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$BEEFEY FOTREIMEERE
Trends and prospects of semiconductor qubit research
HREREPK OhsF X
Science Tokyo, “Tetsuo Kodera

E-mail: kodera.t.ac@m.titech.ac.jp
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v b OEEEEICED LR &, EERIIC AT 7ok 2 7R B Y K2R 8 D B ORI TEBR %
DWW, ZOMRB R EF B b FETT D,

ABFFEIE. JST Moonshot R&D (JPMIMS2065), MEXT QLEAP (JPMXS0118069228), JST CREST
(JPMICR24A1), BH2afgeesiibh4: (JP23H05455, IP23K17327)D Bk % 5% 1 CTEIT S i=,

(1] /DSF R, ICHE A WE ., 59248, & 12 5 pp. 713-722 (2023).
[2] T. Kodera, JSAP Rev., 240101, p.1-11 (2024).
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FEEYAVEFRY MIBITHER/ 1 AOEFHIEREN
Charge noise dependence on the electron number in a planar silicon quantum dot
REMEFEX, BIAIBFE? EXS OBO E/' A BEA', 0E EXB, 4 E?
€ Fz? B XL AKX K2 K¥ shz? KH R XH F', MhF X'
Science Tokyo ', R&D Group, Hitachi Ltd. 2, UTokyo?, “Raisei Mizokuchi', Riku Wada!,
Ryutaro Matsuoka', Itaru Yanagi?, Toshiyuki Mine?, Ryuta Tsuchiya?, Digh Hisamoto?,
Hiroyuki Mizuno?, Shunsuke Ota', Jun Yoneda'?, Tetsuo Kodera!

E-mail: mizokuchi.r.18ce@m.isct.ac.jp
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NTWnWb, ZOEFEY MIBIFTLEER A XL
LB A KB, B A RER L DF r
g b — L2 ARSI I A S E T, B
I3 B AT TR, Eapommc k@, CS
A AORBA PRI TEY[2], £, ITHFETIE Si Q D
nanowire BID &7 Fv MIEBWT, FEEITEMED
HINZ A © BT/ A X OIRBHERS S LTV D [3],
— 5T, BBEELREFE Y FEMERERILTWY
% V- metal-oxide-semiconductor D T U 2 B R
v N TR, B A XOBAEUNS T DA T
HINTWRW, AIFFECIE, KR Fizk W T, F
RO ary&f Ky MIBT2EM /A XADE
PR EZH LM LX), YV arv&feEy b
OYERER FICEHERT D,

\

Fig.1 Schematic of a planar silicon
quantum dot system. Tunnel events into
and out of the target quantum dot (QD)
are detected by a charge sensor (CS) and
converted into an effective current, from

which noise spectrum is extracted [3].

AAMF5E1E JIST Moonshot R&D Grant Number JPMIMS2065, MEXT Quantum Leap Flagship Program
(MEXT QLEAP) Grant No. JPMXS0118069228, JST & X 23(}(JPMJPR21BA), JST CREST grant no.
JPMICR24A1, BHFE(JP23H05455, JP23H01790, JP23K17327)D 4% % 5 1 TixAT S 17z,

[1]J. Yoneda, et al., Nat. Phys. 19, 1793 (2023).

[2] M.A. Bakker, et al., Phys. Rev. B 91, 155425 (2015).
[3] C. Spence, et al., Phys. Rev. Appl. 19 044010 (2023).
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RF REHRIEIZE TS 1Q FSEFHO&ZE(L
Optimization of IQ-encoding conditions for RF-reflectometry
EREPX!, Btz RL Ed', EO EH, W =2, & Fl2z2 LB EX?,
AFR K2 KE shiz?, IhsF BR!
Science Tokyo !, R&D Group, Hitachi Ltd. 2, °Naoya Negami!, Raisei Mizokuchi', Itaru Yanagi?,
Toshiyuki Mine?, Ryuta Tsuchiya?, Digh Hisamoto?, Hiroyuki Mizuno?, Tetsuo Kodera'
E-mail: negami.n.92bd@m.isct.ac.jp
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TR SRR D R/ MED IR L 72 D R/MEORR 21T o7, RICKEZRE T H7-0ITHAS T
BHRDR LT AR EEEHND Z L2 X o T, Figl IZ81F 2 (0,0)0RED 575 BL72(0,1)IRRE
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P2

