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( úô�Æá��Æ�ó§ÆX7á�I[­:¢�¿, É² 310027 )

( 2011 c 3 � 23 FÂ�; 2011 c 5 � 14 FÂ�?Uv )

�45��)�� ZnO Äõþf²�Ø
þf�� Stark�A, �±Jp1>ì��u1�Ç. âd·�æ^
óÀ-1�È�{3 r ¡7���.þ)�
p�þ� a ¡ (1120) ü����45 Zn(Mn,Na)O ��. X ��û
�!|u�×£>fw�º!Hall ÿÁ!X ��1>fUÌ�ÿÁ(JL²: �.§ÝÚ)�íØé Zn(Mn,Na)O
����45)�K�é�, 3 600 ◦C Ú 0.02 Pa ^�e¢y
 Mn-Na ��, ��
p(¬�þ¿äkûÐ1>5
U��45 Zn(Mn,Na)O ��. d	, ·��|^��þfZ�¤ïÄ
 Zn(Mn,Na)O ���)���éÙ¿§c
^5U�K�5Æ, ¿éÚå^5Cz�Ån?1
?Ø.

'�c: Zn(Mn,Na)O ��, �45)�, ¿§c^5

PACS: 67.80.dm, 71.55.Gs, 75.50.Pp

1 Ú ó

ZnO äkÃÓ!��´�!ûÐ�9­½5
�Ãõ`û5�, 3�����mS, ¤�<�ï
Ä�9:. ���«��°B���N, ZnO ~§
e�Y°� 3.37 eV[1], -fåPUp� 60 meV[2,3],
ù�¦�§�±^u7/b	«��1>ì�, �)
u1�4+ (LED)!-1ìÚ1&ÿì� [4,5].

3g,^�e, ZnO 9åÆ­½�´8�n 
¶.�¬N(�, �Ï~÷X c ¶ [0001] ��`
k)�, 
n ¶.á� (X ZnO, GaN) ÷ c ¶)
�äkér�¬�4z�A, ùÒ��3ÙÉ�(
�NX, Xõþf² (MQW) �²�Ú^�¥�)
Sï>| [6]. 3Sï>|�^e, þf²�U�u
)ÆC, E¤>f�ÇÅ¼ê�m­U~�, �f

Ë�EÜ��Ç, Ó��)þf�å Stark�A,
E¤u1¸ �ù£ [7], (J´î­K�
ì�
�u1�Ç. �
�Ñù
¯K, k7�4 ZnO á
�÷�45��, X m ¡ (101̄0) ½ a ¡ (112̄0) )
�, ���45� ZnO ��, ù����3L¡(
Å (saw)!Ø>�ì��¡�k­��A^ [8].

Waltereit � � � 
 Ä u � 45� � � GaN
Ä LED, Ùu1�Çk²wJp [9]. Chauveau �
æ^©få	ò�{3 r ¡7���.þ	ò)
�
�45 (Zn,Mg)O/Zn OMQW, ©Û(JL²
�45��)�� OMQW �Ø
þf�� Stark
�A [10]. 8c, k' ZnO �45)����Åì
Oõ, Ì�8¥3ÏLÀJ¬����d�[B
�ü¬�.	ò)��45��, %é�k'u
�, ZnO �45��)��¡��� [11−16]. �
â Kajikawa ���, K�õ¬��J`���Ï
�Ø
�.�p��^	, ��))�^�Ú�
,� [17]. ¢Sþ, ·�5¿�3 3d LÞ7á�,
� ZnO D^��N (DMS)ïÄ�¥, ��45¡
�'�û�¸3 XRD ãÌ¥U
²~5/�*ÿ
� [18], ½�½�, �)�^�k'. dd, ·�í
ÿÚ\ Mn, Co ��,J¿��)�^���U¬
r? ZnO ����45)�. kc, Ye � [19] 3
�=�.�� Mn-Na �� ZnO ��, ¤õ¼� m

¡ (101̄0) �45 ZnO ��.

