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15 keV B -> Si, random
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35 keV B -> <100> Si
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80 keV B -> <100> Si
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15 keV B -> <110> Si
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100 keV P -> Si, random
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15 keV P -> <100> Si
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200 keV P -> <100> Si
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50 keV As -> <100> Si
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180 keV As -> <100> Si
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current work
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100 keV As -> Si, random

Á�����¤l½r½r¤ Ð=� ��¢ � �M�0�t�*�N���ò�L�¦�N�0¢ � �t� � �N���r�t� �\� ½ �r� � ��� � �
�S� ��� � ��� �S�S� � � � ��� � ¿ � � 	�� © � � � ¤"É'£���� Å � � ��� ���t�\��� �6� �N���\�
����� Æ � �   �N�����t�r��¢ � �t�  �� �0£ Ð �|µ Ð �"! ¤§É'£����=¢�� � �t� � ��� �r����� �����N� Ì
� � ¢��I�0� �:�r� � ������� Å�¤ÎÒ � � �N�����0£��z� � � � � ��� � � �z�n� �\����� ��� ���r���r�
� ���\�J  £ � ��£��0£���Á �S� � � ¸¯� � ��� �.�:�r� ¿ � � � �t� �I���N�r� �
�\� �I�0� �§�r� �0£��
�t��� � �N¡ �S� �0�t¤�É�£���Æ8�\¢ � � � �p�t¢,� � � �M�2©r© �r� ��ö� �t�¦�N¢��0���0£�� � � � �
� � � Å � � ��� ��� �I��� � �8�M��� � � ¡ � ���B© �r�r� �� ¤

Y¯ÕNÖaÛ¯Õ%�6Ý�Ü��E�.ÕgÚ�×

þpã�K�;IàNàMG-Et;=àMî�D,â§á ã.KzKM9:KMàMá^E D=<.7Hàzß�á D=>�>J7H<�å¬â�D=E�>.E DIá D,<�ß�7Hß
å,D
D8Fa@
àN9HKr;IE 9SîBè6KMá^á KgE"á ã.;=<Îá ã.;IáZD,âlá ã.KH4 �]\ ß�á D=>�>.7:<�å�@-KMê,KN<
7:<�<�D,<-æ|àtãJ;I<.<�KM9:7H<.å�F�7SE KNàgá 7:D,<�ßM4�þpã.K�E KNß^G�9Há ß2;IE KLß^G�ýBàN7HKN<�á 9Hî
;=àMàNG-Et;Iá KÎß^D­á ã.;Iá¯á ã�K¬KM9:KMàMá^E D,<�7Hà¬ß�á DI>.>.7H<.å­D,â2;�ã.KN;Nê
îÈ7HD,<
àN;=<ÍèlKLàN;=9:àMG�9�;Iá KMF�è8îÍß^àN;=9:7H<.å¥á ã�K�ß�á DI>.>.7H<.å�D=â�>�E D=á D,<�ßM4
L.D=EZã�KN;Nê
îB7:D,<�ßM@
á ã�K�ç¥D
F�KN9.>.E KMF�7:àgá ß�á ã�K�KN9HKNàgá^E D,<�7:à2ß�á D=>�æ

