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1 Ú ó

3Nõ�>f!1>fì����L§¥, 
 I�õÚ1�9õg�¡âU��¤I�õ�
�ì�(��ó²�¦, 'Xõ�¡.»(��
p>f[£Ç¬N+ (HEMT) ì����!õ�
¡�7á÷·ó²�. äkõ��(����L
¡1�ó²´Äu²¡1�Eâ3���.Ü�
�ã/�ó², ´��äkõ���(���.
z!8¤z��>f91>fì��­�ó²Ú
½�� [1].

3ì����ó²L§¥, äkõ��(��
��L¡1�ó²�3Nõ¯K, Ì��¹±eA
«: 1) ��.ÜæÈ1��, 3äkõ��(��
L¡æC1���, duÉ����{	�^, �
�.Ü�1��þÝ�u��L¡�1��þÝ;
2) Í1Ø�, 3��.Ü��ã/�, Í1à��
OÚ>�û��A¬��ã/��^º�u) 
���^�þeü, cÙ3��Ä�^ã/�, �
�.Ü´Í1Øv [2]; 3) ��L¡9.ÜJ±Ó
���p�þã/, �éu��L¡, ��.Üæ

È
�þ�1��, Ïd, �
3��.Ü��Ñ
�þ�Ð�ã/, 1���.Üã/�I����
Í1�mÚwK�m, �dÓ�, Ó�1�rÝe
��L¡9��.Ü�Í1�J�3wÍ�É, O
\Í1!wK�m¬����L¡1��LÝÍ
19wK, �ú1��¿K�L¡ã/���5,
O\
Ó�3��L¡9��.Ü��ã/�J
Ý [3]; 4) 7á÷·ó²�J¢y, du���ý9
9.ÜJ�Ñp�þã/, ¬E¤7á@¡Ø¿
©?
¦�ý9Ã{ý�, O\
7á÷·ó²
�JÝ.

�éþã¯K,·�ÏL¢���
3Ó�ó
²^�e��pÝ���L¡!��.ÜæÈ1
��þÝê�, ¿3¢��Ä:þ¦)�� �©
�§, ��
1���ÈþÝ�Ð©G�L¡Ó+
¼ê!�È�Ý�m�'X, )º
��L¡��
�.Ü1��þÝØÓ�y�. Ó�, 3 Beer ½Æ
k'�1��1áÂXê α �£ã�Ä:þ, ©Û
1��ß�Ç�Í1�mCz'X, ¿ÏL1��
ß�Ç�Í1�m�­�¦ÑA½þÝ1���
��Í1�m. 3d(J�Ä:þ, `zÊÏ²¡
1�ó²¿�ª3���L¡9.ÜÓ���Ñ
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Ä�^ã/.

2 ¢���{

�¢��8�´ïÄ3�Ó�^=æ�^�
eØÓ��pÝ���L¡9��.Ü1��þ
Ý��É. ¢��¬æ^ GaAs ¬�¡, ¦^�>ª
1�Å MV-6 ���°�u 1 µm �ã/, ¿|^

>aÍÜ�lfN (ICP) Z{�¡Eâ�¡ØÓp
Ý���, �¡�Ý� 7800—8400 Å/min. 1�L
§¥¦^�1��.Òþ� S9912. ¢��Ì�S
N�: 3��Ñ��°� 6 µm 1�����Ä:
þ, 3��.Ü���°� 4 µm �ã/¿�¡1
����, ,�3äkü������.Ü���
°� 2 µm �ã/¿�¡1n���. äN¢��
{Xã 1 ¤«.

ã 1 ¢��{ (a) æC1��¿Í1wK, 1�����°� 6 µm; (b) ICP �¡�¬ 170 s; (c) ^=æC1��,
=ê 4500 r/min; (d) æC1��¿Í1wK, 1�����°� 4 µm; (e) ICP �¡�¬ 250 s; (f) ^=æC1��, =
ê 4500 r/min; (g) æC1��¿Í1wK, 1n����°� 2 µm; (h) ICP �¡�¬ 100 s; (i) ^=æC1��, =ê 4500 r/min

3 (Ø�©Û

3.1 ������LLL¡¡¡!!!������...ÜÜÜ111������þþþÝÝÝ������
���pppÝÝÝ���'''XXX

¢�¥¦^�1���
�ªã/1��, 3

�ªã/¥ÀJ5�À�ã/¦^×£>fw
�º (SEM) ?1/mL�. ã 2(a)—(c) ©O�²
Lã 1 ¤«¢�Ú½ (c), (f), (i) \ó���¬¿