3 3d �LÞ7á�,� ZnO Ä DMSs ¥, d
u Mn Ú Co 3 ZnO ¥äk�p��MÝ (> 15%),

* I[g,�ÆÄ7 (1OÒ: 51002134) Ú¥
p�Ä��ï�Ö¤;�]7 (1OÒ: 2010QNA4002) ]Ï��K.
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3nØþU
�p�^Ý, äk��2,�A^
cµ, Ïd�þ¢�ïÄ�Ì�8¥3ùü«á
�þ. Gu � [20] æ^M�v�{��
 Co-Na �
� ZnO D^��N, ¿äk�Ð�¿§c^5. ¦
��Ñ Na �� IA x��vk 3d >f5Z6^
S, �BuïÄdu Na ��Úå�"�é ZnO Ä
D^��N^5�K�.

(Ü±þA��¡, �©æ^óÀ-1�È
{3 r ¡7���.þ��
 Mn-Na �� ZnO
�45��, &¢
¢y�45 Zn(Mn,Na)O �
� ) � � � ` ó ² ë ê. ( J L ² 3 600 ◦C
Ú 0.02 Pa ^�e¢y
k�� Mn-Na ��, �
)�� Zn(Mn,Na)O �� (112̄0) �45���Ð,
���¬N�þ±91Æ!>Æ5UÑ'�`É.
��þfZ�(Jw«, �Ø7���.(J�,
Zn(Mn,Na)O �45��vk¿§c^5. ,
3
Ó�^�e3�=�.þ��� Zn(Mn,Na)O 45
���Ø�.K��LyÑûÐ�¿§c^5.

2 ¢ �

�¢�æ^óÀ-1�È{3 r ¡7���
.þ��
 a ¡ Zn(Mn,Na)O �45��. À^p
X� ZnO, MnO2 Ú Na2CO3 ®"���, ¥�þ!
�ÏL���A�(��>bq, Zn(Mn,Na)O q
á¥ Mn ¹þ� 3 at.%, Na ¹þ� 1 at.%. KrF O©

f-1ì (Compex102, 248 nm, 25 ns) ���¡
,
-1Uþ� 310 mJ, ªÇ� 5 Hz, )�¿�.ý�
� 1.0×10−4 Pa. ���È3�íí¨e?1, �Ø
3 0.02—20 Pa �mCz, �.§Ý3 200—700 ◦C
��SN�. �
é'ïÄ, �¢��3�=�.
þ�Ó )�
 Zn(Mn,Na)O ��. ÏL 60 min �
�È, ¼�
þÝ�� 250 nm ���.

|^ Bede D1 . (CuKα = 0.15406 nm) X �
�û�¤ (XRD) L��¬�¬N(�Ú)��
�; �¬�L¡/mÚ��þÝ�KÏL HITACH
S4800.|u�×£>º (FE-SEM) ±9�fåw
�º (AFM) ¼�; �¬�>Æ5Ud HL5500 .
¿�ÿÁ¤?1©Û; |^ U-4100.b	 - �� -
ù	©11ÝO©Û�¬�1Æ5U; æ^UÌ
¤ (EDS) Ú X ��1>fUÌ¤ (XPS) é��?
1��©Û; d	, �|^��þfZ�¤ (MPMS-
XL, ÿþ°Ý�� 10−8 emu) é�¬�¿§^Æ5
U?1
ïÄ.

3 (J�?Ø

3.1 ������¬¬¬NNN(((���©©©ÛÛÛ

ã 1 � 3 r ¡ 7 � � � . þ, æ ^ ó À -
1�È{3�Ø (PO2) � 0.02 Pa, �.§Ý (TS)
3 200—700 ◦C Cz�)�� Zn(Mn,Na)O ���

ã 1 3 PO2 = 0.02 Pa, TS 3 200—700 ◦C C z�) �� Zn(Mn,Na)O ��� X ��û�ã
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X ��û�ã. ã¥� (101̄2) ¸Ú (202̄4) ¸�
�.�û�¸, (112̄0) � ZnO �û�¸, vkÙ
¦�û�¸Ñy, `²vk©�½�g�Ñy.
¢�(JL², 3¤k§Ý��S, ·�þ��
� � 
 a ¡ (112̄0) ü � � � � � 45 ZnO �
�. L²·�����
 a ¡ (112̄0) ü���
��45 ZnO ��. '�)�§Ýéu���
þ � K �, � ± u y, 3 600 ◦C e (112̄0) û�
¸ � r Ý � � � � p ° ��, � � 0.27◦, L ²
T�È§Ýe)����¬N�þ�Ð. d	,
600 ◦C e)�� Zn(Mn,Na)O �� (112̄0) ¸éA
�¸ � 56.02◦, �'X ZnO(112̄0) ¸�IOû�
� 56.6◦(PDF Card No. 36—1451), ���Ý��u
)
 £. ¢Sþ, éÙ¦¤k3§Ý��S)�
��¬, Ù (112̄0) ¸�Ñu)
aq� £. ù�
±�âÙ.��§ 2d sin 2θ = nλ 5)º. Mn2+