A #F %2 1X  JST Moonshot R&D Grant No. " o ?\=15'75°
JPMJMS2065, MEXT Quantum Leap Flagship Program 13 \[‘*: (1 0y
(MEXT QLEAP) Grant No. JPMXS0118069228, JST \>E,12- .
CREST Grant No. JPMICR24A1, EHiF2¢(JP23H05455, © 4| \;)?Hi)ii:;{\
IP23K17327) D K 4B 4 %1 T S, ol e
[1]Y. Peng, et al., IEEE Journal of Solid-State Circuits vol.57 =7 72 ~70 68
| (mV)

no.8 (2022).
. Fig.1. The average values of the

states fixed at (0,0), (0,1), (1,0), and
(1,1) are plotted on the IQ plane.
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W5 2EEFFY FMZBFEIRMNEFORILOHER
Effects of photon assisted tunneling of parallel coupled double quantum dots
BRI, BUSHE? JEKRYES, B4 OHAE BT AR #Eh2 HE FL3
XH K—4 FE B8 4% FE
Nihon Univ. Coll. Eng. !, NIT, Tsuyama College 2, Tsukuba Univ.%, Riken*, °Tsuyoshi Hatano!,
Toshihiro Kubo?, Yasuhiro Tokura?, Shinichi Amaha*, Soichiro Teraoka*, Seigo Tarucha*
E-mail: hatano.tsuyoshi@nihon-u.ac.jp
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[1] T. Hatano, et al., Appl. Phys. 0.7 06 05 04
Express 14, 105001 (2021). VSR(V)

Fig.1 Current as a function of gate voltage under microwaves.
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3D stacked spin qubit and TCAD simulations
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[1] T. Tanamoto and K. Ono, J. Appl. Phys. 134, 214402 (2023).
[2] T. Tanamoto, 2024 IEEE International 3D Systems Integration Conference (3DIC), Sendai, Japan, 2024.
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Study of interface trap density in Ge quantum devices
Institute of Science Tokyo.!, University of Tokyo.2, °Chutian Wen', Yuto Arakawa!,
Ryutaro Matsuoka', Raisei Mizokuchi', Jun Yoneda?, Tetsuo Kodera'

E-mail: wen.c.ab@m.titech.ac.jp

Ge Hole spin qubit has shown potential for realizing high speed qubit operation [1] and large-scale
qubit integration [2]. However, the strong spin-orbit coupling, which couples the spin degree of
freedom to the electrical noise, poses challenges in maintaining high qubit fidelity while achieving the
high-speed operation. Interface traps, a major source of electrical noise in the Ge quantum dots,
therefore need to be studied to gain a comprehensive understanding of how to achieve long-term stable
qubit operations.

In the previous report, people pointed out that higher atomic layer deposition (ALD) temperature
results in a lower interface trap density [3]. Additionally, the application of oxygen plasma
pretreatment [4] and pre-cleaning trimethyl-aluminum (TMA) pulse [5] are considered beneficial for
oxidizing the Si cap and removing the GeOx, respectively. These treatments are potentially effective
in reducing the interface trap density and, hence, improving the stability of the Ge quantum devices.
Therefore, in this work, we applied these techniques and fabricated Hall bar devices (Fig. 1) with gate
oxide film of Al,O3 deposited under different conditions on a Ge/SiGe heterostructure. We conduct a
systematic discussion on the effect of ALD temperature (250°C and 150°C), oxygen plasma
pretreatment, and TMA pre-cleaning on the quality of Al,O; to identify the condition that enables the
lowest interface trap density through capacitance-voltage measurements [6]. Furthermore, we
investigate the dependence of hole mobility on carrier density, along with the percolation density, to
demonstrate that a lower interface trap density gets the influence of surface tunneling effect suppressed.
This study makes contributions to realizing a stable qubit environment in a Ge-based quantum dot
system.

