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1. UccaenoBanue ctpykTypbl MUKpPo-IBM ADuC 812/841 u padora
C CHCTEMOH Ha ee OCHOBE

1.1 leas padoTsI

N3ydyeHne BO3MOXKXHOCTEN 3alaHHOM MUKPO-OBM 1 moaroroBka k
BBIMOJIHEHUIO TPAKTUYECKON 3KCIUTyaTalluM CHUCTEMbI, TOCTPOEHHBIX
Ha ee¢ OocHOBe. Mukpo-OBM nanee MOXKET HMMEHOBAThCS Kak
«MUKPOKOHTpOJUIEP» WIH «UC».

1.2 O0BbeKT uccjaeJ0BAHNUA U OCHOBHBIC TEXHUYECCKHE TAaHHBIE

ADUCSI12 - nogHOCThIO MHTETpUpOBaHHAs 12-OuTHas cuctema coopa
JAHHBIX, COJEpX amas B OJHOM KPHUCTAJUIE BBICOKOKAYECTBEHHBIN
MHoroka"aiabHbii  AIlIl ¢ camokanuOpoBkoi, naoitHoit IIAIl wu
nporpamMmmupyembiii 8 OutHbld PUC (coBMecTuMBbIl ¢ 8051 cuctemoi
KOMaH[).

Pabora nporpammupyemoro 8051 coBMECTUMOrO sjipa 00ECIIeUYnBaAETCS
3a cuer BcrpoeHHbIX 8Kb Flash/EEPROM mnamsatu nporpammsi, 640
oaiitHoit Flash/EEPROM mnamsti nmanHelIx u 256 OantHoro O3V

(pucyHox 1).
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Figure 2. Lower 128 Bytes of intermal BAM

Pucynok 1 — Opranuzanusa O3Y

Kpome Toro, pC comepKUT CTOPOKEBOU TAMMEp, CXEMY CIICKEHHS 3a
HamnpspkeHueM nutanus 1 DMA kKoHTposuiep 1 iepejaud JaHHBIX OT



AUII. Tpuanate nBe NporpaMMHUPYEMBIX JUHHUHM BBOJIAa-BBIBOAA, I’C,
SPI u UART - coBmMecTHMBIE OCIEA0BATEILHBIE TOPTHI BBOJA- BHIBOIA
NO3BOJISIIOT  pea30BbIBaTh HHTEp(deiicel ¢ UP U paznuyHbiMu
npuOOpaMHU.

HopMainbHbIl peXuM, PEXKAM OCTAHOBA U PEKUM OTKJIIOUCHUS Kak sSapa
uC, Tak ¥ aHAJIOrOBOTO MHTEp(eiica MO3BOJSAIOT CHU3UTh MOTPEOICHUE
npudopa U UCMOJb30BaTh €r0 B YCTPOMCTBAX C aBTOHOMHBIM MTUTAHUEM.
[Tpubop moxer pabdortath oT 3 B u 5 B ncToyHMKa NUTaHUSA, UMEET
UHyCTPUAIbHBIN pabounii TeMnepaTypHbIN JUaNa30H U BBITYCKAETCA B
52 BBIBOAHBIX IUIACTUKOBBIX QFP kopmycax m B Buae 52 BBIBOAHBIX
OEeCKOPIYCHBIX MTPUOOPOB.

1.3 IHoakaouenune makera k [IDBM

Pabora co CTEHJOM HAauYMHAETCA C O3HAKOMJICHHUS C OMHCAHHEM,
COCTAaBOM, TIOPSIAKOM BKJIFOYEHUSI M  BBIKIIOYCHHUS TIUTAHUSA W
noakiroyeHueM k [I1OBM.

ITogpobHoe onucanue Makera npuBesieHo B [1]. s dusnueckoro
coequnenuss [IOBM wu creHma TpebOyercss cTporoe CoOJIIOJEHUE
nopsijKa:

- oTkmouuTe nutanue [[9BM

- TOJICOCAMHUTE K JNOCTYNMHOMY pa3zbemy RS-232 (COM - port)
Ka0eJb, BXOAIIUN B COCTaB MaKeTa

- TOAKJIOYUTE BTOPOM KOHEI[ Kalelasi K COOTBETCTBYIOIIEMY
pa3beMy Ha IIaTe MakeTa.

- yOeIuTeCh, YTO COCIMHEHUE BHITTOJIHEHO MPaBUIHHO M HAJCKHO

- MOJIKJIIOUUTE OJIOK MUTAHUS MaKeTa K CEeTH

- MOJIKJTIOUUTE IITEKEp OJI0KA MUTAHUS K MAKETY

- nogante nutanue Ha [[DBM

1.4 IIporpammHoe o0ecniedyeHue CTeHAA

B coctaB nporpamMmMHOro ooecneueHus NogAep>KKu MakeTa BXOIAT
— TPOrpamMMBbl IS 3arpy3KHu MporpaMm B MUKpoOBM,

— TaKeT MporpaMm [Js pa3pabOTKM  Ha s3bIKE accemobiiepa
MUKpoOBM



— TaKeT mporpamm Jyuist pa3padbotku Ha si3bike C.
B nporiecce BbINoHEHUS T1a00paTOPHON pabOThl HEOOXOIUMO:

U3YYUTh TEKCT JEMOHCTPALIMOHHOMN MPOrPaAMMBI;
U3YUYUTh almapaTHble pecypchl MHUKpO-OBM, 3a1elCTBOBAHHBIE B
IPOTPaAMME;
chopMyIMpoBaTh NPU3HAKK KOPPEKTHOM pPadOThl MPOrpaMMbl MpPH
JNEMOHCTPALUY;
OTKOMITUJIMPOBATH UCXOAHBIA TEKCT IPOTrPaMMBbl
CO3/1aTh UCIIOJTHUMBIN (hail;

1.5 IIporpamma ucciaeq0BaHUM

— 3arpy3uTh JIEMOHCTPAIIMOHHYIO TIpOrpaMMy JUIsl IIPOBEPKHU
paboTOCIIOCOOHOCTH W (PyHKIMOHAIBLHOCTU  cTeHpa. s
BBITIOJIHEHUST ATOrO0 JTama HEOOXOJUMO O3HAKOMHUTBCS C
ONMMCAHWEM TIporpamMmbl 3arpy3ku. OHa CyYIIECTBYeT B JBYX
BUJIAX:

o aaa J1OC
o s OC Windows

— Ilocne 3amycka 3arpy3ydka BBITIOJHHTH IIArd ISl aKTHBU3AIUU
BCTPOCHHOW MPOrPaMMBbI CBSI3U TIO MOCJIEI0BATEIFHOMY KaHATY C
COOTBETCTBUH C PUCYHKOM 2

- C IMIOMOIIBIO 3arpy3durKa, 1ocCJjiC¢ YCTAHOBJICHUA W ITOATBCPKIACHUA
CBA3U:

O 3arpy3uTbh UCHOJHUMBIN (aiia B MUKkpo-OBM;

O 3aIyCTHTh porpaMmy U yoenurcs B ee
paboOTOCIIOCOOHOCTH.



(A) SW1 & SW2 RELEASED (B) PUSH SW3 {C) PUSH SwW1

1 1 1
AN NN NN AR AN AR

SwWi SW3 SWi1 SW3 SW1 SW3
(RESET=0) (PSEN=1) (RESET=0) (PSEN=0) (RESET=1) (PSEN=0)
(D) RELEASE SWA1 {E) RELEASE SW1
Sw1 SW3 SWi1 SwW3
(RESET=0) {PSEN=0) {(RESET=0) (PSEN=1)

Pucynok 2 - Ilopsinok ympaBiieHHS NIEPEKIIIOYATEISIMU B MPOLIECCE
coeauHeHuss MUkpo-OBM u [I9BM

1.6 KoHTpoO/IbHBIE BONIPOCHI

- TMEpPEUYUCIUTh U OINHCATh COCTaB MepudepuitHoro oOOpPyIOBaHMUS,
HaXOJAIIErocsl Ha KpucTamie MUKpo-2BM

- IIEPEYUCIIUTh U OIMKUCATh OCHOBHBIE KOMIIOHEHTHI, YCTAHOBJICHHBIE HA
IIEeYaTHOU IIJIaTE MaKeTa

- KaKk OCYIIECTBUTh 3arpy3Ky IpOTrpaMMBbl, HAIMCAHHOM JJI1 JAHHOU
MUKpO-OBM, B ee mamsTh

- Kakue MporpaMMHBIE CpEICTBA HEOOXOAMMBI JIi HalUCaAHUS
nporpaMMbl Ha si3bIKE acceMOiepa Mukpo-OBM

- Kakue IpOorpaMMHbIC CpEJICTBA HEOOXOIUMBI IS MOJATOTOBKHU
3arpy>kKaeMoro mporpaMMHOIO Kojia 1 Mukpo-2BM



1.7 Conep:xxanue oT4yera

OT4eTr NOJKEH COAEPKATh:

— TUTYJIbHBIN JIUCT;

— IIeJb UCCJICIOBAHMM;

— CTPYKTYPHYIO CXEMY MaKETHOM YCTaHOBKH;

— TEKCT u OITMCaHNE JEMOHCTPAIMOHHOM IPOTrpaMMmBbl,
cojiep)KaTeIbHbIe KOMMEHTAPUH;

— CKPHUHIIOTHI OCHOBHBIX 3TAIOB 3arpy3KH MPOTrPaMMBbI;

— TIPOTOKOJ HUCCJIEIOBAHUSI paboTOCIIOCOOHOCTH
JEMOHCTPALMOHHOW IPOTPAMMBL.
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Ipunoxenue 1.1 McxoaHblil TEKCT 1eMOHCTPALMOHHOM MPOrpaMMBbl

; Author : ADI - Apps

i Date : 13 March 2003

i Filename : DemoCode.asm

i Hardware : ADuC8xx

i Description : Blinks LED continuously.