¡ SEM ã. ã 2(a)��¡1�������¬^
=æC1������¿¡ SEM ã, ã 2(b)��
¡1�������¬^=æC1������
¿¡ SEM ã, ã 2(c)��¡1n������¬
^=æC1������¿¡ SEM ã. dã 2 �
±wÑ, ��.Ü1��þÝ�u��L¡1��
þÝ; �X��pÝ�O\, ��.ÜæÈ�1�
�þÝO�¿¥y��Ô����/m.

ã 2 GaAs ¢��¬¿¡ SEM ã (a) ²L¢�Ú½ã 1(c) ���¬; (b) ²L¢�Ú½ã 1(f) ���¬; (c) ²L¢�Ú½
ã 1(i) ���¬
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¦^ SEM �ÿþõUéã 2 ¤«ã 1 �¬�
¡?1ÿþ, ²Ln:�:²þ��{�����
pÝ!��L¡9��.Ü1��þÝ�ê�X
L 1 ¤«. Ù¥, ÿþ��.Ü1��þÝ�, ��
�.Ü1���pÝ�$:�¤�¡���.Ü
mpÝ��.

L 1 ��L¡9ØÓpÝ��.Ü�È1��þÝ

��pÝ/µm ��L¡1��þÝ/µm ��.Ü1��þÝ/µm

2.1 0.69 1.7

3.7 0.70 2.0

5.4 0.70 3.0

d¢�(J��, 3�Ó�^=æ�ëê9c
ó^�e, ��.Ü�1��þÝ�u��L¡æ
C�1��þÝ. ��pÝCz�, ��L¡1�
�þÝCzØ�; ��pÝ�p, ��.Ü1��
þÝ��O�.

3.2 ��� ��� ppp ÝÝÝ ��� 111 ��� ��� þþþ ÝÝÝ ''' XXX ��� êêê
���£££ããã

Xã 3 ¤«, 0� 1 �1��, Ó+¼ê^¼
ê f1(x) ¤«, 3 x, y ����È�Ý©O� V1x,
V1y; 0� 2��¬L¡, Ó+¼ê^ f2(x) 5L«.
��È�m� t �Ó+�� F (x, t), K

F (x, 0) = f2(x) t = 0, (1)

∂F (x, t)
∂t

= V1y + V1x
∂F (x, t)

∂x
, (2)

F (x, t) = f1(x) t = tm, (3)

f1(x) − f2(x) = V1ytm + V1x

∫ tm

0

∂F (x, t)
∂x

dt, (4)

ùp tm �1���È(å��m. ) �©�
§ (2) ¿|^ (1), (3), (4) ªÐ©^����È�m
� t �, Ó+¼ê

F (x, t) = V1yt + f2 · (x + V1xt) 0 6 t 6 tm. (5)

^=æC1��(å�, 1���ÈþÝ�

f1(x) − f2(x) = V1ytm + V1x
∂f2

∂x
tm. (6)

d (6) ª�±wÑ, 1���ÈþÝ� x, y ���
È�Ý9Ð©G�eL¡Ó+¼ê�Ç (=L¡²
�Ý) k'. ���.Ü'�, ��²����L¡
Ó+¼ê�Ç�����T�ªu 0, L¡�È�

1��þÝÌ�d y ���È�Ýû½. K (6) ª
C�

f1(x) − f2(x) = V1ytm. (7)

du��L¡1��É�l%å��^lm
L¡, y ���È�Ý��, ��L¡1��þÝ
��. 
3^=æC1���L§¥, duÉ��
��{	�^, ��.Ü�1�� x ���È�
Ý V1x ~�. ��pÝ��, x ���È�Ý V1x �
�, y ���È�Ý V1y ��.

