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Connarkun B.C., Bumcos A.A., Tyes B.U., TexHomorust cOOpKHM U MOHTa)Ka MOIIIHBIX
CBETOM3IIYYAIOIINX U3JeNUi: Y4eOHO-METOAMUECKUE YKA3aHUs IS BBITIOHEHUS JTa00paTOPHBIX
pabor nns maructpaHtoB. — Tomck: ToMCKuE TOCYZapCTBEHHBIM YHMBEPCUTET CHCTEM
YIpaBJICHUS U painodIeKTpoHuku, 2016. — 16¢.

Hactosmue ydeOHO-MeTONMYECKHME YKa3aHUA JJIs  BBIIOJHEHUS JabOpaTOpHBIX
COCTaBJIEHO C ydeToM TpeboBanuii denepanbHoro I'ocymapcTBeHHOro 00pa3o0BATEIBHOTO
cragmapta Beiciiero obOpazoBanus (PI'OC BO) i maructpoB, O0OyYarOIIUXCS IO
HamnpasieHUusAM noAroToBku 11.04.03 «KoHcTpyrpoBaHHUE M TEXHOJIOTHS 3JIEKTPOHHBIX CPEICTBY»
u 27.04.04 «YmpaBieHue B TEXHUYECKUX cucTeMax». COIepKUT onmucaHue TPEX 1abopaTopHBIX
paboT 1O OCHOBHBIM pazfenaM Kypca «TexHosmorus CcOOPKM M MOHTaXa MOIIHBIX
CBETOM3JIYYAIOINX H3JCIUi» M HaNpaBiIeHO Ha (OPMHUPOBAHUS Yy CTYIEHTOB CIIEIYIOLIMX
YMEHUI U HAaBBIKOB:

Ymemy:

- pa3pabaThiBaTh TEXHOJOTHYECKHE IMPOIECCH Ha CBETOAMOJ OEN0ro HBeTa CBEUYCHHS
pa3IUYHOMN CIOKHOCTH.

Bnaodemyv:

- HaBbIKaMM pacycTa TCIIJIOBOI'O PpCKHUMa CBETOANOAA ITPH €TI0 IIPOCKTUPOBAHNU.

© Conparkun B.C., Bunucos A.A., Tyes B.U., 2016
© TYCVYP, 2016
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TpeOoBaHMs K TEXHUKE 0€30IIACHOCTH

Ilepen Hauanom 1a0OpaTOPHBIX PaOOT CTYIACHTHI JOJDKHBI MOIYYUTh WHCTPYKTAX IO
TEXHHUKE 0€30MacHOCTH B JIAOOPATOPHH U 03HAKOMUTLCS C MPABUIIAMH IKCIUTyaTaIlu TPHUOOPOB
U JIpyroro o0OpyIOBaHUs, HUCIOJIb3YeMOr0 MpPH BBHIMOJHEHUH PadoT. MHCTpyKTak MpPOBOIUT
npenojaBaTelb, BeAyuuil 3ausatus. [locie npoBeaeHNst HHCTPYKTaXKa CTYJEHT paclUChIBAE€TCS B
PETUCTPAIIMOHHOM JKypHaJie O TOM, YTO OH O3HAaKOMJICH C MpaBWiIaMu 0e30macHoi paboThl B
nabopaTopuu u 00s3yeTcss UX BBHINOIHATH. CTYACHTHI HE IMPOIIEAIINEe HHCTPYKTAX K paboTe He
nomyckatorca. CTyIeHTbl, 3aMeUeHHbIe B HApYILICHUHM HACTOSIIMUX IPaBWJI, OTCTPAHSIOTCA OT

BBITNIOJIHEHHSI TAOOPATOPHBIX padoT.

TpeboBanus 6e30NaCHOCTH Nepe] HAYATOM M OKOHYAHHEM PadoThl

Kaxxapiii cTyneHT qomxeH:

1. 3narh pacnonoxkeHue oOUIMX PyOMIHPHUKOB CHIIOBOM ceTh HampspkeHueM 220 BOJBT,
gacroroit 50 I'm s Toro, 4roObl B cioydae HEOOXOAMMOCTH OBICTPO OTKIIOYHTH MHUTAHUE OT
1a00paTOPHBIX YCTAHOBOK;

2. W3yuuth omnucaHue a0OpaTOpHOM pabOTHl M MHCTPYKIUU K HCHOJIB3YEMbIM
npudopam;

3. O3HaKOMHUTBCS C MAKETOM YCTaHOBKH;

4. IlpoBepuTh HANMWYKE 3a3€MJICHUSI Ha KaXIOM MpUOOpe, TOoIeKaieM 3a3eMJIeHnI0. B
Clly4ae OTCYTCTBUS 3a3eMJICHUSI COOOIIUTH 00 3TOM MPENo/IaBaTeN0 UK 3aB. JJa0opaTOpueii;

3anpemiaercs:

- Bxitouate B cerb npuOOpBI, BpalaTh pPYYKH HACTPOMKU Oe3 paspelieHus
TIPeTo/IaBaTeds;

- [lepectaBnaTe IpUOOPHI U3 YCTAaHOBKH;

- Pa30upats cxembl, BCKphIBaTh IPUOOPHI U T.1.;

- HaunnaTh npoBezieHne dKCTIepruMenTa 0e3 pa3pelieHus mpernoaBaTes;

- 3arpoMok/1aTh pabodee MEeCTO U YCTAHOBKY OJEKIOW, CYMKaMU U Jp. MIOCTOPOHHUMHU
npeaMeTaMH.

5. Ilepen HauanoM 3KCIepUMEHTA MOJIYYUTh JIOMYCK Y MpenogaBaTes.

6. B mpucyrcTBumM mpemnojaBareisi BKIIOYHATH MPHOOPHI, BXOJAIINE B YCTaHOBKY, B
COOTBETCTBUU C HMHCTPYKIMSAMH K MpubopaM u omnucaHueM JjadopatopHoit pabotel. Ecmu
npubopbI He paboTarOT, COOOIIUTH 00 ATOM MPEmoJaBaTel0 U 3aB. JIA0OpaTOpHUEH.