lf�»� 0.08 nm, ' Zn2+ lf�» (0.074 nm)
� [21], �,?�¬��¬�)ä, d �O�,û��

Ò¬C�. ùL² Mn2+ lf®²?\ ZnO ¬�,
��
 Zn2+ lf¢y
 Mn �,.

3 d Ä : þ, · � ? � ÚïÄ 
 �Øé
u � � ¬ N � þ � K � 5 Æ. � ± � . § Ý
3 600 ◦C, 3 0.02—20 Pa ��SUC�Ø, )�
��� Zn(Mn,Na)O ��� X ��û�ãXã 2
¤«. lã¥�±wÑ, 3 0.02 Pa e)���
�� (112̄0) ¸�r��p°��, `²d��
�����¬N�þ�Ð. 3�p��Øe, Ø

Ñy ZnO(112̄0) ¸	, �ò��X ZnO(0001)
Ú (101̄0) ¸±9�
·Ü��,¸, ���¬N�
þ²weü. ù`², �¼�p¬N�þ��45
��,I�æ^�é�$��Ø)�^�.

n þ � �, 3 � . § Ý � 600 ◦C, �Ø
� 0.02 Pa e�����¬N�þ�Ð, ù�(J
�'kc©z��¤�����, a ¡ (112̄0)ZnO
����45���Ð, ¬N�þk¤Jp, L
² Mn-Na ��U
r? ZnO �45)�.

ã 2 TS = 600 ◦C, PO2 3 0.02—20 Pa �mCz�¤)�� Zn(Mn,Na)O ��� X ��û�ã

3.2 ���������LLL¡¡¡///mmm©©©ÛÛÛ

ã 3 � Zn(Mn,Na)O ���§ÝÚ�ØCz�
×£>ºã¡. �
�Ð/L��¬�L¡/mÚ
o÷Ý, ·�é�.§Ý� 600 ◦C, �Ø� 0.02 Pa
e)�� Zn(Mn,Na)O ��?1
 AFM ÿÁ, X
ã 4 ¤«. lã 3(a)!(b) Ú (c) ¥·�©Û��,
3�.§Ý� 600 ◦C, �Ø� 0.02 Pa ^�e�
�� Zn(Mn,Na)O ��¬N�þ�`, L¡�~1
w²�, ¿¥yÑ.��^G. (Üã 4 � AFM
ã (5 µm × 5 µm) �±�ß/w�T���^«/

m, ù�´ ZnO �45���;./mA�, �Ù
o÷Ý=� 1.31 nm. ��.§Ý�$�, ��L¡
¥yç¸/^G (Xã 3(a)), ù�U´du���
.L¡��¡ÔUþ�$, �f*Ñ�Ý�ú, �
����¬âº��, ¬N�þØÐ; �X�.§
Ý�,p, qáL¡�l�Ô�äkép�ÄU,
¦���.�Ô�äk�p�[£Ç, kÏu¬N
���)�, ¤±���(¬�þ��
Jp. �
´lã 3(c) ¥��, �.§ÝLp (700 ◦C) �, �
�¬âm©ìà, L¡©Ñ�3�
�º�¬â,
�����þ!5ØÐ, o÷ÝC�, ��¬N�
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þ�
C�. 3ã 3(d) ¥ÑyNõ8�/"��,
ã 3(e) Ú (f) ¥Ñy
Nõ8�/¬â, ù´Ï�
3�píØe, qáL¡��Ñ5�Ô��íN©
fu)õg-E�����.�ÄU�$, �f[

£��(J, 	ò)�É�³�. 
 ZnO 3g,^
�e�9åÆ­½�Ò´8�n ¶(�, ¤±p
Øe¬�)�
8�/�¬â. �±wÑ, ×£>
º�ïÄ(JÚ XRD êâ����.