ã 3 ��pÝ�1��þÝ'XêÆ£ã«¿ã

�â Newton S�Þ½Æ, �6|¥6N�m
�3�ÝFÝ�, Å5±S�Þ�/ªÑy. ÙA
:´¦$�6N\�, p�6N~�, �ÝFÝ�
�, Å5å�Ò�� [4]. ù�, 3�C9¡�>.
�¥, Å5åØ��Ñ. duÅ5�^, 6N�Ý
39¡?�", ,�÷9¡{�ÅìO\, �ª�
�	ÜÌ6��Ý. Ïd, ·�ò���.Ü�1
��^=æCL§b½�Øî��6N6ÄL§.
duÅ5å��^, ���.ÜÙ¦�:�', �
��.Ü�Cý9�1�� x ���È�Ý V1x

ªu 0, Ïd y ���È�Ý V1y �����. �
â (7) ª��, ��.Ü�Cý9?æÈ�1��
þÝ��.

Ó�, 3���.Ü÷9¡{���l9¡�
�, x ��$Ä�Ý V1x O�, ¿3��.Ü¥
�
����. d�, y ���È�Ý V1y ��~�. Ï
d, T:?1��þÝ����.

nþ¤ã, x, y ���È�Ý V1x, V1y �Cz

9Ð©G�/m¼ê�Ç
∂f2

∂x
��Ó�^¦��

�.ÜæÈ�1��/m¥y��Ô���.

3.3 ÊÊÊÏÏÏ²²²¡¡¡111���óóó²²²"""���

ì���L§¥, Äk¦^ã 1(a) ¥�1�ë
ê?1�Y1�Ú½. äN�: có§Ý 107 ◦C, c
ó�m 8 min, Í1�m 29 s, wK�m 35 s, �ó§
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Ý 107 ◦C, �ó�m 20 min. T1�ëêU
÷v
3vk?Ûã/�^�²"�¬L¡��ã/�
�¦. ã 4�Uìã 1(g) ¤«ó²Ú½\ó���
¬3Í1!wK�� SEM ã. �±w�, ��¬L
¡ã/�', ��.Üã/Í1Ø¿©, ã/�^
>�Ø�ß. Ïd, ¦^ã 1(g) ¥�Í1!wK^
�Ã{÷v3��.Ü��ã/��¦, ��X�
�pÝ91��þÝ�O\, 3��.Ü��ã/
�Í1Øv�y���î­, K�ã/=£��þ.

ã 4 ã 1(g) ¤ « � Ú ½ � � ¬ L ¡ SEM ã Í 1 � m
� 29 s, wK�m� 35 s

3.4 111������111rrrßßßLLLÇÇÇÿÿÿþþþ¢¢¢���

dL 1 ��, ���pÝ� 3.7 µm �, ��.
Ü1��þÝ�� 2 µm. �é.Ò� S9912 �1
��, ïÄ3T1��þÝe�XÍ1�mØÓ1
���1rßLÇCz�¹. ¦^^=æC{ò1
��æC3Àæ¡þ, N�·��=�¦có�L
¡1��þÝ� 2 µm �m. UCÍ1�m, òÍ
1���¬�u U-4100 1Ý©1O¥?1ØÓÅ
�1ìe�ß�Çÿþ, P¹�b	�Å� 370 nm
���1�e�¬�1rß�Ç, ¿éêâ:?1
[Ü. �ª[ÜÑ�ØÓÍ1�me1rßLÇ­
�Xã 5 ¤«.

dã 5 �±wÑ, �XÍ1�m�O\, 1�
�ß�ÇÅìO�¿ªu�Ú.��Í1¤I��
m� 60 s �m. �1����Í1�, 1��SÜ
�1zÆ�A(å, ß�Ç�±�½�.

8c, éu1��Í1L§�ïÄSNÌ�ý
­u?Ø1��¥�1rCz91¯zÜÔ (PAC)
ßÝCz. Dill[5] Q�â Lambert ²�½ÆÚ1z
Æ�AÄåÆ�né1��áÂÚ�A�L§?

1£ã, ¿ïá Dill Í1�.O�©Û��|¡J
Í1�ÙSÜ�1|©ÙÚ PAC ßÝ©Ù.

