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History of air separation unit technologies developed by TNSC
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KI5 HEERER No.41 (2022)

| X85 B 88 (20044 ~)

BRT—< 19704 [ 19804F 19904F 20004 [ 20104 20204
Lindef& iR & 13 BT IR~ 1980%F) | 1% (20004 ~) % F#3%65.000Nm’/hiE & (20054)
JTOtREAR LNGARF AR TO+R * LNGHEFIANSH19714) BIELNGF FREY
EARDBTOER Kr/Xe 5> Bt Kr/Xe 5> Bl Ne#> Bff XefFE FARER
FEETHREEIOER | FELHRGE KIERELEHE
REEBEHFARIOER REBENFARNSHA914E)| *
EMERTOER EftEER EfiEE R HIDICFI A SXIUTNIA SHXIUTNHIL
NEEHRETOER PEREHEZL 4 S 44(2002%F) * WNERERERGHER
EHEBTOLR BEFTSUL BRI
EMERARGEVERNETOLR ER ROt E BB 1(2019%) *
REZRWEEE INDY—X | GNIY—X INFIEHE(19824F)| K JINS JNT, UNP, UNC, JNM JNR, JNE JNF GNS, GND¥1J—X|
HENERWEEE BEEVR15—K 21E=
RERERBERKE R (FEIELE) B R Ot R
ATALIR 3% MSIR 7 3% MSEEE ~ HEIYSHO98TE) k  PTSAR! EEREMS EERIEMS FERRX
MSIR &L ZaL—4 MSIEFE 28 3L —%| MS SRS Sal—Fk B
HIRTSARE 2R HIBPTSAR! HIBTSAR BAMEILK  FEMSIREH
HIRARE H, - CORRZ=filgk FIRERAME
IERHR FERE FEXFRE *  FIEXFBRELSH19964F)
i ARETR TR
FeiEH FEHMBEEEL M, TARANE1—42— D%
5t DFRzt ZEER HRT—FR
|#RA—E> KRB EEEI—C NET-AZ! *  NET-ARI#SH#(1985%) [ SAvFvTIhA
HMRm2REERI—EY NET-ME! TR, SEARITE AU vTImK
KR MR B R R 2 —E NET-CH! | |
SEER I BEtAYSaL—4 BAFIvYY2alL—4 [ RRI(FIVII2aL—4
HERYIaL—42 BERYIAL—4 BERYIAL—4 BEAFH IS
BEHE., ERERS IV RLEBEBHES IFR/A—k 7ol T4—ILE/RR =214 TORIRMEA
ERRIRAE \ LEBHE | EzMPICS|  INERAEEEIREL S— | |
. e N g
Fig.2 ZROBMEEDHFEDER

DOWNIEE Y TH 5 Y, LNG FALLFTD S LNG #2GF H
BT D BRHIBEIC TP TR Y, HiffEEeEMzE

IR OFEERBFER SN TV, Hhics
WTh, 1968 2 TLNG mEFIHEINE B4 ) aRE
S, FAREH, Lt B JOEskiE e & a2 iR
AL, ERBEEE, FRORbEESE - bR O RIER
I3V T LNG @G A ZNEE B o B R 23 2
ThbEDOfEmEST, 1969 £ LG - BfRICET
LT, 1971 FICHERFIO LNG MBI Rz & oy Bl
B % B AR LER R~ LT, T 0%, KIEERHECH
JEEA R g OB R 7 N A A L, @E o
BEAEE T e, BBy &7 D AEE
THZENTE, Yihid, LNG BRI ARERE

EARIE
NETIZENI G DT T OEBEPA LTI, LNG HEL

H

=]

i

s
X

H%&d)

% SEK
%

FI AU 22 Sy B2 8 O R 4E 1K % Fig.3 12”7,
- 8 8
R12
2
6| IH
11 — 7
#wk
1 q | rAT—
| 1lla °
LNG
| |
&)
LN2_ |
1. TEHSS 2 KR 3 EERERI IS
4. LNGEAAsHag: 5. LNGZEH2: 6. T/o%%
7.7u Ry 8 REBREE N
Fig.3 LNG AZF REESK S HMEEDRHKR