The Ge/SiGe heterostructure is provided by Giordano Scappucci from Delft University of
Technology. This work was financially supported by MEXT Quantum Leap Flagship Program (MEXT
QLEAP) grant no. JPMXS0118069228, JST Moonshot R&D grant no. JPMIMS2065, JST PRESTO
grant no. JPMJPR2IBA, and JSPS KAKENHI grant nos. JP23H05455, JP23H01790, and
JP23K17327, JST CREST grant no. JPMJCR24A1.

(b)

Top gate

Fig. 1 A Ge Hall bar device. (a) optical microscope image. A lock-in measurement is performed to
extract the longitudinal and transverse voltage differences. (b) Cross section of the Hall bar. Bonding
pads are patterned on top of the Sig2Geo g virtual substrate to prevent the gate to Ohmic leakage.

[1]1 K. Wang, et al., Nat Commun 13, 206 (2022).

[2] V. John, et al., arXiv. 2412. 16044 (2024).

[3] M. Rahman, et al., Materials 13, 5809 (2020).

[4] N. Sangwan, ef al., arXiv. 2411. 03995 (2024).

[5] M. Milojevic, et al., Appl. Phys. Lett. 95, 212902 (2009).

[6] T. A. Hutchins-Delgado, et al., ACS Appl. Electron. Mater. 4, 4482-4489 (2022).
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Broadband Noise Characterization of MOSFETs and Its Temperature Dependence
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[1] K. Ohmori & S. Amakawa, EDTM 2023.
https://doi.org/10.1109/EDTM55494.2023.10103124
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INFEFTEAIEZTFvy—U RS (CP) HEY—NE LTRIMICE T D E 08 2 M LK
WFROMERZ B L C& 7=, XU HIZ, 7/ MOSFET IZfF/ET 5 MOS St KD B — M DH| Eik%
TSt L, B—KMa 5 D CP B Ieps 28 0~2fg (77— RSV AR, ¢BXRHFR) Ok~ Rz
TEERBLLE] UK K@ 2 EFEMEZALTND I EEAEIEL, TXTD Ieps fE
AT D —KMBDO 10 DO X A Flizito7= (K1), 228, Ios=fqg —EC% KA L LTHWHHE
K CP HlGR 2 AEMICSET L2[2]. S 612, H—RE XD 2 EFEMORBE S (DOS) a8 L,
BEH[3]D ESRIC LD Pyt Z—D DOS & DBt R L. £ LT, HEMICHT HIZE8HEFO
FERFES O ERI[4], B, FENICHESNTZEFOME - HA—L & OFRARERDERIC
L[S, TNOHDOEEEZELRLTIO 2 BEFHENMN KF—H (D-like) &7 7748 (A-like) Dl
WEATHZLICBET DI ERIGEL. ULEDRR s 45 678 o
D, FHEIRMED Po 2 —Thd 2 & A H— R o YPE

i JRfFAT—n) TIIUHTEIELEZ., 62, D-B Acceptor—. s ONe) - OO} lgfrease of &
5O Alike HET~ 7 (SR G T RO e e e
HI7 5, D-like HET A £-HRE L 7= 4121 & 70Tl P i
IREBREFN AN & TV D 2 & OEEBIIIC ) LT2[6][7]. Denoriike Om© oo e 38 S
*7, ﬁﬁ@fﬁ@:ﬁﬁ%é?}’l/(b\é"j@%?‘ﬁ‘ﬁﬁ%%%ﬂi*—ﬂ/k Evo o o Increase of £

Expected Lpyax: <fa fq fog~2fq 2fq

AE Energy range covered by CP meas. at RT

HHIIC RSS9 2 R OB S, A-like HERL DO
HEEADEMAEES LIEZIC S KEOEIREREMINIT X
TS Z & DEEBINICHKI L7C[8]. S 5IZ, E % . o , A
BEICEB T 2B TR L, FRESRRICEB T DM F¥g..1 Clasmﬁcatlon of single amphoteric
TR L ORICERNEOHBEMGERH S = 2R, & Si/Si0z interface-defects [1, 2].