7. Ilpu HapymieHMM HOpMallbHOM pa®oThl mnpubopa (CHIbHOE 3alllKaJHBaHUE,
XapaKTEepHBIN 3arax ropesioro M T..) HEMEMJIEHHO OTKJIIOUUTh MpUOOp M cOOOMMUTH 00 3TOM

IPETIoIaBaTeNIo0 WU 3aB. JJa00paToOpHeH;



3anpeniaercs:

- PaboTathb ¢ He3a3eMIIEHHBIMU M HEHCTIPABHBIMH NTPHOOpaMH.

- CaMHMM NIPOBOJUTH YCTPAHEHNE HEUCIIPABHOCTEM.

- OcTtaBmaTh 6€3 HAOIIOACHUS BKIIFOYCHHBIC TPHOOPHI.

8. Ecniu paGoTa BbINOJIHEHA MOJHOCTHIO U MPABUJIBLHO, TO MO YKA3aHUIO MPENoJaBaTels
BBIKJIFOUYUTH TPUOOPHI B COOTBETCTBHU C MHCTPYKIMEH U PUBECTU B TOPSIIOK pabouee

MCCTO.

TpeOoBaHusi 0€30IIACHOCTH B ABAPUHHBIX CUTYALMSAX

1. ITpu nosiBNEeHNH 3araxa rapy, AbIMa UM BO3TOPAHUS IPUHATH MEPHI IO OOHAPYKEHHIO
HCTOYHHKA BO3TOpaHuA U Cro JIMKBUAALUU,

2. B caydae moxkapa o0ecTOYMThH MOMELIEHME, BbI3BaTh Mo TenegoHy 01 mokapHyro
OXpaHy, HPOM3BECTH 3BaKyallUI0 JIIOAEH, COOOLIUTHh aJIMUHMCTPALUMU O CIIy4HMBLIEMCA U
HNPUCTYIUTH K TYLICHUIO II0XKapa C IIOMOIIBI0 NMEIOIIHUXCS CPENCTB MOKAPOTYILIECHNUS,

3. B cinywyae mnopaxeHus uelOBEeKa D3JIEKTPUYECKMM TOKOM, HEO0OXOIUMO OBICTPO
0CBOOOANUTH TOCTPAJaBLIEro OT JedcTBUs Toka. Bei3Bath Bpaua. Ecnmu moctpamaBmimii
HaxoauTcst 0e3 COo3HaHMs, TO HY)KHO IPHUBECTU €0 B CO3HAHME, JaBas HIOXaTb HallaTbIPHBINA
CIIMPT, CCJIA HOCTpaZ[aBHII/If/'I IJI0XO0 ABINIWT, HA4YaTh ACJIaTh MCKYCCTBCHHOC ABIXAaHHMEC U MacCCaxX
cepua 1 Mpo1oJKaTh UX AeNaTh 10 NPUOBITUS Bpaya;

4. B ciydae 3arolieHMs MOMEIIEHHUs BOJOW HEOOXOJMMO OOECTOYMTH MOMEIEHHE,
BbI3BaTh CAHTEXHUKA, BBIHECTH IIEHHOE OOOpYyAOBaHME M NP HEOOXOIMMOCTH COOOLIUTH

AIMUHHUCTpALINUHN O CIIYUUBIICMCH.

ITopsinok odopmiienust pador

B npouecce BbinosHeHs 1a00paTOpHOM pabOThl CTYIEHT AOJKEH HAOII0AATh 3a XOA0M
JKCIIEPUMEHTa, OTMeuYas BCE €ro OCOOEHHOCTU: M3MEHEHHE I[BeTa, TEIUIOBble 3(PQEKTHI,
BBIZICJICHHE Ta3a W T.1. Pe3ynpTaThl HAOMIONEHMM 3amUCHIBAIOT B JIA0OPATOPHBINA >KypHAl,
NPUAECPKUBASICh ONPEEICHHON MOCIE10BATENbHOCTH:

— Ha3BaHUe JIabopaTOpHOU pabOTHI, 1aTa BHIMOJIHEHNUS,

— 1IeJTh pabOoTHI;

— KpaTkasi TeopHsl BOIIpOCa;

— pe3yJIbTaThl SKCIIEPUMEHTA;

— BBIBOJIBI IO PE3yJIbTaTaM paOOTHI.

3anucu B 1a00paTOPHOM KypHaJe MPOU3BOAST YSPHUIIAMH.



Otuer odopmisiercss B cootBercTBUM ¢ TpeboBanusimu OC TYCVYP 01-2013. IIpumep
0(opMIICHHS TUTYIIBHOTO JIMCTA MPUBOIUTCS B IPUIIOKEHUHN A.

Hius  odpopmienus Otdera TakkKe HEOOXOAUMO O3HAKOMHUTBCS CO  CICIYIOIIMMH
CTaH/IapTaMHU:

Irocrt 7.12-93 CCHUBUM. CokpamieHue pycCKUX CJIOB M CJIOBOCOYETAHUH B
O6ubmmorpadguuecKkoM ONMCaHUK POU3BEACHUH MeYaTH.

I'OCT 7.32-91 CCHUBUA. OTuer 0 Hay4HO-HCCIIEAOBATENbCKOM padore. CTpyKTypa U
npaBuiia OpOPMIICHHUS.

I'OCT 2.105-95 ECKJI. O6mue TpeboBaHuUs K TEKCTOBBIM JOKYMEHTaM.



