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3MICT
Beryn
Merta Ta OCHOBHI 3aBJIaHHS J1a0OPATOPHUX POOIT
[IpaBwiia TexHiKK Oe3MeKH MPU BUKOHAHHI JIJAOOpATOPHHUX POOIT
JlabopaTtopna po6ota Ne 1
JlabopaTopHa po6ota Ne 2
JlabopaTopna po6ota Ne 3
JlabopaTtopHa poboTa No 4
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JlonaTku
Honaroxk 1. Perictpu, 1110 BUKOPUCTOBYIOTHCS MTPU BUKOHAHHI

71a00paTOPHUX POOIT
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BCTYII

MetoanyH1 BKa3iBKHU 40 BUKOHAHHS JJaOOpaTOPHUX POOIT 3 TUCIUILIIH «Mi-
KpPOTIPOLIECOPU B PATIOCIEKTPOHHUX 3acolax» Ta «MIKpOKOHTpOJEpHE Kepy-
BaHHSI €JEKTPOHHOI amaparypu» MpHU3HAYeHI JJISl CTYJEHTIB PaJlOTEXHIYHOTO
dakynprety HTYY «KIIl» ouHOi Ta 3204HOi (hOpM HaBUAHHS.

MeTtoanyHi BKa3iBKH MICTSITh

- KOHCIIEKTUBHE BUKJIAJICHHS TEOPETUYHOTO Marepiaiy, KU Mae OyTH 3a-
CBOEHUM ISl YCHIIMIHOTO BUKOHAHHSA POOIT (HABOAUTHCA O€3MOCepeHbO MpHU
OMKC1 KOXKHOI JJa00paTopHOi poOOTH);

- 3aBJIaHHS 1 TOPAJIOK BUKOHAHHS JIA0OPAaTOPHUX POOIT.

- IpaBuiia OPOPMIIEHHSI OTPUMAHUX PE3YJIbTATIB.

META TA OCHOBHI 3ABJJAHHSA TABOPATOPHUX POBIT

Mema nabopamopuux pobim — HAOYTTS CTyJI€HTaMH HABUYOK PO3POOKU
porpaM KepyBaHHS PaAIOTEXHIYHUMHU TPUCTPOSIMHU, 0 CKIIATy SKUX BXOMSTH
MIKpPOKOHTPOJIEPH; HABUYOK JIaIHAHHS Ta TECTYBaHHS IIUX MPOTPaM.

[Topsimox oopMieHHS Ta 3MICT 3BITIB, 110 MalOTh CKJIaJaTUCS CTYJECHTaMU
3a pe3ysNbTaTaMi BUKOHAHHS J1a00paTOpHUX poOIT BKa3aHO MPHU OMHKCI MOPSAKY
BUKOHAHHS KOXKHOI 1TaO0paTOpHOT pOOOTH.

JUJist yCcriIIHOTO BUKOHAHHS JJA0OPAaTOPHUX POOIT HEOOX1HO 3aCBOEHHS CTY-
JIEHTOM BIJITMIOBIIHOTO TEOPETUYHOTO Marepiany. OCHOBHI TEOPETUYHI BIJJOMOC-
T1, HEOOX1HI JUIsl BUKOHAHHS JIaDOpaTOpHOi poOOTH, HABEJEH! Yy BIANOBITHUX
poO3aiiax METOJUYHHUX BKa3iBOK Ta JIOMOBHEHI KOHTPOJIBHUMH MUTAHHSIMHU 3 TIO-
CWJIKaMU Ha JKepesna BIAMOoBIAHOT iH(OopMaIlii, 0 BKa3yIOTHCS MPU OMUCI KOXK-

HOT 1abopaTopHOi poOOTH (y3araabHEHUH Mepeik PeKOMEHAOBAHOI JITepaTypH
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HAaBEJICHO Y BIAMOBIAHOMY PO3JILII B KIHIII METOJMYHUX BKa31BOK).

ITPABUJIA TEXHIKHA BE3IIEKH ITPU1 BUKOHAHHI
JIABOPATOPHHUX POBIT

B yu6oBiit nabopatopii npu BUKOHAHHI JJAOOPATOPHHUX POOIT BUKOPUCTOBY-
€ThCSl CTaHJAPTHA KOMIT IOTEpHA TEXHIKa, SKa BIJAMOBIJA€ YAHHUM BHMOTaM 3
TEeXHIKH OE3MEeKU Ta MPOMHUCIIOBOI caHiTapii. Ajie HasBHICTH BUCOKOiI (220 B)
HANpyTU Ha PO3MOAUIBHUX EJIEKTPOIIUTaX 0O0yMOBIIIOE BUKOHAHHS 3 OOKY CTY-
JICHTIB TEBHUX MPaBUJI, 3 METOIO 3aro0iraHHs HEIACHUX BUIAJKIB, HaJaHHS
IIKO/H 370POB’I0 (SIK BIACHOMY TaK 1 OTOUYIOUHX ).

1. 3a00poHsA€TbCA CTYJIEHTaM CaMOCTITHO BUKOHYBAaTH OY/b-Ki BMUKAHHS
Ha PO3MOALIFHUX EIEKTPOIINTAX.

2. B nmaboparopii B mpoiieci poOOTH MarOTh MOCTIHHO 3HAXOJUTUCH HE MEH-
11e JBOX 0ciO.

3. 3a00poHsETHCS CTyJCHTaM BUKOHYBATH OyJb-Ki PEMOHTHI poOOTH eJe-
MEHTIB €JIEKTPONPOBOJKHU (BUIIKH, PO3ETKH).

4. 3a0opoHseTbes niepeOyBaHHS B J1TabopaTopii y BEPXHHOMY Os31, KIACTH
BEPXHIH OJST Ha CTUIbLI1, CTOJIH.

5. PoGoue miciie B mpoiieci BAKOHAHHS poOIT Mae OyTH OpTraHi30BaHE - BUIb-

HE BiJl CTOPOHHIX MPEIMETIB (CyMOK, MaroK, CTOPOHHIX KHHT).



JIABOPATOPHA POBOTA Nel

CrBopenns npoexkry B cucremi MPLAB

1.1. Mera Ta OCHOBHI 3aBIaHHS Po00OTH
O3HallOMHUTHUCH 13 OCHOBHUMH CKJIaJ0BUMH yacTuHamMu cuctemu MPLAB
JUISL CTBOPEHHS, MOOYIOBU Ta TECTYBaHHS MPOEKTY Ha MIKPOKOHTposepax (ip-

Mu Microchip, BUBUNTH X MOKIMBOCTI Ta B3a€MOIIO.

1.2. OcHoBHIi TeopeTH4Hi BioMoOCTI

1.2.1. 3amyck MPLAB IDE

s 3amycky MPLAB IDE Heo6xigHO 3poOuTy mojBiifHE HATUCKAaHHA (ITO-
TBIAHUYT CKITHK») HA  MIKTOTpaMy  TIporpamMu abo BUOpaTu
Start>Programs>Microchip>MPLAB IDE vx.xx>MPLAB IDE. Ha ekpaHi Bif-

KPHUETHCS BIKHO, 300paxkeHe Ha puc. 1.1.

~ MPLAB IDE v8.00

File Edit WYiew Project Debugger Programmer Tools Configure Window Help

D Wi mE ([ S| el =

Outyp &(=1e3

| Build | Version ConlroIJ' Find in Files ‘_

21 Files |ol: Symbols

| PIC18F452 Wi novaz

Puc.1.1. CraproBe Bikio MPLAB® IDE
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CTBOpEHHS MPOEKTY MOJIATa€ B BAKOHAHH1 HABEJIEHUX HIDKYE KPOKIB.

Bubip npucmpor. MoxnuBocti MPLAB IDE 3anexats Bij BUOpaHOTO TIPH-
cTporo. Bubip mpucTporo nmoBuHEeH OyTH BUKOHAHUM J0 CTApTy IMPOEKTY.

Bubip memooy cmeopenusa npoexmy. Jliis CTBOPEHHSI MPOEKTY B paMKax Jia-
OopatopHOi poboTH BUKOpUCTOBYEThCs MakicTep npoekty MPLAB IDE (Project
Wizard).

Bubip mosnux incmpymenmie. MOBHI IHCTpYMEHTH BUOUPAIOTHCS B TPOIIEC]
pobotH 3 MaiicTpoM MpoekTy. B nmaniit poOOTI BUKOPUCTOBYIOThCS BOYIOBaHI
aceMOJiep 1 JaiHkep. I 1HIIUX TPOEKTIB MOKHA BUOPATH OJIUH 13 KOMITUIATOPIB
¢1ipmu Microchip, abo IHCTpyMEHTH CTOPOHHIX po3poOHuKiB. Ha nanomy kporii,
3a 3BUYail, BUOMPAETHCA 1 Ha3Ba MIPOECKTY.

Beeoenns (0ooasanns) ¢atinie y npoexm. B mpoeKT BBOIATHCS (I0TAIOTHCH)
nBa (ailmi: TMMYacoBuil ¢aiin (mwadsoH) 1 cueHapiii poOOTH JiHKepa (JIHKY-
BaHHs). OOuaBa ¢allaum 3HAXONATHCS Y BIAMOBIIHOMY IMIJIKATaN031 KaTajory
MPLAB IDE. Lle 1o3Bossi€ JIETKO MOYaTH IMTPOEKTYBAHHS.

Cmeopenns npoepamu. HeobxigHa nmporpaMa CTBOPIOETHCS Ta JIOJAETHCS B
TUMYacOBUM ¢aiiin Jyisl mepeJaBaHHsS BIANOBIIHUX 3HAYEHb Ha TMOPTH BXO-
TTy/BUXOY.

Komninayis npoexmy. KoMminsiisg IpoeKTy Mojsirae B aceMoOiepyBaHHi 1 Jii-
HKYBaHHI TUMYAcOBOTO ¢aiiia Jjisl OTpUMAaHHS MPOTpamMHu B MAlIMHHHUX KOZaX,
sKa TOTIM BUKJIIMKaeTbes Buobpanum PIC MCU.

Ilepesipxka npoecpamu cumynamopom. Ilporpama nepeBips€eTbCS 3 BUKOPHUC-
TaHHsAM cumyistTopa PIC MCU.

Maiictep npoeKTy CIpoILy€e MPOXOIKEHHS BC1X Ha3BaHUX KPOKIB.

1.2.2. Bu0ip npucrporo
1106 moka3atu BUOIp MYHKTIB MEHIO Ha MaHEIl IHCTPYMEHTIB 13 BEPXHBOTO

panka MPLAB IDE 3anumemo nuisix: MenuName>Menultem. BuObip nigmeHto
7



Select Device B wmenro Configure: Configure>Select Device. Bubupaemo
Configure>Select Device. B mianoroBomy psinky Device BuOmpaemo i3 CHUCKY

mikpokontpoiiep PIC16F84 (puc. 1.2).

Select Device @

Device. Device Family
PIC16F84 v ALL ~

Micrachip Teol Support
Programmers
@ PICSTARTPlus @ MPLABICD 2 @ PICKit2
@ PROMATEI @ PICKit1
@ MPLAB PM3 @ MPLAB REAL ICE

Language and Design Tools

@ ASSEMBLER @ COMPILER @ VDI
v3.90
Debuggers
@ MPLAB SIM @ MPLABICD 2 @ PICkit2
@ MPLAB REALICE
MPLAB ICE 2000 MPLAB ICE 4000 ICE/AICD Headers
@ PCMIGHKHO @ No Module @ MNo Header
@ PCMIGXH1
@ PCM1EXH2
L ok | [ cancel | [ Hep |

Puc.1.2. BikHo BUOOpY MpUCTPOIO

«ITigcBideH1» 1HAUKATOPHU MOKa3yloTh, siki komnonentu MPLAB IDE miar-
PUMYIOTh LIEH MIPUCTPIii, a came:

e 3CJIICHUH KOJIp - MOBHA MIATPUMKA,

e JKOBTMH KOJIIp - YacTKOBa MIATPUMKA KOMIIOHEHTIB 1HCTPYMEHTIB
MPLAB IDE;

e YEpPBOHUM KOJIIP — BIACYTHICTh MIATPUMKHU JAHOTO npuUcTporo. [linTpumka
TaKOXK MOK€ OyTH HEKOPEKTHOIO ISl IEAKUX 1HCTPYMEHTIB, HANpPUKIIAJ, MPHU-

crpoi dsPIC DSC ue niarpumyrorscst MPLAB ICE 2000.

1.2.3. Bubip MeTo1y CTBOPEHHSI MPOEKTY

HactynHuit Kpok — BUOIp METO/ly CTBOPEHHS MIPOEKTY — 31MCHIOETHCS 3 BU-



KOpHCTaHHSAM MaiicTpa mpoekty - Project>Project Wizard. ITpoekt — e ¢opma
oprasizariii (aiiniB ans koMmmisii. Bukoprucraemo Ui JaHOTO MPOEKTY MpocC-
TUi Qaiin acemOiepa 1 crieHapiid podoTu JiHKepa. I3 JAianoroBoro BikHa MPUBI-
tauus (Welcome), BubOupaemo Next> mis mpogoskenns. HactymHe miamorose
BIKHO NPOTIOHY€ BHOpaTu mpucTpiid (mo Bxke 3pobieHo). [lepekonyemoch, 1o
BimoOpaxkyerbcss PIC16F84. fkmio e He Tak, TO 31 CIHCKY MEHIO BHOEpPEMO

PIC16F84 1 «xnukuemo» Next>.

1.2.4. Bu0ip MOBHHMX iHCTPYMEHTIB

Ha npyromy xpoii MaiicTep IpOEKTY BCTAaHOBJIIOE MOBHI1 IHCTPYMEHTH, SKi
OyayTh BUKOPHUCTaHI B IbOMY MpoekTi. Bubupaemo B mianoroBomy BikHi Active
Toolsuite "Microchip MPASM Toolsuite". "MPASM" 1 "MPLINK" noBuHHi
OyTu BUIMMI B CIIMCKY BikHA (IUB. puc. 1.3). BUaiaiTh KOXKHOTO 3 HUX, 1100 I0-
O0aunTH ix po3mimieHHs. Sxkmo MPLAB IDE incTtanboBaHuii B 3alpONOHOBAHY
3a 3aMOBYYBAaHHSM ManKy, To NUIIX g0 acemOnepa MPASM 3anucyeTses sk:

C:\Program Files\Microchip\MPASM Suite\mpasmwin.exe

nsax no miakepa MPLINK:

C:\Program Files\Microchip\MPASM Suite\mplink.exe

nax mo 610110Texun MPLIB:

C:\Program Files\Microchip\MPASM Suite\mplib.exe

[Ticns 3akiHueHHS «KIWKHEMO» Next>. SIKmo 1HCTpyMEHTH HE BiIoOpaxy-
I0ThCSI KOPEKTHO, OTpUMYEMO 1H(OpMaIlito, HaBeJleHy Ha puc. 1.4.

BimsnaumBmm psaok iHcTpymenTa y BikHi Toolsuite Contents, Bubupaemo
Narnky Woro po3MilleHHs 3a T0NoMororo kiasimn Browse (puc. 1.4) 1 nobasnse-
MO HeoOXimHui 1HCTpyMeHT (puc. 1.5). lnsxu m0 mamoxk 3a 3aMOBYYBaHHSIM
HABEJICHI BHIIIC.

Ha manomy xporii i BBECTH Ha3BY MPOEKTY 1 3aJ1aTH MAIKYy sl HOTo po3-
mimenHs. Hampukiman, mpoekt marume HasBy MyProject. BukopucroByroun
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KHOIIKY Browse, po3milyeMo MpoeKT B MAIKy 3 Ha3BOI CBOEI IpyNH, HaIMpH-

kian, RT30 Projects. «Kmukaemo» Next>.

Project Wizard — - - ﬂ
Step Two: Eﬁl‘
Select a language toolsuite /{:::.}
Auctive Toolsuibe: [Micmchip MPASH Toolzuite v]

Toolzuite Contents

b P rbler [mpasrwin. exe]
tPLIME, Object Linker [mplink. exe]
MPLIE Librarian [mplib. exe]

Location

C:vProgram FilestMicrochiphPAS M Suite\MPAsmiwin exe

[ Help! My Suite lzn't Listed! ] [] Show all installed toolsuites

[ < Hazan ][ Hanee = ] [ OmaeHa ] [ Cnpaexa

L

Puc.1.3. Maiictep npoekty. — Bubip MOBHUX 1HCTPYMEHTIB

x
Step Two: Eﬁ
Select alanguage toolsuite /{é}

Active Toalsuite: | Microchip MPASM Toolsuite -]

~ Toolsuite Contents

K MPASKM Assembler (mpasmwin.exe)
X MPLINK Object Linker (mplink.exe

MPLIE Librarian implib.exe)
~Location
|| Browse... |
Help! My Suite lsn't Listed | [~ Show all installed toolsuites

¢ Hazan I Oanees » I OTHMEHE | Cnpagka |

Puc.1.4. BikHo BUOOpY IHCTPYMEHTIB NPU HEKOPEKTHOMY BHOOP1

10



Select Language-Tool Executable 2| x|
Oanka: | 2 MPASM Suite o2 Er
= mplink. exe
ASMUWIN, exe
ke pakna: Implib_exe OTEpRITE
Tun chafnoe: IExecutabIe Files (* exe) LI OTreHS
- #

Puc.1.5. Bubip 1HCTpyMEHTIB 13 anKu

Project Wizard

Step Three: I%
Create a new project, or reconfigure the active project? /{;}}

(%) Create New Project File

$D:\.F%T3D_Proiects'\MyProiect ’ | Browse... |

i [ Browse... ]

[ < Hazag ][ Hanee > ] [ OTtmeHa ] [ Cnpaeka ]

Puc.1.6. Maiictep npoekty. — BBeIeHHSI Ha3BU MTPOEKTY

1.2.5. Beeaenns (noaaBanHsi) paiisiiB y npoexkt
Ha yeTBepTOMYy KpOIll BUKOHYETHCS BBEICHHS (J0JaBaHHs) BUOpaHUX (aii-

JiB y ipoekT. Daiin nmepuiopkepena me He BUOpaHuid 1 ToMy MU OyJIeMO BHUKO-

11



puctoByBatu TuMuacoBuil daitn MPLAB IDE. TumuacoBuii daitn € ¢aiinom
HANMOPOCTIIIOTO MIA0JIOHY, IO T03BOJISIE BUKOPUCTATH MOTO AJISI IIBUAKOTO 3a-
MyCKy MpoekTy. o cTpykTypu ¢ailily BXOISATH PO3AUIA, MPUCYTHI B OYyb-
saxoMy Gaiin nepuiopkepena. Bin BMilnye iHpopMmaliito, sika T0MOMOXKE 3aruca-
TU Ta po3MicTuTi Koa. @ipma Microchip mpomnoHye ofuH TUMYAacOBUM (aili B
skocTi mabdnony ais npuctporo PIC MCU.

Bubupaemo daitn 3 HazBoro 16F84TMPO.ASM. Sxmo MPLAB IDE inucra-
JHOBAHMI B MAIKy 10 3aMOBYYBAaHHIO, TO MIOBHUH IIIAX 10 THMYACOBOI MAIKH:

C:\Program Files\Microchip\MPASM Suite\Template\Object\16f84tmpo.asm
Project Wizard

Step Four: I%
Add existing files to your project /'E@}

16F83TMPO.ASM A

16FS4TMPO.ASM | C:\Program Fil
16FS44TMPO.ASM Z .
16FE70TMPO.ASM
16F871 TMPO.ASM
16FE72TMPO.ASM
16FS73ATMPO.ASM
16FE73TMPO.ASM
16FE745TMPD ASM
16FE74TMPO.ASM
16FE76ATMPD ASM

16FS76TMPO.ASM ¥
< > 2 )

i i i ) o (o (e i i i ) )

[ < Hazan ][ HNanee > ] [ OTtmeHa ] [ Cnpaeka ]

Puc.1.7. Maiictep npoekty. — Bubip TumuacoBoro daitny

Hatuckyemo Add>>, mo6 nonati Ha3BaHui (aiiia B MpaBy MaHEb 1 3MIHIO-
emMo Oinsi Ha3Bu BuOpaHoro (aitmy cumBon. Cepel MOXIMBHX BaplaHTIB
(A>U>S>C) HeoOXximHO 0OpaTH OCTaHHIM, OCKUIBKH JIaHa OIIis KOIitoe (aiin
mabJIoOHy 70 JUPEKTOPIi MPOEKTY 1 J0/Ia€ B MPOEKT BIIHOCHUH IIJISAX JIO CKOIIi-

foBaHoro Qaitiry. Bynb-ski HacTynH1 3MiHM B 11a0JIOHI TUMYAcoBOro (aity Oy-

12



yTh 30epiratucs y JOKajdbHIN KoIii, He MoAu(iKytoun opuriHai. Kpim Toro Bi-
JTHOCHUM TIUIIX 110 (hailiry m0aae MOOUTLHOCTI MPOEKTY, HANPHKIAA KOMaHIa
Save project as go3BoJisie 30epertd MPOEKT B HOBOMY MICII Ha JIOKaJIbHOMY

JTUCKY Ta/ab0 MepeHecTH MOoro Ha 1HIIKMK KOMIT I0Tep 0€3 10JaTKOBOTO HACTPO-

IOBAHHS.

Jlomamo B mpoekT apyruit daitn — daiin crieHapiro podotu JiiHkepa (¢ain
JTHKYBaHHs). J{7s KOXKHOTO TPUCTPOIO iCHYIOTH CBOi (paiiimm siHkyBaHHS. Lli
¢aiiny 3a1ar0Th BIJIMOBIIHI pericTpu 1 KoHQIirypariiito mnam’sti. Bukopucraemo
daiin 3 HazBoro 16F84.1kr. TloBHuUi NUIsAX 10 HHOTO:

C:\Program Files\Microchip\MPASM Suite\LKR\16F84.1kr

3MiHIOEMO CUMBOJI A (3aaHuil 10 3aMOBYYBaHHIO) Ha C IS KOIMiIOBaHHS

UbOTro (haiy JIHKYBAHHS B IIPOEKT.

Project Wizard

Step Four: I%
Add existing files to your project /é}

1668191 lkr ~ C 16F84TMPO.ASM | C:\Program Fil;
1683 Ikr C 16f84.Ikr | C:\Program Files\Microc|
- B84, lkr

E) 16f84a.lkr -

B rerer

16870 Ikr

168701 Ikr

16871 Ikr

168711 Ikr

1687 2.Ikr

1687 2i.Ikr

B 166873 ke o |
[ | & |G

[ a

[ < Hazan ][ Nanee > ] [ OTmMeHa ] [ Cnpaeka ]

Puc. 1.8. Maiictep npoekty. — Bubip crienapito JiHKyBaHHS

[TepexoHyeMocCh, 1110 J1aJIOTOBE BIKHO BUIUISIAE TaK, SIK Ha puc. 1.8 3 1BoMa
cumBosiamu C 1 Hatrckyemo Next> st 3aBepriieHHs] poOOTH MaiicTpa POESKTY.
3akroyHe BIKHO MaiicTpa MPOEKTY TMOKa3ye MiICyMKHA BHOOPY MPHUCTPOIO,

13



IHCTPYMEHTIB 1 Ha3BY (paiijia HOBOTO MPOEKTY.

ITiciss HaTuckaHHS KHOIKM  Finish i
il B MyProject.mcw g@@
3’SBIIETHCS BIKHO IPOEKTY Ha pPoOOUOMY

= [ MyProject.mcp
= [ Source Files

croi MPLAB IDE, sike mae Burisz, sik Ha

puc. 1.9. SIkmo BIKHO IPOEKTy HE BIAKPH- : 2] 16F84TMPO.ASM
Senits View>Proi [ Header Files
J0ch, TO BuOepith View>Project. (2 Obiect Files
[ Library Files
Ilopaoa: @aiinu moscyms 6ymu 00b6aseHi 8 =[] Linker Script
. = 16f54.Ikr
npoeKkm 30epexceHull 3 BUKOPUCMAHHAM o .
|__] Other Files

npasoi KHONKU Muwii y 6ikHi npoexkmy. Axujo

BUHUKIIA NOMUNIKA, MO atiiu MOA*CHA 8UOA-

JUMU 3 NPOEKMY 8 PYUHOMY DedCUMi, none-

(] Files i| * Symbols

PeOHbO 8UbpasWIU iX | GUKOPUCABUIU KOH-

meKcmHe MeHIo Npasoi KHONKU MUWI. Puc.1.9. Bikno npoekrty

1.2.6. TecTroBa KOMIiIALisA

[I1o6 mepexkoHaTHCs B MPaBUILHOCTI BUKOHAHHS OIepalliii BBEICHHS B MPO-
eKT (haimiB mabIoHy Ci 3MIMCHUTH TECTOBY KOMMUIAIi0. JJiT IbOTO 3 BUKO-
PUCTAHHSIM MEHIO TPOEKTY BUKOHYEMO KOMIUIALIIO J00aBiieHUX (aililiB OqJHUM
3 HACTYITHUX CIIOCOO1B:

« Project>Build All

o «KnukHyTH» TTPaBOIO KJIABIIICIO MHUII HA HA3B1 MPOEKTY y BIKHI MPOCKTY
1 BuOpatu Build All

o «Knuknytu» miktorpamy Build All Ha naHeni 1HCTPYMEHTIB MPOEKTY.
[IpoBecTn mMuIIero Yepes MKTOrpamu, 100 MPOYUTATH ITiIKA3ZKH.

BuxiHe BIKHO MOKa3ye pe3yibTaTH Mpoliecy KoMnuisiiii. B HamomMy Bumasu-
Ky HE TIOBHHHO OyTH »OJHOTO MOBiJOMJICHHSI PO MOMUJIKH, a00 TOTEepeIKeH-

Hs1. SIKIIO € MOBITOMJICHHS TIPO TIOMMJIKH, TO HEOOX1HO MOBEPHYTHCS JI0 TIOTIe-
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PEIHBOT0 PO3JUTY, BUMPABUTH MOMUJIKH 1 MOBTOPUTU Kommijsiito. [ToBimom-
JICHHSI TUITY TTOTIEPEDKEHHS MOHA ITHOPYBAaTH, OCKUTLKH BOHHM HE TIPU3BEIYTh
710 3ynuHKY o0y moBu nipoekTy. [1{o6 BUMKHYTH TTOKa3 MonepekeHb.

