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�ïÄK��C LED �¡>6�Ýþ!©Ù�Ï�, ïá
�¡�n�k��>Æ�., æ^ COMSOL k�
��ý�{, ©Û
�¡º�!>4(�!>65\:é�C LED �¡>6©Ùþ!5�K�, ¿é�'Ån?1

&?. ïÄ(JL², �¡º��O\*Ð
>6�î�DÑ´»�î�>{, ¦ LED �¡>6©Ù�Øþ!5
¥�ê.�z; ��ª>4(��k� á>6DÑå», O\��>4ê8k|u>6þ!5�Jp; ÏL3¬
G>4þÜn�O>65\:� á>6DÑ´», wÍJp>6�þ!5.

'�c: �C LED, k��©Û, >6©Ù, î�>{

PACS: 78.55.Kz

1 Ú ó

�5u1�4+ (LED) k�U¤��Ï�!
£Äì²!�1
±9Ï^ì²��«A^�Ì
61
 [1,2]. ÚDÚ�1
�', LED äkõÑ
$!Æ·��!Å�­½5UÐ�Nõ�`:.

ÊÏì²+�é�p�Ý LED �A^¡Øä*
�, é LED �¡Ñ\õÇJÑ
�p�¦, õÇ
. LED ¤�
8cì²+��uÐ9: [3−6]. �
C(��@�´¢y�õÇp�Ý LED ì��
uÐª³�� [6], ��C(��', �C(� LED

k���1Ñ�¡È, #N��5\>6�Ó�
��Øü��; 
��C LED (��Ñ95U
�`uDÚ�µC(� [4,5]. �´, �C LED �
5UN´É�>6©ÙØþ!5�K�. du�
C LED �¡� p, n >43Ó�ý, >65\:N
C� MQWs �«�Ñy>6P@�A, ��6L
õþf² (MQWs) «>6�Ý©ÙØþ, ¦ÛÜ«
�ÑyL9y�, K��¡�Æ·. Ïd)û>6
©Ùþ!´uÐ�C LED ¤¡��­�¯K��.

Kim � < Ï L nØí � u y 3 Ó ý > 4
� LED �¡�3�>6�î�*Ð�A, ¿^
¢�y²
î��>6*Ð¬��>6�Ý�©
ÙØþ [7]; �e5 Kim �<qJÑ, ~�ì�º�,

k|u~�>6�k�*Ñ�Ý, �±Jp>6©
Ù�þ!5 [8], �´, �¡�º�´���º�!
põÇ��uÐ, ¤±ÏL~��¡º�ù��{
Ø·A�õÇ LED �uÐ; Guo ��
�±æ^
��>4��{5)û>6P@y� [9,10], �´>
4(��ëêUCäNXÛK�, �N�|^±þ
K��OÑ>6�Ýþ!��¡%�ã�Ø´é
�Ù; Sheu �<JÑ�±ÏL>4`z!Jp��
ê8��{5Uõù�¯K [11,12], �´é���
º���O�¡�`�Ø´é�Ù; Huang �<ï
Ä
>65\: bump �Ün�O�±Jp�¡�
Ñ9�U [13], �vk ­ul>6�Ýþ!5�
ÝïÄ bump é>6�Ý�K�.

éd, �©Ó�l`z>4ëêÚ>65\:
�Ý?Ø5Uõ>6P@y�. ïá
�CÅ LED

�¡�n�k��>Æ�., æ^k���ý�
{, © Û
� ¡ � º � ! > 4 ( � ! >65 \
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: (bump, ½¡�Å:) 9 �é LED �¡>6þ
!5�K�, ¿éE¤�'y���Ï?1
&
?. �3l>4(�Ú>65\:�`z�Ý, �
�O>6�Ý©Ùþ!��CÅ LED �¡Jøn
Ø��.

2 �CÅ LED �¡�>Æ�.

2.1 LED ���¡¡¡nnn���kkk������>>>ÆÆÆ���...

Kim � < � â c < � ï Ä ¤ J ï á
~
5 GaN Ä LED >6*Ð�nØí��. [8], X
ã 1 ¤«.

ã 1 ~5 GaN Ä LED �>6*Ð«¿ã

Kim �<|^î0½Æé�.>6DÑÏ
� A, B �ïÄí�Ñ
 A, B Ï��Øü (VT)A
Ú (VT)B �

(VT)A = Jρtl + Jρplp + Vj + Jρn(L − l), (1)

(VT)B = Jρptp + Vj + JρnL. (2)

òþ¡üª�~��

(VT)A − (VT)B =Jρtl + Jρptp + Vj

+ Jρn(L − l) − JρnL,

J(ρt − ρn)l =0, (3)

ª¥ J �>6�Ý, ρt, ρp, ρn ©O�>6*Ð
�!p . GaN �Ú n . GaN ��>{Ç, L, l X
ã 1 ¥¤«, tp � p . GaN ��þÝ, Vj � p-n (
�Øü.

