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NMpeancnosue

Kaxapli 3HaKOM €O CBETOM3IyYalOUIMMH JauojaMu WM cBeroamomamu (Light
Emitting Diode, LED). B coBpeMeHHOIi 3JIeKTpPOHUKE CBETOAMONBI MOKHO BCTPETHTh
TaMm, rie Tpedyercs cBeToBas MHAWKAIMA. biarojgaps HaydHBIM HMCCICIOBAaHUSAM ObLia
yBEIMUEHa CBETOOT/a4a, W MOSIBHINCH Oelible CBETOAMO/IbI, COBEPIIMBIINE PEBOIIOIUIO
B CBETOTEXHHYECKOM ITPOMBIIIJIICHHOCTH.

CyIecTBYIOT Takke HMHTEpECHbIE pa3pabOTKHU CBETOIMOAOB Mallod MOIIHOCTH. JTO,
HalpuMep, JIBYXILIBETHbIE M MUTAIOIIME CBETOJIUOAbBI CO BCTPOCHHOM MEPEKIIIOYArOIIEH
CXEMOM, a Tak)Ke MPUOOPHI C CHHUM I[BETOM CBEUCHUISI.

B mocnennee BpeMsi CBETOAMO/IBI, U3TOTOBJICHHBIE HA OCHOBE OPraHUYECKUX COCIHU-
HEHUH, IPUMEHSIOT B JHCIUIESAX, KOTOPBIE HE HYXIAKTCA B IOJCBETKE. Tak, OAuH W3
M3TOTOBUTENEH N3MEPUTENHHBIX MPHUOOPOB HEJABHO MPOAEMOHCTPUPOBAI NIEPBHI B MU-
pe MEepeHOCHOW MYJIBTUMETDP C JAMCIUICEM Ha CBETOIMOJAX M3 MOJUMEPHBIX MOJIYIPOBO-
nsmux marepuanoB (OLED-gucruteit). B Hawane 2009 roma ¢usnkam yjanoch yBelu-
YUTh CBETOOT/Aa4y OPraHMYeCKHX CBETOJIMOJIOB HACTOIBKO, YTO OHAa TPEB30IILIA
CBETOOT/Iauy JIaMII THEBHOTO CBETA.

Jucmien Ha skunkux kpuctaiax (Liquid-Crystal Display, LCD) crpemurensHo pas-
BHBAIOTCS B TeUeHHE NOCIEIHHX JieT. Hanbonee pacnpocTpaHeHbl TUCIIEH C TOUYEYHOU
MaTpuLEHN U 3aHEN OCBETKON IKpaHa.

Kuaxoxpucrammuueckne unHaukatopel (JKKW) HaxomsT mpuMeHeHHE BO MHOTHUX
QJIEKTPOHHBIX MIPaX, a TaKKe B M3MEPHUTENBHBIX NMPUOOpax, MOOWIBHBIX Telle(OHaX,
ur(POBBIX AEKTPOHHBIX Yacax M KapMaHHBIX KOMIbIOTepax. I1o Takoi ke TeXHOJIOTHH
paboTaeT WHAMKAIHS Ha TJOOOBOM CTEKJIE M BHJICOTIPOESKTOPHI.

IIpuBeneM KOHKpeTHbIE IPUMEpPHI TOTO, uTo passutue KK nponomxkaercs.

Cepus EA-eDIP oOwenunsier pasnmuunsie rpadudeckue JKKUW co BCTpoeHHOH j0TH-
Koi. Hapsmy ¢ BoceMbr0 BCTPOSHHBIMH MIPUGTaMU OHA MPeajiaraeT MeNblil Psi TOTOBBIX
dyHKIMI rpaduueckoro oo0bekTa. YpasieHue IPOUCXOAUT Yepe3 narepdericer RS-232,
SPI wn I°C. T'paduaeckuii 06BEKT IPOrPaAMMHEPYETCS [P MOMOIIH KOMAHJ[ Ha SI3bIKE
BBICOKOTO YPOBHSI.

B mocnennee BpeMst ctaim BO3MOXKEH BBIBOJ HH(poOpManuu Ha 3kpaH auctuies ¢ JKKN
TaK Ha3bIBAEMOW HYJIeBOW MOIMHOCTH. OCHOBa — OHMCTAOWIIbHASI TEXHOJOTHS, IT03BO-
nstroras (QOpMHUPOBATH M300paKEHNE O€3 ToIaur HANPsHKCHHS. Takue TUCIUIEH 0COOSHHO



2 lpeducrniosue

MOIXOAAT I OaTapeiHbIX KapMaHHbBIX YCTPOWUCTB, KOTOPhIE HE HYXKIAIOTCS B OBICTPOM
pereHepanuu n300paXkeHNH. biaromapst oTpakaronM CBOMCTBAM 3Ta TEXHOJOTHS o0ec-
[IEYMBACT IIUPOKUI yron 0030pa, BHICOKYIO SPKOCTh U KOHTPACTHOCTh, a TAKXKE XOpPO-
LIYIO YETKOCTh NP COJTHEYHOM CBETE.

CewmetictBo PIC-konTpOmmepoB 18F87J90 kommanum Microchip cocTaBisitOT HOBBIE
8-paspsiiHbIe MUKPOKOHTPOJIIEPHI IJIsI HETIOCPEICTBEHHOTO YIPABJICHUS KUAKOKPUCTATI-
JMYECKUMHU AUCIUIESIMH. DTO MEPBbIE KOHTPOJUIEPHI ¢ HAHOBATTHOM TEXHOJIOIHEH, KOTO-
pBI€ pacroyararoT yacaMy peajbHOrO BPEMEHU U KaJeHIapeM, a TAKKe CXeMOW I U3Me-
peHust BpeMeHH 3apsza. IlporpamMHO ympasisiemMas peryJMpoBKa KOHTPACTHOCTH
BcTpoeHHoro JKKM-mMonyns HacTpanBaeT AuUCIIICH HA Pa3IMYHBIC YCIOBHUS OCBEILECHUS HIIH
TeMIIepaTyphl, 8 HAHOBATTHAS TEXHOJIOTHS 00ECIEYNBACT HU3KOE SHEPrONOTpeOIICHHE.