ã 5 ØÓÍ1�me1rßLÇ­� \�1Å� 370 nm;
1��.Ò S9912; þÝ 2.2 µm

Dill Í1�.¥, �â Beer ½Æéu�1��
1áÂXê α �£ã, @�1áÂXê α �Ù|¤
¤©�ßÝCq¤Xe�5'X:

α = a1m1(z, t) + a2m2(a, t)

+a3m3(z, t) + a4m4(a, t), (8)

Ù¥ a1, a2, a3, a4 ©O� PAC!ä�!�A)
¤Ô9MJ���áÂ~ê; m1(z, t), m2(z, t),
m3(z, t), m4(z, t) ©O� t ��|¡JL¡e z

? � PAC! ä � ! � A ) ¤Ô9 M J � � �
ßÝ. duä�!MJ3Í1L§¥ßÝØC,
= m2(z, t) = m20, m4(z, t) = m40, ¢�L² 1 mol
³�J PAC 1zÆ�A�©))¤ 1 mol )¤Ô,
= m3(z, t) = m10 − m1(z, t), ¤±áÂXê�U
�¤

α = AM + B, (9)

Ù¥ M(z, t) =
m1(z, t)

m10
´8�z PAC ßÝ�. 3

1��Í1c, M(z, 0) = 1; ¿©Í1�, PAC��
©), M(z, 0) = 0,

A = (a1 − a3)m10, (10)

B = a2m20 + a3m10 + a4m40. (11)

d (9)—(11) ª��, 3Í1L§¥, 1���áÂ
XêÅì~�. 1���1áÂXê�1��é1
�áÂA5���', r��6u1��SÜ�«
¤©�ßÝ©Ù. Í1cÚÍ1L§¥, ØÓþÝ
1��SÜ|¤¤©�ßÝ©Ù��É´E¤Í
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1L§¥1��1áÂXêCz�Ì��Ï. �1
����Í1�, 1��áÂXê����, =ß
�Ç����; Í1�mUYO\�, 1��áÂ
XêØC, =éÅ�� 370 nm �b	1ß�Ç�
�±ØC.

Ón, 1áÂXê��¬�1���þÝÚ�
'ó²^��ØÓ
k¤ØÓ, ?
K���Í1
�m. �1���þÝu)Cz�, 1��SÜ|
¤¤©�ßÝ©ÙÓ��3���É [6]. �òþ1
��À�õ��1���¤, 1��þÝ��, ¤
I���Í1�m��.

3.5 ²²²¡¡¡111���óóó²²²���`̀̀zzz

�
3��.Ü���^�þp�ã/, I�
éÊÏ²¡1�ó²^�?1`z. 3 2.1 µm �
��.Ü��ã/�, 3 29 s �Í1�mÄ:þ,
± 5 s�êâm�:O\Í1�m. ã 6(a)—(c) ©

OéAÍ1�m� 35, 40, 45 s ��¬L¡ SEM
ã. lã 6 �±wÑ, Í1�m� 40 s �����
^��ß; Í1�m� 45 s �L¡ÑyLÝwK
y�.

�âã 5 ¤«ØÓÍ1�me1��1rß
LÇ­���, 3ÀæÄ¡þæC 2.2 µm þ1�
�I����Í1�m� 60 s �m. 3Í1L§
¥, \�1�´3¬�¡L¡u)������
Í1�m~�, ù�y�3L¡k7á��¬�
¡Í1L§¥��²w. ó²`zL§¥, 3�
�Í1�mÄ:þ·�~�Í1�m�¤T`
zL§. ã 7(a)—(c) ´Í1�m©O� 45, 50,
55 s �3®�¡ 3.7 µm ����.Ü��ã/
��1�ãY. lã¥�±wÑ, Í1�m� 50 s
�����^�ß��; Í1�m� 55 s �1�
�LÝwK¦�L¡ã/�Ý"�. �±íä,
1�û�y�¦���.Üã/"��¹��
\­.

ã 6 `zL¡1�ó²��¬L¡ SEM ã, ��pÝ� 2.2 µm (a) Í1�m 35 s; (b) Í1�m 40 s; (c) Í1�m 45 s

ã 7 `zL¡1�ó²��¬L¡ SEM ã, ��pÝ� 3.7 µm (a) Í1�m 45 s; (b) Í1�m 50 s; (c) Í1�m 55 s

3.6 ²²²¡¡¡111���óóó²²²���???���ÚÚÚ`̀̀zzz

ÏLé²¡ó²�ÐÚ`z, 37á÷·ó
²¥���.ÜU
��ÑÄ�^�p�þã

/. ã 8(a) �¦^²¡1�ó²���7áã/;
ã 8(b)—(d)�3�Ó�Í1!wK�me, 
�ª
ã/L¡9ü�ØÓ�Ý���L¡��ã/�
�¹. Ù¥, ¤@¡�7á�� AuGeNi/Au �, þ

206801-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 206801

Ý� 500 Å/2500 Å; ã/�°� 4 µm.
�
U
3��pÝ� 3.7 µm ���.Ü�

�Ñp�þã/, ¦^�²¡1����æC1�
�!có!�ó^�, =có§Ý 107 ◦C, có�
m 8 min, �ó§Ý 107 ◦C, �ó�m 20 min, 1�
�.Ò S9912, =� 4500 r/min. Ù¥, Í1!wK
�mÀJ� 50, 45 s.