T - RS IRRICB T A M ARE HIREEFRREOFEEE R A LT

AETIEY = LTOCPIEICNEBRY, CPIEIC K » TEE O R K e % & Te MOSFET O KRak
BHREIZOWTEET S, HEKO CP HF CIISAmRMiX 1 EFHEMAEZETHEIRELTWNDHRZD,
KBE 1 E2 7= D CP &It Ieps 1X—EME fg TH Y, BB K CP EIRE Icpmax DRIEMEE HWT, FE
REEE N=Icemax/(fg) & L CREICEH IN T2, LL, Bidd X 9 ICEBIZIEERTO Icrs IR
MRBA T I2EoT0~2fg D RIEZET S8, COXIEMILLAEL. 2T, RISREN D5 O F i
RIGD Icps DI Icpsay 2 3HHTE, TN EBE R THIUE Iepmax/Ucpsav) 12 & - THRIE KR FEZEK
PEHTETEHMICERLEEZEZOND. AMETIEZED X ) 72 Icpsav IEOEH %37 5.

AR D X 912, T & N L7 B— RO X% A 7 hilfEE o456 DOS #E ML, £hn
ESR TH LN TW = KEE MOS IZEENTWD Pyy® DOS LR —HTHZIEARHLE., ZoZ
EE, BES B2 B KiEAE MOS IZ8 £ CW 2 FLE RGO KIE 2 A 7 BHEEI AR DS, Fox 3G H—
RGO KM HZ A THUEBDIAIIEFE LNV EEZBERLTWS EE 2D, T CERBICERDT V&
D U7 27 fH O SRR IEDN D Iepsay B3R D=L Z AL R_R&E Z LT Icpsav=1.1fg £ 720, 7E3K CP #
i CHWT & T2 Ieps=fg 2RO THVME & 7272, 72721, %tk CP Hlia CTIXAE (CP THHTE 5 Si
N R¥y vy 7ROV X—&H) NORERIEE N IZE LW E LTV Iepmax/(fgIEIE L < 1F4E
NOEFHEMEZ TR L T DDIZX LT, Iepmax/(cpsav)lE/ N2 R ¥ v » 743N O S K fedk Nr 2 3R
LT W72 BT R/ D . Iepsav 1TAE SPASN OB M LMK SI N TWDEIENS TH D (72
j’S, 'f&/ﬂan.ﬂﬂ: iy @ Icpsav {j: 2f6] K(ﬁﬁﬁ@“é . ifi, %{ET NZICPMAx/(fq) & NT:ICPMAx/(ICPSAv)ﬁ§63535‘% L
KIRBHBEREZDOIGHIZOVWTHY HIBARD).

7272 L, Icesav=1.1fg % T Icpmax/(Icpsav) DB EH 3L/ Ne SR Y 7201, B - BiHick
IET KRR O BEERANER TEX 55 THD. ZNETORBNDS, KMERIOBERE 50 nm LT
(272 % LFHEAERDSBELEAL U Teps X4 5[2]. 2 D 50 nm O K EFIFRIE K MG & HE Ny [JHE S5 &
1.4X10"%cm? & 72 %, Lo 7T, JIETHOIE N (=N1/dg, AclE7 — NEAD)DMEA 1.4X10'%cm?
IR THNIEZDOEIZZYE TH DM, 1.4X10%ecm? DL ETHIUTE/ NG L TWA Z &0k 5.

Pbicky, 2HORERMEEL MOSFET @ Nie ° Nt 2B {ELER CP JEICE-T, FHMMETIE
HOHIEDODETEEIZE-T-EERD.

AWFFE D —EBITEHIFE No. 24K00942 DBIRL 252 1T Tirhii-.

Bk

[1] T. Tsuchiya and Y. Ono, JJAP 54, 04DCO01, 2015. [2
[3] P. M. Lenahan et al., IEEE T-NS 48(6), p. 2131, Dec. 2001. [4
[5] )= filL, & 84 [RIFKILH 21a-A304-10~11, 2023. [6
[7] L& fih, 55 70 [FFEY 16a-A403-9~10, 2023. [8

] T. Tsuchiya and P. M. Lenahan, JJAP 56, 031301, 2017.
] LE fh, % 69 BIFIGY 23p-E307-18~20, 2022.

