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MEHKZHT S GaN RERXLL—YF—DHIT 7 14 /13—
Optical fiber approximation of GaN-based VCSEL with monolithic curved mirror
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[1] T. Hamaguchi et al., Sci. Rep. 8, 10350 (2018). Fig. 1. Schematic concept of the optical
[2] T. Hamaguchi, Photonics 10, 470 (2023). fiber approximation of GaN-VCSELs
[3] H. Kogelnik, Bell Syst. Tech. J. 44, 455 (1965). with monolithic curved mirror.
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Fig. 2. wo, Fiver/wo, theory ratio as a function of (a) radius of curvature and (b) cavity length. Calculation
parameters are written in each figure.
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16p-A21-2 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

GaN HHN L —FOoRRKER S X LY — 7 EROENS A
In-plane distribution of resonance and emission wavelengths in
GaN-based vertical-cavity surface-emitting lasers
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In situ reflectivity spectra measurements
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Fig. 1 Without top DBR Fig. 2 Emission spectra of Fig. 3 In-plane distribution of
structure VCSEL and without top DBR wavelengths

[Z:% 3CHik] [1] R. Watanabe, et al., Appl. Phys. Lett. 124, 131107 (2024). [2] T. Nagasawa, et al., Jpn. J. Appl.
Phys. 62, 066504 (2023). [3] K. Kobayashi, et al., Phys. Stat. Solidi B, 2400010 (2024)
[HEE] ARWFgE o —i1d, BHFEILAE A(20H00353), #:8 S(23H05460) DEB)IC X b EhE L 7=,
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16p-A21-3 BESEISAMES AT LHHAL HRTFME (2024 £IAvLEN2RBEAVF1Y)

GalnN EFHFERRBE2HF T HIERALL—VF—0
REEREEER & EHERELRRFEIC @ =&E
Investigation towards low threshold current density and precise emission
wavelength control in VCSELSs with GalnN MQWs
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HlE L7z EClE L, TN aMAIAA TS LED % GaN i I /ERL LR L 7=,

¢ il GaN £t (HADT A ) ZHV, Fig. 11277 X 972 GalnN & 5508 5 6 L< 1% 3,
GaN NUTEENR 6 nm & L< X3 nm OFF 4 FEEO R I FHEALZ AT 2 LED MGz £ 21
PERL U 7o, H P UL BB B AR 2 S U 7 LISk CIADREIE KR Z HIE L T\ 5,

I BT, B EOHIEMMRFOT-DIC, EilakEkE%. BIHPOREZ/ER L T 2 HERH
L72#%I2, GalnN B 825, GaN U 7 JEE 7S 6 nm O &7 H iS4 A 4% LED #ikE %
e LC 3 mERLL 72, kS, 4 7 R B CiE, GalnN B H DR E (410 nm) HlI#HO 7=
2 A B A—=Z THE LY 7 Z REREDSF— (771°C) 12725 X 5 ICEVEX CTHIE Lt
— X —REEZFE LT, Fig.2 (7T X918, |EPL A7 MVHIE (LA YAG L—H—
FFEEE ) 12T, 3QWs I3 TRWIRE AR L, ANY THEEIIEZ THmELL Lo Tz,
L% LEDIC X 2 & Mald 5, £72. Fig.3 127X 912, 2 ERE#EN CIERL L 72 LED #i&
O 7 #ERD PL I B — 7 Il Ko T42nm LI (20.5%L0N) & Hele iy RATF 22 il 2 = L7z,

30000 412
p*-GaN ~—5QW 3-3nm

E
‘ p-GaN 25000 —3QW 3-6nm £ 411 .
"3 20000 —3QW 3-3nm ® 410
p-AlGaN < 5QW 3-6nm 5 ®
3nm GalnN /3or6nm GaN 30r5QWs 3 15000 /“M\» % 409 +0.5%
Under Layer £ 10000 /it Z a0 °
n-GaN 5000 / & 107
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Fig.1: LED wafer structure Fig.2: PL measurement results Fig.3: PL peak wavelength shift

[2Z 3CHR] [1] R. Watanabe, et al., APL 124, 131107 (2024).  [2]J. A. Kearns, et al,, APEX 15, 072009 (2022).
[BEE] AWFZeo—ix, BHFE LA A(20H00353) . JLM% S (23H05460) DEEBHIC X v ki L7=,
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16p-A21-4 HOSEI MBS RUFLAHAR BHTME (2024 KAV LEN2RBEAYT1Y)