; Pressing Int0 slows LED toggle rate each time
; it is pressed.

$MOD52 ; Use 8052 predefined Symbols

;Definitions
LED1 EQU P3.3 ; P3.3 is LED on ADuC814 eval boards
LED2 EQU P3.4 ; P3.4 is LED on all other ADuC8xx eval boards
FLAG BIT 00H ; define Flag variable
CSEG ; Defines the following as a segment of code
ORG 0000H ; Load Code at 'OOH'

JMP MAIN ; Jump to MAIN

’

;INTO ISR (Interrupt Service Routine)

ORG 0003h ;
INC A ; Increment Acc
RETI ; Return from Interrupt
ORG 060h ; Start MAIN outside ISR space
MAIN: ; (main program)
SETB ITO ; INTO edge triggered
SETB EA ; enable interrupts
SETB EXO ; enable INTO
CLR FLAG ; Clear Bit defined as FLAG
MOV A,#01H ; Initialize A to 1
BLINK: CPL LED1 ; blink LEDI using compliment instruction
CPL LED2 ; blink LED2
CALL DELAY ; Jump to subroutine DELAY
JNB FLAG, BLINK ; If FLAG is still cleared the jump to Blink
DELAY
MOV RO, A ; Acc holds delay variable
DLYO: MOV R1,#01%9h ; Set up delay loopO
DLY1: MOV R2, #0FEh ; Set up delay loopl
DJNZ R2,$ ; Dec R2 & Jump here until R2 is 0
DJNZ R1,DLY1 ; Dec R1 & Jump DLY1l until R1 is O
DJNZ RO, DLYO ; Dec RO & Jump DLYO until RO is O
RET ; Return from subroutine

END
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2. IlporpaMMbl MHOT002aMTOBOM apu(pMeTUKHU 11 MUKPO-OBM
ADuC

2.1 Lean padoThI

[TonyyeHre MpakTUYECKUX HABBIKOB Pa3paOOTKH MPOrpamMM JjIsi MUKPO-
OBM Ha s13bIKe accemoiiepa.

2.2 MeroauyecKkue yKazaHus

COBMECTUMOCTh CUCTEMBI KOMaHJA M 0a30BOM apXUTEKTYphI sApa
MUKpO-OBM ¢ mmpoko wu3BecTHbIMM MHUKpO-ODBM cemeiicTBa intel
MSC-51 no3BossSIET UCMONAB30BaTh PA3IUYHBIE MAKEThl MPOTrPaMM IS
TpaHcsAuMu W otnagkd. CyliecTByeT JOCTaTOYHOE KOJIMYECTBO
JUTEPATYypPhl, TOCBAILIEHHONW 3TOMY BOMPOCY.

[Ipu HanMcaHuu IPOrpaMMBbI CJIEAYET YTOUHUTD Y IPENoaaBaTeIs:
- KOJINYECTBO OAWTOB B ONEpPaH/IaX;
- BBIMIOJIHAEMYIO apu(PMETUUECKYIO (DYHKITHUIO.

[To yMOTYaHHIO MPEATONAraeTCs CI0KEHUE IBOMYHBIX ONEPAHI0B
mmmHOM 3 Oaidta.  OmnepaHabl  PEKOMEHAYETCS  pacrojiaraTh
YHOPSIAOYEHHO B PETUCTPOBOU MaMmsaTH MUKpO-OBM, npenycmarpuas
BO3MOYKHOE YBEJINYEHUE PA3PSATHOCTH.

JlocTaTouHbIi 00BEM MaMSATH JAHHBIX TIO3BOJISIET BBIICIUTD
OTJENbHBIE OJIOKH JJIs1 XPaHEHHUsI KaXKJI0TO ONEpaH/Ia U pe3yJsIbTaTa.

JleMoHCTpaImoHHbIe PUMEPHI (OJIUH — ABA BapUaHTa Pa3IUYHBIX
OTIEPaHJIOB) JOJKHBI MPEIyCMAaTpUBATh CUTYAllMd MEXO0aHTOBOIrO
MEPEHOCA U MEPENOTHECHUE PA3PSATHON CETKU.

[Tpu BO3MOXKHOCTH, 11€J1€CO00pa3HO peann30BaTh UHTEP(EHCHYIO
4acTh MPOTPaMMBbI, TTO3BOJISIIONIYIO 33]1aBaTh OMEPaH/Ibl C KJIIABUATYPHI U
1ojlydyaTb pe3yiapTaT Ha JKpaHe MoHUTopa. C 3TOM 1ENblo
peKoMeHayeTcsa o0ecneunTh OOMEH AaHHBIMU MEXAYy MUKpo-OBM u
I[I9BM 1no mnocnenoBarensHoMy kaHainy. Ha I[I9BM npu stom
BO3MO>KHO UCII0JIb30BaHUE mo00M IpOrpaMMBbl oOMeHa,
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cymectBytonieii B pamkax OC (wmanpumep, ['uneprepmunan s
Windows).

B anbTepHaTUBHBIX, 00JI€€ MPOCTHIX BapUaHTaX, TOMYyCKAETCS:

- OIIEpaH/Ibl 3arpyKaThb BMECTE C MPOrPpaMMOM, a Pe3yJIbTAT BbIJaBaTh B
IOCJIe0BATCIbLHBIN KaHA,

- CUHUTBHIBATh COJAEPKUMOE O00JIACTEeH, XpaHALIMX pe3yJbTar, MOCHe
3amycKa MporpaMmal.

[IporpamMmbl JUisi acCEMOJIMPOBAHUS, CO3AHUSI UCIOJIHUMOTO KoAa U
poYre TIOCTYIHBI HAa cepBepe Kadeaphl.

2.3 IlopsAAOK BBINOJHEHUSA PA0OTHI

— Pazpaborath anropuT™m CIOKEHUSA(BBIYUTAHUS) MHOTOOANTOBBIX
qucen

— IIpopaboTaTh CTPYKTYpY XpaHEHUs JaHHBIX

— Hamwucats mporpaMmy Ha s3bIke acceMOJepa, pean3yrUlyro
aITOPUTM

— OTTpaHcIupoBaTh porpaMmy C MTOMOIITBIO KpOCC
(makpo)accemOepa ASEM uinu aHaIorM4HOTO

— Cozparb (haily ¢ HUCTIOJTHUMBIM KOJIOM MPOTrpaMMbl (Hampumep,
nporpammoi hextobin)

— 3arpy3uTh IporpaMMbl JIsi TPOBEPKH PpabOTOCHOCOOHOCTH H
(YHKIIMOHAIBHOCTH MaKeTa

— Ilocnme 3amycka 3arpy3dyuka BBINOJIHUTE IIArd Ui aKTUBH3aLMU
BCTPOCHHOM MPOTPaMMBbI CBSI3U IO MOCJIENOBATEIbHOMY KaHAIy B
COOTBETCTBUH C PUCYHKOM 2

— C momoIpo 3arpy34mKa, mocjie YCTAaHOBJICHHUS M ITOATBEPKICHUS
CBSI3U, HEOOXOIUMO:

— 3arpy3uTh UCHOJHUMBIN (paitn B Mukpo-OBM

— 3aIyCTUTh NPOrpaMMy U yOEIUTCs B €e pab0TOCIIOCOOHOCTH.
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2.4 KoHTpOJIbHBIE BONPOCHI

— Kak OCYILECTBUTH 3arpy3Ky MPOrpaMMBbl, HAITMCAHHOW ISl TAaHHOM
MUKpO-OBM, B ee mamsATh

— KaKue MpOrpaMMHBIE CpEICTBA HEOOXOAMMBI JUIsl HAMUCaHUs
nporpaMMbl Ha si3bIKE acceMOiepa Mukpo-OBM

— Kakhe MpOorpaMMHBIE CpEJCTBA HEOOXOAUMBI JJIA TOJATOTOBKHU
3arpy>KaeMoro mporpaMMHOIO Kojia it MUukpo-2BM

— KaK OCYIIECTBUTH CJIOKEHHE orepanioB B popmare BCD

— KakWe BHUJbl aJpecalliy IO3BOJSIOT PEAU30BaTh CIIOKECHUE
OTIEPaHJIOB B ITUKJIC.

