Практическо упражнение № 4
ЗАПОЗНАВАНЕ И РАБОТА С МОДУЛ АНАЛОГОВО-ЦИФРОВ ПРЕОБРАЗУВАТЕЛ НА PIC18F452
[image: image1.jpg]I. Hea #a ynpaxxHeHueTo
3aro3HaBaHe ChC CXeMmara ¥ NpHHIUNA Ha JEHCTBHE HA Monyn aHaJIoTo-
1udpos npeodpasysare.

I1. OnuTHa NoCTaHOBKA
ITepcoHaneH KOMITIOTBD, cucTeMa 3a passurue MPLAB, nemo-1uiaTka.

III. Teopernuna yacr
, MoayneT ananoro-uudpos rmpeobdpasyBaren (ADC) umma 5 BXona IpH
cxemure B 28-u3BoneH kopnyc (PIC18F2X2) u 8 Bxoxa npu cxemure B 40-u3BOACH
kopnyc (PIC18F4X2).

AHAJIOTOBMAT BXOJl 3apeXa KOHIEH3aTop 3a cilefeHe/3anoMusHe. V3xoabT
Ha cxeMmara clienede/sanmomussie e Bxox Ha ADC. AHanoro-uuppoBOTO
npeoOpa3yBaHe ce H3BLPILBA 10 METOJIA Ha MocienoBaTenHuTe mpubmmkeHus. ADC
e 10-pazpsaeH.

ADC moxe na pabotu u lIOKaTO cxemara ¢ B pexxum SLEEP. B To3u CJIY‘-IaI/I
TaxtbT Ha ADC TpsabBa na ce mosydasa oT Herous BbrpeuieH RC renepatop.

Moaynabt ADC nma 4yeTupu perucrobpa:

e perucTbp Ha pesysrara, crapuid 6aint (ADRESH);

* perucThp Ha pesyiarara, Mmuaamu Gaiit (ADRESL);

o yipasJsBaul peructsp 0 (ADCONO);

o yrpasiisBaill peructsp 1 (ADCONI).

Perucrepbr ADCONO (®ur. 1) ynpasmsBa paborata Ha moxyn ADC.
Perucrepsr ADCONI1 (®ur. 2) koHbuUrypupa (QyHKUHUTS Ha M3BOAMTE Ha IIOpTa
kato aHanorou Bxojose (RA3 u RA2 moraT na Obaar U OIIOpHU HaMpeXeHus) Ui
kato udposu I/O. |

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0  R/W-0
[ADCS1[ADCSO[CHS2 [CHS! [CHSO | GO/DONE | — |ADON |
our 7 our 0

R = OuT 3a yercHe

W = OuT 3a 3anuc

U = He ce u3noJi3Ba, yete ce '0'
- n = crorHoct npu HY POR

®ur. 1. Peructsp ADCONO

6ur 7-6: ADCS1: ADCS0: 6urose 3a u360p Ha takta Ha ADC CbBMECTHO C OHUT
ADCS?2 ot peructep ADCONI, kakTo ciensa:




[image: image2.jpg]ADCONI ADCONO T 6 |
<ADCS2> | <ADCS1:ADCS0> | T 3@ fpeobpasysane
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
Fre (takt, nomyuden ot BbTpewnus RC
0 11 |
reseparop Ha moayia ADC)
] 00 Fosc/4
1 01 Fosc/16
10 Fosc/64
» Frc (TakTt, nonyden ot BbTpemunns RC
l =« 11 )
renepaTop Ha Monyia ADC)

our 5-3: CHSZ CHSO0: 6urose 3a 1360p Ha aHANOTOB KaHaJI

000 = kauan 0, (ANO)

001 = kanan 1, (AN1)

010 = xanan 2, (AN2)

011 = kanan 3, (AN3)

100 = xanan 4, (AN4)

101 = kanan 5, (ANS)

110 = kanan 6, (ANO6)

111 = kanain 7, (AN7)

3abesexka: B cxemu PIC18F2X2 He ca peanusupanu scuuku 8 A/D kaHasa.