Taxoke MOCTOSIHHO COBEPLICHCTBYETCS JiazepHas TexHojorus. CerofHs jasep crail
BaXHBIM HMHCTPYMEHTOM MPOMBIIIJICHHOCTH, KOMMYHUKAIIHOHHON TEXHWKH, HAayKH H
3JIEKTPOHUKH Pa3BICUCHUI.

CeroaHsl Bce IIMpPE HMCHOJB3YIOTCS KOMIIAKTHBIC JIa3€PHBIE AUOJBI, KOTOPBIE COBEp-
LIMJIM TaKOH e MEePeBOPOT B Ja3epHON TEXHHUKE, KaK KOTJa-TO TPaH3UCTOPHI B AJIEKTPO-
Huke. [IpenMyiecTBa na3epHbIX AUOI0B — KOMIIAKTHOCTh, HU3Kasi CTOUMOCTb, BBICOKHIMA
KII/, a Tak:ke mpocTOTa NUTAHUS U MOIYJISLIUU.

CBeTou3Tyyaronye 1 J1a3epHble JHOABI IOCTOSHHO COBEPLICHCTBYIOTCS. YBEIMYUBA-
etca ux KIIJI u ynmydimarorcst napameTpsl oToOpaskeHus. LleHbl Ha 3JIeKTpOHHbBIE KOMIIO-
HEHTHI TAaKXX€E BCE BPEMsI CHIDKAIOTCSL.

UnxeHep-KOHCTPYKTOp, KaK MPaBWIIO, XOUET UMETh Ha0Op MPOBEPEHHBIX CXEM IS
paboThl C COBPEMEHHBIMU ONTO3IEKTPOHHBIMY M3JENUIMHU: CBETOAUOAAMU, MOHUTOPaAMH
U JIa3epHBIMH AMOAAMH, YTOOBI COKOHOMHTH BpeMms. [1ogo0HbBIE cXeMBbl MPEACTaBISIOT
HHTEpEC U JUIs JI00UTeNeH, T. K. OHM HAeaTbHO MOAXOIAT AJIsl CAMOCTOSITENBHOTO H3y4e-
HUs 3NeKTpoHuKH. [loaToMy aBTOp Hapsay ¢ npodecCHOHAILHBIMHA CXEMaMHU TMpejiaraet
YUTATEI0 HaJeKHBIC U IPOCTHIC PELICHNUS, TIPOBEPEHHBIC HA TIPAKTHKE.

Umxenep @pank 3uxna (Frank Sichla)



CxeMbl cO cBeTOAMOOAMU
U CEMUCErMeHTHbIMU MHAUKaTOpaMm



nasa 1

OOwune cBepgeHUs, TePMUHONOIMNA
U TeEXHUYECKNe XapaKTepUCcTUKu

1.1. dusnyeckoe usrnyyeHume
U CBETOTEXHNYECKMNE BENINYUHDI

CymecTByeT pa3inune MexIy GU3NUECKUMH BETMUMHAMH, OTHOCSIIUMHUCS K H3Iyde-
HUIO JI000H ATMHBI BOJHBI, U CBETOTEXHUYECKUMH BETMYNHAMHU, KOTOPBIC ONPENEIISIOT-
Cs1 17151 BUAUMOTO CBETA U [0 OTHOLICHMIO K CIIEKTPAIbHON YyBCTBUTEILHOCTH YeJIOBEYe-
CKOTO TJ1a3a.

J1sl OLIEHKH CBETOBOr'O MOTOKA M CHJIBI CBETa B BUAMMOM JHAra3OHE HCIOJB3YIOTCS
(oTomMeTprUUeCcKHE eIUHHLIBI U3MEPEHHs JTIOMEH (M) U kanaena (k). OHu Gasupyrorcs
Ha BOCHPHUSITHU U3IIyYCHHUS YEITOBEUECKUM TJIa30M.

Jnst qpyrux JUIMH BOJIHBI ACUCTBYIOT €AWHUIBI (PU3MUECKOTO HU3Iy4YeHHUs. 3HaueHHe
MOTOKA M3Ny4YeHHus: B BaTrTax (BT) cOOTBETCTBYET CBETOTEXHUYECKOMY 3HAUCHHIO CBETO-
BOTO [IOTOKA B JJEOMEHAX.

JIHeM uenoBek Jydlie BCero BOCIPUHUMAET CBET C JJIMHOM BOJIHBI IPUMEPHO 555 HM
(>xenro-3enensiil). Houbto pearupyioT Opyrue peuenTopbl 4eJOBEYeCKOro Iia3a, OHU
HanboJiee YyBCTBUTEIBHBI B CHHEM JIHAITa30He.

1.2. CBeTOBOM NOTOK

CBeTOBOU MOTOK — 3TO MOTOK M3IIYYCHHSI, UCXOMAIINNA OT NCTOYHHKA CBETA, OICHU-
BaeMbIii B COOTBETCTBUH CO CIIEKTPAIbHOH UyBCTBHTEIHHOCTBHIO TJla3a TPU JHEBHOM
3peHHH, OmpeaeNieHHoN MexayHapomHoit komuccued mo ocsemieHuto (Commission
International d'Eclairage, CIE).

