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Quantitative Measurement of Interfacial Polarization Induced in Amorphous Oxide
Heterostructures using Terahertz Radiation

Iwao Kawayama
Graduate School of Energy Science, Kyoto University
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We verified the effect of the potential of the Si surface by changing the stacking order of
two types of High-k materials with different oxygen ion surface densities stacked on a Si
substrate using laser terahertz emission microscopy and spectroscopy (LTEM/LTES). As a
result, it was found that the polarization formed at the first High-k/SiO. heterojunction can
be explained by a model in which the magnitude and direction of the polarization generated
at the interface are determined by the difference in oxygen surface density between the
High-k material and the SiO. layer, but that the second SiO./High-k junction cannot be
explained by the above model.

1. IUSHIC

—ICEADANTF B REIZBWTIE, Ny FOREES, RHEM~OBEMN bT v 7, F
v ) T REIE DO X BEMOA DL B4 RERICE ) BTER IS, 2D
DRESHNE, %  OFHKET- 7754 B TZOWRE JSES 2 BRERFT-L %4
5 TWb, —Jiy BALYIR B — bW 2 AT B TR — 2SR TR & LTt %
WO, BED L L OME - 734 AWFEDITOI T 575, BIRTIZ 2 0 H#iPHIZ B E
CH %o T ORI S \SRFES N2 bR & Helie U ST oM - S AAE L <
BT T34 ADBER PO B RIS > 1R B A O R 7 W - SEMH 2
ELENTWRWI LD —HTH D, FIZ. ZREMHEIZBT 24 > O Rz BT
B3 PRI X 5 RIS B ORMENG, I A £ ) L 2BEA + > Bk &
WAL 7754 A DFEFULIZINT TR E R E 45T b,

ML S EOREE LTy R EIRALY CHER S N 2 BB TR (High-k) Ak &
SiO, REICBWTHA L L AU FDORBIA I = X A DEBICHE RSN Tn 5D 131, X1



NSG Found. Mat. Sci. Eng. Rep.

VRS &9 &y TSNS MR- D5 T Osio2 < Opk Equilibrium
K& & %, High-k #E & Si0: DD N =
BRI & o TR 5 E 7 LA ¥ -
JHEENRTWB N, ZOFEFIL T, Qv “pagdf
Si0, J@ & High-k RO REIZ BT, B Yt —>
FA A HHBEEDE A SRR I3k Q5 Fo e
BEHrZLIZEoTIAFADEME DD o e D
MFEA XTI ADBEME b OMFEZRIL a P
EOMIBET LT . OV, S0, eI i
£ 0 SEREHEARSCADECDIEE gy ez & 2 pmsrbin =%

> Ty BWOFMPRR L, TLld, Th

T CTICATKHFOHEM 250 LT 2 3o High-k e Si0, ##AGHLETHBEICERL
7> Z A& (Tricolor superstructure : TCS) #1345 Z & T2 ® Si R BT % Bk
FORELLMEZHBTLILEEIILTS U, LrL, ShTIToEBRTIEER
EFNVERBICFE—HELAWERDEONTWS, TOBEKNE LT, k2R M Tk
LTWzd, FEDIXOH XN L TV A RN H 5. £ 2 TRIFZETIX, a0
F b YT VEZRHCTE—® Si0,/Si FEAF IR 7 2 B g 2 fFo R B g % 18
BMYHZLIZED, ABHOESDEZMOPR L. ENENOREEDS T3 ED K
VR BR G2 LPHLNICT LI EEHNE Lz, R BOFHIFEE LTk, Hib
HOSRAEBSE L C & 72 U — W —THz A 8EMEE / 79961 (Laser THz emission microscopy/
spectroscopy : AT LTEM/LTES & B&FR) # 720 AFEFEEZH VAL Z LI2LD ., FENE
ML 2 2 AL L 2 BR O R 2 RSO K E KB L OHMOG iz~ vy ¥y 7452
EAURRE D, XD IEREIZ TCS OB ZMEET 2 2 LS REE 4 5,

