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|72 Technology focus:

Etching

Photo-electro-chemical
deep trench etching in GaN

Researcher hope for new device structures for power electronics, achieving
trenches with 7.3 aspect ratio and 24.3pm depth.

CIOCS Co Ltd and

SNos« University, I NaOH(aq.)
'both of Japan, A NN

have reported progress B Timask

in using photo-electro-
chemical (PEC) etching
for deep high-aspect-
ratio trenches In gallium
nitride (GaN) [Fumimasa
Horikiri et al, Appl. Phys.
Express, voll1,

p091001, 2018]. The
team hopes that the
technique will open up
new device structures for
power electronics, using
GaN's high breakdown
field and high electron
drift velocity in high
flelds.

Deep etching is needed
to create ‘superjunction’
structures with columns
of p- and n-type material
that, when

1. Anodic oxidation

Pt cathode py

o ~

into lateral field-effect
transistors, enable
breakdown voltages of
more than 10kV. Vertical
devices can also benefit
from superjunction

drift regions and other
deep-etched structures.
High-quality fast
etch-rate processes are
also desired for ridge
fabrication of laser
diodes, wafer-dicing
applications, and
micro-electro-mechanical
systems (MEMS). PEC
has already been applied
to mesa, gate-recess,

and vertical-cavity surface-emitting laser (VCSEL)

fabrication processes.

semiconductor TODAY Compx

back]contact

2. Stirring for
removing Ga,0,

]

[J GaN epilayer
[J GaN substrate
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Figure 1. PEC etch scheme.

According to Horikiri, the work was supported by a

big budget from Japan’s Ministry of the Environment.
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Perfecting tfrenches in GaN with
photo-chemical etching

Photo-chemical etching of GaN yields deep frenches with smooth
sidewalls and a high aspect ratio

A VERY PROMISING architecture for GaN power
devices is the vertical superjunction. Simulations
suggest devices with this design, which sports

p-n columns, can combine a very high breakdown
voltage with a minimal on-resistance.

followed, due 10 the lack of a process 1o produce renches

in the n-type layer with an apertures of a micron or 50,
and an aspect ratio of more than ten - but this could
thanks

GaN photo-chemical eiching by a parinership in Japan
between SCIOCS and Hosei University.

This collaboration uses a sodium hydroxide electrolyte
1o etch GaN ata rate of about 25 nm/min. The trenches
that result have smooth sidewalls. a depth that can
exceed 20 wm. and an aspect ratio of more than seven.
After using the process developed by this team,

‘completion of super-junction devices could be realised
by backfiling the trenches with HVPE-grown GaN,
which can provide p-type conduction without the need
for a magnesium activation process.

GaN can also be etched with an inductively coupled
plasma. But, according to the team, this is not suitable
for forming deep, narrow and uniform trenches

in GaN. That's because it causes damage to the
material. and there is low etching sensitivity between
the GaN and the etching mask.

Switching 1o either neutral-beam etching or atomic-layer
atching eliminates the damage caused by the plasma,
but etching rates are too low for forming deep trenches.
The team developed and refined its process by etching

trenches in free-standing. 2-inch GaN substrates with
epitaxial structures for Schottky barrier diodes (a

5.8 um-thick layer of n-type GaN doped with siicon
1o a level of 1.5 x 10**cm*) and p-n junction diodes
(formed by growing a 2 wm-thick n* interlayer in GaN.
followed by: a 10 um-thick - drift layer, doped with
silicon to a level of 2 x 10' cm; and then 500 nm-thick
and 20-nm thick layers doped with magnesium to
levels of 5 x 10 cm= and 2 X 10® cm, respectively).
To form an etching mask, sonm-mckhywsol
titanium were deposited by vacuum

To form the trenches, the engineers etched GaN ina
0.01M sodium hydroxide solution, using a platinum
counter electrode for the cathode and the GaN epitaxial
surface for the anode. Etching took place usinga 1V
bias between the anode and cathode, under illumination
of 9 mW cm?, provided by a mercury-xenon lamp.

The team found that etching at 24.9 nm/minute
produced a smooth surface, but at 175.5 nm/minute,
it gave a rough etched surface. However, the rough
surface would still be acceptable for waer-dicing.

