfJ‘}uu‘;a‘ 5,90 db g 0
AVR Studio s i 5lwind

Ags&.’io‘jdjjﬁ‘_;ﬁ)uuﬁtj‘uﬁg.uilgo-\.j‘_}w‘wb}&é}&aaﬁ&ﬁj&w‘hUﬁaé‘yﬁjb
ng\e a-’.—.?’r-g‘gdﬁ—éd)u -\5“,3‘;0 4&‘; ‘SJJﬁJ‘}é‘st u:ilﬁji .-Ub:‘;w' fl"é‘ ‘JJLE-‘S‘ QJJAJA.F‘;:“JQ
Okl als IS e b (g0 gl Sl OKel 35 5 kbl DU, 3 Sl 350 il [ilis 1 o puas
25 ls IS (gl 1y 55 UKl ATMEL &5 2 51 AVR Studio wly; 55150 65851 55 ol pos

05 sdalie al o 4 o o 1y S 5 03,8 SRL3T 1, O 51 (ou b aslp JS 0150 LS o

< AVR Studio M= E3 “— S sl |J_g-| Studio M\Jﬁ

Fie Project View Tools Help
EEEE T — = o e el Ll K8 o
e R Jloe JS8 @) 50

S =S o Sl 1y (el 1
! Ls (OPEN «, ;¥ FILE
J—=b Sl esleul Lo I, fAbu
Selsg opl 4 by e test.asm
8| SR Y gy RO T
4 o 50 dlesl 5 O s
sp2ry Lo (I3 5w STl

5yls

[POS [WR [MUM 4

a2 oS |, TEST1.OBJ J—U

Simulator Options E3
— Device

54 c—wl TESTL.asm &5 S Joons!

Sl (Jmld 03550 51 e S

Cancel |
—Hemanm T Architestune J—b 3,90 Slegay &S Al g3 oo Ll
Eragran femarny I4EIE!E ™ | Hardiare stack A 43_,?;{1 Jf‘) S Ol | 5
3
[ata b enman IEUE I_ Leves é_,,b 3y oledas &_J .J_J‘J.‘a'gc
cerrny| 612 edse Bkl SIMULATOR OPTIONS w5
[0Sz |E4 v g
¥ | Hap/0lin Databea 'J Juy ol ”I.,. .(.l:.a; 55 Ua‘,:.a 4
— Frequency
P ol
4.000000 v | MH:z s

(Device ) ahmu 5 sl Caomd 3

g:)L_P.d's‘ b APJ_E A)JA M‘j C}S
S O] 3 ) el S il Bl 281 s (A g0l (3luamd pRa dal B e ST S o0
REGISTERS s PROCESSOR slaas ¥ odijls p cardy S5 51 8T 5 Lol Ol g edaline gl

AL 5 S alie wb b, O g8 V'I-'Sd“ ol VIEW g4 511,
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AVR los! ;g5 g5

#+ AVR Studio - Testl_obj
Eile Edit Project Debug Ereakpoints Trace &tiggers 'Watch QOptions Miew Tools MWindow Help

=R E— BT e
EEEEEET-IE

1 [=] E3

B Testl. B=IEI = Registers
T Test 1 Board kenmnenlsrnen, Ausgabe an die Leuchtdicdes @I|[R0 - 0=00 5
NOTIST g1 - o=o0 -
; Testl.asm B2 - OedD -
THCLUDE " C:*AvrTools\appnotess8515def ins” B2 - oeoo Rop -
LIST R4 = Dx01 R2L =
N RS - 0x00 R22 =
DEF  mp = R16 R6 = 0=l R23 =
5 RIMF  nain R7 = 0x=00 R24 =
R3 - Dx00 R25 =
nain R3 = 0x00 R26 =
IDT  mp,Ob11111111 Ri0 = 0x00 R27 =
oUT  DDRE.mp RI1 = 0x=02 R2B =
R1Z = 0x=00 R29 =
loap 2200 R13 = Dx00 R30D =
np, 0x N N
GUT  FORTE, np i
IDI  mp, OmFF —||r7e = 0=0n
OUT PORTE. np
RIMP  loop

£d Processor

0=00000000
0x00000000
00000000

0,00 us

HFiegister 00000
‘¢ Flegister |0x0000

00001

Program Counter

Stack Pointer

Cpcle Counter Z-Register

Tirne Elapsed Frequency [1.0HHz

Flag Stopwatch
"_'llﬂli,ﬁ,ﬁ,z,EHVgear 000 s ‘

[MUM v

[Simulaton [Custom n9.Col |

RIMF  main
maimn:
=3 IDI  mp.0bl1111111
COUT  DDRE.mp
loop:
IDI  mp.0=00
OUT  FORTE.mp
IDI  mp.O=FF
OUT  FORTE.mp
RIME  loop
Il Processor M=l E
Program Counter 0x00000001 #-Register |M
Stack Pointer | 0x00000000 v-Register (0000
Cycle Counter | 00000002 ZRegister | 0001

Time Elapsed |2-DD W3 Frequency |1.D tHz

Flags StopiWatch
| THS ¥ N ZC o |
|| e

2000 |

b polis ples Processor s 2y
) Gt G-UJLQ—:J il OM}‘QJ: “
E58) JQ)L_S-'UJ.GL‘} SleMbl \Ar.'g-ﬁ
Shd—as s olwif, (\ MHz
S o3lul gl O g5 = StopWatch
Ladls, ) lt slz 5 250 Ob;

.JJS oalaiwl aJ.;.'G 3

S gl el 5 s S e SET 1 b, gl ol oS
J" ealaiw! V.:Sd ealau! (Fll b_ TRACE INTO)&‘AJ:-,&
g aph e aalp Ay gk g e sl 2l Eob GO S
dal s sdalice hU 63l s ileand YL o s

Azile dmyly Processor o owy o8 st (12l 51 ey 05

b e, JKS

253 ¥ laie 5o S odijled 9 Y (lf,; 4l o les
333508 51 (ols celu S 3 4 5L 121 g, RIMP
5 Lo odd (g 505 5 52V MHZ cola S5 3
S5 walp e oy iles S (5t Soylil glacl

.M.}dﬂ)|;3ﬁ ‘J’." &%66-‘.’{)_}:«3 6})‘)

o 2wy b 09=ST 5 9=d s OXFF i R16=) mp ©ls o5 S 121 1, (s jammws F11 oS o)L 95 05,28

Sy w1y s opl Registers

RJHE  main gy = Ul K4 = Tzl
RS = Dx00 RIS = 0x00 e e
main: R9 = 0=00 R26 = 0x00 s OL e p
DI mp,0b1i111111 RI0 = 0z00 R27 = OsO0f . ]
0T DDE RIL = 0x02 R26 = 0sl0f| o= LRIO S L e
R12 = Dx00 R29 = 0x00
loop: R13 = 0x00 B30 = 0201 .l oA osls QLS 7 3
%ﬁ% ggﬁg”rﬂﬂp R14 = 0z01 R31 = 0=00
IDl  mp, UsFF » Eig ) gigg osb 4y DU e ol S e
OUT  EORTB,np o o
RINP  lomp - 21501 B0 g esls s ol g5do

; Test 1: Board kennenlernen, Ausgabe [

S sdalis 4y gl !

ol o |l ¥ LS (S

:Nggif-{ cen Marme Location
CINCLUDE "C:“AvrToolshappnotesh515de:| % AT9058515
LIST =B CPU
52 External Interru....
-DEF np = R16& Timer/Counter
RIHE nain Timer/Counterl
main:
IDI  mp.0b11111111
ouT DDRE. np
loop: 72 Port B Data FEEEEETE oda
o LDI np, 0=00 2 DataDirection FMFMFEFFF 017
QUT  ECRTE. np 2 ipufine  COCEOECT o6
IDI  np, 0xFF 2 Port O
OUT  PORTE.np o
RJMP  loop £ Port D
« 3 5Pl Interface
-39 UART Interface
#-T% Analan Camnar

S S ekl O 4 S
Data Direction )B o, s—
s sl (gl 5 (Register
5 02,5 50 gamdr /O o oy
wnt oS o S 1, B oy

il 5 pay JSS S0 4 b

Program Counter IDHDDDDDDDB H-Register IDHDDDD
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Sl i (w4 ) b a4 ab 5 Sws job wly polis
oalaiad b S C‘S/ 9

RIMP  main g T
N ijx ‘I.I.I’atchdng 6J'l_¢4,._“ i Fll j‘
i 0b11111111 5 CEPROM
np, -2 Port A g v (s
OUT  DDRE.np PtB 2 gl mls Ll
loop: CEEPuiBlas  MRFRRFRFRF 08 sl esls Ol bouy

IDI  wmp, 0=00 g DataDirection WHFMFFFF 047

oUT - PORTB, mp B2 Iput P FEEEEETT 046 . - X
IDI  mp, 0xFF | g = TRATIE * e i Ly
= PortC
OUT  PORTE.mp =
w RIMP  loop -5 Port D

T ) \ Qtﬁ}ﬁ. 6\-&&:—’)‘9{:

AT o s JKE 5 0 e3ls 0L 4 OUT PORTB,mp 3 LDI mp,0xFF o) ss b

g5 pLKe Ul 5 e (5 b Sl S 1l Sluand landls Sluand JiBle 5 5 Sl A Lxyl b
JL:“"‘—’ g_._“.h.» ‘J‘d..)""\"l?.'.’ dﬁl-(? Ll 6\.&}.& du@'; “ .09 JlS “ &‘:)K&‘ Ls‘ﬁ 6'0:}...5 )jb “ lales

2,13 392 9 el esls LS eyl s 4.-:;313! S
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o

Mbw £ |S.w"' G ogode CwA C"‘.’.‘U‘b L.’ &5‘°j’.’..ﬁ &5““&\" LbQLS

Ve 1w 0 ¢ Cw Y ow Y o Y Cw vl

pabie gars (V0D 0 51 5500 o S b oy 1S a5 oy ol holed 026 &
35 e gy K3 b alS SIas) VYV B SAYA 1 sltsl (il 5 e sIsDY00 b ¢ sltsl Wl e oS oy

s (L, s oS 1)y o e b 5 CAT ) ASCIL 1,18 K atias L jlbie 6 b oV ooy

Aled aﬂ:"-.'a >45 43 (Wledds oalaiwl };.‘5-/414 sg\.‘ié'ﬂw‘s‘ﬁ ‘;ZAW Qly&uﬁﬁﬁwdbﬂj}b 44.).14')‘.’3

Wl el L;Laus/}u Lold (gilwe 53 sla foese )i‘g: L awlas

332 )8 4 ol Sy Fond 53 s 5 4 Ol g5 0 |, &l
33 ) 4dS ST ) s S w5l e T slsee 505 2 Slles plowil 6
(Mt Jozte 355 o8 okl ACCUMUIALOT 45 (35 0 (351 5 ol 4 puiions ;b & LT o

S LSO Y ‘;L.wl:r.o JL«F‘ (M&A)‘fjjﬁ- K) (@#)‘5:‘9J‘9 \.@.J °

slaialy 5 o3l L a4l s oo bl clilodd 5,10K6 R31 6RO Juol 55 T .ai,0s 5525 AVR 53 LS ¥Y
e A8 Ll LT gl (5 S lmely slapl a!

.DEF MyPreferredRegister = R16
5K g pa ) Ot 3 88 Sl s Ll kg ST L gl Ot 3 i SO L oyl gen Jlamsl (slalecal,
b 0,90 L Tab b Jis gl SIS K T 51 J5 ol se
AVR il 5 gl ol ) BB A4S a5 diies s (15 ol gl g5 ol glaloal; o a5l 4230 a5
RI6 b3 b 51 eslial (glor 4 il 55 s S 3Ll RIO 3 51 5 g 5 53 oot 50 SISt S o Mg
s Aol Sl ol 5l ekl S a5 gl s LS 4 1) MyPreferredRegister s Oles 5> el
g el O Db s § 5 om0l bo (sl LS ol pU 1558 55 Lol (s 52 (6 ke sla 5SS
T2 253 5l eslia

LDI MyPreferredRegister, 150
e K gz opl LoaD Immediate s 58 esls 51,3 R16 ls 515 55 Loitos 10+ 508 48 ol _re ol &
AVR wil5 55 ok azd g &l alidle b gioee sl IS ol 038 Joomsl b s go 13 5 5,00 LS a1, ool
g el JSS ol
000000 E906

dz o chiiees B906 63 5Ls glow sue 51 s (100) ol jlaas y RIO)daie S5 L ol por 540 ) s2ms AS
ool 355 15 dpl B 1) 03 SUS gy ol e ) e bl 01K i eiems 50 4 1 Lol sl 55 ol
Ales 5 15 E06 5 055 aaz 5 1, Sl graws il 68 il 0
sl MOV)O S (o5 5500 cp 8 ol S gms op foslar 2 )8 4 lisee DU 50 s S I3 50 U155 o0

e ol S e oS (6, Ol Ol S Sl e g o
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.DEF MyPreferredRegister = R16
.DEF AnotherRegister = R15
LDI MyPreferredRegister, 150
MOV AnotherRegister, MyPreferredRegister

vﬁj\g.wwq,ﬁ),«u‘d‘ﬁbRIS}R166\#&‘.:5QJ@&M(UJW@UWUMUﬁ&‘J}‘L&}J
s MOV 5 LDI Jols (5, simmws bghas . kiiS a3 ad 5 AVR (511 505 p las 55 ol 5 0iS 0 Sosisl
hgd o IS

000000 E906
000001 2F01

:r.q»CSJ.JJJSdad;_SRIS deaie S a1y O Ob g g esls HI FRI6 oL JEIs ps 1,000 lake Oy s ol
Il S pd gl o)l 300 (335 o0 a2 5 O1 43 o 45 dnaie LS
o= .&Swwdal&l’bquddﬂilg:,l:)lh:ﬂﬁidwl Sy O 5 Oglize Sl ol wiliwiia)

ool S sl 4 1S 6108 1) el 0L 6,85k Obtis b ok iy pai JK& cpl 4 45 ol (losls 005

(C..w‘ R ) ).\3@‘

Sl ol

WIS SIS - R TN Pl | ARG PRCRERR VA PE YN IEX SV PR DRt

.DEF AnotherRegister = R15
LDI AnotherRegister, 150

am ;3B RIS GRO (S s 550 1, ol ltie 4 LDI | 52ms UR31 GR1I6 glacls L .dyles S oladl Lad
350 p Uil AVR ol gius 45 gamms il plfia bl (g g Ol Sy gbons ol i LIS (sl
s
25 Ol G HlARe 85 S o 13505 3 Ll S edeB ol s
CLR MyPreferredRegister /
Ll e LOLS ol (6
22,03 355 58 g5 Slgmes 5> O Gl esliial ysgdme p 5 opl LDI ) s o gMe
K b i LRX ol 2 AND ¢ ANDI Rx,K
Olg=e a) M el jle 5 0L Blis glacy S RX ol 51 gl plas 055 S ¢ CBR RX,M »
el K gl (Salo ks
Kool Slaze LRX Ol ol g awslas ¢ CPIRXK o
Sl s RX ols &b g ) (Carry)‘,lisﬁj’ ol Slaae s K ol jluas a;;vSsSBCI Rx,K
RX S5 s ame Oals
Olg=e am) M el jlaie )5 0L Bl glacay 45 RX 03 5l placay plas 0585 & ¢ SBR RX,M -«
el K gl (Slo ki
«LDIRx,255 b dslee) RX 0l glacay plas 058 5 ¢ SER RX
RX Sl s ames 0215 51 3 s RX 0ld Ol g 31K ol ke 05 8 oS SUBI Rx,K «
=S b Ao ealinal Ol g ol 3 Al gy STIUSLR31 s R16 o casl o RX Ol &l ) ius o plod o
il S o SO 1 g 50l 55w 313Ul S DI B 3550 Jos plosil (51 15 LSS a5

& 515 o S I b 15 S eslinal ald pU el (51 al slalesal 51l | oSl 3 ol (5 s s

.MJM'J Lh&:)l?j 5;-:‘.-"3_9-‘ ‘5:}‘)
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;UU’B‘ CJU

v.@a 6)..\5 “ :ﬂa& U'l‘ RO PR W hﬂ.lﬁ R31:R30 K) R29:R28 (R27:R26 6\.&&\; C"J 6‘}3 6|°}3“9 b}ﬂ»&
aLACJl_; C") d’f" Z ‘gY X! ol 4:.945 Jk.t BL) \ACJL; C"‘) CJ‘»’»‘ élﬁ u.aU:l Lf\""' AVR ),.«.a‘ 35 &S ol
Z ;Y X)SRAM J=1s 5s e WV ST u.o,.si Loadadl> gla fouo a4y o )Lal 44 ;o0 45 des 0 V1 slals
Aes (Z) 406y abadl> 515 55 b

St 93 om0 e 55 YL ELes Lo 5o Vb Cal s Soml led b Ol 5 e VT el el cab
R30 =) ZL 1, o1 guls <ol s R31 =) ZH 1, Z V6 <ol ke Hob a4 iyls 1) Olis i 4 o guases slapl
Gkl sl 0 iy a5 el 5 4 by o (Standard Header File)s ) lusbal gla b 55 bapl . diali oo
ZJ_,..’;':‘;A fb'd‘ B BR BN s Caib. EL ] 1 ;bJu| ‘5\.&(‘3 w‘

.EQU Address = RAMEND ; RAMEND is the highest 16-bit address in SRAM
LDI YH,HIGH(Address) ; Set the MSB
LDI YL,LOW(Address) ; Set the LSB
LD alasls 51 Ol g5 ) grws .ol 0k ab 3 I35 55 Lo So Ll 5l onlital b aliblm a4y ow jiwd (gl oo Ol g

s > Shos Sl
STX,R1 4 LDRILX Soylal jlade pis 0oy X sl 4 i g/5l 0kl | X

ST X+,R1 4 LDRLX+ | oLl jldis 4 domly G 035 538) s 9 X sl 4 o2 g5 /31 OXI5 | X+

231 & (R g 13 ONI g e 5 Selal ke 3 axly S alS
ST-XRI L LDRI-X 77 *97 © U x
A

g S8 a4 Jes Gl L Z LY Wilg e alin b o
LPM fL:f‘,e.x_.z i 5 L Soylal gl p dadh gies ol o)ls sy sed SO g asl p Abl 5 O ol
g3y amelp adails 7 oyal 5 3590 Cul gt opl .Col 0k (5,135 (Load from Program Memory)
o3l S 3 s gn s ) Sl LadS 4 aldS Oy 4 anl WS ksl 45 bl 51 aS e S RO LS
o S o B gl b YLl LR sl S S SO L cal o b e W Sl el
e o3 8355 ol e 5 250 0 ¥ s ool essl il s s 4 (VL Cal =Y ol b= )s s e ploxll

(e ol 4l wol y aadls Col S YY L Cu V0 4 5 g

LDI ZH,HIGH(2*Address)
LDI ZL,LOW(2*Address)
LPM

Sl 81 5L cpl a8 bl 51l Rl ael  aliil 3 ga ol 4 o,L31 gl Al el gies nl 1
) o dﬁj‘s JfoJLf:‘ J‘J.EA d:.il}ﬂ 6‘)3 (5“}.’"9 g :}.ﬁu.o cjy

ADIW ZL,1
LPM

o= dm Ol o &S g laas iSTa 5 009 (Add Immediate Word)awds < alawly o 035531 oo 4 ADIW
AL sl Ol i 15 ZL So)lsl Sl il iy kel 4 A3l 423l ax g A3l W s S BB b,

saben pml i VS5m0 4 o Jo 15 ol oLl (508 g cnl 0 pdy o0
S Al Go A SBIW gl i V1 Se,lal Sl o0 510 6+ oy ol Jle Ky Gu 8 el Joo
SOl 735 12 SBIW 3 ADIW 5 eslinal Ol .l 0 $13&0 (SuBtract Immediate Word) ads

1- Word-Wise Organized
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b disl 5 SRAM 3 a3 ju,ysl o3l 5 sl ol b S R25:R24 S g5 58 5 Z 5 Y X S Ll
AL clis s Obl S Wl 5 0 R25:R24 ¢ o V1 5l 31 ealinul fl.{:.a 15 3455 (AR ged Iy

plxil DW 5 DB el glaloaly 51 oslial b 1S cpl Sauns (glor 4ol bl 55 15 Sl pslao 51 Jyor 6 8
A3 el il s aalS @ aalS b Sl 4 Sab Sy w1y palie slaced sl e T Sl eslinad b gl e
- I R N R NI R

.DB 123,45,67,89 ; a list of four bytes
.DB "This is a text. " ; a list of byte characters

