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%89:9:;<:��=>?@ABC�%89:D:2�E�California Institute of 

Technology F�����%89:9:;D:��=����9G9:9:;HID:��=����

2003
 1)��JK

����� ��
���������

[1] Generation of cross-polarized photon pairs via type-II third-order quasi-phase matched parametric 

down-conversion [S. Nagano, A. Syouji, R. Shimizu, K. Suizu, H. Ito, and K. Edamatsu: Jpn. J. Appl. Phys. 48,

050205/1-3 (2009)] 

[2] Duty ratio dependence of difference frequency generation for millimeter-terahertz wave spectra using 

periodically poled lithium niobate [K. Suizu, T. Shibuya, S. Nagano, K. Edamatsu, H. Ito, and K. Kawase: Appl. 

Phys. Express 2, 072301/1-3 (2009)] 

[3] Electrical measurement of a two-electron spin state in a double quantum dot [N. Yokoshi, H. Imamura, and H. 

Kosaka: Phys. Rev. Lett. 103, 046806/1-4 (2009)] 

[4] High-flux and broadband biphoton sources with controlled frequency entanglement [R. Shimizu and K. 

Edamatsu, Opt. Express 17, 16385-16393 (2009)] 

[5] �������	
������������
 [������������ 20, No. 10, 10-14 (2009)] 

[6] Generation of entangled photons in semiconductors [K. Edamatsu: Proc. Int. School of Phys. "Enrico Fermi", 

Course CLXXI, "Quantum Coherence in Solid State Systems", IOS Press, Amsterdam, 15-31(2009)] 

[7] All-optical phase modulations in a silicon wire waveguide at ultra-low light levels [N. Matsuda, R. Shimizu, Y. 

Mitsumori, H. Kosaka, A. Sato, H. Yokoyama, K. Yamada, T. Watanabe, T. Tsuchizawa, H. Fukuda, S. Itabashi, 

and K. Edamatsu: Appl. Phys. Lett. 95, 171110/1-3 (2009)] 

[8] Measurement of the cross-Kerr nonlinearity induced by a single-photon-level coherenet pulse in a photonic 

crystal fiber [N. Matsuda, R. Shimizu, Y. Mitumori, H. Kosaka, K. Edamatsu: Proc. 9th Int. Conf. on Quantum 

Communication, Measurement and Computing, 228-231 (2009) 

[9] Coherent transfer of light polarization to electron spins in a semiconductor [H. Kosaka, H. Shigyou, Y. Mitsumori, 

Y. Rikitake, H. Imamura, T. Kutsuwa, K. Edamatsu: Proc. 9th Int. Conf. on Quantum Communication, 

Measurement and Computing, 245-248 (2009)] 

[10] ��������� !" [#$%&: '()*+,- 65, 2-9 (2010)] 
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������&'������()�*+�,-./01 11234��56789�

�����:;<=>?@4=A���'B�C�D

2) �6'�EF�G�HIJ+K�$�L4MNO4>�P�����QRSTUC�V:W�XY�

Z[\����]�SL4M^E��_C�D

3) CMOS�
Y�`ab 60GHz Class-BcdefK�ghC��Ri�j 20k(lmnj 2o)�c

dpqab�rs�����:;<=>?@4=A�����C�QR�$%t�rsu��_

C��

4) vw�\xyzV{�$�|}~��b���g�5�=>?@43���C�>��|}���

5����������|}~��b���������C�D�

��EF�q������>��	
����4=�M(CoMPA, Chair:q�� )(22<¡)�,¢�

C�£¤�¥¦<¡(17<¡)�24"�4§(Partners)�C¨©ª«6�.: 39<¡�¬C�®¯�

�4°C�±F�2009² 9³�>��´µ�(IEEE802.15.3c)�´µ��¶·C�D�61�����

¸¹����,¢��4°C¨ºEC�»¼¨� IEEE802 ´µ�E½¾�%�¿À����ÁÂÃ

��Ä¨ZYÅÆ¾�\��ÇÈD

������

É� Ê� q�� � Ë2008²$%Ì

ÍÉÊ� �Î� ÏÐË2008²$%Ì

Ñ� Ò� ÓÔ� ÕÖË2009²$%Ì

��	
�������

1977� 3�� ������	
���������
�������� ���1977� 4�� �����

� !������"� #!$1985� 4�� ������ !������"� ��%&'()*'+$1995

� 4�� ,-./01234567'-89:2*;'< KK !=$1996� 6� >6?9 KK �@ABC$

DEABC!= (1997� 6F)$1998� 6�� Mitsubishi Wireless Tech. Center, !=$1998� 8�� GHI��

Affiliate Faculty MemberJKLM$1999� 6�� Mitsubishi Wireless, Inc(NO), PQR!=$2001� 6�� Omni

Wireless, Inc(NO). !=$2002� 6�� ST+I9 KK, DEABCR!=$2006� 4�� NICT$(U%T

V)3'?W'X'JKLM$2008� 4�� KY�1977�Z[$,'\]&$^_��3`abc��de$

TDMAfg$hij$klmnopqr�stuc ASICvwxyz*'{�1998�|uNO}~ IS-136J�

�xD����M��'��9{<0()����c��de)���2005�|u4*���opc��d

e��4*�O���v��c*'{�eE�� 200 �ZP$A��� 75 �ZP�IEEE qr������

���.�U'�

����� ��
���������
[1] S. Kato, H. Harada, R. Funada, T. Baykas, C-S Sum, J. Wang, M A. Rahman, Single Carrier Transmission for 

Multi-Gigabit 60-GHz WPAN Systems, IEEE J. on Selected Areas in Commun., Vol. 27, No. 8, Oct. 2009. 

[2] Hirokazu Sawada, Hiroyuki Nakase, Katsuyoshi Sato, and Hiroshi Harada, A Sixty GHz Vehicle Area Network for 

Multimedia Communications, IEEE Journal on Selected Areas in Communications, Vol. 27, No. 8, Oct. 2009, 

[3] Chin-Sean Sum, Xueli An, Zhou Lan, Tuncer Baykas, Junyi Wang, Ryuhei Funada, Mohammad Azizur Rahman, 

Hiroshi Harada, Shuzo Kato, A Synchronization-Frame-Aided Interference Mitigation Mechanism for 

Millimeter-wave WPAN, The 20th Personal, Indoor and Mobile Radio Communications Symposium 2009 

(PIMRC’09), Tokyo, Sep. 13-16, 2009, 

[4] ����, ���HI ¡��','¢U'{�9{cab�£(¤j¥¦), §�¨©ª-9«¬V
2009, �®, 2009/6/12. 

[5] ����, IEEE802.15.3c4*�WPAN��v¯°�£(±²¥¦), HI ¡�¬³,9 2009́ IEEE802H
I ¡�ab.µ'TV¶$�®� 2009� 7� 22-24�.
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IV µ����j8¶·)¸¹º�»¼½�¾¿²À)&D):;<=¶Á0*«��

���0ND�¬)�³0Â&'Ã�Ä¸ Si
0.3

Ge
0.7
©"Å��& PÆnÇÈÉ�) Si¼

½ÊEÇ4�Ë¼�½Ì�Í"I[��ÎÏÐ)»[ Si
2
H

6
0Z[&ÑÒ�»Ó Si Ô�"

SÕ�P ÆnÇ�l�	F0�»¿²À@3A�"�Ö�&'Ã×Ä¸ Si
0.55

Ge
0.45
ØSi Ùj

8{É�) CÆnÇ�l�	F"SÕ�Ú��Û) Si� Ge)ÜÝÞßà¸áâ0ã³+

"ä¹�å3A�0æ[ç�&'ÃèÄ:éêëÚ ECREGìí CVDE8��"S3»¿

² BÆnÇ�lE Si4�Ë¼�½ÌîïÅ�"I[��Si¼½ÊEÇÅ�"IJ3EGì

í)Ñ4ðÌñlÀ)MN��Si�ò�)EGìíóôà Bõö÷ø)ùú0ä¹��Si

û�ò��îï�) BÆnÇ�l�	F)�»¿²À)&D"üD�ýY�B3A�0þ

w�"�&'�

�

�����������	��������� ������ �

cn)co���	0q������	7896�:;<=)���()�K0*��

���0ND�¬)�³0Â&'�±��	^)
À�¦"S3�
Ð���(Ga,Mn)As î

ï"IJ3c{ã³)�"z{��D��Ö��c{"S3¼��lÒ²��L
À)