2.5 Coaepxxkanue oryera

Otuer 0 1abopaTOpHOI paboOTEe JOJKEH COACPKATh:
— TUTYJIbHBIN JIUCT;
— IIeJb UCCJICIOBAHMM;
— CTPYKTYPHYIO CXEMY MAKETHON YCTaHOBKH;
— TEKCT U OIKMCaHue MPOrpaMMBbl, COAEPKATEIbHbIE KOMMEHTAPUH;
— CKPHHIIOTHI OCHOBHBIX 3TAIlOB BBIMOJHEHUS MPOrPAMMBbI;

— TIPOTOKOJ HUCCJIEIOBAHUSI paboTOCIIOCOOHOCTH
JEMOHCTPALMOHHOW IPOTPAMMBL.
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3 Ynpasiaenue taiimepamu Mmukpo-IBM ADuC 841

3.1 Leab padoTsI

[TonyyeHrne mNpPaKTUYECKUX HABBIKOB YIPABJICHUS TalMepaMu-
CYeTYMKaMH MHUKpo-OBM 1ipum HamucaHuM mporpaMm Ha S3bIKE
accemouiepa.

3.2 MeroauvecKue yKazaHus

Mukpo-OBM coaepxut kak craHgaptasie s sgpa MCS-51
Ttaimepsl cuetuukud 0/1/2, Tak W JOMOJHUTEIBHBIC CpPEACTBA
TaiiMupoBaHus [1].

B nmaboparopHoii paboTe qomycKaeTcsi BbIOpaTh JIF0OOM U3 CTaHIaPTHBIX
TaltMEpOB JIJIsl UCCIICIOBAHUSI.

Texkct  TEMOHCTPAallMOHHOW  MporpaMmbl It (DOPMHUPOBAHUS
JUTUTEINBHBIX BPEMEHHBIX MHTEPBAJIIOB IPUBENICH B ITPUJIOKEHNHA 3. 1.

[Ipu ynpaBiaenun TtaiimepoM 0 HEOOXOAMMO O3HAKOMHUTHCA C €O
CTPYKTYpoOi (pucyHOK 4) u (hopMaTaMu yIpaBJISIFOIIUX CJIOB [ 1]

13-0uTOBBIN TaliMep/CUETUUK:

CORE

LK ™ +12
CiT=0
INTERRUFT

- TI0 | THO
e—— T girs) | pETy | TR0 ——

CiT=1
PR4TO

TRO

CONTROL

GATE
PA.2INTD

Figure 45. Timer/Counter 0, Mode 0

Pucynok 4 - KommyTanusi curHayioB taiimepa/cuerunka 0 B pexxume 0
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16-0uTOBBIN TaliMep/CUETUUK:

CORE

oLk ™ +12
CiT=0
INTERRUFT

i TLd THII
T O BITS) | e BITH | TR0

CiT=1
P34TO

TRO

CONTROL

GATE
P3.2NTH

Figure 46. Timer/Counter 0, Mode 1

Pucynok 5 - KoMmmyranusi curHaioB taiimepa/cuetunka (0 B pexxume 1

8-OMTOBBII TaiMEP-CUETUHK C aBTO3ArPY3KOM:

come || 1,
_1 oT=0
Lo INTERRLUPT
e S S , \ | TFO —
8 BITS)
CiT=1
P3.4TO
CONTROL -
TRO
RELOAD
GATE THO
P3.21TH (8BITS)

Figure 47. Timer/Countar 0, Mode 2

Pucynok 6 - KoMmMmyTanusi curHajioB taiimepa/cuetunka 0 B pexxume 2

JIBa pa3znenbHbIX 16-OMTOBBIX TaliMepa/CUETUHKA:
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CORE

. CORE
oLk [ +12

INTERRUPT

. | &Th -'B-I;BLI'ID'S'- | | TR —

CONTROL

GATE
PR.ZINTO

CORE T INTERRUPT
ﬁ.:-"'-‘- B
CLKAZ il (8 BITS) ™ —

TR1

Figure 48. Timer/Counter 0, Mode 3

Pucynok 7 - KoMmmyTanusi curHayioB taiimepa/cueruuka (0 B pexxume 3.

[Ipy1 BO3MOXKHOCTH, LIETECOO0PA3HO peain30BaTh UHTEPHEHCHYIO
4acTh MPOrPaMMbl, MO3BOJSIONIYIO 3aJaBaTh NapaMeTpbl paboThl ¢
KJIABUATypbl M TIOJIy4aTh pPe3yJbTaT Ha 3KpaHe MoHurtopa. C 3Toil
LENbI0 PEKOMEHYETCA 00eCleYUTh OOMEH JAaHHBIMH MEXK]Y MHUKpPO-
OBM wu [I9BM 1no nocnenoarensHoMy kanany. Ha [I9BM npu stom
BO3MOYKHO HCIIOJIb30BAHUE o000 MIPOTPaMMBbl oOMeHa,
cymectBytonieii B pamkax OC (wmanpumep, ['uneprepmunan ajis
Windows).

B anbrepHaTUBHBIX, 00JIE€ MPOCTOM BapUAHTAX, AOMYCKAETCH:

- IIapaMeTphbl 3arpyKaTh BMECTE C MIPOrPaMMON, a PE3YyJIbTAT BbIIABATH
B OCJIEI0BATEIbHBINA KaHA,

- CUHUTBHIBATh COJAEPKUMOE O00JIACTEeH, XpaHALIMX pe3yJbTar, IOCHe
3amycKa MporpaMmal.

[IporpamMmbl JUisi acCEMOJIMPOBAHUS, CO3IAHUSI UCIOJIHUMOTO KoAa U
pOYrE TIOCTYIHBI HAa cepBepe Kadeaphl.

3.3 IlopsiaoK BBINIOJIHEHUS PadoT
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— PazpaboTtath ajJirOpuT™M MHpOrpaMMbl, MUCIIOIB3YIOIIEH yKa3aHHBIN
Taiimep Uil PopMUPOBAHMS 3aJaHHOIO BPEMEHHOTO HHTEpBaJa.
I[Ipy HaxkaTMM KHONKM HA MAKETE JIOJDKHO MPOUCXOAUTH
YABOCHUE, YUYETBEPEHUE U BO3BPAT K HCXOJAHOW BEIIMYUHE
3aJEPKKHU.

— MByunth (opmaThl YNpaBiISIONIUX PETUCTPOB IS YKa3aHHOTO
TanMepa.

— Hamwucars mporpaMmy Ha s3bIK€ acceMOiepa, pean3yIoNIylo
aJIrOPUTM.

— OTtTpaHcIupoBaTh porpaMmy C MTOMOIIIBIO KpOcCC
(makpo)accemOepa ASEM uiu aHalOrM4HOrO.

— Cozparb (hails ¢ UCTIOJTHUMBIM KOJIOM MPOTrpaMMbl (Hampumep,
nporpammoi hextobin)

— 3arpy3uTh IporpaMMbl JIsi TMPOBEPKH pabOTOCIOCOOHOCTH H
(YHKIIMOHAIBHOCTH MaKeTa.

— Ilocne 3amycka 3arpy3duuka BBINIOJHUATE IIATH Ui AKTUBU3AIUU
BCTPOEHHOW MPOTrPaMMBbl CBS3H IO MOCJIEA0BATCIILHOMY KaHay:

— C moMoIIpI0 3arpy3unKa, IMocjie YCTAHOBIICHUSI M TIOITBEPIKICHHSI
CBSI3U, HEOOXOIUMO:

O 3arpy3uTbh UCHOJHUMBIN (aiia B MUkpo-OBM;
O 3aIlyCTUTH porpamMmy 17| yoenurcs B ee
paboOTOCIIOCOOHOCTH.

3.4 KoHTpOJIbHBIE BOIIPOCHI

- TMEpPEYUCIUTh W OXapaKTEPU30BATh CTAHAAPTHBIE BO3MOXKHOCTH
tarimupoBanuss MCS-51

- NEPEYUCTUTh U OXAPAKTEPU30BATH JIOMOJHUTEIBHBIE BO3MOXKHOCTU
tarimupoBannst ADuC

- KaKue T&ﬁMGpBI-C‘I@T‘IPIKPI MOT'YyT HUCIIOJIb30BATHCA JISI TAKTUPOBAHUSA
BCTPOCHHOI'O ACMHXPOHHOI'O KaHaJla

- KaK [1oJaThb BHEIIHUM CUTHAJ Ha BXObI TaﬁMepOB/ CUCTUYHUKOB
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3.5 Conepxxanue oTyera

Otuer 0 1abopaTOpHOI pabOTE JOJKEH CONCPKATh:
- TUTYJIbHBIN JIUCT;
- LICJIb UCCJICIOBAHUIM;
- CTPYKTYPHYIO CXEMY MAaKE€THOW YCTaHOBKH;
- TEKCT U OMKMCAHUE MPOrpaMMBbl, COJIEPKATEIbHbIE KOMMEHTAPUU;
- CKPHHIIIOTHI OCHOBHBIX ATAIOB BBHINIOJIHEHUS TPOTPAMMBbI;
- MOPOTOKOJ HCCIEAOBAaHUS PabOTOCIIOCOOHOCTH JAEMOHCTPALIMOHHOM
IPOTPaMMBI.
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[Ipunoxenue 3.1. JlemoHcTpalnioHHas IporpaMMma yIpaBJiieHUs JOTIOJHUTEIbHBIM CPEICTBOM
TalMUPOBAHMSL.