2. EEBFHE
21 L—HF—=FIAIYHRaEMNE/2 ¥ (LTEM/LTES)

FrixgonEzc, BESVAL—F—ICX 0 LA 2R ENE T T ALY
(THz) e W2 510 - £ A —3Y » 2745 LTEM/LTES ZBi% L. Hx M ER 734
AZADFEM - RECBIALH0BRFY)TOYAF I 7 AZFHMLTE7 538, Fig.2 1%
LTEM/LTES ¥ A 5 A ORI TdH 5, /3
U AMEA) 100fs FEEE DB SV A L — & 800nm Uik ﬂ
— 2 ABRMCENT 5, ZORIZHNS .
2OV ZAEIEB X O E 7 AL & B R Beam splitter
&3 % THz ¥, DO BEF B, (3. Emn, <dJ/
ot+o’Plor (R (1) LEB$ 5 2 & AsHik
H(J: &, P: ol 2F 0. Mg sh
% 73V A THz ¥ (X Wk [ A9 22 SG it 20 S
LTWwWh7zd, Y7vappt—¥—nsyA

Pump pulse

Optical chopper

\
0h

F 3 v 7 R RN OZE) O REZE R I AT BE R
Thsbo
Al FhESEE LTI 7747 7 Fig.2 Schematic diagram of LTEM/LTES.



() HARBRE AR T84, 43 (2025)

= A ML= — (KK 400nm. 7%V A E#) 100fs #: D THz wave
i LA W% 80MHz) 2 vy, THz PARIIZIZ A3 T U vﬁuo\\
MO BRI E GaAs AR 7 ¥ 7 F & v 72 SiIEHE T I\e

ML —H—2 A S 8561 Fig.3 1R X912, - =
%mﬁéhf:#*’ ]) 7%)3‘?%@0)/{‘/ FHEE%)S‘V) OZE@TZ\) Femtosecond
@

EHT X o THRB) = N2 IEE AT 7 THz O HEH & pulsed laser
b7z, THZ OWHARHIT 5 2 & A Y KOl & J®

DoKX S EHFMIEEMTEHMMETH S, F72. Z®  Fig.3 Conceptual illustration of
FRETIE L — — HIHERS O RFT 7% 506 % FFAlC % % the principle of THz wave

generation from the surface
of a semiconductor.

72, L—HF—%2AFyr3$52LI12X), AEEmD
IRRORKEE - FFRORYZ b=y ¥y TR EETH 5,

2.2 =@EHE(TCS)NHEHES LUVERIE

Fig.4 &, 2 *iiﬁ@élzﬂ%g& High—k L Si0,

B JH B L 72 TCS M b 2 RCAZR# >-Si(100)
SiO,/High-k2 /High-k1/Si0;/p ! (p-)

Si (100) H A o 3% 7 1 & 2 DRI IYBTYFYT psi(100)
Thb, . 7vBIyF 72X

D SiFEW O HRMALE % B L H# PLD(SiO, B RLIE) S0

B L 72 p-Si (100) HARK F12, 7SV A L ERLL
—HF— YR (PLD) I & D, MRz PLD D]
4 F (<10°Pa), iR T Si0. B & (High-K1,2 B K EE) so.
O 2 ¥ o High-k J& % E R X & p-Si(100)
720 ZDH. KAHT600C, 1 HEH Si0,

T o= IEfTo7, ZORETIE. 1 PLD(SiO, /8 Ak fiE) I@g’
DI AR O E D 7 $i0,

LHERERER T A ENTEX L7720, p-5i(100)

RE M OEESEDIE SO X 21T
T&X 5%,

Fig. 5 I3 AT L7z 2 i O
TCSA K TdH 5. A K112 Si0,/

Fig.4 Dagram of the TCS fabrication process.
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diagram for Sample1.
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