OYHKIIMOHAJIDHAA MUKPO- 1 HAHOJJIEKTPOHUKA
YK 621.383:621.381.2 DOI: 10.15222 /TKEA2017.3.30

K. ¢.-m. n. B. Il. BEJEIIIYVK, 0. ¢p.-n. n. A. U. BJACEHKO, «. ¢.-n. n. 3. K. BJACEHKO,
k. ¢.-m. n. B. B. ITUHKAPEHKO, . m. n. 4. 1. KY/JIPUK, II. O. CAH, . ¢p.-m. n. B. B. BOPII]*

Yxkpanna, r. Kues, UncrturyT ¢usukn noaynposoguukos uM. B. E. Jlamkapésa HAHY;
*ITonTaBcKUil HaMOHAJBHBIN TexHUYeckuir yuuBepcuter umMmenu IOpusa Kongpartioka

E-mail: vvvit@ukr.net

BJUAHUE PA3BPOCA 3HAUEHUN

IDJIEKTPUYECKUX I[TAPAMETPOB RGB-CBETO/AMO/10B
HA OJHOPOJHOCTb CBEUEHIA CBETO/MO/HbBIX
DKPAHOB ITPY1 MUHUMAJIBHOW IT'PAJJAIIU APKOCTHU

Paccmompenvr npobaemvr HeoOHOpoOHOCMU ceueHusi c6emoduodnviy RGB-akpanos npu HU3Kux, MuHu-
MATOHOIX 2pA0AUUAX  APKOCMU, BbI3GAHHBIE HEOOHOPOOHOCMbIO Ccéeuenusi ceemoduodos. Ycmanosaeno,
4mo  HauboOALWULL  PA3OPOC IHAUEHUT INEKMPUUECKUX napamempos omoeavivix RGB-c6emoduodos
(FM-Z3535RGBW) umerom cmpyxmypor cunezo usema usayuenus Ing,GaygN,/GaN. IToomsep:kden
mexnuneckuil npedes Yayuulenus Kauecmsd c6emoouoOHblY IKPAHO8 — BO3MOKHOCG YMEHbUEHUS 0J1U-
meavHoCmU HaAzpy30K 00 6 —8 HC Ha c6emoduoo.

Knrouesoie ciosa: RGB-c6emoduod, anexmpuueckue napamempol, HeoOHopooHocms ceeuenus, InGaN /GaN.

Ceeroanoabl U M3/1€IMs Ha UX OCHOBE HAIIM | [IPOCTPaHeHHas — HeoJAMHaKoBOCTH (paz6poc) ap-

IIMPOKOE TIPUMEHEHUEe B TIOBCEHEBHON JKU3HM,
MPOW/IA MYTh OT WHUKAIIUU TIPOIECCOB K TIepejia-
Ye I[BETOB U OTTEHKOB. B Hacrosiee BpeMs Mpo-
MBIIIJIEHHO U3TOTABJIUBAIOTCS CBETOMOHBIE 9KPa-
HbI PAa3JIMYHBIX THIIOB, KAUeCTBeHHast paboTa KOTO-
PBIX 3aBUCHT OT OJIHOPOJIHOCTY TIEPE/Iaud I[BETOB
rtesioro MaccuBa csetoaunoos (CD).

Opmnoit n3 mpo6JieM mpoussBoacTBa C/[-skpanos
SIBJISIETCSI IOCTUKEHUE OJTHOPO/IHOCTH CBEYEHUST OT-
nenbubix CJI st Bcero auamasona sipKkoCTu U JIJist
Bcex 11BeToB [ 1], a Takske HOCTUXKEHIE MAKCUMAJTTb-
HO GOJIBIIOTO COOTHOIIEHUST «MUHUMAJIbHAS / MaK-
CUMaJIbHAST SIPKOCTH> JIJIs1 BCETO 1[BETOBOTO JiHAIla-
30Ha. Y CTaHOBJIEHO, YTO TPH HU3KUX (MUHUMAJIb-
HbBIX) IPaJaliusaX APKOCTH IIPOSABJISETCA XaOTUUHAS
HEOTHOPOJIHOCTD CBEUEHUS, KOTOPAst YBEJIMUNBAET-
€S C yMeHbIIeHueM SIPKOCTH U HAGJIONAeTCs IS
CTPYKTYp cuHero IBerta usjiaydenus (puc. 1, 2).
[Tpuuunoit atoro adpderra He Mo3KeT OGbITH PazdPOC
3HaueHWi ToKa I ¢ BBIBOJIOB JPaiiBEPOB, MOCKOJb-
Ky BeJIMYMHa pa3bpoca TOKAa OT KaHaJa K KaHaTy
apaiisepa cocrabasier +1% (typ) ... £3% (max), or
npaiisepa k apaiiBepy — =1% (typ) ... +2% (max)
[2], u ecaim GbI 5TO B/IMSIIO HA OJHOPOIHOCTD CBE-
vyenust, To CJI-9kpanbl cojiep:kanu Obl TEMHBIE T10-
JIOCBI, B TO BPEMSI KaK B HAIllEM CJIyYae HEOTHOPO/I-
HOCTb XaOTUYHAS.