;************

; Author

; Date

; File

; Hardware

; Description

;************

$MOD831

LED EQU
BUTTON EQU

hh Ak Ak kA kA rhkhkh kA rhkhkhhkhhkhkrhkhkhkhkdArhkhkhkhkkhkhkdkrkhkhkhkhkrhkkhkhkhkkhkhkxx*k

ADI - Apps www.analog.com/MicroConverter
May 2002
TIC.asm
ADuC831

Demonstrates a use of a timer interval counter for
counting longer intervals than the standard 8052
timers are capable of.

The LED will, on power up, flash at 6.4Hz. By pressing
the external interrupt button INTO the counter will
count how long the button is pressed correct to
1/128th of a second. When released the program will
flash the light at the measured time correct only to
the nearest unit (1/128s, seconds, minutes or hours)
rounded DOWN.

eg) If the button was pressed for 0.91000s the light
would complement every 0.90625s (less than 1 second
therefore it measures in 1/128s and the nearest unit
less than 0.91000s is 0.90625s). However if the light
was on for 1.6s it complements every ls as the nearest
unit is now the second.

Pressing the INTO button again will record a new

time interval which will flash the light in the same
way.

KA KA KA KR AR AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR AR AR AR AR AR Ak, , K
; Use 8052&ADuC831 predefined symbols
P3.4 ; P3.4 drives red LED on eval board

P3.2 ; P3.2 drives the INTO button on the
; eval board

; BEGINNING OF CODE

CSEG
ORG 0000h
JMP MAIN ; Jump to main program
; ; EXTERNAL INTERRUPT VECTOR SPACE
ORG 0003h ; (INTO ISR)
CLR LED ; Turn ON the LED while the INTO

; reset all c
ANL

; 1s pressed

ounters and then start counting
TIMECON, #0OFEh ; Clear the TCEN bits to clear the

; registers;
;  —Hthsec
;  -—sec
;  -min
;  —hour.
; and to clears the internal counter



’

LOOP: SETB LED ; Turn off LED to indicate that the
; button is released.
MOV A, HOUR
CJNE A, #00H, HOURS ; Check if any hrs have been counted
; If so jump to HOURS
MOV A, MIN
CJNE A, #00H, MINS; Check if any mins have been counted
; If so jump to MINS
MOV A, SEC
CJINE A, #00H, SECS; Check if any secs have been counted
; If so jump to SECS
HUNTHS : MOV INTVAL, HTHSEC ;load the value of HTHSEC into INTVAL
MOV TIMECON, #00h ; clear TCEN to reset the registers
MOV TIMECON, #03H ; change TIMECON to measure in 1/128s
; reset TIEN
RETT
SECS: MOV INTVAL, SEC ; load the value of SEC into INTVAL
MOV TIMECON, #00h ; clear TCEN to reset the registers
MOV TIMECON, #13H; change TIMECON to measure in secs
RETT
MINS: MOV INTVAL, MIN ; load the value of MIN into INTVAL
MOV TIMECON, #00h ; clear TCEN to reset the registers
MOV TIMECON, #23H; change TIMECON to measure in mins
RETT
HOURS: MOV INTVAL, HOUR ; load the value of HOUR onto INTVAL
MOV TIMECON, #00h ; clear TCEN to reset the registers
MOV TIMECON, #33H; change TIMECON to measure in hours
RETI
; TII INTERRUPT VECTOR SPACE
ORG 0053h
CPL LED ; Complement the LED every time the
; measured time runs up.
RETT
ORG 0060h
MATIN:

’

ORL

JNB

ANL

after button

TIMECON, #0lh ;

BUTTON, $

TIMECON, #0FDh ;
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Set the TCEN bit to restart counting

; Wait here while button is pressed

; counter

Clear the TIEN bit to stop the

is released we can store the value in intval

Configure Time Interval Counter

MOV

MOV

TIMECON, #03h

’

INTVAL, #0Ah

; initialise timecon to count in 1/128s
; —set TCEN to enable the time clock
; —-set TIEN to enable the TIC

; —-clear STI

to allow automatic relaod

;  of interval timeout
-clear TFH to disable 24 hr counting

; initialise

to blink LED every 10 units

; the units are 1/128s
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; Configure External Interrupt

SETB ITO ; INTO edge triggered

SETB EXO0 ; enable INTO (button on eval board)
MOV IEIP2, #04H ; enable time interval interrupt

SETB EA ; enable global interrupts
JMP $ ; wait here for interrupts

; main program can be inserted here

END
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4 Padora c EEPROM mukpo-9BM ADuC

4.1 Leanb padoThHI

[TonyyeHre MpakKTUYECKUX HABBIKOB 3aMUCH/CUUTHIBAHUSA JTAHHBIX
BO BHYTPEHHIOIO DJHEPTOHE3aBUCHUMYKO0 MaMsATh MUKPO-OBM mnpu
HAIIMCaHUU NPOrPaMM Ha A3bIKE accemoJiepa.

4.2 Meroau4ecKkue yKa3aHus

B COCTAaB MoJieJiei MUKpo-OBM ADuC BXOJIUT
SHEPrOHE3aBUCUMAS aMATh, JOITYCKarOIIast MHOTOKPAaTHOE
NepenporpaMMHUPOBAHUE JAHHBIX MPOrPaMMOM, BBINOJHSIONICHCS Ha
MUKpO-OBM.

Bpemsi coxpaHeHHs] JaHHBIX 3asBJISIETCS H3TOTOBUTEIEM JOCTATOUYHO
OOJBIINM (CM. PUCYHK HUKE):

ang

250 \

200
\ ADI SPECIFICATION

100 YEARS MIN.
AT T, =557C

150 /
\{ﬁ
™

RETEMTIOMN — Years

100

e

Hx"""-u..._

i N

40 1] =] 70 a0 ] 100 110
T,JUNCTION TEMPERATURE - "C

Figure 18. Flash/EE Memory Data Retention

Pucynok 8 - Bpems Xxpanenuss wuH(OpManuM BO BHYTPEHHEH
POrPaMMUPYEMON SHEPTOHE3ABUCUMON TTAMSTH.
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bonee moapoOHbIe JaHHBIE O PEKUMAaX 3aIMCH/CUNTHIBAHMS TTPUBEICHBI
B[1].
B naGopatopHoii paboTe mporeaypbl 3aHECEHUsSI/CUYUTHIBAHUS

JAHHBIX HCCIENYyeTCsl B paMKax JAEMOHCTPAIIMOHHON IPOTrpamMMbl
(ITpunoxenue 4.1)

[Ipy1 BO3MOXKHOCTH, LIETECOO0PA3HO pean30BaTh UHTEPHEHCHYIO
4acTh MPOrPAMMBbI, MO3BOJSIONIYIO 3aJaBaTh MHapamMeTpbl pabOThl C
KJIABUATypbl M TIOJIy4aTh pPe3yJbTaT Ha 3KpaHe MoHutopa. C 3Toil
LENbI0 PEKOMEHAYETCA 00eCIeYUTh OOMEH JAaHHBIMH MEXKIY MHKpPO-
OBM wu [I9BM 1o nocnenoarensHoMy kanany. Ha [I9BM npu sTom
BO3MOYKHO HCIIOJIb30BAHUE o000 MIPOTPaMMBbl oOMeHa,
cymectBytonieii B pamkax OC (wmanpumep, ['uneprepmunan ajis
Windows).

B anbrepHaTUBHBIX, 00JIE€ MPOCTOM BapUAHTAX, JOMYCKACTCH:

- IIapaMeTphbl 3arpykKaTh BMECTE C MIPOrPaMMON, a PE3yJIbTAT BbIIABATH
B OCJIEI0BATEIbHBINA KaHA,

- CUHUTBHIBATh COJAEPKUMOE O00JIACTEeH, XpaHALIMX pe3yJbTar, IOCHe
3amycKa MporpaMmal.

[IporpamMmbl JUisi acCEMOJIMPOBAHUS, CO3IAHUSI UCIOJIHUMOTO KoAa U
poYre TIOCTYIHBI HAa cepBepe Kadeaphl.

3. llopsinok BHINOJIHEHHUS Pa0dOT

— HByIII/ITB MCTOJUKY  3allUCH W  CUUTBIBAHUA  AJAHHBIX B
9HCPIOHC3aBUCUMYIO IIAMSTD.

— HMBy4uTh 1EMOHCTPAIMOHHYIO IPOTpaMMy Ha SI3bIKE accemouiepa.

— OTtTpaHcIupoBaTh porpaMmy C MTOMOIITBIO KpOCC
(makpo)accemOepa ASEM uinu aHalOrM4HOrO.

