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p-Contact Metallization

Passivation

Pumped  Region
p GaAs+

n-Contact Metallization

n-GaAs Substrate

Active Region

Passivation
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D�E FHGHI I J K>L(J F�M E N I N M1OPE QHE I J RTS%U�V I J K%W X J D Y(N OHZH[�I \HJ]X D1E J K E!\�D Y J_^�J J O`E M1X L(J K J L]a GHO�W I N M1O(b E N L(J
L(M c�OTM1O`D]L(N D RAM1O�L�\HJ D I E FHK J D1L(J K!c�\HN W \�N E�RAM1GHO(I J L]^(Q�I \HJ K R�D X�W M1RAFHK J E E N M1O�^�M1O�L(N OHZAM1O
D]W M1FHF�J K!\HJ D I!E N OHd�S

e!fhg�i!j>k�l�m nok�p:qHr:s�tuk�v�w!s qHv
x M1KyI \HJ�W \�D K D1W I J K N z D I N M1O_M V�I \HJ!J FHN I D {(N D X�| G�D X N I Q [1^HK M D1L b D K J D>X D1E J K E�c�N I \AD O�D F�J K I GHK J!c�N L(I \
M V!} ~1~���R�\�D Y J%^�J J O�V D ^HK N W D I J L�D O�L�RAJ D1E GHK J LAGHO�L(J K�FHGHX E J L�W M1O�L(N I N M1O�E S x M1K!X M1OHZAW D Y(N I N J E
I \HJ�I \HK J E \HM1X LuW GHK K J O(I]L(J O�E N I QPN E%� � �T��} �1~�U%� W R�� Su��J D1E GHK J RAJ O(I E>M V%I \HK J E \HM1X L�W GHK K J O(I
L(J O�E N I N J E>V M1KAL(N ��J K J O(I_I J RAF�J K D I GHK J E>N O�I \HJ�K D OHZ1JTM V>~ b �1~�� ��E \HM c�D`�y�AY1D X GHJ�M V>�(} ~��_S� O(I J K O�D X�J ��W N J O�W N J E%� �yD O�L�N O(I K N O�E N W]X M E E J E]���yD K JT� ����D O�L��(S ��W R��H� [:K J E F�J W I N Y J X Q S`�y\HJ
E J K N J E�K J E N E I D O�W J [1D1E:L(J I J K RAN OHJ L�^(Q%I \HJ!E X M1F�J�M V�I \HJ��(��W GHK Y J [ c�D1E�I Q(FHN W D X X Q%~(S �1� b ~(S )�  V M1K:D
¡ ~1~���RoX D1E J K S��y\HJyI GHK O(b M1O_Y M1X I D Z1J!�(��M V�I \HJ!�(��W \�D K D1W I J K N E I N W�N E:}1S )�¢ S x K M1R£RAJ D1E GHK J RAJ O(I E
M V:I \HJ>Y J K I N W D XHV D K�¤�J X LAF�D I I J K O�cyJ>L(J I J K RAN OHJ L_I \HJ%V GHX X�c�N L(I \TD I!\�D X V�R�D {(N R]GHR�¥ x�¦�§ �`¨
M V:I \HJ�V D1E I�D {(N E�L(N Y J K Z1J O�W J�D OHZ1X J>I M_^�J]©!ª «!¬(­®�£¯H}�� S
U!X X�X D1E J K%L(N M(L(J_D K K D QHE�W M1O�E N E I!M V��1~ ¡ b ��R]b c�N L(J_E I K N F�J E�c�N I \TL(N ��J K J O(I�E F�D1W N OHZ E!M V�����R�GHF