Corresponding author Fumimasa Horikiri says that
the team's process is almost optimised for obtaining
flat etched surfaces for Schottky barrier diodes. “From
the view point of the etching rate. | think that it can be
improved about two order magnitude.” This can be
done, to propel etching rates to speeds comy

with dry etching. by replacing the 0.01M solution of
sodium hydroxide with a 1M variant.

Horikiri and his co-workers have etched a variety of

trenches in both types of epiwafer (see Figure for an
example). Their highest aspect ratio of 7.3 came from
atrench with a 3.3 um width and a depth of 24.3 um.

One of the next goals for the team is to scale up its
set-up for photo-electrochemical etching so that it
s suitable for processing 2-inch to 4-inch wafers.
“We wil [also] demonstrate that this technique has
capability for N-polar face selective etching or wafer
dicing.” added Horikiri.
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Tatsuya Yamamoto, Tomokazu Kobayashi, Akira Yasuda, Axial Vibration Reduction
Method using Multi-Coil-Motor, International Conference on Analog VLSI Circuits,
Oct.28-30, 2019.

Yoshida, Takeru, Fumito Masuko, and Akira Yasuda. "Efficiency improvement method
for low output of Multi Coils Motor." IECON 2020 The 46th Annual Conference of the
IEEE Industrial Electronics Society. IEEE, 2020.

DOI: 10.1109/TECON43393.2020.9254339.
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HZEIZEY, MERKRTNTED. —F, B&NEBIIBKEDOPSTTETNS. OF D
SR[E TR TR > TRENAREREE L 2o T D, REBOMEIL, ANFHEFE -
BRIZK - TRRD Z LICHER L. Bl21E, —SOMEE O FIIPSH—ERKE L T
L2 ERH L. MEREHITMEDO LR THLRY INE I Ve EEST DT,
WO ZFEMEE LA BEERRIC & L TRAT D HREMENH 5. BFPSA RO
flzky, RTroBEhzHE+s 2 LN TE5.

A. B.

PS/E

HER18HKRT MEESHEHRRTF

S1ED
d—b 25X PS

HEERFENBEOBEWDN SLUHEEREMETROMBEZHEMRGR (B
) B)
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[(BENnf-HENEA>T==R])

BASOFEANC & B TR 2 R T A L 1 OIS & OREZLRR A R L7z, Rl i
NOWEICERL, 7T A NEWEINDZ o EE 2R T D CgeA % v 30 B & s
RV Yo B TA RBERSND Z EEZALNC LIz, — 5 Z ORHTEIE T, 7 A /L A2 DNA
A LT T RGE G T ORISR Z 5 2 L2 LM LTz, F72, £ DNA #H#t x %
HIXEBENR S D Z L2 R LT,

[(REEL G --REFTDRMRE]

FEE O T EEGRRIZ OV TE, &< oMl boET LR E L THROMIEIC
L VAN TN TE . BUEE CTOMITIC LY, fa T aGRE T OB IZ D\ T
T, FEREEPRZ N TWD. — 5T, lFREOBIEICOWTUIRMADE 01320,
AWFTEE, lF27 7 A Mg L ZDIMUDKRY B> 174 REIZHER L, €OHBEREO RS
R 2R AT, 7 7 A MBIZHOWTIE, == —3—7 K%¥® Patrick Eichenberger {&1: 5
& DILF TR ZHEDHERR T2 57 7 EOMANEH EEEIEFZH LT 52 LR T
. TNENOEREZ AT DED 2 LRI SR ST,

BINETH LRV Yo T4 REerd dh DL, HPLC 72 &% HWeiFRIZ LD
FIEPA NIRRTV, RV oW TA REBEST U A—L D7 A NE IR
TS NITR > TR o T2, CgeA ZBEH L X7 L HEE L, RIARHT & 07 Ry 28 2
ALY, PSR A RET D N TE .

FEMT DWWFE T, —EBORFTERER FITME T D A VR (77 =) BT 5
BT FmARIC £ 0 BBFAEI TOI TN D Z e ahoiz. Ml ek &)
HEYNEFORER T 0 AL, YANLADREIRL TS Z & amd—filL oz,

(ARBRTHROEE]

FEEL B OB EERRIC OV L, 1RIERRDHH T 7. hoF i -HlE O la 7 kS
FRIZOWTHOREEZTT MCHAMEES NS LR SN S . FICEEOMWEEIC O
T, i b LT ORI RN, MAREFSND EE2 N5,

HRSEIC T A VAN ST 501135 < . FEHEEZET VST LV ANER Y 2T
MZEBT AN RAMEND Z LRI E LS.