��0��&'�°����	�lÌã³"S3����)��	�?�)�l�	F¿²

��Ð"�[����l£��¦�"SÕe�+_��0�[��	�lÌ �²0¦�

+"!D&'�"��GaAsjGÙÌ#�n��$l�5l%"I[��&'c�]² 0.8 kA/cm
2�

(»)*Ò² 146 K)L+"�Ö�&'�

�

�����	
�!"#$%������ �

,v-	.�0Z[& P3HT/07G	k�Ë0*1��Ñc2�»34c��Âw%

3A�05�&'6&�)*�"IJ3 P3HTï)78()9:0�[�cdÀb�l

�	F"ST�7G	k�Ë)*��[3A�0;þ�&'<=ÊÀ¾	�9>H?.�

�:é©"Ô�$%&@�AË	ï0BüCÀ@3A�"SÕ�CÀAË	��A�l�

ï0:é©"	^Å�@3A�"�Ö�&'D����Eë�<=0Z[�*1�&�E

F0Z[3A�"SÕ�0G+��cd+HIÐ"J%&K�ELï0*1@3A�"�

Ö�&'6&���M	:é"NOÇ0MljP	F@3A�"SÕ�vì0ä¹�å3

A�05�&'QRlG�¾ÌS�)��F�"A½ðÌË	T6U0VW�&K�XU

° gnï)*1"�Ö��A%6�)j=8	ï01Yï��&9V�Z[��0G+�

�cd+HIÐ"J%�[3A�0�\�&'�
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/ky�=z	^V"I[��i{|}~Ð"IJ3 Q'Ñ)Y�"�[�;h��Q

'��)&D�uv¾�Gv	)»���vìÑ�Z=PÌË£¤�ív68���Zí

v68�7�ÊEq¤)w0�T&'�"��
��n»Ó=l�4��Z) 4�Ê7��

���)»Ó)*0*+�����©��æë��0 Nb��£¤"SÕ��À���£

¤) "�GHz6�)»Ó)*)
�"�Ö�&'6&�� ��n��tuv�"S39�

l8�n0®Z�&���V�v(�Àùú0;�ðÊ7�l60bc��_';h"S

3)*0�\�&'�

�

0��12���	3"45678��!��� �

1��n�wcn��	�)�n�tP¾�� 

�n,-./<=)L�"���n�tP¾Ã�n�Ê7Ä�)v	Ël=�l�<=�

ýY�_3'lm���n,-./"��v_[�n��n,-��"��v_[���

�)cn��	)����nef����Â3A�0
�+"5�&'����³���

 ��n����	�v-	_�)�n�tP¾0ÜÝ"�^ @3�n�tP¾��)

ijÐ0b5�&¡)�B3' 

� 2�û¢�n�Ê7"IJ3�»£²�l£�g��)KL 

����n¶·"IJ3��	ef)»£²_�¦s�)KL����	7896�à�

n,-./gh�ýY�B3'���gh���Ùj8rv	¤�0Z[&�»£²�l

£�g��0KL��û¢)����n�Ê7�)|}n"S3�¥}�lã³)�¦"

�Ö�&' 