I MT} ) ��RTS%�y\HJ>M1FHI N W D X�M1GHI FHGHI>W \�D K D1W I J K N E I N W�M V�D ¡ ~1~ b ��R]b X M1OHZAX D1E J K%D K K D Q�c�N I \`DAE F�D1W N OHZ
M V�����R�I D d J O`D I>D]\HJ D I E N OHd�I J RAF�J K D I GHK J>M V��1~�� ��N E�E \HM c�O`N O x N ZHS��(S>U°I M1I D X�R�D {(N R]GHR
M1GHI FHGHI%F�M cyJ K!M V��(S � ¦ � ¦ N E!M1^HI D N OHJ L�D I%DAW GHK K J O(I�M V ) S ¡ U°D I�I \HJ>F�M1N O(I�c�\HJ K J>I \HJ K R�D X
K M1X X�M Y J K�M(W W GHK E S:�y\HJ�X D1E J KyD K K D Q]J {(\HN ^HN I E�D%I \HK J E \HM1X LAW GHK K J O(I:M Vy} �1~�R�U>[ W M1K K J E F�M1O�L(N OHZ_I M
D�W GHK K J O(I%L(J O�E N I Q�M V!� ¯ ~�U%� W R�� S_�y\HJ]L(N ��J K J O(I N D X�J ��W N J O�W QAN E��(} ��D O�LTK J R�D N O�E!W M1O�E I D O(I
GHFuI M�±_}1S � ¦²x K M1R³I \HJP�(�´W \�D K D1W I J K N E I N WAN O x N ZHS ) cyJ�Z1J I�DPL(N ��J K J O(I N D X�K J E N E I D O�W J�M V
} � ~�R   D O�L�DTI GHK O(b M1O�Y M1X I D Z1JT�(�AM V_}1S )�¢ S:U!X E M`E \HM c�O�N O x N ZHS ) N E>I \HJ�I M1I D X!c�D X X b FHX GHZ
J ��W N J O�W Q_Y J K E G�EyM1F�J K D I N OHZAW GHK K J O(I�c�\HN W \�E \HM c!E!D_F�J D d�Y1D X GHJ%M V:µ1�:��D I�D O�M1FHI N W D X�F�M cyJ K
M V�±>� ~1~�R ¦ S
U!OuM1FHI N W D X�J RAN E E N M1OuE F�J I K GHR¶M V_D ¡ ~1~ b ��R]b X M1OHZ�X D1E J K�D K K D QuD I�D O�M1F�J K D I N OHZ�W GHK K J O(I]M V
}1S �(· � � �`D O�L£� S ) · � � � [!K J E F�J W I N Y J X Q [:N E�L(J FHN W I J L�N O x N ZHSy¯�D O�L�N O�L(N W D I J E]M1F�J K D I N M1O£D IT¸£�
¹ � ��OHR�OHJ D K:I \HK J E \HM1X L�S:��M_W M1RAF�D K J�I \HJ�E F�J W I K D X�c�N L(I \]M V�^HK M D1LAD K J D>D O�LAD K K D Q]E I K G�W I GHK J E
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G=HJI?K L�M I L�N K M O5P I Q�I R M K S L;T�I P N U�N=V�W T�I X I LJY M H[Z S P�W5M O�\JK R W X�]
^AR S�W M K LJY[S L8_
W ]
N�N UJ`�N M P W M I0K N
N HJS V�L5K L5abK YJc "�c�G=HJI=d;K LJK d5UJdeV�W T�I X I LJY M H0K NbW P S UJL�f5g h�ibLJdjUJL�f0M HJI=d;K LJK d5UJdeP I Q�I R M K T�K M O