MREARDERFIZNR]

- ERAELEL, EQOLSTBIGAIZDOEMNED MU EOLBIC X DM T EE~DEHR,
27 a LYLTORM O, T A VA —{EOBE.
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EWT /<O URETREOERR & a0

(AmBEED - AmKRER) B &=

T )~ THLIRUVEE—F—IE, REIET / A— MOZFESER & X
JEHERTNAHCHBET 2 2 LTRSS, 20T —% —OBRENREMIL, 14
i m RIS b L7 ~ LT A 2 L, BEEEES S RETH B 2 L, [\ [AY)
DR Z L O LR ENRHIT BND. B— X — SRS L SRS O BIIRIE, T
Mk &g L O R X O 2 4 2 it 7 7 ) v U— BRI o AlHic o7
NHEM/HTED.

AW TIE, & — & —HEGLHE & (RIS 2 BRAE T 2 72 D ORFFE Y — L DB & b
I E B 2ol T, RABE—F =N THEERBEOMAT L7012, E—F—
EREN O AR E Th A G TV o ZICHOW TR EEOEZ 37 - (GFP) 12 Xk 240t
AL O FRIEIC L 2 BABROMIT R AR LIz, S HIT, BT & EH
DIEHRAZMHAEDET, @OS/NEETE—Z —NOS IO Z 3 Z 72w,
T X — RS AT & L RIFRICEE LT, D& \CE— ¥ — [t RE 2 i E+ 5 ik
& UTRBRENRR > 72 VT, Ml AT A L LCOFEREMNNEZ B L T2 B
Thole. RUTIZE DA FVIREOBIEZFZBTE 272w, MIRIND A A RO
BALZ EREICEHIL, E—X — A= X — I OIREMEZRE LT, (RAH TR
B9 5E— X —OFEIXEEEEE L D O X THETH L0, FHUOREE X 25 7eH
HH DD IR, ARBFETIE, BER60 nmD4&T kA2 BHEIE LTHY, ARG
TCHREIT 5 _RABET—F—0EE &, &F ki

T OBGELE 2 RR ek L TEREE TR 3 23

0n
BAEABELEZ., ZOVATLAERANT, T—F— Mml

&S /HNF

FHEHI B O L 72 AFIILE v X7 E OMERED —
A SN TE . A%, I A H
W, RUBE—X—%EGDT-HEWmT )~ D

NAE
T—5—

45 nm

SRR 2 LSS LB SnS. "' T /MFRSORENL

BEENAS
B1. €5/ HFERVERREA
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[BN-RENEA-T-H]

AR ROV AR G T CBREN T 2 XA BT — ¥ —OREEF M Z FERIC T 5 v
AT KNERE LT, OGS L EAGDET, 6 HAMENE T TE—& —FtEZ7F
i 2 Z ENAREIC/Ae o7z, ZOV AT AEHWT, T—% —)ERE7 5E— & —il#X 1
FliL OREO—imA B iz Lz,

LEOBEED, FEMICHEIINTULD, EDR/X - AEERICEOABTHEETNSH.
RAX —RFE A ZE LIZIRO DR FICEEND.

BHFRAY—EZE H1E BES RS (2021.6.11)
RAL —H8E A, HLEM, MM, g3 KIBE FIL IMRAREE T Ao
EE—F —DREEE LIRS D

WAL —FFEZE 17 [\ 21 AR RIS EFZE4£:(2021.8.20)
RAL —HBE A3, HLEW, rMEm, SiEsE. KW FIL IMRARRME T T
ABT—F — ORI & HE T 5

[RELLG--REZDRMRE]

RAUBE—F —IXER 45 nm FED/NSIR 2 R EEEERTHDHDOT, TOEE 2
AT D7 DIIT R Z S TSI 5. 1272 L, BARSM THRE)T 5 &M ToFHNTI,
ITTFNEGRDLZENHELUWBUNRHEIEHWORER S L. e by v E
BT 05HEE L E—F —I@&an A FERLIMAEIELIHINICE-T, MER%E
AR L7,

[(ARBRTEOREE]

AWZETIE, WS OT ) A7 — /L OEERE — 2 — OREEERENE & [ 2 BLE3 5
Te O DWFFEY — VOB LTz, KR, AR TR L EFHIT 2 72w 0diE & alkHz >
WTOHRIZE T, BE—F—2EENT 25 5P AMEII TOMTNATREIZ R > T2, 5%,
NGB HINEZHWT, RAEBE—F—2 B EWT )~ OEIERFEE K %
LMWL LI END.