S o B b glgl 4 LB 2SI loslital gn
ol ) IS a4 gl aldS pslie 51 aedd (wlia Hgb @
.DW 12345,6789 ; a list of two words
S slatul )y S 4 58 (S 6\.an>])\.¢%,3 S Al o ol palie jf eslinal gl 4 b s
[ ... here are some commands ... ]
Label2:
[ ... here are some more commands ... ]
Table:
.DW Labell,Label2 ; a wordwise list of labels
I adsS el ol lasl LPM g b L Ll g3 45 US4 55 1 3 o0 @,& V O ) oyl gen L
.MJ‘;O oy
“:".’.Lﬁ“" &J’:b' BL) LACJL;; sl LACJL;; :_95 4 (o pend d‘ﬁ L@j J" oalaul (.erju‘ 6&&\.;5 upu )l:nm-: 3;.’)\5 &S.:
ool g e o) s O & o gws B gy opl s 13 (OXO01F 6 0X0000 ujsl j3)adl 5 sl glas
J=1s as bl 51 0T luake 0kilg> b s EEPROM L SRAM  Jals & Sl G (sl some 035 oS 4 Sl 45 ol
4 ol ol alabl gL 55 ol pslie gole Jalda 4 w fwd b So Ll 3 5,8 op sdsldie sl axdls O3
odsl o> R25:R24 515 4y Jgdar ,ldie ey 45 (s Wi (e VN A Ve L Jader byl s (Jle Ol e
! 0
MyTable:
.DW 0x1234,0x2345,0x3456,0x4568,0x5678 ; The table values, wordwise
.DW 0x6789,0x789A,0x89AB,0x9ABC,0xABCD ; organised
Read5: LDI ZH,HIGH(MyTable*2) ; Address of table to pointer Z
LDI ZL,LOW(MyTable*2) ; multiplied by 2 for bytewise access
ADIW ZL,10 ; Point to fifth value in table
LPM ; Read least significant byte from program memory
MOV R24,R0 ; Copy LSB to 16-bit register
ADIW ZL,1 ; Point to MSB in program memory

LPM ; Read MSB of table value
MOV R25,R0 ; Copy MSB to 16-bit register

903,S amsboea Z S lal j3 1, i 5,00 yuysl (93955 polie B p ebulp dil g o bed ol Jle G Jah

2l 55 SIS Al bl hls 43 s Jalir ey D 53 ogllas pslie &y
lACJL.J )| oLl tﬁ‘ﬁ &LM,@S

s ) 4 RX oy Oliaiias pB L |, P PR ¢t bols sl DEF glaal, b o
s polaisl 58wl a1, R31 G R26 glacls wjls Soylal o b 5l g s 4 55 ST e
.ol R25:R24 ol Ry ) Vel gl pe

s solasst I8 ol 4 5RO 57wl Jslaa gl Nen ey yls aal p il 51 0l 4 5L 51
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‘AC)J‘%

?C;w..,g- Q)ﬁ

I 5 s s,l5le g ol oS gl 4 (S e s Al 5l 2 elS 508 b, AVR
Ll amy L el Ll 511, baesls 5 038 513 Bl csilsn sacs b bajoald e il el & CPU aizs
5ol ad 5 O 3 i o Lles @l & ol (Flag Register) oz » Ol (g o053 20 5 e 5800
g r 0kl g3 01 31 () olaiil slab s
L Ol & Ay At 397 90 AVR sladite plad 55 (S5 50 4 45 L)l 55 ciliies &5 18 Lo samns
) Al s B 5 35 g0 sl Ke iisus oy g Js sl plesen Koo 5 gilwe 3
Wl oA 03,51 O 4 b g » (Data Sheet) oMbl slaaS 55 03l g5 gl ealinal b6 s, 5
AVR g5 5 Jas L sl cpl S g 515 B, T b 0T o b 51 CPUS Wyls ab glam,sl o, e
il e (Gl sue 0590 03 5LE (slis e OX 5 gdy) OX18 o)l g0t B oy wysl Jls b ) g kit
Sl Laps cpl ool 0dd 4 B 5 3 pnlin lais lapl LT (g1 i sy g9 ool 038 Bad ) pios
b ,p oA S AN 5l g 5 edd iy 5 (Header File canf o gla h6) acsed sla b 53 AVR Cilisuo ¢l 5
S o s 1B g sl ) JKE 4 b caemed sla JU s L dileds
.EQU PORTB, 0x18

8515define tavams J6 .asl 5 VO lib ;5 0T Jous & oudly axdls bl 4 1, B ooy ol b b b pl b
tl 0 dopend ol slaialy 3l eslizal b

.INCLUDE "C:\Somewhere\8515def.inc"
Bl g s BB LT g edd iy 5 8515 el ples a2l
DI R 4 (L) s oS 5 15 o 5l o S SO A 515 o0 Ll it (Al Slols Ygors L, 5
b S 1558 gl gl p ol bl amend B 55 (il adls ol sl o ST ol ST .00 &K s o
) e fadim ey e L (1K 313515 ol Maly 4 1353 0215 oy ST S (55K OISl e 0k
Loxal 53 Ayl 5559 55 damed JoU )3 5 ol iy a5 (Data Sheet) sledbl glaa 5 ;5 plul fpl dieesd iy
ol 0k 03,51 oy g Jgld 5 polusl o
Jols 3 4=3 0 04l MCUCR a5 «(General Control Register) s J 28 ol MCUJ S O 5o 4
Jols s ol (A 1, MCUCR @l m) s oo 28 1) adl 5 o g0 sl Sy a5 Cunl J 28 Sy g0l
15 Wl g g oS S zer (., ISCOL, ISCO0) 0Lss g5 4 o gt lapli ol 45 ol I 2S5 o A
Slrcmy odit (K8 SNl slad 5 5 b (Sleep we sn)s s 55 Ges St K 41, 555 AVR
e plol Sy g pl 4L pl Kl 1) db g

.DEF MyPreferredRegister = R16
LDI MyPreferredRegister, 0000100000
OUT MCUCR, MyPreferredRegister
SLEEP

sl S 0l 4,3 SE oLy (Sleep-Enable-Bit) Sleep sjluwdad e a5 o, 5 5,90 U5 b g OUT ) g2
)" Ry W Sleep - “ b AVR MU% gSLEEP J’“"J‘J}‘“” LS‘J"." ‘e} eala du}'ﬁ‘ MCUCR O)_Qg: a |
395 o 0dsli SM &S Sleep Mode oy 5 o o3ls puis Vb &l y s baw g 56 MCUCR K slacay 45 bl
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A b gie O s (gl ) 1S a5 5,05 Half-Sleep el Al 4 SLEEP | gws L AVR ool odd jio
5L S alKin ool glasllg; ol as e DL SEST bl il Ss g sl glaaidy 4 adl 5 54 bl
S o ol Sleep b 511, CPU sl CPU 05 5

25 g Sl B OGN grs 5l esliial b 3jl50 581 55 Sjg S Hliie 01

.DEF MyPreferredRegister = R16
IN MyPreferredRegister, MCUCR

Slosliwldy 5 odis iy 15 lac L, 2S4S bul 1Ll o Ol J51s 4 1, MCUCR &5 sl
i o il 1 03] gen Bl B pKs ey 45501 (5l

455Kl 53 oS Joo Sy 5l s Sl ald el 3Y (S S S A R DS gl 4 Sl ST s
) DSl S sws (5t S o o iy s 51 15 5 3500 oy 5 4316 Sy JS 015 4 50 5l
I, JUMP) 4ol s —ois 5 Olaiidl 4 bgy o s S o P2l ol S e 4 iy | S S
sl Ol 3 Sy Ks ey pRE S 5 ST Do Do S5 e i 035 S b (A
el 55 Sy 4 |l 6 e s (Clear Bit I/0) CBI 5 (Set Bit 1/0) SBI ab 5 50 &l ) g

.EQU ActiveBit=0 ; The bit that is to be changed
SBI PortB, ActiveBit ; The bit will be set to one
CBI PortB, Activebit ; The bit will be cleared to zero

ooy o= o tdlesliul LB 0X20 31 558 sl b o, g L 1l )ls Cusgdome S el ss 53 0!
s g s YL G g 4 Ol e

amy LD 5 ST a5l SRAM ilasl> agy glaws Ol ) giws 3l eslinal b Ol o0 13 ,5latsl Sl gl 3 4 65 |46
Laols a glae dgl ow)sl YY) 05,8 6l Sy sl 4 1, 0X20 Sdis cosl SIS g .Culs g s Ay 90
] 0k 03551 bl 3 e LIS s s Sy 4 By opl 4 s (I

.DEF MyPreferredRegister = R16
LDI ZH,HIGH(PORTB+32)
LDI ZL,LOW(PORTB+32)
LD MyPreferredRegister,Z

M‘H dglwwlﬁ.xig:l&d Jl?,hﬂ\.:\.o‘ c@w')'bg;'.m‘,.\:in:)‘y ‘?ﬁ‘):\.@ﬁuj:‘gj U’l‘)‘ ol

ol et 3L 0 0X60 5l s SRAM sl o
AVR ;35,5 5 oo, O

dl_hd.\_o Rﬁ )| ‘:..\J'o-\.f.a'w\:.ﬁe" BL) \AQJ&M.M‘ ol chjT ﬁj dj-\-",' PL bﬁJ\Sj: 6\.&&)_2@\.«‘

il ol e 4 s ks 5 dade pl s s STl ekt i o AT90S4434/8535 s MEGA

Component Portname Port-Register

Accumulator SREG Status Register

Stack SPL/SPH Stackpointer

External SRAM/External Interrupt MCUCR MCU General Control Register

External Interrupt GIMSK Interrupt Mask Register
GIFR Interrupt Flag Register

Timer Interrupt TIMSK Timer Interrupt Mask Register
TIFR Timer Interrupt Flag Register

Timer 0 TCCRO Timer/Counter 0 Control Register
TCNTO Timer/Counter 0
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Component Portname Port-Register
Timer 1 TCCRI1A Timer/Counter Control Register 1 A
TCCRI1B Timer/Counter Control Register 1 B
TCNTI1 Timer/Counter 1
OCRIA Output Compare Register 1 A
OCRIB Output Compare Register 1 B
ICR1L/H Input Capture Register
Watchdog Timer WDTCR Watchdog Timer Control Register
EEPROM EEAR EEPROM Address Register
EEDR EEPROM Data Register
EECR EEPROM Control Register
SPI SPCR Serial Peripheral Control Register
SPSR Serial Peripheral Status Register
SPDR Serial Peripheral Data Register
UART UDR UART Data Register
USR UART Status Register
UCR UART Control Register
UBRR UART Baud Rate Register
Analog Comparator ACSR Analog Comparator Control and Status Register
I/O-Ports PORTx Port Output Register
DDRx Port Direction Register
PINx Port Input Register

Sog i plS p Ulees 4 sy O
3 o Sy 4 S S ol & o es Y gema Al S o 5 Sl T S A L sy S
st Dl D) g0 45 b g fws op 2 555 0 plowil Accumulator  CPU b s e 8555 05 SS|
sl ) Wy ol s (55503 OISl (Sl 35150 53 5 o35t Sy ol 31 oms Sy e bl 1 40
o= Lac—y ol =S ol e (Gl B 55 90 S g5l G > X aS (CLX G SEX el O g
plas 5 o 53 Hipd oo S L i Accumulator s Sl b glamlie (i Gl sbobles

| oS ob)ji w‘f&\ﬁ}sﬂg)ﬁwé ‘5‘ﬁ-|4.‘>.5;3w\.u|ﬁ l) W} 6“%6%‘}‘ db_’:ﬂ»:

Ol s Ol s s ol s Ol s e O g S
_ Sl Ol g
AN Sl i i
CLR ASR, LSL, BCLR Z, CP,CPC, | AND, ANDI OR, | ADD, ADC, ADIW,
LSR,ROL, | BSETZ,CLZ, | CPI ORI EOR, COM, | DEC, INC, SUB, SUBI, | Z
ROR SEZ, TST NEG, SBR, CBR | SBC, SBCI, SBIW
- ASR, LSL, BCLR C, CP,CPC, | COM, NEG ADD, ADC, ADIW,
LSR,ROL, |BSETC, CPI SUB, SUBI, SBC, C
ROR CLC, SEC SBCI, SBIW
CLR ASR, LSL, BCLR N, CP,CPC, | AND, ANDI OR, | ADD, ADC, ADIW,
LSR,ROL, | BSETN, CLN, | CPI ORI EOR, COM, | DEC, INC, SUB, SUBI, | N
ROR SEN, TST NEG, SBR, CBR | SBC, SBCI, SBIW
CLR ASR, LSL, BCLR YV, CP,CPC, | AND, ANDI, OR, | ADD, ADC, ADIW,
LSR,ROL, | BSETV,CLV, | CPI ORI EOR, COM, | DEC, INC, SUB, SUBI, | V
ROR SEV, TST NEG, SBR, CBR | SBC, SBCI, SBIW
- - BCLR S, - - SBIW
BSET S, CLS, S
SES
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Ol s Ol s o Oy g Ol s i Ol g S
_ i ol Ol g
N St s Lo

- - BCLR H, CP, CPC, | NEG ADD, ADC, SUB,
BSET H, CLH, | CPI SUBI, SBC, SBCI H
SEH
- - BCLR T, - - -
BSET T, BST, T
CLT, SET
RETI - BCLR I, BSET | - - _
I, CLI, SEI I

th:))ﬁ: CJL:;J'P.'

(A”a |J ﬁLo..b) Gl 0 o:J}T Lnga".: dj-\-",' B L&QJ_”: Cﬁj"d}wu.byjo Q\:ﬁk



http://www.avr-asm-tutorial.net YY AVR ol 5 gals g5

SRAM
AVR Lol 3b5 55 SRAM i a3l

515 SRAM) Static RAM (s1,1s AVR sl sls AT90S sladis ples (MCU) ol J 25 a5 Ly 5

=15 53 5 95 LML el Oals H1,5 L Al g5 oo Aol osle Hln laaal 5 g (W,10 dde  pam)diaa
dib SRAM s 540l 5 4 500 ol LS 5 5mS & jsme o S Ol bl gl opl 5 ealiial 51 aold

S sl (g iy aadl> glad 1L

A1) 555 o s Ay a5 s 5 g 4 LS SN &S el laliSl ekl I iz SRAM
o=l A (o s (‘l—<"" M g o3 JB (553 0 0kl Accumulator 55 a8 a5 ALU Ghis 5 sl
0 SRAM 515 51 jlaie o 55 Jlo 3 2358 g0 e3liiwl Glo diil> Ol gie 4 Ol K 51 Y pome aliil> la fouo
‘()_9:—*”3 g:"}l)bj'&‘;‘ wSRZ CJL:S

R3 jlade 5l eslil Ly e

Accumulator Register SRAM

, —— | i S 53w 5 0k plol Fllons

ALU o (p9d ) gws)s g o 2 g5 R3
(Address)

aj_:>'5 SRAM L OJL.}"J )|.\E.c Cﬁ.l

OLE byl 53 45 g 5 gn2)3 9 o0

(ol 05 osls

3 esliwl Ly LT plosil 51 508 SRAM 5 oddie 33 3lis (595 2 Slbes plonil & sl el MalS ol ol
45 ol (g5 51 iy Sl 4 3,05 SRAM ilaSl Culb VYA AAVR ¢ 6 o 5 Sa S0 K05 Db 5l ol LS
RERRVL I PE Rt % PRI TR |

3oyl aamy mlo 0VY sy aail> 20581 6l LI RAM Jlasl 0l 56 9 AT90S8515 sladas o
S esliiaul (gl (LB ) g3 e ol 513 SRAM @ g fws 4lis ()5 SRAM @ g s ool g
o fﬂ >, SRAM

€55 el SRAM 1 8165 o0 (sholin 4> (g

(ol 6o o ynl b LS & e s s o 0T 5 slinal (ol (6, K05 L) SUIKel SRAM « pslis 0,55, o sdle
e 3l p 1y bl Jlgte (sl Jous 4 o 9 5okl oliws U1 p0 5 039 ROl 55 b So il 5 b 51 asl
Do WL 518 ol S sl Slalows gl b pslie 590 0,53 gl sail sla 3L LSl g5 o alowy ol 4 .35
Wl (S9) L) Sy 300 4 LT 4 (w9 0390 05 Sl LT 51ns 105 3 58 0 plol DL 51 0Lzl
Syl glasd 5 (S 53 s e 25T sl 4 Comd ST S 5l eslinl b 015 0 4! 2l OF
=l am D Hlahe 34 00 D erJLJZ‘/QL:.? G 3 BB sl Sl 3 icdls o s alail- sl Je
o=l 3,8 0 g (A dlone el bl 5 4S) Tl & 22 5/ O g5 s s 5 0k 039530 ]
g e Fosle Jglder 5l ealial bl 4 plaws B,
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o) s Gl By js ), At pslie Wil e el o d e o@U%LWIgSRAM 3,8 p s 9 S

AL gl Pl 4y

SRAM )‘ oalaiul 0‘999'

SRAM (sl ;51 b8 cymnns 1) alibl 51 Jows OF wyal b SRAM ahadl 3 Jowe & ,ldie G 035 oS 6l p
ATO0S8515 ;3) cmul a5 53, 2 55750 Sujd SRAM (lgsil b (e55L5 sl ,3) 0X0060 31 sslizul o5
S5 b (Conl 0X025F SRAM oo i3 |6 aliils fomn o 5V

STS 0x0060, R1
L gd o o5 SRAM dhail> fous odsl 55 R1 @l Ol gowe

LDS R1, 0x0060
0deal s (g 3 (B35 (pl 2 gb (oS DB cpl J51s 4 0X0060 sl 55 39 50 SRAM aliil> ol gios
B 0 i ey el 2 5 g OF ol S 55 0
725 SRAM 3 15 355 (slaoals jlislu dal o 45 (5 500 53 45 caalip 53 ol (sla ysl (551K 51 300 (62
03, L8 4 5l Jeal, el cpl 5heslinal s S oslimal cpsled (glapl 51015 o0 cdils (6345 Sl LIS 4 5l deps
1S 5 o 25 S0 4 3l ) 61 ol el 035U (gl slutsl

.EQU MyPreferredStorageCell = 0x0060
STS MyPreferredStorageCell, R1

OS5 4 aS 1) ol o .ol Fosku OF U5 s bl 4 bl G 5 jaidue 5 5olisS By, ol &5 ol o s
S 03l sl oo

Je i VU sl 45 ls Sl s 4 5L ol ol el S LS 5l sl SRAM & pliws K5 b,
Sage 4 Bosll GOl (o 8 sk So,lil GLld oy el oo 3 45 4 Kilen il o &K 55 3 )
Laols ool ot (ZH:ZL R31:R30)Z 5 (YH:YL R29:R28)Y (XH:XL R27:R26)X slacls g5
orizmen tdins o (ST XRT aiilo)aiS oo o5 Ls1 O 4 s Sy g0 43 45 15 AliBl 51 s 5 (o aws 03]
3 o odl gdly K Il b s (ST X R1 asbe)aadlr 4 g s 31 Jd ool gty S ralS OIS
] ) oy 3y S 3 255 g0 B dw & ow iws i oo 1) (ST X+ R1 b)) aladl a5 o i

.EQU MyPreferredStorageCell = 0x0060

.DEF MyPreferredRegister = R1

.DEF AnotherRegister = R2

.DEF AndAnotherRegister = R3
LDI XH, HIGH(MyPreferredStorageCell)
LDI XL, LOW(MyPreferredStorageCell)
LD MyPreferredRegister, X+
LD AnotherRegister, X+
LD AndAnotherRegister, X

ol Ol LT (6, S5b S o losl a8 ol 31 b 0L Sl 4 o ol Sl b S lal opl 05 L8 &
Olaacsl 53 oS 55 ki on JS 4 1) O 425k Olas sl p g5 5 0350 Bolatel 5 s (§305 oS 5 e g
ol So)lal Ol 95 K 45 oS 0 J2 5 ezees el SRAM o il o s 4y g s 4 515 L
Ay s gome a5 030l ST/LD &l giuns 51 5100 K0 518 a5 glite onl gl obasmil 1 01 il 5 0 5 uls

e il g Sy Ol S5 et il e e cnl 4 o s sl Sl s
e (g s> B3yl 53 b Il el S5 el b g s (sikine 35 (D035 ol o5 5 58 cnl 31 e 8

adidl foee ams o i YU Il )3 5985 0 damlons w3l ol (B g0 035381 b 5 03 S pmis So il oS
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PL 0x0060 W] g‘_;}_fjo J_m d"'J'J |.A;'a| .b_,.i'u cl:r.al J'.’.J' Syl & d‘i'jJ Cﬂ‘ J'l oalzul L3 wlj}";o 0x0062
S o Fol ot

.EQU MyPreferredStorageCell = 0x0060

.DEF MyPreferredRegister = R1
LDI YH, HIGH(MyPreferredStorageCell)
LDI YL, LOW(MyPreferredStorageCell)

(el s g fs 0x0062 aail> &Sl 4 2l o el cnl o ol

STD Y+2, MyPreferredRegister
IS ol s 2 05 Sol o8 (gl ol e ldae S had g conl edis LI Y 4.3’La.§|3 Y ,ldae a5 WS 4 g
1X Solal b & ol fbﬁﬂ FBZ 3 Y sbols T3 L s
3,05 295 ol gws 3 SRAM alasl> 51 Ol 6l