>.7:<�å � G�7Sá K�;=àMàNG-Et;Iá KM9HîÎ7:<]���Ní,í���;=<�F�<�D,<-æ|àtã.;=<�<.KM9:7H<�å�F�7HE KMàgæ
á 7:D=<.ß�èJG-áBE G�<�ßB7:<�á Dòá^E D,G-èJ9HK�7:<úá ã�K]���
�Ní��zàtãJ;I<.<�KM9X4 þZäZD
>6D,ß^ß^7Hè.9HK¥E KN;=ß^D,<�ßLâ�D=E�á ã�7:ßL;IE K ô �rõ�á ã�K¥G�ß^K¥D=â";¬à¦ã.;IE å=K¥F�7:ß�æ
á^E 7Hè.G-á 7:D=<�D,â�;¥>6KgE âdKMàMá�àgE^î-ß�át;=9aä27Sá ã�D,G-á�F�7:ß�>.9�;=àMKMçBKN<�á ß�;=<�F
ô ^�õLá ã�K¬G.ß^KÍD=â�á ã�KÍKM9:KMàgá^E D,<óF.KM<�ß^7Há�îó;Iá�á ã�KÍàMKM<8á KgE¥D,âpá ã.K
7:D=<ò7H<­á ã�K�àr;=9HàNG�9:;Iá 7:D,<«D,â'á ã�K�K��6KMàMá 7Sê�K¯à¦ã.;IE å,K=4 *ÈK¯á KMß�á KNF
á ã�K�âdD=E çBKgEÎ;=ß^ß^G�ç¥>�á 7:D,< ô �\õzè8îóß^7:ç¯G�9�;\á 7:<�åÈá ã�KÍEt;=<�å,KMß�D=â
;IE ß^KM<�7:à�7HD,<�ßB7:<úá ã.K]���
�Mí��zà¦ã.;=<�<�KN9�G�ß^7H<.å*D,G-E�àtã.;IE å,K�F�7:ß�æ
á^E 7Hè.G-á 7:D=<«;=<�F�á ã�K¯ß�á DI>.>.7H<.åÎçBD
F�KN9�D=â��";=<�å ">$2&('*) ï�� 4�þpã�7Hß
ß�á D=>�>.7:<�å�çBD
F�KM9�7:ß2;=àMàNG-Et;Iá K�â�D=E ��ß�7:ç¥>.9�;I<8á ß�èJG-á2G.<�â�D=E^á G-æ
<.;Iá KM9HîÈG�<�á^Et;=<�ß^âdKgEt;Iè.9:K¬âdDIE¥D=á ã�KgE¥7HD,<�ßM4&��ßzá ã�KÍ;=å=E KMKNç¥KN<�á
è6KMá�äZKMKM<óß^7:çzG.9:;Iá KMF ;=<�FóK
�
>6KME 7HçBKN<�át;=9�Et;I<.å=K¬>�E D=ü.9:KMß�äp;Iß
è6KMá^á KgEBá ãJ;I< ä27Há ã D,G-E¬ç¥D
F�KN9Ã@päZK�àMD,<�àN9HG.F�K�á ã.;Iá�á ã�K�;Iè�æ
ß^KM<.àMK�D,â.á ã.KgE ç�;=9�F�7:ß�>.9:;=àNKMçBKM<�á ß�7:<¥á ã�K�àtã.;IE å,K�F�7:ß�á^E 7SèJG-á 7HD,<
7:ß�<�D=á29:7Së�KN9Sî¬á D¥>.9�;Mî�;¥çB;Iÿ0D=E2E D=9:K�;Iá�E D
D,ç á KNç�>lKgEt;Iá G-E K=4

þ�KNß�á 7H<�åLá ã.K�9�;Iá^á KgE";Iß^ß^G.ç�>.á 7HD,< ô ^,õ§7:ß�ß^9H7:å,ã�á 9Hî¥çBD=E K�àND,ç�æ
>.9:7Hàr;Iá KMFl4�þpã�K2ü.<�7Há K�ß^7 �NK�D=â6á ã.K�;Iá D=çBß"àND=G.9HF�è6K�F�KN;=9Há�ä27Há ã
è8î¥<�D=á�G�ß^7:<�åLá ã.Kpê=;=9HG.K�D=â6KM9:KMàgá^E D,<BF�KN<�ß^7Sá�îB;Iá�á ã.K�àMKM<8á KgE�D=â
á ã�K�7HD,<¥è.G-á�Et;Iá ã�KgE�è8î¯át;Ië-7:<�å�;I<�;Nê�KgEt;=å,K�D,â.á ã�K�àtã.;IE å,K�F�7:ß�æ
á^E 7Hè.G-á 7:D=<a4'þ§;Ië-7H<�åzá ã�K�ß^7 �NK2D,â6á ã�K�7:D,<Î7H<8á DzàMD,<�ß^7:F�KgEt;Iá 7:D,<Î7Hß
;=9Hß^D¯<�KMàNKMß^ß ;IE^î¥7:â6D,<�K2äp;I<8á ß'á D¯;=àMàND=G.<�á"â�D=E $ ï D,ß^àM7:9H9�;Iá 7HD,<�ßM4
*ÈK�<�KNKMF­á D¬F.DÎá ã�7:ß�è6KNàN;=G�ß^K¯äZK�F�7:F«<�D=áLå,KgáL;Îß ;Iá 7:ß^âd;=àMá DIæ
E^î¨;=å=E KMKNç¥KN<�á�âdD=E¬;=9HG�çB7:<8G�ç 7H<´;=<�î¨F�7HE KMàMá 7HD,< ô á ã�7:ßB7:D=< ðát;IE å,Kgá�æ|àND=çzè.7:<.;Iá 7:D=<*>�E KMß^KN<�á ß�>�E D=è.9:KMçBß�âdD=ELD=á ã�KME�ç¥D
F�KN9Hß
;=ß�äZKN9H9 ï�� õt4���DNäZKMê�KgEN@8äZK�ë-<�Drä D,â6<�D�;\á^á KNç¥>�á�á DzF�D�á ã�7:ß�7H<