« BuOepite Project>Build Options>Project i «kmukuitey MPASM
Assembler;

« BuOepiTh "Output" 13 cnucky "Categories";

« BuOepiTh "Errors only" i3 ciucky "Diagnostic level";

o wHatucHITE OK.

M Qutput

Build | Version Control | Find in Files

Clean: Deleting intermediary and output files. Al
Clean: Deleted file "DART30_Projects\MyProject mes".

Clean: Done.

Executing: "C\Program Files\Microchip\MPASM SuiteyMPAsmWin.exe" fg /p16F84 "16FE4TMPO ASM" /I"16F
Executing: "C\Program Files\MicrochipiMPASM Suite\MPLink.exe" "DART30_Projects\16f84.Ikr" "DART30_P
MPLINK 4.14, Linker

Copyright (c) 2007 Microchip Technology Inc.
Errors v 0

MP2HEX 4.14, COFF to HEX File Converter
Copyright {c) 2007 Microchip Technology Inc.
Errors 0

Loaded DART30_Projects\MyProject.cof.
BUILD SUCCEEDED: Wed Apr 02 10:46:31 2008 w

Puc.1.10. BuxigHe BIKHO

1.2.7. CTBOpeHHs1 nporpamMu

Bigkpuiite TuMuacoBuii (paiin moABIMHUM KIallaHHSIM MHIIIKOIO Ha MOro Ha-
3Bl y BiKHI IPOEKTY, a00 MOCTaBTE€ Ha HbOTO KypCOp MHUUII 1 13 KOHTEKCTHOIO
MEHIO mpaBoi kiagirn Buoepith Edit (puc. 1.11).

@aiin Ha MOYaTKy Ma€e KOMEHTapi 1 iX MpPOCTIp MOXke OyTH BUKOPHCTAHMIA
JUTSL CTaHAAPTHUX KOMEHTapiB MpOrpaMu. 3apa3 MU 3aJHIIAMO iX Tak, sSIK BOHU
€, aJIe JJI1 PEATbHOTO TIPOEKTY B IIbOMY MiCIll HEOOX1THO po3MicTUTH 1H(DOpMa-

1110 Y BIATIOBITHOCTI 3 IAHUMU TTPOCKTY.

15



Ipumimka: Moorxcna nokasa-
mu Homepa padkie. [lokaz Home-
pi6 paokie emuxacmuvcs abo 6u-
MUKAEMbCA  Yepe3 KOHMEKCMHe
MeHI0 npasoi KAasiui Muwi y 6i-
KHI pedakmopa. B menio eubpa-
mu «Brnacmusocmiy, a nomim
suopamu "Line Numbers" ¢ po3-
oini Editor oianoeosoeco eixna

Editor Options.

a MyProject - MPLAB IDE vB.00

- MyProject.m

File Edit View Project Debugger Programmer Tool

O =

Hw? ||

Checksum: 0x2266

B MyProject.mcw @@@

@# Symbols

D Files

BUILD

Puc. 1.11. KoHTEeKCTHE MEHIO

= [ MyProject.mcp
=-[_2] Source Files
B E’ Acsemble: jon Control || F
L3 Header Frem—
= ; - = 2ting interm
L_.;.l Object Build Options... ted file "D-
0 Librer, | ST
=-E3 Linker 9 Remove 'C\Prograr
[T 1eFsamr g C:A\Prograr
(= ; K 4.14, Lin
(L] Other Files Skt a0
= - 0
¥ 4.14, COF
ight {(c) 20
s .0

d DART30_Pro

SUCCEEDED:

IIPOEKTY

[Iporpama mnepmioro po3ainy ¢aiily BHUKOPUCTOBYETHCS JJISl CKIIQTHIIIUX

GyHKIIIM, TAKUX SIK HACTPOIOBAHHSI TIEPEPUBAHb Ta O1TH KOHGIrypaliii KIHIIEBOTO

npuctporo. I[Iponyctumo 1i Aetaii, 3Be€pHYBIIM yBary Ha 3alyC YaCTUHU MPO-

rpaMu, sika po3MILLyeThbes y (ailm micist cumBoiy Main. [IpokpyTiTh TEKCT

BHU3 JI0 KiHIIA (aiiy, 1e 3HaXOAUThCS CUMBOJI Main (puc. 1.13).

Biakputnii nepBunHMiA (aiiyi MOKHA aBTOMaTU4YHO penaryBaTu. HaBegenuit

HIK4Y€e (PparMeHT IpOorpaMu MPUKIaAy BBEIITh B TEKCT TUMYACOBOro (aiiy mi-

cJsi cuMBOJTY Main (MoskHa BUKOopUcTaTu Oydep oOMIHY 1151 KOTiFOBaHHS):

clrf W

movwf PORTB ;

bsf STATUS,RPO ;

movwf TRISB ;

bef STATUS,RPO ;
Init

clrf COUNT ;

obnynenuss PORTB

BUOIp bank 1

KoH(irypyBanHs Bcix BuBoAiB PORTB sk BuxigHux

BuOip bank 0

1HImMam3anist J4mIbHIKa

16



IncCount

incf COUNT, £

movf COUNT ,w ; 30UIBIIMTH 3HAYECHHS JIYUILHHUKA 1

movwf PORTB ; Busectd yepes PORTB

call Delay ; Tmepeiitu Ha mignporpamy Delay

goto IncCount ; 0e3kiHUEeBUNA UK
Delay

movlw 0x40

movwf DVAR2 ; 3a1aTy 30BHIIIHIN IUKI 3aTPUMKHU
DelayOuter

movlw OxFF

movwf DVAR ; 3aJaTH BHYTPILIHIN LUKI 3aTPUMKH
DelayInner

decfsz DVAR, £

goto DelayInner

decfsz DVAR2, £

goto DelayOuter

return

B nanomy ¢parmMeHTty nporpamu BUKOpPHUCTaH1 Tpu 3MiHHI: COUNT, DVAR,
DVAR2, sKi NOTPIOHO BU3HAYUTH B TUMUYACcOBOMY (haiisi. Bukopucraemo 010k
UDATA (puc.1.14), mo 103BOJUTH CIIPOCTUTH KO, & TAKOX BIJACIIAKYBAaTH 3Ha-
YEHHS 3MIHHUX NpPU BUKOHAHHI CUMYJSLIi. BCcTaHOBHMMO Mo4yaTKOBUN ajpec
osioky 0x20 (moyaToOK PEericTpiB 3arajbHOro Mpu3HaueHHs). KoxHa 13 3MIHHUX
8-mu 6iTOBa, TOMY CJIiJI 3ape3epBYBaTH JiMIIe TI0 1 OalTy 11 KOKHO1 3 HUX.

UDATA 0x20

COUNT RES 1

DVAR RES 1

DVAR2 RES 1

17



Bl D:\RT30_Projects\16F B4 TMPO.ASM

- T T N T N I I T N N T I T N I L I T I N T I T N PP A PR AT N PN IR IR
M

£ a basic code texplate fory assanbly code goneration -
~

CisPB4 Thiz fi1lae contains the basic codae

locks —a build upon

upts are net uszed all code presanted betwaeen the ORC

ctave and tha lavael main can be rexoved. In addataion
assignments for 'w texp' and 'sratus temp' can

suidae tor additiconal intorpation on

(Docuxent DS33014)

data zheet oy additicnal

Tenplata taile zassaexnbled with MPILAE VI 8 and MPASH

e e e e i e i S e b S e b S

XxxXx.aso

Puc. 1.12. TumuacoBuii aiin
18



~ MyProject - MPLAB 1DE vB.00 - [D:\RT30_Projects\16F B4 TMPO.ASM]

T Fle Edt View Project Debugger Programener  Tools Coofigure  Window Help -] %
DE W W SANR? Relcase v BT O = & | Checksum: 0x2266
i goto Main ; g0 to beginning of progran -
1 -~
z

3 ISR CODE O0x004 ; interrupt wvector location

+ goto Interrupt ;s 9o To the interrupt location

g

(3 MATN PROGRAN CODE

7 I

e Interrupt:

movwi w_texp i save off current W register contents

30 movE STATUS w ; mowve ztatus register into W regiszter

) 8 movwt status temp ; save off contents of STATUS register

82 movE status _temp w ; retrieve copy of STATUS register

33 movwt STATUS ; restore pre-iszr STATUS regiszter contents

24 swap £ v _cemp f

35 swap £ v_tenp W ; restore prae-isr ¥ register contents

26 retfie ; return from interrupt

37 5

2= Main:

89

=4 ; remaining code goes here

91

=4 END ; directive "end of program’ ~
< >

PIC16F34 W:0 zdcc bank Ln 77, Col 1

Puc. 1.13. TumuacoBuii ¢aitn — OcHoBHUI (Main)
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M D:\RT30_Projects\16F B4TMPO,ASM

56

§7 ;**¥+*+ VARIABLE DEFINITIONS 4
58 v _tenp EQU 0x0C ; variable used for context saving

£9 stavus tenp BQU 0x0D ; variable used for context saving

0

51 UDATA 0x20 ; begin an object file uninitializied data zectic
52 COUNT RES 1 ; Counter

63 DVAR DES 1 ; inner loop count

54 JVARZ RES 1 7 outer loop counmt

23

56

7 ’-”’.””""””?""'””""””””””””""-””””"”-””"'

58 RESET VECTOR CODE 0x000 ; processor reset vector

£9 goto Hain ¢/ o to beginning of program

0

1 ¥
< >

Puc.1.14. TumuacoBuii ®aiin. BusHayeHHS 3MIHHUX

1.2.8. Kommisisinist npoexTy
Bub6epite Project>Build All. flkmo xomminsiis BUKOHaHa 0€3 TTOMHUIIOK, TO

BUXIHE BIKHO MaTUM€ BUTJIS, MOII0OHUI HaBeqeHOMY Ha puc. 1.15.

Buld | Version Control | Find in Fies

Clean: Deleting intermediary and output files. A |
Clean: Done.

Executing "C\Program Files\Microchip\MPASM Sute\MPAsmWin exe" /q /o16F84 “16F84TMPO ASM" 1*16F
Executing "C\Program FilesiMicrochip\MPASM Suite\MPLink exe" "DART30_Projects\16184 k" "DART3I0_P
HPLINK 4 14. Linker

Copyright (c) 2007 Microchip Technology Inc
Errors 0

MP2HEX 4 14, COFF to HEX File Convertexr
Copyright (c¢) 2007 Microchip Technology Inc
Errors -

Loaded DART30_Projects\MyProject col
BUILD SUCCEEDED: Wed Apr02 11:1452 2008

Puc. 1.15. Buxiane BiKHO (3BIT PO KOMIUJISIIIIO)

K110 KOMITUTSIIISE BUKOHAHA 3 TTOMUJIKaMH, TO TTIOBTOPITh OOYIOBY MPOEK-

Ty, NOIICPCAHBO BUKOHABIIN HACTYITHC.
20



e JSlkmio B 3BITI BUXIZHOI'O BIKHA € MOMMJIKHM KOMIIUIAII, TO KJIUKHITH IO-
neiitHo Ha mommii. MPLAB IDE Biakpue BiAMOBimHHMIA PSAAOK B Iporpami
nepIopKepena i3 BiMITKOIO 3€JICHOTO KOJIbOPY B JIiBii YaCTHHI BiKHA.

o IlepeBipTe cuHTakcuc 1 ¢popmaT BBEACHOI IMpOorpaMu y BIKHI PeIaKTopa.
[lepexonaiiTech, 110 HOBI 3MiHHI, pericTpu cremianbHux ¢yHkiii, TRISB i
PORTB, Bu3HaueH1 y BITIOBIIHUX PO3/1Iax.

o Ilepeipte, mo mms mpuctpoiB PIC MCU BUKOpHCTOBYIOTHCS KOPEKTHI
Bepcii acemOnepa (MPASM acemOnep) i miHkepa. BuOepite Project>Set
Language Tool Locations. Po3eepHiTh iHCTpyMeHT Microchip MPASM i iioro
ckianoBi. «KmukHiTE» Ha MPASM acemOnepi (mpasmwin.exe) i meperisHbTe
IUIAX JO0 HOro po3MileHHs. SIKIIO pPO3MIIIEHHS KOPEKTHE, TO «KIIMKHITH
Cancel. SIkmro Hi, TO 3MiHITE Horo 1 moTiM HaTucHITE OK.

[Ticnsa ycnimHoi moOynoBu Oyne 3aBaHTaXEHUN BUXITHUM (haiisi, TeHepoBa-
HUNM MOBHHMM 1HCTpyMeHTOM. Lle#t ¢aiin Bmilrye 00’ €KTHY Mporpamy, sKka MoKe
Oytu 3anucana B Mikpocxemy PIC MCU, i iHpopmariito ajisi HadaroIKeHHs.
Tomy nepBuUHHA MporpaMa MoXxe OyTH HajaroJpkKeHa, a 3MiHHI MepIIoKepena

MEeperJisiHyTl Y BiKHI criocTepeskeHHs Watch, sk CUMBOJIH.

1.2.9. IlepeBipka nporpamu cCuMyJisiTOPOM

Jiist 3aBepIeHHs] TECTYBaHHS MporpaMu abo MpUCTPOIO HEOOXITHO BUKOHA-
™1 komauau PIC MCU. InctpymeHTamMu Jjisi HaJaroJKEHHs € mporpamMHi ado
amapaTtHi 1HCTPYMEHTH, 1[0 BUKOPHCTOBYIOTHCS IJIsi TIEPEBIPKU Tporpamu (B
Hamomy Bumaaky 84tmpo.asm). Anaparsi iHcTpyMeHTH, Taki sk MPLAB ICE,
MPLAB ICD 2 a6o MPLAB PICKit2 MoxyTh BUKOHATH TPOTPaMy B peabHUX
NPUCTPOSIX. SIKIO anmapaTHi IHCTPYMEHTH HEJAOCTYIHI, TO ISl IEPEBIPKU MOKHA
Bukopucratu cumyssitop MPLAB SIM. Bukopucraemo ioro B gaHiii poOoTi.

CuMynaTop € TpOorpaMHUM 1HCTPYMEHTOM, SIKMH 3allyCKaeThCs Ha

koM ’rotepi s cumydianii komang PIC MCU. Bin He npaiitoe B "peaibHOMY
21



gaci", ToMy 110 MporpamMa CUMYJISITOpa 3aJIeKHUTh BiJI IIBUIKOCTI KOMII FOTEPa,
CKJIQJIHOCTI CKOMITUTLOBAHOI MporpaMu (KOay), THIYy OIEpaliiHOl CHCTeMH, a
TaKOX BIJl KUIBKOCTI 3a/1a4 OJIHOYACHO 3alyIleHO Ha BUKOHaHHsA. He3Baxarouu
Ha 11e, CUMYJIATOP TOYHO BU3HAYa€ Yac, sKuil OyB O BUTpayeHUI HA BUKOHAHHS
porpaMu mpu poOOTi MPUCTPOIO B pEaTbHOMY Yaci.

BubupaeMo cumynsTop, sk IHCTpyMEHT BUKOHAHHS HajlarojkeHHs. Bin no-
crynHuii i3 mento Debugger>Select Tool. ITicis Bu6opy MPLAB SIM cratoth
JOCTYITHUMH JIOJITATKOBI MMyHKTH MEHIO Hajaro ukeHHs (puc. 1.16).

Jlani Bubupaemo Debugger>Reset>Processor Reset i 3eneHa cTpijika moka-
3y€, 3BIKU MOYHEThCs mporpama (auB. puc. 1.17). Ha puc. 1.17 Iloka3ana mins-
HKa TUM4YacoBoro dairy. [lepma koMaHga B mam’siTi BUKIUKAae O€3yMOBHHIA
nepexiJi Ha MITKy Main, kynu OyB BcTaBieHui Hain ¢parmenT. Lliero koman-
JIOI0 MU «IepecTpuldyeMo» B Mam’sTi 4epe3 MPOCTIp BEKTOpa INEepepuBaHHS

PIC16F84.

M MyProject - MPLAB IDE v8.00
File Edit VYiew Project BSE0GGEE Programmer Tools Configure Window Help

Dw | & 2-‘.;;, N?r.‘:eﬁ:_(" © &wal v ueHTFER

Clear Memory »
2 MPLAE ICE 400(
Run F9
Animat v 3 MPLAE 5IM
nimace
3 @8 MyProjectme] | ewesicezonn |
=[] source Files | Step Into F7 e - 53 ; variable used for context savii
16F34TM  Step Over Fs D ; variable used for context sawvi)
(1 Header Files|  Step Out _ _ ) o
D i ‘ Reset » 0oxzo ; begin an object file uninitial:
- Object Files ) v P L e
E]Library Files | Breakpoints. .. F2 1 ; inmer loop count
=3 Linker Script 4 1 ; outer loop count
[Z 1efga.e  StopWatch
- . | Complex Breakpoints
DOtherFlles Stlmulus ' Zeakab b ob oh o b ol o b b o b ok kol b b R R o b R Rl b ol Rk bl ol ol o
Profile » I VECTOR CODE 0x000 ; processor reset wvector
PIPR Y ) goto Main ; go to begimning of program
Refresh PM
Settings...

IMPLAB SIM PIC16F34 pc:0 Wi0 zdcc 20 MHz bank0 Ln 62, Col & I

Puc.1.16. Bikno MPLAB® IDE i3 cumynaropom MPLAB SIM miis nagHanHs

JlJiss BUKOHAHHS TPOTPaMHM «KPOK 3a KpoKom» BHOepiTh Debugger>Step

22



Into. IIpu npomy Oyne Bi3HAYATHCH PSIOK MPOTpaMu, 0 BUKOHYETHCS, 1 Bij-
MiTKa OyJie mepeMillyBaTUCh A0 HACTYITHOTO PSAKa, 110 Ma€ OyTH BUKOHaHUH. B

tabm. 1.1 mokazani QyHkIli mikTorpam naneni inctpymeHnTtiB Debug Tool Bar.

Ta6umus 1.1. ®dynknii 3acodiB 1agnanasa MPLAB Debug Tool Bar.

Menro nagHaHHsA . .
[IBuIKU BUKINK OyHKIIA
nporpamu
Run F9 3anmyck nporpamu
Halt F5 3ynuHKa MporpamMu
Animate AHIMallisi BUKOHAaHHS POTpaMu
Step Into F7 [ToxpokoBe BUKOHAHHS
Step Over F8 OOxia mianmporpaMu (Koja 3aTPUMKH)
Step Out Buxin 3 mianporpamu (kKoJa 3aTpuM-
KH)
Reset F6 CkumaHHs
m MyProject - MPLAB IDE vB.00 - [D:\RT30_Projects\1 6F B4TMPO.ASM] =13
" File Edit View Project Debugger Programmer Tools Configure Window Help -] B 3
DS | %6 SMd?  (Rlase Vi s HBO | S &
status_tenmp EQU 0x0D ; wariable used for context saving:f
UDATA OxZ0 ; begin an object file uninitializ
COUNT RES d: ; counter
DVAR RES 1 ; inner loop count
DVARZ RES 1 ; outer loop count

R o o o R o S b S b S SR b SR b S S R R R S S S S S SR b SR b S R SR R S S S S o S S S b S S SR o S b S b S ol R R R o o o o

RESET_VECTOR CODE 0x000 ; pProcessor reset vector
goto Main ; go to begimming of program
ISR CODE Ox004 ; interrupt wvector location
goto Interrupt ; go to the interrupt location
MATN PROGRAM CODE
Interrupt: v
< >
MPLAE S5IM PIC16F34 pc:0 W0 zdcc p
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Puc. 1.17. Ilporpama miciisg BUKOHaHHS KoMaH i1 Processor Reset

84 retfie ; return from interrupt —

85 e

86 Main

87

88 B | clrf W

29 mo v PORTE ; obuynemma PORTE

S0 bsf STATUS,RPO ; embip bank 1

91 mo v TRISE ; RoHPirypyEaHHA EBCciX EBMEOXiE PORTE AR EMXIXEIX

9Z bef STATUS ,RPO ; embip bank O

93 Init b

94 clrf COUNT ; lHimiamizZamis NiYMIEHMRA

95 IncCount

96 incf COUNT, £ Vv
< 2

MPLAB SIM PIC16F54 pc:0xF Wi zdcc 2(

Puc. 1.18. IIporpama miciist BAKOHaHHS IepIIoro Kpoky (Step Into)

HatucHiTe mikrorpamy Step Into, abo Bubepits Debugger>Step Into mis Bu-
KOHAHHS OJIHOTO KPOKY Kony 3 Main (puc. 1.18). I1{o6 nepekoHatucs, 1110 npo-
rpaMa Tpaioe Tak, SK 3a7aHo (TOOTO BUBOAMUTH 301JIbIIIEHI 3HAYEHHS 4Yepes
PORTB), koHTpoJII0EMO 3HAYCHHS, sKi nepenaoTbes B PORTB.

Bubupaemo View>Watch, mo06 Bigkputu nycte BikHo Watch. B Hbomy 3Be-
PXy € JIBa PAAKH 3 «BUNanaouuMm» crrckamu (puc. 1.19). Bikno 3miBa (mo3Ha-
yene "Add SFR") Mmoxe OyTu BUKOpHCTaHE JJIs TOJaBaHHS PETICTPY CIIEeIialib-
Hux ¢yukiiii, PORTB, B obnacts ciocrepexxennsi. Bubupaemo PORTB 13 cniu-
cky 1 Hatrckyemo Add SFR, mo0 mo0aBuTtH ioro y BikHO. «Buragarouuiiy cru-
COK TMPaBOPYY JI03BOJISIE BUOPATH CUMBOJIH, SIKI MOXKYTh OyTH J100aBJeH1 3 Mpo-
rpamu. Bukopucraemo neit cnucok, mo6 no6aButu 3miHHy COUNT y BiKHO
Watch. Bubupaemo COUNT i3 ciiucky, a motiMm Hatuckyemo Add Symbol, mo6

no6aBuTH oro y BikHO (puc.1.20).

24



Ipumimxa: 3minni, susnaueni 3a 0onomozoro oupexmueu EQU ne moocymo

oobasnismucs y eéikno Watch.,

M MyProject - MPLAB IDE v8.00 - Watch

File Edit Yiew Project Debugger Programmer Tools Configure MWindow Help

DS @ S#w 2 | [Release v @ E

.- MyProject.mow E}@ i Watch

= (Bl MyProjectimep [Add SFR) | EEGEE vl 4dd Symbol v
=[] Source Files Egégm Syrbol Nawe I Value | =
: 16F84TMPO. A EECONZ
[ Header Files EEDATA
L. (68 Object Files ::SSF =
[ Library Files INTCON
= E:] Linker Script EEE ION_REG
[ 1efalke “Watch 1 |PCLATH ['Watch 4]
[ Other Files - :
= . T b
< |
IMPLAB SIM PIC16F34 pc:0xf W0 zdcc 20

Puc. 1.19. Bu6ip PORTB

25



M MyProject - MPLAB IDE v8.00 - Watch

File Edit View Project Debugger Programmer

Tools Configure ‘Window Help

J DB BB S ? J Release ¥ i @ &

B MyProject.mow E]@ ; Watch

| Syrbol

= (1 source Files Address
b 16F84TMPO. A 06
(22 Header Files
.. Object Files

| Library Files
=1 Linker Script

PORTE

= E MyProject.mcp [AddSFF{| PORTE  ~ lAddSymboll v

DVAR
DVAR2Z

2 tefaddke
-..[_] other Files

Watch 1 [Watch 2| Watch 3| Watch 4|

MPLAE SIM PIC16FS4

Puc. 1.20. Bu6ip 3minnoi "COUNT"

Bikno Watch tenep Oyne nmoka3yBaTu aapecu, Ha3BH 1 3HAYCHHS JBOX peric-
TpiB (puc.1.21). B miif Tourli mporpaMu 3Ha4eHHSI 000X PEriCTpiB PiBHI HYJIIO.

Ipumimka: Tepminu moorcna dobasumu y eixno Watch npocmum nepemsey-
sanuam cumeonie iz SFR, ¢haiinosoco pecicmpy abo 3 sikna pedaxmopa. Moowcna

MAKONC «KIUKHYMUY MUWUKOI NPIMO Y GIKHI HUMCUE IMEeHI CUMBOIY I HAOPYKY-

eamu HeoOXiOHUU MepMiH

B Watch

|AddSFR| PORTE v |Add Symbol] COUNT  »

| Address Symbol Name Value
06 PORTE 0x00
20 COUNT 0x00

| Watch1 |\watch 2| Watch3 | Watch 4|
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Puc. 1.21. Bikao Watch micist BukoHanasa komanau RESET

MoskeTe TPOJOBKHUTH «IOKPOKOBE» BUKOHAHHS TPOTPAMH, ajie 3PYyUHIIIEe
BCTAaHOBUTHU TOYKY KOHTPOJIIO TIEpE]l TUM, SIK Meplie 3HaUeHHs OyJie BUBEJCHE B
PORTB. /Ins BCTaHOBJIEHHSI TOYKH KOHTPOJIIO CTABUMO KypCOp Ha PAIOK, SIKHIA
BIJIMTOBIJIA€ PSIAKY MPOTPAMHU:
movwf PORTB ;nepemimenns 3minnoi COUNT na PORTB (display ;COUNT on

; PORTB)

1 HATUCKY€EMO TpaBy Kiasinry mutii (puc. 1.22).

Bubupaemo Set Breakpoint i3 KOHTEKCTHOTO MeHIO. 3’SIBISIETHCS YEPBOHE
"B" B psaaky xoay (puc. 1.23).