1990 4Ef%E TITHIA L7 3@E 1%, KE LNG (1~

3MPaG) ZF|AL7-EEETH- 7= 78, 2000 4F
RUABRIL, mZhERIEERAH OB AL D LNG |mIE ki

KIST D7, BERREERE 4 &E LNG (TMPaG) #| A%
~NOWETEEZITY, TNETIZ 3 EBEEMA L,
YuE 2 A M ER/NRICIZ 572%, LNG RO HFH
L, & O REfFEE 2 3R Uz, TR O ERRIR e
EHERTT 2728, LNG EHEZ N 5 2 & CHuEnT
CRUHEES), AEBECHERTXL LR LE

s1)
o

42 REEHFIRAEIOLR

WBALER SR I L DN L 2= 3R & BGE 2 L3R E T,
FENOREBOENEEZEN T 2202 &EOE ) %
HET 5, 1980 EACYRHE, BHTFEIIEMICZ L,
BB L OKRBIZD 2L 25 RBLTH Y, e
B - KRB E A2 B O LLTICT 2 2 & TE
NTEOEHE A B L T, o T, &KHEB LUK

FICENZL<HERT2RMICTHZ icky, Zif
RENEMENT D LR TE,

Z 2T, WRALSEE & LAl 22 e R O AR S 2 A TH]
BRI RLSE 2 BRSE L7z, 225 BT 1 B A e

B, WACEEEE IR O HERR & LT, BRI LB
FHRTIFM» ORILEREFEAT L LITLY, =X
BESE —EEIR S T LN TE D, 2T, b
Y, KA XK H OB 5 726, A pE &
L0 Ry & LB FTRE 2R KL DWRALIEE N LB L T2 D,
F7o, HEEITEHETFETS, DSS (Daily Start and
Stop) BUERAVEENE T V), FEMEHESCEATHAGR 72 & DR
WEEIR L ARERAET L0, X LRI A
LDNORFHBLOMEHRENLETH T, TIZ, 2

2, 2



K5 BEEHER No.41 (2022)

I DCS (=¥ B = — & 4y B 1 25 & Distributed
Control System) 2 & ¥ BHEhfHE <41, EEMS IEREHE O
BB LT &y FRIBIC X DEEFIEZ AEEE L
oo Fio, ZOUUEyFREEILEAEL, DCS ND
AL B—IC L DAY 2— ML TEKT DI ENT
x5, 1991 4, Z ORMEHFIRRZE R EEEE OY)
FHEERI T EF L U~IAL, THETIZ 6 EHEE
WA LT 9, HE T ABIZE K5y M O R XK %
Fig.4 |ZR7,

GO2 T —
g6 :
2 E][] 3 102
5
gl
8
o X
ﬁﬁjL@ =

LERZESEMREE 2.510ERE 3. EHIIRS
AFERIE 5853 6IERERLEE
THEEZ—EY 8L ELITE

Fig.4 REEAFARERNBMEEDRHKN

4.3 AHEREIoEX

IIVE TR L MG BEEE 1Y, 2IREX T2 & X
ERALTEY, WEBRETAIMREBET A L LT
WET D, BEHAELERIENECTHET DI
I BRITARRES LI L 225, 12721, BBIEAERRITER
JERERE & LT, mfis o A T v AR E N &
WO R B D, & TC, ZEME D F N DR IE R
ARV TREENETHEL, \EERE BT
5L TRAL - FIRT 2N AR IS E A B LT, 2
DAL, EiliZ2BREMREEORD Y IZ, X0 &fli/g
RAEE L BALBRE R T2 NS Z L T, fEREE
LHANTREREa A MR ETE D,

£7o, NEEMAEEE TIE, TR L BRER S
RIHA T DR(LBE LR E LT 70, FEEfMERNO
ACEE TR H D RALK B IRE 2 KIFICIKH CTE 5 DT
B OREMENE LT 5, 2002 4F, FMEREICHNENE
MM ZE KBS E O B A MA Lz 3, i, ®IE
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2 EGEE LT, REBMAOEAR—AZER LI5S
MR RO T RSB 2 PR Lo, ZoEEIE, 2
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BB L, NEERE T o A5 HAEDEEZLOTH
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FHANTE 3 BRI L 0 ILBRE SR EH SN,
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ST LD, Z OIEECIE, — BRI N E#ED
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Table 2 SfBERGEVERUEEEDERLH
E FB(Nm®/h) H8E (vol)