(AR RDEIRIER]

AFEFERGED AR T [ A SR LB IR0 FIEORELLIREL T, Fid
OFFFFE R L7, B, /BTER, ERAESL, A E, I, SmaEs. K
AW IIATIEE e O oA 71k, BN 5 FROE NIEBURY:, [ESLAFZEBA S8 IE NG s
1EHFICASAE, RFaFs 6631771, %&%H ; 2019 4F 12 A 20 H.
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REREEDNDREILDHE
(A REED - AAEREE-FY) /KiEE ELAS

[EW]
%%@%A&%%%Fim:ﬂmﬁék VL, B RED D &I A S 2 HEE L,
ERIRECTRIFT D ENRMETHD. A7 uy =V FTHE, Kz xX—%2HNT
m%AML&%%%EﬁétAm@f&/ﬂa HEAGKRTHD DEHEFRIL Lok

ARREBICEICER L, ZNRERARED» S EECHBEL, B L/ ESE AT
@%ﬁ&%%%%%@ﬂ#é&ﬁﬁﬂ%h%% LT DA TS 5 2 & 25T
OHMIETS.

(RS2 ]

BHE A LMt & 2 N, RS T 2 N7 7 U T D Anabaena sp. PCC
7120 & Synechocystis sp. PCC 6803 DAMM St Z2 MGt L, TERIEL D & &2 T
JaZeted 5D 2 & ARIREIZ 7R o 7o LIS E TRk L 7= Synechocystis flfE )~ & AL F %

MEMLZHBEL7- L 2 A, MERIEXL D @mWEEERENENSG DLz, S %ITHEEL /-4
i DM 2 T 5.

HALFEZRIMIIEE D —FEARRA 77 F L7 Ut —L (PG) BFESLTEY, Hit

FRIOHE LB L EN L OZEICED S (K) . AHFETIE, P RINTH
HTH501TDOPGDIH, PG714 (KOMTH-7-E45) OFREIZE B L7z, PGT714
EMEAERT DT R BRI A, (BN TE 20K 9 12) BALAFRAYIC EH#R L 7~ D1-R140
ZEEFE L D2-T231 BRKZ AW TN 2D, b O R CIIH bR 11Tl
IZALET D Qa— Qs DETRIEDIEIELESIRDRELE\LE MED, k7R TEAE
NOZFTCRENEZ DAL, Thbb, HﬁMj%mMﬁmﬁA%W@@
B BT BN T, HEED - BREICEE & E 2> T D Z E BRI LT
> 7.

MFFEHARI L AT, BARICHWSREIC L HH Lz, Fe LAy CixnTiieig ot %
AN THEREZRREET 5. Rt LV EZRLF—HTh D EREANITEM TS
i BEED L7\ o8, A ERICH T AR OIRITH RSN T I eh oz, Alfbk
DR X NHEE ﬁmﬁéwﬁt?FT ZERWTE, mAR G E R O YA R &
FREELZZEEFALIC L. — 0, BEEEMDICES, 7 207 U TITSEER
BREFEE LS TNDTD, ZRRRNERE FCHAT 2. Z7rre 7 o valllz, K
DE&%@%%&W?étAﬁé%f%éﬁmn74wf%%0/7/A77)7f

________ X, mARESEE RIS
FAZHWTWAS Z &2 50
WLz, INHoMEE S5
WZiED D Z LIT kY, EREG
e AEFIH Lot A sk o b

o HDRMIETE 5.
l D1- R14?‘

M. REFRI2E (K) £PCTARED (B) DOEE
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[(BENnf-HENEA>T==R])

ARG, BEMCIIOEA R EBRE) L2\ o, T OB~ BITHFTREIN T 2
STz WA EBRE)TE DI RIRO DM S AHEBEICE(L T 2 EBELEREE Tl T, &R
BIRNARONEE EHIELHZ e LM L.