Ilpumimka: Touky KOHmMpONO (3YNUHKU) MAKONC MOMCEMO 000aA8UmMuU NO-

OBILHUM KIUKOM HA PAOKY.
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M MyProject - MPLAB IDE vB.00 - [D:\RT30_Projects\1 6FB4TMPO.ASM]

" File Edit View Project Debugger Programmer Tools Configure Window Help | 53
DEFE e SA® ? | |Release v I @ & | > m
97 ; =BinmeuwoiTM SHaYeHHA NiYMNIBEHMKA i —
98 T leumecTn yepez PORTB 9—
99
100 IlepelTi Ha Oigmporpamy Delay
101 BezRiHUIe BT LIAKIT
102
e Deli\ Close
104 ]
105 3 SanaTHM SOBHIUMIN DM ZaTPIGGEM
106 Del| Breakpoints »
107 ]
108 i RunTo Cursor TagaTH BHyTPLWHIM IDMIT SaTPInmU
103 Dell  Set PC at Cursor
110
111 GoTa...
112 GoTo Locator
113
114 -u
115
116 Paste 2
117 Delete [
118 ; directive 'end of program'
119 Add To Project e
120 Advanced 4
Bookmarks >
Code Folding 4
Text Mode » M|
< i Properties... 2

PIC16F54

| File Edit View Project Debugger Programmer Tools Configure Window Help

20MHz bank0 Ln¢

TDB”EIT(::%E}'@“W? Release Vi’ 3 B @ S B & > Il bb
o3 Init —
= clrf COUNT ; imimiamizanis nivMnerHMEAa i
195 IncCount

(£ incf COUNT, £

9'? movE COUNT ,w ; =BinpusiTM SHaYSHHA JiYMABHMKA 1

28 @ mo vt PORTE ; BmupecTH uepez PORTE

|92 '

||L00 call Delay _ 4y Delay

101 goto IncCount ePE? (EII.J-L“-‘.] ‘

o> yepes; (CXB03b - ee) Kpisk; £

(ceepx, sbiue - ewe) Hag, (no

e Dediam APOWECIBYY - eWE) 33, N0

(104 movlw 0x40 v
N | M3meHnTe cnocob Bbizosa 5
IMPLAB 5IM PIC16F34 pc:0xF W0 zdcc 20MHz bank0 Ln¢ .

Puc. 1.23. BikHo penakropa. 3agaBaHHs TOUKH KOHTPOJIIO
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Bubupaemo Debugger>Run nmns 3amycky nporpamu. Ha manem cratycy

(HKHIN pSAIOK BIKHA) Ha KOPOTKUH dYac 3 SBUTHCS TEKCTOBE TOBIIOMIICHHS

"Running..." mepm HiX mnporpama

N o
SYIIMHUTBCA Ha IICPIHITH KOHTPOJIb- Add SFR | [EEADR  w|  Add Symbol [COUNT ~]
HiH TO‘—IHi. Address | symbol Name | value |

0& PORTE 0x=00
20 COUNT 0x01

Bikno Watch noxkaxe (puc.1.24), I

o 3MigHa COUNT 30UuthIIAIACE

Ha OAMHHUIIO, aJIC OCKUIBKH TOYKa [Waich1 Watch2| Watch 3| Watch 4]

KOHTpOJIt0 BUOpaHa B psaaky nepen  Puc. 1.24. Tlepina Touka KOHTPOIIIO

BUBOJIoM B PORTB, TO 3HaueHHs o] x|
) Add SFR [ [EEADR | Add Symbol| [cOUNT =]
PORTB Bce HIC P1BHE HYJIIO. Ha- Address | symbol Name | value |
} 06 PORTE 0x01
THCKYeEMO TiKTOrpamy Run s 20 COUNT 0x02
] L

BUKOHAHHsS INIpOrpamMyd 10 HOBOI

3YIIUHKU B KOHTPOJBHIN TOuUIl. Bi- el L
kHo Watch tenep nokasye, mo oou- Puc. 1.25. HacTynHa Touka KOHTPOJIIO
JIBa 3HAUEHHS 30IBIIMIINCH HA OUHUIIIO (puc.1.25).

SIkmo BU cipoOyeTe BUKOHATU KOMAHIU KPOK 32 KPOKOM B KOJI1 3aTPUMKH,
TO BaM JIOBEJIEThCSA MPONUTHU TUCAY1 KPOKIB, IEPII HIXK JAOCATHETE KiHIA. i BU-
X0y 13 KoJ1a 3aTpUMKHU ckopucTaitech Debugger>Step Out.

Jlis po3paxyHKy 4Yacy 3aTPHUMKH CKOPHCTAWTeCh JOBIITHUKOBUMH JTaHUMHU
JUTsl MIKPOKOHTpOJIEpa, JIe BKa3aHl TPUBAJIOCTI KOXKHOT 3 KOMaH/I. 3py4YHO BUKO-
puctatu MPLAB IDE StopWatch myis BumiproBanHs 4acy 3aTpuMku. Bincre-
JKUMO, HaIPUKJIIAJl, 4ac MosABU KOHOTro HOBOro 3HaueHHss COUNT. Skuio BcTa-
HOBHUTH TOYKY KOHTPOJIIO Tak, K OyJI0 MOKa3aHO BHILE, HA KOMaH/Al BUBOIY
COUNT B PORTB, To MOHa BU3BATH HACTYNHY KOHTPOJIbHY 3YIIHHKY B LILOMY

K MICIIl 1 TAKMM YMHOM BHUMIPSITH Yac 3aTPUMKH JIJIs 3a7]aHOI TAKTOBOI 4aCTOTH

MIKPOKOHTpOJIEpA.
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YacToTy TaKTOBOTO CUTHATY MIKPOKOHTpOJIEpa MOKHA 33]1aTH, BIJIKPUBIIH B

MEHIO TTapaMeTpH «HayaroxyBaday Debugger>Settings (puc. 1.26).

Simulator Settings

Trace Options

~ Code Coverage Animation / Realtime Updates Limitations
Osc / Trace L Break Options SCL Options
Processor Frequency
Units:
e . &) MHz
E | O KHz
(O Hz

Trace All Buffer Size [1K - 48770K)
[] Break on Trace Buffer Full 64 7| @ Klines
— ~ (O M lines

[ ok

][ OTmeHa ]

Puc. 1.26. BctaHOBIEHHS TAKTOBO1 YaCTOTH KOHTpOJIEpa

Buxkopucraiite Debugger>StopWatch mis BimoOpakeHHS JiaJlorOBOTO BiKHa

StopWatch. Ilepekonaiitecs, 1110 TOUKa 3yMMHKKA BCTAHOBJICHA B PAJIKY KOMaH/IU

movwf COUNT, a nmotiM HatucHiTh Debugger>Reset>Processor Reset i mai

Debugger>Run mis 3ynuHKM nporpamMu Ha koMaHai movwf COUNT. [lns 3a-

JTaHO1 3a 3aMOBYYBAHHAM
4acToTh  KoHTposiepa 20
MHz wMaemo TpUBaNICThH

MamHHOrO 1ukiy (ML)
pieay 1/20 *4=0,2 wmxc.
StopWatch nokaxe uwac 9,8
MC B MOMEHT IIEepIIO] 3YIIU-

HKH B KOHTPOJIBHIM TOWII

(puc. 1.27).

REIET

Stopwatch Tatal Simulated
Sunch | Instruction E_I,In::lesl 49236 I 49238
Zerg | Time  [m3ecs ] | E.E4?‘2EIEI| 9.847200

[MHz ]

I 20.000000

Proceszor Freguency

Puc. 1.27. Ilepia 3ynuHka B KOHTPOJIbHIN TOYIII
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SanyeTsm Run SHOBY | g — 0|

BUKOHABIIIM IIIC OAHC KOJO 3a-

. Stopwatch Total Simulated
TPUMKH, (1)1KCY€MO, o Synch | Instruction I:yclesl 98462 I I3462
StopWatch IIOKa3ye€ BIKC HpI/I6- Feg | Time  [mSecs ] I 19692400 I 19 692400
mu3Ho 19,7 mc (puc. 1.28). Jlns
Frocessor Frequency [ MHz ] I 20, 000000
3MIHU 4Yacy 3aTPUMKH HE0OXij-
HO 3MIHUTH 3HAYCHHS 3MIHHHX
B KOJI1 3aTPUMKH. Puc.1.28. 3ynunka micis 3aTpUMKU

[TopiBHIOOUM 3Ha4YeHHS BIKOH puc. 1.27 1 puc. 1.28 MoxkeMo po3paxyBaTu

peanizoBaHe 3HAUYEHHS 4acy 3aTPUMKHU B KOJII 3aTPUMKH.

1.3. 3aBaaHHs | NOPSIA0OK BUKOHAHHSA PO00TH
B naGopatopHiii poOOTI ciIii CTBOPUTH, NOOYIyBaTH Ta BUKOHATH TECTYBaH-
HSl IPOCTOTO MIPOEKTY. 3aBJaHHs BUKOHYETHCS B TaK1i MOC1I0BHOCTI:
« Bubpartu Tin mikpokonTposepa - PIC16F84.
o 3amycTUTU MalCTEp NPOEKTY JIJIsl CTBOPEHHSI POEKTY Ta!
- Bubpatu BOynoBani B MPLAB IDE moBHI iHCTpyMeHTH - aceMOiiep
MPASM i minkep MPLINK;
- noGaButu (alaum B MPOEKT: TUMYACOBUHM (ailn mjis BUOpaHOTO TpU-
CTpOIO 1 CLIEHAP1{ JIHKYBaHHS.
o 3anmcaTH TMpUBEJCHUIN B OomMHCi poOOTH (PparMeHT Mporpamu, siKa BUKO-
HY€ 3aiC 3MIHHUX 3HAY€Hb B MOPT BXOY/BUXOTY.
o BuBuuTH anroput™m poOOTH 3aMMCaHO] MPOTPAMH.
o I[loOymyBaTu mpoEKT.
o TecryBaTn mporpamy 3a JOMIOMOTOIO CUMYJISTOpA.
o Orpumary y BHKJIaJaua iHAMBIIyadbHE 3aBIaHHS: TaKTOBY 4acToTy (foi k)
MIKPOKOHTpOJIepa Ta 3HaueHHs yacy 3aTpuMKH (Tsatp), KE HEOOXITHO peasizy-

BaTU B MpOTrpami 3 TOUHICTIO 0 1 mammuaHOoro uukiry (MLI).
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[Ipukimanu BapiaHTIB 3aB/IaHb HaBe/IeH] B Ta0I. 1.2,

Taonuya 1.2. llpukaaam BapiaHTiB 3aBI1aHb

Ne fok MI'ng T3atp, MC Neo fok, MI'ng T3aTp, MC
1 2 40 7 8 32

2 3.66 20 8 10 0.8

3 4 10 9 11.66 12

4 4.33 16 10 12.33 0.5

5 5 9 11 16 0.125
6 6 8 12 20 3

Po3paxyBaTtu 3Hau€HHs 3MIHHUX B KOJI 3aTpPUMKH ISl peajizaiii HeoO-

XiIIHOI BCIIMYMWHU 3aTPUMKH.

BBecTu HE0OX1HI 3MIHM B MPOrpaMy Ta NEPEBIPUTH NPABUIBHICTH PO3-

pPaxyHKIB 3a JOTIOMOTOI0 CUMYJIATOpa (BIAXHWJICHHS BIiJ PO3PaXyHKOBOIO 3Ha-

YCHHA HC ITIOBUHHO IICPCBUINYBATH OJUH MAaIllMHHU U I_[HKJ'I).

OdopMHUTH B TEKCTOBOMY PEIAKTOPI MPOTOKOJ, B IKOMY IPUBECTH PO3-

PaxyHOK 3aTpUMKH 1 300pakKeHHsSI BIKOH CHUMYJISTOpa 3 MiATBEP/HKEHHSIM pe-

3yJbTaTIB PO3PAXYHKY.

KoHTpoabHi nMTaHHA

1.
2.
3.

[TosicHicTh anropuT™ podboTH Mporpamu GOpMyBaHHS 4aCOBOI 3aTPUMKH.
[TosicHiTh BukopucTanHs madiaoHiB MPLAB npu cTBOpeHi MPOEKTYy.
[TosicHITh sik BUKOHYEThCsl komaHaa decfsz. ki komanau noaibHI a0
MIPUBEICHOT?

IIlo 03HauarOTH TUPEKTUBU

#include, CONFIG, EQU, UDATA, CODE.

OxapakTepusyiite MOXKJIMBOCTI MikpokoHTposiepa PIC16F84.

[TosicHITh MPU3HAYEHHS PEricTpa Pe3ysbTaTy BUKOHAHHS apu(pMETUUYHUX

onepariiit STATUS.
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7. Slkumu cmocobamu MokHa chOpMyBaTH YaCOBY 3aTPUMKY Ha MIKPOKOHT-

poepi?

Jlitepatrypa no sadoparopHoi podoru Ne 1

1. PykoBojacTBo mosb3oBaTenss kommmitopa MPASM [crp. 5-10, 14-39]
http://www.microchip.ru:/files/d-sheets-rus/mpasm.pdf

2. PyxoBoactBo nosip3oBatenss MPLAB IDE [cTp. 13-50]
http://www.microchip.ru:/files/d-sheets-rus/mplab_ide.pdf

3. CnpaBo4HUK 110 BceM MHKpokoHTposuiepaM PIC16 [pa3aensi 4, 6, 29].

http://www.microchip.ru:/files/d-sheets-rus/PIC16_Manual.pdf
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JIABOPATOPHA POBOTA Ne 2

@opMyBaHHS CUTHAJIIB 32/1aHOI TPUBAJIOCTI Ta Mepioxy

HA BUXO0/JaX MiKPOKOHTpoJiepa

2.1. Meta po6oTu

BuBunTH BUKOpPUCTaHHS TaiiMepa Ta CUCTEMH MepepuBaHb sl GOpMYBaHHS
Ha BMBOJIaX MOPTIB CUTHAIB 3aJaHOi TpUBAJIOCTI Ta nepioay. O3HallOMUTHUCH 3
MoxauBocTIMH MPLAB st TpacyBaHHs mam’siTi NP CUMYJISLIT BUKOHAHHS
nporpamu. Jlocmianty 3MiHy 3Ha4€Hb PEriCTpiB (MOPTIB) B Yaci 3a JOMOMOIOIO

JIOTIYHOTO aHai3aTopa.

2.2. OcHOBHi TeopeTH4Hi BiqomMocTi
2.2.1. CTBOpeHHS MPOEKTY IJI1 BUBOIY 32JaHUX CUTHAJIB
Jlist mpukiiany po3risiHeMo mporpamy (gopMmyBaHHa Ha BuBol 0 mopty B

MOCJTIIOBHOCTI IMITYJICIB BUCOKOTO piBHsI TpuBaiticTio 50 mc. [lepion iMmmynbciB

npubau3Ho 250 mc. TaktoBa yacTtora MikpokoHTpoiiepa 20 MI'ti. Bukopucrae-

MO cucteMy nepepuBanHs Taiimepa TMRO no nepenoBHeHHO aj1s1 OpMYyBaHHS

3aTpuUMKHU 1 Mc.

Cropumo npoekT MyProject 2 nmst mikpokoHTposiepa PIC16F84 Ha ocHOBI
m1abJI0Hy, aHAJIOT1YHO JTabopaTopHiii poOoTi Nel.

JloGaBuMoO y BiJMoBiIHOMY Micii madiony BusHadeHHs 3MiHHOT COUNT,
3ape3epBYBABIIIM B 00JIACT1 PETICTPIB 3arajbHOIO NMpU3HaYeHHs 1 OalT:

;*¥%*x%% YVARIABLE DEFINITIONS (BM3HAUYEHHSI BMiHHMX)
w_temp EQU O0xO0C ; 3wmiHHi, 1[0 BAKOPUCTOBYIOThCS JUIsl 30€piranHs
status_temp EQU 0xOD ; s3wmiuHi, 0 BAKOPHCTOBYIOTCA I 30epiraHHs
UDATA 0x20
count RES 1
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JI71s1 BUKOpUCTaHHS CUCTEMU TIepepUBaHb I00aBUMO B PO3ALI 1151 00p00-
JICHHS IepepUBaHb 3BEpTaHHs JI0 MiANporpaMu ServiceInterrupts:
Interrupt:

movwf w_temp

movf STATUS ,w

movwf status_ temp

call ServicelInterrupts ; susuBanHs HignpOrp. o6pobIL. MepeprBaHb

movf  status_temp,w

movwf STATUS

swapf w_temp, f

swapf w_temp,w

retfie

[Ticist MiTkM Main 10/1aM0 OCHOBHHMI TEKCT MPOTPaMHu:

Main:
call InitPort ; migmporpama iHimianizaiii nopty B
call InitTimer ; Tiamporpama iHirianmizarii TaiiMepa 3aTpUMKH
Loop:
Goto Loop ; HECKIHYEHUH LUK
InitPort: ; Tiamporpama iHimiamizaiii nopty B
bsf STATUS,RPO ; Oank 1
clrf TRISB ; BCl BUBOJM MOpTy B Ha BUXix
bcf STATUS,RPO ; Oank 0
clrf PORTB ; OOHymiHHs mopTy B
return
InitTimer: ; Irimiamizanii TMRO mist opMyBaHHS 3aTpUMKH
bsf STATUS,RPO ; Gank 1

movlw B'10000100' ; nomepenuiii moaiipHUK mpueaHatu 10 TMRO

movwf OPTION_ REG ; 3a/1aTH Koe(ilieHT AieHHs 32
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becf STATUS,RPO ; Gank 0
movlw B'10100000' ; nossin nepepuBanns TMRO
movwf INTCON

movlw .100 ; monepenne BcranosieHHss TMRO
movwf TMRO ; GopmyBanHs 3aTpuMkH 1 Mc 11t yactotu 20 MI'g
retfie

Servicelnterrupts: ; migmporpaMa oOpoOJIeHHS IepepruBaHb

btfsc INTCON,TOIF ; nepesipka npamopa nepepuBanb TMRO
goto ServiceTMRO ; mepexin Ha oOpoOnenHs nepepuBanus Bix TMRO
movlw B'10100000' ; simHoBnenus mo3Boiy nepepusanus TMRO
movwf INTCON
retfie ; TIOBEpHEHHsI 6e3 00pOOICHHS IepePUBAHHS
ServiceTMRO: ; TIOBTOPHMIA 3ammycK (Tiepe3arnyck) Taiimepa
movlw .100 ; BizHOBIEHHs moyarkoBoro 3HaueHHsS TMRO
movwf TMRO
bcf INTCON,TOIF ; ckumanus npamopa nepepuBanas TMRO
call IncCounter ; Buxiuk miamporpamu GOPMYBaHHS TPUBAIOCTI
retfie
IncCounter: ; GopMyBaHHS TPUBAJIOCTI 1 TEPIOAY IMITYIIBCIB
incf count,w ;30epexenns 30inbIIeHOr0 3HaY. MiunIbHUKA B perictpi WREG
xorlw .50 ; TIepeBipKa TPUBAJIOCTI IMITYJIbCY

btfsc STATUS,Z ;

bef PORTB,0 ; O, sKIIo TpUBAIICTh IMITYJIbCY JOCSATHYTA
incf count,w ; 30epexeHHs 30UIBLICHOTO 3HaY. JIYMIbHHUKA B perictpi W
xorlw .200 ; TIepeBipKa BEIMYNHH MIEPIOTY

btfss STATUS,Z ;
goto Inc ; TIepexiJi, SKIIO He KIHEIb Mepioy

bsf PORTB,0 ; 1, AKIIO ITOYATOK HOBOT'O IEPIOLY
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movlw OxFF ; OOHYIJIIHHS JIYMJIbHUKA Ha HACTYITHOMY KPOII

movwf count

Noe

Inc:
Incf count,f ; 30UIbIICHHS 3HAYEHHS JITYMIIbHUKA
return
end ; kiners nmporpamu (end of program)

[Ipu Habopi mporpaMu B TEKCTOBOMY PENAKTOPi KOMEHTapi BBOAWTU HE

)
000B’SI3KOBO.
» MyProject_2 - MPLAB IDE vB.00 - [D:\RT30_Projects\16F B4TMPO.ASM] M=
"] File Edt Wiew Project Debugger Programmer Tools Configure ‘Window Help -8 x
a2 el fim
B SN H T Release vz B 2EE b
goto Interrupt ; go to the interrupt location TI
MATN PROGRAM CODE
Interrupt:
mo W_temp ; save off current W register contents
movrE ETATUS  w ; mowe status register into W register
mowrf status_ tenp ; sawe off contents of STATUS register
call Servicelnterrupts ; BMsor migmporpawss obpobielmim oepepHMEAHE
movwE status_temp,w ; retrieve copy of HTATUS register
mo ETATUE ; restore pre-isr STATUS register contents —
svrap £ w_tenp, f
svap £ w_tenp,w ; restore pre-isr W register conktents
retfie ; return from interrupt
Main:
call InitcPort ; DigmporpaMa iHiniamizanii oopra B L
¥
IMF‘LF'.B SIM PIC16F54 poilx12 Wi 0x6d Zdcc 20 MHz b

Puc. 2.1. BcTaHOBJIEHHS! TOUKU KOHTPOJIIO JUIsl BU3HAYEHHS Yacy 3aTPUMKH

VYBa)XHO pO3rIsiHbTE KOMEHTapi, 11100 3p03yMiTH poOOTy mporpamu. B Hiil 3a
nonomororo Taitmepa TMRO dopmyerbes 3aTpumka TpusaiicTio 1 mc. s mpo-
IO BUKOPUCTOBYETHCS CUCTEMA NIEPEPUBAHHS 110 IEPETIOBHEHHIO JaHOTO Taiime-
pa. A Jac 10 mepenoBHEHHS PO3PAXOBYETHCS YEPE3 YACTOTY MIKPOKOHTpoOJIEepa 1

BCTAHOBJIIOETHCS 3aIMCOM IOYAaTKOBOTO 3HAYCHHS B PETICTp TaliMepa Ta 3a/1aro-
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qu KoeilieHT monepeaHporo aijaeHHs. HeoOxiqHe 3HaueHHsT TPUBAJIOCTI IMITY-
JIBCY 1 HOTO TIepioJ1 MOBTOPEHHS (POPMYIOTHCS 13 HEOOX1THOTO YHCIIa 3aIMyCKiB
TMRO, koXeH 3 IKUX Ma€ TPUBAIICTh 1 MC.

[Ticas Hajaro/KeHHS MPOTpaMH TEPeBIpTE peari30BaHUN Yac 3aTPUMKHU
TaiiMepa, BUKOPHCTOBYIOYH KOHTPOJIbHY TOouKy (puc. 2.1) i Bikaa View>Watch

ta Debugger>StopWatch (zuB. madopatopay podoty Nel).

2.2.2. AHaJIi3 BUXiTHMX CUTHAJIIB 32 I0MIOMOT0I0 JIOTiYHOI0 aHaJji3aTopa

Bikno noriunoro anamizatopa (Logic Analyzer) mpaiitoe moiioHO 10 peaib-
HOTO JIOTIYHOT'O aHaji3aTopa, MOKa3yr4u HUQPPOB1 piBHI BCIX BUOPAHUX BUBO/IIB
3a 3amanuil nepioa. [lani BimoOpaskaroThCs y BIAMOBITHOCTI A0 Oydepy Tpacy-
BaHHA. SIKIIO BIANOBIAHI AaH1 BIICYTHI B Oydepl TpacyBaHHs, TO BOHU HE MO-
XKYTh BIAOOpakaTHcs 1y BIKHI aHAII3aTopa.

Bixno mpacysanusa nam ’ami (Trace Memory Window)

PosrasineMo poOOTy BIKHA TpacyBaHHS IaM’ATi, MO0 3pO3YMITH, SIK 3A1HC-

HIOETHCS 3aXBaT JIaHUX B Oydep TpacyBaHHSI.

Simulator Settings

__Code Coverage | Animation / Realtime Updates Limitations
Osc / Trace L Break Options SCL Options
Processor Frequency :
Units:
oo . @ MHz
20 | O KHz
= (O Hz
Trace Options
Trace 4ll Buffer Size [1K - 48770K])
[[]Break on Trace Buffer Full 64 (@K lines
e (O M lines
[ oK ] L OTmeHa ]

Puc. 2.2. BctaHoBJIeHHS OMITii TpacyBaHHS MporpamMu
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Bikno tpacyBanns mam’sti (View>Simulator Trace) momomarae BHKOHATH
MOHITOPHHT 0araThOX OIEpaliil MiKpOKOHTposiepa. B koxkHOMY LUK (iKCy-
IOThCS JJaH1 BC1X MOPTIB. J{J1s1 KoskHOTO mopTy 00’ eM Oydepa craHoBUThH 64K.

Jl7iss BUKOHAHHS TpacyBaHHS BCiX PSIKIB MPOTpPaMH, sIKi BUKOHYIOThCSI, TIOC-
taBTe «rayouky» Trace All (puc. 2.2) (Debugger>Settings)

[Io6 oxpemi BuOpaHi psiaku mporpamu g1o6aButu (In) B Oydep TpacyBaHHS,
a6o Bumanutu (Out) 3 HBOTO, BUKOpHUCTaiiTe ommii Filter-In Trace abo Filter-Out
13 KOHTEKCTHOTO MEHIO (puC. 2.3 — «KIIK» IPaBOI0 KJIABIIICIO MUII HAa TEKCTI
IpoOrpaMu), MOMePEaHbO BUALIUBIIN HeoOXiaHuN psaaok. B mpukmaai (puc. 2.3)
B Oydep TpacyBanHus nobaieHi paaku BuBoay 3HaueHb 0 1 1 8 PORTB, npo 1o
CUTHAJII3YIOTh MAJICHBbKI KBaJPATU HA JIBOMY CIpOMY IOJI1 /1aJIOTOBOTO BiKHA.

Pexomenoayis: Obmedxcme uucno psaokie npocpamu 01 3axeamy y 0yghep

MPpAacy8ants auule mumu, siKi HeoOXiOHi 01 poOOMuU N02TYHO20 AHAI3aAmopa.

M D:\RT30_Projects\1 6F84TMPO. ASM M =3
131 IncCounter: ; POPMYEAHHA TPHEATOCTL 1 meploIy iMOyNECL 3
13E inct count,w ; =hinpMeHHA ZHAYEHHA JIlYMIRHMEA -
133 Horlw k0 ; ODepeElpEa TPHEANTOCTL 1MIIVIRCA
134 btfsc BTATTIE, 2 ;
125 | add Filker-in Trace 'I'I:IHBElJ-'IiE'I'L iIMIIYIRECA ,]II:H.:H:I'HS.?'I'E.
135 OepeElpRa EBEeSMEMHM IIepiloly
137 .
138 Remove Filter Trace ExlT, ERUO He HiHeIk IeplioTa
_'LSSD RE-'I'I'II:I'\-'E-' I|:'I” FI"IEF TFEEES IOYAaTON HOEQDO nepigna
140 OBHYIeHHA MiYMUBEMES Ha HacTYIHOMY
Close
141
ldz Inec: Set Braakpaint =RiNEWEHHA ZHaYeHHA NTidHILIMEA
143 .
Breakpaints J
ld4 P

Puc. 2.3. KonTekcTHe MEHIO BUOOPY OKPEMUX PSIKIB MPOTPaMH TPaCyBaHHS

VY BiKHI TpacyBaHHsS IaMm’sITi MOxke OyTu BigoOpakeHo 0 32767 komaHn.