ã 3 PO2 = 0.02 Pa, TS ©O� (a) 300 ◦C, (b) 600 ◦C Ú (c) 700 ◦C e������×£>ºã¡±9 TS = 600 ◦C, PO2

©O� (b) 0.02 Pa, (d) 0.2 Pa, (e ) 2 Pa Ú (f) 20 Pa e������×£>ºã¡

ã 4 PO2 = 0.02 Pa, TS = 600 ◦C e��� Zn(Mn,Na)O
����fåw�ºã (5 µm × 5 µm)

3.3 ���������������©©©ÛÛÛ

�
?�Ú�y Mn, Na ´Ä�¤õ�\ ZnO
��, ¿(@ÙzÆG�, ·�?1
 XPS ïÄ.
ã 5 ´3�.§Ý� 600 ◦C, �Ø� 0.02 Pa e
��� Zn(Mn,Na)O ��� XPS ãÌ. lã 5(a)
¥ � ± * 	 � ² w � Mn 2p1/2(654.9 ± 0.3 eV)
Ú Mn 2p3/2(641 ± 0.3 eV) �A�¸±9¥(¸.
3¤ì�(¯Ý��S, vk7á Mn (637.7 eV)

½ Mn4+ (642.4 eV)[22] � XPS&ÒÑy. d	, d
ug^©�/¤� Mn 2p1/2 � Mn 2p3/2 �Uþ
��� 13 eV, �7á Mn Ú MnO2 ¥�©OéA
� 11.05 eV Ú 11.7 eV[23] ÑØ��. ùL² Mn
3 ZnO ¥´± Mn2+ lf/ª�3. Ìã¥Ñy�
¥(¸�´ 3d LÞ7á - �zÔU�(��;.
A� [24].

ã 5(b) � O 1s��U?Ìã, �±wÑ, O 1s
¸é°�Øé¡, ÏLpd[Ü���n�¸ ,
Ù(ÜU©OéA� 530.4 eV, 531.7 eV Ú 532.8 eV
� m. Ù ¥ ( Ü U � $ � ¸   530.4 eV (= ã
¥ Ointr) éA�´8�n ¶(�¥� Zn–O �,
Mn–O �Ú Na–O �¥� O2−, �Ò´���; (Ü
U� 531.7 eV �¸ (= Odef ) éA�´ ZnO ÄN¥
�"��; 
(ÜU�p�¸  532.8 eV (= Osurf )
�@�
u Zn(Mn,Na)O ���áN��, 'XL
¡áNÔ¥ H-O ��, il�� [25]. ã 5(c) ¥ Zn
2p3/2 éA�(ÜU� 1021.2 eV, L²��¥�¹
kü�� Zn2+ lf [26]. 3ã 5(d) ¥, é Na 1s �
×£, 3 1071—1072 eV ��S�*	�éf�&
Ò¸ (°p¸), L² Na 3 ZnO ¥�,ßÝØp, ¿
��U±���ÚmY�ü«/ª�3.
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ã 5 TS = 600 ◦C, PO2 = 0.02 Pa e��� Zn(Mn,Na)O ��� (a) Mn 2p, (b) O 1s, (c) Zn 2p3/2 Ú (d)Na 1s � X ��1>
fUÌã (�[`²9Ì¸[Üëw�©)

3.4 ���������111>>>555UUU©©©ÛÛÛ

éu��¼�����¬, æ^ HL5500.¿
�ÿÁ¤é���>Æ5U?1
ïÄ. ¿�ÿ
Á(Jw«, 3ØÓ�ØÚØÓ�.§Ýe��
� Zn(Mn,Na)O ��w« n .�>. �X�Ø�
O�, �¬�[£ÇÚ16fßÝÑ:ìC�, ù
´Ï��íí¨é�� �³��^\r. 
�
¬�[£ÇÚ16fßÝ��.§Ý�Cz¿Ø
²w. ��3pØe�,w« n .�>, ��¡
´du ZnO ��¥�3�r�gÖ�Å�, ,�
�¡´Ï� Na 3 ZnO ¥�UÜ©±mY�/ª
�3, ¤±éJk��¢y p .=C. ¦+ Na �
U��?\ ZnO ¬�¢y p .�,, �´ Na �
�\%k�/Uõ
���¬�>Æ5U, 600◦C
Ú 0.02 Pa e��� Zn(Mn,Na)O ��Ù16fß
Ý� 6.8 × 1019 cm−3, [£Ç�� 25 cm2/V· s−1,
>{Ç�� 5 × 10−3 Ω/ cm, �'��, ZnO Úü
� Mn � ZnO ���¬�>Æ5UÑké�Uõ.
ûÐ�>Æ5U´ ZnO Ä��Ná�uÐ�ý�
¢^/Ú�­��y.

