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Demonstration of AlGaN-based Far-UVC LED epitaxial growth by using SR4000HT and
development of technology to improve uniformity by controlling Al composition and thickness of
AlGaN
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B E 200-230nm OiERS (Far-UVC) ik, ARIZx L CEEELY KIFT 2 L, VA NLVAEREHETED 2
ERHLMCENTEY, HABRECOLHERHARER T A AV AREELERE LCERE~ORERmE > TS, 4
T, ASBRRMEE (MOCVD) 35/ SR4000HT IZ L » TEILT LI =T A H U 74 (AlGaN) RIFEESFL
ZAA—F (UVC LED) @ 280nm HRENZFEHIEL TWDEH, TN IV HEBEDRE A EIEHETWARNE W IR
N o 7T=, ARBAFETIX, SR4000HT (2L 5 AlGaN 5% Far-UVC LED O B4 % 3 ¥ LR BB F I B0 $A 72,
T ORE, AHERFEEOMEEDOTIC X > T LED #i& & # 7 5 AlGaN B D Al A BEMICHIcEx 52 &
ERED DT, =D AL OB 2 VT, HE 226 nm THIET % UVC LED OFERUZRED) LT-, ©— 27 LK
i, 7= NEEFHT227.8 75 229.1nm THoAfi L TE Y, Max-Min=1.3 nm OFE¥X NS5z, 72,2 V' —

VhorEle — X — AT 3 BT AFTEOFIEIC L 5T, AlGaN JBIZH T 5 EREN D Al $EK AR IRIE S5 A
OHIENES THDH Z & G L, _zh%@n’i% %, SR4000HT 73, Far-UVC LED OJ¢EH A & 3R ICEF LS+
Al E OBEED T = ~NEAE—MEm EICE L TWD Z E 2R LTV D,

Far-UVC light with a wavelength of 200-230 nm has been shown to inactivate viruses without adversely affecting the human body,
and there are high expectations for its practical application as a virus inactivation technology that can be used in a manned
environment. The SR4000HT metal organic chemical vapor deposition (MOCVD) system of Taiyo Nippon Sanso Corp. has
demonstrated the luminescence of aluminum gallium nitride (AlGaN)-based deep ultraviolet light-emitting diodes (UVC LEDs) in
the 280-nm band, there was a problem of not being able to demonstrate the luminescence at shorter wavelengths. In this
development, we worked on the epitaxial growth technology development of AlGaN-based Far-UVC LEDs using the SR4000HT.
By adjusting the supply rate of metal organic, the Al composition of the AlGaN layer that constitutes the LED structure could be
linearly controlled. Using this Al composition control technique, a UVC LED emitting at a wavelength of 226 nm was successfully
fabricated. The peak emission wavelength was distributed between 227.8 and 229.1 nm in the wafer diameter direction, and a
wavelength uniformity of Max-Min=1.3 nm was obtained. The control of the in-plane Al composition distribution and film
thickness distribution in the AlGaN layer was confirmed to be easy. These results indicate that the SR4000HT is suitable for

improving the in-plane wafer uniformity of Al composition and thickness, which contribute to optical output and emission

wavelength.
L BLoi HRHHZ LD U A NV AREHREIRD FEFEE N TN D
L3, LavL, TEROEE 254 nm OKBET > 7R E
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EMALT 2B LN ENTWD, 24U, Far
UVC i, ARE~ORAFEN =D AN O FEZJER
HONBEBRBTERWA, v~ 7 v At — LU TFD
P A ZXDOTANADIMNEEZBIWB TE L5720 TH D+,

Far-UVC HH & LTz o ~T 72 AV kE
222 nm OEIMNIREIROFE LB EA TND R, Zih
FTHIGATRPAEIR N LED IC@E &z b T& iz &
I, HEE S, WAL Ot & OB A5 LED
BT 22 ERPLEEINTND 10,

ZHV UL (GaN), ZETLI=U L (AIN)
IZENTN 35 eV, 63 eV OREHTIEZ L OUA R
Ny REy v PPEERTH D, AIN & GaN DR TH
LET NI =T LHY T (AlGaN) % V= UVC
LED i, AlGaN @ Al fHLAIZ & » T E 210-320 nm D
FNEBIECHBE R CH D Z L0 b, wiko uve
KR E LTHETH D 1229, BEIZ, & 228nm T 1 mW
B Z 5N SID AlGaN % Far-UVC LED 235 &
THEY, FROBFERR EONLZEMERIIKT LT, F
ABRBECTHEAARER T A L ARTEM LIS OAFE
EOWLRWERRH/HINTND D,

LU s, DX 57 Far-UVC DR <,
S R O & %% (EQE) BKIBICIK N5 2
30, F7z, Far-UVC LED DT E X F ¥ ¥/ EIZR D
T, BEROSEEY OBEAD D, U= NEHNOSLH T
LIRKWGERODATDOE a2 EmD D 2 L RIEFICHE
Thb,