=5t DBR /A > T L VB InGaN RL—FEEDRE L B

Proposal and prototype of high reflective DBRs loaded membrane InGaN based laser structure.
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OlkRk FEL, BEEE', it BE
Sophia Univ.! , Sophia Semiconductor Research Institute?
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X UWHIZ: E WS ERIL ARSI E S —F DRSS RE v v 7 EEBENTINDEEH L,
WHART AL ZA~DISHABF SN TWD, FAIFIRKO T =7 T TNT AL 2L LTL—HF 2R
Xy Ma By NV RT 4 AT VA DR EIT> TN D, 247 L AN L —YHRF
ZEOIATLS S, BIKEEEENLEAR R TH D, TILE TOMIET GaN (i H e IR E
+ 7 T T HKEFHRE TR » F 7 (HEATE) {£[11DBA%. 3 X OFDTD EESA
Val—ya ik NMAT T v VS (DBR) OREHER &SGR UiADRER & Ol X
% HRBMEERNE O FTREME2] 72 SI2 W THRE LT & 7, AWFE T, SBERBIEEERHIGFTE 5
ST DBR 24 2 7 L U InGaN SR L—H 7 3 2 OHERE & OREZRET 5,
EERFER . A7 L U DBR 31 InGaN 5% L — Y O {5 1f o Wik X & Fig.1 127597, 29&
/p-GaN/{iE )& /n-GaN/AlInN(300nm)/GaN A& % IV 35 JE 13 Ino.16Gao.ssN(2.5nm)/GaN(9nm) D
4 ML EE T MQW) & L7z, HIREROMNGIZIE HEATE{EIZ LD GaN = v F 2 712 & b
%E%%ﬁ%ﬁéﬂé%ﬁ@@HﬁR%%ﬁTéo%%DL@%@E%ﬁiéﬁét@\Mﬂ@
HIRZRWTHAEEE T VIO X 912, n-GaN D AllnN & & f§lg = > F 2 712 L 0 RS & 3R
THEIICEEER L CEIRBET D, FDTD IEIC L DT — N O R % Fig2 DT T LR IC
HRORT, HIEEENE 2 2 m (2% LT AllnN §8 100nm 237% > 7REECTH AT — RS LI,
JE D YRR CiADAREL £ 13/ 10% L D TR Z RENF S D, Fig.3 1d HEATE 75 & g —
v F N X o TERL L 72 DBR 3 A > 7 L oA O bl SEM 4 T 5, HEATE EIC L » TF
FEECEEENE, 2 OEBEERMN TR THY | LT 5 L —FEEORIEICHKI) Lz,
BIBE : ABFZEI%. JSPS KAKENHI JP24K00950 D) % 5% 1 F Tl S i,

2 CER : [1] R. Kita, R. Hachiya, T. Mizutani, H. Furuhashi, and A. Kikuchi, Jpn. J. Appl. Phys. 54, 046501

(2015). [2] S. Sato et al, 84th JSAP Autumn Meeting (2023), 21a-B101-9.

L
DBR

p-GaN
11T I ]
n-GaN

n-AlInN 300nm

DBR

n-GaN
Fig.1 Cross-sectional schematic of Fig2  Electric  field intensity Fig.3 SEM top view image of the
a DBR membrane type InGaN distribution of propagation mode in a edge of a laser cavity fabricated
based laser along the cavity cross-section of membrane cavity by the HEATE method and nitric
direction. simulated by FDTD method. acid etching.
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16p-A21-5 BESERAMBS AELIHAS HATFHE (2024 KRAY LED2RIBET Y T1)

aEAINTUTL—FEADHPERICKBFREIEA T VY ILEE
Homoepitaxial Growth on a-plane AIN Template by HVPE
ZEX BRI, $8H - TORLRKBELV S, BIREREERE’
OM2) ik BE |, it B Tk B, R X = FAV
Grad. Sch. of Eng.!, IC-SDF?, ORIP?, Mie Univ.
°Shunki Ito', Ryota Akaike" ?, Hiroki Yasunaga®?, Takao Nakamura" >, Hideto Miyake"*
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Al M TOREAA v F 2 ZITERT 5060 LR TE, ¢ BB A A —F
(LED)ZBITF HHED—2>Th b, ZNEMRT HI79EE LT, IEMmMER E~DFE TN RS
NTWD, Fexld, A3y X35 AIN EOHER 7 =— /W(FFA)IZ LV @& 78 AIN 7 > 7 L — M (FFA
Sp-AIN)ZERL LI F72, riEV 7 74 7 HA L a 1 AIN BE(a-AIN)DOERUZ A TIEN B TH
5 LB LTERER) RIFZETIE, 20 aifi FFASp-AIN 7> 7' L— k B2, " FT74 F&
*EEE%(HVPE)Y%‘%H% VCAIN OFRETE X X2 v LR 21TV HVPE BUR SN a-AIN O

TERECRE A I B % 2 B A T2,

V77 AT D c WS -4 DA T7AHERT D rifit 7 7 A T HMR BIC, ®EEA Ny Zik
Z T AIN % 450 nm HEFE L, 1650°C T 15 B @ face-to-face il 7 =— VAL % Jifi L T a
[l FFA Sp-AIN 7> 7' L— R Z2{E®L L 7=, D%, HVPE i£% H\VC 10 43 AIN Z kR SH72,
ok % AR (Tavee) & 1250-1450°C & 28 (b &, SUGH ST 95kPa, V/II b 1.875 & L7z,