— Cozparb (hails1 ¢ HUCTIOJTHUMBIM KOJIOM MPOTrpaMMbl (Hampumep,
nporpammoi hextobin)

— 3arpy3uTh IporpaMMbl JIsi TMPOBEPKH pabOTOCIOCOOHOCTH H
(G YHKIIMOHAIBHOCTH MaKeTa.
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— Ilocne 3amycka 3arpy3duuka BBINIOJHUATE IIATH Ui AKTUBU3AIUU
BCTPOEHHOW MPOTrPaMMBbI CBS3H IO MOCJIEA0BATCIILHOMY KaHay:

— C moMoIIpI0 3arpy3unKa, Iocjie YCTAHOBIICHUSI M TIOITBEPIKICHUS
CBSI3U, HEOOXOIUMO:

O 3arpy3uTbhb UCHOJHUMBIN (aiia B MUkpo-OBM;

O 3aIyCTHTh porpaMmy U yoenuThes B ee
paboOTOCIIOCOOHOCTH.

4.4 KoHTpOJIbHBIE BONIPOCHI

- KaKOB 00bEM DHEPrOHE3aBHCUMOM IMaMATH JJIS PA3IUIHBIX MoJeleh
ADuC

- BO3MOXXHO JIM 3aHOCHUTh JIaHHBIE JI0 3aIlyCKa MporpaMM Ha MHUKpPO-
OBM

- KaKoBa CKOPOCTH 3aMMCH/CUMTHIBAHUS JTAHHBIX TS
AHEPrOHE3aBUCUMOM MMaMATH

- BO3MOYKHO JI1 TOOANTOBOE M3MEHEHHE JAaHHBIX B YHEPTOHE3aBUCHUMOM
aMATH

4.5 Conepxanue oT4era

Otuer 0 1abopaTOpHOI paboOTEe JOJKEH CONCPKATh:
- TUTYJIbHBIN JIUCT;
- 1ICJIb UCCJICJOBAHUIM;
- CTPYKTYPHYIO CXEMY MAaKE€THOW YCTaHOBKH;
- TEKCT U OMKMCAHUE MPOrpaMMBbl, COJIEPKATEIbHbIE KOMMEHTAPUU;
- CKPHHIIIOTHI OCHOBHBIX ATAIOB BBITIOJIHEHUS TIPOTPAMMBbI;
- MOPOTOKOJ HCCIEAOBAaHUS PabOTOCIIOCOOHOCTH JAEMOHCTPALIMOHHOM
POTPAMMBI.
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IIpunoxenue 4.1 J[eMOHCTPALMOHHAS MPOrPaMMa yIIPaBJICHUS
JHEProOHEe3aBMCHUMOM NAMSATHIO.

,-********************************************************************

’

; Author : ADI - Apps www.analog.com/MicroConverter
; Date : May 2002

; File : dataflsh.asm

; Hardware : ADuC831

; Description : Demonstrates use of the on-chip read/write 4096 byte
; FlashEE data memory space. Stores a sequence of

; button presses (INTO button on eval board) in data
; FlashEE space. Replays sequence on LED when board
; is reset or power cycled.

; The ADuC831 stores the play sequece in data flash

; until another is recorded with a new set of button
; presses. To record a new sequence, just wait until
; the current one finishes playing (LED is off) and

; enter new sequence via button (INTO).

,-********************************************************************

$SMOD831 ; Use 8052&ADuC831 predefined symbols
LED EQU P3.4 ; P3.4 drives red LED on eval board
BUTTON EQU P3.2 ; button on eval board drives P3.2
PREVIOUS EQU FO ; flag to hold previous button value
READ EQU 0l1lh ; FlashEE command: 'read page'

WRITE EQU 02h ; FlashEE command: 'write page'
VERIFY EQU 04h ; FlashEE command: 'verify page'
ERASE EQU 05h ; FlashEE command: 'erase page'
ERASEALL EQU 06h ; FlashEE command: 'erase all'

; BEGINNING OF CODE

CSEG
ORG 0000h
MAIN:
SETB LED ; turn LED off
MOV EADRH, #0 ; set data FlashEE address to page 0
MOV EADRL, #0

; READ FLASH/EE DATA and indicate values via LED on and off times...

READFLASH:
MOV ECON, #READ ; read current 4byte page of FlashEE
; into EDATA1l,2,3,4
MOV A,EDATA4
CJINE A, #1,RECORD ; if EDATA4 is 1, then page contains
; a valid play sequence
; => Play this sequence
; otherwise jump to record mode
PLAYBACK:
CALL BLINK ; flash LED for period determined
; by FlashEE data just read
MOV A, EADRL

CJINE A, #0FFh, INCPAGELl ; if low address is FFh then increment high address
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INC EADRH
INCPAGEL:
INC EADRL ; increment to next FlashEE page addr
MOV A, EADRH
CJINE A, #04h,READFLASH

; if address is less than 160 then jump
; to read the next page
; when PLAYBACK is finished jump to RECORD mode

SETB LED
JB BUTTON, $ ; wait for first button press

; once button is pressed, erase dataflash

MOV ECON, #ERASEALL ; clear all data FlashEE memory
MOV EADRH, #0
MOV EADRL, #0

; record time of button press

RECORD NEXT TIME:

CALL RECORDTIME
MOV EDATA1l,DPL ; place DPTR in EDATAL, 2,3
MOV EDATAZ2, DPH
MOV EDATA3, DPP
MOV EDATA4, #1 ; put 1 in EDATA4 as identifier
MOV ECON, #WRITE ; write EDATAl-4 into pre-erased
; page of FlashEE data memory
MOV ECON, #VERIFY ; verify current page is same as
MOV A, ECON ; EDATA1-4. 1If same, ECON=0.
JINZ RECORD ; if verify fails, jump to RECORD
MOV A, EADRL
CJINE A, #0FFh, INCPAGE2 ; if low address is FFh then increment high address
INC EADRH
INCPAGE2:
INC EADRL ; increment to next FlashEE page addr
MOV A, EADRH
CJNE A, #04h, RECORD NEXT TIME

; record first 160 button presses only

; when flash/EE data space is full turn off LED and wait
; for a power cycle

SETB LED

JMP S

; FUNCTIONS

; SUBROUTINES
BLINK:
; Turn LED ON/OFF based on the time in EDATA3/2/1
CPL LED
CLR A
MOV DPL, A
MOV DPH, A ; clear DPTR
MOV DPP, A

INC EDATAL ; EDATAl1l -> EDATA3 should be
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INC EDATAZ2 ; incremented for the below to work
INC EDATA3

BLINKLOOP:
; the record loop takes 6 instruction cycles hence 4 NOPs are

; required to make the Playback loop 6 instruction cycles also.

; NOTE: the main Playback loop will jump to BLINKLOOP after

; decrementing EDATAl and hence the time required to decrement

; EDATA2 (approx 1/256 time of main loop) and EDATA3 are ignored.

NOP ;01
NOP i1
NOP ;01
NOP ;01
DJNZz EDATA1l, BLINKLOOP H
DJNZ EDATA2, BLINKLOOP ; EDATAl overflows back to FFh
DJNZ EDATA3, BLINKLOOP ; EDATA2 overflows back to FFh
RET
RECORDTIME :
; Record how long button is pressed for and store in EDATA3/2/1
CLR A
MOV DPL, A
MOV DPH, A ; clear DPTR
MOV DPP, A
CPL LED

; measure how long the button is either pressed or released
; for. If the button is pressed then the LED is on. If the
; button is released then the LED is off.

RECORDLOOP:
INC DPTR ; incrementing DPTR.. ; 2
JNB LED, CT ;2
JMP CHKB
CT: JNB BUTTON, RECORDLOOP ; 2
; keep recording while button is pressed
RET
CHKB: JB BUTTON, RECORDLOOP ; 2
; keep recording while button is released
RET

; DPP,DPH,DPL now holds a number that represents the length of
; time between button edges. this data will be stored in FlashEE
space for use in controlling LED on and off times in "play" mode.

’

END



29

5 Ynpasaenue ALl muxkpo-9BM ADuC

5.1 Leab padoTsI

[lonyyeHrne MNPaKTUYECKUX HABBIKOB OLU(PPOBKM JAHHBIX C
OMOUIBI0 BCTPOEHHOI'O aHAJIOrO-LIU(PPOBOro MpeoOpa3oBaTeENsl MUKPO-
OBM 1npu HanMcaHuy OporpamMM Ha si3bIKe acceMOJepa.

5.2 MeToguvecKue yKa3aHus

Bcerpoennniit 12-6utoBbiii ALl uMeer 8 kaHalloB 1Jis BBOJA
TaHHBIX. B nmabopaTopHOM MakeTe 4YacTh KaHaJloB OydepupoBaHa
kackagamu Ha OY, 1 UMEHHO 3TH KaHaJbl OyAyT UCIIOIb30BATHCS.

[lepenaTounas XxapakTEpUCTUKA MPUBEICHA HA PUCYHKE 9.

QUTPUT
CODE 4

1.1 ¢
111110 ¢
11100 ¢
111.100 ¢

:

00000 : i
ov 1LSE

VOLTAGE INPUT Hien
Figure 7. ADC Transfer Function
Pucynok 9 — xapakrepuctuka npeoodpazoBanust AL

dopmar TAHHBIX nocye oL(pPOBKH JEMOHCTPUPYETCS
HUKECIIETYIOIIIUM PUCYHKOM.