ã 6 �3�Ø 0.02 Pa, �.§Ý©O� 500 ◦C,
600 ◦C Ú 700 ◦C e��� Zn(Mn,Na)O ���
ß�1Ìã. lã¥�±w�, ��3��1«
�²þß�Çpu 90%, äkûÐ�1ÆßL
5, Ù3b	«�áÂ��>Í�. d	, 3��
1Åã�Ñy
�°�áÂ¸, ´do� ¬N
|¥ Mn2+d-d �[��, lÄ� 6A1 �[�-u

� 4T2, 4E, 4A1, L² Mn2+ O�
 Zn2+, ¢y
k
��,.

du���b	áÂ���>f3��Úd
�m����[k', ·��±ÏLáÅ«�ß�
1Ìêâ�����1Æ�Y Eg. ���Y��
N�1Æ�Y Eg �áÂXê (α) �nØ'XªX
e [27,28]:

αhν ∝ (hν − Eg)1/2, (1)

Ù¥, h �ÊK�~ê, ν �\�1f�ªÇ, α �á
ÂXê, §�ßLÇ T �m�'X� α = 1

D lnT ,
Ù¥ D ����þÝ. �Ñ (αhν)2-hν 'Xã, ò
ã¥��Ü©?1	í3î�I��å=���
1Æ�Y.

ã 6 PO2 = 0.02 Pa, TS © O � 500 ◦C, 600 ◦C
Ú 700 ◦C e��� Zn(Mn,Na)O ���ß�1Ì, �
ã�éA��� (αhν)2-hν 'Xã

ã 6 �ã�éA Zn(Mn,Na)O ��� (αhν)2-
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hν 'Xã. lã¥�����1Æ�Y�éu
X ZnO u)
7£, ù´Ï� MnO Nü¬�1Æ
�Y� 4.2 eV, ' ZnO Nü¬�1Æ�Y 3.32 eV
� [29], ¤± Zn(Mn,Na)O ��Y' ZnO �, dd
?�ÚL² Mn2+ ��
 Zn2+. 
 600 ◦C e)
�� Zn(Mn,Na)O ���¬�7£þ��, L²T
^��|u Mn2+ ?\ ZnO ¬�¿¢yé Zn2+

���.

3.5 ���������^̂̂ÆÆÆ555UUU©©©ÛÛÛ

æ^��þfZ�¤ (SQUID) é���¬
?1^5ÿ þ, ^ | � � � � � L ¡ � ²1.
3 r ¡ 7 � � � . þ, �Ø� 0.02 Pa, � . §
Ý©O� 400 ◦C, 500 ◦C Ú 600 ◦C ^�e��
� Zn(Mn,Na)O ���¿§ M -H ­�Xã 7 ¤
«, Ù¥�ã�$|« M -H ­����ã. d
ã 7 � �, 3 � . § Ý © O � 400 ◦C, 500 ◦C
Ú 600 ◦C �)�� Zn(Mn,Na)O ��äk�f
� ¿ § c ^5, é A � � Ú ^ z r Ý (MS) ©
O� 1.17 emu/g, 0.39 emu/g ±9 0.38 emu/g, L
²�X�.§Ý�,p, �,�45J`��
\ r, � � � ¬ N � þ � � 
 J p, � ´ � �
�¿§c^5%k¤eü. 
·�UDÚ�ú
ª Mlayer(H) = Mtotal(H)−χsubstrate ·H [30] �Ø r

¡7���.�^¢£��¤k���¬� M -H
­�þw«�|^5, ù� Mofor[30] �3ïÄ ZnO
� Mn �¿§c^5�L§¥¤uy�y�aq.