Fig. 1 12, a i FFA Sp-AIN 7 > 7’ L— k & HVPE a-AIN OFEEH X RMS ED Tyves IIFPER &
OV -8 1 BRI BE(AFM) 4 4 7~ 4", HVPE a-AIN |Z, a i FFA Sp-AIN 7> 7 L — |k & lb_C RMS
EAKRIEIZSE SN TEY, Tavee=1350°C TiX 0.38 nm & BAF/aF£Em FHENRSG O, £,
Tavee DMEWEG G 1T a T FFASp-AIN 7> 7' L— MREIZE 515 m 7 mIHON-R T 7 4+ =
V%R EME Tavee DR R DITONT c GOV REE 7 + 1 V=085 2 LD
735 72, Fig. 2 12 AIN(11-20) BT 3810 5 Xk e v & v 7 5 — 7 (XRC) D E A ME(FWHM) D Tivee
KTFEYEZ R T, Tavee=1350°C (23 T, HVPE a-AIN @ XRC-FWHM [ a i FFA Sp-AIN 7 >~
U— b R THE SN, F72, Tavee 3@ < AZ72 512240 T X HRO man #0770 TlE XRC-
FWHM 2EIN L. can BG A AS Tradsid U CTERGHENIER Uz, Tavee=1300°C T, i FEHME
(ZHEAL, XRC-FWHM D RN+l S d Z &b Tz,

b) RMS 2.11 RMS 0.82 I
) nm (c) nm —@- X-ray /| m-axis

Homoepitaxial a-AIN
by HVPE
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3 400
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(a) - ~ ' @ L
2.2¢ f ;’ Myl u R e Ss0r —@- X-ray// c-axis
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ann Growth Temperature (°C)

Fig. 1 (3) T, dependence of RMS roughness and
1x1 pm APM® images of (b) a-plane FFA Sp-AlN, Fig. 2 T, dependence of (11-20)
homoepitaxial a-AIN films by HVPE at (c) 1250° C, AIN XR& FwHMs.

(d) 1350° C, and (e) 1450° C.

[ZE 3R] [1] H. Miyake et al., J. Cryst. Growth 456, 155 (2016). [2] Y. Ogawa et al., J. Appl. Phys. 135, 193106 (2024).
(RE] ABEZED —ERIZRHT#E(22H01970), NEDO iR A FEHUC AT 7248 = R /L B — B OBFJERR % - thx
FELEHET v 7T L) PERIC & 235 FHHEE R SERFRE) . BB OERIC L VT,
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16p-A21-6 HOSEI MBS RUFLAHAR BHTME (2024 KAV LEN2RBEAYT1Y)

AlGaN REBIFREFR UV-B L—FF 14— FOESR

Fabrication of AlGaN-based UV-B laser diodes with refractive-index waveguide structure
M) =EMAER !, HAER, IWWHER', BESE, LIIRK, FEFEES |, 2 ARHHE ',
AWUEL EAFRR, TAEHR, LLUE!, ZEH AN
VAWK -BLT,2=EHKR-fE- T
°) R. Miyake !, Y. Imoto !, R. Yamada!, T. Saito!, S. Maruyamal, S. Karino!, Y. Sasaki!,

S. Iwayama', M. Iwaya', T. Takeuchi', S. Kamiyama', H. Miyake?

Meijo Univ!, Mie Univ?
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AT N—T TR LT @i AlGaN 7 > 7 L — b B2 UV-B 8K L —H(LD) &2 /Ef L
FR SV AEREFEB L TV D, 5T, @R UV-BLD OB O—ER & LT, FIFFE RS
(ZBT L %F ¥ U THEADZROM B L CIADRE O, NEBROEKRIC LY | BIEE Ln
DR A X > T\ D, BUEER In Z KRBT 2 —2DFE & LT, U v PEEEMESED X5 2 EiT
SPGB L BT MO iAo 2 K& <25 2 L TUV-BLD OERIEERFEH T
ETWD T L aiiE L[1], A TS SR 2 HE 2 P SR80 A i de L ORI R
D UV-BLD 2B U HFEPEORHME 24T T AL A LA BTV D D HREE L7,

Fig. 1 ITFR L 7T A ZDOEEZ RS, AR Tl(@)Z# T[] & [AEkD H1ETICP K74
Ty F 7L TMAH WiEEMWe T =y by F o 7 e lhG b e gl ksl O
(OYFIFE A A R U7z, AEBRE L7273 RIS « 7L ABRE) CORFEROREME A 37 L. SEM
g« TS (NFP) 281439 % 2 & CHEITRE G Ol 21T > 72, Fig.2 1287 /3 AD
Wi SEM 1436 KOV NFP Z27n g, RS-SRS G & bele U €. JE I SR8 I A IS TIOE M7 1)
WZPACIAD BN TS Z MR S, R RETREREENTER SN TND Z EAVRIREN
7oo —H T, HPOREITR LEEFTICEMDS R SN2, ZiUd, =y F 7 TIT7—%JEk
L7cZ EIZ R > THRAET HEET, MENDHEHN SNTERF LD EZEZ BN,