CBeTOBOH TIOTOK 0003HAYAIOT Tpedeckoil OykBod @ u M3MEpSIOT B JIIOMEHaX (JIM).
HomuHansHbIE CBETOBBIE IOTOKK CBETOIMOI0B MOXKHO HANTH B TEXHUYECKUX MACTIOPTAX.

1.3. Cnna cBeTta

M3nyyaemblii HICTOYHUKOM CBETa CBETOBOM MOTOK HAXOIUTCS B OMPECICHHOM YTI0BOM
nmuana3one. CBETOBOI IMOTOK, JETICHHBIN Ha ATOT TEJIECHBIN YTOJI, TaeT B UTOTE CHITY CBETA.
Cuna cBera o0o3HauaeTcs OykBoii | U u3mepsieTcs B kaHaenax (k).
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1.4. KpuBas pacnpegeneHus cunbl cBeTa

Tak kak OOJBIIMHCTBO HCTOYHUKOB CBETA M3IY4alOT CBET B PA3JINYHBIX HalpaBJICHU-
SIX C pa3sHOM MHTEHCHBHOCTBIO, TO Uil IIOJHOTO OMMCAHHS CBETOBOTO IOJS BO BCEX Ha-
MIPaBJICHUAX HEOOXOIUMO YKa3aTh IPOCTPAHCTBEHHOE paclpelie/icHUE CBETA.

Pacnpenenenue cuibl cBeTa MPEACTABISIOT B BUAE KPUBOIM Ha IUIOCKOCTH (IpU Oce-
CUMMETPUYHOM PACIIPOCTPAHEHUH) WJIH B MOJSIPHON KOOPJMHATHOM CUCTEME.

1.5. OcBelWweHHOCTb

OTHOILIECHHE CBETOBOI'O IMOTOKA, MAJAIOIIET0 HA HAKJIOHHYIO IIOBEPXHOCTD, K €€ IIO0-
1AM TIPEJICTABISET COO0I OCBEIIEHHOCTb.

OcgenieHHOCTh 0003Ha4YaeTcsi OykBoi E, m3mepsiercs B mokcax (JIK) U IpeACTaBIseT-
CsI IOCPE/ICTBOM TaK HA3bIBAEMBIX KPUBBIX H30JIFOKCOB.

1.6. Akcno3uumn

OKCIO3ULHUS — 3TO OTHOLICHUE OCBEIEHHOCTH K MHTEPBATy BPEMEHHU. DKCIIO3ULIMS
o0o3Havaercsi OykBoil H u u3mepsieTcs B MoKcax B ceKyHAy (J1k/c). OHa IpUMEHseTCs B
(hotorpaduu u GuoIOTHN.

1.7. AApKkocTb

CyOBEeKTHBHO Ba)kKHasi Ui BOCIHPHSATHS OCBELICHHOCTH BEIWYMHA — 3TO SIPKOCTD.
Omna onpezenseTcss Kak OTHOIIEHHE CBETOBOI'O MOTOKA B MpeAeiIax TeJIECHOTO yria K U3-
JTy4aeMol MOBEPXHOCTH. SIpkocTh 0003HauaeTcs OykBoi L u u3mepsiercst B KaHenax Ha
KBAJ[PaTHBI MeTp (KI/M°).

1.8. Yron nonoBMHHOro paccesiHusA

OTa CBETOTEXHUYECKas BEIMYMHA PaBHA YTy, IPU KOTOPOM CHUJIA CBETa MCTOYHUKA
u3nydeHus: ymeHsiaercs 10 50% oT mMakcuMaibHOH. YTOJ MOJOBUHHOTO PAaCCESHUS
0003HAYAIOT TpeYeCcKOoil OYKBOH oL U U3MEPSIIOT B Tpajycax.

1.9. PacyeT 0o6aBOYHOro cConpoTUBNeHus

Ecnu cBeroamos moakiovYeH HE K HCTOYHHUKY TOKa, TO HEOOXOAUM J00aBOYHBIN pe-
3uctop R, orpannyuBarommii mporekaomuii Tok |. B 3aBucuMoctu ot xenaemol ocBe-
LICHHOCTH TOK BHIOMPAIOT B 1uana3oHe 2—25 MA. J100aBOYHBIN PE3UCTOP PACCUUTHIBAIOT
1o ciexyromeit Gopmyie:

R= (UB—UF)“,

rae R — mob6aBounoe comporuBnenue, kOm; Ug — mogaBaeMoe paboyee HanpspKeHHE,
B; Ug — nipsimoe HamnpspkeHue Ha ceeroauone, B; | — Tok, MA.
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[IpsiMoe maneHre HamNpsDKEHUS] 3aBUCHUT OT LIBETA CBETOAMOMA M MOXKET HaXOIUThCA
B nuanasoHe ot 1,6 1o 3,2 B. Eciu paGouee HampsbkeHUE 3HAYUTEIBLHO OOJIBIIE, HAIPH-
Mep 9 B, To MOXKHO NPUHATH CTaHAAPTHOE 3HAYEHHUE NPSMOro HANpPsDKEHUs paBHbIM 2,4 B.

Toxk 2-5 MA uMeeT CMBICI TOIBKO IS CJ1a00TOYHBIX CBETOAMOIOB.

IIpumep pacuera.

Hano: Ug =12 B, | =20 MA.

[Tomoiiner pesuctop 470 Om; 5%; 0,125 Br.

1.10. NMpamoe HanpsXeHUe cBeToauoaa

R=(12B-2,4B)/20 MA = 0,48 kOm.