�

9�:;<���	
����=>?����� �

7	ðÌ
d¦§ÃTMRÄ�n)»34À���	¨�
ÀÎ�©ª�<=���	�

���8kÊ6)KL0ND�¬)�³0Â&'�±�«	
À CoFe/Pd¬Çïcü�MgO

®�w_3 TMR�n"I[� CoFeBà Fe0¯�@3A�"SÕ¯Ò °±²) TMRZ0


C�&'�°�MgO�ï¢":é0³¢"ëÚ@3s�0�Z�&É´
ÀCoFeB/MgO/CoFeB

µ
4¶· TMR�n"I[� RA¸1Ωμm
2� ±°°¹) TMRZ0��&'�"���	¨�


ÀÎ�©ª� TMR�n0Z[& 32Mb SPRAMAÊE�Ternary Content-Addressable Memory

ÃTCAMÄ�Lookup-Tableº):�£¤)z{�))*
��_$%&'�

�

@ABC4���	DE�FG$�GHIJK��!��� �

»¼jGÙÌ#c
�½¾)<=0K¿@3&D"�nrs�n¶·�nÆ�0pq�

&n�[jGÙÌ#Àcntuv��£¤��jH)>3��(%w),-./�w��

�jH�)ÏZ"`@3��0MN��[3'¡�²��Á¢"�FG=�	0A½ðÌ

rs�@3R�7 Si-CMOSj6�8kl)K¿���Â��M	:é"4�Ë¼�½Ì�

Í�&FG=�	ÃÃ�ÄÅÆÇbÈÄ0Z[�uÊ6Él7· FET0Ê*��Si-MOSFET

)Ðj0 20Ë©£3J%&cn��=7Ì)²)
C"�Ö�&'6&ÂFG=�	 FET

)»Í²tuv��t�	F)��¡MN�&'ÁÎ"���� 2 ]öEGì�	i{0

®Z�&Ï�¶·"S3jGÙÌ#À4SÊËl)�|L+Æ�0;þ@3��¡"�j

GÙÌ#À"IJ3 μW-lr)ÐÑ�²� 10V/W-lr)J%&¤3£²~Ð0
C�
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&'$w"A%w)tuv�0g�w�Z�Ò�_w\"v�lk	FZ¤3����Ï

Z����·jGÙÌ#tuv�
ZÀ�ÓJ�Ôå�ÕN�&' 

�

LM���	NOP%QR�SHTU��!��� �

5GHz�ÀÖÀ¾×q./Ì)ØÃZ�RF (radio frequency)�=PÌË��ÑÙÜÚÛL+�

)
C0*���BAW (bulk acoustic wave)�tuv�)��KL0�T&'MO-CVD 

(metalorganic chemical vapor deposition)����ï�&»ÜU�AlN�ï0Z[��FBAR (film 

bulk acousticresonator)�)Ê*�ÝÞ0�T&'6&ÂFBAR�û�)i+�~Ð;h0�S

�5l�y	"SÕ�T&'�

�

VW���	X�YZ56��!��� �

?�,-0ßÂ@3&D"àY_�»£²¸��	á)KL0âå åã��&'��

21�²�$w_3»£²À)&D�
¸îï)(�_´�ä�Ï4¹º)&D)�	á�

n)*1åæ"�[�¤ç0�T&'6&�¸�èëÛ)
é:�
À~ÐIS\v	

�lr	�~Ð"�[�êE_¤ç0�T&'()�³��	á£² 18,000�[�z{(

»£²)¸��	á�n0
C�&' 

�

[\�]��^)���	Y"78_`Y"aK78!��� �


dG	rH¾6����� (MRAM) �n)Ñëìc4À_w\"´l�tP�6í

# (HDD) )»ªî]²À"�Â7	ðÌ
d¦§ (TMR) �n"IJ3c�¥}
ÀÎ

� (CIMS) )»ãïÀÂIS\Â
Àx¦Ç)g¦À�(%ð%àY�$%3�CIMS )

»ãïÀ"`���d�ñ) CIMS 0��V�v&»ãï�n
C�):ò¤ç��� 

Fe
4
N 0�
ÐÇ"Z[& TMR �n)*10�[Âñ) CIMS 0�\�&�6&ÂFe

4
N 

�ñ)óôÐ
d¦§ã³05�Â
d¦§�Àï� 50 K ¬� õ1.5 % �w õ4 % 

¬6�Ôå��À@3A�0þw�"�&�
Àx¦Ç)g¦À"`���x¦Ç"Z

[w%3�
ÐÇrs)¤ç0�[, �ö�ô÷n�
ÐÇ0Z[&9V"ø�
dóô
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 �)0�_�Å��& NOL(Nano-Oxide Layer)0Z[&��	uÌ�îï�n0*1��
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�_��	7G	�=ûlív68�L+ÃSTOÄ
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ív68�L+
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Õ Si îï7G	k�Ë)Ðj�Ó©@3A�05�&'RF ��£¤)E87Ëv�	F
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2
MnSi �v�GlV@îï0cü���»ÜÙ_ MgO îï0NOÇ��&