K NkW \J\JP S l�K dmW M I X O?!=n o p�q�r ckG=HJI�d;I W N UJP I f0T W X UJI NkW Y P I I�T�I P O?V=I X X�V�K M H[M HJI�M HJI S P I M K R W X�T W X UJI N
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o c s i�W L�f�W[d;K LJK d[UJdtV�W T�I X I LJY M H�S Z�g h�ibLJduW M0LJS P dmW X�K L�R K f�I L�R I�c
G=HJK N5v�K L�fwS Z0d;I W N UJP I d;I L�M0K N?d[U�R Hxd;S P I�W R R UJP W M ImM H�W LeI X X K \�N S d;I M P K R?d;I W N UJP I d;I L�M N0W M
Wmy�l�I f�V�W T�I X I LJY M H�c;zeK M HxM HJK N0d;I M HJS�f�{bK M?K N0\�S�N N K `JX I;M S�R W X K `JP W M I[M HJI;K S L�| `�I W d}f�I \�S�N K |
M K S LxN OJN M I d8c?~�SmV=I[W P I[W `JX I5M S;Z W `JP K R W M I5P I \JP S�f�U�R K `JX I[]
^�R S�W M K LJY�N
`�I M V=I I L8g p pbLJd�W L�f
o p � pbLJd8c�abK YJcbhxN HJS V�N5M HJI8��| ��R UJP T�I[UJL�f�I P[\JUJX N I fxR S L�f�K M K S L�N?Z S P[W8! p | ��d�`JP S�W f�| W P I W
X W N I P�V�K M H�W[R W T�K M O[X I LJY M HmS Z=i p p ��d�W L�f�W L8]
^AR S�W M K LJY[S L�S LJI0S UJM \JUJM�Z W R I M c=G=HJI0\JUJX N I f
S \�I P W M K S LxS Z=M HJI;f�I T�K R I0\JP I T�I L�M N�M HJI P dmW Xbf�K N M UJP `�W L�R I N0W L�f�R H�W LJY I N�S Z�M HJI5S UJM \JUJM0\�S V=I P
Z S PkUJLJd;S UJL�M I f
X W N I P N c�G=HJI�S \JM K R W XJS UJM \JUJM�\�S V=I PbZ P S d�M HJI�R X I W T�I f�Z W R I M�K N�d[U�R H0X S V=I PbM H�W L
M HJI
S UJM \JUJMkZ P S djM HJI0]
^=| R S�W M I f?Z W R I M c�aJS P=M HJI
R X I W T�I f0Z W R I M {�V=I
W N N UJd;I f[W L;P I Q�I R M K T�K M O0S Z
! g�c !k�;c�]AdmW � S P�f�K ��I P I L�R I
M S[`JP S�W f�| W P I W[X W N I P�f�K S�f�I N�V�K M HJS UJM
]
^AR S�W M K LJY[K N=M HJI0Y P W f�U�W X
M P W L�N K M K S L�S Z0W d;\JX K y�I f�N \�S L�M W LJI S U�N[I d;K N N K S LxW L�f�N M K d[UJX W M I f8I d;K N N K S L�c�]
N5W�P I N UJX M5M HJI
I d;K N N K S L5V�W T�I X I LJY M H?`�W L�f�V�K f�M Hmf�I R P I W N I NbV�K M H[K L�R P I W N K LJY0R UJP P I L�M c���UJI�M S0M HJI�V�W T�I X I LJY M H
f�I \�I L�f�I L�R I5S Z�M HJI[]
^�R S�W M K LJYmV=I[H�W T�I5W LxR S L�M K L�UJS U�N0R H�W LJY I5S Z�M HJI[S UJM \JUJM | \�S V=I P0P W M K S