ã 8(d) ¥���Ý� 3.7 µm �, 7áã/�

Ð; ã 8(c) ¥���Ý� 2.2 µm �, 7áã/k
���LÝ@¡y�. �´, dã 8(a), (b) �±w
Ñ, �ÊÏ²¡1�ó²��Ñ�7áã/�'
�, 
�ªã/��L¡�7áLÝ@¡, ù�y
��U¬��7á>4�>Øû, ¦��>>{
O�
K�ì�5U. du7á@¡�m�Ó,
@�E¤LÝ@¡�Ì��Ï´1�L§¥LÝ
Í1.

ã 8 ���1�ó²`z37á÷·ó²¥�A^ (a) ²¡1�ó²���7á�ã/, Í1�m 29 s, wK�m 35 s;
(b) 
�ªã/L¡7áã/, Í1�m 50 s, wK�m 45 s; (c) ��pÝ� 2.2 µm ?7áã/, Í1�m 50 s, wK�m 45 s;
(d) ��pÝ� 3.7 µm ?7áã/, Í1�m 50 s, wK�m 45s

ã 9 �g`z�7áã/ (a) ��L¡; (b) ��pÝ 2.2 µm; (c) ��pÝ 3.7 µm
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�
)û3���L¡9.ÜØUÓ���
p�þã/�¯K, 3?�Ú�`zL§¥¦^ü
¬ØÓ1��, æ^ügÍ1!�gwK��{�
�ã/. Äk, ¦^ÊÏ²¡1�ó²��Ñ��
L¡7áã/, ,�¦^1�¬1��ò��.Ü
�7á�Ø. ã 9(a)—(c) ©O�`zó²�, ��
L¡9ü�ØÓpÝ���?��Ñ�7áã/.

dã 9 �±wÑ, ²L�g`z�, 3��L
¡9ü��ÝØÓ���?7áã/��. ��g
`z��(J�', Jp
ã/�þ, U
Ó�3
��L¡9��.Ü��ÑÄ�^�ã/.

4 ( Ø

�ÊÏ²¡1�ó²ØÓ, äkõ�����
L¡��ã/�1���ÈþÝ� x, y ���È

�Ý9Ð©G�eL¡Ó+¼ê�Ç (=L¡²�
Ý) k'. Ð©G��Ó+¼ê�Ç��, ^=æC
1��� y ���Ý�¯, ?
E¤��.Ü1�
��æÈ; Ð©G��Ó+¼ê�Ç��, ^=æ
C1��� y ���Ý�ú, 1���ÈþÝ��.

�©ÏLé�� �©�§�¦), ��
þ
ã1���ÈþÝ�L¡Ó+¼ê!�È�Ý�
m�'X, ?
)º
ØÓ��pÝ?1���È
þÝCz�¯K. �â Beer ½Æ¥é�1��1
áÂXê α �£ã, )º
¦^²¡ã/1�ó²
ëê��ã/���.ÜÍ1Øv�y�. Ó�,
�âØÓÍ1�meA½þÝ�1��1rßL
Ç¢�éÐ©ó²ëê?1`z [7], 3���L
¡9.Ü��ÑÄ�^�p�þã/,�õ��ì
�(����L¡1�ó²Jø
nØ�â9`
z�{.
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Abstract

In this article, we investigate the problems existing in the lithography on the deep multi-stepped surface. Different photoresist

thicknesses above and under the step are measured in experiment. The relationship between step height and photoresist thickness is

discussed and numerically described. Based on the description of Beer model about the light absorption coefficient, the curves of

different light transmittances at different times are analysed. Reasons why the light transmittance changes with time are explained, and

the light absorption coefficient is believed to be related to photoresist thickness. On this basis, the lithography process is optimized.

The patterns with narrow line-width under the deep step on the wafer are obtained.
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