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æ^ XRD, SEM, AFM ��[ïÄ
�z9±lf5\é{��L¡/mÚ�(��K�. (JL², 3
ü¬79�1 Mo Ä¡þ���{�þäk (002) ¬¡J`��; {��z�L¡¬Ñy�þ�É, �z��z
{ (ScD2) ¬â��, �SÜ¬í3�þ����z�A�¬âº���� ScD0.33/Sc ¬â; ±lf5\é{9�z
{�L¡/mvk²wK�, lf5\�±ò3{9�z{¬�¥à8¤�, ��±lf5\�¥�{9�z{û
�¸�$�Ý £, ¿�±��à8äkJ`��5.

'�c: {�, �z, ±lf5\, L¡/m

PACS: 61.72.–y, 61.72.Dd, 81.15.–z, 81.15.Dj

1 Ú ó

¥f+®2�A^u�¯9Uó�¥, Ù�
)¥f��n3u���U3A½^�eu)Ø
àC�A, Ï;�á�´¥f+�Ø%Ü��
� [1]. {duÙ�Úá�9ÙÓ �þ�, á�þ
�����n�7áÄN�f [2], ¿�Ù�zÔ
�9½5�p, =�zÔ�)Û�=C�7á
��§Ý�p, TA5éò�¥f+Æ·äk4Ù
���^, Ï{���;�ÿÀá�É�2�
ïÄÆö�4�'5. �äk��5, ÙPC�)
� 3He �ý5íN��, §Ø�ÄN���(Ü,
�X�m�í£�)� 3He òà8¤�, � 3He ß
Ý����.�� 3He ò¯�º�, T�.�¡�
�.º�Xê, º�Ñ� 3He òü$¥f+Sý�
Ý. {��;�ÿÀá��,��Ï�´ÙT�
.º�Xê�p, �� 0.17[3].

7áá��á�L§���CL§, 7á��
�zÔ��=C�3¬�NÈ)äy�, ò��á
�á��Cy½®z¯K, îK�á�á��å
Æ5U [4]. ±lf5\���«�²ï�ªU3á
�¥¯�Ú\±, ±d�[ïÄ�PC�)�±3
;�á�¥�üz1� [5,6], ±9�Aæ1�9á
�Ëì�úy� [7], T�{É�4�À. du{
3ØUó�¥��A^d�, ¿�IS	é{�
�'ïÄó���� [8,9], Ïdk7�é{��«
5U?1XÚïÄ. �

){���z1�Ú±
lf5\é{��K�, �ó��[ïÄ
�zc
�9±lf5\c�{��L¡/mÚÔ�(�
�Cz.

2 ¢ �

{��¬æ^>få�u�ÈÛ�{��, q
á{�XÝ� 99.99%, �ó�¤ÿÁ�¬�L9�
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[��ëêXL 1 ¤«. 3�uÛ�c, ÄkéÄ
¡?1
l¿§,§� 700 ◦C �ØíL§, ,�m
é�j>69pØéqáØí, ���¬¿ý�Ý
`u 4×10−4 Pa, Û�L§¥^=Ä¡e±¼�þ
!�{��¬, Ù=��� 20 r/min.

�¬�¿�¢�3g�7á¿�XÚþ?
1, �¬¿�c�þ^>fU²¡þ�þ, ddO
��Ñ{�á\����þ, ?¼���{�
f'� 1.825. ±lf5\¢�À^�5\Uþ
� 60 keV, 5\Jþ 1.0×1017 He+/cm2, �ü$±
lf5\L§����¬§,, 5\�ªæ^mY
ª5\, =5\ 6 min �Ê� 6 min, ±daí��
��¤I5\Jþ.

L 1 ¢��¬�L9�[��ëê

�¬?Ò qá Ä¡ �È�Ç/ (nm/s) Ä¡§Ý/◦C �5

6# Sc �1 Mo 5 350 5±

13# Sc �1 Mo 5 350 ¿��5±

5# Sc ü¬ Si 5 350 5±

* �1 Mo Ä¡æ^�1ÅÅ��1, L¡o÷Ý RMS �u

10 nm, ü¬ Si � n .Ø�,, ��� 〈111〉 ��.