1 L& fth, 5583 FIFKIGY 22a-A102-1~2,2022.

1 & fth, 571 FFISY 23a-121-5~6, 2024.

© 2025%F [CRAYEER 11-058

FB72OEAYNEFEEFTAIHRSR BRTHRE (2025 RRENAZE FHF vV /IR&AVF1Y)

13.5



15a-K101-9 B72ESEYESAESSHES BETHE (2025 RRERAS BEF v/ R&FYTIY)

MOS REDE—REF¥r—IRUEVTIZ&K>THREE o 1=
WEEMCICHE TS EFRERBEOEZESRA (15
-D0S @ &34 (1) -

Direct observation of electron capture processes in amphoteric defect states achieved by
charge pumping in individual defects at MOS interface (15) -DOS analysis (I)-
BAEH CLEEE E EHE PEHTE
Shizuoka Univ., ©Toshiaki Tsuchiya, Masahiro Hori, Yukinori Ono
E-mail: tsuchiya.toshiaki@shizuoka.ac.jp

INETELITFvr—UR S (CP) ERY— b LTRIBICE T 5 EAFDOZEE 20 LK
W OERZBIELTE7Z. 1XUHIZ, 7/ MOSFET IZfEET 5 MOS FUfi K oD H— Mo E k4%
st L, H—KBa5 D CP & Ieps 25 0~2fq (77— bV RAJEWH, ¢FERFER) Okx iz~
FTLEERRLE] ZHICKY KN 2 ETEMNEZALTND I EEEEL, TXTO Iops B
A TEZ RGO 10O A Tk aiTo7= (K1), 728, Iees=fqg —E% KA L LTNDHHE
Sk CP His 2 AR MICSGET L2[2]. &6, H— ﬁ@ﬁtﬁ@@2$%ﬁu@{ﬁf’\%ﬁ (DOS) #EH L,
WEHR[3]D ESRIZL D Py B X —D DOS EO—FM 2R LT-. £ LT, FENIZBIT H2IEEHE O
TEREES O EN[4], B, FEMIHESNZEFOME - HFR—L & OFMEAREED I
R L[5], ZNOHDEAELRLTIO 2 BEAENMN KF— (D-like) &7 77 ZH (A-like) Dl

WMERAT O LI T DL BHIELT. ULEO®MR [ 0123 45 678 9

753E, ﬁﬁjﬂd&@ﬁ) Pbo?/&‘—f%é:&%ﬁéﬁtgﬁﬁ .ECOO o) Increase of %
N (JBAFR7—L) TIZLHTEIFLE. &6, D-B Accepi}fk: o IR

L O% Aclike HERLA~ DML 2258 116 B R O ] B A . PP
H25, D-like ¥ENINEFHE L 7- BRI S 0E Domoriike e o ® og,
RGP E TS = & OEHBIIC A L72[6](7). M — e
F77, WHENICHE S T D BT M T M A — L b e

W EE AT 5 EZBEBREOENN S, A-like HENLOHE Expected Lpyax: <77 fq fq~2fq 2fq

5% E ) ﬁfﬂ:/\ L7 Lfﬁ e KK@I@ %ﬁ( ‘(fﬁﬂl ﬁ)i = AE Energy range covered by CP meas. at RT

TWDZ EOEBHRNCKTI L8], S 5IZ, Bk Fig. 1 Classification of single amphoteric
RIS DR ER L, PR AmEIC I HiEfkgE  SUSIOz interface-defects [1, 2].
B OMITRWIEOMHEBERGRNRH S Z L 2L, B - BamRICERIT 2 i E ke

AR O EE R R L.
A TIEROFEE TDOS O3Hr (1)) @Huﬁxé: L“C (100)Si/Si0, fitifi k7 v 7'® DOS, B LT,
(100)Si/SiO, i D Pyt & —IZBT 2 Ak ~, gz A L. i b7 v 7 DOS 1220