M S8WmR S L�N M W L�M0T W X UJI5S Z
��c !mW M0M HJI[\�S K L�M
S Z�M S M W X X O�| N M K d[UJX W M I fmI d;K N N K S L�c0�=O�M HJK N
V�W O�K M
K N
\�S�N N K `JX I[M S�W L�W X K � I5M HJI;��U�W X K M OmS Z�M HJI[]
^�R S�W M K LJY�W L�f�V=I5S `JM W K LxW;LJI V�f�I y�LJK M K S L�S Z�M HJI
X W N I P�M HJP I N HJS X f;I N \�I R K W X X O5Z S P�f�I T�K R I NkV�K M HmHJK Y H8��U�W X K M O;]
^�R S�W M K LJY�N c
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i	j k`l`m n o�p�k�qDrts�m u j o v#w q�nyx8n z u j { p`m o |�p�} j u ~ti	s�z � p�{ n o ��v#j u u j k`lM��p � n z �D� x�|�i������ �M��j u ���Ms�k�o
� u z p�j k8n qt�$p �$��� s�p�k�u s�vG��n m m ��p�k�q�n v#j � � j w�kD��p�} n m n k`l`u ����p�z w�s�k�q�������k�v@��p�} n�� n n k#� p�� z j o
{ p`u n qDs`� j k`lMv#w`m n { s�m p�z�� n p�v�n �	j u p �`~#� w�z�{ z ~ � u p`m�l�z w���u �8����n u#{ �8n v#j { p`m$n u { ��j k`l�p�k�q�� s�� o
� n � s�n k�u0� n m n { u j } n�w �`j q�p`u j w�k�p�z n�p ���8m j n qU� w�z�{ s�z z n k�uU{ w�k ��k8n v�n k�u ���	�8n<j k �$s�n k�{ n<w ��w �`j q�n
m p�~�n z$��w � j u j w�k�w�k�m p`u n z p`m�j k�q�n �#l�s�j q�j k`l�j �0� u s�q�j n q�j ktq�n u p�j m�j ktw�z q�n z!u w�j k�{ z n p � nUv#p �`j v#s�v
� j k`l`m n o v#w q�n�w�s�u �	s�u���w���n z ����q�n } j { n�w �<�	��vGp�{ u j } n<q�j p�v�n u n z�p�k�qtz n q�s�{ n q�j k�q�n �<l�s�j q�j k`l
� ��w����0v#p �`j v#s�v�� j k`l`m n o v#w q�n0w�s�u �	s�u8��w���n z$w �$ ��  ���v�����j u ��p0� j q�n!v#w q�n�� s ���	z n � � j w�k�z p`u j w
w �#v#w�z n$u ��p�k�����q ¡D� w�z$��j l ��n ¢y{ j n k�{ ~�w �`j q�j £ n qDx�|�i������ �
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°�g h ± ² ³ a _ ´ ³ a µ�² ± ¶�· ¸�h ¹ a`³ g ´ g º�² ± ± ² b�fU_ a`· g h ·0» °0¼�½�¾�¿	· ÀUÁ Â Ã�a h gUº�^�· ±!a ± ± h a`³ ± ² µ�g0_ ² f`Ä�±$· ^`¸�h ³ g ·�¹ ^`h
^`Å�± ² ³ a _�² b�± g h ³ ^`b�b�g ³ ± · Æ g · Å8g ³ ² a _ _ ¶$¹ ^`h�Å8a h a _ _ g _�c�a ± a$_ ² b�Ç�·�Á & Ã Æ�Á È Ã É�Ê!· ² b�f$· g _ g ³ ± ² µ�g�^ Ë�² c�a ± ² ^`b0¹ ^`h