LDD MyPreferredRegister, Y+2
ol S cnl slile S ady Olge ol 5558 oy egs 598 1S o bl .ol SRAM & b g 6 CIlas CLQS o)
RIR T

(Stack) auiy Olge 4 SRAM ;l sslisl

Oy YL 3 L SW 2 . CanslaSN 31 g g Aty .ol 2y Ol g8 4 O 31 e3liiwl SRAM 5 5,8 RAE
Sl g5 cpl S o Sl 0T (505 31 1) O 595 2 3950 S 00 VL (SN G535k 2 5 0,8 0,13
PL LY 6‘0;‘: A Cﬁf‘"i Z;abl.w g\.u @ ‘i “"\'."Ugf" (LIFO lg. LaSt-In-FirSt-OUt)ﬁ},@'- CJ’:‘J‘ 89,9 Cﬁf‘"i

AT ol 45 5 g dalss (glosls W5 gl 58 e 15 YL
i Olge 4 SRAM iy

soa5m = VU So,lal Gy Foplal ol i andy So)lal b il cndy Ol s 4 SRAM i ealinal (o1 5
5 e 8350 b <ol SPH .ot SPHISPL sand 53 b3 al b o3 5 o plonll O & g fimwd Sy 0 SO ol
o3lital 3590 AVR g 55 45 ol s oy L5 oo ol 3l o0 &5 555 5 1, o3l feS 55,0 b eab SPL
3 S o3l O 51 015 i 5 LS 5 039 0kids iy ;85 SPH &) gaas] b 53 b azils SRAM <ub Yo 31 i
-f.)‘é Sl e abil al YO 5 i &S rr'su" PP s sdls 5

oo g YU 5l iy Lo Js 2) oS 0 @5 SRAM 5 5 9 o o3l Y & 1 ety Boylal candy sbwl gl
(5oml Gmssl G & 5500 S ol

.DEF MyPreferredRegister = R16
LDI MyPreferredRegister, HIGH(RAMEND) ; Upper byte
OUT SPH,MyPreferredRegister ; to stack pointer
LDI MyPreferredRegister, LOW(RAMEND) ; Lower byte
OUT SPL,MyPreferredRegister ; to stack pointer

4 by o AINCLUDE Jaagas J6 s jlukie il il 03l .55 4 4isly RAMEND lutis o5 ol g0k
1wl 5 s Jold 8515define Jol .ol oad by 25 0dijls 5 g 50
.equ RAMEND =$25F ; Last On-Chip SRAM Location
Aol gleial ) 5l eslazul L 8515defline Jo
.INCLUDE "C:\somewhere\8515def.inc"

RGO PR 4 W ,L:.Q-w' :\AUJ.: KLY 6‘-\3%' BL)
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ol |y ¢ 50 adls andy So,lal oLy 1,5 6 & s 23y K fod ,S o 8 |y atds O ¢S]
== el 3 P BASLEY ] o = £ oM 2D 3 o

.:J:fge Sy 48545 b 4 5oLl o) 03 6,Kws g Ol s
4.';.:9.)" salaiul

22,8 0 B A 50 2 25 Sl 4 LOL Ol s el esle 4y Sl eslisl
PUSH MyPreferredRegister ; Throw that value
PUSH Jas 51 oy 4ty So il jliie 45 0l ol 0180 Cond 05Y o e Sl 55000 1S 4 5lde pl oSy
15 s Jordlysims ol IS g5 cudly 4ls 505 ok PUSH. ko 4y 0595 81 ol 83,5 s 5 a8y falS
(...S LSl
POP MyPreferredRegister ; Read back the value
0> 5 POP 4 us s PUSH .w,i& oo 0k 0305 Ll 3 andy g9, » 45 1) g ldke op 51 Lais POP g b
WS ol gl g e Gy Lo
(el a2y 5L 5l O 4 05k aalp (gdm las x5 0
5 kb eslaul Jb= s ool plos o

S 50 OIS S Joee & Nade plio 3 e

C3g haid 9034 0354 ) LOW jlesliial 5 093 dd o (gl p iy ) eslatul Jayl 5 pl 3 gy phe S 53
LS o AT e lils

Iy (5 p e o3 S 5 ol 038 G113 15 Jlg) ) o8 el 5 ome g il a8 iy, 05 50 andy 5 ealisl
am g eals 3wty a5 p 1y (ab ekiled (65l jlaie) CiE sl oSl g5 Bl p AS I cnl 55 S
AN b ekisled 53 5 axdls  ady 555 51 1y Sy sl las sl 5 g RS 0 B i 3500 Jlgs 5
tl o elsl 315 el g 5 dmy stews sl 3 s aaly (ol dns o

RCALL Somewhat ; Jump to the label somewhat
[...] here we continue with the program.

(ol 0 plowil 3,05 )13 asli )3 =l oS Somewhat e 5 4 55 Jos byl s

Somewhat: ; this is the jump address

[...] Here we do something

[...] and we are finished and want to jump back to the calling location:
RET

Jees b5 b o VU sl K Olgre 4 el a8l 5530 S 45 4l o5 led RCALL ol giws (5121 b
S 3 30 eslimal b asl o jled e b gos RET Jandl) 523 4 Oy b 23,8 0 15 a2ty 55, » PUSH
Al oo aanlsl A3 o 31l 5 el okils F56 POP fus

A5 LS55 sk uynl ol sl ol 0 esls 15 LT s ek jlad 45 iy 51 sl 01K s p3Y
538 ool S o Jos pono 5 sb 4 aidy S SIS ) K Dl Jlasns OF JE s 5s S o s s
oSl 551 3 Jlgy 05 15 shm S hledl wpal g (J 15 Il 3 1y sl sl tdms o 13 4y (595 2 oS ool
S 58 G s g ded AL 3 g0 (SIS o510 4 SRAM &S Loy b .aS' T ey )l

Joe 5 S 15wl (53l gl ol aal s il e i aty ) ealiial Oy ()]l slaaddy SIS
Aol b gl cadBy OF & Gewly 53 (dome g 4 by Jlgs (1) 31 S 0 g il 6l 2 ()l

.Mwwﬁbﬂs o z‘”}g:...f.fﬁ ‘51ijaie}:.>'-543):\§4:.f..;;l.»)§}l.3 43 4 tﬁsﬁj‘g}‘t‘;&“&“ﬁig}’”‘\f
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$ols J3la> SRAM 155 GLAVR 5K oS oo 1 4Kl 5 ol s Waaily gl axdy 5925 545 b3

il e Sl Sae (93b ) glallas LS o ealinal aniy 51 L ol 5l &S gk S sl

FIn Bl il ab g ps 50 O sz el ity SosLal @i O gy andy 5l ealiiel ol ey gl S
5odd OLS Ol 0 s g el Sob G 05,5 PUSH .S 0 0,3 RO DS 4 So,lal a5 o0 i jio
(sl sl s S 45 OXFFFF sl )3 caniy 55 » 503 PUSH G s e w3115 0T A b gime
53 paseial juysl g RET g RCALL gl ;! (aib wild >, SRAM sl 01 s 31 azd) s 55 o0
o e S5 48 iy 0oy S A3 ol pliy er 45 AL hedae NS o 2S5 wl aliil>
s jlada |y Uas ol lad 4 a8 Cudls Aal g5 5 gmy oy 55 TXXXX aiil> o 4 jlome

O039m Ly 5 A bl 315 0ad PUSH 3 51 s G 05 8 POP a8 ol ol Uas g 5d 5 5,058 51 Ses (S
A2 ol POP Jos (jlis K, 05,5 PUSH

Sla Sl sy s 4 S nl o8 5w SRAM (nly Jowe (sl 4 22y g0 Sl 35050 55
S35 sin SLaPUSH SRAM ihasl> ;5 s o o5omly & Odewy 51 g T 0 S OLL o (22550
dob aslsl Sl ol BT a8 o0 (0X0000 G 0X001F) el 55, » a3 (00020 & 0x005F) 2
A o i s oS Ol Uas 518l e BT 4l 5 Ll 5o e RUd 5 Sl SULs)

s s o 31 15 b ) e
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4wl g s oid 9 Ol

.é}‘:ﬁw aﬁ.&‘g\.&ﬁj al.huﬁ:j:t\ejoﬁjui aJJj‘bﬁ: EW CP:’}JM

wlp ood 5l d &8

Tl o A1 ax (Reset) e, Jos Job o

Bt s g Gy Job kS o ST 1, 2O 0dils g 0dd oy AVR G (g3, 400 e oS oK
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P ki & sl ol el 3l S 15 e ol 3 bl 2l 2l S 4edS sl ol gl 5 2 e ST sl
dgd e Jd g 6 55 gl s a4l dijls 5 OM g,
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) odla g Sy gyl b 53 00 gmd o) sl Baw i (A iz 1 2 il S el s cole S
&S’ » Restart
aall 53 1y o amy By i) S G B pssl 0T 4 s B b 1) ey o 15 o Lo
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Rl s 0l plnl L, 5 5 LW & adgl (ps)lds JIS5 55 Jas |15 o (o3l Gy S Il s g
eSS S8 0l 4 gl Jl s
o i a3 e 258 I iy B ey i WO da s oy i ol eno
555 055 e §lp 3,8 0 oyse Watchdog @y » i G b 5l Watchdog 0s 8 Jled .ol Jle 8
3,5 1y 5 s L Watchdog o jles
WDR
g gt 4 0000 o y5T 53 595 90 IS (g o ad sl 23 ,ke By 5 5 LS O (b &S Gy Jos 121 b
J 51 4l 85 led g cal Gl e 03 5 Ll g 0 0l edisls ol 2l e 4 WS 4elS S
Fetch 1 o1 plfia ol gws (2515 o) ol sk ail g A 3l 515 4 A5 (gobey 4alS 5 sl 1530 ol y S
Ao (i Olo Al a3l el 51 6 K Jows 4 5 4 5L el 1 0L S1 .(During Execution
|l 1y g S ol S 2 1S 0 |l g S 1) 5 553 BAVR &S sl s ol & 098 0 1|
(B GBI by 45 3y gw0 53) LS oo
IS 4 0 50 Clonal 4L ) Ll @ 4l gl 38 0 51,5 0000 y5T 3 05l 50n ol 2 Bl 2 5 s2ms !
g Jowe 5l 3 canlp AST glanl 53 Ol g a1y (slefny el loal) 58 0 g o cnl 51 g Y- 51 L el
213 13 ) g sl
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.ESEG
ol 431 5 SRAM  jidu cCiaKs ot goo

.DSEG
L e 0345 s 45 5 EEPROM. J51s 4 Wil a2l 3 (530,40 5 o5 &5 (EEPROM ol gioms S5
33| e s gl 05,5 ol oK halh Ca&s ol 515 58 e S g5 4315 J51s 4 DSEG ekl
By o3l s
IS Ciafa 13 gla w3l (6,0 (5l 5 03 (Jowe) Origin aelS’ Cidsee YU 43 4, 418 4 ORG slaal,
SLET 0X0000 w31 51 0yl ot Lo (slaasli p 48 uil 3135, 00 LS 4 0k dar 5 SllS (6,5, 5 Jouws om
Ll 5hanl Shm 4l 5o (allas aSul Osk Wil 5 0 5 did (5552 8 CSEG/ORG slalesal; s o0
o3l 511y Sl ss gl ekijls 48 Luil i Ll =S g9,4 0x0100 o3l 3y 1 NERK P PR SN
I pateia g s Jow 5o oo S 0315514 gl 0 el s ilaie 5 Jghas b IS ol (S s g5 2 00000
DEF slalaal, b adsl slaci a5 31 das Aol g5 o 355 wb 53 81 .08 o3lizwl ORG 5 sl 5 o IS i
s g S 41, CSEG/ORG oS 5 asS oslitl aslip sladS g5 ,8 Jows Olgie 4 pasnie adle 51 LEQU
A3l3 (55900 bul s OF 51 eslizul 31 o
S A SLalKe il o 58 sy U1 1) Jowe ol 38 0 13 e sl 3 o)l sen IS RS gl oS il )
2B e LT . kisas 4By sla,ls o b 5 0X0002 0X0001 gla o ysl sms ol Alabl glab 53 oy Sl5
b Jowo ol 295 o0 Jie bl 12l I8 OT 0als 35 5 (s b (S5 s 4y G Do Jlad &0 )3 oS Az
1) gdm sl i) 3 s (Ko OF sl I bIcsen & 5 oo Sglite odijls g 2 sl Kipd o okl yls 45
N BN kg asls 13 ab g e ls  romes Jowe 53 Lol Aks e OLE STy ey iz 4 &S ST g (A
695 315 ABl 5 55w S Sl 3,8 (0 1 E Sy Ll Joee 3 45 U5 4dS gl S eslinal Laadd
Interrupt Service ) asidy us g mw oy dm o 5 gmwd S ol Lb aliy o p 248 B Ko sbayls
b ) K 4 Ll e anl S LT Jle G Ol g 4 .30 (Routine

.CSEG
.ORG 0000
RIMP Start
RJIJMP IntServRoutl
[...] here we place the other interrupt vector commands
[...] and here is a good place for the interrupt service routines themselves
Start: ; This here is the program start
[...] Here we place our main program

)é.\.’&ﬁe:J‘giﬁ ‘J .k.;lj..}': JHS&LAW.?J; kﬁ@f’&d\;}e.&.& C‘,,.z Mbﬁk’,&d}' bj.w)‘ e‘)b-o.h
"Undefined label”) glas pliy ouii <y o3 glamr 5 . g 08 o gmims g slbs Ol 5o 4 L hlals 251

Bybp A flalS Jos g o3 S WG 1 (Tedds iy e 2 -

il g asly s gl )

o N patie oy Al RS e we)lser wiliy Gl ek i ) by o 6l s B

el gy D) gs b By S gl ) Ol i
Jlte S Ol amy alion (b 2 1) 01 o 558 0 S (ool il S bl @ls ST s Bp Jes
SRT o 2500 eS b ol b (2 YT 0disled G RA G RT glacold 5 oolil b gl 55 0 43S 2 3
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526 eep 4 HR2 O WL 255+ 1=0) 558 50, RTOW I cpl ploxil b 81503 00 03ls Sl 331 A1
oSS ed & g s L R3 Wb sss 5, R2 3 2o Sl
S -\_73\.3 é‘_é.ﬂ BB INC Rl d‘f’." b;‘ .3_9..5& rl."u" INC J@.\J‘J‘,&»J .h.wj ‘C'.JL; 2 .b-‘j kSJ’ Qb}}é‘
(Carry) J& o < (sl 0395 oo Sldas 4ol oS Le opl @) 558 o0 S Cunzy O s (Zero Bit) i
sladl & gl LI epl b o L i D9 INC gl 2l b 58 o0 S 32 t_,sj b%}w S Carog Ol e
Zer0 cmy (Il cpl 3 558 o0 o3\l (6 K5 dolie ol p &S ‘.SJ BRI I TS G S L 9 L\ U RER PSR Y|
e wlsl oas Oy 1) Foleds fos A8l B 5 STl P iy s gl Zero A L
MK s wide o5 o8 cal .l (BRanch if Not Equal) BRNE Xy s BRNZ (1S aslinul
WAL 25 Soge @ bl (A TY Bkl 6l p Soled Sl Mg S cnl 2l
INC R1
BRNE GoOn32
INC R2
BRNE GoOn32
INC R3
BRNE GoOn32
INC R4
GoOn32:

.34 Branch if Equal { BREQ BRNE slaw b s osle jlew 5 .ol e I8 S
uJﬂ LAJMJU_,:..»: gl 5 (S 0 il s S gl 2l e &S (e ls 6L‘°ﬁ)¢) Sy s cud
.h.ﬂj_.l e Q;.;Sl‘, 6') Zero S 44\.:..» "‘2‘."‘,9:;‘5‘ }:a Cwrnd 9 6&&:—-& ji-.[b J" e ‘J Q‘J}LA: C....nﬂ.% LIV PR

S sl 5 S 4 (il
BRCC label/BRCS label; Carry-flag 0 or 1
BRSH label; Equal or greater
BRLO label; Smaller
BRMI label; Minus
BRPL label; Plus
BRGE label; Greater or equal (with sign bit)
BRLT label; Smaller (with sign bit)
BRHC label/BRHS label; Half overflow flag 0 or 1
BRTC label/BRTS label; T-Bit 0 or 1

BRVC label/BRVS label; Two's complement flag 0 or 1
BRIE label/BRID label; Interrupt enabled or disabled

.\.;‘,_.J:‘}_A sala_ul Q).quabj.w: w|};‘5|¢.\:.3\.:;gb§| .:}J’.vu.o cl:r.al fﬁ‘}n&g:yﬁ@mﬁajy J:;Jojfl

At oo (Carry) J& 5 9 (Zer0) v sacw ks 3L S ol

4l p gl 2l o (s Ole)

Colw K S b il el s o sl (6l 5 3500 Oloy ke b 0 L300 & YU s 48 &5 4 Kilan
LV /£ 1S o Sl s ja gl ol sl o kS I8 ¢ MHZe sl Ll 5 )5 elijls STl adijls
Colw U ol Tads 515 5,00 Olo) ke .Cubls dalgs 5L V02 S & sV MHZ cele L3155 55 5 (Yorns
4 a3l @35 ey enled S gl ol o e AVR sl widls 5ds sau0b) & glast 81 ool xtal
AN il Of ) gs dbe )l 5L cole K 2iu b oo a1zl gl a8 W yls 3455 Ol ) s 31 Sl sl
i |y Oy s Jgder il Sl 6l SRAM (23 g/ 0uil 55 Jas b (Aads &) Cladl

Lt aai ol il gl 21 53 B sbml 3 (5,1 &5 A3l 315 5y (B A 3o sau0b) slwl 5l
s 31 0ol g o ity Vol S skl ins g ploil oS o 45 (5 K3 D5 5| o] S
(sl 397 30 5 giwd o9 5 5 o s ol .l NO Operation L NOP

NOP
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£ MHZ coliu (18 5 55 8 o il 1) il s« JSm oy Olze 44 Lol s gad plonil o gt g2s
353 NOP s 5,90 55 (6503 486 Cdlae s 0l S 52mws cnl 51 Uslez & 5l s ) s Oley 1 6l
o= 31 slgr cws p5¥ O KHZ s 3 L (Signal Generator) IR W e & ol (gl 5,0
‘.._Sw osliul glalsl Ol gmms (= 5 5 0l Ple S ox,w.&,y&,‘@;s Wlol wl p uS @ 1) Ol 5w
25 Sy 4 N S o Iy 2l OF ltie DEC Jandlystms b 45 A3l o A O3 S0 K15 g0 05, led
CLRRI1
Count:

DECR1
BRNE Count

ZJJS asu‘;wlﬁ}‘_}g..ﬁb.‘&é:: Q‘ﬁbﬁ:"-t bb.u“‘ 6‘,} Q‘f&fﬁd:ﬁ \1 o.UJLa.C;'a J'|

LDI ZH,HIGH(65535)

LDI ZL,LOW(65535)
Count:

SBIW ZL,1

BRNE Count

Iy s ol g5 ,3.&% Oy 2 & Al oo IS ealiinl $5,058 o jled Sl 5l p (5 i LS 51 S

é)‘}é‘g}.‘;w NU }‘ sl Q}Jo. L;". Cons| &J:} 3&«\5 (.;i)b Cﬁ' “ ol .:l?.uJ ﬂﬁ-t J.;.'S

M\Jﬁ LS‘J"."JL“-?JS\”

B s g9 0G4l g S 5 e b e 5 1 plin L OLSS O, sws JIg b sd 0 s OB I LS
ol gl 5 Sl 5 A g 0 ST 5 s OF & dlasps Sl 3 Gab 5 5 and g 5 K 1y ol dal g ol
s atle )L S gl a8 dmas Sl 5ws g ey Sbe asS eslinal alie Ol gws Mg 3,L b 238 S
i 5Ok iz S 5 e S 01 4 pd gn 02558 w05 s 4 5 Sk gl Gk 31 s ek iyl
S S Al p us 55 b plplo .rwlsiMHZ Cele il 3 55V US Olpm 4 4l 6\,3-!,;”5-;\5 sy
.MACRO Delay1

NOP

NOP

NOP

NOP
.ENDMACRO

06 Gk 31 55 I bl (S o gels Ml 4 5 S ool )5 (5 b JSS ol 4 5 SLe iy e
2.5_,.5:;;0 J:J_,S»\Scdi

[...] somewhere in the source code
Delayl
[...] code goes on here

sz s Delayl &.:ﬁ@dwbiﬁ wlp A4S 515 ;s NOP fuddl) ss Slgz o558 5515 com LIS !
&S o Ll K3 NOP | s
LS Lol 0k a5 S 55 Sl sloml 512 1y ol ol il 5 oo OF o6 o b 31 5 S Ky il pl6an