CylIlIeCTBYIOT CBETOAMOBI BO BCEM JMAIIa30HE CIIEKTpa, HAYMHAs OT MH(PaKpacHbBIX
¢ anuHO# BoaHbI 0koo 1000 HM U manee yepe3 KPacHBIM, HKENThIH, 3eJIeHbIH 10 CUHETO
uBeTa. HemaBHO co31aHbl CBETOIMO/IBI, KOTOPBIC U3YYalOT B yIbTPadUOJICTOBOM JHara-
3o0He 3a npeneiamu 400 HM. [IpssMoe HampspDKeHHE HA CBETOAMOJIE 3aBUCHUT OT €T0 IIBEeTa

(tabm. 1.1).
Tabnuuya 1.1

UseTt MonynpoBOogHUK LOnvHa BOsHbI, HM HanpsixeHue, B
KpacHbii GaAsP 660-700 1,8
KpacHbii InGaAIP 640-700 1,8
OpaHxXeBOo-KpacHbIf GaP 620-635 2,3
OpaHxeBbliii GaAsP/GaP 605-610 2,1
OpaHxeBbliii InGaAIP 610-620 2,2
AHTapHbIN InGaAIP 595-605 2
KenTtbin GaP 585-595 2
XKenTo-3eneHbin InGaAIP 585-570 2,4
XKenTo-3eneHbin GaP/GaP 565 2,1
3eneHbin GaAsP 555-575 2
Bupto3oBbin InGaN 495-505 3,2
CuHui SiC/GaN 460 3,4
CuHui SiC/GaN 465 3,4
CuHui SiC/GaN 470 3,4
PosoBblii - 440 3,6
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Tabnuua 1.1 (okoHYaHue)

LUseTt MonynpoBoaHUK [OnuHa BOMHbI, HM HanpsxeHue, B
YnbTpaduroneToBbIn GaN 400 3,5
Tennbin 6enbii InGaN+Ph Becb cnektp (4000 K*) 3,6
Benbin InGaN+Ph Becb cnektp (6500 K*) 3,6

* YkazaHa LjBeToBasi Temneparypa

1.11. PacyeT ocBeLEeHHOCTHU

ITockombKy NIt H3MEPSEMBIX BEIMYHMH CBETAa MMEETCS] HECKOJIBKO CIMHMII, TTOJIE3HO
3HaTb COOTHOIICHUA MCXKIY HUMHU.
OCBEIIEHHOCTH (M3MEPSIETCS MPU MTOMOIIHN JTIOKCMETPA):

1 1k = 1 nm/m%;
100 1k = 1,464 Br/™m%.

3AMEYAHUE:

MepecueT B BaTTax onpegeneH TONbKO AN MOHOXPOMHOMO CBEeTa Npu ANMHE BOMHbLI NpU-
MepHO 555 HM. Mpu gpyrmx agnvHax BonH pesynbtaTbl 6yayT HEBEPHBLIMU.

1000 1k = 92,9 fc (dyr-cBeua — HemeTpHUeCKas €AMHUIA, IPUMEHsEMasi B aHIJIO-
SI3BIYHBIX CTPaHaxX).
Ilepexon 0T CBETOBOrO MOTOKA K OCBEILIEHHOCTH:

E = ®/12,56 x (paccTosiaue B MeTpax)>.

[Ipumep pacuera.
Hano: @ = 20 1M, pacCTOSHUE PaBHO 3 M.

E=20mm/ (12,56 x 9 M%) = 0,177 mm/m° = 0,177 71x.

[Tepecuet eguHuIl U3MEpPEHUS KaHENA, IIOMEH U JIOKC B 3aBUCUMOCTH OT YIJIa U3ILy-
YEHUS U OT YAAJICHUS Pa3bACHSIETCS, K IPUMEPY, B OHJIalH-3HUMKIONEANN Bukunenus.
[Ipu 3TOM AEHiCTBYET CIEAYIOUINIA OOIIMIA MPUHIIUIT: TOYSYHBIH NCTOYHUK CBETA C CHIION
cBeta X KaHJIEN CO3/IaeT Ha BEPTUKAILHO OCBEIICHHON MOBEPXHOCTH HAa PACCTOSIHAA 1 M
OCBEIIEHHOCTh TOYHO X JIFOKC.

1.12. PacnonoxeHue BbLIBOAOB cBeToauoaa

Ha mpuHIMnmanbHON 3JIEKTPUYECKOH CXeMe BBIBOABI CBETOAMOAA 0003HAYAIOT TaK,
YTO CTpeiKa (TPeyrojbHHK) YKa3bIBAaeT HA MPSMOE HalpaBlieHHe MpoTeKkaHus Toka. [lo-
CKOJIbKY TPEYTOJIbHUK TOXO0K Ha OykBY "A", TO MOXKHO JIETKO 3allIOMHHTBH 3TOT BBIBOJ
Kkak axox (puc. 1.1)%

! Ha NPUBEACHHBIX MAJIC€ MPUHIUITUAIBHBIX CXEMaX, K COXXAJICHUIO, HET €ANHCTBA O603Ha‘IeHI/II\/'I, TIOCKOJIBKY
CXEMBI B3Thbl U3 PA3JINYHBbIX UCTOYHUKOB. — Peo.
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(A) AHop

AHoA

y 4
» 3

(K) KaTog I /T/

Puc. 1.1. YcnoBHoe rpacuyeckoe Puc. 1.2. BHelwHu1 BUA, cBeToanoaa
o6o3HaveHne ceeToaMoaa

Ecnu BHUMATENEHO PacCMOTPETh CBETOAUOIBI, TO MOKHO OOHAPYKUTh, YTO MX BBIBO-
Il UMEIOT pa3Hylo AIuHY. bonee kopoTkwii BEIBOT — 3TO0 Beeraa karox (puc. 1.2). 3mecs
"mmapraikoi" s onpeiencHus karojaa cirykut oyksa "K" (kopoTkuit).