JlaGoparopHas pabdora Nel
NU3MEPEHUE TEMIIEPATYPbBlI KOPIYCA OBPA3ZIIOB MOHLIHOI'O
CBETOANOIA, ONPEJAEJIEHUE TEMIIEPATYPBI P-N IIEPEXO/IA

Kparkas Teopus
MOXHO OIICHUTH CIOCOOHOCTh OTBOJA TEIUIA OT AaKTUBHOW 0O0JacTH KpucTaia,
UCTIONB3YS ClIeAyrommure (OPMYIIBI IS ONPEIeICHUS TEIIOBOTO COMPOTHBIICHUS:
URP))
Re (1)

rac Pe — MOIIHOCTB, pacC€uBacMas B JaHHOM KOMIIOHCHTE,

Pe:

Ty, T, — 3Ha4YeHUS TEeMIEPaTyphbl JABYX TeJ WM Teida U cpenbl (71 — Oojee BbICOKAS
TeMIeparypa, uem T»);

Rt — TerioBoe conpoTUBIICHUE.

Jlisi  CIIOEBOM CTPYKTYpPBhI TEIUIOBOE COINPOTHBIICHUE KAKIOTO CIIOSI MPHOIMKEHHO
olleHuBaeTcs 1o hopmysie:

Rt :i,

A-S 2)
riae O — TOJIIMHA cI0s (M);
S — momaae cios (Mz);

A — TemnonpoBoaHOCTH BemecTBa (B1/m-K).

KOHTAKT K p-THNY 760 MKM KOHTAKT K n-tuny 70 MKM

e ]

!
A l ? E; —
650 MKM ﬁ

225 MEM

Candgup 105 mxm
HaumenoBanue cnos TonuuHa cnos

p - tun GaN 0,2 MM

p - tan AlGaN 0,03 mkm

AxtusHag oonacts InGaN/GaN 0,2 MKM
n - Tan GaN 2.5 MKM PaccMoTpuM  OLIEHOYHBIN  TEMJIOBOM

- 2 < .

u - tun GaN =L pacdéT  Ha  TIpPUMEpPE  CBETOJHOTHOTO

uznyyaroriero emente (CHUD), KOTOphIid cOCTOUT U3 ocHOBaHUs (1), TOPIEBBIX BHIBOJIOB (2),

MOCJIEIOBATEILHO COCAUHEHHBIX CBETOMUOIHBIX KpUCTAaJIJIOB (KpI/ICTaJ'IJ'ILI IJIAaHApHOT'O TUIIAa Ha



ocHoBe TBEPIBIX pacTBOpoB GaN, BeIpalieHHbIC Ha candUupoBOi MOMIOKKE) (3), MPUKICCHHBIX
TEIJIORJIEKTPONPOBOIAIIMM KJIEEM Ha MeETauIM3upoBaHHble TIuiomaaku (4). CBeToauoHbIe
KPUCTAJUIBl COEJIMHEHBI MOCIEAOBATEIbHO METANIMYECKUMU MpoBosiokamMu (D). OcHoBaHHE ¢
KPUCTAIJIAMH OKPYKEHO JTIOMUHO(POPHONU KOMIO3UIUEH.

Tak Kak TeMIONPOBOAHOCTh JIIOMHUHOGMOPHOI Kommo3uluu, npumepHo Ha 90%
cocTosiliel W3 KOMIAayHJa Ha OCHOBe cwinkoHa, He mpesbimaer 0,05 Bt/m'K, cuuraem, uto
OTBOJ| TEIUIa OCYIIECTBISAETCS IO IYTHM HAUMEHBIIETO TEIIOBOTO CONPOTUBIICHUS Yepe3
MOJJIOKKY Ha MeTaimmueckoe ocHoBanue CHD. DnexTpuueckas Harpy3ka Ha OJMH KpPUCTAILI
COCTaBJISIET: MpsMoe HampspkeHue 2,9 B, mpsamoit Tok 10 MA, Takum oOpaszoM, motpediisiemast
MOITHOCTH cocTaBisier 29 MBT. [Ipu TakuxX 31€KTpHUECKUX peKUMax paboThl M rabapUTHBIX
pasmepax kprcrama 650x225x110 mxm®, ero KITJI cocraBut He Menee 50%, U3 9TOrO ClIe/Iyer,
yro 50% creHepupyercss B BuIe onTHueckoro usiaydenus u 50% — B Buae temnoBoro. Ilo
JaHHBIM, TPEICTABICHHBIM MPOM3BOAUTENSIMU KPHUCTAJUIOB, TemrepaTypa P—N-mepexoaa He
noibkHa npebimath 125 °C. Mcexons U3 yKa3aHHBIX JTaHHBIX, MOKHO IPOBECTH OLICHOYHBIN
pacuér TemjaoBbIX pEeXUMOB padboTel CHD B mnepBoM NpuUOIMKEHHH C YYETOM OTCYTCTBUS
KOHBEKIIMU B KOJIOE JIaMITbI.

OcHOBHOE BbIZICTICHUE TEIUIa MPOUCXOAUT B aKTUBHOM oOmactu kpucramia GaN co
3HAUEHUEM TEIUIONPOBOAHOCTH ~ 1,3 BT/M'K, TEIuioBoii moTOK MpOXOAUT OT aKTUBHOM 00IacTH
yepe3 N TUI U U TUI MOJyIIPOBOJHUKA CO 3HAYEHUSIMH TOJIIMHBI, YKa3aHHBIMU Ha pHC. 5, 3aTeM
gyepe3 candup (AlO3 TemnonpoBomnocts 46 Br/M'K), MeTammn3aiuo H TEIIONPOBOISIIMIA
KJIel Ha MeTtaindeckoe ocHoBanue CUD. Paccunmraem TenaoBoe CONPOTUBIEHUE KPUCTAILIA,
NPEJICTaBUB  CBETOJUOJIHBIM  KpPUCTAUI B  BUAE CXEMbl, MOAOOHOW DIEKTPUYECKOMN
SKBUBAJICHTHOM, TOCJIEIOBATEIbHBIX COMPOTUBICHUN, T/€ KaXKIbIH CIIOM (B 3aBUCHMOCTH OT
MmarepHaia) SBISETCS CONpOoTHBIeHHMEM. Ha ocHOBe MaHHBIX 3HAUYEHHWH TEMIONPOBOJHOCTH
MaTepHajoB M UX TOJIMH No ¢opmyne (2) npoBenéH pacy€éT TEIIOBOTO COMPOTHUBIECHUS
KpucTaia (P—N-nepexoja — MeTajn3anus), kotopoe cocrasiser 31 K/Bt. [lanee u3 kpucramia
TEIUIOBOM IMOTOK MPOXOJUT dYepe3 TEIUIONPOBOMAIIMN KiIeH Ha METaJUIMYeCKOe OCHOBAaHHE.
TennonpoBoHOCT Kilesi cocTaBisieT npumepHo 60 Bt/m'K, Tonmuna kies He 6onee 30 MM,
torga temiaoBoe comnpotusinenue CHUD cocrasut 33,87 K/BT. Ilo maHHBIM OT HpPOM3BOIUTEINS
(bupma Engled) ananorununsix CUD TemioBoe cOMpOTUBIICHUE UX U3enuil coctaBisieT 45 K/Br,
YTO KOCBEHHO MOATBEPKIAET JOCTOBEPHOCTD MTPOBEIEHHBIX OLIEHOYHBIX PACUETOB.