� ¬ � Ô � ( � © Û 3 Panalytical ú i
� X′pert PRO MPD .õõU X ��û�¤ (XRD)
þ � ¤, Cu q Kα Ë �, + > Ø 40 kV, + >
6 40 mA, Ú� 0.04◦/s, zÚ×£�m 1 s; �*
/m©Û3 CamScan úi� Apollo 300 .|u�
×£>º (SEM) þ?1, ±9æ^��B�úi
� CSPM4000 .�fåw�ºÿÁÄ¡9�¬�
L¡o÷Ý, ×£��� 20 µm ×20 µm; æ^ NEC
úi� 9SDH-2 2×3 MV .Gé\�ìÿÁ
{�
�þÝ9lf5\±�©Ù�¹.

3 (J�?Ø

3.1 {{{������///mmm999���(((���

�ïÄ�z9±lf5\é{��L¡/m
Ú�(��K�, Äké��Ñ�{��Ð©/m
Ú�(�?1
L�. ü¬ Si Ä¡Ú�1 Mo Ä
¡þ�È�{��L¡/mÚ�(�©OXã 1
Úã 2 ¤«, ü«Ä¡þ¼��{���5�p,
5# Ú 6# Ò�¬¥�û�¸�érÝ�� PDF k
¡���'�XL 2 ¤«, ü��¬þäk (002)
¬¡J`��. dã 1 (5#) ��, ü¬7Ä¡þ�

È�{�L¡/md�þ�²1u�¬L¡��
8>/¬â|¤. äk�ü8� (hcp) (��{
÷ 〈002〉 ���ÝKãXã 1 (5#) ¥�ã¤«, R
�u 〈002〉 ���¬¡¥�füÙ¥�8>/, ù
�ü¬7 (111) ¬¡��füÙ��, L²ü¬7
Ä¡þ���{�äk (002) ¬¡J`����
Ï3u{�÷X7 (111) ¬¡	ò)�, �{ (002)
�7 (111) ¬¡¬���Ýd XRD ÌãO��Ñ
� 16.3%. �1 Mo Ä¡þ¼��{�äk (002) ¬
¡J`����ÏØU{ü/d¬¡	ò)��
�)º, ù�U´du{��)�´÷Xg�¬�
L¡U�$�¬¡J`)��, (002) ¬¡´ hcp (
�{�L¡U�$¬¡. ü«Ä¡þ�È�{�þ
þÑy
R�uÄ¡L¡)���â, ù�U´d
u$�Ä¡§Ýe�f[£U�$½Ä¡þáN
�àå�,��â¤�.

L 2 {��¬û�¸�érÝ�� PDF k¡��'�

¬¡ 2θ/(◦)
û�¸�érÝ/%

PDF k¡ 6# 5#

(100) 31.196 25.6 4.78 8.07

(002) 34.015 25.9 100 100

(101) 35.647 100 36.75 1.31

(004) 71.606 1.5 3.37 4.79

ã 1 { (5#, 6#) �� SEM L¡/m
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ã 2 { (5#, 6#) �� XRD �(�

{ (6#) ��L¡n�/mã�Xã 3 ¤«, �
¬�L¡þ��o÷Ý (RMS) � 56.2 nm, Ùo÷
Ý���, �UÉL¡R�)���âK���.

ã 3 { (6#) �� AFM n�/m

3.2 ���zzzééé{{{������///mmmÚÚÚ(((������KKK���

{� (13#) á���L¡/mXã 4 ¤«, {
á��L¡Ñy
�þ�É, (�C��~Õt,
ù�á�L§¥���¬�)äÚ¬âøáy�

k'. á��, 3{¬���¬âL¡ÑyÏ�z
���¬äå�y� [10], ��5¿�´, ���
â�>�? (ã 4 ¥«� 2) å�y�4�²w, 
��â�¥mÜ© (ã 4 ¥«� 1) �¬ä�f.

ã 4 �z{ (13#) �� SEM L¡/m

{�á��� XRD (JXã 5 ¤«, á��
{�¥Ñy
�zy�. {�á��� XRD (J
L², á��E,�3�þ hcp X{�½��Úá
���MN ScD0.33 �, ù� Azarkh � [11] ¿§e
��� α �M�� ScD0.33 Ú fcc �� ScD2 (J
��. (ÜÙ�z�/mã� (ã 4) ¥Ñy��â
>��¬ä²wpu¥mÜ©¬ä�(J� XRD
(J, �@�{��zL§´ÅìdL¡'ß?\
SÜ�, SÜ¬â��zL§�é���ú½öÉ
�³�. Saitoh � [12] ïÄ H 3 Al ¥�'ß´»
�, ¢�L²�ÏL3 Al ¥�\ BN �â�� H
�*Ñ´», ±;�X Al á��L¡�)� AlH3