[1] S. Tanaka et al, Appl. Phys. Express 14, 094009 (2021)
HIEE « ABFFEDO—ERI%, BHFEr « JARAFSE A (22H00304), JST CREST(JPMJICR16N2), NEDO i
BF7E. 3 L OV IST A-STEP F24(JPMITR201D)DEENIC & » THEli S iz,

TirAwTrAu _— Ni/PtAn electrode —_____

THAWTI/AL
s L

—  2pAlGaN_ B
(75nm)

— o
= 1#pAIGaN

Guide (S0mm) | e G2mm) R o)

_— o VIALTIA
20W “EBLAIN < 20W clecirode
Guide (50nm) VIAUTI Au Guide (50nm) /
. clectrode Ve
— |
1-Aly ;Gag ;N (4000nm) n-Al,,Ga, N (4000nm)
u-Aly 65Gag ;>N (5000nm) u-Alg sGag 32N (5000nm) I { !
np-AIN(mic-1000mm) np-AIN(mie-1000nm) Il | |
SputtertMOVPE AIN Sputteri MOVPE AIN | b / el
C-Sapphire Substrate L | L L
ppl trat C-Sapphire Substrate 11 Distance [pm] 11 .43 Distance [pm] 11
(@) Refractive-index (b) Gain-waveguide (c) Refractive-index (d) Gain-waveguide
waveguide structure structure waveguide structure structure
Fig. 1 Schematic sample structure Fig.2 SEM images and NFPs
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16p-A21-7 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

n & AINAIGaN E#%FV 5 v FBZRAW= UV L—F 51 F— FigiE
UV laser diode structure using n-type AIN/AlGaN superlattice cladding layer
BAREFEERE (B NTT MiERl 2 ERH R
Olim —%. #H X TR —17. BE —% AR FF
NTT Basic Research Labs. NTT Corp.,
©Kazuaki Ebata, Kouta Tateno, Kazuyuki Hirama, Kazuhide Kumakura, and Yoshitaka Taniyasu

E-mail: kazuaki.ebata@ntt.com

[IZUBIZ] 4. FIEKRE 300nm UL RO AlGaN % UV L—H# ¥ 1 4 — R (LD)DEIERHE Sh
T2 52, AlGaN & LD ® n 7 Z v REOFEF T2 KT 5 7291 i%@}ﬁﬂ%mi‘ﬁf?ﬁf‘%é
D3, JE SIS REEIZ X - THIFR X315, AIN ZEM_E D AlGaN & LD Tid, #& 1% 5 < 72912 70%
O AlFRZFF> n B AlGaN 7 7 v RIEOE XX 400 nm FEEIZRFF SN TWD D, SEFH A :t AIN £
WEICY 22— REALT v 7R SEEE 1.5 pm @ Si F—7" AIN/Alys:Gag 3N Hk+27 7 v Rg %
7z LD & % fet L7z,

[=B 5] LD #i#iE MOVPE 14 HW T AIN (00010 FIcAiE L=, LD &, Si h—7
AIN/Alos3Gao 7N #k+ 27 7 > RJE(1.5 ym), 7 > F—7 Alys:GaoasN Yo A K@, AlGaN % & &+
. 72 F—=7" Alops:GaoasN e A NJg, 2Rk Li=7 v F—7#fERt AlGaN 7 7 v~ RfE, Mg F—

THAER AlGaN 7 7 v KJg, Mg K—7" GaN a2 % 7 N bikb, Si K—7 AIN/AlygGagsN
K1) ALFHRRITH 72% Th 5, IR D 72912, Si R—7 AIN/Alys:GaoyN B - ORH Y IZ Si K
—7 Alg7GagsN {Efh (350 nm)% n 2 Z » REIZH W= LD #d&E HERL L 7=,

[ R] LRI HFRE(-1-124)D X ik T~ > E 2 725, LD & O 1.5 ym O
Si F—7 AIN/Alps3Gap 37N B IX AINFER FICs 2 — FEALT 4 v ZELTWD Z & 2B Lz,
WiZn B2 Z v RO IRPLE F5 72912, LD & I8V T Si K —7" AIN/Al6:Gag 37N H#% 1
& Si F—7 Alg7GagsN IRk D IV Rtk 2 B FE 10 um O CTLM /3% — > % W CHIE L7253 % X