á ã.K'9:DräÈê�KM9:D
àM7Há�î�E KMå,7HçBK,4Çþ�D�á KMß�áaá D�ä2ã.;Iá�K
�
á KM<8á�;=<z;Nê�KgEt;=å=æ
7:<�åzß^à¦ã�KMçBK�7Hç¥>�E Drê�KMßZ;=å=E KMKNç¥KN<�áZ7:<�à¦ã.;=<�<�KM9:ßM@
äZK�;Mê�KMEt;Iå,KNF
á ã.K�àtãJ;\E å,KZF�7:ß�á^E 7Sè.G�á 7HD,<¯Drê�KgE';2ß�>Jã�KgE 7:àN;=98E KMå,7:D=<�D,â
Et;=F�7:G�ß � 4
��ß'á ã�K2;Nê�KgEt;=å,7H<.åLEt;=F�7:G�ß�7:ß�7:<�àgE Kr;Iß^KNFl@u���Ní,í9�§àtãJ;I<.<�KM9:ß�àM9:D=ß^K
ü.E ß�áN@�âdD,9H9:DräZKMF�è8î�á ã�K ���(�Ní��pà¦ã.;=<�<�KN9HßM@lß^KMK�LÇ7:å-4�� ' 4�þpã�KgE K
7:ßzD=<.9SîÈ;�ê,KME^îòß^çB;=9:9�K��6KMàMáz7H<È<�D,<-æ|à¦ã.;=<�<�KM9:7:<�å­F�7HE KMàMá 7HD,<�ßM4

ô ;8õ

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Depth (A)

2

5

101

2

5

102

2

5

103

2

5

C
on

ce
nt

ra
tio

n
(a

rb
it.

un
its

)

ZBL
current work
experiment

50 keV In -> <100> Si
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experiment

100 keV In -> <100> Si
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- â�àMD,G-E ß^K,@ÇäZK¬<�KMKNFó;�>.ã�î-ß^7Hàr;=9"çBD=á 7Sê,;Iá 7HD,<ºâdDIE¯á ã�KÍ;Nê
æ
KMEt;=å=7:<�å�Et;=F�7:G�ßM4 - á ã�KgE^ä27:ß^K¥äZKLÿ0G�ß�ázKN<�F*G->Èä27Há ã*;=<�D=á ã�KME
â�E KMK'>J;IEt;=çBKgá KgE§;=<�FLá ã�KME K�;=9HE KN;=F-îL7Hß§;pD,<�KgæX>J;IEt;=çBKgá KME�çBD
F-æ
KN96á ãJ;\á�äZD=E^ë
ß�äZKM9:9X@�á ã�K � ! 3BçBD
F�KM9X4���DräZKgê�KgEN@�á ã�K�ß^7Hç¥>.9:K
ß^à¦ã�KMçBK�G�ß^KNF¬ã�KME K�7Hßpß^G-ý�àM7:KM<�áZá D¯F�KNçBD=<.ß�á^Et;\á K�á ãJ;\ápç¯G�àtãa@
7:â�<�D=áÍçBD,ß�áN@�D=âLá ã.K�E KNç�;I7:<�7:<�åó>�E D=è.9:KMçBßÍD,â�ß�á D=>�>.7:<�åú7:<
à¦ã.;=<�<�KN9HßZàr;=<Îè6K�F�Kr;=9SáZä27Há ãÎè8î¬;=<Í;Nê�KgEt;=å,7H<.å�ß^àtã�KNç¥K,4�þpã�K
E KNß^G�9Há ß�>�E KMß^KN<�á KMF�ã.KgE K"äZKgE KZ<�D=á§ê�KgE^îzß^KM<.ß^7Sá 7Hê�K�á D�á ã�K"ê=;=9:G�K
D,â"á ã�KBEt;=F�7:G�ßM4Íþ�D�át;Ië�K¥á ã�K $ ï D,ß^àM7:9H9�;Iá 7HD,<�ßz>�E D=>6KgE 9Hîò7:<�á D
;=àNàMD,G�<�á�;¥çBD=E KLE Kr;=9H7:ß�á 7HàLá^E Kr;Iá ç¥KN<�á�D=â§á ã�K�KM9:KMàMá^E D=<�ß�á^E G�àMæ
á G�E K�D=â§á ã�Kz7:D=<a@J7:<�ß�á KN;=F�D,â§á ã�K�K��
>6D,<�KM<�á 7�;=9�F�KMàr;Mî�G.ß^KMF�7:<

L



á ã�K � ALæXá ã�KMD=E^î,@�ß^ã�D,G�9:Fòè6KB7:<�á^E D
F�G�àMKNFl4¥þpã.KgE KB7Hßz;=9Hß^DÍá ã.K
� G�KMß�á 7:D,<�D,â�üJ<�F�7:<�åÎ;�è6Kgá^á KME�K
�
>�E KNß^ß^7HD,<�âdDIE�á ã.K�7:D,<�7��N;Iá 7HD,<
â�Et;IàMá 7HD,<l4 *ÈK�7:<�á KM<.F¬á DB;=F�F-E KMß^ßpá ã�KMß^KLç�;Iá^á KgE ßp7:<¬á ã�KL<�KN;IE
âdG-á G-E K=4
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current work + ave. (r=1.2 A)
current work
experiment