[Iporpamy mepiiopkepena MOKHA BIIKPUTH JIMIIE I YUTAHHS B HIDKHINA Yac-
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THHI BIKHA, SIKIIO Y BIKHI TpacyBaHHs IaMm’ATi BUOpaTH 13 KOHTEKCTHOTO MEHIO

napametp “Show Source” (puc. 2.4).

» MyProject2 - MPLAB IDE vB.00 - [Trace] M=E3
:| File Edit “iew Project Debugger Programmer  Tools  Configure  Window  Help -8 X

O & # & 2 |Release VoS A B @ S@aE o

Line | Addr | Op |Label Instruction| Sa | 30 | oo | op |  cycles | ~
21 O0O0Z2E 1006 BCF 0Ox6, 0O 0oooe 01 0006 o —nnnnfand s i ca
22 0033 1406 ESF Oxé, 0 0006 00 oo0g 2~ Close
23 O00ZE 1006 ECF 0Oxe&, O ooos 01 0006 Find...
24 0033 1406 ESF 0Oxe6, O ooos 00 0006 Find Mext
25 O00ZE 1006 ECF 0Oxa6, 0O ooos 01 0006
0033 1406 0 0006 QOO0 0006 Go To g
Show Source b
|D:'-.FI.T3I] Project 2\16FBATMPO.ASM Reload
140 ; pericTpi W ”
141 ®xorlwm .200 ; mepeeipra sem  Reset Time Stamp r
142 btfas STATUS, 2 Display Time »
143 ggtg Inc : nepexj_'u ,  ARIOD Clear Trace Buffer
144 h=sf PORTE,0 ; 1, ammo nouaron aqERUEUSUECEEC |
145 mow 11 O=FF ; ofHyIeHHA Output to File. . T IIHOMY P
14g mowtat count :
147 Inc: inct count.f @ =AimpwenH: W= v
< Refresh >
MPLAE SIM PIC16FS4 pci0x12 Wi Properties... Z0MHz b

Puc. 2.4. BikHO TpacyBaHHs mam’ STl
pacy

Bioobpaoicenns sikna mpacysauns nam’sami

BikHO TpacyBaHHA maM’siTI MOXKE 3aJIMIIATUCh BECh 4Yac BIAKPUTHUM, Iepe-
MILIYBaTUCh, a00 OyTH cxoBaHMM. BikHO Mae Taki 1H(oOpMamiiiHI moJys Juisl KO-
YKHOTO IIUKITy BUKOHAHHS:

o (Line) Homep psaka — [To3uitist B IMK/Iax BiAHOCHO MO/iT 200 TOYKH 3Y-
MTUHKH.

o (Addr) Ampec — Aapec KOMaHAM B TIaM’sTi IPOTPAMH.

(Op) Kox onepariii — MamuHHAR K01 KOMaH/IH.

(Label) Mitka — MiTka y BiATIOBIAHOCTI i3 aJpecoM mam’sTi IpOTPaMH.

(Instruction) Komanna — «/lu3acemOiiepoBaHay KOMaH/a.

(SA) Anpec mkepena naHux — Aapec abo CUMBOJI JKepesia TaHuX.
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o (SD) 3nauenns jKepena JaHuX — 3HAYCHHS JaHUX JKepea.

o (DA) Anpec micts npu3HadeHHs TaHUX — Ajpec a00 CHMBOJI MicCIIsl TTPH-
3HAYEHHS JIaHUX.

o (DD) 3naucHHS BUXITHUX JaHUX — 3HAYCHHS BUXITHHUX JTaHUX.

o (Cycles/Time) dikcariist yacy — Busnauenns (3aXBar) yacy B IIMKIax abo
CEKyHaxX.

[{uxn Ha MOMEHT BaXBaTy HymepyeThes, sk muki 0. Bei iHmi nukmm 0yayTh
MIPOHYMEPOBaH1 BIIHOCHO HBOTO. [{uKnM, K1 BiIOYIHCS JO MOMEHTY 3axBaTy
MaTUMYTh BiJI’€MHE 3HAYEHHS, a [IUKJIU MICJsl TOYKU 3aXBaTy — N0JaTHINA HOMeEp.

Jucnaeu no2iynozo ananizamopa

Jlucruieit JIorivHOro aHaizaTopa MPU3HAYCHUM IJIs1 CTEKEHHS 33 CUTHAJaMu
Ha mopTax abo IMHaxX MIKpOKOHTposiepa. SAkio Oydep TpacyBaHHsS IyCTUN, TO
3’BUTHCS BIKHO 13 ciioBamu "No items to display" (puc. 2.5). B iHmomy Bunaj-
Ky Oyne nmokaszanuii BMicT Oydepa TpacyBanusa. Bubepith nyHkT Channels, 11106
BIIKPUTH J1aJIOTOBE BiKHO KOHMITYPYBaHHS KaHamiB (puc. 2.6). Bubepits BuBig
1/a00 CUTHANW IIWHH, SKI OyJIyTh BUKOPUCTaHI y BIKHI JIOTIYHOTO aHAJi3aTopa.
Curnany Ha BUBOJII MMOKA3yIOTh 3MIHU OKpeMHUX BUBOJIB. CUTHAIM IIMHU MOKa-
3y10Th 3MiHu (B HEX koni) nist 6arateox BuBoiB. KoKeH cUrHai mae CBiif Biia-
CHUM KaHaJ Ha JUCIUICT JJOTIYHOTO aHalli3aTopa.

Kepyesanns eixnom (puc. 2.5).

o (Trigger Position) TIlosumis ¢ikcarii — Tpu mepemukadi J03BOJSIOTH
BUOpaTH, KOJIM B1IOyBa€ThCs (DiKcallis: MPU CTapTi 3aXBaTy, B CEpEANHI 3aXBarty,
a0o0 B KiHIIl 3aXBarty.

o (Trigger PC) = ®dikcanis PC (program counter - mporpamMHOTo JIiYHIb-
HUKa) — € 1Ba MeToau (ikcallii 3aXBaTy JaHUX:

o Trigger PC = snauenns — ®ikcallis Ha 3Ha4€HHI, BKA3aHOMY Y TEKCTOBO-
MY BIKHI.

o Trigger Now — dikcarliiss B MOMEHT HATUCKAHHS JIaHOI KJIaBilli. 3HAYCH-
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Hs PC po3MilnyeTbest B TEKCTOBOMY BiKHI.

o Trigger Clear — «O0Hymst0ThCS» 3HAUYEHHS (Qikcarii i qani Oydepa s
HOBOTO 3axBary. [laHi Oydepa ouMIaroThCs, SIKIO TUCIIIECH 3aKpUBAETHCS.

« (Time Base) bazoBuii yac - ba3zoBuii yac 3aga€eThcs y IUKIAX, CEKYHIAX,
MUTICEKYH/IaX 1 HAHOCEKYH/IaX.

o (Mode) Pexxum — BimoOpaxaeTbcs BHOpaHHI pEXUM 3axXBaTy, TOOTO
OJIMHOYHUH 200 KOMITJICKCHHM.

« (Channels) Kananu — HaTicHITh KHOIKY JUIst JOOABJACHHS a00 BHIAJICH-

HS CUTHAJIIB/KAHAJIIB 13 BIKHA JTHUCILIES.

M | ogic Analyzer

Trigger Pozition Trigger PC = Time Baze . pMode
Start (%) Center () End () | “ Mo ” Elear] |I:_I,u: v| |Simple | [ Channels ]

[+ & @& ] BE R

RED Mo items 1o displasy.

Puc. 2.5. BikHo JoT14HOTO aHajxizaropa 3 BIAMITKaMu MPOMDKKY dacy B MI]

o BubepiTh TUII cUTHATY 3 «BUNIAJAI0YOT0)» CIHUCKY BIKHA: BUBiJ, IIKHA 200
omHe 1 mpyre pasom. llIuau MoxyTh OyTH cTBOpeHi HatuckanHsMm Configure
Bus(es).

o Jlns BUOOpyY cUrHay HaTUCHITH HA HHOTO B cTOBIIIO "Available Signals”.
Jns BuObopy OB, HIXK OJHOTO CUTHAJIy OJHOYACHO, BKa3aHy OMeEpalliio CIij
BUKOHATH yTpuMytoun Kiagim Shift ado Ctrl.

o «Kmuknite» Add=>, m06 mo6aBuTH curnaau B crosreis "Selected Signals”.
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Configure Channels El

Aoy ailable Signals Selected Signal(z]

All i [ Confiqure Bus(z) ]
NTD

Rl
Rz Add =
Ra&3
RE1
REZ
RE3
RE4
RE&
REE
REY
TOCE]

[ Ok ] [ Cancel ] [ Help ]

Puc. 2.6. BuOip kananiB 1151 BigoOpaxeHHs y BIKHI aHali3aTopa

Buoanenns cuenanise 3 kanany:

o «KmukHiTh» Ha curHami B ctoBmifto "Selected Signals" s fioro BuGopy.
J{ns Bubopy OUIbII, HIXK OJHOTO CUTHAIIy OJHOYACHO, BKa3aHy OMEpaIiio CIif
BUKOHATH yTpuMmytoun kiasimn Shift abo Ctrl.

o «Knukuitey Remove<= mo6 Bumanutu curHai i3 croBmug "Selected
Signals" .

3mina nopsioky uepedysanHs KaHAlia:

o «KIHKHITBHY» MUIIIKOIO HAa cUTHAJII/KaHa B cToBMIO "Selected Signals".

o Cxkopucraiitech knonkamu Move Up abo Move Down mjist mepemitieHHs
BUOPAHOTO B JIUCTI.

Hucnuieit moxxe BigoOpaxkaTu MakcumyMm 64 kaHanu. J[aHi MOKa3yrOTbCs
nuckpetHuM piBHeM 0/1, BIAMOBIIHO 10 CTaHY KOKHOTO OiTa.

Bioobpaoicenns cuenany/kanany:

o IlepeBipTe un no6aBieHH] BIANOBIAHI PsAKK mporpamu B Oydep Tpacy-
BaHHA (puc. 2.3);

o 3amycTiTh BUKOHAHHS NPOrpaMH KOMaHJIOK Run, mjis HakOTWYeHHS ja-
HUX B Oydepi;
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o 3ynuHITH BUKOHAHHS TporpamMu komanmaoro Halt. Ha aucmei morignoro
aHaJi3aTopy MaroTh BiJOOpaXKaTUCh J1aH1 HAaKOMH4EeH1 B Oydepi.

SIkmo mporpama He BHKOHYETHCS B PekMMi Run MOBHOIIIHHO, HaNpUKIIA,
3YMUHSAETHCS, TO AaHl HE 3MOXKYTh HaKOMMYYBaTUCh B Oydepi 1 BimoOpakaTucs
Ha aucmuiei. Ha puc. 2.7 moka3aHo BIKHO MOTEPEIKCHHS, sIKe BUHUKAE MPHU 3Y-
MUHII cuMyJismii B pexxumi Run. Jlane momepemkeHHs iH(pOpMYye, 10 B Ha-
CTpOMKaxX CHUMYJAIIi BBIMKHEHHUH CTOpOXKOBMI Taiimep. OCKUIbKHM JaHa Mpo-
rpaMa He Tependadae BUKOPUCTAHHS CTOPOKOBOTO TaiMepy, Horo HeoOXimaHO
BUMKHYTH B MeHI0 cumysissitopa Configure>Configuration Bits...(puc. 2.8).

MPLAB SIM Warning X

Simulataor skatus indicates that the SIM stopped because the Watch Dog Timer (WDT) expired,
! If wour program stopped unexpectedly, you may have wour WDT enabled.
L

Ta disable the WDT, use the Configure menu and select Configuration Bits and disable the \WDT there,

Do vl wank this warning bo appear again?

[ Aa l [ Het ]

Puc. 2.7. IlonepemxenHs: cumynaropa npo pooory taitmepy WDT

B Configuration Bits

[] Configuration Bitz set in code.

Address Value Category Zetting
2007 3FF3 Oscillator RC
Watchdog Timer »
Power Up Timer oOn
Code Protect Off

Puc. 2.8. Mento Bu3HaueHHs 61TiB KOHpirypaiii

MeH10 J0T1YHOro aHamizaropa («KJIMK» MpaBoi KJIaBilIl MUIII Y BIKHI aHalIi-
3aTopa):
o (Close) — 3akputu miaior.
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e (Zoom To Fit) — Po3taruytu a00 CTUCHYTH JI0 YaCOBOIO IEPIOAY, KM
BMIIIY€THCS HA EKPaHi.

e (Go To) — Beectu 1ac, 10 SKOTO «IEPEKPYTUTH» IICHTP JUCILICIO.

o (Refresh) — JlobaBuTu Ha AMCILICH 1H(POPMAI[iI0 HUHIIIHHOIO TPACyBaH-
HSL.

o (Properties) — 3agatu mapamMeTpH BiKHA.

M | ogic Analyzer

Trigger Position Trigger PC = Time Baze  pode
Start (33 Center () End () | “ Mo ][ I:Iear] |I:y|: v| |Simple | [ Chatnels l

R OE DD

T T
F0000aa0.a FR00a000.0

Puc. 2.9. BikHO JIOT1YHOTO aHali3aTopa 3 BIAOOPaKEHHIM

2.3. 3aB1aHHs i MOPSIAOK BUKOHAHHS PO0OTH

B nabGopatopHniii poboTi Tpeba CTBOPUTH, TOOYAyBaTH Ta BUKOHATH TECTY-
BaHHS Ha JIOTIYHOMY aHaJI3aTOp1 MPOEKTY. 3aBAaHHS BUKOHYETHCA B TaKiil moc-
JI1JOBHOCTI:

o Bubpatu Tun mikpoxontposepa - PIC16F84.

o 3amycTUTU MalcTep NPOEKTY 1 CTBOPUTH MPOECKT.

o 3amucaTy NpHUBEAECHUN B OMUCI POOOTH MPOCTUHM KOJ, B SIKOMY BHKOHY-
€ThbCS BUBEACHHA B MOPT BXO/AY/BUXO/Y IMITYJIbCY CUTHAITY 3aJaHOi TPUBAJIOCTI 1
nepiofy.

o BuBumTH 32 1OTOMOT0I0 KOMEHTAPIB AITOPUTM POOOTH 3aMMCAHOTO KOJY.
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o CxoMMuIIOBAaTH MPOEKT.

o TecTtyBaTu KOJ 3a JONOMOTOK CUMYJIATOPA.

3asoanua. Chopmyiite Ha Buxoai PORTB curnan 3 3ajaHuMu TpUBATICTIO

IMITYJIBCY 1 TIepio1oM 3 TouHicTIO 10 1 MII 3 popmyBaHHIM nepepuBaHHA 10

IIEPEIIOBHEHHIO TalMepa.

[Tpuknaau BapiaHTIB 3aBlIaHb HaBeAeHI B Ta0O. 2.1.

Tabauya 2.1. llpukiaaau BapiaHTiB 3aBI1aHb

Ne | ferk Tpusanicte | TpuBamicts | No | fo | TpuBanicrs | TpuBaiicrs

MTy iMmnyabcy, Mmc | mepiony ,.mc MTy iMmnyabcy, nepiony mc
MC

1 2 50 100 7 8 80 320

2 3.66 100 200 8 10 0.5 2

3 4 125 250 9 | 11.66 100 120

4 | 433 60 160 10 | 12.33 150 200

5 5 70 130 11| 16 300 500

6 6 90 180 12| 20 150 300

o PospaxyBatm 3HaueHHs 3MIHHUX, HEOOXITHUX IJIs peamizamii 3agaHux

TPUBAJIOCTI 1 MEP1OAY CUTHAIIB.

o BgecTu HEoOX1HI 3MIHM B MPOrpaMH Ta MEPEBIPUTH MPABHIBHICTH PO3-

PaxyHKIB 3a JOTIOMOTOI0 CUMYJIATOpa (TpacyBaHHs TaM’siTI Ta BUBIJ Ha JIUCII-

JIeH JIOTIYHOTO aHAIN3aTopa).

o OdopmuTtu B TEKCTOBOMY PEIAKTOPl MPOTOKOJ, B SIKOMY IPHUBECTH PO3-

PaxyHOK 3aTpUMKHU 1 300pa’KeHHS BIKOH JIOTIYHOTO aHaji3aTopa 3 MiATBEPIKEH-

HSIM PE3YJIbTATIB PO3PAXYHKY.
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KoHTpoJIbHI NUTAHHS

1.

o1

[Ipoanamnizyiite pexxumu podotu taimepa TMRO.

. [nimiamizaiis mopTiB MiKpokoHTpoJepa. [Himanmizaiisa taiimepy TMRO.

2
3.
4

O0po6xka nepepuBaHHs pu nepenoBHeHH1 TaiMepy TMRO.

. Hagimo mipu 3BepuenHi g0 perictpiB TRISB, OPTION REG neo6xiano

MIPOTPaMHO 3MIHIOBAaTH OaHK IaM’AT1 TaHUX?
[IpoananizyiiTe MOXJIMBOCTI JIOTIYHOTO aHATI3aTOpa CUMYJISATOPA.

OxapakTepu3yiTe BIKHO TPaCyBaHHS I1aM ATi.

Jlitrepatypa no s1abopatopHoi podooru Ne 2

1. CipaBouyHHK 1O BceM MUKpokoHTposuiepam PIC16 [pasnensr 6, 8, 9, 11].

http://www.microchip.ru:/files/d-sheets-rus/PIC16_Manual.pdf

2. PyxoBonctBo nosin3oBatenss MPLAB IDE [cTp. 55-62]

http://www.microchip.ru:/files/d-sheets-rus/mplab_ide.pdf
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JIABOPATOPHA POBOTA Ne 3

BBeaeHHsI 30BHILIHIX CUTHAJIIB MIKPOKOHTPOJIEPA i mepeBipka

POOOTH MPOrpaMu 3a J0TIIOMOT0I0 MO/IYJIsi OTHOPA30BHUX BILIMBIB (CTHMYJIY)

3.1. MeTa poboTn

BuBunTHy cuctemy BBEIIEHHS 30BHIIITHIX CHUTHAJIIB MIKpOKOHTpojepa. O3Ha-
HOMUTHCH 3 MOXKJIMBOCTSMH BUKOpUCTaHHS cuMynsaTopa MPLAB nns nepesip-
KU TPOrpaMU BBEJCHHS 30BHINIHIX CUTHAIIB. BUKOHATH MO/IEIOBaHHS CUCTEMHU
NpuiMaHHs JaHUX BiJl 30BHIIIHBOTO JKEpeia 3 OJHOYACHUM BHUKOPHUCTAHHSIM

TPHOX THUIIIB CUTHAJIB: IHPOPMAIIIHUX, TAKTYBaHHS Ta JO3BOJY.

3.2. OcHOBHI TeopeTH4Hi BioMocCTi

3.2.1. CTBOpeHHS NPOEKTY /ISl BBOY TaHUX

JUtst mpuKiany po3rissHEMO NPOrpamy, B SKId MPU BUSBJICHHI CUHXPOIMITY-
JbCY Ha BXOJIl 30BHIIIHBOTO MEPEPUBAHHS 31MCHIOETHCS BBEJCHHS JTAHUX, SIKI
nocTymnamTs Ha Bxig RB1. Bukopucraemo cucremy nepepvBaHHs Jis 30BHIII-
HBOTO TIepepuBaHHs. J[J1s1 mepeBipku poOOTH MPOTpaMHu CKOPUCTAEMOCH MOYKITH-
BOCTSIMH MOAyJst «ctuMyi»» (Stimulus). 3 #oro momomororo chopmyemMo Ha BH-
BoJi1 INT (RBO0) mociniioBHICTE CHHXPOIMITYJILCIB BUCOKOTO PIBHSI TPUBATICTIO
20 mammuaanx mukiIiB (MII) 1 mepionom 50 ML, a Takok CUMYIIFOEMO TIOCIITO-
BHICTb 30BHIIIHIX JaHuX Ha BUBOoJ1 RBI1. Ilpuiingara yacrora MiKpOKOHTpoJIepa
20 MTI'm.

CtBopumo mpoekT MyProject 3 nnst mikpokoHTposiepa PIC16F84 Ha ocHOBI
m1abJIoHy, aHAJIOT14HO JabopatopHiit podoTi Nel.

JloGaBuMO y BIANOBIAHOMY MicIll 1a0I0oHy BU3HaueHHs perictpa RB_Temp

JJIA 36epe>KeHH${ BBCACHHUX NAHHUX:
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;*¥*%%x% VARIABLE DEFINITIONS

w_temp EQU 0xO0C ; swminni ma 36epexenns (variable used for context saving)

status_temp EQU 0xOD ; variable used for context saving

UDATA 0x20

RB_Temp RES 1 ; pericTp s 30epeKeHHS BBEACHUX JTAaHUX

JI7is BUKOPUCTAHHS CHCTEMHU TEepepHBaHb J00aBUMO B PO3AUT At 00po0-
JICHHSI IEpEpUBaHb 3BEpTaHHs J0 miaAnporpamu ServiceInterrupts:
Interrupt:

movwf w_temp

movf STATUS ,w

movwf status_ temp

call Servicelnterrupts ; Bukiuk migmporpamu 06po0II. epepUBaHb

movEf status_temp,w

movwf STATUS

swapf w_temp,f

swapf w_temp,w

retfie

[Ticist MiTk Main 101aM0 OCHOBHUHM TEKCT MPOrpamu:

Main:
call InitPort ; mianmporpama iximiamnizanii PORTB
call InitINT ; miamporpama iHimiamnmizanii nepepuBaHHs
Loop:
goto Loop ; HECKIHYEHHHH ITUKII
InitPort: ; mignporpama ininiamizanii PORTB
bsf STATUS, RPO ; Gamnk 1
movlw B'00000011' ;
movwf TRISB ; BuBoau noptiB RBO i RB1 Ha Bxix
becf STATUS, RPO ; 0ank 0
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clrf PORTB ; oonyninns PORTB
return
InitINT: ; 1Himiami3armii cucTeMy 30BHIIIHBOTO IEPEPUBAHHS
movlw B'10010000' ; no3Bii nepepuBanHsa INT
movwf INTCON
retfie
Servicelnterrupts: ; miamporpama oOpoOsIeHHs TepepuBaHb
btfsc INTCON, INTF ; nepesipka npanopa nepepusanb INT
goto ServiceINT ; mepexia Ha oOpobOsieHHs nepepuBanus Bifg INT
movlw B'10010000' ; signosieHHs mo3Bouny nepepuBanas INT
movwf INTCON
retfie ; TIOBepHEHHs 0e3 00pOOJIeHHS MepepruBaHHs
ServicelINT: ; 3YATYBaHHS 1 30€pEeKEHHS TaHUX

bcf INTCON, INTF ; CKMJaHHs nparopa nepepuBanns INT

movf PORTB,w ; 3UUTYBaHHs MopTy B
andlw 0x02 ; MacKyBaHHSI PO3PS/IiB
movwf RB Temp ; 30epeKeHHsI BXITHUX JTaHUX
retfie

end ; KiHEellb IPOrpamMu

YBa)XHO pO3rIsTHBTE KOMEHTapi, 100 3p03yMITH pOOOTY MPOTrPaMHU.

[Tin yac BUKOHAHHS CUMYJIAIIT HABEJIEHOT BUILE MPOTrpaMu HEOOX1THO BBO-
JIUTH Pi3HI 30BHIIIHI 1aHi. MOIylb CTUMYJTY (ajli CTUMYJ) CUCTEMH CUMYJISIIT
JT03BOJISIE 3MIHUTH PiBEHB, 200 C(hOpPMYBATH IMITYJIbC HA BUBOJAX BXOY/BUXOY
nopty. MoO’KHa TakKoXX 3MIHUTH 3HAUEHHS PETiCTPIB cCHeriadbHuX (QYHKIINH
(SFR), a0o iHmIi 1aHi B mam’sITi.

Ctumyn mMoxxe OyTH KOPUCHUM, KOJIM MIEPEBIPSIOTHCS MEBHI YMOBU; Hallpu-
KJ1a/1, KOJIM Iporpama, 110 BUKOHYEThCSI, IOCSITHE KOHKPETHOTO apeca KOMaHIu

M1 YaC CUMYJISIIIT.
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Crumyn Mae iBa 6a30B1 peKUMH pOOOTH:

o Cunxponnuu — Hanepen 3amana cepisi CUTHAJIIB 3MIHIOETBCSI HA BUBOJIaX
Bxoay/Buxoay, SFR Ta iH. 13 BU3HaY€HOIO IUKJIYHICTIO.

o Acunxponnuti — OgHOpa30Ba 3MiHA Ha BUBOJAX BXOJIy/BUXOTY.

[I1o6 3amaTy mapaMeTpu 30BHINIHIX BIUTMBIB (TOOTO BHU3HAYUTH WO, KOJIU 1
sk OyJzie TI0AaBaTUCh Ha MIKPOKOHTPOJIEP 30BHI) IMiJl YaC BUKOHAHHS MPOTPaMH,
NOTPIOHO CKOPUCTATUCH /11aJIOTOBUM BIKHOM CTHUMYJY IS CTBOPEHHS Y po0OOUiii
KHHU31 CHHXPOHHOT'O 1/a00 aCHHXPOHHOTO CTUMYJTY.

JlocBigueHi KOpUCTyBadl MOXYTh CTBOpUTHU 1 nipueaHaTtu ¢aitn SCL, mob
3aJ1aTh HEOOXITHUN PEKUM CTUMYITY.

Ipumimxa: Hianoe Stimulus nio uac cumynayii noguHeH 3aIUULamucs 8ioK-

pumum, wWoo cmumynayia 6yia akmueHo0

3.2.2. lianorose BiKHO MOJY.JII0 CTUMYJIY

JIJIsl CHHXPOHHOTO CTUMYJIy BHKOPHCTOBYEMO 5 TEpIIUX 3aKIaJoK BiKHA
(puc. 3.1), mo0 CTBOPUTH CTUMYJ 3 BUKOpucTaHHsM MoBu Simulator Control
Language (SCL). Skio » 6akaeMO BUKOPHUCTATH JIMIIIE aCHHXPOHHUN CTUMYII,
TO MOKHA TIepelTH Oe3nocepeHbo 10 3aknaaku (Asynch).