2 1R T, LD HEFER T o AW T T Ay F U T OX A =280 LV Rk i;llf%%ﬂﬁ;é’u Z
725 TN D03, 50 mA Hi&@ﬁ@%%ﬂ’m EHI D ESEHE R b -7 & 2 A, BK+T22Q, RS T
62 Q CTholo, A= LRRIEIZ LY PFST|PUERIIME & BIZFEBRICK 0.03 Q em Th o722 &
5, BEIWKHLOEVNIEIIL Y T v HE@H%J_ karEEBZONG, U EnDS, BHETEZHNDZ & TR
mEDBENNMT Ty N@asa— RELT 4 v VESED I EBRHKLT20, B THiEIL LD
DOEINEIOEICHE L TH D, Z OB+ %2V LD D EL A7 FLa | Kk OV AERE
AT T 19.3kA/em? DEGEEE F CRIE L7/ R 2 X 3 1R, M i A SR CIIfE o e 13 a
WAZHIIN L, F72, 289.1 nm IZHLWE— 7 BB, FFEMHOBREEZ REL TnDd & Bbihb,

[1]1 Z. Zhang et al., Appl. Phys. Express. 12, 124003 (2019). [2] K. Sato et al., Appl. Phys. Express.13, 031004 (2020).

28_9.1‘ nm
40t 1
_ 20 1 0
< 5
E 5
©-20¢ /A1GaN SLg| | z (193 kvom?)
aN al loy
40 N
| | | | | -‘6 ‘ -Ll - 2 “1 é
-0.66 -0.65 -0.64 -0.63 -0.62 -0.61 Voltage (V)
qy (r-l.u) L 50 mA|
Fig. 1: XRD reciprocal space mapping Fig. 2: I-V curves of CTLM pattern 200 Zsevavmen;.ﬂo(nm) %0 0
for (-1 -12 4) asymmetric reflection of  fabricated on plasma-etched Si-doped  Fig, 3: EL spectra of UV LD structure
UV LD structure with Si-doped AIN/Alo.63Gao37N SLs and AlosGaosN  under pulsed current injection (pulse
AIN/Alo.63Gao37N SLs. alloy at electrode spacing of 10 pm. width of 50 ns and duty ratio of 0.01 %).
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TNE « MBUKIZ & 5 EARFBESLANT &2 AV UV-B L — P — & 1 F— FO/ER

Fabrication of vertical UV-B laser diodes using a substrate exfoliation technique
with pressurized and heated water

Ok 2 AR, FAEA, IWEER ', BHGE |, ZEMAN !, LLEK !, FEFEE!
AHIUE L AARE Y, frAEh !, EIUE !, ZEFAN?

AWK -BT2=ZHK Bt T
Y. Sasaki', Y. Imoto!, R. Yamada!, T. Saito!, R. Miyake!, S. Maruyam!, S. Karino'
S. Iwayamal, M. Iwayal, S. Kamiyama!, T. Takeuchi!, H. Miyake?
'Meijo University, 2Mie University,
Email: 200443036@ccmailg.meijo-u.ac.jp

RIN—T T, 7 74 T HER A L AIN BT — 1 AlGaN % 3 RooilE S5 2 &
THAREFT L 72 AlGaN (2T, UV-B L —H—# A 4 — RLD)D =R IV ARBIREZWE Uiz, 5.
UV-B LD O T EBERMFERE TH D, £DOEIITIL, FEFIH A X2 RE LTHERY
BJ—IZHEATE D 2 &0 RAF e VR E DS IR SN D UV-BLD OEBNEE TH 5, A
TiE, I - BRI X 2 FEMHIBERAT 2 O 2 HER UV-BLD 2 ERL L | =R L A F8 IR & fEs
L7zDTEDRERIZONWTHET 5,

AREERTIE, BRI S A 1 O LD IZB W CRIMEEIR B E D 42 kKA/em* T L — W —3 T 5
¥ = ~n—% HW T Fig 1 IR iR UV-BLD OfER AT o7, fERIFIAIT, p BMRA 7S L, ik
JE@ &R L. AuSn $2E &AW T T = — & Ll AIN BERGA O SCRFIIRIC A 25 LTz, £ 0
% ME - MBVKZ W TH 7 7 A 7 R OFEE ATV CMP BFEEIZ LV n-AlGaN J& & #5 H <,
ICP = v F > 7 CAVIEEL, n BMOAE., BRI LV RO EIT o7z, T35 AF, =
I OV ABRENCH T & AT RV ERT — 2 — & — L @il R RRRED /)y et & AV CHIE LT,

Fig. 2 33 LWV Fig.3 12 J-V-L Fpthds L O A Y MLV OERE EKAF %% 7~9, A UV-BLD ®
F =A%, HIEEE 700 pm, p FBEIE 3 um O HL O TH D, J-V-L FitE 5 BIEEREE 23 kA/em?
T AR BVING BRI/ S ERE O Y 7 b SRR S U UV-B LD OFEIRZ fesd L=,