ITo hopmyne (3) nmpoBeném pacuér TeMnepaTypsl p—N-nepexoa:

To-n=Toxp +(Rt-Fe) (3)

raeT,n — temneparypa p—n-nepexona (°C); Toqp — TeMIepaTypa OKpY’KaloIeH cpebl

(°O).



Ipu Top = 25 °C Temnepatypa p—n-nepexona Tpn = 25 + (33,87 x 0,029) = 25,9 °C.

CootBercTBeHHO TI0 dopmyne (3) ompenenuM 3HAYCHHS] TeMIIepaTypbl P—N-miepexona,
KOTOpasi COCTaBIIsIeT /it BapuaHTa Jiamribl ¢ isymst CUD 51,8 °C, a ¢ uetsipemst CUD 102,7 °C.

CornacHo metoauke [4] yCKOpeHHbIE HCIBITAaHUS JI OIpPEAETCHHUS CpPOKa CIIyKObI
CBETOJIMOJIOB TpeAycMaTpUBalOT (opcupoBaHHe, MPUBOAsIIEe K HMHTEHCU(UKAIUU (UZMUKO-
XUMHUYECKHX TPOIECCOB JAETpalallid CBETOJUOIOB 0O€3 W3MEHEHHsS OCHOBHBIX MEXaHH3MOB
OTKa30B.

KoaddunmeHT ycKopeHHs ONpeaesieTcsi SHEpruei akTuBamuu oTkasos (Ej).

Ky =exp|| == |- 1 - !
Y KT )\ Tpon+273 ) | Tp_ny+273

(4

rie K, — ko3bduuueHT GopcupoBaHus YCKOPEHHBIX UCIIBITAHUM;

Ea — 9Heprus aktuBaluu 0TKa3os, 3B;

k — mocrosinHast Bonbimana;

Tp-n — Temmeparypa p—N-nepexoja B HOPMAIBHBIX YCIOBUAX JKCILTyaTaluu (B pabodeM
pexume), °C;

Tp-ny — TEMIEpaTypa p—N-nepexoja B yCKOPEHHOM pexuMe ucnbiTanuii, °C.

HomuHnanbHoe Bpems HapabOTKHU tuoy (Cpok city:xk0b1 CJI) onpenenstor mo ypaBHEHUIO
(5), 3anaB xodddunuent Gopcuposanus K, HCXOIs U3 PEKUMOB YCKOPEHHBIX UCIIBITAHUIL:

Thom Zty 'kyv (5)

rae  ty — BpeMs HCIBITAHUI B yCKOPEHHOM PEXKHME.

3HayeHne BpeMeHH HapaOOTKU B YCKOPEHHOM peXHMe He JOJDKHO ObITh MeHblIe 1000 u.

IToctpoum rpaduk MPOrHO3UPYEMOIO CpOKa CIYXKObI AJIS JaMIlbl C OJHUM, JABYMsS U
yeTblpbMsi CUD, 3HaueHne 3HEpruM aKTUBALIMU OTKA30B ISl TUIIOBBIX CBETOJIMO/I0B COCTABIISIET
npumepHo 0,75 3B, naHHoe 3HaueHHe OyAeT MCMOIB30BAThCS Ul AAJbHEHIIMX pacdEToB.
I'paduk moctpoer B Ms Excel mis 3amannbix 3HaueHuit temmeparyp ot 25 no 80°C u Ha OCHOBe
dopmyi (4), (5).

Temneparypa oxpyxatomeit cpeasl, °C

3 1
3 \\ \\\ h|
NN

\\ \\ .

(]

\\\ 4

1000 10000 100000

Bpewmst napaboTtku, 4
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3aBHUCHMOCTB CPOKa CIIYXOBI OT TeMIEpaTypsl Ajsi: ammnbl ¢ omauM CUD — 1; mamma ¢

neymst CUD — 2; namma c yetbipems CUD — 3

ObopynoBaHue M OCHACTKA VISl BLINIOJIHEHH I JIA00PaATOPHOIi padoThI
1. MyabTUMETp C TEPMOTIAPOIA.
2. VIcTOYHUK NUTAaHUS CBETOIUO/A.

3. MouiHblif CBETOAMOA UM CBETOANO/IHAS MAaTPHUIIA.

IMopsiiok BBINOJIHEHHS JTA00PATOPHOH PadoThI

1. YcTaHOBHUTH CBETOIMO/ HA MEIHYIO 1Iali0y ¢ OTBEPCTUEM, U 3aKPETIUTb.

2. B oTBepcTHe M1ali0bl YCTAHOBUTH TEPMOTIAPY.

3. [loakIouuTh TEPMOMAPY K MYJIBTUMETPY.

4. BKIIOUUTH MYJIBTUMETP U U3MEPUTH 3HAUCHUE TeMIIepaTyphl, 3apUKCUPOBATh
pe3yJbTaThl B pabodeit TeTpaiu.

5. IloAKIrOYNATH CBETOAMOM K UCTOYHUKY MTUTAHHUS.

6. BKiIIOUnTh UCTOYHHUK MUTAHUS B CETh U YCTAHOBUTDH 3HAYEHUE TOKA, IPH KOTOPOM
CBETOJIMOJI HAUMHAET CBETUTHCS, KpaTtHoe 10.