1.13. 3amMeyaHue No TexHnKe 6e3o0nacHOCTH

B IMOCJICAHEE BPEM CTAJIM AOCTYITHBI MOUIHBIC CBETOAMOAbLI C MHTCHCUBHBIM CBCUC-
aueM. [lpu cute cBera 6omee 100 MK HENB3sT CMOTPETh HEMOCPEICTBEHHO HA CBETOIU-
0]1, 1aXKe KPaTKOBPEMEHHO, IIOCKOJIbKY CYIIECTBYET ONACHOCTh MMOBPEXKACHUS CETYATKH.
Takue MOITHBIE CBETOINOIbI HE MOAXOAAT JJIs DJIEKTPOHHBIX UTPYIIIEK.
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CxemMbl CBETOBOU CUrHanum3aumum

CBeTOBBIC CHUTHANHM3AINHA (MHUTAIKH) — 3TO TUIHYHBIE TPOEKTHI JJIsi HAYMHAFOIINX:
MpH HEOONBIINX 3aTPaTaX MOXKHO C BBICOKOH HaJIeKHOCTBHIO MOJYYHUThH BIICUATIISIONINE
onrtuueckue 3pdexTrl. KpoMe Toro, mogo0HbIe CXeMbI XOPOIIO TMOAXOAT AJIsT HAKOTLIe-
HUS OTBITA TMPU pacueTe mapaMeTpoB. Ha OCHOBaHUM SPKOCTH M XapaKTEPUCTHKH KOM-
MYTAI[MOHHOTO MPOIecca Cpa3y MOXKHO OMPEACIUTh U3MCHEHHE B "MOBEICHUN" CXEMBI,
Ha HAYaJIbHOM 3Tarne He MoTpedyeTcs AaKe N3MEPUTENIbHBINA PHOOP.

31ech MOKHO MPUMEHHTD JCIEBHIE ANEKTPOIUTHIECKHE KOHACHCATOPHI C JOIMYCKOM
ot —20 mo +100%, He Hy>XHO 3a00TUTHCS O CTAOMIIEHOCTH YaCTOTHI.

2.1. NMpocTtasa cBeToBasA curHanusauumsa
C Taumepom 555

Cxema Ha puc. 2.1 He TpeOyer KommeHTapueB. [Ipu paBenctse pesuctopoB R1 u R2
COOTHOIIICHHE Tay3a/UMITYJIbC CHIIBHO OTIMYAETCsl OT eAMHUIIBI. UTOOBI IepHoIbl Bpeme-
HU BKIIIOYCHUS W BBIKIIIOYCHUS ObLTM mpuMepHO paBHbL, Oepyr R2 =100 kOm wu
C1 =10 mx®. CkBaxxHOCTH (OTHOIIEHHE BPEMEHH BKIIOYECHHUS K IMEPUOJy TOBTOPCHUS
MMITyJIbCOB) OyzeT Toraa pasHa 0,5.

®
T IC J_
1 g R
onp TIMER 10K
2 7 I
R3 TRIG DISCH
3 6
ouT THRS
4 5 e
150 —Res WCTRL 10K
D1 ME 555
=
#’¥ 1
@ 1[
1000

Puc. 2.1. MNpocTas ceeToBas curHanusauus ¢ Tanmepom 555
(nctouHuk: Rene Bader, www.bader-frankfurt.de)
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[Ipu pabouem HampspxeHust 9 B gepe3 cBerommon teder Tok mpuMepro 40 MA. Tlpu
4,5 B pabodero HampspDKEHHsI TOK CBETOJMOa cocTaBiseT nmpumepHo 10 MA; xapakrepu-
CTUKAa KOMMYTallHOHHOrO mpouecca He u3MmeHsercs. Eciu B kauectBe R2 ycTaHOBUTH
MOTEHIIMOMETP C MOCIEA0BATEIFHO BKJIIOUEHHBIM 100aBOYHBIM PE3UCTOPOM, TO YaCTOTY
MUTaHUM MOKHO OyZIeT U3MEHSTh.

2.2. [lonepeMeHHasa murarika Ha Tammepe 555

Cxema Ha puc. 2.2 BHITJISAWT BHYIIMTEIbHEE MPEABIAYIICH, T. K. 316Ch M300paXkeHa
elle U BHYTPEHH:IS CTPYKTypa Taitmepa. Taiimep 555 — 3T0 cTaHmapTHBII MylnbTUBUOpa-
TOpP CO CKBaKHOCTKIO, MMpakTHUecku paBHOM 0,5. Ha BBIX0Je MOKET IPUCYTCTBOBAThH KaK
BBICOKUH, TaK U HU3KHWH YPOBEHb HAIIPSDKEHMS, IIO3TOMY CO3JAHME IONEPEMEHHON MHU-
rajky He IpeJCTaBisieT TpyAHOCTH. Ha npakTuke CBETOAMObI MUTAIOT ITONEPEMEHHO B
3aBUCUMOCTH OT CJIEAYIOLIUX [1apaMETPOB:

Bpewmst Bkimouenus = 0,7 x Cyx R2 mc.

B nameii cxeme:

Bpewmst Brmouenus = 0,7 x 4,7 Mk® x 220 kOMm = 724 mc.