15 keV B -> <110> Si
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current work + ave. (r=1.2 A)
current work
experiment

35 keV B -> <100> Si
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þ�D¯å�;=G�å,K�á ã.K�;=F-ê,;=<�át;=å=KNß"D,âlG�ß^7H<.å¯; ' Þ F�7Hß�á^E 7Hè.G-á 7:D,<ÎäZK
;=9Hß^DÎEt;=<­ß^D,çBK¯ß^7:ç¯G�9:;Iá 7:D,<�ß�G�ß^7:<�å¬D,G-E�çBD8F.KM9Ç;I<.F«;Îß�>.ã�KgE^æ
7:àN;=9H9Hî´ß�î-çBçBKgá^E 7:à­àtã.;IE å,K«F�7:ß�á^E 7Sè.G�á 7HD,<Jñ­G�ß^KNF K,4 å�4é7:<´á ã.K
� ! 3�çBD
F�KM9X4���ß�àr;I<�è6K�ß^KMKN<�7H<fL§7:å�4��%i�@.á ã�K�F�7 �6KME KM<�àNK�7H<
àtãJ;\E å,K�F�7:ß�á^E 7Hè.G-á 7:D=<.ß2F�D
KMß�ß^ã�Drä+7H<�á ã�KLEt;=<�å,KL>�E D=ü.9HKNßM4

þpã�K�;=åIE KNKMçBKM<8á"è6KMá�äZKMKN<�á ã�K�ß^7:çzG.9:;Iá KMF�;=<�F¬K��8>lKgE 7:ç¥KN<-æ
át;=9§>�E D=ü.9HKNßL7:ßLå=KN<�KgEt;=9:9Sî­ß^9:7:å=ã8á 9Sî­è6Kgá^á KMEL;IáL9:DräZKgE�KM<.KgE å,7HKNßM@
ä2ã�7:àtã�;IE K­;=9Hß^DóçBD=E K�7:<�á KgE KNß�á 7H<.åºâ�E D,ç á ã�K�á KMà¦ã�<�D,9HD,å,7:àN;=9
>6D,7:<�á"D=â6ê-7HKMä�4'þpã�7:ß�7:ß�çBD,ß�á 9HîBF�G�K�á D�á ã�K2âd;=àMá�á ã.;Iá�á ã�K�<
G-æ
àM9:KN;IE"ß�á D=>�>.7:<�å�@8ä2ã�7:àtã�á ã.K � Þ ç¥KMá ã�D
FBát;Ië,KNß�7:<�á D¯;=àMàND,G�<�á
ê�KgE^î�;=àNàMG-Et;Iá KM9Hî,@67:ß�ç¥D=E K�7Hç¥>6D=E^át;=<�á�á ã�KME K=4!��ê�KM<«;Iá�ã�7Hå,ã-æ
KgEzKN<�KgE å,7:KMßM@�ä2ã�KgE KBá ã�KBKM9:KMàgá^E D,<�7:àBKN<�KgE å=î«9:D,ß^ßzF�D,çB7H<J;\á KNßM@
á ã�KB;=åIE KNKMçBKM<8áLF.D8KNßL<�D=áLå,KgáLç�;IE^ë�KMF�9Hî�äZD=E ß^K,4 - G-E�K � G.;Iæ
á 7:D=<¥âdDIEÇá ã�Kpß�á D=>�>.7:<�å�D,â.>�E D=á D,<�ß�;Iß^ß^G.ç¥KNßÇá ãJ;\áÇá ã�KZê�KM9:D
àM7Há�î
D,â�á ã�K�7:D,<ò7HßLß^ç�;=9H9'àMD,ç¥>J;IE KMF«á D¬á ã�K � D,ã-ELê,KN9HD
àN7Sá�î�4¯þpã�7Hß
;=ß^ß^G�ç¥>�á 7:D=<a@�ä2ã�7:àtãö7:ß�7H<.ã�KgE KN<�á�7:< ;=9H9LçBD
F�KM9:ß�G�ß^7:<�åúá ã.K

��à¦ã�KM<�7 � G�K�ß�á D=>�>.7:<�åÈâdDIEB>�E D=á D,<�ß ï
 0ð�ï��
�  � @Z;=<�F¨á ã�K�E KMß^G�9Há^æ
7:<�å�ê�KM9:D8àN7Sá�î
æX>�E D=>6D=E^á 7:D,<.;=9�ß�á D=>�>J7H<�å­è6KMå,7:<Èá D�è�E KN;Ië*F�Drä2<
;Iá2ã�7:å,ã�KM<.KgE å,7HKNßM4
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current work (sph.sym.)
current work
experiment

15 keV B -> <100> Si
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