Hepeanusupanure kanaiu He TpsOBa J1a ce u30upar.

our 2: GO/DONE : OuT 32 CbCTOSTHUETO Ha Peobpa3yBaHeTo
Axo ADON =1
I = usnbiHgBa ce AD npeobOpasysade (YcraHoBsiBaHETO HA TO3H
out B 'l' craprupa npeobpasysanero. Tosu Gur ce HyIupa
aBTOMAaTU4YHO  OT Xapayepa,  KOraro  3aBbpUId
mpeobpa3yBaHeTo.) |
0 = ”e ce n3nbiaHsaBa AD Hpeo6pa3yBaHe
our 1: He ce uzmossBa: gere ce '0'
out 0: ADON: Out 3a BKIIOYBAHE Ha Monyna ADC
1 = ADC e BkitoucH
0 = ADC e u3KJII0YEH U HE KOHCYMHpa

R/W-0 R/W-0 U-0 U0 R/W-0 R/W-0 R/W-0  R/W-0
|ADFM_ |ADCS2 | — [— [PCFG3|PCFG2 [PCFG! |PCFGO |
our 7 our 0
R = 6ur 3a yeTeHe
W = our 3a 3amuc
*‘ U = He ce u3znoa3sa, yere ce '0'
- n = ctouHocT npu HY POR

®Dur. 2. Peructop ADCON1





[image: image3.jpg]Oout 7: ADFM: 0ut 32 u36op Ha popmat Ha pe3yirara
1 = msicHO opueHTupan; 6-te crapuu uMdpu Ha ADRESH ce yerat '0'.
0 = yi1BO opueHTUpaH; 6-te muaawu uudpu Ha ADRESL ce yerar '0'.
out 6: ADCS2: 6ut 32 u360p Ha Takta HAa ADC CBbBMECTHO C
ourose ADCS1:ADCSO ot peructsp ADCONO

Out 5-4: He ce n3nmoJuzsar: yerar ce ‘0’
onr 3-0: PCFG3:PCFGO: 6uroBe 3a koHburypupade Ha AD mopra

PCFG <3:0> |AN7|ANG|ANS5|AN4| AN3 | AN2 |AN1|ANO| Vgeg, | Vree.| C/R
0000 Al A A A A A | A| A |Vpp| Vss|8/0
0001 Al A A| A |Vreee| A | A| A |JAN3| Vg | 7/1
0010 D| D | D]| A A A | A| A |Vpp| Vss|5/0
0011 D | D | D| A |Vrker| A | A| A |AN3| Vg5 | 4/1
0100 D | D | D | D A D A | A | Vpp| Vss|3/0
0101 D | D| D | D |Vgr| D A | A |AN3| Vg | 2/1
O011x D | D | D]|D D D|D|D| — | —10/0
1000 A | Al Al A [Vger|Vrer| A | A [AN3|AN2| 6/2
1001 D | D|A]| A A A | A| A|[Vpp| Vss|6/0
1010 D | D| A]| A |Vrere| A | A | A |[AN3| Vs | 5/1
1011 D | D| A| A |Vger|Vreee| A | A |AN3|AN2| 4/2
1100 D | D| D | A |Vger|Vrer| A | A |AN3|AN2| 3/2
1101 D | D | D | D [Vger|Vree| A | A |AN3|AN2| 2/2
1110 D | D | D]|D D D | D| A | Vpp| Vss| 1/0
1111 D | D| D | D |Vger|Vrer.| D | A |AN3|AN2| 1/2

A = aHaJIOTOB BXOJ

D = uudpos Bxom/mzxon

C/R = Opoii Ha aHAJIOTOBUTE BXOIHU KaHAJIH/OMOPHHU HAIpeXeHHs Ha
moaya ADC

3abenexka: Ilpu Bcuuku crydan Ha RESET usBomure Ha 1opra, KOMTO ca

MYJITHIUIEKCUPAHU ¢ aHajioroBu QpyHkuuu (ANX), ce yCTAaHOBSBAT KaTO aHAJIOTOBH
BXOJOBE. AHAJOTOBUTE OIIOPHU HAIPEXEHUs ce HU30UpaT HIporpaMHO M MOraT [a
ObZaT MM 3aXpaHBALOTO HAMpPEKEHHE Ha cxeMara ([OJIOKUTENIHO Vpp H
OTPUUATENIHO Vgg), WIM HampexeHuero Ha u3BoAH RA3/AN3/Vggp, H
RA2/AN2/VRgg..