{N�� Al UYá��¯K. {¬âL¡)¤�
���z��¬{��¬âSÜ��z�A. {�
�z�A���¬â��L§�@�©�¬â/
ØÚ¬â��ü�L§, �¬â��L§ÓÌ��,
���{¬âSÜJu�z��, �zÔ¬â��
�ú; �¬â��L§ÓÌ��, ���{¬â
�´/¤���zÔ¬â, ���zÔ¬âÜ¿�
����zÔ¬â, �zÔ¬â���¯ [13]. dd
��, {��U���zL²
{��zL§�U
´¬â��ÓÌ�/ , ü����{¬â/Ø�
Ý�ú, ¬âSÜ�U���A.

d XRD (JÐÚ¼��zc� Sc ��z�
� ScD2 ¬â��XL 3 ¤«. {��z� ScD2

¬ â � � d � z c � Sc ¬ â � 73.4 nm � �
� 97.9 nm, ��´du�z���¬�)äÚ
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� ¬ â Ü ¿ � � ¬ â ü L § ¤ �, ¿ � 3 ¬ â
S Ü í 3 
 � � � � A � ¬ â � � � 49.9 nm
� ScD0.33/Sc ¬â.

L 3 {��zc� Sc � ScD2 ¬â��'�

�zc¬â/nm �z�¬â/nm

Sc ScD2 ScD0.33/Sc

73.4 97.9 49.9

ã 5 �z{ (13#) �� XRD �(�

ã 6 �z{ (13#) �� AFM n�/m

{�á���n�/mXã 6 ¤«, ÙL¡þ
��o÷Ý� 64 nm, �'�zcO\
 13.9%, T
(Ø�L²
�z��z{��L¡�\o÷, ¥
yÑ
�õ��É.

3.3 ±±±lllfff555\\\ééé{{{999���zzz{{{���///mmmÚÚÚ(((
������KKK���

X ã 7 � ± l f 5 \ { 9 � z { � � �
L ¡ / m ã � ¤ «, 3 5 \ U þ 60 keV Ú J

þ 1.0×1017 He+/cm2 ^�e, ±lf5\�é{
9�z{��/mvk²wK�, =é{��L¡
å����í��W�^, ±��L¡��â�
\1w, �¿�ÑyÏ±�à8���L¡å�
y� [6].

ã 7 ±lf5\{ (6#) 9�z{ (13#) ��� SEM L¡
/m

±lf5\{9�z{��� XRD (JX
ã 8 ¤«, ±lf5\�{ (5#, 6#) ��¬¥�Ñ
y²w�zÔ�, L²mYª5±{k�/;�

�¬�?�Ú�z. ±lf5\é{!�z{�9
Ä¡�¬N(�9�|¤vkK�, ¿�é{9�
z{���N¸ �Ø¬�)²w £. ±lf5
\�{9�z{�¬N(��¸/Ñy
Øé¡
y�, ={9�z{���û�¸/�$�Ý��
Ð°, p�Ý���5±c¸/��, ¿�Ty
�=3{9�z{�û�¸ Ñy, Ä¡á��é
A¸ �*	�TCz.

�þïÄ(JL²±��à8¬¦ÄNá�
¬�)ä, ¬�)ä¬��û�¸ �$�Ý 
£ [14]. æ^©¸{ò{���û�¸©l�ü�
Õáû�¸, Xã 9 ¤«� 13# Ò�¬ (200) ¬¡
©¸?n(J, ���¬û�¸©¸?n(J�u
L 4 ¥. { (6#) ��¬�þÝ9±3{�¥��Ý
©Ù��d©Ù4�Ñ�{ (RBS) ÿ�, þÝÚ�
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Ý©Ù��©O� 4409 nm Ú 390 nm, �Ý©Ù�
���þ�'�� 8.85%. ©¸?n(J (L 4) ¥
� Peak1 éAu±lf5\�¥{9�z{û�
¸,  Peak2 éAuØ¹±�«�¥�{9�z{
�û�¸, é' Peak1 Ú Peak2 éA��¬¡må

��, ±lf5\�¥�{9�z{�¬¡måÉ
±�à8K�Ñy
ØÓ§Ý�O�, ±� Peak1
�û��$u Peak2 �û��, ù��zÔ¥d�
PC�)�±�à8���¸ �$�Ý £�
(Ø�Ó [14].

