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(�) ��ëì� 

íîï=tandemHðñ^ò-óô�)ôME

ß¼½õ]3�ðñ^òöîªÁ�÷øEß¼½

ùúEßûüñý3þ³���ðñ^ò��ùú

ñý3ûÉ����ª¥�¬ý^�	
X3%

3,�=GeH3��B 0.67 eV�RMùúÉûý,

���»)¾�=poly-Ge:HH��RMõ`.�

�¶��B§Á�Ë�íîðñ^ò3�å�^

ò,�å�ðñ^ò3³�1��3����Y

Z���89���sK�3 !æ=shallow 

junctionH,"=BHPõ]#$ !æ3%ø&'�

�B"(�¼½ÕE)*�+,,-3./' 0

Ç/³�3 p+n !æRM1-2��3"4jo�

�564�n78' RM÷ø2��339:;

"��(�¾<Õ�ª¥�/s=»=high activation 

levelH3 pï��,>ª�2��39:�B7Á

�YJ?/ªE@ø.ËæA��õr,|�2

��3B%CD#���sÑEF�+�G3/H

K�Ø�#P�CEIJ3,7KLÔ=ex situH

3��9:�MNOz�+= furnace thermal 

diffusionHPQ�R��=spin-on-dopantH(#ô

�ø¶�SER��#P�B(0s§. 800˚C

+�">�(�¼½ÕTU�+,#$þ³vVM

6WU�N/03É+XzõrYZ1[\3§

]»^��È_Y)¹/0CvV�¼½��¹/

0�+��3§�s�sK�,���n�èM

��BÈ_3ËæA��ðñ^ò��3(Ô=in 

situH"��9:P	K
�3�, 

(�) j��Z� 

����øM�=ArH1��B�]�

3����=sputter systemH�1-����1"3

9:�(Ô=in situHõ` pï��3�»���,

�ï3�]��=base pressureH§. 6.5×10-7 Torr�

�A���P� ( 1.5 mTorr,300!"#3 pï

���»���$���A(�9%»&=SiNxH

�å3��È_¶��A+È_30s'((

500˚C��ø3�1")¼*sB 99.999 %,"3

���+P1-'(,-.")¼¶3.X/s4

01�,-3.XK2P 0, 15, 23, P 55 W,B3

45z67õr=thermal annealingHJ89��^

þ³�:;�<3=�A=as depositedH3��

|�>Yß?@A63��K2BMCDz67

=Rapid Thermal Annealing, RTAH���3EFB

550˚C 120GMg 600˚C 60G, 

(H) IJ1KL� 

(�õ`3�»���Õ�Xýý^��MK

NOPQÇRS+�TUPRS+' §.VW�

�XQ3YZ��MSJ��þ³3:;(BM

[\,]^P X_`a_+Q3IJb�c"R+

d/��»���3I¾@edf�1./�gh

3�V,(^þ³�æ�ij
�+Qk2Ç�

93�»���Ñ pïv^þ³,lPýmIJ

nEoMpq pï��Á.��BP��3)¾�

���rUP pï,{ 1=�AP s 550˚CMg 

600˚C CDz67��3�»���3^tX,{

Õ�c�3 ô�u3?@bÑo^tXvw"��

.X=PBHx-ªyz3{|,#1]^P X_`

a_+Q3IJOE}~�ªP��Á.3p�,

1=�A3?@�?�550˚C CDz67��s3

?@�7^tX01EË���P�B7L�X=J

{ 2H¬/ª���s=J{ 3H6�3��,{ 2

�c 3ô�u3?@bÑoL�Xvw"��.X

(b) (c)(a) 
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=PBH®¯ª`a3µb,{ 3c�� 3ôde3

�afÑog��shi"jklX=PBH®¯ª

`®3µb,¸mno3P PB=55W ² y 600˚C

pqzrs��3�»����7g��s/¥

1.21×1020 cm-3�#ô�s¦/../¶�0Ç3�

( 875˚C6Mg(�3t^6(937˚C)�"(�Õ3

uË�Ó�vs=maximum solid solubilityHKwB

~2×1018 cm-3Mg 3±0.5×1018 cm-3,-.���Õ�

xø3õr0s¦§. 800˚C��M(yAyrÕ

ß+��3"�´E*z|�+��RMm�T

��3!æ,[\o{ixøjk9:��$§

Á�=|]�2¨©E�}âE~¨��²8�3

germane �H²@ø.ËæA#D39:�RM

(õr0sE/. 600˚C3��6�Álõ`Ç�

s��3 pï)¾���,#ô�9:J����

ðñ^ò3õ]�K�¨,����[\' n�

.�k��-� Electrochemical and Solid-state 

Letters���Ö3�)�JOh., 

 

 

 

 

 

 

 

 

 

 

 