AETIX, LED #iEZ T 5 AlGaN HFE D Al
FHLAR Z HIEI4 2 Hlf &2 V723868 & 226 nm T EL
FEHIZONWTIHRARD & L bz, K EFLER DS
i DB —MEICHF LTS AlGaN HFB D Al FHALM OVE
JED 7 = ~NEWE— MR B OW TR RS,

2. SR4000HT D45

ABHE TIX YA RSB XMEEE (MOCVD) &
SR4000HT #Z MW 7o, AEEIT, HHEERETH D
SR4000 #~— A |Z UVC LED &M & L TR SN T-
EETH D, MPEFRER R O R E S L ORENL, 2 1
VF3HL LT AL FAKTH Y, W, b
AP K OV FERTRHM B AI&IC LT\ 5,

B ICAREBEDO ) 7 7 ISR Z RS, KD T 7 H
OLE72HEIE, HE3EE SR4000 LV 150 °CrE L 1350 °C
TZEX X VY VEENARETH D, £72, M3 B
HATm—, 2 — 438 e — % —(% SR4000 % HEEE L
T3,

AlGaN % Far-UVC LED O B % % ¥ v Lk F Tk

I RALDO DI E AL ML RLETH S, & Al fl
B AlGaN & DR T RIS ZFIRE/RBR D /NS < T 572
Wiz, 771 —hrE LT, AIN B—fRBICRIHA S
% B3I, AIN ZEWRESRETHRE S® 5729120, Al
FAL A7V —F U NOERRIERZIEET D7D D
FIRERENMLETH 5 3199, Likodi@ Y, SR4000HT i3,
BIERENTRETHY, AIN OELETEZ X v L
BRI LTV A,

—J, REEFIZHEY, FPIAFATAI=TA
(TMAD) &7 >F=7 (NH3) ([CLDT &7 Mgk
E DK ARG IEAET 5 34D, Z OFAEKIRIT,
BT ADRE ZHL 2T T <, BRLRWAHMY
D RF—7, WMEOH MR T RO OR LR S
B X VIRECRAN I B 52 % 3539,

Z OREICK L CE, MEESZ e 52 2 X
NE, VOREEE G T DA ) AV ESEET DR
M3@OHAT7a—FRRNEETH S, SR4000 THE
AEnTnd ZoFRTik, MEAGERICEET ST
MR TMAL & VIEFED NHs % 5317 724K BB TR
VIR - THER L, ARG ZMHIT& 5 37,

Fio, AREEOMEE — 2 — 1IN ESMAlD 2 ' —
VTR ENTEY, K —F—DH R EZY
7 Z OHERNIRES R EHIETE 2, BIZ, FROMi
M3@HAZ7a—Tl, by -2 FL-RADE ) X
ME, FNERMSL LTy UV 7 W AREERIECE
Do, ZHD 2 DOMRET, JFENO SIS O fEk % il
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3. L7727 L— AR A
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i (0001) ¥ 77 A TEMKEIZ3um D AIN ZRE L
bDxE W=, AIN T 7 L— NENRIE, fEftEo
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B L Z 150 arcsec, 350 arcsec D BAF78fEmbIETH -
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YA (Ga), T/HI=rh (AD, £FE N), &
Jyary (Si) KO=7xv v s (Mg) OfFETRE LT,
FRENRY AF LAY s (TMGa), TMAI, NHs,
T/ VT2 (SiH) OB RY 7 a R Z =)~ T
IV UL (CpaMg) ZHERA L7z, ¥ VT HALLT,
KFEHTA (H) ROEHETA (N2) ZEH L,

4. AlGaN B0 Al KA

212 AlGaN OffiEZ~T, AlGaN OREEIL, 480
nm @ AIN &, 100nm @ AlGaN E2»5H85, V774
JEF71E 30 kPa, FREIEEEIX 1140 °«CE L7z, TMAIL &
TMGa OFIZK 95 TMAL OEIG % TMAL gkt & &
L, TMGa O EEZFRIES 5 Z & T TMAL gtk

(TMAI/(TMAI+TMGa)) % 0.66, 0.73, 0.82 & Z{k & H,
AlGaN B AR E S W7, Mo TMAL ez v T
% AlGaN DIRER—EIZ/R 5 L ) IR ER M OMRIEE
To77, XRD20-0 A% ¥ 2k - T, KRkEHIRIT S
AlGaN J&E @ ALFLAL A BIE L7z,