Cyl1ecTByIOT pa3nvHble BUIBI U, COOTBETCTBEH-
HO, TPUYUHBI BO3HUKHOBEHHST HEOJTHOPOTHOCTH U30-
6paxenuit C/l-sxpanoB mo spkroctu. Camas pac-

Hybauxayus codepsxum pesyaumamot uccie008anul, npo-
6e0eHHbIX NPU 2panmosot noddepxke I'ocydapcmeenrozo
Gonoda yndamenmanvroix uccredoganuii Yxpauro
(Ne zasexu 32472 xwonxypca D76).

koctu otaenbHbIx C/I. B Hamem ke ciaydae Heo[-
HOPOJHOCTL OOYCJIOBJIEHA TEM, YTO YacTh CUHUX
CBETO/INO/IOB HE BKJIIOYEHA, ITOCKOJbKY Yepe3 HUX

®otorpadus 9acTH CBETOANOJHOTO 3Kpa-
Ha TIPU HUBKMX TPAJAllUsIX CBEYEHHS CHHUX CTPYKTYP
(a — 50-a, 6 — 80-a rpaganus us 216 = 65536 Bo3MOX-
HBIX), [OJTy4eHHasl Cpa3y HOC/Ie U3TOTOBJIEHUS CBETO/I1-
OJIHOTO 3KpaHa BO BPEeMs UCHBITAHUIT
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Puc. 2. 3aBUCUMOCTD KOJIMYECTBA BKJIIOYEHHDBIX CBETO/IH-
07108 (HOPMUPOBAHHOTO K O6IIEMY KOJUYECTBY, PABHOMY
4096) ot rpajanyun CBeYEHUs] CUHUX CTPYKTYP
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HE IIPOTEKAEeT TOK, JOCTATOYHBIA [AJIS ITOSIBJIEHUS
U3JTyYeHUsI.

[Tpuunnoil HEOAHOPOAHOCTU MOKET ObITh Pas-
OPOC 3JIEKTPUUYECKUX U CBETOBBIX ITAPAMETPOB OT-
JebHbIX RGB-CTPYKTYp CBETOAMOMOB BBUY OCO-
OeHHOCTEeH TeXHOJIOINU UX nu3rotosyenud [3]. B Ha-
crosieil pabore uccaeaoBascss pa3bpoc 3HAYEHUIH
MapaMeTpPoOB BOJIBT-aMIEPHBIX U BOJbT-(HapaHBIX
XapaKTEPUCTUK TTPOMBIIIJIEHHO U3TOTABJINBAEMbIX
RGB-cTpyKTyp CBETOAMOMOB, a TaKKe BpeMs Ha-
pacTanus / crajia UMITyJibCca dJEKTPOJIOMUHECIIEH-
IUU CTPYKTYP CUHETO U3JIyUEHHUS.

YcaoBus MMpoBE€A€HUA IKCIIEPUMEHTaA

Nayvamich TUTWYHBIE TTPOMBITIIIIEHHO M3TOTAB-
auBaemble RGB-ceromuomapr FM-Z3535RGBW 1o
BBe/IEHUS UX B aKcITyartaluio. CoriacHo JJOKyMeH-
TAIUK TPOU3BO/IUTEIS], CTPYKTYPbl U3TOTOBJIEHDI U3
TaKUX TOJYTIPOBOJHUKOB: KPACHBIN I[BET U3JIyde-
ma — AlGalnP, senensrii — Ing3Gag 7N/ GaN,
cunnii — Ing»GaggN/GaN. Homunanbublii pa-
604Mii TOK JAJIsT BCEX CTPYKTYP cocrapisieT 20 MA.