7. 3adukcupoBaTh 3HAYCHUE TEMIIEPATYPHI, IPSIMOTO HAMPSKCHHSI U TTPSIMOTO TOKA B
paboueii TeTpaau.

8. IloBblaTh 3HaUEHUE MPSIMOTO TOKa ¢ marom 10 MA, U BBINONHSTH I1.7 BBIACPKUBAsS
CBETOJIMO/I B TEYCHUU 5 MUHYT JUIsl TEPMOCTA0MIU3AIMH 10 3HAUYEHUS TOKA, IPU KOTOPOM
3HAYCHUS HANPSHKCHUS] HAUMHAET CYIIECTBEHHO POCTH.

9. Ilo popmynam 1-5 mocTpouts rpadux.

10. CocTaBuTh OTYET IO JTaOOPATOPHOI paboTe.

JlaGopaTopnasi pa6ora Ne2
IIPUTOTOBJIEHUE JIOMUHO®OPHOM KOMITO3UIINN,
TEPMETU3AILIUSA CBETOJMOJIA, OINPEJAEJIEHUE CBETOBOI'O IIOTOKA,
CBETOBOH OTJAYA M KOPPEJUPOBAHHOH IIBETOBOM TEMIIEPATYPbBI
CBETOJIMOJA

Kparkas Teopus
B coBpemennbix CJ/l, B OONBIIMHCTBE CIyyaeB MCIOIb3YIOT KPHCTAJI CHHEro IBETa
cBeUeHHUs U (OTOIOMUHOPOP KEITOrO CBEUEHUS C MONYIIMPUHON crekTpa mopsiaka 110 Hm.

Oto Haubonee > dexTuBHbIN U AemeBslii Meton, T.K. KII/] doTtomomunodopa Ha ocHoBe YAG u

10



YGG npocturaer 90%. [lns NOBBIMIEHUS HHACKCA I[BETONEPENAYd MCIOJIb3YIOT CMECh
moMuHOpOpoB. B kadectBe 0azoBoro wucmoib3yloT momMuHOGopel THNAa YAG umn YGG u
JO0ABIISIOT B KOMIIO3UIIMIO KPACHBIE M 3€NIEHBIC TIOMUHO(OPHI (HUTPUIHBIC ¥ CUITUKATHBIE).

M3ny4eHue kpucmanna
T T 1 Many4yeHue nromuHopopa

JlromuHoghop

o '%loi¢ o Kpucmann

Pucynok 7. IIpouecc popmupoBanus uznydenus CJl ¢ KpUCTAIIIOM CHHETO CBEUCHHSI U

JTFOMHHO(POPOM

CaeToBas oTJlaya CBETOAMOAA SBIISIETCS OCHOBHOM XapaKTepHCTHKOﬁ 3(1)(1)CKTI/IBHOCTI/I

CBETOAMOAAa — 3TO OTHOWICHUC H3IYy4acMOI'0 CBETOBOI'0 IIOTOKA K SanaquHOfI BHGKTqueCKOﬁ

MOIIHOCTH:
n=0,/ (IxU), (37)
rae, @, — cBeTOBOI MOTOK M3JIyYEHHBIA CBETOIUOAOM.
®,=683 xP xk(4), (38)

rae, P —onrtuveckas MOUIHOCTh M3JIy4eHHUS,

k() — x03(pPUIUEHT YYBCTBUTEIBHOCTH YEIOBEUECKOTrO0 TIJia3a K ONTHYECKOMY
U3JIY4YEeHUI0 ¢ AIUHOM BONHBI A. CBs3b cBeroBoi ornaun CJl u momuHOdOpa BbIpaXkaeTcs 1o
bopmyme:

[0 =x)" + =3 T"7 1y = [0 =3 + =y T e (39)

I1e 7Ny U N, — CBETOBBIE OT/Auu MPOILEALIETro yepe3 JTIOMUHOGOP CHHETO U3ITy4eHUs
CJ1 1 BO30YXIEHHOTO KENTOTO U3ITyYEHUS JTFOMUHO(OPA,

Xy U ), — IIBETOBBIE KOOPMHATHI OEJI0TO 1IBETA,

Xp ¥ yp — IIBETOBBIE KOOPAMHATHI CHHETO W3ITyYCHHUS,

Xe U Y, — IBETOBBIE KOOPAMHATHI U3JIy4EHHSI TFOMUHOGOpA.

N3 ¢dopmyner 11 BuanHo, uto Ha rpaduke 1BeroB MKO MOXXHO MpOBECTH MNpsMYIO,
COCIMHSIONIYIO I[BETOBbIE KOOPAMHATHI M3iMydeHus kpucrawia C/l W 1BETOBBIE KOOPAMHATHI
JTFOMHHO(OpA, 3aTeM, BapbUpys HHTEHCHBHOCTh HM3JTYYEHHUS KPHCTaUla WIH KOHIICHTPAILUIO
JIOMHHOGOpPa, ONpENeuTh LBETOBbIe KoopAuHaThl Oenoro 1Bera CJ. Taxke MOXHO OLIEHUTDH
3aBUCUMOCTh cBeTOBOM oTmaun CJI Oesnoro cBedyeHUs OT KOHLIEHTpALMH JIIOMHHOGMOpa WU
MHTEHCUBHOCTU M3iy4yeHus: kpuctamwia. ['papux nseroB MKO u ¢opmyna mokassiBaloT, 4TO
HanOonee 3ddexkTuBHBIM s m3roToBieHus: CJ] ¢ KpUCTaluIOM CHHETO CBEYEHUS SIBISIETCS

HCIIOJIb30BAHUC J'IIOMI/IHO(I)OpOB C MAakKCUMyMOM M3JIYUCHUA B JKENTO-3eIEHON  00JIacTH
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ONTHYECKOTO crekTpa. JltoMuHO(OPHI, H3Nydaroumue B KENTO-3eIEHON 00JIACTH ONTUYECKOTO
CHEeKTpa U BO30OYXIAIOIIMECS OT BO3ACHCTBHS W3IYyYCHHEM B CHHEW OOJIACTH ONTHUYECKOTO
CHEKTpa, UMEIOT KPUCTANTUYECKYIO PEHIETKY THUIA TPaHaT, B y3JlaX KOTOPOW HAXOASTCS aTOMBI
UTTPUSL, ATIOMUHUS U TaJI0JIMHUS.