Vopo
+9 vl
R1 —_— A - —— — ——
$i1kn r Voo Cbpoc TLCSES | R3
| | | 1k
L
R2 eR
2 220k0 I Moporosuiin § R1 | :: LEDY
) (6)] ypoBEHD | TIL220
| Perynu- R 1 p—¢
I5) ] pOBKa b I
e s 3
c | $h | 10
.01 uF >
0.01 “I | 1 | :: LED2
= | ! TiL220
tz)!prrrrep I
i [
—L ¢, | SR I
4.7 uF | 1 |
‘ | TTT Paspsa ! (7)
< h T
L — ..“_""...‘.,_...____ —_————— e ——d

Puc. 2.2. NonepemeHHas muranka Ha Tanmepe 555
(nctounHuk: Rene Bader, www.bader-frankfurt.de)

2.3. NMNonepemMeHHana Mmuranka
¢ KMOTIM-mukpocxemom
Cranpmaptasie Jorundeckue dneMenTsl KMOIT pu Hanpsbkernn nutadws 5 B crmoco06-

HBI o0ecriednBaTh TOK mopsaka S MA. [1oaTtoMy c1ab0TOYHBIE CBETOIMOIBI MOYKHO TTOI-
KJII0O9aTh HerocpeactBeHHo k KMOII-mukpocxeme.
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Cxema Ha puc. 2.3 WDIFOCTPUPYET TaKyH BO3MOXHOCTh. llOCKONBKY mormdeckre
AMIeMEHTHI paboTaroT Kak mHBepTOpHl, cBeTtoguoasl LED1 u LED4, a takke LED2 u
LED3 cBeTsTcst 0THOBpEMEHHO. MOXXHO MapaieIbHO BKIOYUTh HECKOIBKO JIOTHUECKUX
JJIEMEHTOB TOW K€ CaMOW CXEMBbl M YIBOWUTH WM YTPOUTH TaKMM OOpa3oM BBIXOAHOM
ToK. B Mukpocxeme 4001 cBOOOIHBI elle 1Ba JIOTUYECKHUX DJIEMEHTa, He3aIeHCTBOBAH-
HBIE BXOJBI CIIEAyeT MOAKIIOYNTh K UICTOYHUKY ITUTAHUS WM OOIIeH InHe.

Onexrponurrdeckuii kouaercarop C2 3amaer yactory Muranuid. HemocpeacTBeHHO
K BeIBOJIaM 7 1 14 mpunamnBaeTcs OJIOKHPOBOYHBIN KOHAeHcaTop eMKocThio 10—-100 HD.

G! LED1
4
SR3
L KK 5
4
ute oo —"|(—‘
c
1/4 4001]7 6.8 174 4001
R4 E
. K ‘:RZ <
SR1 - 3220k
$ 220K A
LED2

T0
-+ -0 +6 -16VDC
McTouHMK
LED3 \ nuTaHna
K +c3
100
> R6
> 1K
LED4

Puc. 2.3. MNMonepemeHHasa muranka ¢ KMOIM-mukpocxemon (uctouHuk: Hands-on Electronics)

2.4. KMOIN-muranka
C AByMSA cBeTOAMO4aAMM

B cxeme Ha puc. 2.4 Toxxe NPUMEHSIOTCS] HHBEP-
topel. Tlomoiimer cootBercTByromas KMOII- wmm
TTJI-mukpocxema. He 3a0biBaiiTe TOIKIIOYATH
BXOJIBI HEWCIIOJIb3YEMBIX JIOTHYECKHUX JIIEMEHTOB
KMOII-MukpocxeM K HCTOYHHKY NHTaHUS WIH
00IeMy TPOBOIY W TIPHUITAWBATH OJIOKHUPOBOYHBIN
KOHJIEHCATOpP.

B aT0i1 cXeme BpeMs BKIIFOUEHUS U BBIKIIIOUCHMYS
3aBUCHUT OT TIOCTOSIHHOM BpEMEHM LENOYKU U3 pe-
suctopa R m xomgencaropa C. IlepemHOXHB
10 MOwm % 0,1 Mk®D, 1oIy4uM B UTOTE€ OJHY CEKYyH-
ny. Takum oGpa3zom, cxeMa BBIAAET IIOIEPEMEHHOE
MHUTaHHE IpUMepHO ¢ yacToToi 0,5 I'm.

1IC1-s

< 10 MEG
b 4
<

IC1-b

Puc. 2.4. KMOI-muranka
C ABYMsi cBETOAMO4aMM
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2.5. KMOIll-muranka
CO cXxeMou o6paboTku curHana

Tak kak KMOII-MuKpocxeMbl cIOCOOHBI padOTaTh B PACHIMPEHHOM JWAra3oHe Ha-
NPsDKEHUS MUTaHUSA, TO MX OXOTHO HCIONB3YIOT KaK JOIOJIHUTENBHBIE KOMIIOHEHTEI.
B 6onbmuHCTBE CJIy4acB IMUTAaHUEC NOAACTCA HETIOCPEACTBEHHO OT OCHOBHOU CXEMBI.

[Ipumep mokasan Ha puc. 2.5. Peus uaer 06 "HHTEIUIEKTYaIbHOM" ONITHYECKOM TeHe-
parope curHaigoB. CocTOsHHE CBETOAMOJA 3aBUCUT OT NPeoOIaJarolIuX JOTMYecKUX
ypoBHeii Bxo70B Al u A2 (L — Hu3kwuii ypoBeHb, H — BbICOKHIA ypoBeHb) (Tabi. 2.1).

Tabnuuya 2.1
Al A2 CBeToauopg
L L Ceetutcsa
H L CseTutcs
L H OTkntoYeH
H H Mwvraet

Tpan3uctop MoxeT ObITH JTIOOBIM. 371€Ch TakKe MOTpedyeTcss OJOKHMPOBOUHBINA KOH-
nencatop. [Ipu pabodyem Hanpsbkenun Oonee 4,5 B cienyer o0s3aTeNbHO YBETHUYUTH CO-
npoTuBieHue pezucropa R3.