Perucrpure ADRESH:ADRESL cpabpxar 10-0MTOBUA pe3yiarar oOT
aHaJIoro-uMppoBoTo npeodbpaszysane. Korato To 3aBbpiIIM, pe3yiTaTsbT Ce 3apex/a B
Ta3u peructpoa asoika, OMTbT GO/DONE (ADCONO0<2>) ce Hyaupa 1 puarst
3a npexkbeBaHe ADIF ce Baura. biaokoBara cxema Ha moayin ADC e mokasaHa Ha
Qur. 3.
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3abenexka 1. Te3u kanamu ca peanuszupanu camo 3a PICI8F4X2.

®dur. 3. baokosa cxema Ha ADC

CroitHocrra, 3anucana B peructpy ADRESH:ADRESL, He ce 1ipomens npu
POR. Perucrpure ADRESH:ADRESL mie cbabprkaT HeU3BeCTHH JaHHM ciiex POR.
Cnen xaro moxya ADC e xkoHPUIrypHpaH, HAIpeXEHUETO Ha H30paHUAT
KaHail TpsA0Ba [1a ce ClIeaH, Mpeay Ia ce cTapThpa npeoOpasyBaHETO. AHAJIOrOBUTE
BXOJHM KaHajd TpsOBa Ja ca MpOrpaMHpaHd KaTo BXOJOBE Ype3 CbOTBCTHHTC UM
ourose or peructsp TRISA u TRISE. Cnen karo BpeMero Ha ciejeHe usrede, AD
npeobpasyBaHero Moxke na Opie crapTupaHo. TpsOBa Ja ce M3IIbJIHAT CJICAHUTE
CTBIIKU:
1. Koudurypupase Ha monyn ADC:
 KOH(UrypUpaHe Ha aHAIIOTOBUTE BXO/I0BE/OMOPHOTO HalpexeHue/
nudposure /O (ADCON1);
* u360p Ha AD BxojeH kaHan (ADCONO);
 u300p Ha TakT 3a npeodpasyBaHeTo (ADCONO);
o parouBaHe Ha Moayina (ADCONO).
2. KoHpurypupaHe Ha IpeKbCBaHe OT MOMyJ1a (aKo e HCO6XOHKMO)
 HyaupaHe Ha out ADIF;




[image: image5.jpg]e yctaHoBsiBane Ha out ADIE B 'l';
 ycraHoBsiBaHe Ha OuT GIE B 'l
e ycraHoBsiBaHe Ha 6ut PEIE B '1".
3. U3uyakBaHe Ha HEOOXOIUMOTO BpEME 3a CJICACHE.
4. CrapTHpaHe Ha 11peoOpa3yBaHETo:
e ycradoBssane Ha 6ut GO/DONE (ADCONO) B '1'
5. 3uakBaHe J1a 3aBLPLIK [IPeoOpa3yBaHETO upes:
e nposepka 3a crerosHue '0' Ha 6ur GO/ DONE uiu
* 3aIBKA 3a [IPEKbCBAHE OT MOYJIA.
6. Uerede Ha pe3yirara OT PErHCTPOBaTa IBOMKA (ADRESH ADRESL)
HYJIHMPaHe Ha our ADIF, ako € He0OX0AUMO.
7. 3a ciexgBalio npeobpasyBade TpsOBa ga ce IPEMHUHE KbM CThIKA 1 wimu 2.
Bpemero 3a AD npeo6pasyBare Ha 6uT ce o3HauaBa kaTo Tap. HeoOxoaumo e na ce
n3uaka MUHUMYM 2T Ap, IPEIHM JIa ce CTapTUpa cileJBallio npeodpasyBaHe.