¹ a Ì�h ² ³ a ± ² ^`bDÁ Í`Ã Æ�Î�a _ _ Å�_ ¸�fUg Ï<³ ² g b8³ ² g ·�a b8c�^`¸�± Å�¸�±�Å8^ Î�g h ·�^ ¹�º�¸�_ ± ² ´ º�^�c�g�°0¼�½�¾�¿	·�Ä8a µ�g$Ì8g g b
² b8³ h g a`· g c0¸�Å#± ^0Ð�'�ÑBÁ Ò�´ Â Ó`Ã�a b8c�Â Ô`Ó�º�ÕOÁ Ð Ã Æ h g · Å8g ³ ± ² µ�g _ ¶�É�Ö$¸�g�± ^$± Ä�g�_ a h f`g�h g ¹ h a`³ ± ² µ�g�² b8c�g Ë
· ± g ÅM² b8c�¸8³ g c�Ì�¶t± Ä�g�^ Ë�² c�g�a Å8g h ± ¸�h g�± h a b8· µ�g h · g<· ² b�f`_ g ´ º�^�c�g�g º�² · · ² ^`bD³ a bDÌ8g�º<a ² b�± a ² b�g c
^`b�_ ¶D² bDµ�g h ¶t· º<a _ _�a`³ ± ² µ�g�c�² a º�g ± g h0c�g µ�² ³ g · É�½�g _ g ³ ± ² µ�g#^ Ë�² c�a ± ² ^`bD^ ×	g h ·U± Ä�g<Å8^�· · ² Ì�² _ ² ± ¶�± ^
h g _ ² a Ì�_ ¶�¹ a Ì�h ² ³ a ± g#a`³ ± ² µ�gUc�² a º�g ± g h ·�^ ¹�g µ�g b<_ g · ·�± Ä8a btÈ � º�É!Ø�a Ë�² º�¸�ºÙ· ² b�f`_ g ´ º�^�c�g0Å8^ Î�g h
^ ¹�· ¸8³ Ä�°0¼�½�¾�¿	·�g º�² ± ± ² b�f!a ±�Ú`Ô`Ó�b�ºÙÎ�a µ�g _ g b�f`± Ä#Ä8a`·�a _ h g a`c�¶�Ì8g g b�² b8³ h g a`· g c#¸�Å�± ^#&�É '�º�Õ
Á Û Ã�a Å�Å�_ ¶�² b�f�a�È`Ó�b�º@± Ä�² b<^ Ë�² c�g0_ a ¶�g h Æ�Î�Ä�² ³ Ä<² ·�± ^�Ì8g#³ ^`º�Å8a h g c�Î�² ± Ä�Í�É Í�º�Õ\· ² b�f`_ g ´ º�^�c�g
^`¸�± Å�¸�±$Å8^ Î�g h$^`Ì�± a ² b�g c�² b<Å�h ^`± ^`b�² º�Å�_ a b�± g c�c�g µ�² ³ g ·!Á Â Ã�a ±$Ú`Ð`Ó�b�º�Î�a µ�g _ g b�f`± Ä�É
Ü b<± Ä�² ·�Å8a Å8g h�Î�g0· ± ¸8c�¶<· ² b�f`_ g ´ º�^�c�g0a b8c�b�g a h _ ¶�· ² b�f`_ g ´ º�^�c�g$^ Ë�² c�g0³ ^`b�Ý8b�g c�Ä�² f`Ä<g Ï<³ ² g b8³ ¶
°0¼�½�¾�¿	·�g º�² ± ± ² b�f�a ±�· Ä�^`h ± g h�Î�a µ�g _ g b�f`± Ä8· É�¼�_ g a h�g µ�² c�g b8³ g�² ·�f`² µ�g b!¹ ^`h�± Ä�g�² b8³ h g a`· g�^ ¹	· ² b�f`_ g ´
º�^�c�g0Å8^ Î�g h!a ±$Ô`Ð`Ó�b�º�Î�a µ�g _ g b�f`± Ä�Ì�¶�Å�_ a`³ ² b�f#± Ä�gU^ Ë�² c�g!_ a ¶�g h�² b�± Ä�g0µ�² ³ ² b�² ± ¶#^ ¹�aUb�^�c�g#² b
± Ä�g�· ± a b8c�² b�f$Î�a µ�g�Å8a ± ± g h b�É�Ø�^�c�g�³ ^`b�± h ^`_�² ·�^`Ì�± a ² b�g c0Ì�¶!µ`a h ¶�² b�f$± Ä�g�a Å8g h ± ¸�h g�c�² a º�g ± g h�a b8c
¹ ^`h�± Ä�g�Ý8h · ±�± ² º�g�± Ä�g�_ ^`b�f`² ± ¸8c�² b8a _�Å8^�· ² ± ² ^`b�^ ¹	± Ä�g$³ ^`b�Ý8b�g º�g b�±�_ a ¶�g h É�Ü b8³ h g a`· g cU· ² b�f`_ g ´ º�^�c�g
^`¸�± Å�¸�±$Å8^ Î�g h$^ ¹�¸�Å�± ^�&�É &`Ð�º�Õ\² ·�^`Ì8· g h µ�g c�¹ ^`h�Î�g a Ç�g b�g c�^`Å�± ² ³ a _	f`¸�² c�² b�f�É