0,=0.1 ppm
BRHAR 20000 CO,, CO, H,=0.1 ppm
H,0=1 ppm
0,2995 %
C0,=3 ppm
BRHAR 1400 CO=1 ppm
CH;=25 ppm
H,0=25 ppm
WRES 800 kPaG (BHRHA R, BHEHR)
BERZES 34500 Nm°/h, 920 kPaG
BB {1 0.208 kWh/Nm®
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BRI AL, PEREEZIILD L LT, AIMEZE,
e, T A7 BRI H TR STV B, Bk,
ERA A HMBE L 5 ERMUEEEOY L
1936 FIZHAE L TLUR, A OTFZITHRN L TE 7,
O, e B ERICHIE LT, BEOLE - &kE
ATV, 2 a2 N ORI E EREALOM EE X -
T& 7, 1970 FARUITA B &, ERBEEFE I 5 i
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ENRD NS X DTl oTn, Sk, 1982 iz, #if
SRAEIE X 0 9 18% D FE ) JREEALARIR & K9 10 % DTk AR
T A REL L7z IN Bla SRS O ¥ 5 4 e S,
EFRAEEEO VY — X ON VU —Xemb) 531
7oLz d, YiFo IN BIZEHERIEEE X, SERFTFEIC
ST B2, ZFEH A 100~1000 Nm*/h £ TD 9 £
FEAFEUEREE & L CRE LT,

1984 47> B B R FEZE N IZ KB 72 B ATFE HIA
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IELT, EEEREAR Y 7 R Z NN T 52 Lick
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iR — v B RS IR A 2 HIE L, B
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7-EEETH D ),
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i, BREEL L TMIOTL AR eHEABEE 2R
LTCa—/L Ry 7 ZDBELE K- 7= 9,
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L7z, 72721, BRSO, WEAIOFAT R LX—H
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Utilizing of Mixture Refrigerant in Brayton Cycle Using Turbomachinery
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TATYO NIPPON SANSO corporation uses various refrigeration cycles in the production and application
of industrial gases such as oxygen, nitrogen and argon. One of them is the Brayton cycle that uses adiabatic
compression and adiabatic expansion with turbomachinery (turbo-Brayton cycle). In 2013, we
commercialized a turbo-Brayton cycle refrigerator that uses neon as a refrigerant for cooling
superconductivity power equipment. The refrigerant of the turbo-Brayton cycle does not liquefy at the
cooling temperature, and the design of turbomachinery must be established according to the physical
properties. Therefore, neon was selected for our commercialized refrigerator. Also, the pressure ratio of the
turbo-Brayton cycle is chosen for high efficiency. On the other hand, depending on the pressure ratio and
the temperature condition of the fluid to be cooled, the fluid to be cooled may be below the freezing point,
so measures to prevent freezing are taken.

Recent studies have shown that the utilizing of mixture refrigerant provides a wider range for pressure ratio
and turbomachinery design, and solves the problem of solidification of the fluid to be cooled while keeping
up performance of the refrigerator. In this paper, we report the concept, advantages and the result of specific

study of utilizing mixture refrigerant in the turbo-Brayton cycle.
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Figure 1 Simple system diagram and ideal T-S diagram

of turbo-Brayton cycle
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Figure 2 External of NeoKelvin®-Turbo