ã 7 PO2 = 0.02 Pa, TS © O � 400 ◦C, 500 ◦C
Ú 600 ◦C ^ � e ± r ¡ 7 � � � � . � �
� Zn(Mn,Na)O ���¿§ M -H ­�, �ã�U'~
��� M -H ­�

Sato[31] �<nØýÿ Mn �,� ZnO �k
3 p.�¸eâäk¿§c^5, � Yang[32] �<
3 n .�¸e�*	�
 ZnO:Mn ���¿§c

^5. �
(½J`��é¿§c^5�K�, ·
��3�=�.þ�)� Zn(Mn,Na)O ��. ã 8
´3�Ø� 0.02 Pa, �.§Ý� 600 ◦C ^�e, 3
�=�.þ��� Zn(Mn,Na)O ���¿§ M -H
­� (®²�Ø�=�.�K�), �þ���ã�
T���¬� XRD ã, me���ã�T���

ã 8 PO2 = 0.02 Pa, TS = 600 ◦C ^�e±�=��
.��� Zn(Mn,Na)O ���¿§ M -H ­�. �þ��
�ã�T���¬� XRD ã, me���ã�T���
¬� AFM ã (5 µm × 5 µm)

¬� AFM ã (5 µm × 5 µm). l�ã XRD �(
J¥�±wÑ, �=�.þ)�� Zn(Mn,Na)O �
�äk²w� c ¶J`��, (0001) ¸�p°�
k 0.21◦, AFM �ÿÁ(Jw«, ��L¡¥y;�
ü���/¬â, ��45)����L¡/mk
²wØÓ. lã 8 ¥�±w���¥y²w�¿§
c^5, Ù�Ú^zrÝ� 4.514 emu/g, ��u r

¡7���.þ)�� Zn(Mn,Na)O ��. l Hall
ÿÁ(J5w, T��E,� n .�>, �� r ¡
7��þ)�����', >f[£ÇC�
, �
���)��J`��¬éÙ>ÆÚ^Æ5U�
)K�. éu ZnO Ä DMS �c^/¤Å�95
,
8cÿ�é���Æ. ÃØ´16fN!Å�, �
´åP^-fnØ [33], Ñk¢�(J�|±Ú�
y, Ó��Ñ���õ�¢�(J�3gñ. ØÓ
����{!��^�9��ëêéá��­½
59^55�Ñk����K�. kïÄL², �
�Ú"�¬²wUõ^5, �Ù�[ÅnEk�ï
Ä. Ò�ïÄ
ó, du���á�¿�ûÐ�ü
¬(�, �
)(�Ú^5m�'é5���(J.
!¤�´, l·�éuØÓ�È§Ý����45
���^5?1é'ïÄ¥�±wÑ, ���¿§
c^5����(¬�þ¤KéA'X, ù¿�X
T���c^kS���¥�"�k'. �Ó�,
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du�LÞ7á (Na) ����A, ¤*	��^5
´du Na �,�)"�Úå�´ÏLÙ�^LÞ
7á�)^Ý�, Ñ�k�?�ÚïÄ.

4 ( Ø

ÏL Mn-Na ��Eâ, UC�ØÚ�.§Ý�
)�^�, æ^óÀ-1�È{3 r ¡7���.
þ��
p�þ� a ¡ (112̄0) �45 Zn(Mn,Na)O
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¡7��þ)�� Zn(Mn,Na)O �45��, �=
�.þ)��45���¿§c^5�Ð. � r ¡
7��þ)���45���¿§c^5��X
ü��45��Ú��¬N�þ�Or
Åì~
f, L²���)���¬K�¿§c^5. ·�
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Abstract
Nonpolar Zn(Mn, Na)O thin films with orientation (a-plane) have been successfully grown on r-plane sapphire substrates by

pulsed laser deposition (PLD) through a Mn-Na codoping route. The X-ray diffraction (XRD), field-emission scanning electron
microscopy (FE-SEM), Hall-effect and X-ray photoelectron spectroscopy (XPS) measurements show that growth temperature and
work pressure have significant influences on the microstructure and properties of the as-prepared nonpolar Zn(Mn, Na)O. The films
prepared under the conditions of the oxygen pressure of 0.02 Pa and the growth temperature of 600 e were of high crystallinity with
fine optical and electrical properties. Moreover, the influence of the growth orientation on room temperature ferromagnetism (RTFM) of
the thin films has been investigated by superconducting quantum interference device (SQUID), and the possible mechanism concerning
the origin of RTFM observed in the Zn(Mn, Na)O films is discussed as well.
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