3a ga ce I[TOCTUTHE 3ajajeHaTa TOYHOCT Ha MpeoOpasyBaHe, 3alOMHSIIMSAT
koyaensarop (CyoLp) TpsSOBa HaAMBIHO [a c€ 3apead Q0 HHUBOTO Ha BXOJHOTO
Hanpexxenue. MoJenbT Ha aHaJoroBHs BXOZ € NokasaH Ha wur. 4. BBTPEMIHOTO
CBHIIPOTHBIICHHE Ha M3TOYHUKA (Rs) M Ha BrpajeHus KIIOY 3a CJIC/ICHE/3aIIOMHIHE
(Rss) IUPEKTHO BIUSAT BbPXY HEOOXOAUMOTO BPEME 3a 3apeKIaHEe Ha KOHACH3aTOpa
ChoLp. Cwmporuiaenuero Ha kiaoda (Rgg) ce uM3MEHsS B 3aBUCMMOCT  OT
HarpexeHuero Vpp (dur. 4). BBTpELIHOTO CHIPOTHBIEHHE Ha M3TOYHUKA BIMsie HA
HaIpEKEHUETO Ha OTMECTBAaHE Ha aHAJIOrOBHUA BXOA (IIOpagd TOKAa Ha yTe4ka KbM
U3BOAa). MakcuMajHaTta MPErnopbYUTE]HAa CTOMHOCT 3a ChIPOTHUBICHUETO Ha
M3TOYHHKA Ha aHajoroB curHan e 2,5 kQ. C HaMainsgBaHe Ha CBHIPOTHBJICHHUETO
BPEMETO Ha cjeacHe Moxe na Obpge HamajeHo. Ciel Karo aHAIOTOBHUAT BXOACH
KaHal e u30paH (IIpOMEHEH), TOBa BpeMe TpsibBa Aa ObIEe OCHUIYpEeHO, MpeAu Ja
3aM04YHe MPeoOpa3yBaHETo.

/
\DD

V,=0.6V R0
Rs |ANX = R, < 1k[SS Ry .
: 1 ' WY ChoLp = 120 pF
C.. l Vo=0.6V.L lyreuka _l
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) ) 1 Vg
Jlerenna: V DD,6\/

C,, = BXOJICH KananureT 5

V. = [IparoBo HaMpeKeHHE

yreaxa = Y TEICH TOK HA U3BO/IA

R, = CHIPOTHBICHHE HA BPB3KHUTE
SS = ko4

C = 3aroMHAIL KOH/ICH3aTOp
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®dur. 4. Mojaes Ha aHAJIOTOBHA BX0/




[image: image6.jpg]Cien Kato ce crapTupa npeobpa3yBaHETO, 3a[OMHALIMAT KOHIEH3aTOp HE €
CBBbP3aH C BXOJa.

YpaBHeHue (1) Moxke Ja ce M3IIOA3BAa 3a M3YMUCIISBAHE HA MHHHMMAJIHOTO
BpeMe 3a cieneHe. Tyk e mpuera rpeuika, paBHa Ha I0JOBMHATAa OT CTbIIKATA HA
npeobpasysane (1024 crenku 3a ADC). ToBa € MakCHUMaiHO JOIyCTMMATa IpellKa
3a IIOCTUI'aHe Ha 3aJaJeHaTa TOYHOCT.

Tacq=Tame + Tc + Teorr, (1)

KbIETO Tamp € BPEMETO 3a ycTaHOBsIBaHe Ha ycuiBaress, Tc e BpeMmero 3a
3apexXJaHe Ha 3alOMHAILINA KOHIeH3aTop U Tcopr € TemmeparypeH Koe(HLHEHT
(HeoOxoauM caMo npH Temiteparypu > 25°C).

3a U34YMCIIIBaHE HA MUHHMAJIHOTO BpeMe Ha 3aps Ha KoHaeHs3aTtopa Te Moxe
Jia ce M3M0JI3Ba ypaBHEHHE (2), a 3a M3YUCISIBAHE HA TEMIIEpaTypHUs KOe()HLHUEHT
Tcorr — YpaBHeHuHe (3).