Þ$¥§ß*à�á$¯ ®�à�â�©�ª	­$®	©8­�ª8àBã�¨$¬3ä�ª8«$®�à�å�å�¯ ¨$æ

Ö$g µ�² ³ g ·<² b�µ�g · ± ² f�a ± g c	ÆU· ³ Ä�g º<a ± ² ³ a _ _ ¶�· Ä�^ Î�bL² b�ç�² f�É#Â`Æ#³ ^`b8· ² · ±�^ ¹<³ a h Ì8^`b�c�^`Å8g c*Å�´ ± ¶�Å8g
è _ é ê ë ì!a é ê í è · î è _ é ê ï ì!a é ê ð è ·#a b8c�· ² _ ² ³ ^`b�c�^`Å8g cMb�´ ± ¶�Å8g è _ è · î è _ é ê ï ì!a é ê ð è ·�ñ�h a f`fth g ò8g ³ ± ^`h ·
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light output TiAu bondpad
polyimide passivation
p-doped Bragg reflector
oxidized Al O /AlAs
current aperture
3 active GaAs QWs
n-doped Bragg reflector
n-GaAs substrate
GeNiAu contact

X Y
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2.5
Gb/s

500 m graded index
multimode fiber
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a) back-to-back, biased

c) back-to-back, bias-free

b) 500m MMF, biased

d) 500m MMF, bias-free
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2.5 Gb/s Data Rate
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p-type Bragg Reflector

Oxide Aperture

AR Coating
GeNiAu Contact n-type Bragg Reflector
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GaAs Substrate