312 TMAL 556 & AlGaN @ Al AR DO BR %2 7
9, TMAL 8ISk L, 0.81 205 091 &V o721 Al
FRROEICIB T, BIBAIC AlGaN @ Al MK ZE
T35 2R LI, ZOZ 0D, & AEOS
A7TH, TMAL & NH; OFAESUSAIEI FEETH 5 Z
MG D . AU, INEVEIRIC BIET 5 F CULREE
@ TMAL & VEJFED NHz % 43 1 7R HE IRV E I
Pro THIET 2 HXNEBRA LR TH S BT 5,

72, TMAI AL & e, AlGaN @ Al FHEGDS & <
RO TNDHDIE, BWERE TOMEIZE > TRMT Ga
MWEFEL, EHTO Ga Db Lzl B2 60
5 42)o

AlGaN 100nm

AIN regrowth 480nm

AIN template

2-inch Sapphire substrate
0.15%ft 430um

2 AlGaN D&
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5. Far-UVC LED D& K O il 4 & OV N
¥ —t

4 |{ZARBAR CEHA L7z UVC LED OfiE % 17,
UVC LED oZ @& 1-H7 (MQW) &k, 3 Efio
8.8nm @ Si K—7" AlGaN [&E#Z (barrier) & & 1.7nm O
AlGaN 7 (well) JETHERL S LTV D,

MQW % #1725 AlGaN J8 Dk EAI#ISGM & LT,
U7 7 ZE)1% 30 kPa, RUEIRE % 1140°C, Wflle —
&2 — I E 80%, SMAle —F — Nle —& —Lk
R 95%, MAM 3BT A7a—D by 7 (T) -2 K
M) -RRA (B) OFx U7 U ARG & 25-25-
25SLM IZFRE LTz, T b DOFM%EE L, UVCLED
OEBEELEHNE LT, AlGaN FFJED TMAI 4
b (TMAI(TMAI+TMGa)) % 0.29, 0.48, 0.57, 0.62,
0.67, 0.69 & L7z, ZOMEEDOY 77 ZET], HEIR
BE, %% U T A AFERMSIE, UVCLED OFY1A 15
HIVD SR % BRET LERE LT,

TEH Xy VREZOEMRIZ, = (Ni) 20
nm/4x (Au) 100 nm 785, No HFHKFICT 5 o/
500°CEME T CO/REALT =— /VALBIZ L D, 400x400
pm? YA XD p BRETEK LT, n BRITA T A

(In) DIEFIZL VR LT, B 7 a A —2— Kk
Yoy (Si) EmfEa#ET (CCD) ZHWT, Y= A
£RJ51A) 3 AT, B 20 mA EAKFD UVC LED 725 D
Tl brAIRxykELA (EL) A7 MLEHIEL
72

52 UVCLED ® EL A7 kL %774, MQW D
AlGaN HFE DR ERD TMAI b2 &< 552 &
T226nm F TO MQW 2> 5 QR E D/ RuaFen
Boniz, 226nm O EL 27 ~LiX, FWHM 288 &
% 10nm TH o 7=,

612 TMAL fitf5 1k & UVCLED ® EL B — 7 E D
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% 2 <3, TMAL (G L oM RV, SRR A
LTV Z & aMNDT-, ZOMEITIHRES
TMAI AL CRDICHETEZ 22 L 2R LTV D,

712 BL A7 MV ORIENLE, X 8 I Far-UVC
LED @ 3 S OWPENEIZIS1T 5 EL AR ML ERT,
EL ©— 27 REIE, 7o BT 227.8 235 229.1
nm T4 LTHEY, Max-Min=1.3 nm OFEEH—MHT
Hotz, ZOED AlGaN (23T 5 Al fEHE AT
Max-Min=0.010, HEE P57 13 (Max-Min)/Average=
7.4% ThH o7,

p-GaN 50nm
p-AlGaN 50nm
AlGaN or AIN EBL 10nm
AlGaN last barrier 8.8nm
AlGaN-MQW (3-pair)
well 1.7nm
Si-doped barrier 8.8nm

Middle-AlGaN:Si 70nm

n-AlGaN:Si 2pm

ud-AlGaN 300nm
AIN regrowth 480nm

AIN template

2-inch Sapphire substrate
0.15%0ff 430um

4 KPI3ECTEH L7= UVC LED Dk
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-
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RE1%

Wafer Susceptor

7 EL A7 FLORIERE

227.8nm / 228 3nm

JrlSmm\{ 0Omm

Normalized intensity[a.u.]