Cesemoduod

(noboli) /
4

Puc. 2.5. KMOIlM-muranka co cxemor o6paboTku curHana

2.6. "lNnaBHaa" muranka Ha TpaH3ucTope

IIpu cosure da3er Ha 180° BEIXOMHOE HANIPSHKCHHE B IIETTH OOPATHOH CBSI3U CXEMBI Ha
puc. 2.6 ymenpmaercs Ha 3,4%, MO3TOMY I BOSHUKHOBEHUS KoeOaHuii Koo puIment
YCWJICHHSI TPAH3UCTOPA TOJDKEH OBITh He MeHee 30,
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[Ipu momomu pesnucropa R1 pabouyro Touky 3ama-
0T TaK, 4YTOOBI cXeMa Havyasia reHepupoBats. [Ipu stom
TOJI3YHOK CJIEyeT MepeMelaTh O4eHb MEAICHHO.

W3-3a "mmaBHOH" paboOTHI CBETOMMONA CXEeMa IIO-
JOWAET AN MHOUKAIMA HOPMAaJbHOTO COCTOSIHMSA
(mrraTHOTO peknuma) (3eJeHbIE CBETOAMOIBI ).

2.7. NMNonepemeHHana muranka
¢ Jumbo-cBeToanogamm

Jumbo-ceeronronamMu Ha3bIBalOT OCOOEHHO OOb-
[ITME CBETOAMOJBI OOBIYHO amameTpoM 16 mm. SIcHo,
YTO 3/IeCh NOTPeOyeTCss 0COOCHHO OOJIBIION TOK, YTO-
OBl TOJHOCTBIO Pealin30BaTh BO3MOXKHYIO MOIIHOCTD

+45...6V
o

Ceemoduod
(mrobodl)

Puc. 2.6. "MnaBHas" muranka
Ha TpaH3ucTope

cBeta. HyxHo 1n 00s3aTebHO CTaBUTh TpaH3ucTop? Her, MOXHO 0OOHMTHCH COBPEMEH-
Hoit morHoit KMOII-Mukpocxemoii (MomrHocTh paccesuus 500 mBT). Cnemyer obpa-
TUTHh BHUMaHHE HE TOJBKO Ha THIT MUKPOCXEMBI, HO M M3y4uTh crienudukanyu (CJ, MD,

MJ, UBD, UBP, UBCL unu UBCP).

AmnanoroBeiM niepekitouatenieM KMOII-mukpocxemsr 4007 yrpaBisieT 3a1al0IIdi re-
Hepatop U175 wmm mioboit apyroi ananormdasld (Hampumep, Ha ocHoBe KMOII-
norndeckux dnemeHToB wim KMOII-Taitmep 7555). Pesuctop 47 OM ompenenser TOK
cBeroauosia. Korma onnH W3 CBETOAMOAOB BBIKIIIOUEH, IPYTrOd 0053aTENbHO BKIIIOYEH,
3HAYUT MOTPEOIIEMBI TOK MPAKTUYECKH MMOCTOSHEH U Tpy paboueM Hampspkernd 12 B

COCTaBJIAET 25 MA.

12V A

MwukponepekntovaTtens
(MUKpOBBIKNOYaTENb)

=

KpacHbIi
Z} W 3eNEHbIN /S

“a{ cBETOAMOODI
@16 Mm

o/

N

w

ND 2007 09

-

BEEgw]

-~
=

0o

Puc. 2.7. NonepemeHHas muranka ¢ Jumbo-cBeToguogamum
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2.8. CurHanusartop HacTynJsfieHUsl cymepek
Ha SIPKUX cBeToaunopax

Bnaronaps BeicokOMy pabodeMy HaINpsDKEHHIO B CXeMe Ha puc. 2.8 MOXKHO TOCIEA0-
BaTENbHO BKJIIOYMTH HECKOJILKO CBETOAMOAOB. JlJisl HalIel 1enu moTpedyroTes cBepXsip-
kue nmprbopsl, KoTopble pu 20 MA BBIIAIOT CBET CHIION MPUMEPHO 3 KII.

B To BpeMst kak TOK TOKOsI cxeMbI cocTaBisieT 600 MKA, TOK CBETOJMOJIOB B PEKUME
cBeueHus nocturaeT 30 MA.

doTope3ncTop HYKHO pacrojaraTh Tak, YTOOBl Ha HEro Momajal M OKPYKalolui
CBET, M U3JIY4YCHUE CBETOAMOJIOB, TOT/IA BOSHUKHET 3P QeKkT Muranus. [Ipu momomu mo-
teHnuomerpa 1 MOM MOXKHO YMEHBINATh CKBaYKHOCTh TAKMM 00pa3oM, YTO MPAKTUIECKU
IIPOUCXOANUT PEKUM BCIIBIIIKH.

KMOII-mukpocxema 4050 comepXuUT IMIECTh HEMHBEPTHPYIONIUX JOTUYCCKUX DIIe-
MeHTOB. [Ipu pabouem HampspkeHun 10 B xaxaplii Jorudeckuii 2JIeMeHT MOXKET BbIJa-
BaTh TOK 3,6 MA (BBIXOJI BRICOKOT'O YPOBHS) U MPUHUMATh 12 MA (BBIXOJl HU3KOTO YPOB-
Hs). [ToaToMy sicHO, YTO 3/1eCh HEOOXOIUM UCTOYHUK TuTaHus 12 B.

o - o .
+12V l.' 047p
T Tantal
M 100
[ { 1
10M 5L
' 32 7>s i
L0 £V LED
RIS LY LD "_’sm 1
yAVARIK P1..P6 =
a 1icL050 T n» 77
15
PE>—9
22M Rl

(o 1]

Puc. 2.8. CurHanusaTtop HacTynneHus CyMepek Ha sipkux cBetoamonaax

2.9. TpeBOXHas cBeTOBasi CUrHanNn3auus

OTa cxema CUTHAIM3AINH BbIJJACT aKyCTUUECKUI W ONTHYECKHA CHUTHAIBL. PUTM Mu-
TaHu| CBETOJIMOA JCHCTBUTEIBHO HeoObIYeH. OH SIBIISETCS OUYSHD IKCIICHTPUYHBIM.