JliajoroBe BIKHO JIO3BOJISIE BBECTH 1H(POPMAIIIIO CTHUMYITY, SKa 30epiracThes
y (aiini, HazBaHUM poOOoUOr0 KHUTOIO (Workbook). [[nst BIAKpUTTS HOBOT KHUTH
BuoOepiTh Debugger>Stimulus>New Workbook.

[Ilo6 mpamoBaT 3 paHillle CTBOPEHOI pPOOOYOI0 KHHIOK, BHOEPITH
Debugger>Stimulus>OpenWorkbook.

JliamoroBe BIKHO Ma€ 3aKJIaJIKH:

« AxtuBHicTh BUBOLY/pericTpy (Pin/Register Actions)

« Posmmpeni mactpoiiku BuBoay/perictpa (Advanced Pin/Register)

o Crumyn cuaxponizariii (Clock Stimulus)

« 3mina 3HaueHHs perictpa (Register Injection)
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« Tpacysanns perictpa (Register Trace)
o AcunxpoHHa cTEMYJIILis (Asynch)
Bci 3aknanku MaroTh OAHI ¥ Ti K caMi 3HAY€HHsI OJIMHUIIb BUMIPIOBaHb I10

3dMOBYYBAHHIO.

Bl Stimulus - D:\...\MyProject3-3.sbs

Fin / Register Actions | Advanced Pin # Fegister | Clock Stimulus || Fegister Injection | Fegister Trace || &Asvnch

| Time Units | cpe | Fiepeat [+] after: [dec] reztt.:art [dec]
Time FORTE Click here to &dd Signals o
[dec)
0 0o
20 FF;

A

l.-'l'-.dvanced... ] [ Apply ] [ Remove ] [ Delete Row ] [ Save ] l E =it ] [ Help ]

Puc. 3.1. Jliayorose BikHO cTHMYITy. — 3akiajaka Pin/Register Actions

Add/Remowe Pin/Registers

Aeallable Signals Selected Signal(=)
|.ﬂ.ll Signalz V| FPORTE Mowe Up

INTCOM.REIE ~
IMTCOM.REIF N kovee Down
INTCOM.TRMROIE
INTCOM. THMROIF Add =
OPTIOM_REG.IMTEDG
OPTIOM_REG.nREFU
OPTION_REG.PS
OPTIOM_REG.PSa
OPTIOM_REG.TOCS
OPTION_REG.TOSE

Remaowe <=

Ok

il

PCLATH

PORTA Cancel
Ra0

a1 v Help

Puc. 3.2. [lianorose BikHO cTHMYyITy. — 3akiaaka Pin/Register Actions
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Jl1s BBOJly AaHUX Yy 3aKJIaill, ojgaHii Ha puc. 3.1:

1. BubepiTh OMHUIIIO BUMIPY Yacy, Ky OyJaeTe BUKOPUCTOBYBATH MpH (ik-
carii BCiX CTUMYIIIB, 13 «BUIIAJIal040ro» crucKy psaka "Time Units".

2. «KnukHiTE» TekcT, ne HamucaHo "Click Here to Add Signals" o6 Biak-
putu gianorose BikHO «Add/Remove Signals Dialogy». B upomy BikHI BUOEpiTh
BUBOJIM, PETiCTpyU abO0 1HIINI CHUTHAJW, O SKUX XOYETEe 3aCTOCYBAaTH CTUMYII
(puc.3.2). PesynbraTtu BUOOPY CTaHYTh 3ar0JIOBKAMHU CTOBITYUKIB.

3. Bubupatoun koxxeH psaok, BBeAiTh 4ac mojii ("Time") 1 3HaAYeHHS IS
KOXKHOT'O CTOBMYMKA BUBiA/pericTp. Yac peamizarii mojii, 1o BU3HAYEHA PSI-
KOM, € 3araJJbHUM 4acoM (TOOTO 9YacOM 3 MOMEHTY MOYaTKy CHUMYJISIIIT).

4. Jlns BUOalleHHs psiKa «BUOEPITH» Horo, 1 «kIukHITEY «Delete Rowy.

5. Bceranogits BinMiTKy "Repeat after X (decimal)" nnst moBropenHst ctumy-
Jy Yy 3aKJajIl Mmicis TOro, siK Bi0Oynach OCTaHHA Misl CTUMYIY. 3afaiiTe iHTep-
BaJl 3aTPUMKH, HEOOXITHUN IsI TOBTOPEHHS Aii ctuMmyny. Hampuknan, Ha
puc.3.1 3agano TpuBamicth 3aTpuMku 10 MLI. TlpaBuibHICTh CTUMYITY MOKHA

IIPOKOHTPOJIIOBATH JIOTTYHUM aHaizaTopom (puc. 3.3).

M Logic Analyzer

Trigaer Pogition Trigger PC = Time Baze Mode

Start (%) Center () End () Cvc | | Simple
+ & al&l Chi BEsR

REZ2 _‘

0.0 20.0 40.0 B0.0 80.0 100.0 120.0 140.0 160.0

Puc.3.3. BikHo soriuHoro anaiizaropa. - Pobora ctumyiy 6a30Bux it
Oounuyi uacy.
3HayeHHS OJIMHUIb YaCy BUOMPAIOTHCS JJISl BCIX YACOBHUX BEJIMYMH B CTOBII-
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yuKy yacy. MoskHa BUOpaTu:
o CYyC— mamuHHI 1Ky (MI)
e h:Mm:S—roauHu : XBWINHY : CEKYHIN
e MS - MUIICEKYHIU
¢ US - MIKpOCEKYHT!
o NS - HAHOCEKYHH

[Tpu BuGopi h:m:s, BXiH1 3HAYEHHS B CTOBIMYMKY Yacy MaioTh (opMar:

e 1 - BiamoBiae 1 cekyHi
« 1:00 - BiamoBigac 1 XBUIMHI
« 60 - sigmoBigae 1:00

« 999 - Bianosigae 16:39

e 9999999 - simmosimae 2777:46:39
e 15 - BigmoBigae 1:05
« 60:5 - BiamoBigace 1:00:05

Hampuknan, skmo 3amamo 100 ML, ane oxuawmIi 9acy BuOpaHi sk h:m:s, TO

yucio 100 O6yzae inTepnperoBane, sk niie uncio 100 1 meperBopene B 1:40.

3.2.3. Po3mupeni nactpoiiku BuBia/perictp (Advanced Pin/Register)

Ha 3axmami Advanced Pin/Register (puc. 3.4) MoxyTh OyTH 3aaHi po3iii-
petti (KOMIUIEKCHI) CHHXPOHH Aii BHBOZY/pericTpy, ki 03BOJSIIOTH e 101a1-
KOBO 3aJ1aTh YMOBH, 32 SKUX BIIOYBA€ThCSI CUMYJIALIISI IEBHOT Toiii. TuM camum
€ MOXJIMBICTh BUKOHYBATH OUIBII CKJIQJHY CUMYJIALit0. [ mpocTux 6a3oBUX
N BUKOpUCTOBYHTE 3akianky Pin/Register Actions (nuB. puc. 3.1).

Busnauenns ymos

Cnouatky HEOOXIJTHO BHU3HAUUTH YMOBH, a TOTIM 3aJaTH PEaKIiio MpHU ix
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BUKOHAHHI. YMOBH BH3HAYAIOTHCS A OTHOT'O a00 KUIbKOX CTHMYJIiB B KOJXHO-

My PSAKY BiKHA Y BIAMOBIAHOCTI 3 Ta0. 3.1.

Bl Stimulus - [Lntitled]

Pin # Reagister Actions | Advanced Fin / Register | Clock Stimulus | Begister Injection | Fegister Trace | Asunch

Define Triggers

Enable| Condition | Type Re-Arm Delay Click here to Add Signals -~

1000

Define Conditions

Condition When Changed W ait Comments -~
Ay

[.&dvanced... ] [ Apply ] [ Delete Row ] [ Save ] [ Exit ] [ Help ]

Puc. 3.4. JliasioroBe BIKHO /I 3aJ]aBaHHSI YMOB, 3a SIKUX B1JI0YBAa€ThCS OIS

Taonuya 3.1. BusHauyeHHs1 YMOB J1JI51 CTUMYJIY

DyHKIIISA Busnauenns

Ha3Ba yMo0BH, siKka CTBOPIOETHCS. Y MOBAa aBTOMaTUYHO I'€HEPYETHCS
MpU BBOJ1 JaHUX B Oyb-IKOMY 1HIIOMY CTOBIYUKY. L1 Ha3Ba — mi-
TKa Oyne BUKOpUCTaHa NJis 1AeHTH(IKALil YMOBU Yy CTOBIYHUKY
Condition po3ainy Define Triggers 1i€i 3akinaaku.

Condition

Busnauaerncst BUOip yMOBH.
CroBnuuk 1: Bubip tuny BuBony/perictpa ( "SFR", "Bitfield",
"Pin" a6o "All" ana Bubopy Bcix). Lle Oyae ¢inbTpom 3HAUCHHS B
CTOBITYUKY 2.

When |CroBmumk 2: Bubip BUBOIY/pericTpa, Ha SKOMY TEPEBIPSIETHCS
Changed |BuKOHaHHS YMOBH.
CroBnuuk 3: Bubip ymoBwu, nopisatoe (=), He nopiBHioe (!=), me-
Hiie a0 MopiBHIOE (<=), OibIne a0 JOpiBHIOE (>=), MEHIIE, HiXK
(<), 6inbie, HiXk (>).
CroBnuuk 4. BBeneHHs 3HaYCHHS 11 YMOBH.
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[Tponorxenus tadm. 3.1.

Bxasye wac 3aTpuMKu Ticias BUKOHAHHS YMOBH JI0 BUKOHAHHS CTH-
. MYIY.

Wait YLy i

CroBnyuk 1: 3HaueHHs Yacy O4YiKyBaHHS (3aTPUMKH).

CroBnuuk 2: OIUHUI 3HAYCHHS Yacy OYiKyBaHHS.

Comments|Onuc yMOBU KOPUCTYBAYEM.

Hanpuxnan, 3agamo ymoBy: CONDI, 110 y BUnNajaKy, sSIKIIo 3Ha4Y€HHs peric-
tpa PORTB nopisutoe FF, peanizye BusHauenuit B "Define Triggers" ctumyn 3
3arpumkoio 10 mc (puc. 3.5).

Ipumimka. Axwo na PORTB nixkonu ne 6yoe nodane snauenns FF, abo i

HiKoau He 3minumbcs Ha FF, mo ymoea Hikonu He 6UKOHAEMbCSL I cmMUMY He O)-

Oe peanizo8anuil.
Define Conditions
Condition When Changed W ait Cornrments ~
COMD1 SFR PORTE = FF 10 ms ;KDMEI—WapiI:I
s
[.ﬁ.dvanced... l [ Apply ] Remove [ Delete Row ] [ Save ] [ Exit ] [ Help

Puc. 3.5. Bu3sHaueHHd yMOBH NPUKIAJAEHHS CTUMYITY

Busnauenns nooiu

(puc. 3.6.) y BianosigHocTi 3 iHpopmarietro Tabmuui 3.2. Iloaii BiANOBIAAIOTH

3aJIaHUM PaHIIIe YMOBAM.

Bl Stimulus - D:\...\MyProject3.sbhs

Fin / Regizter Actions | Advanced Pin # Register | Clock Stimulus | Reagister Injection | Reaqister Trace | Asynch

Define Triggers

Enable| Condition | Type Re-tirm Delay Ral Click here to &dd Signal= R
COMD1 Cont 10 eve | 1
Ll
Ll
= .

Puc.3.6. Cexuisi BU3HaU€HHS MOJi1 AJIsl KOXKHOI 13 YMOB
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Taoauya 3.2. BusHauyeHHs1 MOl CTUMYJTY

DyHKITiS Busnauenus
Enable |AnpTepnaTuBHU 103B1T 200 3200pOHA Ha MO0 JAHOTO PSIIKA.
Condition [TocunanHs Ha MITKY 33/1aHOT YMOBH HI)KHBOI CEKIIIi JaHOI 3aKiia-
aku. JlocTynmHa yMOBa BUOMPAETHCS 31 CIHCKY.
Type Busnayaemo (BUOMpaeMo) 4 yMOBa IMOJii BUKOPUCTOBYETHCS O/I-
HOpa30Bo (1x), un noBToproeThes (Cont).
Axuo Type = Cont, To BBOIUMO 3HAUYECHHS 3aTPUMKH, MICHS AKOT
Re-Arm |ymoBa monii 3HOBY Oyje mepeBipsTHCS. 3HAUE€HHSI 3aTPUMKH BBO-
Delay |ouTbcs B mepmiomMy CTOBITYHMKY, & OJWHUIISI BAMIPIOBAHHS — y JIPY-
roMy.
«Kimmkaemo» Teket 3 HanmucoM "Click here to add/remove signals
Click Here |mo0 Bigkputu miamor Add/Remove. B 1ipoMy aiajgory BUOHpaemo
to Add 10 BIJHOIICHHIO JI0 SIKUX OY-
Signals  |me 3actocoBanmii ctumyn. BuOpani HamamryBaHHS OyayTh HaBe-

JICH1 y 3aroJ0BKax CTOBMYHUKIB.

Jlist ymoBHU, HaBeneHol y nornepeanbomy npukiani, CONDI, 3amana taka

MOCJTITIOBHICT peai3allii CTUMYITy:

1. Becranommtoetsess Ha BuBOA1I RBO Bucokuii piBeHb IpH MEPUIOMY BUKO-

HaHHI YMOBH.

2. Ouikyetscs 10 M1 i1 3HOBY mepeBipsieThCsl yMOBa. SIKIIIO BOHA BHKOHY-

€ThCS, TO 3HOBY Ha BUBOJII RB0 BuCOKUii piBEHb.
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BikHO BBOJy cUTHaNIB CTHMYIY CHHXpOHIi3allli HaBeaeHO Ha puc. 3.7. 3Ha-

YeHHS IMITYJIbCY (BUCOKHM a00 HU3BKUM PiBHI), IPUKIAJECHOTO 0 BUBOAY, BU-

KOPHUCTOBYETHCS, BIIMOBIIHO TabmuIi 3.3.

B Stimulus - [Untitled]

| Pin ¢ Register Actions || idvanced Pin # Begister | Clock Stimulus | Register [njection || Reqgizter Trace || .-'l'«s_l,lnch|

Label Fir Initial Laws Cuc | High Cyc| Begin End Comments ~
A1 IMTO High a0 20 At Start Mewer

INTO
R0
Ral

Raz
Fas
Rad
Beqin RE1 End
REZ2
(%) At Start| RE3 (%) Mever
{IPC 3 Egg hexdlabel I PC hexdlabel

REE
) Cycle 3 RET () Cycle I:I dec
TOCKI )
) Pin = ) Pin

[.-'-‘«dvanced... ] [ Apply ] Remaowve [ Delete Row ] [ Save ] [ E it ] [ Help

Ha puc. 3.8 nokazano curnan Ha Bxoai RB0. KoxeH iMmynbc Npu3BOAUTH

10 00po6ku nepepuBarHsa INTO, BiITOBITHO 10 HABEICHOI MPOTPaMH.

M [ ogic Analyzer : @El
Trigger Pozition Trigger PC = Time Baze. Maode
Start (#) Center ) End () ‘ “ I ” Clear ] |Cyu: v| |Simple ‘ [ Channels ]

+J% ae)

REBO

2285000,0 22852000 2285400,0 22856000 22858000 22860000

Puc. 3.8. JlemoHcTpaitis poOOTH CTUMYITY
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OyHKITIS

Busznauenusa

Label

IM’st cTUMyITy CHHXPOHISaLi], SIKe 331a€ThCs KOPUCTYBaueM (OIILis)

Pin

BuGip BHBO/Y, 10 SKOT0 Oy/1e MPUKIAICHNI CTHMYIT CHHXPOHIZaNi]

Initial —

Low |BBeleHHs 3HAUCHHS [JIsl YMC/IA LMUKITIB B iMITy/Ibci CHHXPOHISANI] Hil-
Cycles [3pKkoro piBHSI.
High |BeneHHs 3HAYCHHs jUIA YMCIa MUKIIB B iMITy/Ibci CHHXPOHISANil BHi-
Cycles |cokoro piBHs
«Knmuxknytn» Begin mis aktuBariii po3aiiy:
Always . . :
(default) [TouaTu cTUMYISIII0 HETAWHO MICTS 3aIyCKy MPOTPaMH
PC= [ToyaTy CTUMYIIALIO, KOJIM POTPAMHUI JIIYUIIBHHUK JTOCAT-
HE BBEJICHOI'O 3HAYCHHS
) [Toyatn CTUMYMAIIIO, KOMW JIYWIBHUK LHUKIIB JOCATHE
Begin BBeleHOro 3HaueHHs. [lel Bupa3 3aBxau MoKa3ye adCoJIio-
Cvele= THUW Yac, TOOTO BiA MOMEHTY MOYaTKy CUMYJAIiil. [lukm
y 3apepuierHst (End Cycle) moxe moka3yBaTtu BiIHOCHE 3Ha-
YeHHs O TOYaTKy cuMyisanii abo 3amaHoro TyT Begin
Cycle (muB. HIDKYE)
Pin= [Touatu cTuMymsALiI0, KO BHOpaHW BUBIJ MpHiiMe BUO-
pane 3HaueHHs (0 abo 1)
«Knuknytu» End st aktuBanii po3ainy:
Never
(default) CTuMyJ1 BUKOPHCTOBYETHCS TOKH IPOrpamMa He 3yIIMHUTHCS
pc=  |3aepuient ctumyny, sikimo HpOFPAMHHI MSHABHIK ocAT
BBEJICHOTO 3HAYCHHS
End 3aBepIICHHs] CTHMYITY, SIKIO MMMABHNK MAKIB 10CST BBE-
JICHOTO 3HAYCHHS
Cycle= |absolute time (Cyc) — BiTHOCHO TTOYATKy CHMYJISIIII.
from clock start (Cyc+) — BiIHOCHO MOYATKy IUKIY (JIHB.
BHUIIIC)
pin=  |3aBepuiert crivysry, KON BUOPAHNMI BBl Mae BUOPaiie
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3.2.5. IlpumycoBa 3mina 3nauenHs pericrpy (Register Injection)

B perictp Register Injection moxe Oyt 3anucane («BKHHYTE») 3HAYCHHS

(BMICT), BUKOPHCTOBYIOUM 3aKJaJKy, HaBeAeHy Ha puc. 3.9. Indopmariis mis

BHU3HAYCHHS MapaMeTpiB HaBeleHa B Ta0M. 3.4.

M Stimulus - D:\...\MyProject3.sbs

Pin # Fegister Actions || Advanced Pin # Register | Clack Stimuluz | Fegister Injection | Register Trace || Azvnch
Label |Reg/“ar | Trngger PCValue| “width| Data Filename ‘wirap | Format | Comments
A3 PORTE PC = 02E 1 i Filerarme. kxt E] ez Hex [optional)
[.-'-\dvanu:ed... ] [ Apply ] [ Remowe ] [ Delete Fow ] [ Save ] [ E it ] [ Help

Puc. 3.9. BikHO BU3HaY€HHS IPUMYCOBOI 3MIHU BMICTY PETICTPY

Tabauya 3.4. BusHaueHHs /151 3MiHM BMICTY pericTpa

OyHKITISA

Busznauenusa

Label

Im’st mopii, 3a gxoi BimOyBaeThbcs 3MIHA BMICTY PETICTPY, 3a1a€ThCS
KOPUCTYBa4YeM

Destination

Bubip 13 criicky pericTpa, mpu3HAYEHOTo JUIS 3alucy JaHUX (3MIHH
BMicTy). Crincok perictpiB Bkiatodae SFR (BBepxy criucky) i Oynab-
ak0i GPR kopucryBaya (BHU3Y CIUCKY)

Trigger

Bubip «3HaueHHs» moOAll, BIAMOBIAHO 1O SIKOT B1IOYBAaTUMETHCS
3MiHa BMICTY PETICTPY: «3a BUMOroro» abo konu PC piBHui 3ana-
HOMY 3HAYCHHIO

SAxmo nepudepist mpueaHAHA, TO MOKHA BUOpATH JIUIIE TIOJIIO «3a
BUMOTOIO». SIKI0 mepudepis BIACYTHs, TO CIIiJ BUKOPUCTOBYBATH
PC. Hampuknan, skmo BcranoBieHuit 61T ADON 1 BuGpanwmii pe-
rictp ADRESL, To mouHeThCst 3MiHa BMiCTy (TpacyBaHHs)
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[Iponorxenus tadm. 3.4

OyHKIIIs Buznauenns

BBeniTh 3HaUeHHS, MPH SIKOMY B11I0yBa€ETUMETHCS 3MiHA BMICTY pe-
ricTpa (11e Mo)ke OyTH aOCOTIOTHHH apec ab0 MITKa MPOrPaMH)
Width  (BeeniTh uriciio OaiT, BiiBEACHUX IS 3MIHH BMICTY

Data

PC Value

Bubip daiina ganux amns 3amnucy

Filename

Rewind

Format

Comments |/lo6aBneHHs onucoBoi iHGOpMaIi mpo 3MiHY BMICTY PEriCTpy

3.2.6. TpacyBanns perictpy (Register Trace)

Bwmict BuOpaHoro perictpy i IEBHUX YMOB MOKe OyTH 30epekeHuH y (haii-
i (OyTu TpacOBaHUM) IIPU BUKOHAHHI MporpaMu. BikHO mapameTpiB Moka3aHo Ha
puc. 3.10, 3 sxoro BUAHO, K 3amaTH JJIs TpacyBaHHs 3MiHHY RB Temp, a pe-
3yNbTaTH TpacyBaHHA 3anucatu y (aiin Filename.txt. binbm geransHa iHpOpMma-

11151 711 BU3HAUEHHS TTapaMeTpPiB TpaCyBaHHs PEricTpy HaBeeHa B Ta0. 3.5.

Ta6auya 3.5. BuzHauyeHHs 1J151 TPacyBaHHs pericTpa

OyHKITIS Busnauenus

Label |3amane im’st TpacyBanHs pericTpy (OMIIHHO)
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[TpomoBxkenHs Tad. 3.5

OyHKITIS BusnaueHus
Bubip 31 cnmucky perictpa mkepena aisi TpacyBaHHs. HaBeneni y
Source [cmucky perictpu: SFR (Bropi cnmcky) i Oyab-sIKUid pericTp 3arajib-
Horo npusHadyeHHd GPR (BHU3Y criucky)
Bubip «3HadeHHsS» TMO1i, BIAMOBIIHO JO SKOi BiI0YBaTUMETHCS
TpacyBaHHS: «3a BHUMoOroro» abo konu PC piBHUI 3amaHOMY 3HA-
YEHHIO
Trigger |Sxmio nepudepis npueaHaHa, TO MOKHA BUOpATH JIKIIIE TOIII0 «3a
BUMOTOIO». SIKII0 mepudepis BiICYTHS, TO CJiJi BAKOPHUCTOBYBATH
PC. Hampukiman, sixkimo BctanoBienuin 6it ADON 1 BuOGpanuii pe-
rictp ADRESL, To moyneTscst TpacyBaHHsI.
PC Value BBeniTe 3HauY€HHS, NpU SIKOMY Bin6yBaTHMeTbcx TpacyBaHHs (L€
MOKe OyTH abCOTIOTHUI ajpec a00 MITKA KOy POrPaMu)
Width  (BBexiTh uncio OaiT, BiABEACHUX IS TPACYBaHHS
Trace Bubi . .
Filename P po3MimIeHHs ¢aiiny TpacyBaHHS
Bubepite popmat ¢aiiny 1y TpacyBaHHS:
Hex - ASCII Hex - gecsitkoBuit
Format [Raw — Raw - GiHapHuit
SCL - ¢popmat SCL
Dec - ASCII gecsatkoBuit
Comments [BuecenHnst onrcoBoi iHdopMaliii mpo TpacyBaHHS PETICTPY.

Bl Stimulus - D:\. . .\MyProject3.shs

Fin / Regizter Actions

Advanced Pin / Register | Clock Stimulus | Fegister Injection | Fegister Trace | Asynch

Label

<

[opticral] ~ [PC =

o

Reg / War PC Walue| “width| Trace Filename

Interrupt

Trigger Format | Comments

1 Filename. =t Hesx [optional]

EEADR
EECORM1
EEDATA
FSR
INTCOM
OPTIOM_REG
PCL
PCLATH
PORTA
PORTE
THISA
TRISE

[.&dvanced... ] [

Lpply ] [ R emove ] [ Delete Row ] [ Save E =it

J J

Help ]

Puc. 3.10.

BikHo mapaMeTpiB TpacyBaHHS PEricTpy
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I Stimulus - D:\...\MyProject3.shs

Fin / Regizter Actions | Advanced Fin / Register | Clock Stimulug || Register Injection || Register Trace | Azpnch |_

Fire | Fin/SFR | Action Width | Units | Comments / Mezzage
» [RAT Pulze High 100 oy
Set High
Set Low
Taogale

Pulze High

Pulze Low

[.-’-‘-.dvanced... ] [ Apply ] [ Remove ] [ Delete Row ] [ Save ] [ E it ] [ Help

Puc.3.11. BikHO KepyBaHHSI ACHHXPOHHUMH CTUMYJIaMU

3.2.7. KepyBaHHsI aCHHXPOHHUM cTHUMYJ0M (Asynch)

3akmaaka Asynch (puc. 3.11) 3agae mapameTpy BUKOPHCTaHHS CTUMYIY B
MPLAB SIM. Asynch Takox A03BoJisi€ BUOpaTH CTUMYJIH, SIKI BU BUKOHAETE, 1
30eperTu 1110 iHpOopMallio y poOoUiil KHU3I.

Ipumimka: MHianoe cmumyny nosunern Oymu GiOKpumuti OJisi CIUMYIAYLL
Wob 3anUUamucy AKMUGHUM HA NPOMA3L CUMYTIAYTT

BBenite psagok 3a psakoM Oyab-sKi aCHHXPOHHI CTUMYJHU. [[ns BUaaeHHS
psika «BUOEpiTh» #oro Ta «kiukHITE» Delete Row.