JlromurOMOp TpencTaBiIseT cOOOW TOPOIIOK C YacTHIIAMH pazMepamMu 6 — 15 MKwm.
Yactunbr momuHOpopa coctosT w3 kpuctamwioB ((Yi.. Gd,) Als Opp X Ce** (YGG)).
Kpucrammmueckas pemerka YalsOl, aktuBupoBana aromamu Ce. Gd mO3BONISIET CMECTHTH
MaKCUMYM CIEKTpa U3JIy4Y€HHUS B JUIMHHOBOJIHOBYIO 001acTh, (Ga B KOPOTKOBOJIHOBYIO, K TOMY K€
Ga moBbIIIIAET BPEMEHHYIO0 CTaOMIbHOCTH JtoMuHO(Mopa. YGG (YAG) umeeT HEepaBHOBECHBIC
COCTOSIHUSI KPUCTAJUIMUECKON PEIIETKH U IIPU BO3AEHCTBUM M3JIy4Y€HHUs C AJIMHOW BOJIHBI 450 —
465 HM SIEKTPOHBI BO30YX/Ial0TCSl HAa BHICOKHE SHEPIeTUYECKHE YPOBHH, a 3aTeM MEepPEXOAiT Ha
PaBHOBECHBIE C BBIJICIICHUEM YHEPTHH MMyTEM U3ITydeHus (HOTOHA.

JIBa OCHOBHBIX MeXaHU3Ma paboThI JrOMUHO(OPA:

1. Tlormomenne wW3My4eHHsS JIOMHHECUEHTHBIMH ILIEHTpPaMu (aKTHBAaTOpaMu U
NPUMECSIMH) — TIEPEXO/ JIEKTPOHOB Ha OoJiee BHICOKHE HYHEPTETHUECKHE YPOBHH JIMOO OTPHIB
AJIEKTPOHA OT aKTHBATOPA, YTO MPUBOAUT K 0OPA30BAHUIO JABIPKHU.

2. Ilornomenue ocHOBOM IOMHHOGMOpPa — 0Opa3yrOTCs DJICKTPOHBI U ABIPKU. JbIpKH
MOTYT MUTPHPOBATH 10 KPUCTAJUTY U JIOKAJIM30BaThCSI HAa LIEHTPaX JIOMUHECHeHINH. V3mydenne
MPOMCXOIUT TPH BO3BpAIEHUH JIEKTPOHA HA 0ojiee HU3KHE DHEPTeTHYECKUE YPOBHU HIIU TPU
PEKOMOHMHALINY 3MEKTPOHOB U AbIpoK. [llupuHa 3anpeméHHol 30HbI MOXKET cocTaBisITh 1 — 10
3B.

Jlnsi HaHECEeHWs JIOMHHO(POpPA B CBETOAMON HCIONB3YIOT CBS3YIOIIHE KOMIIOHEHTHI.
TakuMyU KOMIIOHEHTaMH SIBJISIFOTCSI ONTHYECKH MPO3pavYHbIe KOMITAyHIIbI Ha OCHOBE CHJIMKOHA
WJTH STIOKCHJTHOM CMOJTBI, a TAaK)Ke TIACTUHBI U3 oTUKapOoHara.

Kak mnpaBuio, KBaHTOBBIM BBIXOJ M3 KOMIIO3UIMM JIIOMUHO(OpPa U CBA3YIOILETO
KOMIIOHEHTAa, B KOTOPOM OH PacTBOPEH, BBIIIE B TBEPABIX PACTBOPAX, YEM B JKUIKHUX, TaK KaK C
MOBBIIIEHUEM  BS3KOCTH  yYMEHBINAETCS  BEPOSTHOCTh  OE3bI3NTydaTelbHBIX  MPOIECCOB
BO30YyX/IeHUS 4epe3 BHYTPEHHIOI KoHBepcuio. Ho B TBEPABIX pacTBOpax BO3MOXKEH 3(PQexT
MOJISIPU3AIUH TaK KaK YacCTHIIBI TIOMUHO(OpPA «3aXKaTh» MEXKIY YIMOPAI0YEHHBIMUA MOJIEKYIaMU
pacTBOPUTEIIS.

Jist moMuHO(DOpa XapakTepHO TeMIepaTypHOe TYIICHUE M KOHIIEHTPAIHOHHOE.

Y momunopopoB YGG (YAG) mupuHa 3ampelnieHHol 30HbI gocturaer 6onee 3.83B, a
OCHOBa JIOMHHO(GOpa MMeeT Nokasarenab mnpenomiaeHus 1,505 ng, <1,85. JlromuHOdOpBHI,
YIOBJIETBOPSIIOININE TaKUM YCIIOBHUSM, MPEANOYTUTEIFHO UCIIONB30BaTh st u3rorosineHust CJI

0€eJIOr0 CBEUCHUS.
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OO0opynoBaHue M OCHACTKA /ISl BHINOJTHEHH S J1a00paTOpHOil padoThl

1. 3meputens ceeroBoro notoka "TKA-KK1" TV 4486-016-16796024-2011

[Ipubop npenHazHadeH AJii MU3MEPEHHs] MOJHOTO CBETOBOIO MOTOKAa CBETOAMOIOB B
BunuMon obiactu cnekrpa (ot 380 mo 780 uM) mo meroxy "unterpupyromei chepor” ("chepsr
Yaropuxrta"). KOHCTpYKTUBHO MPHOOP COCTOUT M3 ABYX (PYHKIIMOHAIBHBIX OJIOKOB. [namerp
cheppr 140 MM, npuémHHK cBeta — (oTOAMOA, pa3MEIIEHHBIH B HWXKHEH momycdepe.
W3meputenbHblii OJIOK BBIMIOJIHEH B BUJIE IIapa Ha >KECTKOM OCHOBAHMHM, IIAP SBISETCS
"unterpupytomeid chepoir". B HEM mMeeTcs BXOAHOW TyOyC I YCTAaHOBKH CBETOJHMOJIOB
JUaMeTpoM 110 14 MM B CMEHHBIX JuadparM, BXOISIINX B KOMIUICKT, JUIS TIO3UIIMOHUPOBAHUS
CBETOAMOJIOB AuameTpamu 3,5,9 Mm.