Y <
C Ric+Rgs+R
VHOLD - (VREF — 20R:F8)'(1_e HOLD (RIC+RsS s)).
TC =- CHOLD -(RIC wt RSS + Rs) 11](1/2047) (2)
Tcorr = (T°C = 25°C).(0.05 ps/°C) 3)

Bpemero 3a AD mnpeoOpa3yBaHe Ha enuH OuUT ce o3Ha4yaBa ¢ Tap. 3a
npeobpasyBaHeTo Ha 10 Oura ca HeoOxomumu 12Tsp. MU3TOUHHKBLT Ha TakToBara
yecTora 3a AD npeobpa3yBaHe ce u3bupa nmporpamuo. MMa ceiaeM BB3MOKHOCTH 3a
H360p Ha TADI 2Togc, 4Tosc, 8Tosc, 16'1“03(:, 32Tosc, 64’1“03(3, BbTPCLICH RC [CHEPATOp
(2-6 us).

3a mpaBMIHO IpeoOpa3yBaHe TakThT TpsAOBa nga Obiac M30paH Taka, ue
MHUHHMAJIHOTO BpeMe 3a Tap aa 0bae na 6vae 1.6 us.

Perucrpure ADCONI1, TRISA u TRISE ympasisBar pyHKUHOHMpPAHETO Ha
u3poaure Ha AD nopr. burosere B perucrbp TRIS, choTBETHHM Ha HM3BOJMTE Ha
MIOPTa, KOUTO IIE€ CE U3II0JI3BAT KATO aHaJOrOBH BXOJOBE, TPAOBA Ja c¢ 110CTaBAT B '1'
(Bxomose). Ako 6ur B peructsp TRIS e Hymupan (u3xox;), we ce npeobpasysa
u3xoaHoto uuppoBo HUBO (Vpoy uMiu Vpop). PabGorara ma ADC He 3aBMCH OT
cbcTOssHUETO Ha buroBere CHS2:CHSO u TRIS. |

3abenexku: 1. Korato ce uere perdcTbpbT Ha IOPTA, BCHUKM HM3BOIM,
KOHQHUTYpUPAaHH KaTO aHaJOrOBH BXOJOBE, ce 4YeraT Karo '0'. AHAJIOrOBUST BXOIEH
CUTHQJI Ha H3BOAM, KOHGHIYypHpaHH KaTo LM(POBH BXOJOBE, ce lipeoOpasysa.
AHaJIOroBUTE HMBA Ha TE3U BXOJOBE HE BIUAT Ha TOYHOCTTA Ha IIpeobpas3yBaHe.

2. AHaJIOrOBHTE HHMBA Ha U3BOAH, KOHPUTYpUpaHH KaTO LUM(PPOBH BXOHOBE
(BkirounTeqHO u3Boaure AN7:ANO), Morar ga HpUYMHAT BXOJIHUAT Oydep na
KOHCYMHpA TOK, [IO-TOJISIM OT HOIYCTHMHUS.

Ha ®ur. 5 e noka3ano geiicreuero Ha ADC, ciaen karo 6utr GO/DONE e
[IOCTaBEH B 'l'. |

Hymupanero va 6ur GO/DONE 1o Bpeme Ha npeoOpasyBaHe LIe NPEKbCHE
npeoOpazysaHeTo. PerucrpoBaTa aBoiika 3a pesyirara or AD npeoOpasysaHe HAMa
Jla C€ aKTyaJIM34pa ChC CTOMHOCTTA OT YaCTHYHO M3MBJIHEHOTO MpeobpasyBaHe, T. €.
ADRESH:ADRESL 1wme mpoasmkar Aa CbXpaHSBaT CTOMHOCTTA OT MOCJEIHOTO




[image: image7.jpg]HaITbJIHO 3aBBPIICHO MpeoOpa3yBaHe (MJIM MOC/IEAHATA 3amycaHa B TAX CTOMHOCT).
AKO npeoOpa3yBaHETO € MPEeKbCHATO, HEOOXOAMMO € u3uakBaHe oT 2Tp, mpeau aa
Ce CTapTHpa cjieABalloTo npeodpasysane. Cien uzuakBaHeto oT 2Tap CiaeneHeTo Ha
M30paHusd KaHajd aBTOMAaTHYHO ce craprtupa. Torasa ourbt GO/DONE Mmoxe na
Obae ycTaHOBeH B '1', 3a 1a ce crapTupa npeodpa3yBaHEToO.

