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Fig. 1 The proposed realization method for
three-dimensional photonic crystals.
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Fig. 2 A conventional method for the fabrication of
three-dimensional photonic crystals.
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Fig. 3 Cross sectional SEM image of the fabricated
structure having MSZ stripe patterns.
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Fig. 4 Bird’s-eye view SEM image of the fabricated
woodpile structure.

THEAAREED BMX TH 5, —JEmIIMSZD
A NT A THEENERL L TWDEHENHE D,

Figure 51%, A51EZ W TERL L 72 Y 7l E
BHOSEMERTH D, ZDLHICARKFIEICE
WTIE, EHERET A A THE L 72D 2 IRLH
AtEEE 3RIL 7 + b= 7 i A AT
DHEBICHETH D,

F 7o AMERUFIE T S LRI O ER T 1k
EEEEGMENRD Y | FORFRO T/ MG
MEzFHATEEVWIFREBZH D, Fiz, 1R
L7774+ b=y 7 & RO BRI &
BV VICEETED, TNITEVIK= R

MSZ

vy <vVVvv.

\
\ Si-substrate

Fig. 5 Top view SEM image of the fabricated
two-dimensional Y-branch waveguide structure (a) and the
schematic of the cross section (b).

161

~OJEE A ERFERI S ER T L 2D,

3. £&8

B E T IR E B s A 3 koL T
+ b=v 7 fEMmOERIZIEH LT, A NI4T
WRE—=2 DAL 7 i, FARESE, 2T
Yy A 1 A oD B A ARG AL
LV Uiz, ARERFIEIC L TREEERER
AR TR ICHI & 72, AJFEE,
= X N CHE A EMRIE O FEELT 5 ik
ELTHIfFTE D,

2ER

1) E. Yablonovitch, Phys. Rev. Lett. 58 (1987) 2059.

2) E. Yablonovitch, T. Gmitter, and K. Leung, Phys. Rev. Lett.
67 (1991) 2295.

3) S. Noda, N. Yamamoto, and A. Sasaki, Jpn J. Appl. Phys.
35(1996) L909.

4) J. G. Fleming and S.-Y. Lin, Opt. Lett. 24 (1999) 49.

5) M. Notomi, T. Tamamura, T. Kawashima, and S.
Kawakami, Appl. Phys. Lett. 77 (2000) 4256.

6) S. Mukaigawa, T. Aoki, Y. Shimizu, and T. Kikkawa, Jpn. J.
Appl. Phys. 39 (2000) 2189.

7) T. Kikkawa, T. Nagahara, and H. Matsuo, Appl. Phys. Lett.
78 (2001) 2557 .

8) T. Kikkawa, Tech. Dig. Int. Electron Devices Meet. 2000 p.
253.

S

Tx b= UG

(FF3P)

1) FBAOL4F . JEITRBEORE ks L oviy — Ak
T, HEEEE : 2003-081181  (H15.03.24)
FEIE - PEREL, B, HINAE., ik

2) FEHOLF : AL —F —B L O 0ESE
R B - FrE 2004-099015  (H16. 03. 30)

FEHE - h B2 E

AT /S A

(EHE EHEEE)

1) A. Nakajima, Q.D.M. Khosru, T. Yoshimoto, T. Kidera,
and S. Yokoyama, "NH;-annealed atomic-layer-deposited
silicon nitride as a high-k gate dielectric with high
reliability," Appl. Phys. Lett. 80, pp.1252-1254 (2002).

2) Q.D.M. Khosru, A. Nakajima, T. Yoshimoto, and S.
Yokoyama, '"Low thermal-budget ultrathin
NHs-annealed atomic-layer-deposited
Si-nitride/SiOz stack gate dielectrics with
excellent reliability," IEEE Electron Device Lett.
23, pp. 179-181 (2002).



3) K. Kawamura, T. Kidera, A. Nakajima, and S.
Yokoyama, "Coulomb blockade effects and
conduction mechanism in extremely thin
polycrystalline-silicon wires," J. Appl. Phys. 91,pp.
5213-5220 (2002).

4). Q. D.M. Khosru, A. Nakajima, T. Yoshimoto, and S.
Yokoyama, "Reliable extraction of the energy
distribution of Si/SiO2 interface traps in ultrathin
metal-oxide-semiconductor  structures,” Appl.
Phys. Lett. 80, pp. 3952-3954 (2002).

5) Y. Ito, T. Hatano, A. Nakajima, and S. Yokoyama,
"Fabrication of Si single-electron transistors
having double SiO2 barriers," Appl. Phys. Lett. 80,
pp. 4617-4619 (2002).

6) A. Nakajima, Y. Ito, and S. Yokoyama, "Conduction
mechanism of Si single-electron transistors having
an one-dimensional regular array of multiple
tunnel junctions," Appl. Phys. Lett. 81, pp.
733-735 (2002).

7) Q.D.M. Khosru, A. Nakajima, T. Yoshimoto, and S.
Yokoyama, "High quality NHs-annealed atomic

Layer Deposited Si-nitride/SiOz Stack Gate
Dielectrics fo Sub-100nm Technology
Generations," Solid State Electron. 46, pp.

1659-1664 (2002).

8) A. Nakajima, Q.D.M. Khosru, T. Yoshimoto, T.
Kidera, and S. Yokoyama, "Low-temperature
formation of highly-reliable silicon-nitride gate
dielectrics with suppressed soft-breakdown
phenomena  for advanced complementary

metal-oxide-semiconductor technology," J. Vac. Sci.

& Technol. B 20, pp. 1406-1409 (2002).