(a) 2kW type, (b) 10kW type
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Unit Neon cycle Mixure refrigerant cycle
Helium concentration [mol%] 0 11
Pressure ratio [] 2.0 1.7
Refrigerant flow rate [Nm®/h] 800 1100
ET outlet temperature K] 60.9 63.2
ET specific speed [ 0.47 0.65
Comp. specific speed [ 112 151
ET adiabatic efficiency [%0] 80 83
Comp. adiabatic efficiency ~ [%] 70 73
Cooling capacity [kw] 2.0 2.0
Comp. consumption [kw] 26.9 26.5
COP [-] 0.0757 0.0764
/P2
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Figure 8 Ideal T-S diagram of turbo-Brayton cycle under

the low pressure ratio and mixture refrigerant condition
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SR4000HT (2 & 5 AlGaN FRizmsEsh LED il & D FHEGE &
AlGaN @ Al A% K ORI HIENZ K 53— PR EZ 5 i OB F

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

R IR 7TV = NI &S - S | A N £ T VOl = T Sl R TV
YOSHINAGA Junya IKEJIRI Keitaro TOKUNAGA Hiroki KOSEKI Shuichi JO Masafumi HIRAYAMA Hideki

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
o v v A L A EYE (COVID-19) DJFIK & 72 260-280 nm DIEEKEANFEN 4 A 4 — K (UVCLED) 3%
2 TS AE T SR 2 1 ™ o LA 2 (SARS-CoV- FEPESC AN A B & 29 RTREMENR B 572, AR
2) OFEYIERIL, ST AR OREEEIZ R 2 G54 /e BETOEKENBELITND
BT 72> TV B, SARS-CoV2 I L L LU A L —J7, ¥ 220nm %@i&%% (Far-UVC) i, M
A DIEYIE & B S HEBEN R Tk E LT, RS (UVO) FLEO K FICIE L CHENELS, MR Z R

* KB HERRR S 4/ X—vara=y b CSE H¥H
o [E LR FEBH S A A B LSS
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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
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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
WDz ERARETH D,

N2 12 sy Top flow
MO+H? > Middle flow
—— ottom flow Wafer
NH3+H2 ﬁ I
Susceptor mm -{\ Outer Heater
Inner Heater

X1 SR4000HT V 7 7 X Hii&[X

3. L7727 L— AR A

T 7 L— ML, SR4000HT (2L 214 v F D¢
i (0001) ¥ 77 A TEMKEIZ3um D AIN ZRE L
bDxE W=, AIN T 7 L— NENRIE, fEftEo
IR L 225 TV D XHRIEHT (XRD) D o AF ¥ iZ &
% (0002)Hi & UY10-12) i O Y-E41E (FWHM) 23 E4E
B L Z 150 arcsec, 350 arcsec D BAF78fEmbIETH -
7



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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0.95
g
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<
[
(=]
50.85 =
'z
£0.80
S
E075 1 1 | |

060 065 070 075 0.80 0.85

TMAV(TMAI+TMGa) supply ratio

3 TMAIL fit#5 e & AlGaN @ Al #HA% D A%

5. Far-UVC LED D& K O il 4 & OV N

1k

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

228nm 2331 m?"x‘)nm
226nm e 286nm
£l
S
2
w
=
b
=
R
=
£
=]
Z
200 220 240 260 280 300 320
Wavelength[nm]

5 UVCLED ® EL A7 k)L
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Wavelength[nm]

290

280

270

260

250

240

230

220 | | 1 1 1
0.2 03 0.4 0.5 0.6 0.7

TMAI/(TMAI+TMGa) supply ratio

0.8

6 TMAIf:#3t & UVC LED @ EL v¥'— 7 It E D
RE1%

Normalized intensity[a.u.]

Wafer

7 EL A7 FLORIERE

Susceptor

227.8nm 228.3nm
+15mm / Omm
200 210 220 230 240 250
Wavelength[nm]

EL A7 kv

260

8 Far-UVC LED O 3 J.OHIENMEIZIIT 5



6. AlGaN & Al f K OWFEE O i N —M:
el
AlGaN JEIZB W\ T, (1) Al O e —&% —H =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
JNSEISBE Lol B XD,

®EIZ, by 7T VR MADOF v U T HAFED
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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EFTB2LC, SMRISHRABE Lt b2
Do