Mo>xJIMB1 1Ba TUIM aCUHXPOHHHUX CTHMYJIB: PETYJSIPHUN CTUMYIN, AJid Oi-

abiiocti perictpiB SFR, 1 ctumys, ocHOBaHW HA TTOBIJOMIICHHSIX, JJIS PETICTPIB

SFR monyns USART/UART.
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Tabauys 3.6. BuzHaueHHsI mapaMeTpPiB KepyBaHHS CTUMYJIOM

B MPLAB SIM
DyHKITS BusnaueHus
Fire

Bubip abo 3mMiHa BuBOAYy MikpokoHTposiepa (Pin) abo perictpy

Pin/SER (SFR) mo sikoro nmpuKJIaeHO CTUMYIL. I.[O(.tTynHi BIKHA HaB§z[eHi y
CIUCKY «BHIIaal0yoro» MeHto. llepernik iMeH 3ainexuThb BiJl BUO-
panoro 8 MPLAB® IDE npuctporo
Bubip abo 3mina aii ctumyny
Peryasipauii crumy.i:

Action Bubepits "Pulse"”, "High", "Low" a6o "Toggle".
CTuMyJ1, OCHOBAHMI HA MOBIIOMJICHHI:
Bubepits "File Message" abo "Direct Message". "File Message"
03Ha4a€ BUKOpHUCTaHHs (hailily 3 TAaKETHUM NOB1IOMJICHHSIM

Width -ﬂKHlO BUOpaHO '.'Pulse", TO MO’KHa BUOpaTu aﬁo 3Mi¥{I/Ile/I HIUPUHY
IMITYJIbCY - BBEJIITh HOBE 3HAUEHHS B HACTYIHIN KOMIpILII psaKa
SAxmo Bubpano "Pulse”, To MokHa BUOpaTt ab0 3MIHUTH OJWHU-
Units  |uro BUMIpIOBaHHS NIMPUHM IMITYJIbCY. BBeITh 3HAUCHHS ISl O/TU-
HUI[l BUMIPIOBAHHS MIMPUHU IMITYJIBCY
Peryasipauii ctumyJi:
Comments / 3CanaﬁTe abo 3MiHiTI>UKOMeHTa]E)if/'I po CTI/IM.YJI
Message THUMYJI, OCHOBAHMI1 HA MOBiTOMJICHHSIX:

3amaiite a00 3MIHITh MOBIIOMIICHHS CTUMYIY (TIOBIIOMIICHHS HE
TIOBUHHO MAaTH JJAHUX, HAITPHKIIAJI, YaC 3aTPUMKH)

3.2.8. 30epe:xenns 1amryBanb Moayas crumyJry (General SCL File)

[Ticns 3aBeprieHHs poOOTH 3 1aTOTOBUM BIKHOM MOKHA CTBOPUTH (haiin

pobouoi kuurum (General SCL File), momepenHpo «KIMKHYBIIM» KHOIKY

Advanced... (puc. 3.11).

Ipumimxa: Cmosnyux Time 3anuwaemscs 3apikcosanum, Koau eu nPoxpy-

uyeme cnoenvyuku CUCHAI8
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3Hauenns 0OuUHUYbL BUMIDY 3 3AMOBYYBAHHAM

Jnis Beix Tabmuipb Qaitnmy SCL, BUKOPUCTOBYIOTHCS Taki MpaBHiIa:

. OI[I/IHI/IHi Jacy 3aBXKIU B I[GCSITKOBiﬁ CHCTEMI1 YHCIICHHS.

o 3nauennd PC 3asxau B HEX koni.

e Curnanu Ha BuBoaax 3asxau 0 a6o 1.

« 3HaueHHs pericTpiB 3aBxau B HEX kogi.

o 3HayeHHs OITOBHUX MOJIIB 3aBX/]IU y JIBINKOBOMY KOJIi.

Advanced SCI. Operations E|

Cverride workbook with SCL File

| Generate SCLFile | | ok || Hep |

Puc. 3.12 BikHO pO3MIMPEHHS 111 CHHXPOHHOI CTUMYJISALIIT

Pozwupeni onepayii SCL

JUJisi BUKOPUCTAaHHS CTBOPEHOro (haillly CHHXPOHHOTO CTHUMYJY CKOPUCTaM-

TECh JI1aJIOTOBUM BIKHOM CTHMYIy, «KIUKHYBIIW» Advanced... mis Woro Biik-

putts (puc. 3.12).

Taonuya 3.7. ®yukuii gianorosoro BikHa kHonku Advanced

DyHKIIIS Busnauenns
Override Workbook|, : : .
with SCL File Im’st Ta BUOpane miciie po3miienus daitmy SCL
Peanizye npuennanns (Attach) a6o Bim’egnanus (Detach)
Attach/Detach  |3amexHo Bix HasBHOCTI BKazaHoro ¢aiury B moii Override
Workbook with SCL File
Import/Merge Buxonanus iMmnopty SCL ¢aitnty, abo 00’€1THaHHS KUTBKOX

SCL caiinis

Generate SCL File

I'enepyBanns SCL ¢aiinry Ha OCHOBI mapameTpiB OyIb-sIKOi
3 MEePUINX I STH 3aKJIaJI0K BIKHA (CHHXPOHHUN CTUMYII)

OK

[TinTBepmKenHs nii, BUOpaHOi B TAHOMY J11aJIOTOBOMY BiKHI1

Help

BiakpuBaHHS JOTIOMOTH MOJYJISI CTUMYJISIT
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3HaiiaiTh HeOOXIHY Hanky i (ain Ta «KIMKHITE» Attach mis fioro npuen-
HauHsa. [1{o0 Bumammtu ¢aitn SCL «xmmkHITE» Detach. Skmo HeoOXimHO

00’eqnatu aBa dariau SCL B oquH - «kIukHITE» Import/Merge.

3.3. 3aB1aHHA i NOPSITI0K BUKOHAHHS PO0OTH

B naGoparopHhiii po60TI HEOOX1THO CTBOPUTH Ta MOOYAYBAaTH MPOEKT, a Ta-
KO’ BUKOHATH HOTO TECTYBaHHS 3a JIONIOMOTOI0 CTUMYJISITOPA.

3aBJaHHS BUKOHYETHCS B TaKii MOCIIAOBHOCTI:

o Bubpatu Tun mikpokxontponepa - PIC16F84.

o 3amycTUTH MalCTEP MPOEKTY 1 CTBOPUTH MTPOEKT.

o 3anmcaTH HaBeJEHY B OMKUCI JabOpaTOPHOI poOOTH MpOrpamy, B sIKiid BH-
KOHY€THCSI BBEJICHHS B TIOPT BXO/AY/BUXO/Ty 30BHIIIHIX JaHUX MICis (ikcarii
CHUHXPOIMITYJIbCY Ha BXOJ1 30BHIIIHBOTO MIEPEPUBAHHS.

o BuBuuTH anroput™m po6OTH 3alMcaHOi MPOTPAMH.

o IloOymyBaTu MPOEKT.

o TecryBaTn nporpamy 3a JOIIOMOTOK CTUMYJISITOpA.

» OTpuMATH y BMKIIa/(a4a {HIMBI/yaTbHE 3aBIAHHS: TAKTOBY YACTOTY Mik-
POKOHTPOJIEPa, HACTOTY 30BHINIIHEOr0 CHHXPOCHTHAITY, TPHBAIICTb CTPOGA 110-
3BONTY, 3HaueHHA iHopMariiiHoro Gaiita A1 BBONY.

3aeoanna. Hanamtyiite B MOyl CTUMYIY 3aJaHy MIBUAKICTH Hepenayl N-
PO3pSIIHUX JTaHUX HA BX1J MIKpOKOHTpoJepa. 3a0e3neuTe po3Mi3HaBaHHS KOy
Ta 30epeKeHHs oro B mam’ STl JaHuX (BaplaHTH 3aB/JIaHHs HaBeAeH] B Tab11.3.8).

« BBecTu He0OX1HI 3MIHHM B MPOrpamy Ta NEPEBIPUTH MPABUIBHICTH aJIro-
PUTMY 3a JOMOMOI'OI0 CTUMYILY, 3aJJaBIIM 30BHIIIHI CUTHAIH 1 IEPEBIPUBIIH pe-
3yJIbTAT 3a JOTIOMOT'OI0 TPACYBaHHS PEricTpa 30epiraHHs BBEACHUX JaHUX.

o OdopMHUTH B TEKCTOBOMY PEAAKTOP1 MPOTOKOJI, B SIKOMY HAaBECTU HEOO-

X1IH1 PO3paxyHKH 1 300paKeHHsI J[1aJOTOBUX BIKOH 3 MIATBEPIKEHHSIM PE3yJIb-

TaTiB PO3PAXYHKY.



Taonuya 3.8. Illpukiaaau BapiaHTiB 3aB1aHb

No fouk My YacroTa 30BHIIIHLOTO | [HpOpMaltiiHmii TPUBAJICTh
CUHXpocuruaiy, 1 y OaiT CTpoOYy J03BOIY

1 2 2400 OxAA 0.01 cex
2 3.66 4800 0x55

3 4 9600 0xC6

4 4.33 19200 0x3C

5 5 38400 0x81

6 6 57600 OxXE7

7 8 115200 0xD4

8 10 230400 0x96

9 11.66 924600 0x33

10 12.33 1200 0x4B

11 16 300 OxF1

12 20 110 Ox4E

KonTpoabHi nMTaHHA

A A

TpacyBaHHS pericTpy.

KPOKOHTpOJIEpa MOCTII0BHO?

[IpaBuna BUKOHaHHA 0OpOOKH 30BHIIIHIX [TEPEPUBAHb.

SIKi MOKITUBOCTI JIsl pO3POOHHKA HAJIA€ MOTYTb CTUMYJISIII?

Uum BIIPI3HAIOTHCS CHHXPOHHUM 1 aCHHXPOHHUHN CTUMYJITH ?

SkuM YMHOM MOJKHA PO3II3HATH KOJ, IO MEPEIAEThCSA Ha BX1J MTOPTY Mi-

6. OxapakTepu3yBaTh KOMaHIU IUKIIIYHOTO 3CYyBY Yepe3 IMepeHocC.

JlitepaTypa no 1ab6opatopHoi podoru Ne 3

1. CnpaBo4HHK 110 BceM MukpokoHTposuiepam PIC16 [pa3nensr 8, 9].

http://www.microchip.ru:/files/d-sheets-rus/PIC16_Manual.pdf
2. PykoBojctBo nosn3oBatesis MPLAB IDE. [cTp. 63-68, 70-73]

http://www.microchip.ru:/files/d-sheets-rus/mplab_ide.pdf
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JIABOPATOPHA POBOTA Ne4

PeaJtizanisi cxeMu IMHAMIYHOI IHAUKALIIl HA MIKPOKOHTPOJIEpi Ta ii

AOCJIIIPKEHHSI 32 I0ONIOMOT010 iHTepaKTUBHOr0 cumyasitropa PROTEUS

4.1. Meta podoTn

BuBuntu BukopucTaHHs iHTepakTUBHOro cumyisitopa PROTEUS mns mo-
OyJ10BH, HAJIAroJXKEHHS 1 TOCTIIHKEHHS CXEMH PaIlOTEXHIYHOTO MPpUCTporo. Bu-
BUWTH OpTaHi3aIliio JUHAMIYHOT 1HUKAIlli 3 BUKOPUCTAHHSIM MIKPOKOHTpoOJIepa i
CEMHUCErMEHTHUX 1HJAMKATOPIB, peaii3yBaTu 3alpOlOHOBAHUN aJITOPUTM Ta JI0-

CHiIII/ITI/I Horo pO6OTy 3a JOIIOMOI'OIO iHTepaKTI/IBHOFO CUMYJIITOPA.

4.2. OcHOBHI TeopeTHYHi BiIOMOCTI

4.2.1. CtBOpeHHs npoeKTy 3a aonomororw PROTEUS

[Iporpama cumyssnii 3anyckaeTbcsi BUKIUKOM ISIS Professional — cknano-
Boi yactunu PROTEUS. Ilpu nosiBi BikHa IporpamMu MPOMOHYETHCS MEPETIIsHY-
TH TIPUKIIATAN MPOEKTIB.

Macmtab 300pakeHHsI TPOEKTY MOKHA 3MIHUTH 32 JIOIOMOTOK0 KOJIECa MU-
111, a6o 3a pomnomororo iHcTpymMeHTiB ZOOM (nuB. puc. 4.1). Ha »aib, nporpa-
Ma HE Ma€ €JIEMEHTY IPOKPYUYyBaHHS 300paKEHHI 1 TOMY JIJIsl IEPEMIIIIEHHS 30-
OpakeHHs CJIiJl BKa3aTH HOBUU IIEHTP 300pakeHHs iHCTpyMeHToM "xpect". s
Nepersisiy BChoro pod04oro JUCTa HEOOX1THO HATHCHYTH KHOIIKY TIpaBillie Bij
ZOOM "-". Jlnst neTajbHOTO MeperiisiTy IeBHO1 00acTi cxeMu i HeoOXiHO BU-
JUTATH 32 JIOTIOMOTOI0 IHCTPYMEHTA BUIUICHHS (1€ TIpaBilie).

B niBiit BepxHiit 00sacTi BikHa nporpamu (puc. 4.1) BUIHO MiHIMAKeT CTOpI-

HKH, a HIK4e Hboro - maneabr DEVICES (nuB. puc. 4.2a).
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I5i5 Lab4ab - IS18 Professional {Animating)

Fle Wiew Edt Tools

Design Graph  Source Debug  Lbrary Template System  Help

FELE R

e

-CAT
CRYSTAL
MINRES4KT
MINRES220R

NOT
PHYCOS0SMPOTN
PIC1EFE284

® 170 +0F8UOBNET YO IR Y I B

T ZNzz
L STET

1

[ LR S I CR PV,

| rezinscircian RADJAND
— | RAG/0SCZ/CLEOUT RAANL

RAZIANZIREF
RAZMANZ/ChP |

RAYTOCKICMPZ (——

RBO/INT

RE1/RWOT

RBTHCE

RB3/CCRL

RE4

RBA

RBG/T10S0/T1CKI
RET.

oS —=

ICIGFG2EA _
TEAT>

|| 3000 20000

Puc. 4.1. Bikno nporpamu PROTEUS 13 cTBopeHUM ITPOeKTOM
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VY Bikni naneni DEVICES BinoOpaxyroThCsi BCl €€MEHTH (KOMIIOHEHTH
NPOEKTY), SIKI BUKOPUCTOBYIOThCS B cxeMi. Kuomka 3 miteporo "P" BigkpuBae
dbopmy nomryky B 616morekax PROTEUS (puc. 4.3) xoMmnoHeHTa, kUil 100aB-
aseMo B cxemy. Knomka 3 miteporo "L" 3amyckae meHemkep 616110TeK 1 3 HOro

JIOTIOMOT'OF0 MOYKHA TIPUETHATH HOBI 010TI0TEKH KOMIIOHEHTIB.

Eile ‘iew Edit Tools DCesign Graph  So =

DEa @@ @ ||@f: /

Il =

— SEREEERRR R @

— SEREEERRR R = 2

L SEREEERRR R i oY

= SEREEERRR R 1r A

22 SRS EEE

[ [BESCOMCATEAN ooy Kl

— |MINRES4K7 Il g —~

N L"I'ZINTF‘ESMF‘ Sl B &

gg%\gggggﬁmw SEEEEEEEEEEEEEEE 9

Il Eﬁ E

Il Y -

o Il Lo +
Y Ll Al4 A28
a 6 (Al..A14) 6 (A15..A28)

Puc. 4.2. ClIicok €JIEMEHTIB CXEMU:

a - 1oJlaHux 3 010moTeku (kHomka P); 6, 6 - IHCTpYMEHTH JIIBOi IMaHEJI.

JliBa manens iIHCTpYMEHTIB OaraTodyHKIllOHaNbHA (puUcC. 4.2 0, 6) 1 PyHKITIT
OCHOBHHX ii IHCTPYMEHTIB TaKi:

Al — cTpinka-TIOKa3HUK IS BUAUICHHS 00y1acTeil, moOya0BY 3’ €IHAHb, 1H.,

A2 — Binkputu nmanens DEVICES - KOMIIOHEHTH MTPOEKTY 1 MOITYK HOBUX;

A3 — mpocTaBUTH BPYUYHY MicCII€ 3’ €IHAHHS MPOBITHUKIB;

A4 — Ha3BaTH NPOBIAHUK (3PYUHO uepe3 00’ € HaAHHS TPOBIIHUKIB, K1 Ma-
I0Th OJJHAKOBY Ha3BY);

A5 — 100aBUTH TEKCT B JIOBIJIBHE MICIIE CXEMHU;

A6 — IpOBECTH LIMHY - HA CXEMI1 IIUPOKAa TEMHO-CUHS JIHIS;
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A7 — crBopeHHs migcxemu (OJIOKY, SKMi Ma€ BIIACHY CXEMy 1 €JIEMEHTH
3’€qHAHHA);

A8 — Terminals — kinmeBi enemenTn cxemu: xwuBieHHsS (VCC), 3emis
(GND), BuBOAM...;

A9 — pexxum Device Pin - qogaty BUBi 10 KOMIIOHEHTA;

A10 — rpadiune BimoOpakeHHs, 30€peKEeHHs 1 aHaII3 pe3yJbTaTiB CUMYJIS-
ii;

A1l —3anuc nporecy cuMyJISIIii B ¢aiiy 1 BIITBOPEHHS JTaHUX;

A12 — reneparopu pi3HHX (POPM HANPyTH Ta CTPYMIB,;

A13 — BU3HAYEHHS MICIS HA IPOBIIHUKY ISl BAMIPIOBaHHS HAIIPYTH;

A14 — BU3HAYEHHS MICIISl HA TIPOBIIHUKY ISl BUMIPIOBaHHS CTPYyMY;

A15 — Virtual Instruments - BipTyanbHi BUMipIOBaJIbHI TIPUCTPOT:

A16 — ipoBeIeHHS MPOBITHUKIB HA CXEMI;

1T.1.

A24 — noBOpOT 32 4YaCOBOIO CTPUIIKOIO Ha 90 rpaayciB BUAIIEHOTO KOMIIOHE-
HTa a00 0JI0Ka;

A25 — noBOpOT MpoTHU 4acoBoi cTpiIkK Ha 90 rpaayciB BUALIEHOTO KOMIIO-
HeHTa abo Oy0Ka;

A26 — mose 11l BU3HAYCHHS JTOBUILHOTO KyTa TTOBOPOTY;

A27 — n3epkanbHe BiJOOpaKEHHSI €JIEMEHTa B TOPU30HTAIbHIN IJIOIIUHI;

A28 — n3epkanbpHe BiOOpaKEHHS eJIeMEHTa Y BEPTUKAIIbHIN IJIOIIHHI.

Bigkpuemo ¢dopmy — MeHIO MOHIyKy Ta BHOOpY KoMmmoHeHTiB "Pick
Devices", HaTuCHYBIIM Ha KjaBiaTypi KHOmMKy 3 Jjiteporo "P". B momi
"Keywords" (kito4oBi ciioBa) (nuB. puc. 4.3) MOXHA 3a7aTH IS TIOITYKY KITIO-
YOBE CJIOBO, HAMPUKJIA/I, TOYATOK Ha3BU €JIEMEHTA, a MOTiM BUOpATH eeMeHT. B

noi "Description” (onuc) mo6aunmMo Onuc eIeMeHTa.
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Kewwords: Besuls [262]: TA091EC Preview:
Device | Library | Desciption 4| | Schematic Model [74:<109 MOF]
7400 74570 Quadruple 2-Input Positive-NAND Gates —
7
Malch ihole ords? L/ 7400DM  745TD  Quadiuple 2-4nput Posiive NAND Gates
Cacgor 401 HSTD Dued 2t Ope lertor NAND B
_ uad 2-Input Open-Collector ate
(&0l Categories) - 7401.0M  FASTD  Quad 2-4nput Dpen-Collector MAND Gate
*é”a'ﬂg. ICs | | 7ADLIEC 745TD  Quad 24nput Dpen-Colector NAND Gate
EI‘:IDDaEITEDD . 7402 T45TD  Quadple 2-Input Positive-NOR Gates
Cormactors SEnes F4020M  745TD  Quadruple 2-nput Positive-NOR Gates .
T402IEC  745T0  Quadruple 2-nput Positive-NOR Gates B
Data Converters Fan3 F45TD Quaduple 2-nput Positive-NAND Buffer With Open-Collector Dutputs 2
Debugaing Toal . § - “—u
Dieaaina o9 FA0ZJEC 74570 Quadruple 2Input Posiive-NAND Buffer with Open-Collector Outputs . Lo
ECL 10000 Series 7404 T4STD  Hex Inverters — e b
Electromecharical 740400 F4STD  Hex Inverters EIES
Inductars TAO4IEC  745TD  Hew Inverters 1y
Laplace Primitives 7405 FASTD  Hex Inverters With Open-Collectar Outputs
Mgmory ICs TAOEDM  745TD  Hex Inverters With Open-Callector Outputs
M!CTUDTOCBSSUT ICs TAOSIEC  745TD  Hex Inverters With Open-Caollector Outputs
Mlscell_aneoL_As_ . T408 TASTD  Hex inverter buffers / drivers with high-voltage outputs
E‘Iodelh_ng F;'A“"“T.?s 7A0E.0M  745TD  Hex inverter buffers / drivers with high-voltage outputs
Dp;araltlor:a HmplTers FADBIEC  745TD  Hex inverer buffers / drivers with high-voltage outputs
plogeaianics Fany FASTD  Hex Buffers / Drivers with Open-Collector High-ltage Outputs
PLDs & FPGAs . . :
Resistors 740700 F4STD  Hew Buffers / Drivers with Open-Collector High-vltage Outputs
p - TAO7IEC  745TD Hex Buffers / Drivers with Open-Callectar High-Vltage Outputs
Simulator Primitives "
Speakers & Sounders 7408 745TD Quaduple 2-nput Positive-AMD Gates
Switches & Relays 7408.0M  FA5TD  Quaduple 2-nput Positive-AND Gates FCE Preview:
Switching Devices TAOBIEC  745TD Quadruple 2-nput Positive-AMND Gates 5
Thermionic alves 7409 T45TD  Quaduple 2-nput Positive-AND Gates With Open-Collector Outputs
Transducers 7409.0M  F4STD  Guaduple 2-nput Positive-AND Gates With Open-Collector Outputs
Transistars T409.0EC  745TD  Guadple 2-Input Positive-4ND Gates With Open-Collector Outputs
L _ || | 7410 T45TD Triple 3-nput Positive-NAND Gates
TTL 748L5 series 74100M  745TD Triple 3-Input Positive-NAND Gates
Ht ;j?i;?éfs TAI0IEC 74570 Triple Hnput Positive-NAND Gates
74100 F45TD Mono Bi-Stable 8-Bit Latch
TTL 74HL series LI - . " .
Pl et 407 FASTD  Dual Megative-Edage-Trigaered J-K. Flip-Flops with Reset
_ TAIO7IEC 745TD Dual Megative-Edoe-Trggered J-K. Flip-Flops with Reset
Sub-category: 74109 74570 Dual J-K Positve-Edge-Triggered Flip-Flops With Clear and Preset
A 74109.1EC [ hd P
Adders 7411 F45TD Triple 3Hnput Positive-AND Gates
Buffers & Drivers T411.0M  745TD Triple 3-lnput Positive-AND Gates
Comparators TA11IEC  745TD  Triple 3-Input Positive-4MD Gates
Courters 4111 T4STD Dwal JE Flip-Flops Master-Slave
Decoders TA1UEC 745TD  DualJK Flip-Flops Master-Slave
Erooders o 74116 745TD  Dual 4-Bit Latch
Eilpt- U%?IS ‘?tc == 7412 FASTD  Triple 3nput Dpen-Colector NAND Gate
Mo e SIS 7412DM  74STD Triple Hnput Open-Collector NAND Gate
Mullii:lexgers TAZIEC  745TD Triple 3-Input Open-Collector HAND Gate
Multivibrators LI A F45TD  Monastable multivibratar with Schmitt-trigger inputs
422 FASTD  Retriggerable monostable multivibrator
M anufacturer TA1Z2IEC 745TD  Retriggerable monostable multivibratar
4123 F45TD  Dual Retiggerable Monostable Multivibratars with Reset
TA1Z3IEC 745TD  Dual Retiggerable Monostable Multivibrators with Reset
4125 T4STD  Quaduple Bus Buffer Gate \With Tristate Outputs
741250M F45TD  Guadruple Bus Buffer Gate With Tristate Outputs | DIL1E ;"
THZ5IEC F45TD  Quadruple Bus Bulfer Gate With Tristate Outputs
4126 T4STD  Quaduple Bus Buffer Gate With Tristate Outputs | ok I
741260M 7ASTD  Quadniple Bus Bulfer Gate With Tristate Dutputs | a ez

Puc. 4.3. BikHo 616;110TeKH BUOOPY €JIEMEHTIB CXEMHU
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B mpagiit yactuHi ¢popmMu NMPUBOIUTHCS Ha3Ba MOJIENII KOMIIOHEHTa, HOTO 30-
OpakeHHs Ha cxeMmi, a BHU3Y popmu — "FOOtPrint" — Burnsg enemenra Ha Apy-
koBaHiii muati. Ille Hmwkue — Ha3Ba Kopiyca kommonenta DIL16 (puc. 4.3) —
NPSIMOKYTHHUH TJIACTMACOBUI KopIryc 3 16 BUBOaMHU.

[I1o6 po3MiCTUTH KOMIOHEHT Ha cXeMi HeoOXimHo «kiukHyTH» "OK", a mo-
TIM HaBECTH KypCOp MHIII B MOTPIOHE MiCIIe HA JTUCTKY CXEMH 1 HATUCHYTH JIIBY
KJaBinry muiii. Mo)kHa cio4aTKy JA0AaTH BCl KOMIIOHEHTH CXEMHU Y BIKHO KOM-
MIOHEHTIB, a TMOTIM CKOPUCTATHCS KOHTEKCTHUM MEHIO MPaBOi KHOMKH MHUIII
(muB. puc. 4.4). Hanpuxiian, nogatu Mikpokontposiep PIC16F628 y BikHO KOM-

TIOHEHTIB 13 010JTI0TEeKH 1 MepelTH B KOHTEKCTHOMY MEHIO 1o nursxy Place (puc.

4.4q) > Component (puc. 4.46) > PIC16F628 (puc. 4.46).