CBeTo 1o/ NepPBOHAYAIFHO MHUTAET TPU pa3a HOPMAJILHO U MOCHUIAET IMOTOM KOPOT-
KYIO CEpHIO SIPKHX BCIBIIMIEK. SICHO, 4TO ISl IOCTHIKEHUSI HAaWBBICIIETO P PeKTa JO0IIK-
HBI TIPUMEHATHCS 0C000 SIPKUE CBETOAMOIBI, HApUMep auaMeTpoM 10 MM C SIPKOCTBIO
3000 mka. Mx MOKHO paclojIoXUTh cO cMmerneHneM Ha 270° mo ropusonTtaiu. Jloruue-
ckue deMeHTsI N1-N4 BXomsT B cocTaB MUKpocXeMbl 4093.
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Hna dyaxkmuonmnpoBanust KMOII-MukpocxeM HE0OXOIUMBI OJOKHMPOBOYHBIE KOHICH-
caTopbl. AKYCTUYECKUN CUTHAII BBIAAET MbE30U3Ty4aTellb, HOJKIIOUCHHBIH K 3ByKOBOMY
reHeparopy Ha 5 B.
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Puc. 2.9. TpeBO)KHa;I cBeToBad un 3ByKoBada CUrHanmsauma

2.10. Bocemb cBeTOOMOAOB,
MUraroLwmx nceBaocry4yamHo

Pabora cxemsr Ha puc.2.10 CTaHOBUTCS MOHATHOW, eciu ydecTh, uyTto KMOII-
mukpocxema 4028 BbIAaCT ABOMYHO-NECATUYHBIA KOA. [l03TOMY CBETOAMOBI, TIOJIKIIIO-
YeHHBIE K Pa3IMYHBIM BBIXOJIAM, 3arOpPAIOTCS W TaCHYT B CIy4YaHOM mopsake. YToOb
Ciy4aiiHbIid 3 ekt ObuT Hanboliee APKO BBIPAXKEH, CBETOAMOABI HY)KHO Pa3MECTHTh TO-
K€ TIPOU3BOJILHBIM 00pa3zoM.

MOoXHO CcO371aTh €IIe TaKyI0 XK€ CXEMy W 3allyCcKaTh OJIMH TallMep MEJUICHHO, a JIpY-
roii 6srcTpo. CBETOAMOIBI HYXKHO pacrojiaraTh 10 BO3MOXKHOCTH B Oecmopsiake. Torma
"xaoc" OyAeT MPeBOCXOIHBIM.
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Puc. 2.10. Cxema cny4aiHOro BKI4YeHMs BOCbMI CBETOANOO0B
(nctounuk: Flavio Dellepiane, www.redcircuits.com)

2.11. NonepemeHHasn muranka c 2x20
cBeTogmopamu

Cxema Ha puc. 2.11 He Hyx)nmaercs B KOMMeHTapusax. CyMMapHbI TOK HECKOJIBKO
BBIIIE, YEM AECATHUKPATHBIN TOK Yepe3 LeTb C AByMs cBeToauogaMu. Eciu oH cocTaBnser
mpumepHo 20 MA, To oOmmii Tok Oymer paBeH 210 MA. Iloatomy anms paGoTHI CXeMbl
TpeOyeTcs aKKyMyJISATOP UM MOLIHBIA HCTOYHUK TUTAHHSL.
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Puc. 2.11. MNMonepemeHHas muranka c 2x20 ceeToguogamm
(ncTouHuk: Bill Bowden, www.bowdenshobbycircuits.info)
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2.12. AApkocTb yBenuumnBaeTcs
U YMeHbluaeTcsl

B cxeme Ha puc. 2.12 gBa MynbTHBHOpATOpa C ABYMS YCTOWYMBBIMH COCTOSTHHSMHU H
TaiimepoM 555 paboTaroT NpU HanpsoKEHUM okojio 6 B. IIpu 3TOM BBIXOJ MHUKPOCXEMBI
MOJKITIOUEH Yepe3 PE3UCTOP K KOHACHCATOPY, TaK 4TO (JOPMHUPYIOTCS BO3pacTaioline U
cnajaromue curiansl. CUIbHO pa3iuyHble MO YacTOTE BBIXOJHBIE CHUTHAJBI MOCTYMAIOT
Ha BX0JbI Kommaparopa A3. K BbIX0oay KoMIapaTopa MOJKIIIOUEH MOJICBOM TPAH3UCTOP.
B pesynbpTaTe BO3HHMKAET YBEIMUEHUE U YMEHbIIIEHHE IPKOCTH CBEUEHHS CBETOINO/IA.
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Puc. 2.12. Cxema nnaBHOro M3MeHeHUs1 spKOCTU cBeToanoaa
(nctounmk: David A. Johnson, www.discovercircuits.com/DJ-Circuits/daj-main.htm)

2.13. Muranka, 3aBucsiLasi oT ocBeLeHHOCTU

Muxkpocxema Ha puc. 2.13 — 370 onepanuoHHbIi ycunurenb. [lomoiinyr TAAT761
u TAA861 u ananoruunsie. BaxHo Hamu4ne BBIX0/1a C OTKPBITHIM KOJLIEKTOPOM.