Al O
Passivation Layer

2 3

Light Output
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U V�W�W�X Y U U Z [�\][ ^�_ `Ka b�U Y XMY cEZ U U Z [�\AZ U�^ [�V�\Ode^ [�XDV�\�cE[�V�\+f Y dAd+Y g+Z _ Y U�[ ^Dh ��i�j ckb \Od]l i�i�j c
d+Z b cEY f Y X m�`�n�Y X Y b�UMU [�a d+Y X Y ded+Y g+Z _ Y U�U f Z a a�U n�[ `K^ V�X f n�Y X�Z \O_ X Y b�U Y dec%b o+Z c.V�cp[�V�f W�V�fMWO[ `�Y X
b \Ode\�[%U b f V�X b f Z [�\qZ U�b \+f Z _ Z WOb f Y dE^ [�X�Y g	Y \Aa b X r�Y XMb�_ f Z g	YDb X Y b�U sMtuZ f nqd+Z b cEY f Y X U�Z \O_ X Y b�U Z \�r
^ X [�cvl i f [Rl i�i�j cv\�Y b X�f n�X Y U n�[�a d�m�d+Z w�Y X Y \+f Z b a�x	VOb \+f V�cyY z%_ Z Y \O_ Z Y U�d+Y _ X Y b�U Y�^ X [�cv{ iJ| f [
����| sE}	Z cEZ a b X a ~	m�b�UMU Y Y \eZ \ef n�YRX Z r�n+f�nOb \OdeWOb X fM[ ^���Z r�s�l+m�_ [�\+g	Y X U Z [�\AY z%_ Z Y \O_ ~Ad+Y _ X Y b�U Y U
`�Z f n.Z \O_ X Y b�U Z \�r�b�_ f Z g	Y�d+Z b cEY f Y X m `�n�Z _ nDZ U�b�d�d+Z f Z [�\Ob a a ~D_ b VOU Y dD�+~Mf n�Y�d+Z w�Y X Y \+f Z b a	X Y U Z U f b \O_ Y	s
� b o+Z cRV�cI_ [�\+g	Y X U Z [�\EY z%_ Z Y \O_ ~D[ ^�l i�j cpa b�U Y X U�Z U��	� | ��V�f�� VOU f�h � | ^ [�X�l i�i�j cvd+Z b cEY f Y X
d+Y g+Z _ Y U s���Y d+VO_ Y dRY z%_ Z Y \O_ Z Y U�b X YMc%b Z \�a ~._ b VOU Y dE�+~RZ \O_ X Y b�U Y dRn�Y b f Z \�r.��V�f�c%b ~Rb a U [RWOb X f a ~
�OY�d+V�Y�f [Mb cEW�a Z �OY dMU WO[�\+f b \�Y [�VOU�Y cEZ U U Z [�\R� �M}+����[ ^�a b f Y X b a a ~�r�V�Z d+Y dDZ \+� W�a b \�Y�cE[+d+Y U sJ�J[�cR�
WOb X Y dEf [.�M��}+����U�`�Z f n%��V�a �Eb�_ f Z g	Y�c%b f Y X Z b a�� � ��f n�YMZ \+�OV�Y \O_ Y�[ ^J�M}+��Z \Ef n�YMx	VOb \+f V�cp`�Y a a
d+Y g+Z _ Y U�Z \+g	Y U f Z r	b f Y dMZ U�cRVO_ nM`�Y b �	Y X�d+V�Y�f [�f n�Y�U c%b a a Y X�_ [�\+�O\�Y cEY \+f�^ b�_ f [�X U s ��n�Y�c%b o+Z cRV�c
[�V�f W�V�fJWO[ `�Y X�[ ^�� ��i cEt�[���f b Z \�Y d�^ [�X�f n�Y�l i�i�j cId+Z b cEY f Y X�d+Y g+Z _ YJZ U�f n�Y�n�Z r�n�Y U f�_ `�[�V�f W�V�f
WO[ `�Y XJ^ [�X�b \RY a Y _ f X Z _ b a a ~MW�V�cEWOY d.U [�a Z f b X ~.�M��}+���%X Y WO[�X f Y dEU [M^ b X s���n�Y�WO[ `�Y XJZ U�cEY b�U V�X Y d
VOU Z \�r%bR_ b a Z ��X b f Y d%WO[ `�Y X�cEY f Y X�� ��Y `�WO[�X fDh {�� i ����`�Z f nA��X [	b�deb X Y bRW�n�[�f [+d+Y f Y _ f [�X s � b o	�
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150nm : Q(098)to Q(110)

150nm : Q(110) to Q(098)

n InAsP/InGaAsP) MQWsx (

50nm p+ -InGaAs

700nm p-InP (Be=1E18cm )3

500nm p-InP (Be=5E17cm )3

500nm n-InP (Si=5E17cm )3

700nm n-InP (Si=1E18cm )3

n+-InP Substrate
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`@a d m+iIg h k b�_%k _%f k _�d c�k m+h n��
��`��R¡�¢ _���`��R¡���`��^m+b�i���f dCn�d h d a b	l h a iIg h i�a d����C£�l���a b c�_S�+yNvR��¤N�C�%a d x	d ` f�d j9k l l k b�_Nl }Id g p
h a `.`�lSl n�b c�_[k _[s�k ��i�a d � �.��n�d%m+d x+k g dSo d ` h i�a d lSl k _���f dY}Id ` ~Rd j9k l l k b�_�` h@`%c�` x	d f d _���h nRb o
� � {�_�j�c�k h n.`9s�t^u�v�f k _�d c�k m+h nH`�lNl j%` f f�`�lN{���_�j.����x	d _.` h�n�k ��nRm+a k x+k _��9g i�a a d _+h�m+d _Il k p
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