Flace

1+ Component
- Juncton Dot
= Text Script
tr Bus

1F sub-Circuit:

»

Select Al Objects

Clear Eelechion

= Terminal

> Device Fin

12 Graphs

Tape Recorder
(% Generator

' yoltage Probe

LA Current Probe

= virtual Instrument

&% Ut To Clipboard
Copy To Clipboard
[ Paste From Clipboand

|7 1. Root shest 1
2. Root sheet 2
3. Root sheet 3

A Line

O Box

i) Circle
Ty Arc

30 Path
A Text
Symbal
- Marker

2M2222
FSEG-CONM-CAT-GRMN
CRYSTAL
MINRESAKS
MIMRESZ20R.

MOT

PHYCOB05MNP0 1M
FPIC16FE25A

&k From Libraries

a

o

6

Puc. 4.4. KouTekcTHE MEHIO TOMABAHHS €JIEMEHTIB CXEMH

MoskHa TaK0K CKOPUCTATUCS KOIMIIOBAHHSIM uepe3 Oydep oOMiHy €IeMEHTIB,
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SKi B)KE€ TPHUCYTHI Ha CXEMi, aJie TIPH I[bOMY JIOBEJICTHCS BPYYHY BBOJUTH I10-
PSAIKOBUI HOMEP HOBOTO €JIEMEHTA.

Buainsaiors Oyab-sSkuii KOMIOHEHT a00 IHIIUM €JIEMEHT CXEMH 3a JO0IOMO-
ror0 MpaBoi KHOMKKA M. ITpu 11soMy HOTO KOJIIp 3MIHIOETHCS HAa YEPBOHUM 1
OJTHOYACHO BHIIUIATHCS BC1 IPOBITHUKH, SIKI MPUETHAH] 10 HHOTO — BUIISIOTHCS
YEpPBOHUM JI0 MEPIIOro 3’€AHAHHSA 3 YMM-HeOyab. BiAMIHUTH BHAUICHHS BCiX
€JIEMEHTIB MOKHA «KJIMKOM MPaBOi KHOMKK MUIII Ha TyCTOMY MICIII TOJIS.

YBAT'A! IloaBiliHMHi «KJIUK» NMPABO0 KHONMKOI MHUIII HA eJIEeMEHTi BH-
JaJIsI€ HOro 3 MmoJs.

Jlo/laTKOB1 1OJII KOHTEKCTHOTO MEHIO HaBelleHl Ha puc. 4.5, a nis penary-
BaHHS TapaMeTpiB €JIEMEHTIB BHKOPHUCTOBYIOTh KOHTEKCTHI MEHIO C€JICMEHTIB

(muB. puc. 4.6).

AMALCGLE
DIGITAL
MIXED OSCILLOSCOPE
LOGIC AMALYSER
FRECQUEMCY
COUNTER TIMER.
TRAMSFER.
YIRTUAL TERMINAL
DEFALLT NOISE
SPI DERLGGER
INPUT DISTORTION
12C DERUGGER.
OUTPUT
LR LIER: SIGMAL GEMERATOR
BICIR. ALIDTO
PATTERN GENERATOR,
POWER
IMNTERACTIVE OC YOLTMETER.
GROUNE COMFORMANCE = e
BUS
Oz SWEEF AC WOLTMETER
& Fram Libraries AT SVWEER AT AMMETER.
a o 8

Puc.4.5. JlonaTkoBi BikHa KOHTEKCTHOTO MEHIO MOJIS MPOEKTY:

a - Terminal, 6 - Graphs, ¢ — Generator

Ha puc. 4.7 naBeneHa cxema IUHAMIYHOT 1HAMKAIIIT, CUMYJISIIIO SIKOT HE0O-
X1JHO BUKOHATH B AaHiil 1abopaTopHiil poOOTi, a CHUCOK ii €IEMEHTIB 3aJaHui
B po3aiii 4.3.
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< Drag Object
Edit Properties
2 Delete Object

& Rotate Clockwise M- ' Rotate Clockwise MU —
D Rotate Ant-Clockwise  Mum-+ D Rotate Ant-Clockwise Mum-+
<3 Rotate 180 degrees = Rotate 180 degrees
S Bl Crl+M = X-Mirror CHrl+M
* v-Mirror T vomiror
25 Block Co

Py Sy Gote Child Sheet G+
5 Block Mowe @0
[l Block Rotate Display Model Help Cirl+H
S ek Sl s T Display Datasheet Cirl+D

E= Cperating Point Infa

&% Cut To Clipboard ) _ ;
; Shiow in Design Explorer
Copy To Clipboard
, & Show Package Allocation
Clear Selection

£ Make Davice 4 Make Device

ke Symbol ##¥ Packaging Tool
P2 Packaging Tool #* Decompose
a 9]

Puc. 4.6. KoHTeKkcTHI MEHIO €JIEMEHTIB JUISA 3MIHH 1X

MOJIOKEHHS Ta pellaryBaHHs apaMeTpiB

4.2.2. HanamroByBaHHS NMPOLeECY CUMYJISILII CXeMH

Buninumo Mikpokontpoiiep (MK) 3a qonoMororo npaBoi kHonku munii. MK
1 IpU€THAH] 10 HROTO MPOBITHUKH 4epBOHIIOTH. 3 MeHI0 Edit Component (puc.
4.60) NiBOI0 KHONKOI MHUIII BIIKPUEMO TAHETh pelaryBaHHS BIACTUBOCTEH
komnoHeHTa. «Knuknemo» kHornky "Hidden Pins" (3axoBaHi BUBOM), 11100 Bij-
KpPUTHU JIOJATKOBE MEHIO, B IKOMY IMOKAa3aHO SIK MO0 3aMOBUYBAaHHIO HA3UBAIOTHCS
BY3JId (TIPOBITHUKHU) CXEMH JI0 SKUX MPUEIHAHO KUBJICHHS MIKPOKOHTpOJEpa —
VCC i #ioro "zemisa" — GND. MoxuBo MOTpiOHO 3MIHUTH I1i Ha3BH, SKIIIO KHU-

BJICHHSI TIO/IAHE B1J PI3HUX JHKEPETT.
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5 o @ o = a & a o & & @ 8 & o a a a o o o RBGT1 05 00T1CKI

RET/TI05]

L e

FICTGFEZEA
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Puc. 4.7. Cxema n1uHaM14HOI 1HAAKAIT
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Edit Component 7 x|
Component Beference: L)1 | Hidden: []
Component Yalue: |F'|C'I BFE284 | Hidder: []
PCE Package: IDH‘-IE LI n IHid'3 Al LI Data |
Program File: LAB44B.HEX =] |CEES e
Processar Clock Frequency: 2.0MHz IHid'3 Al ;I —

Program Configuration woord: 0x3FEB I Hide &Il ;I Cancel |
Advanced Properties:
Randomize Program Memary? ;I IND ;I IHide All ;I
Other Properties:
rFe
Ad
[ Exclude frorm Simulation [ Attach hierarchy module
[ Exclude from PCB Layaut [ Hide cormmon pins
[ Edit all properties as texst

Puc. 4.8. BikHo napameTpiB MiKpOKOHTpoOJIepa

(taxToBa wacrora, HEX-taiin nporpamu)

«Kmukaemo» "OK", m006 3aKpuTH MaHeNbh 3aXOBaHUX BHUBOJIIB 1 O3HAHOMH-
MOCH 13 3MICTOM TaHEJl peJaryBaHHsS KOMIIOHEHTa. JIJisi MiKpOKOHTpoJiepa ro-
JIOBHE MpOTrpamMa, 3a KO BiH mpairoBaTume. B momi "Program File" ciin Bka-
3aTH:

.cof — ¢aiin, AKIIO 111 CUMYJIAIT BUKOPUCTOBYETHCS MIEPBUHHUN TEKCT TPO-
rpamu Ha MOBI C;

.asm - gaiin, KO CUMYIISIIT BHKOPUCTOBYETHCS IIEPBUHHUKN TEKCT MPOTpa-
MU Ha MOBI1 AceMOJep;

.hex — ¢aiin npomuBKy, SIKIIO HEMae MEPBUHHOTO TEKCTY Ha JKOJIHIN 3 MOB.

SIKIIO € MepBUHHUEI TEKCT .asm, TO MOTPIOHO Jaili BKa3aTu Ha3By .hex daii-
Ja, a Takox yepe3 meHto Source> Add/Remove Source File... — nonatu Ha3By
daiina 3 TEKCTOM MporpamMu Ha acemoOiiepl 1 BUOpAaTH HEOOXITHHN KOMITUISATOD

(manpuknan, g PIC ne MPASM) (puc. 4.9).
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/Remove Source Code Files 2] x|

Source Code Filenare

Labdab. asm

Code Generation T ool

MPASM ~|

Flags: | |

‘ New I | Bemove I | (] I ‘ Cancel I

Puc. 4.9. BikHo 100aBiieHHs TporpaMu Jjisl MIKPOKOHTpoJiepa Ta

BUOOpY 1HCTpyMeHTa Juist oTpuMmanus HEX-daitna

Tenep npu 3amycky cumyisuii Oyne mnOpoBeaeHe KoMOusamis ¢aina
Lab4ab.asm i npu BiaCyTHOCTI MOMHJIOK MIKPOKOHTPOJIEp MOYHE MPAIFOBaTH 3a
B’Ke 0OHOBIIeHUM (aitmom LAB4AB.HEX.

JIJist KepyBaHHSI CUMYJISIII€I0 BUKOPUCTOBYIOTHCS KHOTIKM HaJlaHi BHU3Y JIi-
BOpYyY poboyoro jucra (auB. puc. 4.10):

"Play" — 3amyck cumymsiiii a0o MpoAOBKEHHS TPU3YITHHEHOT CUMYJISIIII;

"Step" — BUKOHATH MIHIMAIBLHUN KPOK MPOTPaMU MIKPOKOHTpoOJepa (SIK mpa-
BUJIO, 11¢ OJ{HA KOMaHJa Ha acemOuiepi). [li€r0 KHOMKOI TaKOK MOXKHA MOYaTH
CUMYJISIIIIO;

"Pause” — may3a cumyssnii. Mo)KHa TPOJOBXKUTH CUMYJIAIII0 KHOIMKAMHU

Jlbllblul_-_Hﬁ

"Play" abo "Step";

"Stop" — 3ynunka cumyssmnii. Ilicns mporo cu-

MYJIALIS MOYHEThCS 3 MoyaTky KHomkamu "Play”

abo "Step". Puc. 4.10

Jliist Toro, o6 moOaYynTH BCl TapaMeTpyu KOMITIOHEHTA MOCTABTE «TAIOUKY)
nanpotu Edit all properties as text (puc. 4.8). [Ipu 11bOMY BiAKPHETHCS BIKHO

puc. 4.11. Hanpuknan, CLOCK (puc. 4.11) ogHO3Ha4YHO BU3HAYa€ TAKTOBY Yac-
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TOTY MIKPOKOHTpOJIepa MpU CUMYJIALIT, a HaBeAeH1 Ha puc. 4.7 KBapIl 1 KOHJEH-
caTopH Ui CUMYJIALIT He MOTPiOHI — BOHU BBOAATHCA B CXEMY Ha IUJIATy JIMIIE
JUIS  TOro, 100 BpaxyBaTh IX TIpH PO3BEACHHI JPYKOBAHOI IUIATH.
WDT_PERIOD - noka3ye 4dac, uepe3 sSIkhil CIpaIftoe CTOPOKOBHM Taitmep.

3 puc. 4.11 BugHO, MO MIKPOKOHTPOJEP Oy/ie MpaIfoBaTi 3a IPOrpamoro,

3agaHoro ¢aitiom LAB4AB.HEX, sikuii, B cBOIO 4epry, CTBOPEHHI KOMIILIATO-

pom MPASM.

Edit Component 2| x]

Component Beference: ‘L” ‘ Hidder: [] oK
Component % alue; ‘le BFEZEA ‘ Hidden: [] Help
Al Propertias: Data
[PACKAGE-DILTE) a| || -
{TRACE_DEFAULT=1} Llidldan B
{PRIMITIVE =DIGITAL 16628} idsen cin:
{MODDLL=PIC1E}

IMODDATA=128,295}

{ITFMOD=PIC} Cancel

{PROGRAM=LAB 448 HEX}
{CLOCK=2.0mMHz}
{CFGWORD=0x3FER}
{DBG_RANDOM_PMEM=0}
{DEG_RAMDOM_DMEM=0}
{DBG_STARTUP_DELAY=0}
{DBG_waAKELP_DELAY =0}
{DEG_GEMERATE_CLKOUT=0}
{wDT_PERIOD=18m}
{EPR_WRITEDATA_DELAY=10m}

{PORTTOLH=0}
{FORTTOHL=0}
M
[ Exclude from Simulatior [ Attach hierarchy module
[ Exclude from PCE Layout [ Hide comman pins

[v Edit all properties as ket

Puc. 4.11. BikHo penaryBaHHs MapaMeTpiB y TEKCTOBOMY PEXKUMI

Kpim Toro, kepyBaTu mporecomM CHUMYJISII MporpaMu Ha acemOJiepi MOKHA
3a monomMororo kHomok F10, F11, F12 ta ix xomOinami 3 kaonkamu Alt 1 Ctrl
a00 uepe3 mentro DEBUG (puc. 4.12).

Bupinena na puc. 4.12 xomanja 103B0JIsSI€ BCTAHOBUTU Yac CUMYJIAIIT CXeMHU
(Bl mMOYaATKy 10 MPUIMHEHHS MPOIECY CUMYIIAIT). SKII0 BUOpaTH 10 KOMaH-
1y, TO BUBEIETHCS TI0JIE, B IKOMY MOYKHA 3a7aTH BKa3aHHUH 4yac (MPH [bOMY IS
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OJIMHULIb BUMIPY MPUNHATO: N — HAHOCE-

kysma, U — wikpocexysnu, m — minice- |

Debug Lbrary Template System  Help

KYHJIU, CCKYHJH MOKHO HE ITO3HAYaTH ).
M Start/Restart DebLgging CHrl+F12
[Tponec cumynaiii cxemu OyJe 3/1i-

" Pallse Arirmation FalLie
CHIOBAaTHCh 3aJaHUM dYac, SKIIo A0 Woro M Stop Arimation Shift+Pavse
3aKIHYEHHS B MPOTpaMi MIKPOKOHTPOJE- ¥ Execute F12

pa HE 3yCTPIHETbCS TOYKA 3YIMUHKH

Execute Without Breakpoints  Alb+F12
i ified Time

BreakPoint (BP) — cumysiiis 3ynuHATH-

o 2. Step Gern F10
cs Ha Hill.

PIC CPU Source Code - U1 X
[L4B44B 5D RN 3 3 Lab:

THHHHHHHHH HHHHHH R RN HHHHHHHHHH R R R R R R HHHHHHRH R
L]

-—— ;LA nporpama £ npuknanom peanizanii guHamiveod degkaniy Ha =
—_—— P THAMKATOPpAax 2 BMEODWCTAHHAM MIKpOKOHTpONepa PIC1EFE28. fea
e PCeEKyHAOMIpa CcTapTyioTe2 00 7 26 neWoTECA WOCEKYHAM Ha 1 not
—-—— iIHAMK ATORK OBHOBRAKTECA KO%HT 15Mc, ZaraneHWMiA Yac MNepemek at
—-—— (Taimep TMRO B pexkdi NepepWBaHHA N0 MNEQEMOEHEHHKD FEHEYE 2:
———— ;wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

=== LIST FP=1&aF&628

— %nc1ude <pl&fFa28. incs

——— Tempc equ Ox0c iBMIHAYEHHA TWMYACOEKX
-—— Temph equ Ox0d
S TempE equ Oxie
-—— Count equ Ox0f s nivrnEH KK
-—— Time equ Ox11 ;BalRT TalMepa-cekyYHAOM:
——— optionkeg equ 1
S PCL agu 2
—-—— Bcd equ 27
L]

e or o 0
WK qoto s

S 5rg 4

Puc.4.13. BikHO Hanmaro/KeHHsI IporpamMu

HatucHennst kHonku F12 (ekBiBaJeHTHO «KIUKy» KHOmkH "Play") — 3amyc-
Kae abo MmpojoBxkye cumyisiito 1o BP. Alt+F12 - 3amyckae abo mpoIoBxkye

CUMYJISALIO, sika He 3ynuHseTbest Ha BP. F10 —cumynsuis Bukonyetsest 6e3 Jne-
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Tajizaili BU3HAYEHUX MIANPOrpaM — BOHW OyayTh BHUKOHaHI 3a 1 kpok. F11 —
CHMYJIALISE BAKOHYETHCS 3 JeTamizamii Bu3HadeHux mignporpam. Ctrl+F11 — me-
pepuBae BUKOHAHHS Bu3HaueHHX migmporpam. Ctrl+F10 — cumynsmis 3aiicHio-
€THCS /10 BUJIIJICHOTO «KJIMKOMY MHIII PsiIKa B IIporpami.

SIkmo Bkazatu (aiii 3 IEpBUHHUM TEKCTOM Iporpamu B MeHio Debug, To BiH
3’s1BUThCA y BikHI (puc. 4.13). 1100 BcTaHOBHTH TOUKY 3ynuHKH BP cimig Bumi-
JUTH HEOOXITHUM PATOK MPOrPaMu, «KIMKHYBIIN» HOro MUIIEIO (PsIIOK MiCBI-
4y€eThCsl TEMHO-CHHIM KOJIBOPOM), 1 HaTUCHYTH KHomKy F9. Ilporpama 3ymu-
HUTBCS B PEXUMI Tay3H, KOJW aiiiae no miei Touyku. [lpu 1mpomMy Ha ekpaHi
3 ABJIATHCS BIAMOBIJIHI BiKHA 3 1H(OpMALII€IO AJIsI HATAroKeHHs. SIKIo HaTuC-
nytu F9 mie pa3, BP nge3aktuByeTbes (y BiKHI 3’IBUTHCS BIANOBIIHA 1HPOpMAILIis
y BUIJISI/II YEPBOHOTO KOJIa) 1 MporpaMa He 3yNUHATUMETbCA Ha Hild. HacTynHui
HaTtuck kHomku F9 mpubepe BP 3 Buauienoro psaka. Kpim TOro, B MeHIo
DEBUG € komaHna — «3amyCTUTH CUMYJISAII0, ITHOPYIOUHN Oy/b-siki BP.

[IpaBoI0 KHONKOIO MUIII Y BIKHI IEPBUHHOIO KOAY BIIKPUBAETHCS KOHTEKC-
THE MEHIO, Yepe3 sIKEe MOXKHA!

- mobaunTu HanucaHy Ha MoBi C mporpamy mapajieiabHO 3 BIJIMOBIIHUM i
KOJIOM acemOJiepa;

- BBIMKHYTH BiJIOOpa)K€HHS KOJIB OTEpalliii 3amucaHux Ha acemOiepi Ko-
MaH[I;

- BBIMKHYTH HyMEpaIliio pSAAKIB MPOTPaMU;

- BBIMKHYTH a00 BUMKHYTH Bci BP;

- BUKOHATH TIOIIYK B IEPBUHHOMY TEKCTi ITPOTPaMH,

- IeperTH Ha HEOOX1THUHN PSJIOK IPOTPaMU;

- IOMIHSTH WPUQT y BIKHI.

JI71st criocTepeskeHHAM 3a BMICTOM PETICTPIB MIKPOKOHTpoOJiepa BUOepeMo Bi-
kHO ciigkyBaHHs Watch Window B mento Debug. ITicist HanaromxeHHs BOHO He

3HMKA€E 3 €KpaHy Hi IPU CUMYJISILIIT, HI TPU 3HAXOKEHHI B CTaHl nay3u. B 11p0-
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MY BiKHI MU MOKE€MO PO3MICTUTH PETICTPU MIKPOKOHTpOJIEpa 1 He JIUIIe BiCTi-

JIKOBYBATH 1X BMICT B X0/l BAKOHaHHS IPOTrpaMu, aje 1 3aJaBaTH JAesiKi YMOBH 1

Jii MpyU BUKOHAHHI IIMX YMOB, HaNpUKIaJ, 3yNMUHUTH cuMyiisiiito. [IpaBoro

KHOIMKOI0 MuIlll y BikHiI puc. 4.14
BUKJIMKAEMO KOHTEKCTHE MEHIO 1
JOJTAEMO PETiCTpU ISl  CIIOCTEpe-

JKEHHS: T0 1X Ha3Bi abo mo ampeci

(puc.4.15). Slkio EPEAHASBOIO pe-
ricrpy B Watch Window EToiTs kea-
APATHIC 3 IUIOCOM; TO MOKHa PO3ro-

PHYTH peEricTp Ha Trpynu (QyHKIIO-

HaJIBHO 3B’ si3aHUX OITIB.

%
MName Address | value Watch ...
TempC  Ox0C Ox00
Count Oxof 0h0o1100111

{

| )

[Ipu cumynsauli TpUCTPOIO HA €KpaHi OyJeMO CIOCTepiraTH KapTUHKY aHl-

Marlii. Pexxum aHiMarlii MO)kKHa BCTAHOBUTH uepe3 MeHro System>Set Annimation

Options..., ko BiIKpUBa€eThes BikHO (puc. 4.16).

21x]
Memory: | PIC CPU Data Memory - U1 =
M ame: |I:|:|unt |
Address: | (0 ;”
Data Type: Diizplay Format:
<\ ASCIE String {4\ Einary
Q—\ Eyte <\ Octal

<\ “wWhord [2 bytes)

<\ Double “ward [4 bytesz)
<\ Quad »ord [8 bytes)
<\ IEEE Float [4 bytes]

<\ IEEE Double [8 bytes]
<\ Hitech Float [3 bytes]
<\ Microchip Float [4 buytes)

[ Big Endian

<\ Hexadecimal

<\ Signed Integer
<\ Unzigned |nkeger

Done

Puc. 4.15. Bikao BuOOpy pericTpiB JyIsi CIIOCTEPEKEHHS 3a 1X 3HAYCHHSAM
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Animated Circuits Configuration ilil
Simulation Speed Animation Optian

Frames per Second: Shave Yoltage & Cuent on Probes? [v
Timestep per Framme: 50m Show Logic State of Pins? [v
Single Step Time: Shave 'wire Yaltage by Colour? [

Max. SPICE Timestep: Z5m Shiow Wire Current with Amows? []

Yoltage/Curment Ranges————
M awimuim Y oltage: |:| SFICE Options
Current Threshold:
ar. Cancel

Puc.4.16.

3BUYAWHUN PEKUM:

- eKpaH OHOBIIOEThCS 20 pa3iB HA CEKYHIY;

- BiJIoOpaskaeTbes Hanpyra 1 cTpyM Ha mynax Al3 u Al4;

- IMICBIYYIOTHCS JIOT1YHI PIBHI HA BUBOJIAX;

- TIOKa3aHa KOJIhOPOM HampyTa Ha MPOBITHUKAX;

- MIOKa3aHUM CTPUIKAMU HANPSIMOK CTPYMY B MPOBITHUKAX.

[Tpu cumynsIii cxeMu AMHAMIYHOIL 1HAUKAIT B paMKax JlabopaTopHOi poOo-
TH 0a)KaHO 30UTBIIUTH YUCIIO OHOBJIEHb €KpaHy J10 MaKCUMAaJIbHOTO 3HAYCHHS —
30 paziB Ha cexkyHay (auB. puc. 4.16). MakcumMansHa Hanmpyra He 0OMexye Ha-
pyry B CXEMi, sKa CUMYJIIOEThCS. BOHa BKasyeThCs JMIE JUIsl TOTO, IIMOO
PROTEUS 3Mir BupilIUTH, SIKUM KOJILOPOM IOKa3yBaTH JIOTI4YHI piBHI. Kpox
omudpyBaHHs cTpyMmy 1 MKA. JIjist miBUILIEHHS TOYHOCTI CUMYJISIIIT BKa3aHUN
napaMeTp ouudpyBaHHS MOXHA 3MEHIIUTH, 110 MPU3BEIE N0 MOJIMNIICHHS 1H-
[IMX MapaMeTpiB, ajie MPHU 1IbOMY 301IbIITYETHCS HEOOX1THA O0OYMCITIOBAIbHA T10-
TY>KHICTh KOMIT FOTEpA.

[Tpu animarrii jJoriyHi piBHI HA BUBOJAX BKA3YIOThCS KOJbOPOBHUMH KBaJipa-

THUKaMM.
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yepBOHUHN — "rapsunid" — oriyHa "1";

cuHil — "xomogHun" — noriunuii "0";

cipuii — BUCOKOIMMeAaHCHUN BXin (Z-ctaH; mia BuzHadeHocti PROTEUS
BBa)Ka€, 110 HA BUBO/I1 € TIOJIOBMHA HAIIPYTH KUBJICHHS MIKPOKOHTPOJIEPA).

[Ticnss BUKOHAHHS CUMYJIAIII 1 HAJTArOKEHHSI POOOTH CXEMHU, SK MPABUIIO,
NepexoAsaTh A0 PO3BECHHS JPYKOBAHOI IJIATH, IKE BUKOHYETHCS 32 JOMOMOI0I0
nporpamu ARES Professional. Ockinbku BKa3aHa nporpama BXOJAUTb B CUCTEMY
PROTEUS, To nepexin 13 "mepekuianHsIM" JaHUX TIPOCKTY 31MCHIOETHCS HATH-
CKaHHAM JIHIIe ofHiel KHonku (puc.4.17).

X1

L] 2 R3-R9
[ ] o 1@

R1
» —{ }—

@ @ & & & &% & @

NE D E

Puc. 4.17. Knonka nepexony B nporpamy ARES 3 nporpamu ISIS (a) Ta

MPUKIIAJ PO3MILLEHHS €IEMEHTIB AJIsl PO3BEICHHS MOHTAXKHOI 1y1aTH (0)

4.3. 3aBaaHHs i NOPSII0K BUKOHAHHS Po00TH

B naGoparopHiit po6oTi Tpeba nodyayBaTH cxemy, 10JaTu NMporpamy (TEKCT
IporpamMy HABEJIEHO HUXK4YE) JJII MIKPOKOHTpOJEpa 1 BUKOHATH CHUMYJISILIIO
JBOXPO3PSAIHOTO TaliMepa-CeKyHJOMIpa 3 JWHAMIYHOIO 1HJIMKAIE. 3HANTH
3HAYCHHS TapaMmeTpiB UIsi OTPUMAHHS MaKCUMalIbHOI TOYHOCTI, TTOSICHUTH PO-
00Ty mporpaMu i 0COOTUBOCTI CUMYJISIIII.