Bouabt-amnepubie (BAX) u BosibT-papaaHbie
(BDX) xapaKTepPUCTHKY IIPU MOCTOSHHOM HAIPS-
JKEHUU M UMITYJIbChI djieKTposioMutectientmu (JI)
TIpH AJUTENbHOCTH uMITyJibca Toka 40, 100, 300 mc
OBLTU TIOJTyYeHBl TIPU KOMHATHOU TeMIlepaType.
JlucKpeTHOCTh yCTAHOBJIEHUS TIOCTOSTHHOTO HAIpS-
JKeHUsT — OT 2,5 MB, /inanasoH n3MepeHusi eMKOCTU —
ot 10-15 1o 107 @. [TockonbKy HaHHBIE CBETOIMO-
JIbl B AKPaHax [ TPAHCJSALIUU BUJeo paboTaioT B
UMITYJIbCHOM PesKUMe TOKa (IMMPOTHO-MMITY IbCHAS
MOJIYJISIIIUA) ¢ BBICOKUMU 4acTOTaMU OGHOBJIEHHUST
nzobpaskenusi, usmepenne BADX mpoucxouio mpu
MOJyJIUPOBAaHHOM curHaJie yactotoit 1 MIT.

BosbT-amMnepHbie XapakTepUCTHKU CTPYKTYP

MexaHn3Mbl TOKOTIPOXOXKAEHUSI U (DYHKIHO-
HaJIbHAS 3aBUCUMOCTD «TOK — HAIIPSKEHUE» B re-
TepocTpykrypax Ing,GaggN,/GaN (puc. 3, a, 6)
B 1iesoM u3BectHbl (cM., Hampumep, [4, 5]). Ipu
nanpsukernn 1,2 —2,25 B 1ok I ~ exp(eU /E;), rae
HoKasaTe/ib HKCIOHEeHTbl E; oueHb €1a60 3aBUCHT
oT TeMmriepatypsl, T. €. BAX B momysorapugmuye-
CKOM MaciiTabe UMeeT Y4acToK, GIN3KUil K JUHel-
HOMY C [TOCTOSIHHBIM HAKJOHOM. [Ipy HanpsiKeHun
U > 2,6 B (manpsukenue Briouenus DJI) mpe-
o6Ja/laeT UHIKEKIMOHHAs KOMIIOHEHTa TOKa,
I = Iyexp(eU /(nkT)), nabmonaercss peskuii sKc-
MOHEHIMATBHBII POCT ITPU WHKEKINH B aKTHBHYIO
o6actp (B kBaHTOBYIO siMy Ing»GaggN). B moury-
Jgorapudmuueckom macirtabe BAX taxxke 6sm3ka
K NPSIMOI, HO ¢ pyruM HaKJOHOM. [Ipu GoJbiiux
tokax nporekanus (csoiure 1073 A) us-3a nocJieno-
BATEJILHOTO COMPOTHUBJIEHUSI Ry OMUYECKUX KOHTaK-
TOB TIPOMCXO/IAT TEPMIUYECKUI PA30TPEB, B PE3Y.JIb-
Tate 4ero HaGJIOAI0TCs OTKJIOHEHUsI OT JIMHEHO-
CTH B TIoJTyTorapumMuiecknx KoopauHarax [4, S].

Bunsno, uro ans cuanx crpykryp BAX rpymm A
u b ormmuaetcs ot gpyroii coBokymHOCcTH BAX, KO-
TOPbIE XOPOIIIO CIPYIIIIUPOBAHbI — KPUBbBIE A nMe-
IOT MEHBIIHI TOK B JIMala30He U3MEHEHUs HaIPsKe-
Hus ot 2,5 10 3 B. 3ro cormnacyercs ¢ BOX, npu-
BeJleHHbIMU s1asiee; JuddysHass eMKOCTb CTPYKTYP
rpymnibl A Ha puc. 3, 6 camasi HU3Kasi Cpe/in BCex
necatu. BAX crpykryp rpynmbsl b umeror 60.ib-
NN TYHHEJbHBIH TOK. MBI IIpe/inosiaraeM, 4To yKa-
3aHHbIE OTKJIOHEHUsI TIOBEJECHUS BOJIbT-aMIIEPHBIX
XapakTepucTtuk rpymmnbsl A Ha puc. 3 (a, 6)
MPUBOJAT K HEJIMHEWHOCTU CBEYEHMSI, KOTOpasi MO-
’KeT GbITh CKOMITEHCHPOBAHA aIlllapaTHBIM CIIOCO60M
(cm., manpumep, [2]). Tosenenne BAX rpynmnsr B
MPU MAJIBIX TOKAX COOTBETCTBYET Ge3bI3JydaTe/ib-
HOIl PEKOMOMHAINY, KOTOPAst ¥ IIPUBOJUT K OTCYT-
CTBUIO CBEUEHUS IIPU MAJIOW TPAJIAINK SPKOCTHU, KO-
TOpas He MOKeT ObITb MCIIPABJIEHA allllapaTHbIMU
Mmerogamu. Vcnpasienue mogo6Horo pazépoca Mo-
JKeT OBbITh POBEIEHO C MOMOIIBIO JIOTTOJTHUTENbHO
0TOPAKOBKHU CBETO/INO/IOB, OIICHKA PE3yIbTaTUBHO-
CTH KOTOPOU 1poBojauiach B [6].