30 45 3500
n-Aly ¢, Gay 33N RTPulse _--"7 {4 —19kAem® BT Pulse
— 25 | i 3000 '
guide u-Aly ;sGagssN Gy, @ 4 35 b 25kA/cm
20W g ' g o500 |
guide u-Aly 5Gag <N EZO -, 13 ES —31kA/cm
EBL u-Al, ,Ga, N > K 1 25% 8'2000 o
10 u-Alyg_g6Gag,_q4N % 15 i * 2 8 ‘E'
27 p-Aly s oGagy N % 3 51500 I
nelia ST 1 3°2 Biooo |
ALO3 p-ele i 11 58
Ti/Pt 5 1 053 E s00
- ° 0 ‘0 26 3‘0 0 ° ° ‘
1 4 298 00 3 304
Support substrate Current [kA/cm?] V@avelength %m]
Fig. 1 Device structure Fig. 2 J-V-L characteristics Fig. 3 Emission spectra

AREAMIED —H0 1L, FHIFE - JARHFSE A(No. 22H00304). NEDO HEHF52, JST -+ A-step F3E
(JPMJTR201D) O XV Fha L7,
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16p-A21-9 HE5EEFANEF AT LIRS WETFHE (2024 KRAVLEN2RIBEAYSMY)

MEMEKIC & 597 7 4 7 HAR DO REESAN % F V> 7= Thin Film LED OES
Fabrication of thin film LEDs using sapphire substrate exfoliation technique by
pressurized heated water
OFFEFREE |, HAERL L, IWHER !, BWERE L, ZFBMARER L, 4 REEE !, AIRK !
SILEL ZEFAL TAEHR, LILE L, SA8FE!?

LK - BT L=EAS - b1 2
OS. Karino', Y. Imoto’, R. Yamada', T. Saito', R. Miyake!, Y. Sasaki!, S. Maruyama'

S. Iwayama', H. Miyake?, T. Takeuchi!, S. Kamiyama', M. Iwaya!
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UV-B fflko> LED 13, B3, SAMREE L, ER7 E~OIEHR IR ST %, koK
PRN—2D UV 7 FITHAT, BREICE L <, AlGaN %@ UV-LED OE{LIZmIT Tl
B HLEROM EARELE SNTWD, ARETIE, 7V v 7 F o 7HEEZ R L, INEL
IEKIZ KDY 7 7 A 7 HROFIEEA 1T Thin Film LED Z/ER L 7=, Z OFERIZOWTH
D,

FEBRTIE, UV-B LD O %> v =/~—% LED{k L. £#1% Thin film LED (ZANT. L
Too BHEDT7 4 N YT T 74— EBZAE., ANy ZIEICE D n B, (@I, p EME,
PAD BB A TERL LTz, T v b, AwSn G ZHWT 7 U v 7S v 7 THRIEL | IMEVINE
KIZESTH 7 7 A T HM AR LT=, ZD%, RIBEL =T/ A 2D IVL FfEA = - X
Jb A BRE) TR L 72, FIBE L 727 3o A OFHIE, FIBEE OIREETTITV Y, JEEY H LEh=%
M B &5 7o oE ki &7 -t A E5EH L Tunan,

T 7 7 A T EMRFIBERITE OB Fig 1 IR T, 7 U v T F o S TREISNTZT S A)
SV T 7 AT OHERBEICHBECE 72 2 E RSN, RIZT A AOEMERE R % Fig.2
R, fER & LT, HIBERTH: CER—EERMEER—E H R ITE T OB RS
NI IR EEEIC R E E T e < | R BAF R R Z R LTz, LLED G,
BINE/KIT X 2 HAHIBERE OB 70 7 A — VI3RS V2o 7o, A 121 m O i b
R EEATV, Y H LR OYGEZED LVERH D LEZ HILD,

AEE  AWPFEO—HT, Bt - AR FE A (No. 22H00304) . NEDO &8 MF5E, JST » A-step
¥ (JPMITR201D) OB & v Fhi L7z,

-
N

10.5
; o 04T 10 3
S - . E3 g, . £
0355, | 023
ipe| g
i 02 3% | 3
> 9 01z
RT, Pulse |*1 % 2'. RT, Pulse =
0 0
0 20 40 60 80 100 120 % 20 40 60 80 100 120
Current [mA] Current [mA]

Fig. 1 Photos of device appearance (left:

o ) e Fig.2 I-V-L curves (left: before exfoliation, right: after
before exfoliation, right: after exfoliation)

exfoliation)
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AlGaN % UV-BLD 25T 5RIBLEATOEAFEEZER L1=7/31 R1E6E
Device performance with sharp heterojunction interface applied in AlGaN-based UV-B LDs
MBS |, SEMAR |, IWAHRR ', FRER ', AURK |, EAAHR |, BHET