Ll by Sboojls bl hie K &S el (pelaw 51 S5 S5 )
(Subroutine) dlys, 5

,:Jl_.,&ng.J«.bﬁf.\S‘_)bs .5‘9.5‘;0 aaidl> L;Lé.éjl a;Lé:....JJ; ‘ﬁfﬁfp g‘;&b db)ﬂ}&.&cl&j;b J)\”-ﬁ

u,._ld\.nb).'a é‘f' M‘:lj‘ dLﬁ,ﬁb' Ldjf é‘,—ida @‘P‘f MbﬁJSJ":J: &\’,&J‘jem e):}': Mbﬁ.&SJ’h



http://www.avr-asm-tutorial.net ¥ AVR ol 5 gals g5

5 s o JSom Vo o3I & 3T sl gl S S5l iy, 881 B 4 b iy ) SIS
Wy ls 5L

Delay10:
NOP
NOP
NOP
RET

Ll am asls ood &) smatl b 5o Delayl0: oz b bxsl 53 Ligd o 05 oz 2 S Loyl gan adly 25
sops ol szt sln psY sl JSom slaas 3 ..um,f,t,srwgs;@RET s S g NOP a5 2,
b o 0kiledly K ¥ .RET (gl [ £ NOP (gl K ¥) dos o e 1) K V Lot Wy 5laty 1

(ol dlgy ) Slexl 3 &

[...] somewhere in the source code:
RCALL Delay10
[...] further on with the source code

Il 3l o mold 55 0 4B 8 IS 55 ol B S & SIS B opl Cl o el S RCALL
oy s 1l I8 o S G I RET Jodl ) sis 358 0 aamlons LLalS o i Iy, 5 b oS Slgsl 3
- I ady So,lal b odlgy s b Slesl B 5l ealinwl 3 3 4 adl adls ax 5 Ll 5 o5k ediS Jlgs 3
S8 anie 69y = RCALL [ siws baw g <28 5 sl 15 (A8 a1 (Stack) ady o) duil o5 8
S

g S 4y S el s b S 0 a0 51 s o Kes o 4 Leiis dal iy S

[...] somewhere in the source code
RIMP Delay10

Return:

[...] further on with source code

S aalp 3l Jowe 4 ciE 5L g S 03l RET ) g 31 Ll ged dlos S o OF 4 &S Jlg, o= cpl s
| Py SV WL s P N PR R TSR PR VPR OIS RO S RUSP AT TP
sl 5115 gy crl Al sed 125 3500 dlgs s S Slos 1 4 sl IS8l 4 s s pbsll | e
S G el A il

gl Wb ol Jul s bl 4l 51 o 4 B sl A b3 ol Ol s RIMP 3 RCALL
Al ool BB o5 4 p) Slsms bdlp S (b s Sl b aeS oS 5 el Ol s b1 Byl
M ) gy Slhses JIg S Gl p Ol Sl patuia Co gl R plal 1) (I ) Al s e
o

SBRC R1,7 ; Skip the next instruction if bit 7 is 0
RCALL UpLabel ; Call that subroutine

(o RT3 53V oy B1 S 00 10 gy g2 50 1290 00 etd S50 i 4 SBRC Juaall g
Aoil o Iy R1 G Y e &5 48 o lgs 3 1, UpLabel: o » RCALL ol 523 3550 3 5
Ao o ol Sae &S (A 5o 1 ) nl Al ST gd o JBO p0 g Jonll) s 51 AL i ST 55
SBRS/SBRC  smws Jlis ag a5 (5 5w 43S o5laial SBRS sy clive fuddl) giws 51 S Slgsl 3 ol
LS 35 by aalS Wi 48 das o patidS odijls g ASL slaedS 55 b laalS ST s K dilg e b e
= o 3 o Sl s Slyss cpl Ol 8 0 5 dal g Sl |l slalb) e p) 53 S S 4 g
B8 4 e s S

5 S b s 5 ASI 5 e 3 D o (g s 1D g3 polis B3 OLSS g )3 deal B S
1S esliul
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CPSE R1,R2 ; Compare R1 and R2, skip if equal
RCALL SomeSubroutine ; Call SomeSubroutine

G e el s ddl gty 51038 hgel b 15 OF Shad s L1565 31 5 58 oo e3liial oy 4y s ol
iy a8 uS eslawl SBIS § SBIC « ) ol giws 51 538 O j0 (ghas Joddl) st 51 ) S 51 05
o 2 JKS ek el (el (S L) i /O (slad 5o i 5,50 oy &S (S50 03 S D 00 O 50

TP

SBIC PINB,0 ; Skip if Bit 0 on port B is 0
RIMP ATarget ; Jump to the label ATarget

53 Al e (alkw ) High 35Uy 4B @he a0 e a5 558 s 21 590 53 g5 RIMP el 520
b des 4 L L g it 4 (s 09 gk 131 (0853 e sy ol e T el oo ala;
3,5 oslizal bl 53 oYU Soyg ¥Y 510155 ad 5 039 5gdous b, 0
! 31 e S50 S STl asled o o guaue o oS o 0531 Dlail S s 31 o 3508 4 051
ool il e B oy 4 a8 0, K I 0 1, (S £) o £ SaS bl G S B0 e Ced
Sl 2 °‘J‘$1-r:45g5')£, ulsﬁﬁgé.\:ém“}:m\'\qm.al_,&@.\;.ilewb.xﬁ\ﬁ@c.ﬁi ol &S s Y-
SR e Uge & oS g by s 4 o ladkil Joall) stens ooz 51 ealiienl b g il B 1) Sy g lke &S
s SIS 5 S8 4 (e VN sl ol 1 o Al 5 e

MyTab:

RJIJMP Routinel
RJIJMP Routine2

[-]
RJIJMP Routinel6

SR P VA PRI E RO B E NP PR PRE o031 ol 53 e

LDI ZH,HIGH(MyTab)
LDI ZL,LOW(MyTab)

oS o LI sl ol 4 (Gl 0dd o0ls LI R16 U3 s ) 5B oy )l I

ADD ZL,R16
BRCC NoOverflow
INC ZH
NoOverflow:

ooy S SloFp ope b S 5 dader 5l Jowe nl 4 sl 5 00 05

ICALL
1S5 O Sl Sy 4 b

1IMP

U_i‘ Lﬁaﬂf&ﬂ}‘ l:.uiﬂ ‘J CJ\:.L«& ulal‘,e:;u;ulsﬁ eJJJL«...';': J":sz CJL.S C"‘) CJL_{_,::M e.bjbﬁ

§ s Pl 4 o ki 51 A6 25 5 fg LS

M\Sﬁ LS‘J"" 3 \Aw‘g
LS ST 83900 ot S Mo 3 oid Hoe sl gy Rs b sl 58l Jaul 5 4 oS ol p5Y Syl S
(P9 ol AS Gt (e 03 R g8 o 9 W K S L IS ) el p S rr e
dﬁr.‘.'..._?}ej__{‘b&éjjﬁf:; J- JbASw‘M)}éj&q\inc\eJeM a.,\.:.aU (6,|;ﬁ4,¢)Polling
Al g o IS g 5 Jaddl Ko Blaj 5 ARSI 5 g O3l plowil (5l 63 Jos o Bl b s 8
4_:4‘3"9}%.0&1)'}205("9:\.35\3"’5 6\.3‘.],..“.; ﬁ:r...ﬁ 6‘1.3 b‘j}'du |J u}}) ‘J'l' J.,'.'.S oalazwl o.ﬁj‘:)g: B U:JJ d‘l‘

.Jé“)b &j LSJ.?.)MUJ.’M.J.L;‘; b)'}ﬁ dﬁ‘)é ..:,3)‘544.
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slaaddy plas |5 355 JLod ol co sl f 53500 bjd das 0 f 5 )l Bloden Ll b (5 law 5 add
Ay Cobl 5ledla 4 b g e 10l 3 et Jla b 2 i sk 4 ey o (gl S
(Interrupt Enable Flag) i35 ¢3Lwdles 0T ol edlsn Condy U 0 g e BT 5500 i
o5 b by 4 e ges 0 Sl il 05 SIS LS o0 a5 4 0 5SSl 4 530 1) 0 ils 4S5yl sy

2,8 0 Dig0 2

SEI ; Set Int Enable Bit

4) a2y 53 1) Al ocijlad (padly Hlie 03l 1 Dy S St 53 i gy e cdady &) Al g By b3 S
(s SRAM Soloes 5 ot 3 a2y 3w 5 1y axds S Lal g5lwesle] S lASL ol ol 5 51 b
S e a5 Bl) ja il g e 4S) Ay g sy 5l b e @ G 5b ol skl 5 Gl Ogd Aas e I
Oy s 5 03,5 o AiBy 13 gry o a5 S Ol Joee 4 0di3la s (0T 31 e e (AL a0l s (g !
S iy g dlas 4 b Jellsies S Ll 3 3z e s g Jgeme sk 4 S o |l 1y Ll s 3 g0
Sl Pl gl 4 ats g 03 03l &S oS addy slals o Ll ayls I B el p usT 0y ys ol
S5y S e 4By £ 8y byl o 9 ol Gl 4 p il Ogline 50 0 addy & el &S Jal b
23 dad= ;3 AVR sladae 5 5 & by e cilides 5l )ls 5 o g dal s 592 90 (5 s 5L )ls p sliad (AL axils
L alaly 55 hos ged OF (12 45 ol Sy s 2 4l o 4By dgdr 53 35250 13 o sl) (ool 00 03,4

(1> g gad plonil a2y

ot By l5p oyl Ay oy Jolo
2313 | 2323 | 8515
RESET 0000 | 0000 | 0000 | (Power-On) IS 4 3T o, (5l Pl Fem Com
Watchdog <,
INTO 0001 | 0001 | 0001 o INTO sy o) s
INT1 0002 - 0002 o INTL sy ol ois
TIMER1 CAPT 0003 - 0003 V3 led/ o6 ol » CAPTURE sl
TIMER1 COMPA - - 0004 | Timer/Counter 1 = Compare value A
TIMER1 COMPB - - 0005 | Timer/Counter 1 = Compare value B
TIMER1 COMP1 0004 - - Timer/Counter 1 = Compare value 1
TIMER1 OVF 0005 - 0006 Ve Hes 5 )
TIMERO OVF 0006 | 0002 | 0007 S VY VLYY L P
SPI STC - - 0008 (SPI 4 5) U yw Jluf plas!
UART TX 0007 - 0009 UART (54,5 5L 53 51,8 345
UART UDRE 0008 - 000A UART 55 b 0sgp JB
UART TX 0009 - 000B UART b g o315 Jluf plas
ANA COMP - - 000C S JUT saS anslis

i FEg S I TCR S P Lawﬁi ol S glite s (il gadde gl laslay g, 4 STy ClblB &S WS 4> g
S 01 4z b g (Data Sheet) SeMbl gladd » 5l AVR Lol Jus ja gl p it SLasS cilises sladbe
IR
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do U 93 4n b e laaiiy S1 .ol OF (Priority) co gyl 0sp Y6 Glas Jgda opl 5 Ll K 059 SV
Fomk My 58 e I 4k p Sl 5SS s sl Gols 45 Hlap o 5YL dns £ Obojen ssb 4 i
oy sl o 53 s glaaidy ol 2 5 (15 g sl 4 358 |2l oS 55b w0 5YL iy b Wiley e Wl
By g e dlgy LS o b b 1y 0ki3ls  (I-FlAg) T o 5 cods sl 485 sl iy o & bsspo g o
S I 05l 93 18 pladl 51 e 1y ez ol b
b OLL 23 s gs b LIS oo g dloy a0l 3z ol) g0 ] Camdy S 5)b50 00 5 S 6l p

RETI
ils 8 o5k Jal Sl s asl o jled 53 <28 wyal Osls LI 51 e 1) T s By Jig, 5 ciS 50 46K
il )y el gres Gl eslimal ooy 058 Jlad By, e s

SEI ; Set Interrupt Enabled
RET ; Return

ol o jlomd 53 oSy sl Ol 1,3 31 kB 13 e 0 RETI | s2s 31 oslisisl b b 555 o
w595 3 SetS sl il 51 O gl bl |l i (6 K05 4By ST biled JUb sk slaaidy
S| glas 39, 000 el 0,8 o L5 ands 55y p S8 G Sle 3 i 5 pwyal wir b gs 35 8 e 5T
O 1 3 L5 aiS 03l RETL g 31 bk onl gy .l (555 b b Sty S LIS ol plonil Ll 5y
P55 g S o S5 ol 4 iy 55002 00

L 5 odds oslinwl ol 8dBy 251 A Bl g Iy 4 (o o g S ol Kl 0 g Ay s
(s ad) O35 4By G Il cpl 3 48 ots 1 Of Jows 53 RETI ) oy G daih NE PP RRE PRR LA HPS
gy 45 cmul Ao 6l Condy opl Sl (559 00 NolS baaiSy ol 4y (2STy 65308 3,090 5 A8l o BUSH
Ll oo RETL g G Loyl 5o S (o ) S0 05 55b a1y (il oy 35 Jaal 2 0y b gy 0 g o
23 n 55 UART 4 bgy o slaaily (5 5 50 Sl cpl kS oy 1) OLL (o slaaddy

Sdlss plod pd 0 55 P Foml Cadsl b slaaily gl By g e S sl ST g oS LT )
N AiS sl By s e sl Y sb Jla) S5 AS el p3Y BTl ob g8 OISl b Ul By e g e
25— Ll Laddy (659 02 Sl LIS plowil 51y oS ol (pl S, ol XL e s sl )
o &S Sl ol ol B, Jgeme g ol Oldiz B9, ol A0S Jlad &y g e Iy, 515 53 SEI
la, 3 Alolidh 5 4 G OS5 1y o (092 9 Faal Sl STy sl 0 2 Jlasl ol
o gs ol 4y

SIS S 8 1) Condy SLS Wb o)l gen [ gius ol sl 15,05 0dge (s Sl abby S ABBy g e sladly
aS Jool 4l p ol (SKan i ilad 0,33 Aty s s i | Candy O 6"”('-?:; Sl S &S S s
S sl ety DL slaaz 5l (K 5 Ml e 45 ABL 03 Remd 53 S (el ok adab OF (gl
Sl al g ST o glager Aady i (5,50 Sl 4y e OF caBy s 5 kS e3liil QU] v
Ans 13 Candy S s g axdls p andy 5l ) Condy O Jeol Obge L RETT 51 45 ) 52w o 51 opl pl
sd 03ls Golassl HLS 0T 4 Hlasdl b b 4y s Jlgy o s 43, 5 &4 glaols ples olie Jds 4
Slge Ay s pe gy S22 50 BAK s 2L5b g Jgy SR 53 5 0dd 0 iy 9y 2 by ASL
A i O Ol s b5k Og ol 43, L8 4 ol il 5ol &S 1, S

03,50 Lowal 53 iy g dloy S 8l S8l 5 JalS s Jool 5 lasly ol cnl 3 g2y Jo @
NGO PR -4

.CSEG ; Code-Segment starts here
.ORG 0000 ; Address is zero
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RJIMP Start ; The reset-vector on Address 0000
RJIMP IService ; 0001: first Int-Vector, INTO service routine
[...] here other vectors

Start: ; Here the main program starts
[...] here is enough space for defining the stack and other things

IService: ; Here we start with the Interrupt-Service-Routine
PUSH R16 ; save a register to stack
IN R16,SREG ; read status register
PUSH R16 ; and put on stack

[...] Here the Int-Service-Routine does something and uses R16
POP R16 ; get previous flag register from stack
OUT SREG,R16 ; restore old status
POP R16 ; get previous content of R16 from the stack
RETI ; and return from int

R16 QLJ .\:.:“,:; J§| ! (:J'Y LA&JJMO}.&J@M?JL&LA‘ ‘_;‘J.g ,lS a.ﬂ d’-’ gJ.mJuAJEJc\.geJm

- g we

5aS B3> 1, POP R16 3 PUSH RI16 cieas joluass| aisy g Jlgy opl 55 sslizel sl T,lamil |,

g SLadls; amen (A Il 1) baaddy (Jlg, Jols 5o e Syl Ke) 5,045 35 add g B Ol S bl

Aled esliinl S e jeb 4 Ol s 1 US| g 0 4l

S o310l e B Ll 3l 5 gy Laadiy b il 53 (o K5 llae iy b e K 4 ol s plas

ol SIS g5
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Sl es

el 3ol B s g s/ 5 8/ per (Fy P 9 DS i 055 S i oliel glagte Jold

J.\'..w‘ PL slaesl duw

il Jgonn Joenl 53 55 6348 SIB 51 eslizal
(o 5 bradS (acsl) Cote fulS slasl o
(@M slasl) Hlscade fulS slasl o
BCD: g9555 &g 4 0dd &S el e
63,25 BCD e
ASCIT JJG s slasl e

(o 5 baadS (acsl) cute JulS slas

sl Wl 5 o Wb e ol ol G Coid b Sl S Bl o saliial BB el 53 oS JolS sie o 5K S
sl bl 585 slael el MCU ©bs S 031060 & 1ads gl onl o310 . 0s 455 505 55 1, Y00 b+ oy
4—««.(-\0,0"0 G }‘ EJ:-»-S/ Q)&&J&J‘qg’y .an:a PLES I ‘CJLIS“S‘.J.'Q:%CSJ;JQQ‘QQ &TJG &.ﬁ‘
L S L) il adsS o JCis ol Jle 5 OTLVWYGYYO B e 516 a8 L) s Bds G JsCis eul

.M:& ‘J (i,Y‘\i,‘\'W,Y‘\o
s odd plosl Jlesl 3 S 053 Al gds S a3 OlF e 1) ielias BalS S L aedS S slacal 51y 2
S s Lacal cnl 01 13 4 656 nlpl 5 S e S Sul a4 Sl S 4l o Ll Gl s

.DEF r16 = dwO
.DEF r17 = dwl
.DEF r18 = dw2
.DEF r19 = dw3

e (53,1)LS aaliy Ky (il 55 cielie walS onl 4 peal gty STl 15 Lol 51 s, 53 dW3 b dwO
BB 25 e 4 Al LIS s ey (6500 Se) ol 4l

.EQU dwi = 4000000 ; define the constant
LDI dwO,LOW(dwi) ; The lowest 8 bits to R16
LDI dwl,BYTE2(dwi) ; bits 8 .. 15 to R17
LDI dw2,BYTE3(dwi) ; bits 16 .. 23 to R18
LDI dw3,BYTE4(dwi) ; bits 24 .. 31 to R19

omlesls 18 Ly 6w Jler JSIs 53 503 4 O 29395 G isu 4 1, AWI adas sias  Jos opl b

(G:up slasl) )‘:C,ua)ﬂ& slAs|
o Aol B8 s b e sde G duyls it slel b Ollowe 4y 5L (S 55050 53 Lol (gl a8
Sl o sds A3L Y 15 Cuts 3de (AL i (Can ol BT 58 o a5 e S Ol g 4 Sl SO
o3lial OF JaSo sl 5 4y oS ood 0 55 ol 45 5500 4 1, 3o 4 Ypens (ASL e a5 3,40 3e
455 1000.0001 o 4 (b SO mom 20 K Ol 4 —) 2us 5 Sl onl JoSe i 1 glae S
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A 53 1y edsl s gy s 5 038 oS o 515N im e 5 o TTTLLTTTL 5 a1, OF sy 555 oo
Saldie (Kb ol 03 S 4 Jds el 308 B g e 030U &S sl e oy Olat o s e
55 0000.0001) +1 5 AITTLITTD) - e Joolor il T ogh 3 osker (oo 31 o 545 32,85 )

ol i 1 ds (o S) o Job o 53 0d sloml s Sy B B > S0
1m9393) VYA ds o 5SS 5 (01111 15955) +AYV eiul S )3 oalinsl bl momes 308 o 5555
a8 (Short Integer) ob S pows sus (348 U tul & K5 (o faal p 0L 53 .l (1,0000000
e e S 5 03,8 LSl ) (6 K5 ol il g n el 281> palie 5 (5585 6 pS 4 5l Bl sl e
B Yo VEVSEAYSUEA 51 jialas 5 anBecul 5le 5l ealaial s K5 1) GYYVAV B -FYVAA 516,28 L) (J gens

b e Doublelnt t Longlnt 1, o Y gore 45 3,108 o SLasl 53 15 +Y5VEVSEAYEY
BCD W RLEL Q)y,ﬂ @ ol S (:\5)‘

$ols 2 Bl il (35 8 gl Sl S g 4 prs sl 6 55 Ky (saue U LS e ealicl
JE13 55 0 (33 JS& 4 (adas (5,5 a (g3 LB cpl 3 el Sty OF Sl eslisal Jy 03 s 5eS J&S
Ao bl 2Vl o e 50s (1001 6.0000) oy 5lez 568 6+ ol 51Ky a3 pd n 0,503 Sl Sy
A d Plas= YO sae oled gl e jeb 4 des e jda ) Cob 5l (gal ) adabls gLad ISl aS 54l e p

fodls el 5L el

128 64 32 16 8 4 2 1 S )
0 0 0 0 0 0 1 0 2=yl b, R16
0 0 0 0 0 1 0 1 5= s b, R17
0 0 0 0 0 0 0 0 | 0=¢s o5, RIB

;Instructions to use:
LDI R16,2
LDI R17,5
LDI R18,0

- g we

—2939> g3l L lows 51 Jodzmy O orl el 55 Ll cdons plawil slasl (pl b 1) 595 Slwloes Al 5 0
) dns o 1y ol g5ds o310 b S5 slael 5 eslizal 3l bad 4 45 ol opf (328 LB cpl 51 eslizul Co e ol
1 Loes Blaal HalS (g3de B ol b ok plomil Slolons S35 5L 35 90 Wl 0 53 g1 B Al &S S5 G
318) ol dil 5 o Sl 4 5 (U oo o3lil SSb 5 Jbo 63 2,8 laast 1y AVR 51 31) 5 S aalgs Lol

S LA g S slaans; 4l

o) e 0 s Sl (g eS8 alable glad 8 Sl 4 Cond das gl ol SO S0 Ho ) adas 5 92 Ky
il 5 @YU Gla s 1) Sl K i 53 3500 ol 0k 03,25 (15353 Sj 00 4 0k S 0,1 (2,
Srales 5b ol 5 8 o 13 VU s 53 VL 3500 L o8) Ygene tialion (il 5 VU slacabed)
3o YO adas sue (AVR Jewsl 8L 53 o sades sl ol g2ws) 5505 of pop 4 Olwlns plsl 53 bl

g el ) JKS 4w 28 BCD L6 & s

1- Upper Nibble / Lower Nibble
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8 4 2 1 8 4 2 1 e el sl
0 0 0 0 0 0 1 0 02 EsY Y
0 1 0 1 0 0 0 0 50 Y |

; Instructions for setting:
LDI R17,0x02 ; Upper byte
LDI R16,0x50 ; Lower byte

02 5d sl halad 50 L Ob) 9295 haled 5 b 51 il 8 e acaly 5o U1 ol go s a5 51 5
.\:.'S aalaiul ﬂlﬂ K] YL: 61#5‘}:.:3 BL) th".a.:a Q.yt-;y S yd V,..E.J 6‘)3 0x...)