Uro Kacaercs CTPYKTYpP 3€JEHOTO U KPaCHO-
ro uaaydennsi, ux BAX XopoImo crpynnupoBaHbI,
B TIOJIyJIOrapuMUUECKOM MaciiTabe 3aBUCHMOCTb
MPaKTUYECKH TIPSIMasi, YTO YKa3bIBAET Ha yJOBJie-
TBOPUTEJBHYIO TEXHOJOTMYECKYIO OJHOPOJHOCTD
CTPYKTYP.

B mporiecce uccaeqoBaHuii yCTaHOBIEHO, UYTO
BCEe 3HAUYEHUs HAINPSKEHUS TPU HOMUHAJIBHBIX
3HAYEHUSAX TOKa II0NAJAal0T B MHTEPBAJ COTJac-
HO crniernUKaIKUK JaHHBIX CBETOAMO/0B. 3HAYUUT,
JUUIS. UCTIOJIb30BAHUS MOIOOHBIX CBETO/INO/IOB B U3-
TOTOBJIEHUY BBICOKOKAYECTBEHHBIX 9KPAHOB C 60JIb-
HIMM KOHTPACTOM HEOOXOAUMO JINOO YIKeCTOueHUe
cuerudukanmy, au60 co3/aHue BHYTPEHHEH Jiu-
HUU COPTHUPOBKU.

Boabt-dapaanbie XapaKTePUCTUKH CTPYKTYP

bapbeprnas emxocTb Cpap B PE3KOM IIEPEXO-
ge (B p*—n- wiam p—nt-nepexojie, KOrjaa OJuH 13
KOHTaKTHPYIONINX TTOJYITPOBOJAHUKOB NMEET CyIIle-
CTBEHHO BBICIITYIO KOHIIEHTPAIINIO OCHOBHBIX HOCH-
TeJiell 3apsa/a) ONMUCHIBAETCS KaK

C . GSSNB 1
bAP 2 Uy tU-2kT /e’

rjie e — 3apsil 3JEeKTPOHA;
€, — JIMAJIEKTPUYECKAsT OCTOSTHHAS MOJTYTIPOBO/IHUKA;
Np — KOHIleHTpalMsi HOCHTEJell B MEHee JIErHPOBaH-
HOM TIOJIYIIPOBO/IHUKE;
U,; — HanpsikeHue, 00yCJIOBJIEHHOE BbICOTOU Gapbe-
pa Ha p—n-lepexoie;
k — mocrosaHas BoJbiMaHa;
T — remnepatypa.

[Ipu pacuete Cgpp 3HAK «+» i «—» nipu U BbI-
6upaercs B 3aBUCUMOCTH OT HAITPABJIEHUS CMETIIEHVS .
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Puc 3. BAX pecaru uccenenoBanHbix cTpykTyp cuero (a, 6), seqenoro (8, 2) u kpacuoro (0, e) 1BeTa n3IydeHus
RGB-cBetoamosa, npe/crasientbie B nogysaorapudmuueckom (ciesa) u smneiinom (crpasa) macuirabe

Huddysnaa emxoctb Cppe CBA3aHA € IPOTe-
kanueM 1psamoro (auddysuoro) Toka I u npomnop-
[UOHAJIbHA €My U BPEMEHM >XM3HU T HEOCHOBHBIX
HOCHUTEJIEN 3apsa;

e e eU
Crineo =—=t =——=1tyexp—-:.
nkT nkT n

O6mas emxoctb C = Cppp + Cypygy, rie npu
NpAMOM TaJieHnyn Hanpsiukenus (puc. 4) moMuHn-
pyer Cryo-

W3 puc. 4, a BUJHO, 4TO EMKOCTb «CHHUX> CTPYK-
Typ Kosebercs ot 72,9 no 180,2 nd npu Hampske-

0 wA r———————— -
CTpyKTYypBI CHHETO
U3TyIeHNs
15 1 .
10 4 .
5 _
0 - .
2,4 2,6 2,8 30 U,B
F)I, MA T T T
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N3JTyYeHNUsT
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* ] / 7 |
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21 2,2 2,3 2,4 U, B
A . .
CTpyKTypbI KPacHOTO ]
i N3Ty9eHUS
8 | J
4 1
0

1,75 180 1.85 190 U, B

nuu 3 B. Menbiyio muddysnyo eMKocTb UMEIOT
crpykrypsl 2 u 3 (rpynma A na puc. 3, 6). Takxke
BUHO, uT0 BDX crpykryp 7, 8, 9 (rpynna B Ha
puc. 3, @) ¢ yBeJMYECHHBIMHI TYHHEJIbHBIMU TOKAMH
(or 1010 10 10-6 A Ha BAX) Gouiee 1osiorue — TyH-
HEJIbHBIN TOK BAUseT Ha (UM GY3NOHHYIO EMKOCTD.