3abenexka: burbr GO/DONE He TpsiOBa nga ce ycraHoBsiBa B 'l' CbC
ChIIATAa UHCTPYKLIMSL, KosiTo BKiItouBa ADC.

T Tininl

1 T T ADIO ADll

CY ADI " AD2

4 T 6H 19 6m‘8 0m7 OHT6 0m5 6m4 om% outl 6IITO

Crapr Ha npeoopdsysdﬂero
3aMOMHSIIIMAT KOHACH3aTOp C€ H3KITI0YBA
OT aHasoroBusa Bxo (turnugao 100 ns)

v
B cnenpamusa Q4: 3apexna ce ADRES,
; out GO ce nynupa,
outr ADIF ce ycranossisa B 1,
3aMOMHAIIHAT KOHACH3ATOP
ce CBbP3Ba KbM BX0Ja.

Dur. 5. I_Ichm Tap npu AD npeoOpa3zyBane

’ITTTTTT

AD3 “AD4 ADS AD6 AD7 ADS AD9

but GO ce ycranorssa B 1

Crnen xaro 3apbpuid npeodpasyBanero ot ADC, pe3yaTaThbT ce 3apexia B
perucrpoBara aBoiika ADRESH:ADRESL, kosto e 16-pa3psana. Moayn ADC ngaBa
Bb3MOXHOCT 3a J/MBO WIM [ICHO oOpueHTupaHe Ha 10-OMTOBUS pe3yiaTar B
16-6uToBUs perucTwvp Ha pesyinrara. BUTHT 3a H36op Ha opmara ADFM ynpasisBa
OPUEHTHUPAHETO.

Ha Qur. 6 e nokazaHo OpHEHTHpPAHETO Ha pe3yiarara. HeusmousBaHuTe
butoBe ce 3apexpmar ¢ '0. Korato momyn ADC e 3a0paHeH, perucrpu
ADRESH:ADRESL mMorar jJa ce U3MoJ3Bar KaTo JBa 8-OUTOBH perucTbpa ¢ 0010
[IpeIHa3HA4YCHHE.

10-6utos pesyarar

;_____V A ~ v
ADRESH  ADRESL ADRESH  ADRESL
~ ~~ g ~ g 7
10-Ouros 10-0uTOB
pesyaTar PEe3yATAT
JISICHO OpHEHTHpPaH JIsiBO opueHTHpaH
cdopmar dbopmMmar

{
.

®dur. 6. Opuem*npane" Ha pe3yJjraTta oT AD npeoOpa3syBaHe




[image: image8.jpg]AHaoro-uMdpoBoTO IpeodpazyBaHe MOXeE Jla ce CTapTHpa OT CHEUHaTHOTO
cebutue Ha wMoxayn CCP2. 3a ToBa TpsbBa Ourose CCP2ZM3:CCP2MO
(CCP2CON<3:0>) nma Ongar mporpamupand B 1011 u momyn ADC pa Obpge
paspeiied (6bur ADON pga O6bae ycraHosedH B 'l'). Koraro HacTbi ClEUHAIHOTO
ceoutue, our GO/DONE 1ie ce nmocraBu B 'l', koeTo cTtapTupa rpeodpa3yBaHeTo H