S saand, 4 S ol Fodoe

3

6)..\5 ELEL | \.3 4....3'\.3.4 BL) e:)..f'..é BCD slas! \.3 CJL:-wlau rl:ul

el 3 5 g0 alaBl gLb 4 5 gdows LS (Dbl S g slusl Jgb .l BCD slasl b fas Ssle Olea

ASCII H.JB )= é‘J&‘

355 ASCIT Jsls 31 eslizal 4 4 5+ b1 ool 3,25 25 BCD (6 4l by ASCIL (B s slast o 53
sl 38 ASCII . 3 g 0 53 (ASCII = American Standard Code for Information Interchange)
sl (g1 5Ll 4 (Ad (53l 5 3l (33 ol o (5o rble) Lo bl s el gt 4y 45 oy d5 jlom
A gl 45 o8 ¥ (End Of Transmission) EOT ol 4 s 51,18 dsls oo UD) 4d ooy sl b 5 50lS o
2l am s V i) o3 (US) plK 0l 51 b 5oL sl g350me s 508 shyls (T35 omes 4 &
SIS LS sln i 51 o3liinl 5> Jols (5la i Dl gitsl ;51 o5 Zoad W3 4 03500 5 (ST
e am 2Lyl (2 0 lals (sla 5S1LS a0 seoms Bhanly 4 LS (S e (pl 3950 L 4 O pbe 5 G5
ol o kile b gy 0 IS 5 :ﬂ/)'l oslizul bl 4 L 5 Baudot & geee

24— 54 o3, 5 (0b0011.0000: = 5295 OX30:00 5ls glw) $A 2us b+ adas o) ASCIL &S s 2
oS Sl o b gl 448 4 ASCII .ol Bles (ObOOT1.1001 : 5 9395 0X39 3 5ls sluw) OV adas
0,1 0T & YU 3 45 BOT s cobias J 28 sl s, LT 51 g ol 8 515 WalS ie gazes (slil )3 slas
58 gl L) o5 Bl BCD 4 1) A sue L ASCIL & BCD sie & b 1 00l 2l Al 515 s
o 3 Al 5l Gl Bl 510 4 (5lwe 33 gl BCD slust g ASCIT G s shas! (oS S 1, ol o
g Ml 25 D) 4 Ol A semme S 5 YO s

LDI R18,2'
LDI R17,'5'
LDI R16,'0’

Db oo ad g LOW o b SIS -l ASCIT sladsles
wﬁ LSJL&&M.}
el b K o,l_,oq.r;SgSv.IJ 010 58 sacw wb o ASCII Jsles 4 BCD (..EJ&;“J;..LJ sl

3"-\:#‘_;‘ f\fd‘ ﬁ} J&Q 4.3 JL.»Q.«J L )\S Cﬁ‘ r?'S OR u:}}\.& ‘5‘34..0 L 0X30 C;a.ls J‘-\.E.d te ‘J BCD

ORI R16,0x30
Sl ol b1, OR Jos BCD s sl pl 5o il 0X30 05505 (sle e g5l o5 0u)ls S5 |3 51 51
ipeas plonil
ORR1,R2

Jodly gies ool Sslu Sles 4 55 BCD Usles 4 ASCI S, K fids oms < o Jos oo

ANDI R16,0x0F

Jlayl OLL —Y RPN VY I S TP R BT
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oslizel BB RIS 51 5Y4 slls b s ANDI 5 ORI oS 43S x5 .S oo 1> 1 (b o) b S Ll
I 5 4 15 R3TERI6 Glaols 51 (K, cpl plasl sl 2 ool by Aizes
AND oS oml L 1, ASCIIL zS1,LS ail g oo ail azdls 1,3 R2 ol s J3 51 0XOF o5 5ls gluw sae S
S

AND R1,R2
4 Ol 15 @l kimea RIS 51 5VL el w spdoms 35 Ol S sl (55 080ms & b o K5 oy o
S BLE SN S

SBR R16,0b00110000 ; Set bits 4 and 5 to one
CBR R16,0000110000 ; Clear bits 4 and 5 to zero

J=B 5) IS eslaal ) Ol ges S A S 3 S (il K o c K b Sl Y Ky
(A Cul polae b eslanad

LDI R16,0010101010 ; Invert all even bits
EOR R1,R16 ; in register R1 and store result in R1

) ) Jendl)giws A S o (One’s Complement) K oo 0 4 45 <ol K slacw ples 038 o sSme sl
o S 4

COMR1
JoSa L 0T Cplss a8 o 0 3Kl ao L1 S 5 S L 1) s 038 s 5 RT Ol O gione ) 52s o
A=S e Jokd O e oo 4 1) Cuo Llacade sus K g3 JoSs 45 sl ol 43 (Two’s Complement) s
338 pml 5 Jeally gws b LI nl i 5l aae O Go 5 L)

NEG R1
tem9593) =Y o 1+ 5 ol doem o (LLITTTTTT tpg93) =Yl (V ipadas) 4V 51 ool s ol ply
i35 gt 4 5 35 dalys (LIT11110
Lasls gy Camdy ST oy Sl ealinl b cos O 055 (o5 Ol 0l S slacy (5,0 5 0dle
DR e

BLD R1,0
ol Olbson g S Ao b K 0IFe b T cw s o RO io co o S b 41 T oy
B S SY A e S

CLT ; clear T-bit, or
SET ; set T-hit, or
BST R2,2 ; copy T-bit to register R2, bit 2

d’:’w’ﬁﬁw

o Jols i s fes ol ¥ /0 Ll e B 5 o i 29395 B! 13 2 g i
ol ol g2s 5
L 3 e S 5 9 o S & (29993 o8, S I 4 b S slacy AIS JWSILY s ol
J=51 4V Sy ety e 358 g0 skt o 4y e Cded oo ol ol plonil BB (Ssle 4 (550 o S
Al o IS Cernzy DS s (S o3 5) Carry <.

LSL R1
Bgb o ool ol @ e CS Y e S Joo ol oS0

LSRR1
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o o it M 1S o 3 st e bl Bl I Sy e 4 05T SV o St
ol s YL G 4 50 05 S5 8 6l 0185 0 CarTy Cop 5l sl 0 Jate Condy ol s Carry ey 515
o 3 03,8 oo i 11y 500 Ko g5 e (A5 L a2 s CAITY oy S1) 58 eslin
S 03 S YL Cons s Iy

LSR R1 ; division by 2

BRCC Div2 ; Jump if no round up
INC R1; round up

Div2:
LSR R1 ; Once again division by 2
BRCC DivE ; Jump if no round up
INC R1 ; Round Up

DivE:

el 3l 29395 Slel b Y olae e ol 2l
LY oled C 3 35 90 CoMe Cow Conl SKan Conly 4l Cad (g e;&;nljlau)b@a.p:upl;l
L by Vs wsliS B i Doy 1) pia o ASR L Moy 4 ol il Janll) s ans i
A 0 S N S e 53 i S 05 S L)

ASR R1
pgd o JEia Condy DU 53 CaAITY Cop Jos 4 e o ey A (e il wlie 5 byl s
Sl el I 4 AL el Sl S o SR ot o 68> Y 53 MV adS K o
Carry ey a5 cul p3Y bl 35 dalgs i 1) S op Fomb «ded Jos a0 cpl 53 133 esls JUml oYL
S P Jeo (b g ol 3 el pens ST A S s 4 1 mlb ol Sded ) el
Al o JEI CarTy 515 a4V o et SlAe 0 i e Coy S 4 Candy LS 53 5 92 50 Carry

LSL R1 ; Logical Shift Left of the lower byte
ROL R2 ; ROtate Left of the upper byte

Gy 513 4 1) ST ROL Jadly gss w03 8 Jaze CAITY Js15 a5 1)V S ) gimd oydsl 53 o 4 ik i
Gy 5 5m dl g3 V Gy iy jlas g9l CAITY Gy gt megs sl 5 s B 2 o0 YL ol o0
J31s 4 OF i b 5 (pd plondl (2 VN D) 900 4 dlons B1) 52 £ 585 Sandnds gl il g5 Carry
235 58 4 (oo plnil S V151 S b smlons B 5YL glacaly
J..au)m‘.mg;ﬁyanarry%“urwwﬁﬁwx&uoidbmﬁﬁ;\gow}gwl,q&ﬁ
b e Jia

LSR R2 ; Logical Shift Right, bit 0 to carry
ROR R1 ; ROtate Right and shift carry in bit 7

.we%‘,g;..swrzaol.u.?‘;.,wl‘_;ﬂfljé%wda%.w|§;uwgy;§)ﬁ;|xlw
S 4m 03,43 BCD slasl b L8 fl?;.a Bl (sl Ol jen Hgb 4 oy Slga TS 4 30 oS el ss o 5

ubwajlebu..d‘_;ba VMSJAMA.LFW”J.NM}A

RORR1
RORR1
RORR1
RORR1
feens plomil 5 Jesdl s SO L L 1 LISl ol e
SWAP R1

Yy ..LM‘,:'- qu.‘.'.o ‘d‘i'JJ 9 CJ‘-’"J"‘S?-

1- Arithmetic Shift Right



http://www.avr-asm-tutorial.net £ AVR ol 5 gals g5

M’LM K) d.um ‘@,'.

JFMU’M‘E—&W'SM:G‘ Qm‘ge:ﬁ o.&,zr.:.; )l:nm-: Lhd.\:...n 6'}‘}'1) USLT'“"“ d\a&i
!.xg\,équ_,;;g;.,l‘,mw,u:ﬁqw!!wta,iﬁ

ol ol Galad 5 b nl 51, skae) V.,S‘;o@:’-r.abbR:SR‘I-leRz D33 S VN sue o «.&}fﬁa sl
(ol 25,0 oS b Cobh S (e 5 B0L o e b Salb DU sl &S

ADD R2,R4 ; first add the two low-bytes
ADC R1,R3 ; then the two high-bytes

el (Carry) J& o3, b goxr slme 4 5 5ws cpl e S 03zl ADC 51 ADD gl 4 ¢ Jonll) sims o35 53
oy Sldas cpl 31 B o3Il 4 LT Lol sdd S b jao o HIdie 4 At gd opdsl 51l b OT luke &S
b 15 s & ST Slodms 5 (2215

.r;S@rSRI:R2 511, R3:R4

SUB R2,R4 ; first the low-byte
SBC R1,R3; then the high-byte

A jlde 3 ipss Janlly gws (sl ol o s (ASL 038 5y e Sloml el graes sl BT S 5 K Olea 0 5L
!Jﬁ‘)d-’»ﬁ'ww‘)?w‘;‘?w‘fﬂjﬂ.éwéb|j&

S5 5 Sl ey LS S e awslis R3:R4 5 595 50 S LI, RIIR2 5 555 50 oo V1 AadS 0 55
41, CPC Jundl) g2ws SBC 3l salizul glr 4 5 CP glamslis Josdl; siws SUB i saliinl gl & .conl 53,5
‘e JS

CP R2,R4 ; compare lower bytes
CPC R1,R3 ; compare upper bytes

<l R3:R4 31 58,5 R1IR2 sl o & J& o5 S

CPI R16,0xAA
le C'.n_u‘OXAA J'ZIJ'.’R16“S(".?°'€';¢5“\":"" eﬁ&%&.&} QL;JJZCI'O %L)ﬁ“b d‘i‘ 6|f|)|w;|
&HZCI’O%Je&&ﬂﬁ,ﬁ‘.@‘}&{ﬁOXAA}‘Swﬁwgﬁgeﬁ&ﬂéj%
sl 5855 0XAA I &S o (o ASL oS
Z&S@M‘JRI Q:ywhﬂww}c% Q};S|j

TSTR1

BREQ i 31 a3l Ly 0l 55 e dalol 53 5 ol s sl RT OS lale ey ot K Z oy S
P S Hldae wlul » BRVS L BRVC BRLT BRGE BRSH BRLO BRPL BRMI BRNE
b.l_ﬁjbtq.g-.rz_h.ﬁw rl_‘,u" a:JJ'JBCD J‘J&‘\eb dlﬂ-ﬂl’“ Q‘,.is‘ ‘¢-~|J_,19 w‘;‘ Q-\-;.w.& a‘,«.ﬁlﬁ‘ejj&
J 03 o fa=By e das 0L (Carry) ‘5;L€—J\EJVEJ 2gd O gliie 5 95 sbul Esl Kl g w0328 BCD
d-\—hbd 'CJ JJ}"”J’ ‘&ngﬁﬁg&éﬂ ‘Jg‘..bj.i)j‘" Sl VO @MJ :Aﬁj‘ﬁ:ﬁd)‘@ﬂ\.}&yy
33,510 adas sds 5l fiw ads g3 wﬁli&:‘ﬁ@’y"
==L (o35l slwe 53 0X99) 44 5 (o3 5ls lus 45 0x49) €4 55,23 BCD sue 55 Je S Ol e
eé};u le"‘?‘ J‘J&ﬁ (2939 v-:nm-:n-ﬂ)} d4e 9o ‘.ﬁ' @? .b_,-.fiv J—ﬂl’ (aé};u dl.'-:.n P 0x0148) V¢A sue G v._.;s‘;c

4 +4=\A |ﬁj «.Mla. oé;ﬁ)}w 3\?&‘ Jd“la. ﬁ‘g&é})@?.»é@%ﬁ‘q‘ejéﬁjﬂ &‘,5} bj-b. IJOXEZ
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stz S o g ol el 10 ST e b slsl g 4 500 LS ol s S s (431 )
S Mo 53 LA Db ol s Ul hod g SIS oo il il 00 L1 (2 o 3300 (208 b o

ol 0T & 15V 0o b OF momadd sl 305 22 51 ol i e o8 o 15 ol e SlS
Shny 035 4 ) 500 4 s bl o) 4 il a5 b s (el OXE byl 15 ol Bale SIS VL o ltde
.(0x14 =) a‘,_.:u_»&_3}_330_&(.5)3@»7@:4.30X4,|.\2.ar‘5@>,0xEtelj'\Jf| A3 (es,23 BCD
HJJ)@Z&—?&',:"JOX66W‘QGJ;@?.V.§LE|J sde g5 cpl lanl &S ol s 5 ol 4 LIS B, oml ale
J= % 5o bl Eslsde ass 5 ) per ol ST 11 4K s Ll oS 0 L5104 w025 BCD
Al ol s Al JUT ez 2554 51 505 nlb e 00 Jels 3, ST Tl ST 4z 58 say
Ly 48 555 Gl b o 4 b (500 55 S 5de 550 g 53l Sl don 43 X6 s 035331

Jsdﬁwqoiﬁuvﬁ‘;_{yle&ééjy‘)éJb}f*jl}&gj}."}-\ébgjgjgéﬁﬁJﬂJY‘f‘}?éQﬁ\i&é

-

ol
S 1y Candy O 53 H G MCU i cnl g 85 b S allas YU s 0 0l s 5 52 g 85 51 65
S Ay Gl e &5 it SV (sl 03 02 0800 5 ol e S o G 03 5 0 0kl s> Half-Carry oo
S o Ol 1y dm 55 0X6 635U (glse s 0395380 OF Jbis 4 5 s 35 per
LA sde (omls gl ded @l H L b s Jod 612 C) 50)m g 85 ogw 02 S o 2 L La s
s plowdl 1) Y Al o O peatyl b 53 A4S BLON AT sl sl 2
NV sae &gl pd 55 sl plas LIS (H 5 C i @) a5 5 B1.3S o Jui L1570 0s Y
S oS of
oy g by 51 R3 GR2 Gl 53 03 23 BCD sse 55 &5 0iS (0 j2 5 sl Jln S Ol 5o 4
s 5> Dlslows ool 61 R1T S RIG &8 1S o 15 3 ciman 23 8 dal s 515 R1 15 mlows Jols
= R17 515 (5,5 Lol R2 ol 4 15 oo lie Ky 015 god) R2 45 0X66 03,5 6Ll (sl R16 51 .izen

C.w‘Ja.JJQA.:R:; 3R2@.>¢.u|e.k.5 e:b‘uﬂlm&lﬁﬁﬁ uﬂ\.ﬂ‘ﬁd\?g&@ﬂ.ﬁ.}'

LDI R16,0x66 ; for adding 0x66 to the result

LDI R17,0x66 ; for later subtracting from the result

ADD R2,R3 ; add the two two-digit-BCDs

BRCC NoCy1 ; jump if no byte overflow occurs

INC R1 ; increment the next higher byte

ANDI R17,0x0F ; don't subtract 6 from the higher nibble
NoCy1:

BRHC NoHc1 ; jump if no half-carry occurred

ANDI R17,0xFO0 ; don't subtract 6 from lower nibble
NoHcl:

ADD R2,R16 ; add 0x66 to result

BRCC NoCy2 ; jump if no carry occurred

INC R1 ; increment the next higher byte

ANDI R17,0x0F ; don't subtract 6 from higher nibble
NoCy?2:

BRHC NoHc2 ; jump if no half-carry occurred

ANDI R17,0xFO0 ; don't subtract 6 from lower nibble
NoHc2:

SUB R2,R17 ; subtract correction

Sl B gy ) S et oS p5 Ry

LDI R16,0x66

ADD R2,R16

ADD R2,R3

BRCC NoCy

INC R1

ANDI R16,0x0F
NoCy:

BRHC NoHc

ANDI R16,0xFO
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NoHc:
SUB R2,R16

4_¢‘,¢_~»|‘}_l,ﬁui‘,,‘;.\m‘,J‘,l:u'z..a.'ms‘)bﬁc.\;swjlsg:m»ﬁdﬁ,,@\lﬁ:%ﬁjﬁdljmcgq

?w|4:§))l543bi)>6|4:§3

slas! %JG ‘_}i.u

53 SAL 5 ASCIL 4 BCD i 51 Jias gy it (5503 B 2 4 s bU colasl (sl plos
(e 6)ws i) ol 0kl Ol i sla i

3 bl L oS (oS (5503 Dl 4 ) s, 50 308 b 1) s o b @ 03,25 BCD slasl s
G b 3 S 115 Y Sl oS 0 S g8 0 (oS e 53 1) ade (VL 5 b b Jod Joe SWAP s
sde G Olge 4 Ol 5 o5 5 mols Sk 53 153G s GBCD g5 0281 .S 0 S OXOF L 05,5 AND
sl ol 0bss OF 51 S S ASCIL (5o 581, 4 0T s 612150 5 € slaca b 5 035 o3l BCD
A Cews 4 2wk BCD b oo on plowil (05,5 SWAP 0) omly Jod b 1) LI et 5038 (o5 )

Y Bl Lpd fidd b 45 galusl B0 & fy (ol oy (05 29595 4 BCD )1 Jous
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VDezTab:
.DW 10000, 1000, 100, 10
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P3S4 G VN 20395 308 Sy p SIS 2551 45l 5 Jadr dle Jar Sl eslinal  Kos g
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.DB0,3,2,7,6,8
.DB0,1,6,3,8,4
.DB 0,0,8,1,9,2
.DB 0,0,4,0,9,6
.DB 0,0,2,0,4,8 ; and so on until
.DB 0,0,0,0,0,1
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- o we

434 Decimal Sl Jstas Dezimal 45 cowl Dezimal iises Dez P



http://www.avr-asm-tutorial.net £4 AVR ol 5 gals g5

el A3 S5 5 eS0T (Sl e
sl BCD sus 0353581 5 Canly & 639,55 338 5l Cw S

Syl s slajli b (g 2k ol 45 usS Ol 1) oSy, th I 3 g9 LSl 6l p ol oS,

L4

S

28 0 B Lo 3,50 9393 BlAel O b S al 5

0> Sl y3 o 2
:re;su»6,,@|,u».w;|.\;|g,\sw|¢w°f¢w“;ﬁ/sm};yﬂz@ﬁ

1234 = 7 = 8638
+ 1234 * 60 = 74040
+ 1234 * 500 = 617000
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; Mult8.asm multiplies two 8-bit-numbers to yield a 16-bit-result

.NOLIST
.INCLUDE "C:\avrtools\appnotes\8515def.inc"
.LIST

; Flow of multiplication

; 1.The binary to be multiplicated with, is shifted bitwise into the carry bit. If it is a one, the binary number is added to the

;. result, if it is not a one that was shifted out, the number is not added.