LFEREOEED, FRICEHSINTLD, EDOHX - ARERICEDHABINEENDH.
2019 FEI =2 —AY U—ALTNETHY, TM. Kono, H. Kawaguchi, N. Mizusawa,
W. Yamori, Y. Suzuki, I. Terashima, “Far-Red Light Accelerates Photosynthesis in the
Low-Light Phases of Fluctuating Light”, Plant Cell Physiol., 61, 191-202, DOI:
10.1093/pep/pez191, (2020)) (2l STV 5.
DA Rz BRE) L 722V ER G A a2 RIET 5 ) & OB H THRE KRS, BEERY, #f
BINRKRFED 3 RFETHFA=2—2Y J—Z L7 (2019410 J 16 H) .

[(REL G- T-RmEZDRMRE]
AR DS B U T T ORE A ZED A BOE M A IEFEIZRAICE T 2 O RS
Tholo. Uistt o 2 —OFFFT 5 A MEFARENCIT S AT 22 N5 2 & T, £
DEBINATRE L 72 o 72

(FERRTROEZ]
HARZBRE LRV & SN TEEREED, ZEDETONRAKROMESICHANTHD Z
& EB SIS LT ARBFZERRIE, b B O e A R 2 Bl 5 ECIER G2 BB T
HTLEBMHATHD Z L EBWRT 5. A%IE, RGNS X 5006 AR ERAE D55 O
fEtz Hfed.

(ARKEDEIRHIZHR]

-ERIELED, EQKSBBAIZDEMNZ A AR L HEIM T AR E BEEh T & 2z
W, EREIITHEY L5 ICB W THEVER SN T IR0 ol EREEOEEZ S 51T
FHLSHRD Z 2k, SRR RO AT 728G RCREHE KAES ORI I8 72
RARENEE B2 D T E IR S D,

- R REOTEEY  HARSUSE RGELT A 7201, K0 ROICE < AR OLH)
R —= R IE, FEFRRICRH OO 2 ENRTE L0 Lk,
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HEBEDOANTIHEEZ ML -3 RIMTH O
(A RHFER - AEaBRRETF AL 1A SR

[ B] Frfi rl 7ot & FEBLT 295 BRAURE A 7 A OREELIZIE, FM B O L ELLS
DARFR T D. AIERNCEE ST EMRERE A A4 7 v v RIX B AW 72 7 ) L
THA L EAREE L, EE FOBRBREAM BN X—Ka X DAY v bk
RSB COEMNHEEINS. £BEIRIL, IO TR SN EameRE
Hiig GE—MHREBER) 5, ARG SEEORSN b EaMe R E AREEY (56
THREBEER) ~EELTE. ZRALOHFRARSEEIRIC LT, R = A
D& B EIRZ A gt oft % B L.

[RRME] B4R ETULICHT IS F T 7Y =T a R f F T Fa bl — g
CTCIEATE D RIBET VA > &2iTo7. (1) % /A4 Fegdtem LFELERIT, £
DFDPHENS LT T —RAERINTND. T4 A ROTIVE T ATEIERSCREER
R S, EEEASREE LEERMEITHD. 7T ALEST AT I BESIE
F—7 %R L, KIGEOHIEEEZFEST S OmpC 4 UHilashcizrn3 5 KIGEE
iR Z BN L. ZORBEBEEBERIKIXARTFOT NV E Y AEZWREL, LT 7 —
AZDENYL < AT DA FT T =T g B O AL L. (2) A4
BB D/XZ DT NE, BREER BENEOPER T AL 72 SICFIH S 4, BEVEESE LE
BRMEITH D, JORERTHHAINZZWE SNTEZNT VT LN, KiGEMa CH
L, TOEFHICEEGET 28 BHE S AT LAOMRA LS. MEIZBER LY/ L
FEH i HoSel (Homologous Sequence Integration) £% W= KIGE 7/ L O EHR
BT, XTIV LEMBNICER ST ) MRERIGEZAIH L, A4&E4eE DRI -
BWT 2NN AT X2 b b— a CEINBTS O RAR A ST LTz,