30

at - ot T B ADCDATAH SFR
CH—ID_/ \_HIIEH#BITS oF
TOP 4BITS ADT RESULT WORD
= T B ADCDATAL SFR
L LOW & BITS OF THE

ADC RESULT WORD

Figure 8. ADC Result Format

Pucynok 10 — ®opmar manubeix AL

Pekomenayemas cxema OygepupoBaHus npuBeieHa Ha pucyHke 11.

ADuCEM

!

Figure 10. Buffering Analog Inputs

Pucynok 11- bydepupoBanue AT

bonee nmoapobubie ganubie 0 padote ALl nmpuBenens B [1].

B nmabGopatopHoii paboTre mnpoueaypbl OUU(PPOBKUA JTaHHBIX

HCCIIETyeTCs B paMKax JEeMOHCTpallmoHHOM nporpammsbl (IIpunoxenue
5.1))

[Ipy1 BO3MOXKHOCTH, LIETECOO0PA3HO peain30BaTh UHTEPHEHCHYIO
4acTh MPOrPaMMbl, MO3BOJSIONIYIO 3aJaBaTh MapamMeTpbl pabOThl C
KJIABUATypbl M TIOJIy4aTh pe3yJbTaT Ha 3KpaHe MoHutopa. C 3Toi
LENbI0 PEKOMEHIYETCAd 00eCIeYUTh OOMEH JAaHHBIMH MEXIY MHKpPO-
OBM wu [I9BM 1no nocnenoarensHoMy kanany. Ha [I9BM npu stom
BO3MOYKHO HCIIOJIb30BAHUE o000 MIPOTPaMMBbl oOMeHa,
cymectBytonieii B pamkax OC (wmanpumep, ['uneprepmunan mis
Windows).
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B anpTepHaTHBHBIX, BApUAHTAX, TOMMYCKAETCS:

- IIapaMeTphbl 3arpy’kaTh BMECTE C IMIPOrPaMMON, a PE3yJIbTAT BbIIABATH
B MOCJIEI0BATEIbHBINA KaHA,

- CUHUTBHIBATh COJAEPKUMOE O00JIaCTEeH, XpaHALIMX pe3yJbTar, IOCHe
3amycKa MporpaMmal.

[IporpamMmbl 11 acceMOJMPOBAHUSA, CO3JaHUS HMCIOJHHMOTO
JIOCTYIHBI Ha cepBepe Kadeaphl.

5.3 IlopsAOK BBINOJIHEHUA PadOT

1. U3yunth npuHimnel GyHKIHMOHUPOBAHUS BCTpoeHHOro B ADuC
ALII u popmat ynpaBIstOIIUX PETUCTPOB.

2. By4nTh 1EMOHCTPAIIMOHHYIO IPOTrpaMMy Ha SI3bIKE accemosepa.

3. OTTpancanpoBaTh [porpammy Cc ITOMOIIBIO KpOocCC
(makpo)accembiepa ASEM unu aHaJIOru4HOTO.

4. Cozparb (bails ¢ HUCTIOJTHUMBIM KOJIOM MPOTrpaMMbl (Hampumep,
nporpammoi hextobin)

5. 3arpy3uTh IporpaMMbl JJIsi MPOBEPKU pPabOTOCIIOCOOHOCTH U
(YHKIIMOHAIBHOCTH MaKeTa.

6. [locie 3amycka 3arpy3driKka BBINOJHUTE IIArd ISl aKTUBU3ALUU
BCTPOEHHOW MPOTrpamMMBbl CBA3HU MO MOCIEA0BATEILHOMY KaHATy

C moMormipl0 3arpy3uvka, IOCJe YCTAaHOBJICHHS M TIOJITBEPKICHUS
CBSI3U, HEOOXOIUMO:

7. 3arpy3UTh UCIIOIHUMBIN (hailsl B MUKpO-OBM;

8. 3aIyCTUTh MIPOTPAMMY U YOSIUTHCS B €€ PaOOTOCTIOCOOHOCTH.

5.4 KoHTpoJIbHBIE BONIPOCHI

— JUIsl 4ero HeoOxoauMo OydepupoBaHue BXOJIHBIX CUTHAJIOB?

— KaKOBa MAaKCHUMAaJIbHAsI CKOPOCTh OLIU(PPOBKU JTAHHBIX ?
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— HY)XHO JIM TIPUOCTAaHaBIMBaThL pPabOTy MOporpaMmbl  MOpHU
BKiroueHuu AILIT?

5.5 Conepxanue oTyera

— Ortuer 0 1a60paTOpHOM padOTE JOKEH COACPIKATH:

— TUTYJIbHBIN JIUCT;

— IIeJb UCCJICIOBAHMM;

— CTPYKTYPHYIO CXEMY MAKETHON YCTaHOBKH;

— TEKCT U OINKCaHue MPOrpaMMBbl, COAEPKATEIbHbIE KOMMEHTAPUH;
— CKPHUHIIOTHI OCHOBHBIX 3TAIlOB BBIMOJHEHUS MPOTrPAMMBbI;

— TIPOTOKOJ  HCCJEAOBaHUS  PabOTOCIIOCOOHOCTH  JIEMOHCTpa-
LUOHHOM MPOTrPaAMMBI.
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IIpunoxkenue 5.1 /leMoHcTpannoHHas nporpamma ynpasiaenus ALITT

,-********************************************************************

’

; Author ADI - Apps www.analog.com/MicroConverter
; Date 31 Jan 2002

; File ADCcont.asm

; Hardware ADuC831

; Description Performs ADC conversions in continuous mode at a

; rate of 81.31KSPS (assuming an 11.0592MHz Mclk) .
; Outputs ADC results on PO & P2. Continuously

: flashes LED (independently of ADC routine) at

; approximately 5Hz.

; All rate calculations assume an 11.0592MHz Mclk.

,-********************************************************************

$SMOD831 ; Use 8052&ADuC831 predefined symbols
LED EQU P3.4 ; P3.4 drives red LED on eval board
CHAN EQU 0 ; convert this ADC input channel..
; BEGINNING OF CODE
CSEG
ORG 0000h
JMP MAIN ; Jump to main program
; INTERRUPT VECTOR SPACE
ORG 0033H ; (ADC ISR)
MOV PO, ADCDATAL ; ADC result low byte to Port0
MOV P2,ADCDATAH ; high nibble and channel ID to Port2
RETI
; MAIN PROGRAM
ORG 004Bh
MAIN:
; PRECONFIGURE...
MOV ADCCON1, #0BOh ; power up ADC, 12.3us conv+tacq time
MOV ADCCON2, #CHAN ; select channel to convert

; LAUNCH CONTINUOUS CONVERSIONS...

SETB EA enable interrupts
SETB EADC ; enable ADC interrupt
SETB CCONV ; begin continuous conversions

; CONTINUE WITH

OTHER CODE...

AGAIN: CPL LED ; blink (complement) the LED
CALL DELAY ; delay 100ms
JMP AGAIN ; repeat

; the micro is free to continue

with other tasks

(flashing the LED in
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while the ADC is continuously converting, and results
; are being handled by the ADC interrupt service routine.

DELAY:

DLY1:

MOV
MOV
DJINZ
DJINZ
RET

R7, #200
R6, #229
R6, S

R7,DLY1

; SUBROUTINE
delay 100ms

200 * 500us = 100ms

229 * 2.17us = 500us

sit here for 500us

repeat 200 times (100ms total)

END
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6 Yupasaenue LIAII mukpo-9BM ADuC

6.1 Lleab pabdoThI

[TonyyeHre mNpPaKTUYECKUX HABBIKOB (DOPMUPOBAHUSA AHAIOTOBOTO
CUTHajia C IIOMOILBIO BCTPOEHHOI'O M (ppo-aHaIOroBOro
npeoOpasoBatenss MUKpo-OBM mpu HanmumcaHuM NporpaMm Ha SI3bIKE
accemouiepa.

6.2 Meronuyeckue yKazaHus

Bcerpoennniit 12-outoBbiii ALl umeer 8 kaHalloB 1Jii BBOJA
TaHHBIX. B nabopaTopHOM MakeTe 4YacTh KaHalloB OydepupoBaHa
kackagamu Ha OY, 1 UMEHHO 3TH KaHaJbl OyAyT UCIIOIb30BaTHCS.

[lepenatouHas xapakTepUCTUKA NIPUBEICHA HA PUCYHKE 12.

Yoo
VE.E.—EC'ITI"J—
vl:'l:l =100mY =

ioomy —

E0mV -

Fl
omv ‘1'?

OooH FFFH

Figure 22. Endpoint Nonlinearities Due to Amplifier
Saturation

Pucynok 12 — Ilepenarounasi xapakTepucTUKa BCTPOEHHOTO YCUIIUTENS

Pekomenayemasi cxema OygepupoBaHus puBeIeHa Ha pUcyHKe 13.
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|
T\J

) DACO

ADuCe3

Y DACT

|
f\d

Figure 25. Buffering the DAC QOuitputs

Pucynok 13 — bBygepuposanue [HAII
bonee moapobubie ganubie 0 padote LIAIl nmpuBenens B [1].