{ 1 �yAP y 550˚C Mg 600˚C pqzrs��

3�»���3^�X,{Õ���3ôde3�

afÑo^�Xhi"jklX=PBH®¯ª`a
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{ 2 �yAP y 550˚C Mg 600˚C pqzrs��

3�»���3L�X,{Õ���3ôde3�

afÑoL�Xhi"jklX=PBH®¯ª`

a3µb,#P-.=»"3���)�2�»�

´+�
�=ionized impurity scattering effectH�
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{ 3 �yAP y 550˚C Mg 600˚C pqzrs��

3�»���3g��s,{Õ���3ôde3

�afÑog��shi"jklX=PBH®¯
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��	�s�^_ AâB ������4�

�����^_������m ¡¼½�45�

�¢��J. ¡¼½£¤Ø¥3¦§E�,�

^_.�' 3 ()*��+,-./0�12©J

3,( 99 ' 03 (499 ' 05 (-5���6-7

,n8��7�£¤qs9�(/:Õ�; ¡¼

½=<=H� 3 $^»>?��KwB£¤^@

=EcHâA»�B=RpHCD^�^E=ZRAH�+

,-./0�F{ 1��, 

���GH+�m�GIJ�oK��'¯L

 ¡¼½£¤�BMNOH+' ����£¤�

 ¡¼½�PQRS� A ��g B ���Õ��

��1²T|UV¯ 50ppm�WX�2�YZ[�

�m A��\ 230ppm�WX�2�YZ[�B�

�\ 193ppm �WX�2�YZ[��]YZ[�

^3(.#�_`^ò
��D#�a»�bc`

@�MNO<=d�����eÁ�£¤, 
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���¨^_. 99 6 8 ©"sª���«¬

s�^_��_ø���d®��£¤$T¯°

KL±�7%3(.²³^_(x���´µ¶· A

��g B���Õ����U²¸|"¹¯ 50ppm

�º»¼2�½¾¿�$�_ø���PQ¥�À

ÁÄÂÃ�����ÄÁ£¤�Å-Á
, 

(f) �mÒZ1[\� 

(��mÕ�;��KB6eÆ�,����

��A ������Ç9Èê��g 180ppm �º

»¼2�,�f����C�����YÉÊ���

£¤½¾¿Ë%nÌ]ø�oÍY£¤oÎ���

]BdeJ��,�Ï����B ������Ç

�����g 143ppm �º»¼2�,�Ð��

��A �����'¶·Èê���U¸|¹¯

50ppm�º»¼2���_ø���ÕÑA 230ppm

�º»¼2�,�Æ����B �����'¶·

�����U¸|¹¯ 50ppm�º»¼2���_

ø���ÕÑA 193ppm�º»¼2�, 

( y 336*+�£¤^Ò=EcH���m[

\�7£¤^Ò=YJ.ÓPÔÕde^ÖH�/

§KwB��Ð�×�Æ�=-100mVHØ�f�

=-181mVHØ�����=-300mVH,A��g B

��"¸|¹¯ 50ppm�º»¼2�$�7£¤^

ÒÙÚdeJ��/���'¥Û¤�
\�N{

2��, 

( y 336*+�Ö»� =RpH���m[

\�7Ö»� �/§KwB��Ð�×�Æ�×

�f�=6.01 x 103 ohmHØ�����=4.35 x 102 

ohmH,A ��g B ��"¸|¹¯ 50ppm �º»

¼2�$�7Ö»� �Ü.deJ�����'

¥Û¤�
\�N{ 3��, 

( y 336*+�Ý^�^�=ZRAH���

m[\�7Ý^�^��/§KwB������

�Ý^�^�=1.6 x 10-4 AHØ�Ð�=2.33 x 10-6 AH

×�Æ�×�f��Ý^�^�=1.09 x 10-6 AH,A

��g B��"¸|¹¯ 50ppm�º»¼2�$�

7Ý^�^��Ü.deJ�����'¥Û¤�


\�N{ 4��, 

-|}}Þno A ��g B ��"¸|¹¯

50ppm �º»¼2�$�ÄÂ��·ß!è�Ò

|��æ5Y£¤àÀD#,[\1 EcâRpâ

ZRA���[\8�V³�N{ 5��, 

(Ï) [h� 

1. ¼ájm[\²³£¤^Ò-181mV M¶â

Ö»�  6.01 x 103 ohmM¶âÝ^�^�

1.09 x 10-6 AM6Bâã|]�X�+_ø

��� ¡�.âã345Õ�£¤ECn

#, 

2. ¼ájm[\R²³¶·���U¸|¹

¯ 50ppm�º»¼2�.����Õ±$�

²jnÌÀÁÄÂÃ�����ÄÁ£¤�

Á
, 

3. -��än3d®�R¬å^_]B£¤æ

��çè��m�áRøMé±_ø���

 ¡£¤½¾¿PQnÌ�9l
�P²À

^_��êÁ��9:, 
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A����=�Ç9Èê��H A����=�Ç9Èê��H��|} 

  