EE€BEEE (ppm)
10-3 100 103 1086

10-15 10-12 10-° 10-6

N~
—~

X 0

SN

BRERSE - BTHE I\A A HBAESE A ARE

Ki5EH
ol s R e
)
£ 3
>
2
v
Bt WA i

AKFGECRIH LI RIGEIC LD ERB A AT 7 =T a oo T o b —
va HANE, BRAROKRFAEZ ppq A —F — 7 E 488 % ppm A — Z — F TIEAE
L, £ 6ORGHEMINE S = HREBER A AMugE & UTRIET 5 2 &3l
T&E5.
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[(BN-BEMN LA >F-R]

T A EOBEELG T OSREEREICHRIET D8 LW A% H T HoSel
(Homologous Sequence Integration) {£% BAJE L, BREEIZICE L 7o Ml O FE (36 fis 1Y 5iE)
W) A EOEEBIETPEGT 5T ERAZ TV RABRTHL L&, RIBEAET VICE
AELE L7z, BH¥E L7z HoSel 1513, HU/EMEMINERST-72 SO AR OEEF~—
—ZMA LZWwEnZ e, 7 A L0 DNA BSNZBWT—HE L~V TORZE, #Y K
LATH Z & TH 7 A RICBEEOWZEEAND 3 SO A S H £ . HoSel %1%, MECl
MBS O EERE AR IE T2 T TR <, ARAEMTFO X 5 RISHMIETIEMN 25 2 & e T
T.EE, BB AT VU L EEEIYLT ) MREERGE AN L, AeEeE DR

e BT DA AT F 2 b L—3 a3 U ETBRSE O Sk & fesr L7,

LROREN, FWICEHINTIND, EORX - BEERICEONBNEEN DD

HLWT ) AREHI HoSel (Homologous Sequence Integration) EBAZEIZ OV T,
2020 FEIC TV AREREEITH>TZHNAETH Y, [Miyake, Y. and Yamamoto, K., (2020)
Epistatic effect of regulators to the adaptive growth of Escherichia coli. Sci. Rep.
10(1):3661.] ICFEH STV D,

(LT SRR HoSel 1% B%E - HoSel V51T & 0 HlE H IS X BGE 5+ 8
HHEHT 2o EAZ SV RABRTHHZ L E2TFGE] 27 VAV Y —2A L7 (2020 4 2 H
27 H).

F70, AESBRERDONA AT F 2 b b—3 a3 VHARBIRIC OV T, 2020 FEREEICRITL
Toipin TIUASEH, PR (2020) AEMNA T aERAEZHWIZ LT X X VEIROME
f 7 VU—>727 /1Y — Vol.30 No.1, 43-49.] [LUAIH, ME27ZMH (20200 7/ LfEE
HoSel % b bW KGHEANA AT 0 A& AT L7 A X V&R AT (LT3
2020 4+ 12 H 5 Vol.71 No.12, 753-760.] (ZREa 34, TLUASRH, EBZEE Bekes
ERT 5MEY  PCT/JP2021/042757 (2021.11.24) | & L CHFHHET CTH 5.

(RE LG --REZTDRAE]

(1) Zv% /4 RegiefmtELRIE, TORMENS LT T —RALHINTND, T
Z ) A ROTIE T MMIHESCROBMEIRICHI Sh, BEERISREE LEELMEITH 5. 7
NETLEREGT 2T IV BESET—7 2 RN L, KW OMIEEZ/F/E9 5 OmpC %
I LA R 9 o RGBT B R 2 Al L7z, 2 O KRB R EiS ISR o7
NEDLERAEL, LT T —ADBEUL - FIFALT D31 AT T =T a CHEABE TS 0 g
RN L7z,

(2) ARBEEED/NT7 VT L%, BREER BB EOPET A it e SIZFIH S 4, B8
E(ELFEERMEITHD. TRAERTHAINARNE SN TEE AT VT AR, KIGEHRT
L, ZTOEEEICHEST 28BS AT AOMAES. MAICBR LY ) A%
Hifff HoSel (Homologous Sequence Integration) 5% 7= KiGE Y/ A OBERE T,
RIVY LEMMENICERRIE DS ARERLGE LRI L, AekEeE oI - Gk
HNAFT Fa b —3a CHIRBFS OB A e LT,
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(ARBRTHRORE]

O ERARH-IROEBEIE LT SIS OAIH 2R L.