TIXEIZ CV IEIZ X D2MEHIA 1960-1990 412 < 72 &hvi=z. —JF, EPR community |2 X % ESR %
7z P, @ DOS °5tiH b7 v 7 & ORISIZET 2 @E# L2, LAL, MOS community TlE Py
EARE R 7 v 7O < —EHIC Lol E v & OFEik23 7 <, EPR community & ¢ communication A~ & %
B ENn0e]. fmbhT v 7O DOS 4AfiL”U-shape” &\ 9 FRik 2350 <, /XA 7/1/E’Jf£”Phy31c of
Semiconductor Devices” 4™ Edition (2021) (23T HfRFEM 726 & L T U-shape”® DOS 23fF /T S 41T
%. LML, LT Ryan 5% 2011 45(Z, {Ki%+ 72 sub-um MOSFET % H\C CP £ X Bl ~ 7 » 7 DOS
% R®, 7U-shape” Tix7e < double peak” 2 A4 HZ L &L, RiEi b7 v 713 P, ThHDHE L THEIL
RV AR LTV A[10]. Fex b REIERIC sub-um MOSFET % U /= CP 12 K % ”double peak”d St
7 v 7' DOS @A L, 51T, 7/ MOSFET % V7o CPIEIC K 2 Hi—FLi K g o> 2 &1 #ENZ. D DOS
&, Py @ double-peak DOS & O —FH A JF A — /L TRLUZ[2]. #6->TC, RELSYTD DOS
IE£”U-shape” TIE7%K, Py [ZH S LT="double peak”@ﬁ*ﬁ%’ﬁbfbé. 72%, “double peak” DS b T >~
Z LI, RERE RN SER U2 E B3 N RIS/ ET 5 2 S I3 E L2V (1]

RIZ(100)Si/SiO; FrIE D Py (Poo & Poi) IZBIL T, Pyl ’DV‘T IFBLR e 0 R<BEfRS LTV D &
= 2.5 (Pyo I3 trivalent Si (-Si=Si3), LA 1L (111)Si/Si0, S D Py & [F]—, amphoteric nature, double-peak
DOS, tHET R/ F—U=0.6~0.7¢V). L2L, PullOWTiE, ERHIIRNEETSIi N FEy v 7
PICYERL T IV & T 2 (1218, U=0.3~04 eV @”double peak” %95 DOS N¥ v v LI F
i%igwi’m:@@a‘é EDOWEN3AH Y, Gk [14]5 SN RRAE DRI D 5.
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ATV I R s O MERT 4 B2 DOS \Z MU Pyt D2, DOS IZ351T 5 2 DD B — 7 M OBIRME & #8
B 2L ¥ —U, D-like Y7 DR XA A-like HEN. D DOS IZ KIETHEBIZ DWW TEET 5.

RIOFEE [DOS O HTA)) TIRAR7Z L HIZSi N KXy v TND Py D DOS DA I HOUWTII R
BHTIEH D H[1-4], BEXITIEMET & 910E D-K O A-like HENNLE OEZ L 0 X 1(b)IZRT K~
AT TED (X470, 11). 1@ Poo DRIGH A T THDMN, PoDHF AT T E9ITHERT
Y—URUET (CP) ICLDHATHPNETIE Py OWZ A T LERBITEXRD. LERST, 44
TTR9 L LIRMDHIT Py BRFLAA TWD AIREMEZ S E TE 2. T X LI LT 46 O
H—RBaR 3T Py & R LTEDH A TRHIRKGED M%%hé Py D DOS %X 2(a)Zmd. 7=,
AAT TR ELTERMOEE6MH (BIED 13%ITHY) NFEF Py ThoTot AL THLND Py
® DOS %X 2b)IZRT. ZHHDKDE)NE, Py D DOS Mﬂ:m@ Py FEOZEIIRENTH D
ZENDLPD. L XA T TR & LIERMEDEED Py THHTZE13E I, Puld, P& E
D IZ RO 20%FEF & 0 ESR 12 & éi&i[z]ﬁ%éﬁi‘ Fox DF =2 51T 0~BY%FEELLT
MEBLEZOND (BLRERSM e STk GET D et d %),