Haxsonsr BOX GosbmHCTBA CTPYKTYD OJIU3-
KU K JUHEWHBIM ¥ MOHOTOHHO BO3PACTaioT B JHa-
ra3oHe M3MeHeHHs HarnpsikeHus ot 1,5 10 2 B, urto
YKa3bIBaeT HA OJHOPOJIHOCTb JIETUPOBAHUS B 00-
Jactu nepexoja. IlapaienbHoctb KpuBbix (ou-
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HAKOBBIA HAKJOH) B 9TOM JMalla3OHe s CTPYK-
Typ 5, 10 sBasgercs mokasaTeqeM TOTO, YTO 3TO
OueHb KavyecTBEeHHbIE CTPYKTypbl. O6pasiipl 2 u 3
UMEIOT XYM TPOQUIb JETUPOBAHUS U MEHB-
HIyI0 €MKOCTb, a TakXe TpeGyloT OOJIbIEro Ha-
npskenus npu pabouem toke (em. puc. 3, 6),
YTO M MOKET ObITh IPUYUHON PACCOTIACOBAHUST ITPU
pa6ore B maccuse ¢ apyrumu C/I.

Haxgon BOX crpykryp 7, 8, 9 cyliecTBEeHHO
orsimyaercs or BAOX Tex ke cTpykTyp 5 u 10 B 1u-
arrazone U = 1 —2 B, 4T0 yka3bIiBaeT Ha pa3janyus
B TIpopisie JIETUPOBAHNUS X p — N-TIepeXojia U ero

a)
C, nD A - Y i :
160 ] CTPyKTYpBI CHHETO
1 U3JTy4eHHs
120
80 -
40
0 1 2 U, B
6) T T . r ; . |/
C, ndH C P
TPYKTYPBI 3€TEHOTO y
U3JTyIeHUST
B)
C, ud : , ] : . . ,
CTpyKTypbl KPACHOTO Pr.
N3Ty4eHN I 7

45 4
40 _ | / / —
35 4

25 F
0 0,5 1,0 1,5 U, B
Puc. 4. BOX pgecsatu uccieJOBaHHBIX CTPYKTYD CUHe-

ro (a), senenoro (6) u kpacuoro () 1Bera U3JIyYeHHsI
RGB-cBeroanoga

Pa3MbITOCTb. JTOT HEJJOCTATOK MOXKET BO3HUKATD B
mpolecce TeXHOJOTUYECKOTO OTKUTa WJIM [IPHU Iie-
perpese U (GaKTHYECKH HE MOXKET ObITb MCIPABJIEH
mocJie TIOSBJIEHUS.

Cpemn «3eseHbIxX» CTPYKTYp umMeercs Tpu, BDOX
KOTOPBIX OTJMYAIOTCS CJHEAYIONEel 0COOEHHOCTDIO!
BKJIIOUeHUE X U Py3MOHHON eMKOCTU HAYMHAET-
cst yxxe ipu 0,9 B, To ecTb «rop6bI» CIBUHYTHI B 06-
JIaCTh HU3KMX 3HA4YeHWH Hanpsukenus (puc. 4, 6).
ITO He SBJSIETCS KPUTHYECKUM U XapaKTepHO
JUIS TaKUX CTPYKTYP 3€JeHOTO IIBeTa M3JIy4YeHWUs,
a 00yCJIOBJIEHO, BEPOSITHO, BBICOKOTIPOBO/ISIIIMI
00J1aCTSIMU € YBEJMYEHHBIM COJEpPKaHUeM WHIMS
B cyoe cTtpykrypbl Ing 3Gag 7N.

B®DX «kpacubix» cTpykryp B obmactu ot 0 710 2 B
(puc. 4, 6) NpaKTHYECKK OJIMHAKOBBI, a Pa3bpoC 3Ha-
uenunil ux emxoctu HeGobioit (10 nd).