OCHOBHBIE TEXHUYECKUE XapPAKTEPUCTUKU:

- IMana3oH U3MepeHusi cBeToBOro rnoroka 1 - 200 000 muim;

- OCHOBHAsl OTHOCHUTENIbHAsl IOTIPEIIHOCTh HM3MEPEHHUs CBETOBOIO IIOTOKA, He Ooiiee
10,0%;

- BpeMs HenpephIBHOM paboThl mpudopa He meHe 8,0 u;

PaGouue ycnoBus skctyaTauu npudopa:

- TeMIIepaTypa okpyxatouiero sozayxa ot 0 1o 40°C

- OTHOCHUTEJIbHASI BIAXXHOCTh BO3JyXa IMPHU TEMIIEpaType OKpyKaromiero Bo3ayxa 25°C,
65+£15%

- atMocdepHoe naBieHne86-107 klla.

2. Ucrounuku nutanuss MPS 3003

OCHOBHBIE TEXHUUECKUE XAPAKTEPUCTUKH:

MHOTr000OpOTHBIH PEryisaTOp A TOYHOM YCTAHOBKH HAIPSIKEHHSI, TOCIIE0BATEIbHOE U
napajuieIbHOEe COeTUHEHHE 2X KaHAIOB: aBTOTPEKUHT, 2-X MOJSIPHBIN BBIXOM, PEKUMBI PabOTHI:
CTa0MIIM3anusl TOKA, HAPSHKEHUS W TWHAMHUYecKas Harpys3ka, uHaukanus: 3-paspsaaeie LED-
JUCIUIEM HAa TOK W HaNpsDKEHUE, 3allluTa OT NEePerpy3kd U MEperolOCOBKH, AJIEKTPOHHOE
OTKJIFOUEHHE HArpy3KH 2 BEHTHIIATOpPA OXJIaXKIEHUs, BKIIOUEH B ['ocpeecTp cpeacTB U3MEPEHHI,
peructpanroHHbIii Homep 32050-06.

- BBIXOJIHO€ HanpsikeHne30 B.

- Tok 3 A.

-ypoBeHb nynabcanuii 1 MB.

- KOJTM4eCTBO KaHaimoB2 + 1.

- IONOJTHUTENbHBIN Kanan SB/3A.

- TouHOCTh ycTaHoBKH 0.1B/0.01A.
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- piustHue Harpy3ku 0.01% +3mB.
- BIusiHue ceteBoe HanpsbkeHus 0.01% +3mB.
- pa3mep 155x375x255 mm.

. Hudposoit MummmamMmnepmerp.

. 3aroToBKa CBETOAMO/IA.

. CoeuHUTENBHBIE TTPOBO/IA.

2

3

4

5. @OTOMETPUYECKHI 1Iap.
6. JlromuaODOP.

7. Kommays.

8. Bechl 271eKTpOHHBIE.

9. Dnexrtporneysb

10. Muxkpockor.

IHopsinok BbIMOIHEHNS J1a00pPaTOPHOIT padoThI

1. TlpuroroBuTh JTIOMHHO(GOPHYIO KOMIIO3UIUS B COOTBETCTBHH C WHCTPYKIHEH
npernojaBaress.

2. Ilog MUKPOCKOIIOM HAaHECTU JIOMUHO(OPHYIO KOMIIO3UIMIO HA KPUCTAIUI CBETOANO0/1A
B OTpakaTejb 0] MUKPOCKOIIOM.

3. [TomecTuTh CBETOIMO/ B AJIEKTPOIEYDb U BBICYIIUTH JIOMUHOPOPHYIO KOMIIO3ULIUIO.

4. ITpoBepuTh BU3YyalbHO, YTO JIIOMUHO(OPHAS KOMITO3ULIMS 3arepMETU3HPOBAACH.

5. CoOparp cxeMy BKJIIOYEHHMsS CBETOJUOJAa C HCTOYHMKOM THMTaHUS MU
MUJTHAMIIEPMETPOM.

6. [TomectuTh cBeTOAMO/ B (DOTOMETPHUECKUI IIap, MPHU ITOM OOECTICYUTHh H3OJISAILIUIO
COEIMHUTENIBHBIX TPOBOOB, IOJIBOAUMBIX K CBETOAUOLY.

7. Ha uCTOYHMKE MUTAHUS YCTAHOBUTH CTAOMIIM3AIIMIO IO 3HAYSHUIO IPSIMOTO TOKa.

8. Ha ucToyHrKe MUTAaHUS 33/1aTh MPSMOW TOK MPH KOTOPOM Y CBETOJMOJIA HAYHMHACTCS
CBEUYEHHE, U3MEPUTH 3HAUECHUE NPSIMOT0 HaNps>KEHUSI M CBETOBOT'O MOTOKA.