@ VT T — AL AR DT, TIVE T DDA FT T =T g CHEABIRE O
AR A fEST LTz,

@ BAEHBEER A AMBSEAIH DT, T T AONRAFT T —T 2 a3 CHEIRRTE O
AR A ffESr LTz,

(AR DEIRHIZHR]

- ERELEL, EQOXSBIGAICOHEASDN : (1) HAMSEGAIA GB—1IEeR
HR), smAMSEREaREY GG _itREBER) OARLERERICH S, B LVWK
a2 b ARBREAN OB B R A 1REE L, BEARIGERIRE > AT HMZEBT
5. (2) NIV LR ppqg BAH T AWM - WHEO KRG D, T VT L5
ppm EH T 531 A A S A AL LTIt 5.

- AFEFERGEDEEEME  IROFFFHE L. ILASRM, EBAH ASRSREEERT LM
Ay PCT/JP2021/042757 (2021. 11. 24)
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F/REZHEL- BB XMEZAVHRLIRRFFEORATLORSE

(B - REDCHEZER) I8 1R

IR A A U IR DO RIRKE LB A T A b, A VIO~ A 7 afleffor A8
WTHDHAYR—=T ALY BRI OBRSOMALEZ R Latix 28 EWE D
WAERRE AT D, ABETIE, ZhOORMEZICH Lo BGKE L 27 & (15
ZFEEAIE) OWBICET 22 T o7, DT ERM R L =T

1. Si/Al E/VEEE 0.8 2D L AN NI AT NI UL EEIET VI =0 A%
FHEEL, pH7, BCTRIGESHAZ LIZEY, "RV LA GERETNLVI= A AE
) ZRAELSAKRTE, BONTEANART LAIEIENT VE=U LA A () &V v
feA 4 (PO,) DWAEREZ < LTz,

2. JERKE I (ErE)nd A b)) BREICAITSRY AFAF 2 8AL, Bk
THZEXY, KIEEET RERRE S N, POSKOAT LT —MB) O %
IRTREMIC 2D Z ERH BN 7.

3. Bl LA PTESRMETT A VKBS 5 Z LT, Bt~ A 7 v flifla {REF
LeEEF /ML FFoBA 74 P2k 2 2 LI L, £OESEITE Y NH,
MB OV 7 2 UERDOWAEREE R L=, X 1 ICEAKROIEREZ R

S

BERL
500°C, . = 4 R7
900°C 3 (€4S

. gyl yd
(EELak)

EEL BEEL (FERR)

X1 BEARDESE

4. WEOKFOT Y BERANTEAYR—=F 22U MS) D
BRI L. S5 72 NS 1T S (800 m/g)
EH—7p A VAL 2.8 nm) ZoRT 2 E BB S NITR 5T
X 2 1285 547 MS @ TEM B % 7~

2 thEKPDOL) AH D
BRENT= NS O TEM &
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[(Bhf-BENLENo1-H])

T KEIE A I U7 SR A AR A O T R i v s R T A D BRI SR

DOHFT, HMEGEEFOMEKFDO LY HDLMRMCA Y R—F ALV B ERKT D Z
W LT, BN A Y R—F 220 H1% 800 m2/g DHLEREAZHTHZ LML

INZIp o7z,

[REL LG -T-REZDRMRE]

O FFEFFICEBN AR DN T - BRI D FF B IF o e Bk P o fie > U 4
MHAYR—=F AU IOEITEEL L, EFEPITIERE SV I ThoTo. Z OJRKRIER
238 L7z K CIE, &/ ~—3 U R (RY~—2 U BN Lic/eHTh
O, TNT1 ) ~OHFEIRKEG R &5 AT O BN BT, L, B TE /) ~v— U
T DIREIZH HHBOKEZH NS Z ETINOLDOMBEEZITOTICHEICA Y R—F A2
NEERTED T L ERMLE.