�
¦6² LED ì�k
«�>6©Ù�
þ!, �¦ (VT)A − (VT)B ���C", = J(ρt −
ρn)l ≈ 0. 
 J , ρt, ρn É�¡º�, á�5����,

@oæ^~� l ��{5Jp>6*Ð�A´�k
����. dþª��, �X�¡º�Ú5\>6
�O�, �CõÇ. LED ¬��>6�Ý�©Ù
Øþ, dd��5
�X�ÃXSþf�Çü$!
�¡�ÛÜL9�¯K [5−8], K��
 LED �ª
�u1�Ç!u1Æ·�­½5.

COMSOL Multiphysics ´±k��{�Ä:,

ÏL¦) �©�§ (ü|) ½ �©�§| (õ
|) 5 ¢ y ý ¢ Ô n y � � � ý, ^ ê Æ � {
¦)ý¢­.�Ôny��êi�ý^� [14].

3 COMSOL ¥ïá LED �¡n�k��>Æ�
., ò�¡(�¦^����n�±e���:

1) k
��������4+, Ù>ÆA5�
±¦^��|�§£ã [16]

J = Js exp
(

eVi

nkT
− 1

)
, (4)

¿�Ù>6�ÝÎÜ>6�ëY�§

∇ · J(r) +
∂n

∂t
= 0, (5)

Ù¥, Js ´���Ú>6�Ý, n ´n�Ïf, Vi

´ pn (�Øü,
∂n

∂t
´16f�EÜUCþ, J(r)

´´ � r �>6�Ý.

2) é u Ù ¦ � á�� (n-GaN, p-GaN, TCL,

Electrode, bump), �ÑÙSÜ�16fEÜ, >Æ
A5ÎÜî0½Æ [16]

J(r) = −σ · ∇φ, (6)

Ù¥, σ ´á��>�Ç, ∇φ ´>³�FÝ.

�¦^��5\>6�, pn (� I–V A5¥
�5, Ù'X�±{z� [13]

Vi = ρadaJ(r) + V0, (7)

Ù¥, ρa ´k
��>{Ç, da k
��þÝ, V0

´�>>{E¤������~ê.

2.2 LED ���¡¡¡>>>666©©©ÙÙÙ��� COMSOL ���ýýý

�ýæ^�5\>6 100 mA, V0 � 2.8 V[13],

3�5\^�e, LED k
�� I–V A5÷v�
§ (4). �ýæ^��¡ëêXL 1 ¤« [14,15,18].

3�¡����>Ç!þÝ�ëê(½��
¹e, �¡�º�!>4�(�¤�K�>6�Ý
�Ì�Ï�. ·�é±eA«�¹?1
ïÄ�ï
�©Û:
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1) æ^ÊÏ>4(�, ïÄ�¡º�é�¡
>ÆA5�K�. ©O�ý
 300 µm × 300 µm

(Tradt-300), 575 µm×575 µm (Tradt-575); ï�(�
Xã 2 ¤«.

L 1 COMSOL >Æ�.¥¤^��ëê

á� þÝ /µm >{Ç /Ω· cm

n-GaN 3 5 × 10−3

MQWs 0.4 5 × 10−2

p-GaN 0.3 5

TCL 0.4 1 × 10−3

Electrode 0.6 2 × 10−8

bump 10 2 × 10−8

ã 2 ÊÏ>4(� (a) 300 µm × 300 µm; (b) 575 µm ×
575 µm

2) æ ^ � � > 4 ( �, ï Ä � � > 4 ê 8
é � ¡ > Æ A 5 � K �. © O � ý
É ý ü �
� 575 µm × 575 µm (Interdi-2-575)! É ý n �
� 575 µm × 575 µm (Interdi-3-575); ï�(�X
ã 3 ¤«.

3) æ^�¡È¬G>4(�, ïÄ�G>4±
9>65\: bump é�¡>ÆA5�K�. ©O
�ý
��G 575 µm × 575 µm (Block-575) Ú�
G 575 µm × 575 µm (Block-cir-575) >4(���
¹; ï�(�Xã 4 ¤«.

±þn«�¹2?1p�'�, ©Û>4(�
�K�.

ã 3 ��>4(� (a) Éýü��; (b) Éýn��

2.3 ���ýýý(((JJJ���???nnn

ò>6�Ý��������m�Ü©�©
� 20 °, z��©�â>6�Ý���©OÓâ
ØÓ�«�. 35\>6� 100 mA, �>6�Ý�
�©ÙXeã¤«, ü � (A/m2).

UC�¡º��, >6�Ý�Cz¥�ê.C
z, ¤±�
þzL�>6�Ý�©Ù�¹, ò>
6�Ý j �éê¼ê?18�z,

J = logj
N , (8)

Ù¥ J �8�z��>6�Ý, N �5\>6
� 100 mA ��>6�Ý.
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ã 4 ¬G>4(� (a) ��/; (b) �/

�
ï þ >6© Ù � þ ! 5, æ ^ I O
� M [18] 5?�Ú©Û�«�¡�>6�Ý©
Ù�¹, §�N�¡ØÓ ��>6�Ý�éu>
6²þ��ÑÙ§Ý.