9) A. Nakajima, T. Kidera, H.Ishii, and S. Yokoyama,
"Atomic-layer deposition of ZrOg with a Si nitiride
barrier layer," Appl. Phys. Lett. 81, pp. 2824-2826
(2002).

10) Q.D.M. Khosru, A. Nakajima, T. Yoshimoto, and S.
Yokoyama, "Response to "Comment on 'Reliable
extraction of the energy distribution of Si/SiO2
interface traps in ultrathin
metal-oxide-semiconductor  structures™ [Appl.
Phys. Lett. 81, 3681 (2002)]", Appl. Phys. Lett. 81,
pp. 3683-3684 (2002).

11) A. Nakajima, Q.D.M. Khosru, T. Yoshimoto, and S.
Yokoyama, "Atomic-layer-deposited
silicon-nitride/SiO2 stack ---- a highly potential
gate dielectrics for advanced CMOS technology,"
Microelectronics Reliability 42, pp.1823-1835
(2002) (Introductory Invited).

12) A. Nakajima, Q.D.M. Khosru, T. Kasai, and S.
Yokoyama, "Carrier Mobility in p-MOSFET with
Atomic-Layer-Deposited  Si-Nitride/SiO2  Stack
Gate Dielectrics," IEEE Electron Device Lett. 24,
pp. 472-474 (2003).

13) A. Nakajima, Q.D.M. Khosru, T. Yoshimoto, T.
Kasai, and S. Yokoyama, "High Quality
Atomic-Layer-Deposited Ultrathin Silicon-Nitride
Gate Dielectrics with Low Density of Interface and
Bulk Traps," Appl. Phys. Lett. 83, pp. 335-337
(2003).

14) H. Ishii, A. Nakajima, and S. Yokoyama, " Growth
and electrical properties of atomic-layer deposited
ZrO2/Si-nitride stack gate dielectrics," J. Appl.
Phys. 95, pp.536-542 (2004).

15) T. Kitade and A. Nakajima, "Application of highly
doped Si single-electron transistors to an
exclusive-NOR operation," Jpn. J. Appl. Phys. 43,
pp. L418-1.420 (2004).

162

(HEaRF, Toavr—7407)

16) A. Nakajima and S. Yokoyama,
"Atomic-layer-deposition of Si nitride and ZrOz2 for
gate dielectrics," Abst. AVS Topical Conference on
Atomic Layer Deposition (ALD 2002) (Seoul,
August 19-21, 2002) pp. 6-6 (Invited).

17) Q.D.M. Khosru, A. Nakajima, T. Yoshimoto, and S.
Yokoyama, "A novel method for extracting the
energy distribution of Si/SiOz interface traps in
ultrathin oxide MOS structures," presented in the
Second IEEE Conference on Nanotechnology
(Washington, D.C., August 26-28, 2002).

18) Q.D.M. Khosru, A. Nakajima, and S. Yokoyama,
"Time-dependent breakdown of ultrathin SiO:
gate dielectrics under static and dynamic stress,"
Abst. 2nd ECS Int. Semiconductor Technology
Conf. (Tokyo, September 11-14, 2002), Abstract
No.71.

19) H. Ishii, T. Kidera, A. Nakajima, and S. Yokoyama,
"Atomic-layer deposition of ZrOz with a Si nitiride
barrier layer," 2002 Int. Conf. on Solid State
Devices and Materials (Nagoya, September 17-19,
2002), pp. 452-453.

20) Q.D.M. Khosru, A. Nakajima, and S. Yokoyama,
"A comparative study of bulk and interface trap
generation in ultrathin SiO2 and
atomic-layer-deposited Si-nitride/SiOz stack gate
dielectrics,” Forth Int. Symposium on Control of
Semiconductor Interface (ISCSI-IV) (Karuizawa,
October 21-25, 2002) pp. A6-3-A6-3.

21) Q.D.M. Khosru, A. Nakajima, and S. Yokoyama,
"An Effective Method for Obtaining Interface Trap
Distribution in MOS capacitors with Tunneling
Gate Oxides", Proceedings 2002 IEEE Int. Conf.
on Semiconductor Electronics (ICSE 2002)
(Penang, December 19-21, 2002) pp. 402-406.

22) T. Kitade, K. Ohkura, and A. Nakajima, "Periodic
Coulomb oscillation in highly doped Si
single-electron transistor," 2003 Int. Conf. on Solid
State Devices and Materials (SSDM2003)(Tokyo,
September 16-18, 2003) pp. 584-585.

23) A. Nakajima, H. Ishii, T. Kitade, and S. Yokoyama,

"Atomic-Layer-Deposited Ultrathin  Si-Nitride
Gate Dielectrics ---A Better Choice for
Sub-tunneling Gate Dielectrics---," Technical

Digest of the 2003 IEEE International Electron
Devices Meeting (Washington, D.C., Dec. 8-10,
2003) pp.657-660.

24) A. Nakajima and S. Yokoyama,
"Atomic-layer-deposition of ultrathin Si Nitride for
sub-tunneling gate dielectrics---," to be presented

at ECS Symposium I1: First International
Symposium on Dielectrics for Nanosystems
(Honolulu, Hawaii, October 3-8, 2004) (Invited).

25) T. Kitade, K. Ohkura, and A. Nakajima, "Room
temperature operation of an exclusive-OR cuircuit
using highly doped Si single-electron transistors,"
submitted to 2004 Int. Conf. On Solid State
Devices and Materials (SSDM2004).

(FH)
26) A. Nakajima,"Silicon Quantum  Dots,"
Encyclopedia of Nanoscience and Nanotechnology
(H.S. Nalwa (ED.), U.S.A., American Scientific
Publishers, USA) Vol.9, pp.837-857 2004,

ISBN:1-58883-001-2.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