Taitmepl (vutu TaiimMep3) wwie Obae HyIUMpPaH.
Taitmepl (unu Taiimep3) ce HynMpa, 3a Ja 3ajJaBa aBTOMAaTHYHO IIEpHOJA HA
MUHUMAJAHW [OPOTPAMHHU  pPa3sxoau
ADRESH/ADRESL B xkeaHaTa KJIETKa).
ITpeau creunanHoro chbutue ga mocrasu our GO/DONE B 'l' (craprupa
nmpeobpa3yBaHeTo), TpsgOBa ga ObAe U30paH CHLOTBETHHUAT aHAJIOIOB KaHall M Jia ce
H34aKa MUHMMAJIHOTO BpEME 3a CIIE[EHE.
Axo moaya ADC e e paspemicH (ADON e HynupaH), clieHaaHOTO CLOUTHE
me O0bae npedebpersaro or moayia ADC, Ho Taitmepl (wm Talimep3) we Obiae
HYJIHUPAaH.
Perucrpure, CBbp3aHd C aHAJIOrO-LUU(POBUA IpeoOpasyBarcil, ca MoKa3aHd B

JAUCKPCTU3aLlUA

C

(3a

IIPCXBBPIISHE

H4a

Tabi. 1.
Ta6auua 1. Pernctpu, cBLp3aHu ¢ aHad0ro-undposus nnpeodpasysares

Croinoct|{CTOHHOCT
Hme bur7 | bur 6 | bur5 | bur4 | bur3 | bur?2 bur | but O |nmpu POR fipx BCHYKHY

( H BOR |ocTananu

RESET
INTCON ((B}I]I;EI/{ g}?EIIi/ TMROIE INTOIE| RBIE TMROIF INTOIF | RBIF 0000 00050000 000u
PIR1 [PSPIFY] ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF [TMR | IFD000 00040000 0000
PIEI [PSPIE®| ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE [TMR11E0000 00000000 0000
IPR1 [PSPIP?)| ADIP | RCIP | TXIP | SSPIP | CCP1IP | TMR2IP [TMR I IP0O00 00090000 0000
PIR2 — — — EEIF | BCLIF | LVDIF | TMR3IF |CCP2IF|---0 0000 ---0 0000
PIE2 | — — — | EEIE |BCLIE | LVDIE | TMR3IE |CCP2IE|---0 0000} ---0 0000
IPR2 — — — | EEIP |BCLIP| LVDIP | TMR3IP |CCP2IP|---1 I 111]---1 0000
ADRESH Crapiu peructbp Ha pesynrata or AD npeobpasysaHe XXXX XXXXuuuu uuuu
ADRESL Munaamu persictsp Ha pesynrara oT AD npeoOpasysane X XXX XXXXuuuu uuu
ADCONO|ADCS1|ADCSO0O| CHS2 | CHSI { CHSO |GO/DONH — ADON |0000 00-0f0000 00-0
ADCON1|{ADFM |ADCS2| — | — |PCFG3| PCFG2 | PCFG1 |PCFGO|-----000] ---- - 000
‘PORTA| — RA6 | RAS | RA4 | RA3 RA2 RAl RAO |--Ox 0000}{--Ou 0000
TRISA e PerncTsp 3a mocoKaTa Ha NaHHUTE Ha MopT A 10 1111{--11 1111
PORTE | ~— e e R — RE2 RE] REO |-----000] ---- -000
LATE — — —_ | — — LATE2 | LATEl |LATEO]| ---- -xxx | ---- -uuu
TRISE | IBF | OBF | 1Bov | PSP | | burosesamocokaratia g4 _y11/0000-111

| - MODE . TaHHHTE Ha nopT E

{
JlereHma: X = HEU3BECTHO, U = 0e€3 MPOMSHA, — = HEHU3IOJI3BaHM KIIETKH,
yerar ce '0'. CHBUTE KJIIETKH He ce u3Ioa3BaT oT Moayna ADC.





Забележка: PSPIF, PSPIE и PSPIP са резервирани за схеми PIC18F2x2 и трябва винаги да се подържат нулирани.

IV. Задачи за изпълнение

1. Да се разучат схемата и стъпките, които трябва да се изпълня-ват за конфигурирането на модула.