BN, SEEA LIS RS, BARE
ZHA - B, (SEX- K- T
Takumu Saito', Rintaro Miyake!, Ryoya Yamada!, Yoshinori Imoto', Shundai Maruyama',
Yusuke Sasaki', Shogo Karino!, Sho Iwayama!, Hideto Miyake?, Satoshi Kamiyama',
Tetsuya Takeuchi!, Motoaki Iwaya!
'Meijo University, 2Mie University,
E-mail: 200443034@ccalumni.meijo-u.ac.jp

x4 iE. AlGaN & UV-B L—H#—% A 4 — F (LD) D=/ VARRICH L, ©—27 T
150 mW Z2EE L72[1], L2OLZARRE, 20 LD OF v U TEANEM)IZDT ) 10%TH Y |
GalnN, AlGalnP, AlGalnAs 7 E D52 T2 LD IS~ TE LK, S 672500
Jma BIZEd Con OUENEELMECH D, Fio, B 7y /@ (BEBL) & A REOM E
WCEB L2 AL EAE A IE SN TWAZ &N, i 2L FIF2ERE LTHETF LN S[2],
L72h - T, ARFZETIE MOVPE (2 & % 2l 7a~7 v i O iR &M O ficiifl & £ D7 /3 A Ak
FlZoWTHET 5,

AN, A RJE. EBL, p-AlGaN 2 7 v NEOMKIRE 2 RHANC (L SETAER, T A NE
& EBL OSHEICAT 25 nm OFFEX LR VWFIRERHEE DS, BdRIREE 2 1000°CIZRE L 72 BRICTERL
SN EDRENT, ZHUSKH L, ZTNHDEZ 2T 850°CTHE SELGE, Blkia~T n it
EARIL STz, LOLRA D, 850°C TR L7ct v 7 /L& VW T LD Z/Ff L7 L Z A, LD
BEHERE LS EA L, 7280 ZFEEL o7z, £ 2T, EBL % 850°CTHUE & ¥ 72, 7
7 v FEDOHAIO 100 nm % 850°CA>5 1000°CE T4 I LA STl S, £D%, LD %
ERLL . =ilds K OVLV ZBRE) R T J-V-L FptE 23l L7z, £ ORR. LS WEERBEEL 15
kA cm? 25 11 kA em? (2 Lz, fEfRE S 2 Sk 32 2 & T, nid L, 731 Ak
REDM EAVRESNT, FFMIZ OV T HIRET 5,

BHEE  RBFFEO—EBIL, FHFE - JLAERFSE A (22H00304), JSTREST(JPMICR16N2), NEDO 4GEHf
7%, B L OVIST A-STEP FZIPMITR201D) DHENIC L - THEifi X7z,
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50, Ni/PYAU electrode 25 o
pea 5_?\_!4:‘11 @ 1100°C 1000°C 14 _ DAIL1000°C
2vp-AlGaN 1= elp-AlGaN Ti/Au pad electrode @ 1100°C , 850°C 0 % ‘3\gulde+EBL (SSOOC)
ESLL s (3 1100°C.  850°C  850-1000C  1000°C = 30 5 15tp-AlGaN:100nm
e A B . 1 £ (850°C1000°C)
e - 1 . . = s
N-AlygGag ;N S 0.9 1 o . : E 20 =
b n-AlGaN 4um ' : 10 it
U-AlygGag N E 0.62 1 ! 1 : [
AO0O0A AN b : i
Nano-Pattern AIN & 8gg ——mecpran “ guidi : 1stp-AlGaN 5 1
+MOVPE-AIN s guide EEE L 320nm
Sputter AIN = :50nm - ;50nm aripoplGan \ P-GaN
C-Sapphire Substrate = ! well/bartjer ! 75':"“ 2 — \ 10nm 0 : 0
E 1 4/8nm: P > 0 10 20 30
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Fig.1 Device Structure Fig.2 Growth sequence Fig.3 J-V-L curves
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AINEEZEEFHFMN-DEFRBHEICKL S 230 nm FHHKL
Electron Beam-Excited Light Source Emitting at 230 nm Using AlIGaN/AIN Multiple Quantum Wells
ZEX BRI, #TtU8— BRENEES ERB T/ RERPZTERF ¢
OM2):E# thth ', Fith BK? Rk A3 it FEX 1S EE' ML BAYL =€ FAV
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TR MRIZF A=V 2522 2 & REDRDBE DD 230 nm FFEOEIOEER Sh
TWAU EEEIRE L CTENZHREZA T2 LED IZBW T 230 nm #2155 70 m Al #%
AlGaN R EER SN 505, 230nm 7 £ TREIERAT 5 L BN E LR T 5, 56
FRTIH LT, Y7 A—F TIINHERFZIERICEE T S IOV T 7 7 A 7 HER R
AN HZIETCHERE S8 72 AIN % Face-to-Face FLE Tl 7 =— V&l 3 = & TIRERA(L S Bk
A MED T E7Z(FFASp-AIN), L2>L., LED @& Al #15% p i AlGaN [ZEER L 72 FEAZD R DK T
R D72, p Mgz gl LRWE R IC X 200D 230 nm #HH A DO FLERFIETH
%o ARWFFETIX, FFASp-AIN EICHE S8 72 ARG BE O R g & 5 18 Chbit & & 2 JelR B s
ZHIEEL, BB THESZ EEFH PG L R LT,