200 210 220 230 240 250 260
Wavelength[nm]

8 Far-UVC LED O 3 J.OHIENMEIZIIT 5
EL A7 hL




6. AlGaN & Al f K OWFEE O i N —M:
i) 48

AlGaN JBIZH\WT, (1) AIFHRRD & —& —Hj R
BAFEE, Q) BEOX v U 7 0 AR EREE, (3) K
JEDX v U T HARENT  AMEAFED 3 SO0 T
FHLE T A =2 OB ERT LT,

Al % T ~7= Far-UVC LED @ AlGaN # A8 D&
A YL LT, X 2I2779 480 nm @ AIN &, 100
nm @ AlGaN B 5% 5 AlGaN #iEx kR Lz, V7
7 ZJEJIE 30kPa, AREIREIL 1140°C & L7, XRD 26-
0 AF ¥ NZL ST, FRBHIBNT, Uz EEKFW
3 AT, AlGaN BD Al ML OEELHE Lz, X9
{Z XRD 20-0 A ¥ HIENE Z 7T,

WDOIZ, Wl — &% —H R E 80% & L, SMill e —
2— /Nl —X —O I EE 91, 93, 95%& 21k
S, AlGaN B Al fHERIZ G 2 DB % MR LTz,
10 12 —X —H AR E AlGaN O Al #AL O BIfR 2=
T, Ml e — & — Pl e — 2 —H R E TIF 5 &,
+20 mm D HRIENLE D AlGaN J& D Al FREA A LT,
ZhE, SMlle — 2 — Nl e — 2 — R E R
5 LT, Y HIMUOBENTHAY, GaN 2k~
FERREICEIES LB AIN 2% AlGaN JEIZF 5 LiC
KL polefe EHENT 5, Al MR OB —EIX, Wl
b— % — MR 80%, MUl —%— Nt —
H —DH AR 91 ORF, Max-Min=0.004 & it /NE
WS CH -7,

WIZ, X U7 HAOMKEE 75, 90, 105SLM &
LS, AlGaN JBDOIRIRICH 2 DB MR LT,
11 12% v U7 A%t L AlGaN B OIRE O Rt%
RT, X v VT HAORTEOEIIEES T, +20 mm
DRENE D AlGaN JEDELMBHL 720, I VT H
ADKSFEEDY 105 SLM DOFE AlGaN J& OIEE O ¥—H:
IZ(Max-Min)/Average=2.7% & i b /NS WFERTH - 7=,
AU, X U T T RAORBEEZIERCT Z & T, [AHK
IGTEMA BB L b E X D,

REBIZ, by 72 FA-R b ADF v U T HAHED
INT AR 25-25-25, 23-26-26, 21-27-27SLM LK &
, AlGaN JEDIRIEIC G % 584 R LTz, B 1212
Xy VT HADFE AT A L AlGaN & D IRE D Bf%
BRI, by T OXY VT HARELLE T IF5 L, v
U T A AR E 2 B0 U= & R4, +20 mm O ENRT
B D AlGaN J8 DJEL 3 # < 725 7=, AlGaN J& DEE D
B—tix, by -2 FA-R A%y U T HAREN
23-26-26SLM D, (Max-Min)/Average=3.0% & fix & /N &
WERTh o7, 2L, by 7 OFxy U T H ARk
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7. F£E®

W4 H MOCVD % SR4000HT (28 T TMAL &
TMGa D 45 te TMAV/(TMAI+TMGa)lZ%f L, 0.81 7>
5091 &V o7\ Al MR OFEIRIZE W T, BIEW
IZ AlGaN B O AL ZLT 5 Z & 2R Lz,
ZORERNG, T AIMEOEATH, TMAL & NH;
DFAEBIEDIMEIFTHETH D Z EBNanD,

AlGaN B Al #pL OIS T T UVC LED @
WEIEELT S0, 205 Al #lko AlGaN &
DEBIZLY, EL ©— 27 E% 220nm 47 £ TR
b3 252 &N TER, ZORRIT, TMAI F O &
DFET, ELENBEREZBHICTETE L L &R
LT3,

EL E— 27 RIX, V= ERFNT 2278 »»bH
229.1nm T4Ai L THE Y, Max-Min=1.3 nm D EE¥
—MERE SN, Z DD MQW @ AlGaN HF g2
BT D Al FLEKIE N3 AR 1L Max-Min=0.010, 5/ & N
434 1% (Max-Min)/Average=7.4% T & - 7=,

B#%IZ, AlGaN H B ORERMEIZBWT, 2 YV —
VhrEle — 2 — DM IFEIC L 5T, AlGaN E O K
Wi AL A 2 fIH T E 2 F L2 MDD 72, R
mN Al FHLEC D 5370 D F/METX Max-Min=0.004 T
Hot,

Fv VT HARIRELCR S M 3BT RAT7a—DT
APENT A EPEES D LT, AlGaN JE O HAK
HNBES A EZRIECE D2 L 2D, ERm
PN JEE I 3 AR O Fx /N B 1 (Max-Min)/Average=2.7% C
ol

INHDORERIE, 2 V—raEe —F — KO
3BA A A)NEAT % SRA000HT 73, AlGaN &I
BT DEEREANO Al KA A MR 53 45 O il 48 23
K5 THY, Far-UVCLED O HLE 21T 28—tk
BIZHELTWDEZ A RLTWD,
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