QffiE L BAT A4 MEAKROIER . EHERELOTAH U AKBEIC X 584 T4 MET
i, BEELOMEE AR CE P, BBl Lo~ 7 afifLEFIHA TE TV o AR
TIHEBR O~ A 7 a2 R LIS B A T 4 MET D KBULERS: 2 S5 IS RET
L, ~1 7 fla A3 58ERLETFT VHALEATHELTA VO~ A 20,/ F 7 Zilik%
ERT D Z LT LTe. 72, BONTEHEENEEGEY LA 4 2 RETE LK
ke LTEHTOL Z 2L LT

@EHFL IV UVBREHNATZ VALADEM : "NAT LATGA T A A v ORIGRAREZ
BT D0, TRNOOKERFOT L E=T LA F 00 VA A OBRERICET 2
FHIEN TV otz AFFRTIET VE=T AL AL &V VA OB R ERE
BT HNRT LA DERSEHET LT LT,

@FE AN U7z IRk T8 DR & K bR B U C ORIl : 24V E TS, R 8k
%%%wtm@m/XTA(i%& B bR BDIRESNATHS. LavL, BIREL8

REZI - ﬁﬂ%kbfﬁ@ IRl T4 VEOBRFEEY ZBIEEITZEBMETH -

2. £72, KEERMETHDLT VBT LA L L) VA A ORIEEREZIZEH LV &

En Tz, xﬁ T, 7 =0 LETREIK LI o @ RHE 21T 5 2 & ClkE

ET VR LAY U A A DOWAETEE AT D HBUKIE LA B2 B LT
(ARBTHROEE]

OFF, A Y R—F AT ABOERKRITIEL A SR, W ONC BB E  (FFRE 2020-
158947) ZHBHL Tk, MLLEELROARE, HBIEEMREMREZE L L, HEUK)
HDORAIR—F ALY I OREFILEEHLT 5.

Qe t /AT A MEGKROMIIK (74 0%) ZERL, ERLE BIET.

@NAZ LAI1X CO WM & LTHIEEN TV D78, KEKF OREWERREGED
FEIZRREAG 24TV, KB & L ComiliibE BT

@ PRHs 854 0 JE I8 T & 0 SR A A IR B & B R,
¢S AT JOEPESEEY!

-ERELEES, EQOLSBRAIZDENAZD : DA VHFLZFIH Lz filil, 4 23 H#

ML AT L ORFNEM. QKEFLIE (A - 5% - ) o OkRE). OKERL
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M (F - U okRE). @OKERLHE (3 - U U DBRE).

-FFEFEREEDRRENE : QI L T TR 2 HGE L T D720, #iBUKL AR LT
AR ORI (B ZITBREEE A B & L COR) 250095 2 & T, B L7255
WEFTE 5.
Q~@IZELTHZNEDOMEE W7 4 LV ZLEICELE > TW D EERND
DT U CRATIG A BT
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EHEEE YA - AN E - AR mREE
(BT - AR LR Rl i

(B E5, AW ORFE RO R OEEZ BT 2 LMK L, £ b oh
PATFR A~ DIS AN S TN D TR ORI E ORFEH L LTAL
NERRZT NG, Fio, EFE, PRMRRZIRIC LIEMREEORIE bIME > T
W5, BlZIE, BO—FOMALOMREN KON TG, T OEALOEEZ BT 5
AR 2 O T RE O 0118 2 B F5 3 i mBE E R STV D . ABFET

13, HERET /T TEMERE 2R N T H M UM O AR & EBL 5 7= O DRk
RHROMEZ AR L T 5.

[ EE] OFER RO E B ER TH DI BRI EN 1252 F L,
Bz RIEIE G R ESLEEZFIT L TS Z EnmbR TS, L, BfToAT
WHIZEICHRIEY AT 2B E AW T TR SN TEY, T, WEOIERE S
FERAPLZ /i 5 2 LR TX R, F 2 CAEZETIL, WMAoIERTEE %%
FERBINARFEIEE & U TR FEIET 2 FIEa R L. BLEafENT & SAEARAT O i i
N5, PERMATE T VLI O M 23R IR A 72 FERR S S B LB D R A
ikt cxnrZ L%/ R L7-. £7-, Field Programmable Gate Array %\ CHELM4E
TNEFEEL, TOEELZEEFIER CHERI Lz, 51T, [EROWMAET VL g
LT, EETNADDEOREIRGZ - CTHREAGETHY, KIHEE ) CEEREETH D
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