O6cyskaeHue pe3yabTaToB

NsBectHO, 4TO pa3bpoc 3JeKTPUYECKIX U CBe-
TOBBIX [1APAMETPOB CBETO/UO/IHBIX CTPYKTYP, U3rO-
TOBJIEHHBIX B O/THOM TEXHOJIOTUYECKOM ITHKJIE Ha 06-
HIell TJIacTHHe-TIO/IJI0KKE, 00YCJIOBIEH cyTy6o Tex-
HOJIOTUYECKUMHU TIPUYMHAMHU, BO3ZHUKAONIMMU MPH
UX aMuTaKcun, (POPMUPOBAHUN OMUUYECKUX KOHTAK-
TOB U TEXHOJOTHUECKUX 06padoTKax [3]. Bosbimyio
POJIb 3/IECh UTPAET OJHOPOJHOCTD IO TIIOMIAIU CO-
ctaBa kBaHToBOM sambl In,Ga;_,N, ee Toamuub
(okos10 3 HM) M pe3KocTb TpoduIeii TeTeporpaHuIl
Ing »Gay gN /GaN, a Takke Bapuanus COIPOTUBJIE-
HUSI OMUYECKUX KOHTAKTOB.

[ «CMHUX» KPUCTAJLIOB pacipeiesieHre 1o Ha-
NPSDKEHNo BKaoyeHns B o6nactu 2,5 B (rae Tok
MaJl U TI0CJIe/I0BAaTeIbHOE CONPOTURJIeHuEe R, nMeer
MUHUMAJIbHOE BJIMSHKE) CBSI3aHO C HEOIHOPOHO-
CTBIO aKTUBHON 06J1acTH Yepe3 (PIITOKTyaIy pearex-
toB ipr MOCV D-armrakcnn, a pa3iamans 3HaYeHuH
IOPSIMOTO HATIPSKEHUST TIPH paGoueM TOKe TIOPSIIKA
10 MA (6osbIION TOK ¥ MOCJE0BATENBHOE COIPO-
THBJIEHHE R, MMeeT 3HAuuTeJbHOE BJIUSAHHE) —
¢ pa36pOCOM BEJUYUHbBI yI€JIbHOTO KOHTAKTHOTO CO-
[IPOTUBJIEHNSI KOHTAKTOB K 7- U P-CJIOSIM.

YcranoBieno, yTo pa3époc 3HaYEHUN HANPsIKe-
HUSA TIpY (PUKCHPOBAHHOM TOKE 5 MA COCTaBJgeT
0,15 B pna cuanx ctpykryp, 0,08 B nms 3enennix
n 0,034 B g kpacabix. Takoi MOCTOSHHBIN TOK,
C Hamell TOYKW 3peHws], JOJKEH KOPPEeJIUpOBaTh C
paboTOoll CBETOIMO/IOB TIPU UMITYJIbCHBIX HArPy3Kax
CyOMUKPOCEKYH/THOU JuTebHOCTH. Pa36poc 3Ha-
YeHU eMKOCTH MPU (DUKCUPOBAHHOM HATIPSKEHUN
cocrapyger 180—73 = 107 nd npu HanpsLKEeHUH
3 B ans cunux crpykryp, 210 —150 = 60 nd npu
2,5 B nuis 3enenbix u 49 —39 = 10 n®d npu 2 B gaa
KPacHbBIX, YTO B TlepecyeTe Ha ToTpebJIseMyIo MOTIl-
HOCTH, KOTOPAsl BJIMSET HA WHTEHCHBHOCTb CBeue-
uud, cocrasur 0,75; 0,4 u 0,17 mMBr coorBercrBen-
Ho. Kak BugiHO, Hanbo bl pa3époc mapamMeTpoB
HaOJTI0/1AeTCS Y CTPYKTYP CUHETO U3JyUEHUs.

Ente omuum cyimectBeHHBIM (DaKTOPOM, KOTO-
PBIil BJIMSIET HA HEOJHOPOHOCTh CBEYEHUS MaCCHU-
Ba CBETO/INO/IOB, MOXKET GbITh MAKCUMAJBHAS 4aCTO-
Ta nepexsiodenust (cpabaTbiBaHusi) CBETOANO/OB,
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KOTOpasi B UMITYJIbCHOM peKkuMe OyJIeT orpaHuye-
Ha BpEMEHEM HapacTaHWs U CIa/la UMIYJIbCa TOKA
1, COOTBETCTBEHHO, 3JIEKTPOJIOMUHECIIEHITHH [7].