2. Да се пресметне минималното време за следене при следните допускания: CHOLD = 120pF; RS = 10kΩ; грешка на преобразуване ≤1/2 стъпка; при VDD =5V → RSS = 7 kΩ (от графиката на фиг.4); максимална температура = 500С; VHOLD = 0V в началния момент (t = 0).
3. Да се въведе програмата и да се допълнят липсващите стойности на регистрите за аналогово-цифрово преобразуване при следните условия:

· получаването на резултата да става чрез прекъсване след завършване на  преобразуването;
· формата на резултата да е ляво ориентиран;

· за такт да се използва вградения RC генератор на ADC;

· конфигурирането на входовете на ADC да стане чрез комбинацията PCFG3,PCFG2, PCFG1,PCFG0 = 0100;
· за преобразуване да се използва канал AN0;

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

;
PIC18CXX2 EXAMPLE CODE FOR PICDEM-2

;

;
TITLE: A/D Converter Demonstration

; 
FILENAME: a2d.asm

;
REVISION HISTORY:  A 5/13/00 jb   format change

;
HARDWARE: PICDEM-2 board

;
FREQUENCY: 4MHz

;

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

; This program is a simple implementation of the 
; PIC18C452's ;A/D. One Channel is selected (AN0).
; The hardware for this ;program is the PICDEM-2 board.
; The program converts the ;potentiometer value on RA0 
; and displays it as an 8 bit binary value ;on Port B.

;

; The A/D is configured as follows:

; Vref = +5V internal

; A/D Osc. = internal RC

; A/D Channel = AN0 (RA0)


LIST P=18C452


#include <P18C452.INC>
; File contains addresses for
;register and bit names

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

; reset and interrupt vectors


org
0x00000
; Reset Vector Address


goto
Start


org
0x00008
; Interrupt Vector Address


goto
ISR

; goto Interrupt Service Routine


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

; program code starts here


org
0x00020

Start


clrf
PORTB

; clear all bits of PORTB


clrf
TRISB

; Set PORTB as outputs


call
InitializeAD
; configure A/D module


call
SetupDelay
; delay for 15 instruction cycles


bsf
ADCON0,GO

;  Start first A/D conversion

Main
goto
Main

; do nothing loop

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

; Service A/D interrupt

; Get value and display on LEDs

ISR


; Save context (WREG and STATUS) if required.


btfss
PIR1,ADIF

; Did A/D cause interrupt?


goto
OtherInt


; No, check other sources


movf
ADRESH,W


; Get A/D value


movwf
LATB


; Display on LEDs


bcf
PIR1,ADIF


; Reset A/D int flag


call
SetupDelay

; Delay for 15 cycles


bsf
ADCON0,GO


; Start A/D conversion


goto
EndISR


; return from ISR

OtherInt


; This would be replaced by code to check and service other interrupt sources


goto
$



; trap here, loops to self

EndISR


; Restore context if saved.


retfie



; Return, enables GIE

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

; InitializeAD - initializes and sets up the A/D hardware.

; Select AN0 to AN3 as analog inputs,RC clock, and read AN0.

InitializeAD


movlw
B'xxxxxxxx'
; Make RA0,RA1,RA4 analog inputs


movwf
ADCON1


movlw
B'xxxxxxxx'
; Select RC osc, AN0 selected,


movwf
ADCON0

; A/D enabled


bcf
PIR1,ADIF


; Clear A/D interrupt flag


bsf
PIE1,ADIE


; Enable A/D interrupt


bsf
INTCON,PEIE

; Enable peripheral interrupts


bsf
INTCON,GIE

; Enable Global interrupts


return

;**********************************************************
; This is used to allow the A/D time to sample the input

; (acquisition time).

;

; This routine requires 11 cycles to complete.

; The call and return add another 4 cycles.

;

; 15 cycles with Fosc=4MHz means this delay consumes 15us.

SetupDelay


movlw
.3


; Load Temp with decimal 3


movwf
TEMP

SD


decfsz
TEMP, F

; Delay loop


goto
SD


return


END
4. Изчислете измерената стойност във волти и проверете стойността с волтметър.
V. Контролни въпроси.

1. Колко регистъра има модул ADC и за какво се използват те?

2. Как се установяват изводите като аналогови входове?

3. За колко време се изпълнява AD преобразуване?

4. Какви елементи включва моделът на аналоговия вход?

5. На какво условие трябва да отговаря такта на преобразуване?
6. В какъв формат се записва резултатът от преобразуването?
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