; 2.The binary number is multiplied by 2 by rotating it one position left, shifting a 0 into the void position.

; 3.If the binary to be multiplied with, is not zero, the multiplication loop is repeated. If it is zero, the multiplication is done.

; Used registers
.DEF rm1 = RO ; Binary number to be multiplicated (8 Bit)

.DEF rmh = R1 ; Interim storage
.DEF rm2 = R2 ; Binary number to be multiplicated with (8 Bit)
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.DEF rel = R3 ; Result, LSB (16 Bit)
.DEF reh = R4 ; Result, MSB
.DEF rmp = R16 ; Multi purpose register for loading

'CSEG

.ORG 0000
, rjmp START
éTART:

Idi rmp,0xAA ; example binary 1010.1010
mov rm1,rmp ; to the first binary register
Idi rmp,0x55 ; example binary 0101.0101
mov rm2,rmp ; to the second binary register

; Here we start with the multiplication of the two binaries in rm1 and rm2, the result will go to reh:rel (16 Bit)

MULTS:

; Clear start values
clr rmh ; clear interim storage
clr rel ; clear result registers
clr reh

; Here we start with the multiplication loop

MULT8a:

; Step 1: Rotate lowest bit of binary number 2 to the carry flag (divide by 2, rotate a zero into bit 7)

’

clc ; clear carry bit

ror rm2 ; bit 0 to carry, bit 1 to 7 one position to the right, carry bit to bit 7

; Step 2: Branch depending if a 0 or 1 has been rotated to the carry bit

brcc MULTSb ; jump over adding, if carry has a 0
; Step 3: Add 16 bits in rmh:rml to the result, with overflow from LSB to MSB

add rel,rm1 ; add LSB of rm1 to the result
adc reh,rmh ; add carry and MSB of rm1

I,\/IULT8b:

Step 4: Multiply rmh:rm1 by 2 (16 bits, shift left)

clc ; clear carry bit
rol rm1 ; rotate LSB left (multiply by 2)
rol rmh ; rotate carry into MSB and MSB one left

; Step 5: Check if there are still one's in binary 2, if yes, go on multiplicating

tst rm2 ; all bits zero?
brne MULT8a ; if not, go on in the loop

; End of the multiplication, result in reh:rel
; Endless loop

i_OOP:
rjmp loop

29593
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i AYR Studio - MultBe_asm | _ (O] ]

File Edit Project Debug Breakpoints  Trace & tiggers “Watch Options  Wiew Tools “window Help
[z o||me - || [ 6k |] 6 ¢ [EL B B B (R 0 R
FEO0E o8 m

[ MultBe.asm H[=] E3
; Uzed registers I

DEF rml = R0 ; Binary number to be multiplicated {8 Bit}
DEF rmh = R1 ;| Interim storage

.DEF rm2 = E2 ; Binary number to be multiplicated with (&
.DEF rel = R3 ;| Result. LSE (16 Eit)

.DEF reh = R4 ;| Result. MSE

.DEF rmp = E16 Hulti purpose register for loading

(CEEG

JORG 0000

1di rmp,0xdd | ezanple binary 1010 1010
nov rml,rmp to the first binary register
1di rmp. 0=E55 exanple binary 0101.0101
nov rm, rmp to the second binary register

Here we start with the multiplication of the two binari
in rml und rmZ. the result will go to reh:rel (16 Bit)

HULTS :

Clear start values
~lr rmh clear interin storags

»
[Simulatar [ATS05EETS [Ln 32 Cal HLIM .

i AYR Studio - MultBe_asm | _ (O] ]

File Edit Project Debug Breakpoints  Trace & tiggers “Watch DOptions  Wiew Tools “window Help
[z o||me - || [ 6h || 6 o [EL B B B (R 0 R
HEEE = Q“mﬂ Riedo [Cl+Y)
[ MultBe.asm [_[Of=]| Bl =] =
START: al|||RD = O=Ad R17 = 0=00
1di rmp,.0xdd | ezanple binary 1010 1010 R1 = 0=x00 R18 = 0=x40
nov rml,rmp to the first binary register RE2 = 0=x55 E19% = 0=x00
1di rmp. 0=55 exanple binary 0101.0101 kB3 = 0=x00 R20 = 0=00
nov rm, rmp to the second binary register F4 = 0=00 E21 = 0=x00
H tart with the multiplication of the two binsri |loe = wim0 Loz = ooon
ere we start wi = nultiplication of = two binari Bt = 0=00 R23 = 0=00
: in rml und rmZ. the result will go to reh:rel (16 Bit) B? = 0202 Fad = 0200
y . R8 = 0=00 R25 = 0=00
nULTS' R9 = 0=00 R26 = 0=01
: R10 = 0=01 R27 = 0=00
. Clear start wvalues
o] ; clear interim storage R11 = 0=00 R28 = 0x00
clr rel clear result registers R1Z = 0=00 ER29 = 0=00
clr reh R13 = 0=00 R30 = 0=01
R14 = 0x58 R31 = 0=00
Here we start with the multiplication loop ~Al|E15 = 0=z04
: R16 = 0O=G&5
MULTHa:
Step 1: Rotate lowest bit of binary number 2 to the car
flag {(diwvide by 2, rotate a zero into bit 7)
cle ;| clear carry bit
ror rml bit 0 to carry, bit 1 to 7 one position
the right, carry bit to bit 7
b | 4 -
4]

»
|Redo the previously o | | Simulator |AT9058515 |Ln 48, Cal 1 HUIM A

i AYR Studio - MultBe_asm | _ (O] x]

File Edit Project Debug Breakpoints Trace & tiggers 'Watch Options  Miew Tools ‘window Help
lazeg|o|me o a2 || F|lexEEB® @ 06
BFepoE o8 m

: Oxdd R17 = 0=00
; Here we start with the multiplication of the two binari R1 = 0=x00 R18 = 0=x40
in rml und rm2, the result will go to reh:rel (16 Bit) RE2 = 0=x55 ER19% = 0=x00
: R3 = 0=00 R20 = 0=00
MULTS: R4 = 0=x00 R2Z21 = 0=00
: RE = 0O=x00 R22 = 0=00
Clear start values _ _ E6 = 0=00 RZ3 = 0=00
cir rm? : ciear 1nte{1m storage B? = 0x0? E24 = 0=00
gli i:h clear result registers FS = 0x00 E25 = O=00
R = 0x00 R26 = 0x01
; T ; R10 = 0=01 R27 = 0=00
: Here we start with the mnultiplication loop Bil - 000 R28 = 0=00
MUTLTSa - R12 = 0=x00 R29 = 0=00
: R13 = 0=x00 R30 = 0=01
Step 1: Fotate lowest bit of binary number 2 to the cazr R14 = 0=x58 R31 = 0=00
: flag {divide by 2. rotate a zero into bit 7) R15 = 0=04
: R16 = 0O=G&5
o | ; clear carry bit
ror rme bit 0 to carry, bit 1 to 7 one positiorn
the right, carry bit to bit 7
Step 2: Branch depending if & 0 or 1 has been rotated t
the carry bit
broc MUOLT8b ;0 junp over adding, if carry has = 0 -
« | _>lJ -
4]

»
[Simulator [ATS05EETS [LnE7, Cal 1 HLIM .

9 Sl 0ad 50 Aae S
25 sl G9s 2 WO
IS sl )8 e s
S Sy ol gs F11

LS o |l

USQ\_AJT )80 (2959 Ry
o 0x55 5 0XAA sm b
sRO slac s 55 s 5
V-_h BL L_S .U‘4;§J§ J‘Js F{Q

g o 2

osls Jis > ol 4 R2
4 S AR pS el
s Jame Carry coy J51
P I Sl i
a—0 (0101.0101) Ox55
0010.1010) 0X2A coul,
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File Edit Project Debug Breakpointz  Trace & tiggers “Watch Option: Miew Tools “Window Help
|gzd@o|=e o - m || =4[ 60 o0 |EL B B R 0 R =

|[FE0= e @ m|

[ MultBe.asm [_[Of=]| Bl =] =
: a|||RD = 0Oxid R17 = 0=00
; Here we start with the multiplication of the two binarid R1 = 0=x00 R18 = 0=x40
in rml und rmZ. the result will go to reh:rel (16 Bit) RE2 = 0=x2& E19 = 0=x00
: R3 = 0=00 R20 = 0=00
MULTS: R4 = 0=00 R21 = 0=00
: RE = 0O=x00 R22 = 0=00
Clear start va]..ues ) . RE6 = 0=00 E23 = 0=00
cir rm? : ciear 1nte§1m storage B? = 0x0? E24 = O=00
gli i:h clear result registers FS = 0x00 E25 = O=00
R9 = 0=00 R26 = 0=01
; P ; R10 = 0=01 R27 = 0=00
: Here we =tart with the multiplication loop P11 = 0=00 B28 = 0=00
MULTHa R12 = 0=x00 R29 = 0=00
: R13 = 0=x00 R30 = 0=01
Step 1: Rotate lowest bit of binary number 2 to the caz R14 = 0=x58 R31 = 0=x00
flag {(diwvide by 2, rotate a zero into bit 7) R15 = 0=04
_l|r1e = 0O=&5
cle ; clear carry bit
ror rmé bit 0 to carry., bit 1 to 7 one positiorn
the right, carry bit to bit 7
Step 2: Branch depending if a 0 or 1 has been rotated t
the carry bit
$|' broco HULTAL junp over adding. if carry has a 0 i
| | Ll (71 -
4]

»
[Ln 64, Cal 1 HLIM .

| Sirnulator |ATa058515

“r AYR Studio - MultBe_asm | _ (O] ]

File Edit Project Debug Breakpoints  Trace & tiggers '“Watch Options  Miew Tools window Help
|alzu@ oz a2 || Ik 6 EL A BB B0
Fep0E o8 m

clec ;| clear carry bit a|||RD = 0O=dd R17 = 0=00
ror rm2 ; bit 0 to carry. bit 1 to 7 one position R1 = 0=x00 ER18 = 0O=40
the right, carry bit to bit 7 R2 = 0=x2i& E19% = 0=x00
R3 = Oxdd R20 = 0=00
Step 2: Branch depending if & 0 or 1 has been rotated t R4 = 0=00 R21 = 0=x00
the carry bit R: = 0=00 R2Z = 0=00
Re = 0x00 R23 = 0=00
broo MULT8L 0 junp over adding. if carry ha= a [ B? = 0202 Fad = 0200
Step 3 Add 16 bits in rmh:rml to the result, with over gg i ngD R25 f D00
from ISE to HSB = 0=00 R26 = Dx01
R10 = 0=01 R27 = 0=00
add rel.rml add LSE of rml to the result R1l = 0=x00 Rz8 = 0=00
ade reh.rmh . add carry and MSE of rnl R1Z = 0=00 ER29 = 0=00
: R13 = 0=x00 R30 = 0=01
MULTEb: R14 = 0x58 R31 = 0=00
: R15 = O=04
Step 4: Multiply rmh:rml by 2 {16 bit=, =shift leit) R16 = 0=55
5 ' . clear carry bit
rol rml rotate LSE left (multiply by 23
rol rmh ; rotate carry into MSE and MSE one left
: Step 5: Check if there are =till one's in binary 2, il b
: yes, go on nultiplicating
) t=t rm? All hit=s =ero? b
4| | A o
4]

»
[Simulatar [ATS05EETS [Ln 78, Cal 1 HLIM .

i AYR Studio - MultBe_asm | _ (O] ]

File Edit Project Debug Breakpoints  Trace & tiggers “Watch DOptions  Wiew Tools “window Help
[z o||me - || |6k |] 6 o [EL B B B (R 00 R
Fep0E o8 m

[ MultBe.asm [_[Of=]| Bl =] =
B Al RO = 0Ox54 R17 = 0=00
MULTEb: Rl = 0=01 R18 = 0=40
: R2 = 0Ox24 R19 = 0=00
; Step 4 Hultiply rmh:rml by 2 (16 bit=s, shift leit) kB3 = O=xAd R20 = 0=00

R4 = 0=00 R21 = 0=00
cle ; clear carry bit RS = 0=x00 ER22 = 0=00
rol rml rotate LSE left (multiply by 23 E6 = 0=00 R23 = 0=00
rol rmh ; rotate carry into MSE and MSE one left B? = 0202 Fad = 0200

Step 5: Check if there are_sti;l one'=s in binary 2, if gg : gzgg ggg : gzgg
ves, go on multiplicating B10 = 0=01 R27 = Om0il

e =1l hits zero? R11 = 0x00 R28 = 0x00

brne MULTH8a © if not. go on in the loop Rlz = 0=00 R29 = 0=00

R13 = 0=00 R30 = 0=01

End of the multiplication. result in reh:rel R14 = 0=x58 R31 = 0=x00
R15 = 0O=04
Endles= loop Rl16 = 0=G55
LOOF:
rinp loop
« | W -
4]

»
|Ln &3, Col1 HUIM A

| Simulator |AT9058515
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Result: 5678 : 12 = 473 Remainder 2

PELEE V’"B
4% 1200)p93 248 5 b 4 G5k ils S 53 1 1 50 6,1 L pg050 - s S Chde ol 4 g L
31 o3l ol 5Ly 5 K05 (6 ik sl o1 3lad OLE 285 ilan ) Sl (5393 3lukel wiliwbio s (o b
oS b opl o edd 4B F 58 4 Sy, opl by g dale ediS a oS g9 S o adas B 95

Syls ol Sy, ol L
el 03 03,51 55 53 AVR ol 013 5 (i A (09355 308 S 1 (5 VU (29995 308 K e

; Div8 divides a 16-bit-number by a 8-bit-number (Test: 16-bit-number: 0XAAAA, 8-bit-number: 0x55)
.NOLIST

.INCLUDE "C:\avrtools\appnotes\8515def.inc*
LIST

; Registers

.DEF rd1l = RO ; LSB 16-bit-number to be divided
.DEF rd1h = R1 ; MSB 16-bit-number to be divided
.DEF rd1u = R2 ; interim register

.DEF rd2 = R3 ; 8-bit-number to divide with

.DEF rel = R4 ; LSB result

.DEF reh = R5 ; MSB result

.DEF rmp = R16; multipurpose register for loading

.CSEG

.ORG 0
rjmp start

start:

; Load the test numbers to the appropriate registers
Idi rmp,0xAA ; OXAAAA to be divided
mov rd1h,rmp
mov rd1l,rmp
Idi rmp,0x55 ; 0x55 to be divided with
mov rd2,rmp

; Divide rd1h:rd1l by rd2

div8:
clr rd1u ; clear interim register
clr reh ; clear result (the result registers
clr rel ; are also used to count to 16 for the
inc rel ; division steps, is set to 1 at start)

; Here the division loop starts

div8a:
clc ; clear carry-bit
rol rd1l ; rotate the next-upper bit of the number
rol rd1lh ; to the interim register (multiply by 2)
rol rd1u
bres div8b ; a one has rolled left, so subtract
cp rdlu,rd2 ; Division result 1 or 0?
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bres div8c ; jump over subtraction, if smaller

div8b:

sub rdlu,rd2; subtract number to divide with

sec ; set carry-bit, resultisa 1

rjmp div8d ; jump to shift of the result bit
div8c:

clc ; clear carry-bit, resulting bitisa 0
div8d:

rol rel ; rotate carry-bit into result registers

rol reh

brcc div8a ; as long as zero rotate out of the result registers: go on with the division loop
; End of the division reached
stop:

rjmp stop ; endless loop

MCJWJ}EJA wb |l 5

pyde plnl 25 Jlp b Gl dsb o

cialyl 29395 palie b Lols Agl palhe a5 gy a5 e

o Mg e (22,14 0X0001 3l e gald e Sl 755 5 (H50) Sl Sl A5l Hlie ol
‘(“usg§°LSﬁ§JA? r,*ﬁ QP-L” 4“5‘}‘g&$§ édﬁ(bii G)h; %Jk;JT )g \‘ }‘

s9md g 03ls yiF = 1dlu Gle OS5 5 4 o 4 co adThird]] s 55 00 2 VN 9393 300 e
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5ird2 d...ﬁ‘.:;&{_,SrdZ S 295 o0 e TA2 5 55550 S A 9395 308 b Slo O3 Ol gioms o
s I o 58 e Sl ASL 58,5 1d2 ST sd e S CAITY oy g sdd oS Sle Sl Ol g
o o CaITY o 5

3y 0313 i o (rehirel) aomd DU 75 S5 4 <l G b 51 Carry o Sy e

b gyl S SIbl (oS 1SS 1) s Bl L 5 g OF 51w s O3 25 2 b ST
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; Div8 diwvides a le-bit-number by a 8-bit-number
; Test: lé-bit-number: 0zxihtdd. 8-bit-number: 0=xL5

"NOLIST
JIHCLUDE "C~avrtools~appnotes~3515des  inc”
LLIST

;. Registers ‘ . L_LT 1 aS o o
- [GaSREDUY) 'S W ) M—M

DEF rdll ? ? sz
.DEF rdilh
DEF rdlu
LEF rd2

DEF rel

DEF reh

.DEF rmp

.CSEG Db o daliy U o
.ORG 0

]

;o LSE le-bit-number to be diwided

: HEB lé-bit-number to be diwided . e

; interim register ‘J-’.'| J‘b PRl JA)‘ S n LS

; B-bit-number to diwide with

; LEB result N -
HSE result 41-"',‘ 6‘,":‘ &—&‘J Fl11 .L..JS .5,ls )‘fﬁ

maltipurpose register for loading

start:

; Load the test numbers to the appropriate registers

11 rmn NM=dd - (=dsddd to be disided
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= AVR Studio - DivBe.asm [_ (o] =]

Ele Edit Project Debug EBreakpoints  Trace & tiggers  Watch  Options  View Tools Window Help
|azumo|lne - a2 o |6k | on [ELE B B (P 0 B2
|PED® o6 m|

39593 sl sl

= E
Load the test numbers to the appropriate registers Rl = R18 = 0=00
Rz = R19 = 0x00
1di rmnp, 0zid © O=iiii to be divided B3 = RZ0 = 0=00
mov rdlh. rap R4 = 21 = 0=00
mov rdll.rmp RE = RZZ = 000
1di rmp.0x55 : 0=55 to be divided with BE = B23 = 000
mow rd. rnp R? - RF24 - O=00
Divide rdlh:rdll by rd2 R8 - R2s = 0x00
: E9 = RZ26 = 0O=00
divwd: R10 = R27 = 0x00
1] o clear interim register R1l = RZ8 = 0=00
clr reh . clear result {(the result registers Riz = R29 = 0=00
clr rel | are also used to count to 16 for the R13 = R30 = 0=00
inc rel ;o division step=s, i= ==t to 1 at =start) Ri4 = R31 = 0x00
R15 =
Here the division loop starts Ri6 =
divBa:
clo ; clear carrv-bit
rol rdll . rotatse the next—upper bit of the nunbe

rol rdlh ;| to the interim register (multiply by Z
rol rdlu
L bros divdbh & one has rolled left. =o subtract

cp rdlu,rd?2 ;| Diwvision result 1 or 07
tres diwle 0 Gumn cwer suhtracbion G f qrallpv_ﬁl
L]

»
[ | |Simulator |ATa058515 |Ln 36, Cal 1 LI o

“ AWR Studio - DivBe_asm - (O] =]

Ele Edit Project Debug EBreakpointz Trace & tiggers  ‘wiatch  Option:  MWiew Toolz wWindow Help
G dg¢|me o M2 ||ove — e R [EEE B 0 E R
REOE SR | m