9. IlpoBojs U3MepeHHs BEIUYHH 10 11.8, OBBIIATh 3HaYeHHe Toka ¢ marom 10 MA.

10. Bce nanHble pe3yabTaTOB U3MEPEHUH 3aM1ChIBATh.

11. Paccuntarh 3Hau€HUE CBETOBOM OTAauH.

12. TTocTpouTs rpaduk 3aBUCKIMOCTH CBETOBOTO ITOTOKA OT MPSMOTO TOKA.

13. ITocTpouts rpaduk 3aBUCKIMOCTH CBETOBOM OT/IauM OT IPSMOTO TOKa.

14. OTBeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

15. Hammucarte OTYET.
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KoHTpoJibHBIE BOIPOCHI

1. Yem 0OBSICHSIETCS «CHaa» 3HAUEHUH CBETOBOTO MOTOKA M CBETOBOW OTIAauu MPHU
BBICOKHX 3HAYEHUSX MPSIMOTO TOKa?

2. Kaxkoit pabouuii pexuM MO 3HAYCHUIO MPSAMOTO TOKa Hawbosee MOAXOJUT s
CBETOJHOJIOB JJAHHOT'O THITA?

3. Ecnu Ha rpaduke 3aBUCUMOCTH CBETOBOHM OT/Ia4M OT MPSIMOTO TOKA B Ha4aIbHBIN
MIEPHUOJ, TIPH HU3KUX 3HAYCHHSIX TOKA, MIPOBECTHU JIMHUIO, YeM OYAeT OOBSCHSATCS Yrojl HAKJIOHA

3TOM JINHUH.

JlaGopaTopnas paGora Ne3
NCCJIIEJOBAHUE KOOPAUHAT HOBETHOCTH n IBETOBOM
TEMIIEPATYPBI JUUIA CBETOAMOAOB BEJOI'O LIBETA CBEYEHUSA B
3ABUCUMOCTH OT 3HAUEHHMI ITPSIMOI'O TOKA

OO0opynoBanme 1 0CHACTKA

1. Cnexrpoxonopumetp "TKA-BL"

[Ipeana3znaueH sl U3MEPEHUS CIIEKTPAJIbHBIX XapaKTEPUCTUK UCTOUYHUKOB ONTHYECKOTO
W3JIy4eHMs] KOOpPAMHAT LBETHOCTH X, Yy, U, Vv, kKoopauHaT nsera X,Y,Z, KOPpPEIMPOBAHHOU
[[BETOBOW Temrieparypbl Ti. B 3aBucMMOCTH OT KOH(UTYpallMH BXOJAHOTO YCTPOMCTBA MPUOOP
paboTtaer kak B pexume spkomepa (mozenb 01) wium B pexume HU3MEPEHHUs OCBEIEHHOCTU
(mogens 02).

2. Ucrounnku nutanus MPS 3003

OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKHU:

MHOrooOOpOTHBIN PETYIATOP Ui TOUHOM YCTAaHOBKU HANpsKEHUs, MOCIIEA0BAaTEIbHOE U
napajielibHOe COeIMHEHHE 2X KaHAJIOB: aBTOTPEKUHT, 2-X MOJSPHBINA BBIXOJ, PEKUMBI PaOOTHI:
cTabunu3anus TOKa, HApsDKEHUS U IMHaAMUYeckas Harpyska, uHaukauus: 3-paspsiaabie LED-
JUCIJIEM HA TOK M HAIpPSDKEHUWE, 3alllMTa OT NEPErpy3KH M INEPENOIOCOBKH, JJIEKTPOHHOE
OTKJIFOUYEHNE Harpy3Ku 2 BEHTWIATOPA OXJIaKIEHUs, BKIIOYEH B ['0CpeecTp cpencTB U3MEpEHUH,
peructpanroHHbIii Homep 32050-06.

- BbIXOJIHO€ HanpsihkeHne30 B.

- TOK 3 A.

-ypoBeHb nynabcanuii 1 MB.

- KOJIM4ECTBO KaHaIoB2 + 1.

- IONOJTHUTENbHBIN KaHai SB/3A.

- TouHocTh ycTaHoBkH 0.1B/0.01A.
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- pnustHue Harpy3ku 0.01% +3mB.
- BIusiHue ceteBoe Hanpsbkenus 0.01% +3mB.

- pa3mep 155x375x255 mm.

3. [{udposoit MumLIMaMIepmMeTp.
4. CBeToIno/IbI KPACHOTO, XKEITOT0, 3eJIEHOT0, CHHETO M OEJIOro 1[BETa CBEYCHUSI.
o. CoenuHuTenbHbIE MPOBO/A.

IMopsiiok BbINOJTHEHHS JTA00PATOPHOH PadoThI

1. Cobpatp cxeMy BKJIIOYEHHS CBETOJIMOJAa C HCTOYHUKOM NUTaHUS U
MULJIMAMIIEPMETPOM.

2. Ha uctounuke nuTanusi yCTAaHOBUTH CTAOMITU3AIUIO TI0 3HAUYEHHUIO TIPSIMOTO TOKA.

3. Ha wucrouHuke nurtaHus 3a1aTh TOK IIPU KOTOPOM Y CBETOAMOJA HAYMHAECTCS

CBEYCHME, U3MEPUTH 3HAUECHUE MPAMOI0 HAPSKEHUS.
4. [TpoBoast M3MepeHHsI BEJTMYUH 10 11.3, IOBBIIIATh 3HaUYeHHEe ToKa ¢ marom 10 MA.
Bce nanHbIE pe3ysIbTaTOB U3MEPEHUH 3aIIUCHIBATD.

PaccuuTath 3HaueHuE SHGKTqueCKOﬁ MOIIHOCTH.

5
6
7. [Toctpouts rpaduk BOIbT-aMIIEPHBIE XaPAKTEPUCTUKH.
8 OTBeTUTHh Ha KOHTPOJIbHBIE BOIIPOCHI.

9

Hanwucarp oTuérT.

KoHnTpoJsbHbIe BONPOCHI

1. Kak 3aBucCAT KOOpAMHATHI IBETHOCTH CBETOAMOAA OT MPSMOTo TOKa?
2. Kak cBsi3aHa miBeToBasi TeMIepaTypa ¢ KOOpJMHATAMH IBETHOCTH?
3. Kak onpenenuts U3 criekTpa U3ydeHus CBETOAMO1a KOOPIUHATHI IIBETHOCTHU ?
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