3aBaaHHS BUKOHYETHCS B TaKiil MOCIIOBHOCTI:

o 3amyctutu nporpamy PROTEUS, mo6 BikpwiIoch MycTe BIKHO 3 MOJEM
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JUTSL PO3MIILIEHHS CXEMU

« Bubpartu enemeHnTH, siki OyAyTh BUKOPHUCTOBYBATHCH, 13 010110TEKHU:

= THUI MiKpokoHTpoJiepa - PIC16F628A

= Tpan3uctopu Q1 1 Q2 NPN-tuny (Hanpukian, 2N222)

= MAaJIOTIOTYXH1 00OMeXyBaJbH1 oropu B 6a3i TpaH3uctopis — 4.7 kOM

* TPAaH3UCTOPH Ha BHXoAax noprty B —mo 220 Om

= KOHJEHCATOpH cXeMH TakTyBaHHsA 1Mo 1 HD — kepamiuHi

= KBapll yactotow 2 MI'ng

= JIBa 7- CETMEHTHI 1HIUKATOPH 13 3araJIbHUM KaTOJIOM.

o Po3micTuTH enemMeHTH Ha poOoYOMYy TIONI 1 BHUKOHAaTH HEOOXIiJIHI
3’€THAHHS, KOPUCTYIOUYHUCH NPpH HeoOXigHocTi Junction Dot ta cxemoro puc.4.6.

YBAT'A!!! B cumyasiTopi He nmepeadaueHa aBTOMATU3ALlA 30epesKeHHs
3MiH i TOMY sIKHaiiyacriue po0iTh 30epesKeHHsI CXeMHU, sIKy Oyayere

o 3anmcaTH HaBeJCHY HWX4Ye nporpamy (0e3 KOMEHTapiB - KOMEHTapi Ha
xkupwnni B PROTEUS He 3aBkau YMTAIOTHCS) Ta MPHETHATH 11 10 IPOSKTY 3a
JIOTIOMOTOX0 MEHIO SOUurce.

JlicTuHT nporpaMu peaizallii JMHaMIgHOT 1HIuKaIi

Ha 0a3l /-CerMEHTHUX 1HANKATOPIB

rhkkkhhkhkhkhkhhkhkkhkhkhhkhkhhkhhkkhhkhhkhhkhkhhkkhhkhhkkihhkhhkhhhkhhkihkkihkhhhhhihkihkiikikx

,
; st mporpama € mpuKiIaaoM peantizallii TMHaMI4HO1 1HIUKAIIll Ha IBOX /-CETMEHTHHX
; IHAMKaTOpax 3 BUKOPUCTaHHAM MikpokoHTpoJepa PIC16F628.

; [IBa po3psiiu TaiiMepa-ceKyHI0MIpa «cTapTyroTh» 31 3HaueHHs 00 1 301IbIIYI0ThCS

; IIOCEKYH/IM Ha | MOKU He NOCATHYTH 99.

; [HTUKaTOPH OHOBJIAIOTHCS KOXKHI 15Mc, 3aranbHuii 4ac nepeMukaHHs - 30mc.

; Taitmep TMRO renepye 3aTpuMky 15Mc B pexumi epepruBaHHs M0 NEPETOBHEHHIO.

IR S R R S e R P S R R S R R P S R R S R R R P R R R R R R S R R R P R R S R R R S R R R S R R S R R S R R P P S R P S P S
’

LIST P=16F628

include <plé6£628.inc>
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TempC equ O0xOc
TempD equ 0x0d
TempE equ O0x0Oe
Count equ O0x0f
Time equ O0x11

OptionReg equ 1

PCL equ 2

Org O

Goto Start

Org 4

goto ServiceInterrupts
Start

call InitPorts

call InitTimers
loop

goto loop
InitPorts

bsf STATUS,RPO

clrf TRISA

clrf TRISB

bef STATUS, RPO

clrf PORTA

clrf PORTB

bsf PORTA, 1

return

4

14

BHU3HAYCHHS TUMYACOBUX PETICTPiB

JHYAIBHUAK

0ailT TaiiMepa-ceKyHoMipa

«cTpUOOK» Uepe3 BEKTOP MEpEpUBaHHS

; BU3IB IiANporpaMu 00po0J1. mepepruBaHHs

iHiIiami3anii mopTiB

iHiIIaTi3aIis Taitmepa

OE3KIHIEeBUI LIUKII

; BUOip Bank1

3amaeMo RAO0-5 BuxigHumu
3amacMo RB0-7 BuxiguumMu
Bu6ip Bank0

nepegaemo Ha Buxig PORTA 0
nepengaemo Ha Buxig PORTB 0

JI03BOJIIEMO 1HJIMKALIIIO CTAPILIOTO PO3PSIAy

; TAKTOBA YacToTa MikpokoHTpoJiepa 2.0Mru. BukopuctoByemo nonepeaHiii moAiIbHUK, Ha

; 32 1 tomy TMRO 36inbmyeThest Ha 1 koxkH1 62.5MKc. Axmo TMRO nonepenHb0 BCTAHOBUTH

; B 16, TO oTpuMaemo 3aTpuMKy (256-16)*4/(2*32)=15mMc 10 Horo nepenoBHEHHS,
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; TOOTO TIporpama depes KOokHi 15 MC BUXOIUTh Ha TIepepUBaHHSI.

InitTimers
Clrf Time
Bsf STATUS, RPO

Movlw B'10000100'
Movwf OptionReg
Bcf STATUS, RPO
Movlw B'00100000'
Movwf INTCON
Movlw .16
Movwf TMRO
retfie
Servicelnterrupts
btfsc INTCON, TOIF
Goto ServiceTMRO
Movlw B'00100000'
Movwf INTCON
retfie
ServiceTMRO
Movlw .16
Movwf TMRO
bef INTCON, TOIF

14

4

OOHYJICHHS TaliMepa-CeKyHI0Mipa

; BuOip Bank1

MpUeAHATH TonepeHii noautbHuK 10 TMRO
1 3aaTu KoeirieHT moauTbHUKA 32

BuOip Bank(

no3Bin nepepuBands TMRO

nonepeane 3aBantaxenus TMRO

ctapt TMRO

miarporpaMa o0poOIeHHS TepeprUBaHHS

nepeprBaHHs Bu3BaHe nepenoBHeHHs M TMRO?

SAKIIO TakK, TO IPOAOBKCHHA Hi,Z[HpOl" paMu

OOHYIIHHS J03BOJIB, KPIM 33/1aHOTO

iimamzanigs TMRO

; CKUJIAHHJ IIparnopa nepepruBaHHA

call IncTimer ; Bu30B miAnporpaMu 30UIbIICHHS TaiiMepa-ceKyHIOMIpa

call UpdateDisplay

retfie

; OOHOBJIEHHS 1HIUKATOPiB

; IOKa3aHHS 1HAWKATOPIB 30UIBLIYIOTECS KOXHY 66*15Mmc =1 c.

IncTimer

Inct Count, W

; 30UIBILIEHHS 3Ha4YeHHs JiumibHruka Count
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Xorlw .66
btfsc STATUS,

Goto DoIncTime

incf Count, F
return

DoIncTime
Clrf Count
Incf Time, W
Andlw OxOF
Xorlw 0xO0a
btfsc STATUS, Z
Goto IncMsd
Incf Time, F
return

IncMsd
Swapf Time, W
Andlw OxOF
Addlw 1
Movwf Time
Swapf Time, F
Xorlw 0x0Oa
btfsc STATUS, Z
Clrf Time
return

UpdateDisplay
Movf  PORTA, W
clrf PORTA
andlw OxO0f

’

’

14

4

4

; BXe 667
; SIKIIO Hi, TO MPOITYCK HACTYITHOI KOMaH !

; 1Hakme 30ubmryemMo 3HaueHHs Count

o6nymninHsa Count

; MAa€EMO MOJIOAIINI PO3PALI

; MAacCKyBaHHS CTapILIOl TETpaan

; MOJIOJIIa TeTpaa aopisHioe 107

; SIKIIIO HE JIOPIBHIOE, TO MPOIYCK HACTYITHOT KOMaH/IU

; 30UIbILIEHHS] HACTYITHOTO PO3PALY

iHaKIIe 301UIBIICHHS TaliMepa-ceKyHIoMipa

MEPEHOCUMO CTapIILy TeTPaay Ha MiCIle MOJIOIIIOL
MacKy€eMO CTapuly TeTpary
30UIBIIIYEMO 3HAYEHHS pOOOUYOTO PETICTPY

Nepe3anucyeMo OTpUMaHe 3HaYCHHS

TeTpasa piBHa 10?

; SIKIIIO HE PiBHA, TO MPOITYCK HACTYIMHOI KOMaHI1

; 3aIlMC CUTHAMIIB JI03BOJTY 1HAUKATOPIB B W

; 3a00pOHa BCIX 1HAUKATOPIB
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movwf TempC ; 30epexeHHs 3HAYeHHsI CUTHAIIIB 03BoNy B TempC
rrf TempC, F ; BuU3HAYCHHS HACTYIHOTO JJO3BOJCHOTO PO3PAILY
btfsc STATUS, C ; curnan nepenoBHeHHs ¢=1?
bsf TempC, 1 ; SIKIIO TaK, TO JTO3BOJISIEMO CTAPIIHA PO3PSI
btfsc TempC, 0 ; 1HaKIIe MepeBipsiEMO MOJIOIUINI po3psi
Goto UpdateMsd ; skumo BiH 1, To BUBOAMMO 3Ha4eHHS iHIHKaTOpa Msd
UpdateLsd
Movf Time, W ; 3HAYCHHS MOJIOJAIIOrO iHaAnKaropa B W
Andlw OxOf ; MacKyBaHHS "3aiBOT0" CTapIIIOro iHAUKaTOpa
Goto DisplayOut ; no3Bin BigoOpaxeHHs
UpdateMsd
Call ChkZero ; TIepeBipKa, Ui 3HAYMMUHN PO3PSI/] CTAPIIOro iHAUKaTOpa?

btfss STATUS, Z ; sxuwo BiH piBHUIi HYIIO - IPOIYCK HACTYITHOT KOMaH T

Swapf Time, W ; 3HayeHHs cTapmioro iHaukatopa B W
Andlw OxO0f ; MackyBaHHs "3aiiBoro"
DisplayOut

call LedTable ; dopmysanHs 300paeHHs iHIUKATOPIB

movwf PORTB ; BUBeneHHs 3HaueHh B PORTB

movf TempC, W ; mepesamuc CHTHAIY J03BOJY iHAMKaTOpa B W
movwf PORTA ; JTO3BLJT IHIUKATOpPA

return

; TaOmuis nepeTBOpeHHs ABIHKOBO-/IECATKOBOIO KOJIy B KOJI CEMHCETMEHTHOTO 1HIUKATOpa

LedTable
addwf PCL, F ; Iomaemo 10 Mosoamoro oaiita PC
retlw B'00111111"'" ; meperBopenns misi 0
retlw B'00000110" ; meperBopenns st 1
retlw B'01011011"' ; meperBopeHHs st 2
retlw B'01001111"' ; meperBOpeHHS aJst 3

89



retlw B'01100110"' ; meperBopenHs s 4

retlw B'01101101"' ; meperBopenHs mis 5
retlw B'01111101"' ; meperBopeHHs s 6
retlw B'00000111" ; TIEPETBOPEHHS st 7
retlw B'01111111"' ; meperBopeHHs s 8
retlw B'01101111"' ; meperBopeHHS s 9
retlw B'00000000" ; TaciHHs IHIMKaTOpa

ChkZero ; TIepeBipKa CTapIIOro po3psiay Ha piBHICTH ()
movf Time, W ; 3aIKC JIYnUIbHUKA-CeKyHa0MIpa B W
andlw 0xf0
btfss STATUS, Z ; SIKIIO CTAapIIuii po3psia piBHUiA 0,T0 MPOITyCK
return ; SKIIO cTapiuuil po3psa He 0, TO MOBEpHEHHS
retlw .10 ; TIOBEPHEHHS 3 TaCIHHSAM CTapIIOrO PO3PSIIY

end

o BuBuuTH 32 7OTOMOT0I0 KOMEHTAPIB AITOPUTM POOOTH 3aMMUCAHOTO KO,
BIJIKpUBIIIM [IpOTpamMy Ha aceMOJIepi 3a J0MOMOroro OJI0KHOTa, 00 1HIIOTO TEK-
CTOBOTO PEAAKTOpAa.

o 3ajaTv mapaMeTpu €JIEMEHTIB CXEMHU, BUKJIMKAIOUM KOHTEKCTHE MEHIO Ha
€JIEMEHTAX.

o TectyBatu mporpamy 3a JOMOMOTOI0 CUMYJISITOPA CXEMH.

o OrtpumatH y BUKJIaJa4ya 1HIMBIAyalbHE 3aBIaHHS JJIsI TOCIIIKEHHS CXe-
Mu. Po3paxyBaru 3HaueHHS 3MIHHUX, HCOOXITHUX JUIS peari3allii 3aJjaHux Ia-
pameTpiB CUTHAIIB.

B naniii nabopaTtopHiii poOOTI CTYJIEHTY HaJIa€ThCS MOXJIMBICTH HAa BJIAaCHUMN
po3cya chopMyBaTH CXEeMY 3 KOMITOHEHTIB, 110 JOCTYITHI B 0101i0TeI
PROTEUS, 3 nonanpiiiiM BUKOHaHHSIM BC1X BKa3aHMX eTamiB. PoboTta 3akiHuy-
€ThCS MPe] IBIICHHSIM CKJIAJICHOI Ta HAJIAro>KeHO1 IporpamMu Ta po3BeIeHOL
JPYKOBAHOI IJIaTH (B €JIEKTPOHHOMY BUTJISI/I1)
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Odopmutu npoToKo (aHATOT14HO JTabopaTopHiit poOoTi Ne 3)

KoHTpoJIbHI NUTAHHS

1.
2.
3.

|

[TpoananizyBaTu MOXJIMBOCTI iIHTepakTUBHOTO cumynsaropa PROTEUS.
Po3’sscHuTH CyTh TMHAMIYHOI 1HIUKAITII.

[TpuBeniTh cCXeMy MiAKIFOYEHHS JBOX CEMHUCETMEHTHHUX 1HAUKATOPIB 10
MIKPOKOHTpOJIEPA.

[TosICHITB TIO JIICTHHTY aJTOPUTM POOOTH MIKPOKOHTpOJIEpa 3 JUHAMIY-

HOIO 1HIUKALICIO.
Jlitrepatypa no s1aboparopHoi podoru Ne 4

1. Product Guide Proteus design suite.

http://downloads.labcenter.co.uk/proteus7brochure.pdf

CIIUCOK PEKOMEHJIOBAHOI JIITEPATYPU

. http:/mww.microchip.ru/lit/  JloxymenTartist Ha poaykiiiro Microchip

Karnen C. PIC-mukpokoHTpoiiepsl. Bce uTo BaM HEOOXOAMMO 3HATH.
M.: Honaxka, 2008.- 656 c.

AnenkoB B.C. Muxkpoxontposuiepst MicroCHIP ¢ anmapathoit moanepx-
koit USB. M.: Paguo u cBa3b, 2008.- 400 c.

Yunmcxeper T. Pa3pabotka BCTpoeHHBIX cucTeM ¢ noMoribio PIC: npun-
uunel ¥ npaktuaeckue npumepsl. M.: MK-IIpecc, 2008.- 544 c.

3aenr H.U. Pagunomoburensckue koHcTpykiuu Ha PIC MukpokoHTposie-
pax. M.: MK-IIpecc, 2008.- 336 c.

bonn C.P. AnanoroBsie nHTEephEchl MUKPOKOHTpOJUIEpOB.- M.: Jloadka,

2007.-362 c.
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7. Koxm 1. 3mepenue, ynpaBieHue W peryaupoBanue ¢ mnomoinbio PIC-
MukpokoHTposuiepos.- M.: MK-IIpecc, 2006.- 304 c.

8. SuenkoB B.C. Muxkpoxontposiepsl MicroCHIP rfPIC co BcTpoeHHBIM
MaJIOMOIITHBIM pajuoriepenaTdukom.- M.: Paauo u cBsi3b, 2006. - 344 c.

9. Keénur A, Kénur M. Ilomroe pykoBoacTBo 1o PIC-MukpokoHTpOIIEpam.-
M.: MK-IIpecc, 2006.- 256 c.

10. IImax FO.A. IIporpammupoBanue Ha si3bike C aiis AVR u PIC mukpoxoHn-
tposuiepoB.- M.: MK-IlIpecc, 2006.- 400 c.

11. SuenkoB B.C. Muxkpoxontposuiepsl MicroCHIP: I[Ipaktuueckoe pykoBo-
nctBo. Cxembl, TpUMEpHl MpOTpamm, OIMHUCaHUE.- 2-€ W3M.. mepepad.-
M.: «T"opsiuas nmunust — Tenexkom», 2005.- 280 c.

12. Yaspux B.A. Mukpokontpomiepsl PIC16X7XX.- 3-e u3a.- M.: «Coinon-
[Tpecey, 2005.- 320 c.

13. Ilpenko M. CrpaBounuk 10 PIC-mMuxpokontposepam.- M.: «JIMK
[Tpeccy, 2004. - 512 c.

14. TaBepure K. PIC-mukpoxontpomiepsl. Ilpaktuka mpumenenus: Crpa-
BouHUK.- M.: «/IMK IIpeccy, 2004. - 272 c.

15. UuTerpupoBannas cpena paspadotrku MPLabIDE mns MmukpokoHTpoIuie-
poB PICmicro komnanuu Microchip Technology Incorporated / Tex. mo-
kymeHTanuu DS51025D kommanuu Microchip Technology Incorporated,
USA. http://www.microchip.ru:/files/d-sheets-rus/mplab_ide.pdf

16. PykoBojactBo nonb3oBatensi MPASM
http://www.microchip.ru:/files/d-sheets-rus/mpasm.pdf

17. CripaBoYHHK 10 BceM MUKpoKoHTposuiepam PIC16
http://www.microchip.ru:/files/d-sheets-rus/PIC16_Manual.pdf

18. Product Guide «Proteus design suite»

http://downloads.labcenter.co.uk/proteus7brochure.pdf
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Jlomatox 1

PericTpu, 110 BUKOPHCTOBYIOTHCSI IPH BUKOHAHHI JIA00PaATOPHUX POOIT

Perictp INTCON

Perictp INTCON poctynHuii sik 1jisi 3alUCy Tak 1 Juisl yuTaHHs. B HbOMY

30epiraroTbes OITH T03BOJIB 1 MPANOPIIiB MePEPUBaHb.

INTCON
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RW-0 R/W-x
GIE PEIE TOIE INTEW RBIE TOIF INTFY RBIF

oir 7: GIE: I'moGanbHuMii 03B IEpEPUBaHb.

1 = nmo3BoJjieH1 BCl HE 3aMaCKOBaH1 IEpEpHUBaHHS
0 = Bci nepepuBaHHs 3a00pOHEH1
oiT 6: PEIE: Jlo3Bin nepepuBanp Bijx nepudepiiiHuX MOIYJIIB

1 = nmo3BOJIeHI BCl HE 3aMaCKOBaH1 NepepuBaHHs NepUPEPITHIX MOTYJTIB

0 = nepepuBaHHs nepupepiiiHUX MOIYJIB 3a00pPOHEHI
oitr 5: TOIE: Jo3Bin nepepuBans no nepenoBHenHo TMRO
1 = mepepuBaHHS J103BOJIEHO
0 = nepepuBaHHS 32a00pPOHEHO
oiT 4: INTE: Jlo3Bin 30BHIITHKOTO niepepuBanns INT

1 = mepepuBaHHA 103BOJIEHO

0 = mepepuBaHHS 3a00POHECHO

oiT 3: RBIE: Jlo3Bi1 nepepuBanb 1o 3MiHI curHainy Ha Bxogax RB7:RB4
PORTB

1 = mepepuBaHHS 103BOJICHO

0 = mepepuBaHHS 3a00POHEHO

oiT 2: TOIF: ITpanopens nepepuBanns no nepenoBHeHHi0o TMRO
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1 = BinOynocs nepenoBHeHHss TMRO (ckuaaeTbest mporpamMHo)

0

nepenoBHeHHs: TMRO we Oyno

oiT 1: INTF: Ilpanopeup 30BHIimHKOTO niepepuBanHs INT
1 = BUKOHaJIaCh YMOBa 30BHIIIHLOTO NepepuBaHHsa Ha Buxoai RBO/INT
(CKMIA€eTHCS TPOrPAMHO)
0 = 30BHINIHBOTO MEPEPUBAHHA HE OYJIIO

oir 0: RBIF: [Ipanopens nepepruBaHHsA MO 3MiH1 PiBHS CUTHATY Ha BXOJaX
RB7:RB4 PORTB
1 =3adikcoBaHo 3MiHY piBHS CUTHaJIy Ha ogHOMY 3 Bx0ojiB RB7:RB4
(CKMIAETHCS IPOTPAMHO)

0 = "e OyJi0 3MiHM PIBHS CHUTHAJy H1 Ha oJlHOMY 3 BxoJiiB RB7:RB4

Perictp OPTION_REG

Perictp OPTION REG goctynuuii sik 1715 3a1ucy Tak 1 JUisl YATAHHS.
» [Tlomepennim nmoainmsHUKOM Taiimepis TMRO/WDT,

* AxrtuBHUM (GpOHTOM 30BHIMHbOTO NepepuBanHHs RBO/INT;

*  Pesucropamu Ha Bxogax PORTB.

OPTION_REG
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 RW-1 RW-1 R/W-1
RBPU | NTEDG | TOCS TOSE PSA PS2 PS1 PSO

oiT 7: RBPU: BBimkHeHHs pe3uctopiB Ha Bxojnax PORTB
1 = miaTAryro4M pe3ucTopy BiIIMKHEH1
0 = mATATYyI0YU PE3UCTOPY BBIMKHEHHI
oiT 6: INTEDG: Bubip akTuBHOTO (PpOHTY CUTHATY Ha BXOJIl 30BHIIIIHHOTO
nepepuBanHs INT
| = mepeprBaHHs O MEPeIHBOMY (DPOHTY CUTHAILY
0 = mepeprBaHHs 10 3aIHBOMY (DPOHTY CUTHAITY

oiT 5: TOCS: BuOip TakroBoro curnany ainss TMRO
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1 = 30BHimHIN TakTOBUM curHai 3 Buxoay RA4. TOCKI
0 = BayTpimHi# TakToBHM curHant CLKOUT

oiT 4. TOSE: Bu6ip ¢bponty npupocty TMRO npu 30BHIIITHEOMY TaKTOBOMY
CUTHAII
1 =mo 3apHBPOMY (PPOHTY CUTHAIY (3 BUCOKOTO JIO HU3bKOMY PiBHS) Ha BU-
xom1 RA4. TOCKI
0 = mo mepenHbOMY (PPOHTY CUTHAITY (3 HU3BKOTO JI0 BUCOKOTO PiBHS) Ha
Buxoal RA4.TOCKI

0iT 3: PSA: BuOip BBIMKHEHHS MOIEPEIHBOTO MOIIbHUKA
1 = nonepenHiii noAUIbHUK BBIMKHEeHMM niepen WDT
0 = momnepenHiit noauIbHUK BBIMKHeHUH niepen TMRO

6itu 2-0: PS2 : PSO: BcranoBnenHs koedilieHTa qIJICHHS MONEPEIHBOT0 MO/Ii-

JIbHUKA
3HaYCHHS 000 001 010 011 100 101 110 111
Hnst TMRO 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256
Hna WDT 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128
Perictp STATUS

B perictpi STATUS 36epiratotscst npanopiii crany AJIY, mpanopiil npuyu-
HU 30pOJly MIKpOKOHTpOJIepa 1 O1TH KepyBaHHS OaHKaMHU Mam’ STl JaHUX.
STATUS
R/W-0 R/W-0 R/W-0 R-1 R-1 RW-x RW-x R/W-x
IRP RP1 RPO -TO -PD Z DC C

oiT 7: IRP: biT Bubopy 0aHKy npu HenpsimMii aapecarii
1 = 06ank 2, 3(100h-1FFh)
0 = 6ank 0.1 (000h - OFFh)

oitu 6-5: RP1:RPO: bitu Bubopy 6aHKy npu npsimiid agpecariii
11 = 6ank3 (180h - 1FFh)
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10 = 6auk2 (100h - 17Fh)
01 = 6anx!1 (080h - OFFh)
00 = 6auk0 (000h - 07Fh)
oiT 4: -TO: [Ipanopenp nepenoBHEHHS! CTOPOKOBOIO TaiMepa
1 = miciist POR a6o Bukonaunnsa komang CLRWOT, SLEEP
0 = micnst nepenoBHeHHss WDT
oit 3: -PD: Ilpamnoperib BBIMKHEHHS KUBJICHHS
1 = micng POR a6o Bukonanas komauau CLRWDT
0 = micisa BukoHauusg komauau SLEEP
oiT 2: Z: llpanopenp HyJIbOBOTO PE3yJIbTATY
1 = HynbOBUH pe3yNbTaT BUKOHAHHS apU(PMETHUHOT a00 JOTTYHOI orepartii
0 = He Hy/IbOBH pe3yJbTaT BUKOHAHHS apu(PMETUUHOI 200 JIOTTYHO]T orepa-
mii
oit 1: DC: [Ipanopetnb necsaTkoBoro nepenocy/mo3uku (s komana ADDWEF,
ADDWL, SUBWF, SUBWL),
MO3MKa Ma€ IHBEPCHE 3HAUYCHHS
1 = OyB nmepeHoc 3 MOJIOIIOI TeTpaau OanTa
0 = He OyJy0 mepeHoCcy 3 MOJIOJIIOT TeTpaau OaiTa
o1t 0: C: [Ipanopenps nepeHocy/mo3uxu (s komang ADDWFE, ADDWL.
SUBWF, SUBWL),
MO3MKa Ma€ IHBEPCHE 3HAUYCHHSI
1 = 0yB nmepeHoc 3 MOJIOIIOTO OanTy

0 = He OyJ10 mEpeHOCy 3 MOJIOJIOTO OalTy
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