B nabopaTtopHoii pabote mponeaypbl olM(PPOBKHU TAHHBIX UCCIIETYETCS
B paMKax JIeMOHCTpauruoHHou nporpammsl (ITpunoxenue 8.1)

[Ipy1 BO3MOXKHOCTH, LIETECOO0PA3HO peain30BaTh UHTEPHEHCHYIO
4acTh MPOrPaMMbl, MO3BOJSIONIYIO 3aJaBaTh MHapamMeTpbl pabOThl C
KJIABUATypbl M TIOJIy4aTh pPe3yJbTaT Ha 3KpaHe MoHurtopa. C 3Toil
LENbI0 PEKOMEHYyETCd 00eCreYnuTh OOMEH JAaHHBIMH MEXIY MHUKpPO-
OBM wu [I9BM 1no nocnenoarensHoMy kanany. Ha [I9BM npu stom
BO3MOYKHO HCIIOJIb30BAHUE o000 MIPOTPaMMBbl oOMeHa,
cymectBytonieii B pamkax OC (wmanpumep, ['uneprepmunan ajis
Windows).

B anbrepHaTUBHBIX, 00Jie€ MPOCTOM BapUaHTaX, JOMYCKAETCS:

- IIapaMeTphbl 3arpy’kKaTh BMECTE C MIPOrPaMMON, a PE3yJIbTAT BbIIABATH
B OCJIEI0BATEIbHBINA KaHA,

- CUUTBHIBATh COJAEPKUMOE O00JIaCTEeH, XpaHALIMX pe3yJbTar, IOCHe
3amycKa MporpaMmal.

[IporpamMmbl JUisi acCEMOJIMPOBAHUS, CO3IAHUSI UCIOJIHUMOTO KoAa U
pOYrE TIOCTYIHBI HA cepBepe Kadeaphl.

6.3 IlopsaOK BBINOJIHEHUA padoOT

— M3yunth npuHIUINBEl QYHKIIMOHUPOBaHUSA BCTpoeHHOro B ADuC
LAIT u popmat ynpaBIstolIUX pETUCTPOB.
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— HMBy4uTh 1EMOHCTPAIIMOHHYIO IPOTrpaMMy Ha SI3bIKE accemoiepa.

— OTtTpaHcIupoBaTh porpaMmy C MTOMOIIIBIO KpOcCC
(makpo)accemOepa ASEM uiu aHaiOrM4HOro.

— Cozpars (hails ¢ HUCTIOJTHUMBIM KOJIOM MPOTrpaMMbl (Hampumep,
nporpammoi hextobin)

— 3arpy3uTh IporpaMMbl JIsi TPOBEPKH pabOTOCIOCOOHOCTH H
(G YHKIIMOHAIBHOCTH MaKeTa.

— Ilocne 3amycka 3arpy3duuka BBIIIOJHUATE IIATH ISl AaKTUBU3AIUU
BCTPOEHHOW MPOTrpamMMBbl CBA3U MO MOCIEA0BATEILHOMY KaHaIY:

— C moMoIIpI0 3arpy3unKa, IMocjie YCTAaHOBIICHUSI M TIOJITBEPIKICHUS
CBSI3U, HEOOXOIUMO:

O 3arpy3uTh UCHOJHUMBIN (aiia B MUkpo-OBM;
O 3aIlyCTUTH pOrpamMmy 17| yoenuTbes B ee
paboOTOCIIOCOOHOCTH.

6.4 KoHTpOoJIbHBIE BONIPOCHI

— KakK Hapymaercss JUHEMHOCTh Ha BbIxoJe [[AIl mpu manbix
3HAYECHUSAX KOJOB

— Kak Hapymaercs JuHerHocTh Ha Bhixoje [IAIl mpu OGosbiimx
3HAYECHUSAX KOJOB

— KadKOBa MaKCHMaAJIbHAs  CKOPOCTb HU3MCHCHHUA  aAHAJIOI'OBOI'O
CUI'HaJila Ha BBIXOAEC

— HY)XKHO JM TIPUOCTAaHaBIMBaTh pPabOTy MOporpaMmbl  MOpHU
BKJItoUueHUM LAII
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6.5 Conepxanue oryera

Otuer 0 1abopaTopHOI paboOTEe JOJKEH CONCPKATh:
— TUTYJIbHBIN JIUCT;
— IIeJb UCCJICIOBAHMM;
— CTPYKTYPHYIO CXEMY MAKETHON YCTaHOBKH;
— TEKCT U OINKCaHue MPOrpaMMBbl, COAEPKATEIbHbIE KOMMEHTAPUH;
— CKPHUHIIOTHI OCHOBHBIX 3TAIlOB BBIMOJHEHUS MPOTrPAMMBI;

— TIPOTOKOJI UCCIIEIOBaHUS Pa00TOCIIOCOOHOCTH
JEMOHCTPALMOHHOW IPOTPAMMBL.



39

IIpunoxkenue 6.1 leMoHncTpannoHHas nporpamma ynpasiaeHus LHHATL
,-‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*********************************************************

’

; Author : ADI - Apps www.analog.com/MicroConverter
; Date : 31 May 2002

; File : DACquadr.asm

; Hardware : ADuC831

; Description : Outputs sine waves on DACO and DACl at 400Hz.

; Output signals are in quadrature with eachother,

; DAC1l leading DACO by 90 degrees. since each DAC is
; updated when its DACxL register is written to, they
; are not updated at the exact same moment, and a

; phase error of (in this case) 0.625degrees results.
; to address this problem, see code: "DACsync.asm".

; Rate calculations assume an 11.0592MHz Mclk.

,-‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*******************************************************
$SMOD831 ; Use 8052&ADuC831 predefined symbols

LED EQU P3.4 ; P3.4 drives red LED on eval board

; BEGINNING OF CODE

CSEG
ORG 0000h
MOV ADCCON1, #80H

MOV DACCON, #01Fh ; both DACs on, 12bit,asynchronous
MOV DACOH, #008h
MOV DACOL, #000h ; DACO to mid-scale
MOV DAC1H, #00Fh
MOV DAC1L, #0FFh ; DACl to full-scale
MOV DPTR, #TABLE

STEP: CLR A ; 1
MOVC A, @A+DPTR ; get high byte for mainDAC.. 2
MOV DACOH, A ; ..and move it into DACO register 1
MOV A, #020h ; offset by 90deg for quadratureDAC 1
MOVC A, @A+DPTR ; get high byte for quadratureDAC.. 2
MOV DAC1H, A ; ..and move it into DAC1l register 1
INC DPTR ; move on to get low bytes 2
CLR A ; 1
MOVC A, @A+DPTR ; get low byte for mainDAC.. 2
MOV DACOL, A ; ..and update DACO 1
MOV A, #020h ; offset by 90deg for quadratureDAC 1
MOVC A, QA+DPTR ; get low byte for quadratureDAC.. 2
MOV DACI1L, A ; ..and update DAC1 1
INC DPTR ; move on for next data point 2
ANL DPL, #07Fh ; wrap around at end of table 2
MOV A, DACOH ; 1
MOV C,ACC.3 ; MSB of DACO value 1
MOV LED, C ; LED = MSB of DACO 2
NOP ; 1
NOP ; 1

NOP ; 1
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NOP ;
NOP ;
NOP ;
NOP ;
NOP ;

PR e e

JMP STEP ; 2

; numbers at right in the above loop represent the number of machine
; cycles for each instruction. the complete loop takes exactly 36

; machine cycles. with an 11.0592MHz master clock, a machine cycle
; i1s 1.085us, so the above loop takes 39.06us to update each data

; point. since there are 64 data points in the below sine lookup

; table, this results in a 2.50ms period, i.e. a 400Hz frequency.

; SINE LOOKUP TABLE

END
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7 YupasJiieHue nocjie0BaTeJbHbIM KaHAJI0M MUKPO-IBM ADuC

7.1 Leab padoThI

ITomyyeHne  MPAaKTUUYECKUX  HABBIKOB  II€pEeNayd  JAaHHBIX IO
ACHHXPOHHOMY  IMOCIIEIOBATEIIbHOMY  KaHaly MUKpo-OBM  mnpwu
HAIIMCaHUU NPOrPaMM Ha A3bIKE accemoJiepa.

7.2 MeTroau4ecKkue yKa3aHusl

bosnee moapoOHbIe NaHHbIE 0 (YHKIIMOHUPOBAHUN ACMHXPOHHOTO
MOCJIEIOBATEILHOTO MPUEMO-TIEpEAATUNKA MPUBEICHBI B [1].

B nabGopartopHoil paboTe mepejaya JaHHBIX MCCIEAYETCS B paMKax
JIEMOHCTpanMoHHO# porpammel (IIpunoxenue )

[Ipy1 BO3MOXKHOCTH, LIETECOO0PA3HO peain30BaTh UHTEPHEHCHYIO
4acTh MPOrPaMMBbl, MO3BOJSIONIYIO 3aJaBaTh MHapameTpbl pabOThl C
KJIABUATypbl M TOJIy4aTh pPeE3yJbTaT Ha 3KpaHe MoHutopa. C 3Toil
LENbI0 PEKOMEHAYETCA 00eCIeYUTh OOMEH JAaHHBIMH MEXKIY MHKpPO-
OBM wu [I9BM 1no nocnenoarensHoMy kanany. Ha [I9BM npu stom
BO3MOYKHO HCIIOJIb30BAHUE o000 MIPOTPaMMBbl oOMeHa,
cymectBytonieii B pamkax OC (wmanpumep, [uneprepmunan s
Windows).