P77 A T HEMEITIRE 450 nm @ FFA Sp-AIN 7> 7 L — k& {EfL L, MOVPE ¥ @&ENT
1300°C10 Syl —~ /L7 U —=2 7" 1200°CT 200 nm O AIN % & SH7=, D% LED T
—fIZHW SRS n A AIGaN(1 pm, 1150°C) / AIGaN(100 nm, 1150°C) F#ifg oL EE T HF %
n % AIN(1 pm, 1200°C) / AIN(100 nm, 1200°C) FH#ifE~ZEF L, #%E B CEEEHEEDOSRES
A8 L7z, oot L 7= T~ AIN [REERE & AlGaN -7 @025 72 5 10,50 A HI % &1 7 . AlGaN
PREEESE & AlGaN HA @ 5725 10,50 S EE T H 7 2 R S8 7, ER L7kl oAX %
Fig. 1 lZ7"d, 50 JAHIRGEICIRIT 50 Y — RV % v & o A(CL)RIE DR R 4% Fig. 2 12777, AIN
PR 22 I 00 b OFOLIREE X, AlGaN FERERE 2 B &7 5 1T~ L= 2 & 23R
AU, 10 EHIEE TG RERIC AIN FEEEfE 2 B & H P OFOGIRENEIM L 2 PR S i, 2
T, FEEEE 2 AINIZT 5 Z L2 K> THABARNA~DOF ¥ U T O CIADRRS 2572 2 L A3A]
BMEE LTEZLND, YHIT, AIAZ ANy VRN EZEBETHFE~T 77 2 0B 5
A EPEP 2 O CORH A EBE L7ekERICOW T h a2,

30- \‘ 50MQWs, 9kV
2 o5 I —— AlGaN/AIN
m% [ AlGaN/AlGaN
S 201 | |
>
> 15
AIN 3
[ — |
s 10+ |, |
FFA Sp-AIN k= N\
5 A
. o S A
Sapphire (T SR
oLt 1 1 1 Y= 1
200 250 300 350 400 450
Wavelength (nm)
Fig. 1 Schematic image of sample Fig. 2 CL spectra of 5S0MQWs structures
structures of MOWs. at an acceleration voltage of 9 kV.
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16p-A21-12 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

ISy arUEEMEERV:=UW-C LED (2H 1+ 5hRHALEORE
Observation of medium- and long-term degradation in UV-C LEDs
using emission microscope
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United Nations reported that 700-000 patients worldwide die every year from an infection with
multidrug-resistant organisms (MROs) [1]. Aluminum gallium nitride-based (228-230 nm)-band far-
ultraviolet-C (far-UVC) light sources can safely be used as a germicidal application in both manned as
well as in unmanned environments including space station against these MROs including severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), Influenza, Salmonella, E. Coli, bedbugs, mold and
other germs [1]. Previously, the far-UVC LED with emission power of 1.8 mW and the external quantum
efficiency (EQE) of 0.32% at peak wavelength of 228 nm on wafer was reported, however the n-AlGaN
buffer layer (BL) was not optimized in the context of relaxation ratio [1]. Because the low relaxation
ratio underneath the multi quantium-well (MQWs) is critical for the suppression of transvers magnetic
(TM)-mode as well as for promoting the transverse electric (TE)-mode emission (along c-axis), shown
in Fig. 1(a). Previously, the influence of growth temperature on MQWs in the context of I-V
characteristic was not studied. Herein, the growth temperature dependent relaxation ratio and variation
of Al-composition in the n-AlGaN BL and electrical properties of (228 - 230 nm)-band far-UVC LED
grown on c-Sapphire are investigated. As a result the relaxation ratio in the n-AlGaN BL was
successfully reduced from 41.6% to 20%, and the Al-composition was also varied from 85% to 87%,
shown in Fig.1(b). Quite high electron concentration as well as low resistivity in n-AlGaN electron
injection layer (EIL) was realized. As a result, the light power and EQE were significantly improved to
2.4 mW and 0.40% under pulse-operation and to 1.75 mW and 0.35% under CW-operation (RT) at
emission wavelength of 230 nm on bar-wafer. The operating voltage was also reduced from 28 V to 24
V in 230 nm far-UVC LED. We also found that the growth of n-AlGaN BL at 1060-1180°C is
advantageous in term of electrical properties but not good option for the optical light polarization (TE-
mode and TM-mode). Because the relaxation ratio was enhanced from 20% to 41.6% as a function of
the growth temperature, which directly influence the TE-mode emission and detriorated the light

extraction.
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Fig. 1(a) Schematic diagram of the experimental setup for polarized PL measurement and (b). Growth
Temperature dependent relaxation ratio and Al-composition in the n-AlGaN buffer layer of 228-
230nm)-Band far-UVC LED.
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