P DB /LF—U 1% DOS @ double peak F‘Eja)izﬂ/ﬁe L LTEHRIN, 0.6~0.7eV][l 2]1
HHEREISN TS, ZOEHRIIE—IAED D-& A-like Eﬂﬁiﬂi%iiﬂf&bé L A ERIC
WwWhtEZILNS. ﬁfdij:uﬂ 46 E O % DRI SWT D-& A-like ﬁﬁﬂ@ﬁuu%&%%a“m
THELTWSD., Z20/RICEDE, ©—JMELE S LOXIMO THTHY, B— 7 BTN
WNZLERLTVD. /- TC, BE—I BT R X—3%E% U LT 50FWEMRILICKRITD. ka7
T D-& A-like #E\. O T R )L F—F| ;t;—;[f% i 0.2~0.7 eV DOJAWEIFH TR 722 r L TW5b (INE
SERE LTI 0.6eV). Z AL iﬁ(ﬁ@@ BOZHENE ELE) KM LTV D EEZLND.

X 3 1% Py @D A-like Eﬂ@ DOS 12kl iﬁ‘ D like YE{ D HELTIE X 0)%72.“73_’/7? L CW53. D-like #E{7 X
IEICHE L TV D KRHGICE 2 1A SN2 REEGH)TH Y, S HICEF 1 EE S -k BE©0/-)
N A-like TN CTH 5. AZEHRE T H0)D D-like YN DIGAENK 3(a) & (b)) TH Y, HEMBENTZD
il 76717 ¥ Tl HE(+/0) D D-like MEALDBFE N 3() THH. Hi# L F72 D, %A THL A-like HEALA 3
v RX v v 7 EH03eVIZREL TS Z ENbd. D-like YEN OTREIC L D Z OFFEA 72 A-like Y
NEDOFERIE, B HEICL D2 REOETREESEZE X HEO—2SOEMHICR VG EELBND.

AWFFE D —ERITEHIFE No. 24K00942 DB & 51T CTiTbiiz.

~F T T T T T T T T T T T ]
Defecttype: . 0123 45 678 9 Defect type: 10 11 SE (@ 3
O [0) [0) Increase of % ° Increase of & & | 3
Acceptor—. (oNe) (© NN © N U7 [ ¥ 2 S E 3
like ® ® Y 0.3 0.3 © E  Number of states: ]
-2 v E -J S &V AE 8 F 14 6 3
e o ® 03 ® 9 s S LA
Donorlike s oxenues 3 Ikd s o S o 30 SR S —
E O O @) Increase of ¢ E, Increase of £ % E (b) _
b T e e i o s £ F  Number of states: E
Expected Lpyax: <7g fqg fa~2fq 2fq Expected Lpwax: fg~2fq 2fq oF 13 E
AE Energy range covered by CP meas. at RT 5 ?
(a) (b) e E 5 , g
Fig. 1 Classification of (a) Pwo, and (b) Pb1. 3 i P
0 wd Q@ T T T T T ]
gg E T T T T T g% — T T T T T T 1 ': g b (c) —E
ZocoF 46 defects 7, W R 3 E gt 17 ]
POt e SSEE /1S e F I
oS85 i i _.gg SE % D S | Number of states: f E
S8k /2\ %R 285t HY AN 2F 19 E
BESE [/ \ AR GERE 1 V] @ f E
é‘%v Bt \ ,'I W\ Q% ~ = AN ,I’ v 8 L 2 ’ L
g AT il S e 7 2. ¢ E,04 02 0 02 04 Eg
O% Ey-04 -02 0 02 04 E; O% E,-04 02 0 02 04 Eg Energy E-E; (eV)
| Energy EE (V) . Erergy E-E, (aV) Fig. 3 Influence of level depth of
Fig. 2 DOS of Py, (a) assuming all 46 defects are Pbo, D-like levels on DOS of A-like
(b) assuming Po1 for all 6 defects of type 7 and 9. levels.
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