Load the test numbers to the sappropriate registers OxAa2 R18 = 0x00
0=00 E19 = O0=00
1di rmp. Oxhd . O=didd to be divided 0mEE EB20 = 0m00
mov igif‘iﬂﬁ 0=01 R21 = 000
1di rmp.0%55 : 0x55 to be dividsd with p=DD R22 - D=00
nav xd2 Tnp D=00 R24 = 0x00
Divide rdih:rdll by rdZ 0=00  R25 = 0Ox00
. 0=00 R26 = 0=00
diwd 0=00 R27 = 0=00
clr rdlu ;| clear interimn register 0=x00 ER28 = 0=x00
clr reh | clear result (the result registers O0x00 ERE29 = 0=00
clr rel | are also used to count to 16 for the 0=00 R30 = 0=x00
inc rel | division steps. is set to 1 at start) 0=00 R31 = 0x00
Here the division loop starts
divBa
= 1o ; clear carrv-bit
rol rdll ;| rotate the next-upper bit of the nunbe
rol rdlh ;. to the interim register (multiply by &
rol rdlu
m bros divBb : = ons has rolled left. =o subtract
cp rdlu,rd2 ;| Division result 1 or 07
bre= diwhe dumn Cwer suhtrachion if =mal ]Fer_l_l
4] F %
Kl

,
[ HOM v

[Simulator [ATA0SEGTE [Ln 44, Col 1

- AWRA Studio - DivBe_asm [_ [O] <]

Fil= Edit Project Debug Ereakpoints  Trace & triggers  ‘watch  Option:  View Tools Window Help

ez o|me o o |ove =[5k || 8 o [ELBE ® B (B 1 [ |

Load the test numnbers to the appropriate registers 0x55 R18 = 0x00
0=01 R19 = O0x00
1di rmp, OxAA © O=AAAA to be divided 0x55 R20 = 0x00
mow igi?-;ﬁg 0=01 R21 = O=00
1di rmp,ﬁxSS ; 0255 to be diwided with gzgg ggg : gzgg
nav xd2, Tnp Dx00 R24 = 0x00
Divide rdih:rdll by rd2 0=00  R25 = 0=00
. 0x00 R26 = 0x00
divs 0=00 R27 = 0=x00
clr rdlu | clear interim register 0x00 R28 = 0x00
clr reh | clear result {(the result registers 0=00 R29 = 0=x00
clr rel | are also used to count to 16 for the 0xz00 R30 = 0x00
inc rel | division steps. is set to 1 at start) = 0=00 R31 = 0=00
L R15 = 0=00
Hers the division loop starts R16 = 0O=55
divia
clec . clear carry—hit
rol rdll | rotate the next-upper bit of the nunbe
rol rdlh ;| to the interim register (multiply by =
rol rdlu
{ =+ : a one has rolled left. =so subtract
cp rdl d2 : Diwision result 1 or 07
e - - Hdumn ower subtracstion if =maller I
4 | =
[« d
|Simulator |ATI0SE515 ILin 48, Cal 1 HUM i

AVR Studio - DivBe_asm H =] E3

FEile Edit Pmject Debug Breakpoints  Trace & higgers  ‘Watch  Options  VWiew  Tools  wWindow  Help
|8z e o||me - om 2o |8 || G o0 (=1 BF © B (B 0 =3 [=h |
RECE 2% al

E DivBe asm !Elﬂ B Registers 1 ] S
bros divBb =2 one has rolled left, =0 subtract 0x54 R17 = 0=x00
cp rdlq rd2 D1v1slan result 1 or U7_ 055 R18 = 0=x00
bres diwdc @ junp ower subtraction. if smaller 0z01 R19 = 0x00

diveb: 0=55 R20 = 0m00
sub rdlu.rd2: subtract number to diwides with 0202 Rzl = 0200
s=c set carry—-hbit, result is a 0200 B22 - De0D
rimp diwdd - jump to shift of the result hit Iein B3 - Dano

div8c B
clo . clear carry—bit, resulting bit i= a 0 gxgg ggé = gxgg

dived: = = U=
rol rel ; rotate carrv-bit into result registers 0=00 R26 = 0=00
rol reh 0=00 R27 = 0=x00

B as long as zero rotate out of the z Ox00 R28 = 0=00

. registers: go on with the division 0=00 R29 = 0=x00
End of the division reached 0=00 R30 = 0x00
=top 0=00 R31 = 0=x00
rimp stop ; endless loop 0=00
0=E55
T
< | 4P
[«

[Gimulator [AT905E515 |Ln 60, Col 1 NUM i

eloxl ol 2 0X55 5 0XAAAA
RIRO slacls s i Jos

R H PR 4:.‘5_93 R3 K

795 9 R2(H) Sl 0l

Ailedd gudad Oldeddly pa3

;15 o > < 5IR1RO
Flnss 5 edd esls j5 2 R2
6X015554 s 0XAAAA sue

R R W e

S JE 4 f gz Jes plil b
s 0SS &) e e Larry
5= R2 5 5 9 56 0X01 luis
55290 0X55 Hlaas 3l 5S> 8
S olpl 5 el 035 R3 s
P ol 0S5 0 G
ol =1 4 Carry s 555 40
9 0d=d ouils > RSIR4 i
S &5 s O S gl g
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s dgo|mes dasbve  FlRljedBEOR® 05
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- = s - ow 2% b
i DivBe.asm IS = { e Enistens =10l x| ey LS. |a~\.~w) é)‘é )‘,9
divEh: ~|||R0 = D=00 R17 = 000 A M - -
sub rdlu, rd2:; tsubtrac]‘;_l@umber ‘i? qividT with F1 = 0=00 R18 = 0=00
sec . =et carry-bhit. resu iz a E2 = 0=00 R19 = 0O=x00 -
divE rimp diwdd © junp to shift of the result bit B3 = 0=55 R20 = 0=00 ‘M ‘}-&l’ 6}‘_’ RS:R4
ivBo: = = -
clc ; clear carrv-bit, resulting bit i= a 0 gé - gzgg ggé - g:gg
dived. rol rel rotate carry-bi i Re = O=00 Ez3 = O=00 & o
. v—bit into result registers E7 - O0=00 E24 - Oz00 ub £0X0202 )‘M .
rol reh - - . (€ (€ ans
broo divBa 0 as lomg as zero robtats out of the ¥ k& = 0=x00 R25 = 0x00 *
: registers: go on with the division ggn = gﬂgg ggg = g"‘gg
; End of the division reached = U= = U= . o - &
st RI1 = 0200 R28 = Dx00 S R2:R1:R0O glacls
aupie] ; endless loop R12 = 0=x00 R29 = 0x00 .
RE13 = 000 R30 = 0=x00
R14 = 000 E31 = 0=x00 - -
R15 - D=00 foiladl Hldde cpml ply 4 (i
Ri6 = 0x55 S =90 A5 A B

il s diledly Juny RSBIEE
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— — s 511, Processor s pes) 5,8 o 1, e dijls
Program Counter [0<00000018 | % Register [0%0001 SOl b o) 35 o 1y e kijls
Stack Pointer  [0=00000000 ‘t-Register |0x0000 SYsb ke Sl ¢(usS 5L AVR Studio b »
Cycle Counter 00000222 Z-Register |0x0001

Time Elapzed ID-DE s Frequency |4.|:| kHz

" Stopitfatch

Clear | .08 mz |

slas! uL,u

s 5l 5l S o b g pie SAS  L BT g e Jald 1) sl foids 4 b e sladlss G aela s ol
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gl Lol & ity oKyl Ko S oalisl 55ld o (g Ll 1ol 51 LS 45 Al w2dls 4 g G5 ol 4y e
Sl 5 0258 Ghe L 035 D e Sl 4 1) 2 e mle AVR 3 5Ll 5 (5 Lisl slusl il il
sdzey A 5l e el 45 Wy a4 5 S 3,55 ke pl b 810 5L gk Ol 4 | 2

S oslial Pascal b C Jod 51 oL; K5 b Basic 51 48 sls aalss e 5 (ol
Al e 45 K 4S5 A dal g enls DL Lad 4 byl 53 i (6 KB e S e3ltl aams! 51 ST nl b
oS B 5 Wby K WA 2,0 5o f ol 35000 50 5 cadln Ko Nt Sl S 5o 1) Sl e (Al slasl O 2
(mosd 08 Sty Koo b s w3l o sl ran LI LISl 4 &Kl Oy tas ool & Mes/s csla

el 50 (35 (e ok L S a3 o0l OLE K6 1 4S ks 131 gl aS
236 s i slasl b ok plowil dlasl iy 1ays S Sl slaadyy 4 Sals plonil 1, S ol Ol g5 0 6 5

C&J_w} 03 g W}?MU,} JAB ;;7""‘)4-,‘ &w‘ glu BL c."w.ﬂ.l&‘ NS Lo dow. Y rbu'| JfB c."uﬁ.:l.lﬁ‘ }‘ e:\.&&n‘\g



http://www.avr-asm-tutorial.net oY AVR ol 5 gals g5

o3ls |3 adas c.SL"“r;J wwd Ole gl 9,05 592y wsasl g oad Hs gl g liel s Ayl YL Gl 2

PR 2 M5l sy 4 S e s

B sle fids

L5 0.00 § 2 534S 15 (53550 I (o <ot A/D Jtoe 6 1,80 5 55 1) o ool (Jle S Ol @
=37 Olgms am 1y BFF 5 800 (s 3 2 5 09555 348 S 5038 (6,5 03I0l 1) LS oo puis &Iy 2.55
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; Demonstrates floating point conversion in Assembler, (C)2003 www.avr-asm-tutorial.net

; The task: You read in an 8-bit result of an analogue-digital-converter, number is in the range from hex 00 to FF.
You need to convert this into a floating point number in the range from 0.00 to 5.00 Volt
; The program scheme:
;1. Multiplication by 502 (hex 01F6).That step multiplies by 500, 256 and divides by 255 in one step!
;2. Round the result and cut the last byte of the result. This step divides by 256 by ignoring the last byte of the result.
; Before doing that, bit 7 is used to round the result.
;3. Convert the resulting word to ASCII and set the correct decimal sign. The resulting word in the range from 0 to 500
; is displayed in ASClI-characters as 0.00 to 5.00.
; The registers used:
;. The routines use the registers R8..R1 without saving these before. Also required is a multipurpose register called rmp,
;located in the upper half of the registers. Please take care that these registers don't conflict with the register use in the
rest of your program.
; When entering the routine the 8-bit number is expected in the register R1. The multiplication uses R4:R3:R2 to hold
; the multiplicator 502 (is shifted left max. eight times during multiplication). The result of the multiplication is calculated
;inthe registers R7:R6:R5. The result of the so called division by 256 by just ignoring R5 in the result, is in R7:R6. R7:R6
; isrounded, depending on the highest bit of R5, and the result is copied to R2:R1.
; Conversion to an ASCII-string uses the input in R2:R1, the register pair R4:R3 as a divisor for conversion, and places the
; ASCII result string to R5:R6:R7:R8 (R6 is the decimal char).
; Other conventions:
; The conversion uses subroutines and the stack.The stack must work fine for the use of three levels (six bytes SRAM).
; Conversion times:
; The whole routine requires 228 clock cycles maximum (converting $FF), and 79 clock cycles minimum (converting $00).
; At 4 MHz the times are 56.75 microseconds resp. 17.75 microseconds.
; Definitions:
; Registers
.DEF rmp = R16 ; used as multi-purpose register
; AVR type: Tested for type AT90S8515, only required for stack setting, routines work fine with other AT90S-types also
.NOLIST
.INCLUDE "8515def.inc"
LIST
; Start of test program
; Just writes a number to R1 and starts the conversion routine, for test purposes only

.CSEG
.ORG $0000

rjmp main
main:

Idi rmp,HIGH(RAMEND) ; Set the stack
out SPH,rmp
Idi rmp,LOW(RAMEND)
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out SPL,rmp
Idi rmp,$FF ; Convert $FF
mov R1,rmp
rcall fpconv8 ; call the conversion routine
no_end: ; unlimited loop, when done
rjmp no_end
; Conversion routine wrapper, calls the different conversion steps
fpconv8:
rcall fpconv8m ; multiplicate by 502
rcall fpconv8r ; round and divide by 256
rcall fpconv8a ; convert to ASCII string
Idi rmp,"." ; set decimal char
mov R6,rmp
ret ; all done
; Subroutine multiplication by 502
fpconv8m:
clr R4 ; set the multiplicand to 502
Idi rmp,$01
mov R3,rmp
Idi rmp,$F6
mov R2,rmp
clr R7 ; clear the result
clr R6
clrR5
fpconv8m1:
or R1,R1 ; check if the number is all zeros
brne fpconv8m2 ; still one's, go on convert
ret ; ready, return back
fpconv8m2:
Isr R1 ; shift number to the right (div by 2)
brce fpconv8m3 ; if the lowest bit was 0, then skip adding
add R5,R2 ; add the number in R6:R5:R4:R3 to the result
adc R6,R3
adc R7,R4
fpconv8ma3:
Isl R2 ; multiply R4:R3:R2 by 2
rol R3
rol R4
rimp fpconv8ml ; repeat for next bit
; Round the value in R7:R6 with the value in bit 7 of R5
fpconv8r:
clr rmp ; put zero to rmp
IslI R5 ; rotate bit 7 to carry
adc R6,rmp ; add LSB with carry
adc R7,rmp ; add MSB with carry
mov R2,R7 ; copy the value to R2:R1 (divide by 256)
mov R1,R6
ret
; Convert the word in R2:R1 to an ASCII string in R5:R6:R7:R8
fpconv8a:
clr R4 ; Set the decimal divider value to 100
Idi rmp,100
mov R3,rmp
rcall fpconv8d ; get ASCII digit by repeated subtraction
mov R5,rmp ; set hundreds string char
Idi rmp,10 ; Set the decimal divider value to 10
mov R3,rmp
rcall fpconv8d ; get the next ASCII digit
mov R7,rmp ; set tens string char
Idi rmp,'0" ; convert the rest to an ASCII char
add rmp,R1
mov R8,rmp ; set ones string char
ret
; Convert binary word in R2:R1 to a decimal digit by substracting the decimal divider value in R4:R3 (100, 10)
fpconv8d:
Idi rmp,'0" ; start with decimal value 0
fpconv8d1:
cp R1,R3 ; Compare word with decimal divider value
cpc R2,R4
brcc fpconv8d2 ; Carry clear, subtract divider value
ret ; done subtraction
fpconv8d2:
sub R1,R3 ; subtract divider value
sbc R2,R4
inc rmp ; up one digit
rjmp fpconv8d1 ; once again
; End of conversion test routine
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Function H Subfunction H Command H Flags H Clk \

. 0 CLR ZNV. 1
Register

set ‘255 Hw H H1 ‘

Constant LDIrh,c255 1

‘Register => Register HMOV r1.r2 H H1 \

'SRAM => Register, direct LDS r1,c65535 | 2

‘SRAM => Register HLD r1.rp H H2 ‘

\SRAM => Register and INC HLD r1,rp+ H H2 ‘

DEC, SRAM => Register LD rl.-rp | 2

'SRAM, displaced => Register LDD r1,ry+k63 2

\Port => Register HIN r1.p1 H H1 \

Copy ‘Stack => Register HM H H2 \

\Program storage Z => R0 Hﬂ H HS \

Register => SRAM, direct | STS c65535.,r1 2

Register => SRAM ST rp.ri I 2

Register => SRAM and INC ST rp+.ri | 2

DEC, Register => SRAM ST -rp.ri I 2

Register => SRAM, displaced | STD ry+k63,r1 2

‘Register => Port HOUT pi.ri H H1 \

\Register => Stack HPUSH ri H H2 \

8 Bit, +1 INCr1 ZNV |

Add 8 Bit ADD r1,r2 ZCNVH 1|

8 Bit + Carry ADC 1,2 ZCNVH 1 |

16 Bit, constant ADIWrdk63 ZCNVS 2 |

8 Bit, -1 'DECHl ZNV 1 |

8 Bit SUB r1,r2 ZCNVH 1 |

Subtract 8 Bit, constant SUBIth,c255 ZCNVH 1 |

8 Bit - Carry ' SBC 1,12 ZCNVH 1 |

8 Bit - Carry, constant SBCIth,c255 ZCNVH 1 |

16 Bit 'SBIWrdk63 ZCNVS 2 |

logic, left LSt ZCNV 1 |

‘Iogic, right HM HZC NV H1 ‘

Shift \Rotate, left over Carry HM HZ CNYV H1 \

\Rotate, right over Carry HROR ri HZ CNV H1 ‘

Arithmetic, right ASR 11 ZCNV 1 |

\Nibble exchange HSWAP ri H H1 \

And AND r1,r2 ZNV 1 |

‘And, constant HANDI rh,c255 HZ NV H1 ‘

or ORr1,r2 ZNV 1

Binary Or, constant ORIrhc255 ZNV |1 |

‘Exclusive-Or HEOR r1,r2 HZ NV H1 ‘

\Ones—complement HCOM ri HZ CNV H1 \

\Twos—complement HNEG ri HZ CNVH H1 \
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\ Function H Subfunction H Command H Flags H Clk \
Register, set SBRrhc255 ZNV 1|
Register, clear CBRrh255 | ZNV 1
Bits \Register, copy to T-Flag HBST r1,b7 HT H1 \
change \Register, copy from T-Flag HBLD r1,b7 H H1 \
Port, set | SBI pl,b7 | 2
\Port, clear HCBI pl.b7 H HZ \
‘Zero-FIag Hﬂ HZ H1 \
Gany Fiag sEc c 1
\Negative Flag HS@ HN H1 \
Statusbit ‘Twos complement carry Flag Hﬂ HV H1 \
set Half carry Flag 'SEH H [E
‘Signed Flag 'SES 'S 1
‘Transfer Flag Hﬂ HT H1 \
\Interrupt Enable Flag Hﬁ HI H1 \
‘Zero-FIag Hu HZ H1 ‘
Gany Fiag cLe c 1
Negative Flag 'CLN N 1
Statusbit ‘Twos complement carry Flag HM HV H1 \
clear ‘Half carry Flag H% HH H1 \
‘Signed Flag CLs s 1
‘Transfer Flag Hm HT H1 ‘
\Interrupt Enable Flag H% HI H1 \
Register, Register CPrlr2 ZCNVH 1
Compare \Register, Register + Carry HCPC r1,r2 HZ CNVH H1 \
\Register, constant HCPI rh,c255 HZ CNVH H1 \
Register, <0 TSTr ZNV 1
Relative 'RIMP c4096 | 2
‘Indirect, Address in Z HM H H2 \
Immediate  Subroutine, relative 'RCALL c4096 3
Jump \Subroutine, Address in Z Hw H H3 \
‘Return from Subroutine H@ H H4 \
‘Return from Interrupt H@ HI H4 \
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\ Function H Subfunction H Command H Flags H Clk \
‘Statusbit set ' BRBS b7,c127 12
‘Statusbit clear ' BRBC b7.c127 | 2
Jump if equal BREQc127 | 2
Jump if not equal 'BRNEc127 12
Jump if carry 'BRCScl127 12
\Jump if carry clear HBRCC c127 H H1/2 \
\Jump if equal or greater HBRSH c127 H H1/2 \
Jump if lower 'BRLOc127 12
‘Jump if negative HBRMI c127 H H1/2 ‘
Conditioned  Jump if positive 'BRPLc127 12
Jump ‘Jump if greater or equal (Signed) HBRGE c127 H H 1/2 ‘
‘Jump if lower than zero (Signed) HBRLT c127 H H 1/2 ‘
Jump on half carry set BRHSc127 12
Jump if half carry clear BRHCc127 | 2
Jump if T-Flag set BRTSc127 | 2
Jump if T-Flag clear BRTCc127 12
‘Jump if Twos complement carry set HBRVS c127 H H 1/2 ‘
\Jump if Twos complement carry clear HBRVC c127 H H 1/2 \
Jump if Interrupts enabled BRIEc127 12
Jump if Interrupts disabled BRIDc127 12
Registerbit=0 SBRCr1b7 | 23 |
5 Registerbit=1 SBRSr1b7 123
Conditioned
Jumps Portbit=0 SBICplb7 123
Portbit=1 SBISplb7 | 23 |
‘Compare, jump if equal CPSErtr2 123
‘No Operation Hw H H1 ‘
Others Sleep | SLEEP | 1
Watchdog Reset 'WDR | 1
Q‘J "\Mﬂ“ 2 ‘;1\?&'” o J‘G‘é
Sl slalacal
.CSEG
.DB
.DEF
.DW
ENDMACRO
.ESEG
.EQU
INCLUDE
MACRO
.ORG
Ol s
ADC r1.r2
ADD r1.r2
ADIW rd.k63
AND r1.r2
ANDI rh,c255, Reqister
ASR r1
BLD r1,b7
BRCC c127
BRCS c127
BREQ c127
BRGE c127