L 4 { (5#, 6#) �9�z{ (13#) �¬¡û�¸©¸?n(J

�¬?Ò ¬¡�ê
Peak1 Peak2

¡må)ä/%
2θ/(◦) d/nm 2θ/(◦) d/nm

6#

(100) 30.78 0.2903 31.16 0.2868 1.22

(002) 33.76 0.2653 33.94 0.2639 0.53

(101) 35.26 0.2543 35.63 0.2518 0.99

(102) 46.44 0.1954 46.79 0.1940 0.72

5#

(100) 31.03 0.2880 31.26 0.2859 0.73

(002) 33.86 0.2645 34.01 0.2634 0.42

(101) 35.47 0.2529 35.71 0.2512 0.68

13#

(111) 32.16 0.2781 32.51 0.2752 1.05

(200) 37.43 0.2401 37.71 0.2384 0.71

(220) 53.88 0.1700 54.38 0.1686 0.83

ã 8 ±lf5\{ (6#, 6#) 9�z{ (13#) ��� XRD �(�
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ã 9 �z{ (13#) � (200) ¬¡û�¸©¸?n

dL 4 ����, 6#, 5# Ú 13# �¬� (100),
(100) Ú (111) ¬¡¡må)äXê��u�¬�
Ù¦¬¡¡må)äXê, X 13# �¬� (111) ¬
¡¡må)äXê� 1.05%, ²w�u (200) ¬¡
Ú (220) ¬¡¡må)äXê 0.71%Ú 0.83%, L
²±�3{9�z{¬�¥�à8�3J`�
�. 6# �¬� (100) ¬¡!5#5 �¬� (100) ¬¡
Ú 13# �¬� (111) ¬¡éA�û��þ����
¬ XRD ãÌ¥���û��, Ù¡må��, ¬¡
m>f�Ý�$, ù�U´±��´3±þ¬¡à

8�Ì��Ï. Snow � [15] �� Er (D, T)2−x
3Hex

¥±�÷X Er (D, T)2−x � (111) ¬¡J`)�, �
Ï3u (111) ¬¡må��, ¬¡m>f�Ý�$,
3He �N´3T¬¡à8¤�9÷XT����.
±��/G����I?�Úß�>º (TEM) e
*	¤�.

4 ( Ø

1. æ^>få�u�È{3ü¬79�1 Mo
Ä¡þ��Ñ�{�(���, �þäk (002) ¬
¡J`��, ü¬7Ä¡þ¼��{�� (002) ¬
¡J`���U´du{��	ò)�¤�;

2. {��z�L¡Ñydu¬�)äÚ¬â
øá����þ�É, þ��o÷ÝO� 13.9%, �
z��z{ (ScD2) ¬â��, �SÜ¬í3�þ�
���z�¬âº���� ScD0.33/Sc ¬â;

3. 3�ó�¢�^�e, ±lf5\é{9�
z{��L¡/mvk²wK�, =dulf5\
L§¥�í��A¦�¬L¡�\1w;

4. lf5\�±ò3{9�z{¬�¥à8
¤�, ��±lf5\�¥{9�z{�û�¸�
$�Ý £, ¿�±��à8äkJ`��5, `
kà83>f�Ý�$�¬¡m.
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The influence of deuteration and helium-implantation
on the surface morphology and phase structure of

scandium thick film∗
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Abstract

The effects of deuteration and helium-implantation on the surface morphology and phase structure of scandium (Sc) thick film are

investigated by X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM) methods. The

preferred orientation of (002) crystal plane is observed for both films deposited on substrates of monocrystalline-silicon and polished-

molybdenum. A great number of holes appear on surface after deuteration and the grain size of ScD2 is bigger than that of Sc, whereas

a few ScD0.33/Sc grains with relatively small grain size retain inside crystal. The surface morphologies of scandium and scandium

deuteride films are slightly affected by helium-implantation. The formation of helium bubbles with a preferred orientation in the crystal

lattice of scandium and scandium deuteride, generated by the aggregation of ion-implanted helium, causes the corresponding diffraction

peaks of scandium and scandium deuteride phase to shift towards smaller angles.

Keywords: scandium film, deuteration, helium-implantation, surface morphology

PACS: 61.72.–y, 61.72.Dd, 81.15.–z, 81.15.Dj
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