A����='¶·Èê���U¸|¹¯

50ppm�º»¼2�H 

A����='¶·Èê���U¸|¹¯

50ppm�º»¼2�H��|} 

  

B����='¶·�����U¸|¹¯

50ppm�º»¼2�H 

B����='¶·�����U¸|¹¯

50ppm�º»¼2�H��|} 

{ 5  �ëg��|} 

:RSTUVWX���YTZ[\]^_IJ 

�`a��b������cde:fghi26jkl�mn��

(�) &ì� 

��í^_îïðOñ�Rwò�=Induced 

Draft Fan�ID FanH��qB 896rpm� wò$ð

O��2�B-100Pa,íó����Õ�ô�y

Ë�ÄÁ��õ��_Ò78löõ�>��no

30 à��÷ñøùÕ±ß 1 à�{ 1 B±� ID 

Fan÷ñ|}�{ 2B ID Fan÷ñâvú1�ûü

�ÑÁ�o{�^_Býþ�v��BÊ����

è���1^��Á�FG°pKL, 

(f) ��ÒZ� 

���M��l�Z=MTH1	
ûl�Z

=UTHl�� 29 à÷ñPQ'�pq�"iJ'

±�÷ñ1�p÷ñFGÁKKLâ���mâ�

�mâ°±æ|}KL1~Y�º}Þ���÷

ñ±����, 

(Ï) Á\1[h� 

1. �y��l�Zl� 29 à÷ñ�f($x

2~3 ø�Ò�no��=��H���7�

�=��HÉs 5�~100��"M	
ûl

�Z�G�l�l�Ç 5à9?ý����
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������÷ñ�����n#(���

J���B��uË���(, 

2. ~YKL=N{ 3H����çn#.÷ñ

�Z x!W� 4 �Ò��B 45°"z÷ñ

��ÁÉ�OÒ�1��uË#$��Y

%�1��l�[\�V, 

3. ÷ñ¼´ÁKKL[\N� 1���7ÕÄ

=CHÇ� 0.301&ÚõÄ_'b�� 0.38&

6·§�ÄÁ¼½�¡s?§, 

4. ���m[\=� 2H���÷ñ�¢£¡

s1uË �¡sKwB 54/55kgf/ mm2� 

72.3/73.3 kgf/ mm2�óÞfÚõÄ_'()

¸� 66.3 kgf/ mm2�91.8~112.2kgf/ mm2§, 

5. ��m[\=� 2H��÷ñ� =̧-20�H

/¥ 147.71 148.8 JoulesBõÄ_'()¸

35 Joules� 4.2*���¼½�+³y/o

Î, 

6. }Þ{ 4°±æ�æÀ,��ç�!?^Ò

. A��(Ò�D#-./�æ�h$(

01ó2Ço��34R°�5¡�DB�

�(?E6:6D#�78°9oÎ¹hÞ

�ç:;�<ÁÉ�Ño C���=>5¡

�78°�þ?¹@�çÁÉ� D�+�D

#AB!£�°±æ=¡¾°9�H, 

7. �è&Ý�KL[\�÷ñ�°±¨�¼½

ÇÄ�EC1�D¡sE%èõÄ_'b

���(2E178#$��î¯]ø6

ªD#/F78±�, 
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{ 2  ID FanÑÁ1÷ñâ�Ò� 

 

 

 

 

 

 

 

 

 

{ 3 ÷ñ�ç~Y 

 

 

 

 

 

 

 

 

 

{ 4 °±æG} 

� 1  42CrMo4÷ñÁKKL 

42CrMo4 &' 

=wt&H ()¸ j�¸ 

C 0.38~0.45 0.301 

Si 0.40max 0.283 

Mn 0.7~0.9 0.874 

P 0.035max 0.014 

S 0.035max 0.007 

Cr 0.9~1.2 1.213 

Mo 0.15~0.30 0.272 

 

� 2 ÷ñ�D³´ 

�D³´ ()¸ j�¸ 

¢£¡s 

=kgf/ mm2H 
66.3 54â55 

 �¡s 

=kgf/ mm2H 

91.8�

112.2 
72.3â73.3 

�ÉX=&H 12 25.7â26.3 

�¸ 

=Joules /-20�H 
35 147.7â148.8 
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© 8â9óóbcËde�kCµÕE<f[g�C

Õ·W�c¥^hijÉklFGXmno|�p

qHrs�ctJB÷m���N^(�uv´@

wn�xy�;�bcÇoI»Ùz��â�Ò»

{|Y}â~�»ÙC�Bâ�T»d��Áâ�

x�Wg�øâ�uI���9ü 6�µm�u$

FG�è�h,7ÕH�uI���9J�K��

� 6µm����-��	1|[9:��e�ß

��V�����W���|X' 12Ò�p1CÞ

100 �7�Kwq"#��ârs^�grsï^

�È�´@Ï�÷m�Y���µ, 
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