B anbrepHaTUBHBIX, 00JIE€ MPOCTOM BapUAHTAX, AOMYCKACTCH:

- IIapaMeTpbl 3arpyKaTh BMECTE C MIPOrPaMMON, a PE3yJIbTAT BbIIABATH
B MOCJIEI0BATEIbHBINA KaHA,

- CUHUTBHIBATh COJAEPKUMOE O00JIaCTEeH, XpaHALIMX pe3yJbTar, IOCHe
3amycKa MporpaMmal.

[IporpamMmbl JUisi acCEMOJIMPOBAHUS, CO3IAHUSI UCIOJIHUMOTO KoAa U
poYre TIOCTYIHBI HAa cepBepe Kadeaphl.
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7.3 IlopsAIOK BBINOJHEHUA PadoT

— M3yunth npuHIUINBl (YHKIIMOHUPOBaHUSA BCTpoeHHOro B ADuC
ajanTepa IMOoCIeA0BaTeIbHOIO aCUHXPOHHOIO KaHaia | (opmat
YIPABJISIOMINX PETUCTPOB.

— M3yuuTh 1EMOHCTPALIMOHHYIO POrPAaMMY Ha SI3bIKE accemobliepa.

— OTtTpaHCcIupoBaTh porpaMmy C MTOMOIITBIO KpOcCC
(makpo)accemOepa ASEM uiu aHamorM4HOro.

— Cozparb (bails ¢ HUCTIOJTHUMBIM KOJIOM MPOTrpaMMbl (Hampumep,
nporpammoi hextobin)

— 3arpy3uTh IporpaMMbl JIsi TPOBEPKH PpabOTOCHOCOOHOCTH H
(YHKIIMOHAIBHOCTH MaKeTa.

— Ilocne 3amycka 3arpy3duuka BBINIOJHUATE IIATH Ui AaKTUBU3AIUU
BCTPOEHHOW MPOTrpaMMBbl CBA3HU 10 MOCJIEA0OBATEILHOMY KaHATy

— C moMoIIpI0 3arpy3unKa, Iocjie YCTAHOBIICHUSI M TIOJITBEPIKICHUS
CBSI3U, HEOOXOIUMO:

O 3arpy3uTbhb UCHOJHUMBIN (aiia B MUKpo-OBM;

O 3aIyCTHTh porpaMmy U yOenuThCs B ee
paboOTOCIIOCOOHOCTH.

7.4 KOHTpOJIbHBIE BONPOCHI

OT KakuX (paKTOPOB 3aBUCHUT CKOPOCTh OOMEHA IO MOCJIE0BATEIBHOMY
kaHainy Mukpo-OBM ADuC?

KaKOBa MAaKCHMaJIbHAasi CKOPOCTb MpHeMa U TepeAauyd MAHHBIX IS
Mukpo-OBM ADuC?

BO3MOYKHA JIK pad0Ta B NYIJIEKCHOM pexuMe?

KaK 3aBUCUT Ha0Op CTaHIAApPTHBIX CKOPOCTEH OOMEHa OT YacTOThI
TaKTUPOBAHUS MUKpPO-OBM?
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7.5 Conepxanue or4era

Otuer 0 1abopaTOpHOI pabOTEe JOJKEH CONCPKATh:
- TUTYJIbHBIN JIUCT;
- LICJIb UCCJICJOBAHUM;
- CTPYKTYPHYIO CXEMY MAaKE€THOW YCTaHOBKH;
- TEKCT U OMKMCAHUE MPOrpaMMBbl, COJIepKATEIbHbIE KOMMEHTAPUU;
- CKPHHIIIOTHI OCHOBHBIX ATAIlOB BBIMIOJIHEHUS TIPOTPAMMBI;
- MOPOTOKOJ HCCIEAOBAaHUS PabOTOCIIOCOOHOCTH JAEMOHCTPALIMOHHOM
POTPaMMBI.
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Ipunoxkenue 7.1 leMOHCTPANMOHHAS POrpaMMa yIpaBJIeHHUA
NOCJIeI0BATEIbHBIM ACHHXPOHHBIM KAHAJIOM

; Author : ADI - Apps

; Date : May 2002

; File : UART.asm

; Hardware : ADuC831

; Description : This Program saves 16 numbers in order initially

; starting with 0 into memory locations 40h to 50h.

: When finished the values in these locations are

; transmitted down the UART in ASCII form to the PC

; where they can be viewed using the preconfigured

; Hyperterminal program. (c:\ADuC Beta832\9600coml.ht)

; After the transmission of the 16 bytes a 5 second
; delay is called and the process is repeated, this
; time starting with the saving of 10h to location

; 40h.
$SMOD831 ;Use 8052 predefined Symbols
LED EQU P3.4
; BEGINNING OF CODE
CSEG
ORG 0000H
JMP MAIN
ORG 0060H ; Start code at address above interrupts
MAIN: ; Main program
MOV T3CON, #85h
MOV T3FD, #08h
MOV SCON, #52h
MOV RO, #00 ; start output data at 0
MOV R1, #40h ; initialise R1 to 40 to store the
; input data from memory location 40
SAVENOS:
MOV A, RO
MOV @R1, A ; move RO into memory location R1
INC R1 ; increment memory location and data so
; new data is stored in new address
INC RO
CJINE R1, #50H, SAVENOS ; reset memory location to 40h

; when memory location reaches 50h
; saving 16 bytes of data

; Transmit the values in locations 40h->50h up the UART wait for
; 5 seconds and then repeat
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START: CPL LED ;CPL LED with each transmission
MOV DPTR, #TITLE
CALL SENDSTRING ; write title block on screen
MOV R1, #40h ; move value at address 40 into R2
MOV A, @R1
MOV R2, A
NEXT: ; Put new value on a new line
MOV A, #10 ; Transmit a linefeed (= ASCII 10)
CALL SENDCHAR
MOV A, #13 ;Transmit a carriage return (=ASCII 13)
CALL SENDCHAR
MOV A, R2 ; Transmit R2 i.e. value @ address R1
CALL SENDVAL
INC R1 ; Increment address
MOV A, @R1
MOV R2, A ; R2 holds the value @ addrRl1l
MOV A, R1 ; Check if at address 50h
CJINE A, #50h, NEXT ; 1f not jump to Next
JMP WAIT5S ; 1f so wait 5s and repeat
WAIT5S: MOV A, #50
CALL DELAY ; Wait 5 seconds
MOV R1, #40h
JMP SAVENOS ; Resave new numbers to same addresses
; SENDSTRING
SENDSTRING: ; sends ASCII string to UART starting at location
; DPTR and ending with a null (0) wvalue
PUSH ACC
PUSH B
CLR A
MOV B,A
I00010: MOV A,B
INC B
MOVC A, @A+DPTR
JZ 100020
CALL SENDCHAR
JMP I00010
I00020: POP B
POP ACC
RET
; SENDCHAR
SENDCHAR: ; sends ASCII value contained in A to UART
JNB TI,S ; wait til present char gone
CLR TI ; must clear TI
MOV SBUF, A
RET
; SENDVAL
SENDVAL: ; converts the hex value of A into two ASCII chars,

and then spits these two characters up the UART.
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; does not change the value of A.

PUSH ACC
SWAP A
CALL HEX2ASCII
CALL SENDCHAR ; send high nibble
POP ACC
PUSH ACC
CALL HEX2ASCII
CALL SENDCHAR ; send low nibble
POP ACC
RET
; HEX2ASCII
HEX2ASCII: ; converts A into the hex character representing the
; value of A's least significant nibble
ANL A, #00Fh
CJINE A, #00Ah, $+3
Jc I00030
ADD A, #007h
I00030: ADD A #'0"
RET
; DELAY
DELAY: Delays by 100ms * A
100mSec based on 11.0592MHZ
Core Clock
MOV R5,A Acc holds delay variable
DLYO: MOV R6, #200 ; Set up delay loop0
DLY1: MOV R7,#229 ; Set up delay loopl
DJNZ R7,$ Dec R2 until R2 is zero
DJNZ R6,DLY1 ; Dec Rl & Jump DLY1l until R1 is O
DJNZ R5,DLYO ; Dec RO & Jump DLYO until RO is O
RET Return from subroutine
TITLE: DB 10,10,13," ',10,13
DB 'Analog Devices MicroConverter ADuC831',10,13
DB ' UART Demo Routine',10,13
DB ' Data Stored in Memory in Hex Form',10,13,0

END
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8. JIuteparypa

1. ADUC8XX SAR EVALUATION BOARD REFERENCE GUIDE
Analog Devices, Inc. www.analog.com/microconverter (B
AJIEKTPOHHOM BHUJIE Ha cepBepe Kadeaphl)

2. MicroConverter®, 12-Bit ADCs and DACs with Embedded 62
kBytes Flash MCU ADu(C831
www.analog.com/microconverter (B 3JIEKTPOHHOM BHJI€ Ha CEpBEpE

Kadeapsbl)




