#HEVEAN BRERBAEER W
THE INSTITUTE OF ELECTRONICS, [EICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS SDM2006-46(2006-06)

B EF £ — A % U7z high-k 77— b HEERIE D 2288 0 524

B BB, KiE £ FE -, aF B2 U8 fAR, =iF 85—
HE EAC, B BRSO KE #8174 %Kk B
RE BIGS, il RS, R RBES, BB L, U\ EES
VR KM E R R T305-8573 HIR O IZHKRER 1-1—1
2IEBRFERFR S E R EER T739-8530 RIKEH#IL 1T TH3—I
SHIBM BT (NIMS)  T305-0003 HIRES < (XA 3—13
ELEHTRAIFET (AIST)  T305-8568 KR IXHMEE1—1—1
KNS 7 ) n P — X (Selete) T 305-8569 IR (ETH/INEF)I| 16-1
SEMEKRFEF /T2 7 uP—FERT T16-0041 BGUEHE X BAG HESEKET 513
*H o mET L7 bo R Ed T407-0192 (LELEIER THRRET =Y R 650
E-mail: T uedono@sakura.cc.tsukuba.ac.jp
HHEL BEFHEBERAWT, ALD IEIC L D ER LT HfSIO, BIE~D T 7 X~EBRLODREZFTFM L. BB
EFII HfSIOHEDT TN T 7 AEEICHE LIZERNSHEBTD Z & Blbhot. 77 X~E ki, LY
A ZIWOT B, BILEOBESL (1050°C, 55) (& 0 ZERY A XTI KT 5. ZORREF, 77 X~vE({LE
HBTIIERITHE~HEIN, BEFTBRAINAIERITIRNT /N 2250, Bk, ERZNEROHN~
WET B LIckY, BHYAZXBKELRD LBRT B ENTE S,
*—U—F ZERR, High-k, »7'— MEZEE, B5ETIHK

Characterization of Open Volumes in High-k Gate Dielectrics by Using
Monoenergetic Positron Beams

Akira UEDONO' ", Takashi OTSUKA', Keiichi ITO', Kenji SHIRAISHI', Kikuo YAMABE'
Seiichi MIYAZAKI?, Naoto UMEZAWA?, Toyohiro CHIKYO?,
Toshiyuki OHDAIRA®*, Ryoichi SUZUKI’, Seiji INUMIYA®, Satoshi KAMIYAMA®
Yasushi AKASAKA®’, Yasuo NARA® and Keisaku YAMADA®

'Graduate School of Pure and Applied Science, University of Tsukuba, Tsukuba, Ibaraki 305-8573, Japan
>Graduate School of Advanced Sciences of Matter, Hiroshima University, Higashi-Hiroshima 739-8530, Japan
*Nanomaterials Lab., National Institute for Materials Science, 3-13 Sakura, Tsukuba, Ibaraki 305-0003, Japan

*National Institute of Advanced Industrial Science and Technology, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568, Japan
*Semiconductor Leading Edge Technologies, Inc., 34 Miyukigaoka, Tsukuba, Ibaraki 305-8501, Japan
®Nano Technology Research Laboratory, Waseda University, 513, Waseda-Tsurumaki, Shinjuku, Tokyo 16-0041, Japan
*Present address: Tokyo Electron LTD., Nirasaki, Yamanashi 407-0192, Japan
E-mail: T uedono@sakura.cc.tsukuba.ac.jp

Abstract The impact of nitridation on open volumes in thin HfSiO, films fabricated on Si substrates by atomic layer
deposition was studied using monoenergetic positron beams, x-ray photoelectron spectroscopy and first-principles
calculation. For HfSiO,, positrons were found to annihilate from the trapped state due to open volumes which exist
intrinsically in an amorphous structure. After plasma nitridation, the size of open volumes decreased at a nitrogen
concentration of about 20 at.%. An expansion of open volumes, however, was observed after post-nitridation annealing
(PNA: 1050°C, 5 s). We also found that the size of open volumes increased with increasing nitrogen concentration in
HfSiO,. The change in the size of open volumes was attributed to the trapping of nitrogen by open volumes. and an
incorporation of nitrogen into the amorphous matrix of HfSiO, during PNA.
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