BRHC c127
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BRHS c127
BRID c127
BRIE c127
BRLO c127
BRLT c127
BRMI c127
BRNE c127
BRPL c127
BRSH c127
BRTC c127
BRTS c127
BRVC c127
BRVS c127
BST rl.,b7
CBI pl,b7
CBR rh,255, Register
CLC

F

CPI rh,c255, Reaqister
CPSE r1.r2

DECrl1

EORr1,r2

ICALL

IJMP IN r1,pl
INC rl

LD rp,(rp.rp+,-rp) (Register), (SRAM access), Ports

LDD r1,ry+k63
LDI rh,c255 (Reqister), Pointer

LDS r1,c65535
LPM

LSLrl

LSRrl

MOV rl,r2

NEG r1

NOP

OR 1,2

ORI rh,c255

OUT pl.rl

POP r1, (in Int-routine)
PUSH r1, (in Int-routine)
RCALL c4096

RET. (in Int-routine)
RETI

RJIJMP c4096

ROL r1

ROR 1

SBCrl,r2

SBCI rh,c255

SBI pl.b7

SBIC pl,b7

SBIS pl,b7
SBIW rd.k63

SBR rh,255, Reqister
SBRC rl1,b7

SBRS r1,b7

SEC

SEH

SEl (in Int-routine)
SEN

SERrh

SES

SET, (example)
SEV

SEZ

SLEEP

ST (rp/rp+/-rp).rl1 (Redgister), SRAM access, Ports

STD ry+k63.,r1
STS c65535.r1

SUBrl.,r2
SUBI rh,c255
SWAP r1
TSTrl

WDR
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ool s k5 63,50 Ll s 8515 5 2323 (AT90S2313 sladds 4 by 0 ATMEL AVR e, g J gl

o Sl oS 03ld DL G 4 S D90 4w s BB ol - L o, S Ol

s 1, ol SN $Laf (s S gl o s

(Accumulator Flags) oLl sz s (Status Register) coasy oS

- Port Function | Port-Address  RAM-Address

‘SREG HStatus Register Accumulator HOX3F HOXSF ‘

7 6 5 4 3 2 1 0

' T A s v I N JL Z || € |

\ BitH NameH Meaning H Opportunities H Command \

7 Global Interrupt Flag ‘0: Interrupts disabled HCLI ‘
‘1: Interrupts enabled HSEI \

s |t Bit storage 0: Stored bit is 0 CLT |
1: Stored bit s 1 (SET |

5 H Halfcarry-Flag ‘O: No halfcarry occurred HCLH \
‘1: Halfcarry occurred HSEH \

4 s Sign-Flag ‘0: Sign positive HCLS ‘
‘1: Sign negative HSES ‘

3 v Two's complement-Flag ‘0: No carry occurred HCLV \
‘1: Carry occurred HSEV \

2 N Negative-Flag ‘O: Result was not negative/smaller HCLN \
‘1: Result was negative/smaller HSEN \

1z Zero-Flag ‘0: Result was not zero/unequal HCLZ \
‘1: Result was zero/equal HSEZ \

0o ¢ Carry-Flag ‘0: No carry occurred HCLC \
‘1: Carry occurred HSEC \

(Stack Pointer) aiy Se,Laf

Port H Function H Port-Address H RAM-Address ‘

‘SPL/SPH HStackpointer H0030/0x3E HOXSD/OXSE \

‘ Name H Meaning H Availability

spL  Low-Byte of From AT90S2313 upwards, not in 1200
Stackpointer

SPH  High-Byte of From AT90S8515 upwards, only in devices with >256 bytes internal SRAM
Stackpointer

o glaasy JzS s SRAM

‘ Port H Function H Port-Address H RAM-Address ‘
‘MCUCR HMCU General Control Register H0x35 H0x55 \

s 6 | 5 | 4 3 2 1 0
 SRE  SRW | SE SM | IsC11 | IsC10 | ISCO1  ISCO0
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\ Bit\ \ Name \ \ Meaning H Opportunities

7 SRE Ext SRAM Enable ‘0=No external SRAM connected
\1=External SRAM connected

6 SRW  Ext.SRAM Wait States ‘O=No extra wait state on external SRAM

‘1=Additional wait state on external SRAM

|

|

|

|

|

5 SE Sleep Enable ‘0=Ignore SLEEP commands ‘
\1=SLEEP on command ‘
0=Idle Mode (Half sleep) |
\1=Power Down Mode (Full sleep) ‘
|

|

|

|

|

|

|

|

4 | SM Sleep Mode

3 ISC11 ‘00: Low-level initiates Interrupt

Interrupt control Pin INT1 ‘01: Undefined
2 |1sc10 | (connected to GIMSK)

‘10: Falling edge triggers interrupt

‘1 1: Rising edge triggers interrupt

1 |ISCO1 ‘OO: Low-level initiates interrupt

Interrupt control Pin INTO ‘01; Undefined
0 1Sscoo (connected to GIMSK)

‘10: Falling edge triggers interrupt

‘1 1: Rising edge triggers interrupt

o laaddy J S8

‘ Port H Function H Port-Address H RAM—Address‘

‘GIMSK HGeneraI Interrupt Maskregister HOX3B HOXSB ‘

.7 6 5 4 3 2 1 | 0
CINTT 0 NTO - - - -

\ Bit| Name | Meaning I Opportunities |

7 INT{  Interrupt by external pin INT1 ‘0: External INT1 disabled ‘

(connected to mode in MCUCR) ‘1: External INT1 enabled ‘

Interrupt by external Pin INTO ‘02 External INTO disabled ‘
6 INTO .
(connected to mode in MCUCR) ‘1: External INTO enabled ‘

‘0...5 H (Not used) ‘

‘ Port H Function H Port-Address H RAM-Address ‘
‘GIFR HGeneraI Interrupt Flag Register H0x3A HOXSA ‘

7 6 5 4 35 2 1 0
(INTF | NTFO - - - - - -

‘ Bit H NameH Meaning H Opportunities ‘

‘7 HINTF1 Hlnterrupt by external pin INT1 occurred ‘ Automatic clear by execution of the Int-Routine or
Clear by command

‘6 HINTFO Hlnterrupt by external pin INTO occurred ‘

‘0...5 H (Not used) ‘
b Ay s

‘ Port H Function H Port-Address H RAM-Address ‘

‘TIMSK HTimer Interrupt Maskregister H0x39 H0x59 ‘

7 6 5 4 3 2z 1 0

~ TOIE1 | OCIE1A | OCE1B -  TICEl -  TOEO -
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\ Bit H Name H Meaning H Opportunities

‘0: No Int at overflow

7 TOIE1 | Timer/Counter 1 Overflow-Interrupt
‘1: Int at overflow

6 OCIE1A Timer/Counter 1 Compare A Interrupt ‘0: No Int at equal A

‘1: Int at equal A
‘O: No Int at B

5 oclg1B | Timer/Counter 1 Compare B Interrupt

|

|

|

|

|

|

‘1: Int at equal B ‘
4 (Not used) |
|

|

|

|

|

|

‘O: No Int at Capture

3 Ticle1 | Timer/Counter 1 Capture Interrupt
‘1: Int at Capture

2 (Not used)

1 Toleo  Timer/Counter O Overflow-Interrupt ‘O: No Int at overflow

‘ 1: Int at overflow

o (Not used)
‘ Port H Function H Port-Address H RAM-Address ‘
‘TIFR HTimer Interrupt Flag Register H0x38 H0x58 ‘
7 6 5 4 3 2 1 0
- TOVi | OCF1A | OCFIB -  ICFt -  TOovO - |
‘ Bit H Name H Meaning H Opportunities ‘
‘7 HTOV1 HTimer/Counter1 Overflow reached ‘I . Mode:
6  OCF1A Timer/Counter 1 Compare A reached | ,&'ﬁ;ﬁgﬁc gle(:r
‘5 HOCF1BHTimer/Counter1 Compare B reached ‘ by execgtion of the
‘4 H (Not used) ‘ Int-Routine
‘3 HICF1 HTimer/Counter1 Capture-Event occurred ‘ OR
2 (not used) Polling-Mode:
‘1 HTOVO HTimer/CounterOOverrow occurred ‘Clearby

command
0 (not used)

. 3.\3,\.«.&/,«.1\3'

‘ Port H Function H Port-Address H RAM-Address ‘
‘TCCRO HTimer/CounterOControI Register H0x33 HOX53 ‘
7 6 5 4 3 2 1 0
.- - - - - CS»2  CSOI | CSOO
\Bit H Name H Meaning H Opportunities

|
000: Stop Timer |
‘001: Clock = Chip clock ‘
010: Clock = Chip clock / 8 |
011: Clock = Chip clock / 64 |
100: Clock = Chip clock / 256 |
|
|
|
|

2.0 CS02..CS00 | Timer Clock

‘101: Clock = Chip clock / 1024
‘110: Clock = falling edge of external Pin TO

‘111: Clock = rising edge of external Pin TO

‘ 3.7 H (not used)
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‘ Port H Function H Port-Address H RAM-Address ‘
‘TCNTO HTimer/CounterOcount register H0x32 H0x52 ‘
‘ Port H Function H Port-Address H RAM-Address ‘
‘TCCR1A HTimer/Counter1ControI Register A HOXZF H0x4F ‘
.7 6 5 4 35 2 1 0
' COM1A1 | COM1A0O | COM1B1 COM1BO - -  PWM11  PWM10 |
‘B/t H Name H Meaning H Opportunities ‘
‘7 HCOM1A1 ‘Compare Output A 00: OC1A/B not connected
6  COM1AQ | 01: OC1A/B changes polarity

10: OC1A/B t
‘5 HCOM1B1 ‘Compare Output B 11: OC1A/B tg cz)ﬁ:ao
4 COM1BO

\3—‘ (not used)
2

PWMA 1 00: PWM off
1.0 Lwmio  Pulse width modulator (13(1); g:g:: Ewm
11: 10-Bit PWM
‘ Port H Function H Port-Address H RAM-Address ‘
‘TCCR1B HTimer/Counter1ControI Register B HOXZE H0x4E \
.z 6 5 4 3 2 1 0
IcCNC1 ICEST | - - | cTCcl | Ccs12 | cst1 | CS10
\Bit H Name H Meaning H Opportunities \
7 ICNC1 Noise Ca_nceler ‘O: disabled, first edge starts sampling ‘
on ICP-Pin ‘1: enabled, min four clock cycles ‘
6 ICES1 Edge selection ‘O: falling edge triggers Capture ‘
on Capture ‘1: rising edge triggers Capture ‘
5.4 | (not used) |
3 ||CTC1 Clear at 1: Counter set to zero if equal
Compare Match A
000: Counter stopped
001: Clock
010: Clock / 8
2.0 CS12..CS10 Clock select 011: Clock / 64
100: Clock / 256
101: Clock / 1024
110: falling edge external Pin T1
111: risina edae external Pin T1
‘ Port H Function H Port-Address H RAM-Address ‘
‘TCNT1L/H HTimer/Counter1 count register HOxZC/OxZD HOX4C/0X4D ‘

‘ Port H Function H Port-Address H RAM-Address ‘
‘OCR1AL/H HTimer/Counter 1 Output Compare register A HOXZA/OXZB HOX4A/0X4B hex ‘
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‘ Port H Function H Port-Address H RAM-Address ‘
‘OCR1BL/H HTimer/CounteH Output Compare register B HOX28/0x29 H0x48/0x49 ‘
‘ Port H Function H Port-Address H RAM-Address ‘
‘ICR1L/H HTimer/Counter1 Input Capture Register H0x24/0x25 H0x44/0x45 \

Watchdog ,.b

‘ Port H Function H Port-Address H RAM-Address ‘
‘WDTCR HWatchdog Timer Control Register H0x21 H0x41 ‘
.z 6 5 4 3 2 1 0
- - | - WDTOE  WDE  WDP2 | WDP1  WDPO
\Bit H Name H Meaning H WDT-cycle at 5.0 Volt \
‘7..5 H (not used) ‘
4 | \WDTOE Watchdog Turnoff Enable  Previous set to _

disabling of WDE required
‘3 HWDE HWatchdog Enable H1:Watchdog active ‘

000: 15 ms

001: 30 ms

010: 60 ms
2.0 WDP2.WDP0 Watchdog Timer Prescaler  011: 120 ms

100: 240 ms

101: 490 ms

110: 970 ms

111:19s

EEPROM

‘ Port H Function H Port-Address H RAM-Address ‘

EEARLH EEPROM Address Register ~ Ox1E/0x1F  Ox3E/Ox3F |

el 355 90 (Y4 & ATY0S8515 51) =l You 51 st EEPROM aliil> b gladus s his EEARH

‘ Port H Function H Port-Address H RAM-Address ‘

EEDR EEPROM Data Register  0x1D 0x3D |

‘ Port H Function H Port-Address H RAM-Address ‘

‘EECR HEEPROM Control Register H0x1c H0x3c: \

7 6 5 4 3 2 1 0
.- - - . - -  EEMWE EEWE EERE
\ BitH Name H Meaning H Function \

‘7..3 H (not used) ‘

‘2 HEEMWE HEEPROM Master Write Enable HPrevious set enables write cycle ‘

1 EEWE  EEPROM Write Enable | Setto initiate write |

0 |EERE  EEPROM Read Enable  Set initiates read |
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(SPD) s> Uy Laol,

‘ Port H Function H Port-Address H RAM-Address ‘

‘SPCR HSPI Control Register HOXOD H0x20 \

7 6 5 4 3 2 1 0
 SPIE | SPE  DORD = MSTR = CPOL  CPHA = SPR1  SPRO |
‘ BitH Name H Meaning H Function ‘

‘0: Interrupts disabled

7 |SPIE ||SPI Interrupt Enable

‘1: Interrupts enabled

6 'SPE  SPIEnable 0: SPI disabled
1: SPI enabled

5 DORD Data Order 0: MSB first
1: LSB first

4 MSTR MasterSiave Select % SI2ve
‘1:Master

3 CPOL  Clock Polarity ‘0: Positive Clock Phase

‘1: Negative Clock Phase

2 CPHA  Clock Phase ‘0: Sampling at beginning of Clock Phase

‘1: Sampling at end of Clock Phase

1 SPR1 00: Clock / 4

SCK clock frequency ‘01: Clock /16
0 SPRO 10: Clock / 64
11: Clock / 128
‘ Port H Function H Port-Address H RAM-Address ‘
‘SPSR HSPI Status Register H0on HOXZE \
7 6 5 4 3 2 1 0

_SPF_ wcoL - - - - - -

‘ Bit ‘ ‘ Name ‘ ‘ Meaning ‘ ‘ Function

|
‘7 HSPIF HSPI Interrupt Flag Hlnterrupt request ‘
6  WCOL  Write Collision Flag | Write collision occurred |
5.0 | (not used) |

‘ Port H Function H Port-Address H RAM-Address ‘
‘SPDR HSPI Data Register HOXOF HOXZF ‘

UART

‘Poﬂ H Function H Port-Address H RAM-Address ‘
UDR  UART I/O Data Register  0x0C 0x2C |
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‘PaﬂH Function H Port-Address H RAM-Address ‘

‘USR HUART Status Register HOXOB H0x2|3 \

7 6 5 4 3 2 1 0
_RXC | TXC | UDRE FE | OR - - -
‘ Bit H NameH Meaning H Function

‘7 HRXC HUART Receive Complete H1:Charreceived

|

|

6 TXC  UART Transmit Complete | 1: Shift register empty |
‘5 HUDRE HUART Data Register Empty H1:Transmit register available ‘
‘4 HFE HFraming Error H1:Illegal Stop-Bit ‘
|

|

‘3 HOR HOverrun H1: Lost char

2.0 | (not used)

‘ PoﬂH Function H Port-Address H RAM-Address ‘

‘UCR HUART Control Register HOXOA HOX2A \

7 6 5 4 3 2 1 0

RXCIE | TXCIE | UDRIE = RXEN | TXEN = CHR9 = RXB8  TXB8 |

\ BitH Name H Meaning H Function \
‘7 HRXCIE HRX Complete Interrupt Enable H1: Interrupt on received char ‘
‘6 HTXCIE HTX Complete Interrupt Enable H1: Interrupt at transmit complete ‘
‘5 HUDRIE HData Register Empty Interrupt Enable H1: Interrupt on transmit buffer empty ‘
‘4 HRXEN HReceiver Enable H1: Receiver enabled ‘
‘3 HTXEN HTransmitter Enable H1:Transmitter enabled ‘
2 CHR9 | 9-bit Characters ' 1: Char length 9 Bit |
1 RXB8 Receive Data Bit 8 9th Data bit on receive |
‘0 HTXBS HTransmit Data Bit 8 Hgth Data bit on transmit ‘
‘ Port H Function H Port-Address H RAM-Address ‘
‘UBRR HUART Baud Rate Register HOXOQ H0x29 ‘
S JUT sS4 lia

‘ Port H Function H Port-Address H RAM-Address ‘
‘ACSR HAnang Comparator Control and Status Register HOXOS H0x28 ‘
.z 6 5 4 3 2 1 0
 ACD | - | ACO | ACl | ACIEE | ACIC | ACIS1  ACISO |
‘ BitH Name H Meaning H Function ‘
‘7 HACD HDisabIe HDisabIe Comparators ‘
‘6 H (not used) ‘
‘5 HACO HComparator Output HRead: Output of the Comparators ‘
‘4 HACI Hlnterrupt Flag H1: Interrupt request ‘
‘3 HACIE Hlnterrupt Enable H1: Interrupts enabled ‘

|

‘2 HACIC HInputCapture Enable H1:ConnecttoTimer1Capture
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\ BitH Name H Meaning H Function ‘
1 ACIST ‘00: Interrupt on edge change ‘
Input Capture Enable ‘01: (not used) ‘
0 ACISO ‘10: Interrupt on falling edge ‘
‘11: Interrupt on rising edge ‘

IS 8 s, e

‘ Port H Register H Function H Port-Address H RAM-Address ‘
‘PORTA HData Register H 0x1B H 0x3B \
A ‘DDRA HData Direction Register H Ox1A H 0x3A ‘
PINA  Input Pins Address [ ox19 0x39 |
‘PORTB HData Register H 0x18 H 0x38 ‘
B ‘DDRB HData Direction Register H 0x17 H 0x37 ‘
PINB  Input Pins Address [ 0x16 0x36 |
PORTC  Data Register [ ox15 0x35 |
@ ‘DDRC HData Direction Register H 0x14 H 0x34 ‘
‘PINC Hlnput Pins Address H 0x13 H 0x33 \
‘PORTD HData Register H 0x12 H 0x32 \
D ‘DDRD HData Direction Register H 0x11 H 0x31 \
‘PIND Hlnput Pins Address H 0x10 H 0x30 \

ACSR, Analog Comparator Control and Status Register

DDRYX, Port x Data Direction Register
EEAR, EEPROM Address Register
EECR, EEPROM Control Register
EEDR, EEPROM Data Register
GIFR, General Interrupt Flag Register

GIMSK, General Interrupt Mask Register

ICR1L/H, Input Capture Register 1

MCUCR, MCU General Control Register

OCR1A, Output Compare Register 1 A
OCR1B, Output Compare Register 1 B
PINX, Port Input Access

PORTX, Port x Output Register
SPL/SPH, Stackpointer

SPCR, Serial Peripheral Control Register

SPDR, Serial Peripheral Data Register

SPSR, Serial Peripheral Status Register

SREG, Status Register

TCCRO, Timer/Counter Control Register, Timer 0
TCCR1A, Timer/Counter Control Register 1 A
TCCR1B, Timer/Counter Control Register 1 B
TCNTO, Timer/Counter Register, Counter 0
TCNT1, Timer/Counter Register, Counter 1

TIFR, Timer Interrupt Flag Register
TIMSK, Timer Interrupt Mask Register
UBRR, UART Baud Rate Register
UCR, UART Control Register

UDR, UART Data Register

WDTCR, Watchdog Timer Control Register

U:CJJJ..:: u.:\.:ﬂ‘ C;wo}g.e
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\ Category H Abbrev. H Means ... H Value range \
‘r1 HOrdinary Source and Target register ‘ RO.R31
‘r2 HOrdinary Source register

Register ‘rh HUpper page register HR16..R31 ‘
rd  Twin register | R24(R25), R26(R27), R28(R29), R30(R31) |
P ' Pointer register | X=R26(R27), Y=R28(R29), Z=R30(R31) |
‘ry HPointer register with displacement HY=R28(R29), Z=R30(R31) ‘
‘k63 ‘ ‘ Pointer-constant ‘ ‘0..63 ‘
c127  Conditioned jump distance |-64..+63 |

Constant ‘0255 HS-Bit-Constant HO..255 ‘
4096 | Relative jump distance -2048..+2047 |
65535  16-Bit-Address 10..65535 |

Bit b7 ' Bit position 0.7 |

Port ‘p1 HOrdinary Port HO..63 ‘
‘pl HLower page port HO..31 ‘
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