MuHuMaIbHAS JJUTETHHOCTD UMIYJIbCA TOKA
B coBpeMenHbix C/l-akpaHax, TPUHINT 1€HCTBUS
KOTOPBIX OCHOBAaH Ha NIUPOTHO-UMITYJIbCHOU MO-
nyasiuu, gocturaet 40 — 60 me. Yacrtora mepe-
Jlavyy JIAHHBIX CIIEIUAJbHBIX JIPABEPOB MMITYJIbC-
voro toka C/l-akpanoB cocraBiser 33 MItt [1].
[Toaromy Hamu ObLJIO M3MEPEHO BpeMsl Hapacra-
Hus / crajsa umiysibca JJI CTPyKTyp CHHEro u3Jiy-
uenust (puc. 3). [lyist 31010 GBI UCHOJIB30BAH Te-
HEpaTOP HAHOCEKYH/IHBIX UMITYJIbCOB I 5-48, asek-
TPOJIIOMUHECIIEHIINS] PErUCTPUPOBAIACH KpeMHUeE-
BbIM p—1—n-poropuorom SFH 203 P u ociui-
gorpadpom Tektronix TDS 2022. ¥YcraHoBseHO,
yT0o (GPOHT HapacTtaHud/crmafa uMmyabca IJI
Ing »Gay sN / GaN-crpykryp uccaeayempix RGB-C/]
cocraBysieT 6 —8 HC, UTO SBJSIETCS TUIIMYHBIM JIJIs
CBETO/IMO/IOB Ha OocHOBe HuUTpuAa ramus [7]. Kak
BUJIHO U3 PUC. J, JaHHBbIE CBETOIMOABI XOPOIIIO Cpa-
6aTBIBAIOT MIPH JITUTETbHOCTH UMITYJIbCA TOKA BBITIIE
COTHU HAHOCEKYH/I, & BpEMEHHAST 3aBUCMOCTDb MX WH-
TEHCUBHOCTU CBeYeHUst 6JIM3KA K TPSIMOYTOJIbHOM.
[Ipy MeHbHINX 3HAYEHHAX AJUTETHBHOCTH CUTHAJ
nprOOPETaeT TPEyroabHyio (OpPMY, YTO TIPUBOJHUT
K HEJIMHEWHON 3aBUCUMOCTH MHTETPAJIbHON 110 Bpe-
MEeHU WHTEHCUBHOCTU OT JIJIUTEJIBHOCTH MMITYJIbCA,
YTO JIOJZKHO IPUHUMATHCS BO BHUMAaHUE TIPU HEOOXO0-
JuMOCTH TIoBbIlieHnst KoHTpactaoct C/l-sKpaHos.

BoiBo b1

IIposenennnie uccaenosanus RGB-ceerommonos
(FM-Z3535RGBW) nokasaJim, 4to HauGOJIbIIII pas-
6pOC AJEKTPUYECKUX XAPAKTEPUCTUK MMEIOT CTPYK-
TYPBI CHHETO I[BETA M3Jy4eHUsl. AHAJIN3 HJIEKTpHUYe-
ckux xapakrepuctuk (BAX, BDX) mokasan Hamm-
yre HEeO[HOPOIHBIX TOJIYIPOBOJHIKOBBIX ITE€PEX0-
JIOB I OMUYECKUX KOHTAKTOB B CUHUX CBETOANO/AX
(B yacrHocTH, yyactku BAX, KoTOpbIE MOTYT COOT-
BETCTBOBATH GE3bI3/TyYaTebHBIM PEKOMOMHAIIMOHHBIM
1epexo/iaM), 4T0 BO3MOKHO SIBJISIETCS MCTOYHMKOM
KOHEYHOH HeofHOpoaHOCTH cBevenus B C/l-akpanax
MIPH MUHAMAJILHBIX TPAJIATIUSX SPKOCTH.

WNsamepenuss mMITyIbCHOM 3JI€KTPOJIOMUHECIEH-
IIUU TTIO3BOJIUJIA TOJITBEPIUTh TEXHUUYECKUIA TTPeJes
YJIYUIIeHUs] KAayecTBa CBETOAMOHBIX 3KPAHOB, a
UMEHHO BO3MOXKHOCTb YMEHBIIEHUS [[JINTEJbHOCTH
Harpy30K 710 6 — 8 HC, TP KOTOPBIX Y3Ke MPOSIBISIETCS
HEJMHEHHOCTh 3aBUCUMOCTH WHTEHCUBHOCTH CBEYe-
HUS CBETOJIMO/IOB OT BPEMEHNU cBevyeHus. Takas nH-
(hopmanus Heo6xo/MMa, B TIEPBYIO OU€EPE/lb, TIPOU3-
BoautessimM C/l-3KpaHoB, TIOCKOJIbKY BEJMYNHA KOH-
tpacta (COOTHOLIEHNE «MUHUMAJIbHAsS / MaKCHMaJTh-
Hast IPKOCTb») BBICTYIIAET OCHOBHBIM IOKa3aTeJeM
KadecTBa aKpaHa M, KaK CJeJCTBHE, BJIMSICT Ha €TO
1eHy U KOHKYPEHTOCTIOCOOHOCTD.