Gas flow

Wafer Susceptor

9 XRD20-0 A3 ¥ VHIENE

0.86

% —e—OQuter/Inner=91% Max-Min=0.010

= 0.855 H—*Outer/lnner=93%

2 —e—Quter/Inner=95% 0.0006]

g 085 t

Z 0.004

Q

£0845 |

5

z 0-84 L L L 1 L L L 1 L
25 20 415 210 5 0 5 10 15 20 25

Distance from wafer center[mm]

10 b—X—HAkERLE AlGaN D Al #K D R4

__ 105 -
E ——755LM (Max-Min)/Ave.
ng | ——90SLM =9.3%
%‘ ——1058LM 7.4%
e 2.7%
5 i
g 90 |
=
p 85 1 L Il 1 1 I Il 1 L
-25 -20 -15 -10 -5 O 5 10 15 20 25
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11 %% U7 U AR & AlGaN & OBIE D BIfR

105
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= 100 | *=T-M-B=23-26-26SLM | _~ 40,
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5 05 | 3.0%
]
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[
% 00 | ‘\\‘—’:‘Jmo
g
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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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As semiconductors become more sophisticated, the conformal deposition on High Aspect Ratio (HAR)
structures is a challenge. This paper addresses the applicability of Al2O3; ALD with the H202/H20 mixture
vapor (H202 mix) on HAR structures. We have investigated the deposition conditions. As a result, the film
was formed up to the aspect ratio equivalent 2000. The elucidation of the reaction mechanism suggests that
the reaction between H202 and TMA is thermodynamically more likely to proceed, contributing to higher

throughput by shortening the purge time. Compared to other oxidants, H202 mix can improve the deposition

rate and film quality, and is expected to be applied to the manufacturing process of advanced semiconductors.
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Trace moisture monitor used of metal organic frameworks.
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*GWP: Global Warming Potential
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MOCVD System for Ga;O3 “FR2000-OX”
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Conductive ink made of copper nanoparticles
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Development of New Bottle for Cabonated Drink
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“SanArc XZ Slider” Position tracking system for Rotating Pipe Welding
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Face Down 2 MOCVD #5i& (FR8000-N)

Face Down type MOCVD equipment (FR8000-N)
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Metal-organic chemical vapor deposition system
for GaN epi-wafer mass production “UR26KCCD”

GaN — &' = & pE MOCVD #&i&“UR26KCCD”

1. Introduction

Taiyo Nippon Sanso Corporation (TNSC) has been
developing the UR26K MOCVD platform since 2012 for the
GaN epi-wafer mass production”. In addition, TNSC had
developed a dry-cleaning system for removing the post epi-
growth deposition on the MOCVD reactor’s interior
components? Here, a novel MOCVD system is introduced,
the UR26KCCD (Fig. 1) for mass production that combines
the benefits of the UR26K and component dry cleaning.

Fig.1 Picture of UR26KCCD System

2. Characteristics

The UR26KCCD MOCVD system which includes
integrated wafer cassette to cassette (CtoC) and integrated

dry-cleaning (Fig. 2). The CtoC and dry-cleaning systems are

Fig. 2 Picture of dry-cleaning system
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optimized for highest operational efficiency (patent pending).
The optimized configuration a) enables reduce foot print and
b) has fully automated GaN epi-wafers handling and c)
delivers increased MOCVD reactor operational efficacy.
Overall, the UR26KCCD exhibits double the throughput of
that of the standardUR26K.

3. Specifications

Table 1 lists UR26KCCD specifications.
Table 1 UR26KCCD specifications

MOCVD Reactor Type Face up and
horizontal flow
Capacity 8" by 6 wafers or

6” by 10 wafers

Heating system Resistance heater

MO line 7 lines (TMGa etc.)
Hydride line 2 lines (NH3, SiHa)
CtoC Pass box for wafer 2 boxes (for in and
out)
Dry- Reactor  Type Double-layered
cleaning structure
Capacity 1 set of MOCVD

interior components

Heating system Infrared lamp heater

HCl or Cl>

Etching gas

( Technology/R&D Compound Semiconductor

Equipment Div. Innovation Unit, Yuya Yamaoka)

Taiyo Nippon Sanso Corporation
Compound Semiconductor Equipment Div.
TEL: +81-3-3457-9220 03-3457-9220(Japan)
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