�
Ð7	ðÌ^V)KL0�T&'¡�²��Co
2
MnSicü�MgONOÇ){É"7m

)üîï0¯���{Éef)��0Ê�&'()�³�{É" ° ÆnÇ+²)ê4"î

[ CoFe0¯��&�
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/Vs 0
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Ì�n)9V�Z!� 10-65Ë¡ùÔ@3A�0
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C"ÓJ&��0ND�[3'�� 21�²��SPRAM) SPICE�t�	F0�[�

SPICE �S�5lË� SPRAM 0PQ£¤0	^;hij��&'A%"SÕ�S�5l
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d7	ðÌ^V�n (MTJ: Magnetic Tunnel Junction) �n~Ð0RZ@3A��Â 

FPGA (Field-Programmable Gate Array)"IJ3 LUT (Lookup Table)S�0j�HILÐªO

0j0¢�À$v&£¤)Ê*0�T&�0.14�m CMOS/MTJE8���w$%&�Ê

*AÊE��TU CMOSô-�Z!�� 2/3)�n_V��ÂW+ëìc4)V�0X�
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[�Â�E_�Ê7¾5và��	i��n0*1@3&D)5k�7í�60*1�Â

A%w)*1�():ò~Ð);h0� ���T&�~"Â�Ê7j� ±�
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sV�&n�[��	tuv�<=)��0*���()tuv����IS\()��

ÀE8�����wÊ*��¦6�0¢t���T&'� � � �

��²lm��MTJ 0 0.14μm )t%v	ÌlÌ) 0.3nm )ÈÉu$0Y���M	�
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d¦
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GSMM 2009(Global Symposium on Millimeter Waves 2009) 
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Mini R.I.E.C. workshop on multimodal perception
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The 4th International Symposium on Ultrafast Photonic Technologies 

(ISUPT2009)
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 RIEC-CNSI Workshop on Nanoelectronics, Spintronics and Photonics 

(5
th

 RIEC Symposium on Spintronics) 
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International workshop on the principles and applications of spatial hearing 

(IWPASH 2009) 
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1) Characteristic Energy Band Values and Photo-Electron Attenuation Length of a CVD Diamond  

(001)2x1 Surface, Shozo Kono, Tohoku University

(2) Availability of Graphene-on-Silicon Technology to Electronics, Hirokazu Fukidome, Tohoku

University

(3) Physical properties of epitaxial graphene on SiC, Joung Real Ahn, Sungkyunkwan University

(4) Graphene Theory, Choi , Sungkyunkwan University

(5)Single Carrier Spectroscopy and Hole Dynamics at Si(001) Surface, In-Whan Lyo, Yonsei 

University

(6) Study of MgO buffer layer growth on Si(001) surface, Tadashi Abukawa, Tohoku University 

(7) Composition of Ge(Si) islands capped with Si by spectroscopic photoemmision emission and 

low energy electron microscopy, Alguno Arnold Café, Tohoku Univ.

(8) Nucleation kinetics of magic 2D islands in epitaxial growth, Sergey Filimonov, Tomsk State 

Univ.

(9)Towards diluted magnetic surfaces , Shuji HASEGAWA, Department of Physics, University of 

Tokyo

(10) STM study on magnetic vortices in nano-size superconductors, Yukio Hasegawa, University of 

Tokyo

(11)Spin-resolved STM of organic molecules, Tadahiro Komeda, Tohoku University
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Logic Synthesis of Reversible Circuits 
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Recently, there has been considerable interest in reversible logic due to its connection 

to low power deign and quantum and optical computing circuits.  This presentation 

will provide an introduction to reversible and quantum logic circuits.  Established 

techniques for the synthesis of reversible circuits will be presented with the emphasis 

on circuits composed of multiple-control Toffoli gates.  Transformation of those circuits 

to quantum realizations will also be discussed. A new approach which supports the 

fully automated synthesis of a reversible circuit realizing a completely-specified 

irreversible function will be introduced.  Lastly a new post-synthesis approach for 

optimizing reversible circuits will be described.  For many circuits, this technique 

results in a significant improvement (sometimes greater than 50%) in the quantum 

circuit cost through the addition of only one or two extra lines in the reversible circuit. 
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