[lnst noBbinenust kKauectBa paborel C/l-3KpanoB
PEKOMEH/IyeTCsI HECKOJIBbKO CY3UTh MHTEPBAJ JIOITY-
ctumMoro pasépoca BAX 1pu copTHPOBKE CBETOMO-
JIOB JIJISI TIOJIyYeHHs] MEHbIIIEro HHTepBasa pasbpo-
ca HalpspKeHust mpu paboyeM Toke. Takas momos-

Puc. 5. VIMnyJibchl 2JIEKTPOJIOMUHECIIEHIIMM W TOKA
PAa3HO#l JJNTENBHOCTH JUJISI CTPYKTYP CHUHEro u3JIyde-
nust RGB-C/],

HuTesbHasg coptupoBka CJ/l, KoHEUHO e, CHU3HUT
MPOIEHT BBIOPAHHBIX U3 OOIIETO YUCTA CBETOHO-
JIOB, HO MOJKET YJIYUIIUTDh KAYeCTBO Mepelayr n30-
OpaskeHusI 3a CYET BO3MOKHOCTH HCIIOJIb30BAHMS
6oJiee HU3KHMX TPalaliii SPKOCTH.
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BII/IMB PO3KUNAY 3HAUYEHD EJIEKTPNYHNX [TAPAMETPIB
RGB-CBITJIOAIOAIB HA OJJHOPIJHICTb CBIYEHHA
CBITJIOJIIOJHNX EKPAHIB ITPY MIHIMAJIbHIN TPAJIALILL SCKPABOCTI

Poseasnymo npobaemu neoOHopionocmi ceiuenus cgimaodioonux RGB-exkpanie npu HU3bKUX, MIHIMATLHUX
2padauiax ACKpasocmi, wo cnpuduneni HeoOHopionicmio ceiuenns c6imaodiodis. Bemanogieno, uo naubiivuiuil
poskud eaexmpuunux napamempie okpemux RGB-ceimnodiodie (FM-Z3535RGBW ) maioms cmpyxmypu cunvo-
20 Koavopy eunpomintosanus Ing ,Gay gN,/GaN. Busueno po3xud erexmpuunux napamempis oKpemux cmpyx-
myp RGB-ceimaodiodis. 1liomeepoxeno mexuiuny Mexy NOKpauwenHs AKocmi ceimio0io0HuUx eKpawie —
MOKIAUBICTNG IHUKENHS. MPUBATIOCTNT HABAHMAKeEHb 00 6 —8 HC Ha ¢8im00i00.

Katouosi crosa: RGB-céimaodiod, eaexmpuuni napamempu, neoonopionicme ceivenns, InGaN / GaN.
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INFLUENCE OF VARIATION OF ELECTRICAL PARAMETERS VALUES
OF RGB LEDs ON THE RADIATION UNIFORMITY OF LED DISPLAYS
AT MINIMAL LUMINOSITY GRADE

The emission uniformity of LED chips in the entire range of brightness and colors is the problem in LED
displays manufacture process. It was approved that at lowering brightness gradations appearing the radiation
nonuniformity between LED chips, and the higher disorders will be seen on the lesser emission levels. The
RGB LED chips, observed by us, were based on AlGaInP (red), Iny 3Gay ;N /GaN (green), and Iny ,Gay gN /
GaN (blue) and had nominal working current 20 mA. Analysis of the current-voltage characteristics and
capacitance-voltage characteristics showed the presence of inhomogeneous semiconductor junctions and ohmic
contacts in blue LEDs structures that are the source of possible irregularities in the final emission of LED
displays. The variation of voltages (at current 10 mA) were 2.81—2.98 V for blue structures, and 1.9—2.0 V
for red ones. Some of the blue structures had additional parasite current-flow mechanism at low current. Rise
time and fall time of electroluminescence pulse of blue structures were measured. The shortest LED pulse
time in LED displays is limited by duration of 6—8 ns. The quality of LED displays may be improved by
implementating the preliminary control of LED chips in a narrower range of voltage variation at operating
currents, or more narrow interval of I —V variation. This additional LEDs sorting will of course reduce the
percentage of the total amount of light-emitting diodes, but may improve the image (video, photo) quality at
translations by using a lower brightness gradations.

Key words: RGB LED, I-V curves, InGaN /GaN.
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