M =

√√√√Ω

∫
(J − J̄)2dS

S
, (9)

J̄ =
Ω

∫
J dS

S
, (10)

Ù¥ J̄ �8�z�>6�Ý�²þ�, S ��¡þ
k�u1¡�L¡È.

3 �ý(J�©Û

3.1 ���¡¡¡ººº���ééé>>>666���ÝÝÝ���KKK���

ã 5 ��� LED �¡�o>6�Ý� (ü 
� A/m2) �©Ù�¹, ùÚ�L>6�Ý���
«�, §Ñy3 n >4NC, ��3 n >4NC�

>6�Ý��, p >4���«�>6�Ý�é�
�, Ù¦å>4��«��>6�Ý��. ù´d
u J = I/A, 3>65\!ÑÑ: bump NC A �
�, 
å bump ��? A ��¤�; TCL �>{Ç
���u n-GaN, ¤± p-bump NC�>6�Ý�
u n-bump NC�>6�Ý, ù� Guo �¢�(J
´�Î� [9], Xã 6 ¤«. l�¡�ål��, u
1rÝ�f, ù´du��ì����ë�EÜ
>6Ñ�X n >4?8¥, 1�)´d>6¥�
>f�ÇEÜ, ¤±1r���«�>6��. d

ã 5 ØÓ�¡º�e�>6�Ý©Ù (æ^ÊÏ>4(
�) (a) 300 µm × 300 µm; (b) 575 µm × 575 µm

ã 6 w�ºe*	���¡(��1u�ã
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ã 5 ��, º�� 575 µm × 575 µm �¡'º�
� 300 µm × 300 µm ���>6�Ý�n�êþ
?. ���¡º��O�, �¡NC�>6�Ý�
FÝ�O\��¯, ��éõ�>6�Ý�­Ü
,

¤±�±w��>6�Ý���. é�¡>6�Ý
©ÙIO�Ú��>Ø?1O�, (JXL 2 ¤«.

�±wÑ, �X�¡¡È�O�, >6�Ý©ÙI
O�O�, ��ØüO�, `²>6þ!5eü, �
¡õÑO\.

L 2 äkØÓº�� LED �¡>ÆO�(J (æ^
ÊÏ>4(�)

LED (� IO� M ����>Ø /V

Tradt-300 0.44 3.158

Tradt-575 1.37 3.182

�¦ LED ì�k
«�>6*Ð�þ!, �
¦ØÓ>6DÑÏ��>Ø (VT)A − (VT)B ���
C" [8], = J(ρt − ρn)l = 0, J , l A¦þ�, ¿� ρt,

ρn A¦þ�C. õÇ. LED ��¡�5\>6�
�, ¤± J ���, ÏL~�>6�Ý��{éu
õÇ. LED ´Ø�1�; lnØþw, ��±ÏL
O� n . GaN ��>�Ç, l
~�>6î�6Ä
�>{, ¦ ρt, ρn ��¦þ�C5O\>6þ!5.

�´�X n .��,ßÝ�Jp, 	ò��þ¬e
ü, 16fÑ�î­, >�Çeü, ¤±�ØUÏL
Jp n . GaN �,ßÝ��{��)û>6P@
¯K [9]. ,	��)û�{Ò´`z>4AÛ/
G [10], ÏLUC>6Ï�´», ~�>63 n-GaN

�¥DÂ�ål l �î�>{, Jp>6þ!5. 3
õ«`z>4(�¥, ��>4��
��2��
A^.

3.2 ������>>>444(((���ééé>>>666���ÝÝÝ���KKK���

©Oæ^Éýü��ÚÉýn��>4(�,

é>6�Ý?1
�[, Xã 7 ¤«; ¿éÙ>6
©ÙIO�Ú��>Ø?1O���(JXL 3

¤«. �±w�, 3Ó���¡º�e, �éuD
Ú�>4(�, ��(�¬é>6*Ðk²w�
Uõ, �N>6�Ý©Ùþ!5�IO��²w�
u Tradt-500.

�â>6�Ý�ål�Cz [11]

J(x) = J(0) exp(−x/Ls), (11)

ª¥ J(0) ´�¡?�>6�Ý, LS ´>6î�
*Ð�Ý, =�>6�Ýò��5� 1/e �å�
¡��Ý. �3 J(LS) = J(0)/e, �>6*Ð��
Ý x < LS ��@�>6´þ!*Ð. �ã 7(a) ¥
�>6l p >4*Ð�� n >4�²þål� l2,

ã 6(b) ¥>6l p >4*Ð�� n >4�²þå
l l3, dã²w�� l2 > l3, n��>4(���
¡k�õ��ÀJ�$>{>6DÑÏ�, Ïd,

éu��(�>4 [8−14], ���ê8�õé>6
�*ÐÒ¬�Ð.

ã 7 ��>4(��>6�Ý©Ù (a) ü��; (b) n��

L 3 äk��>4(�� LED �¡>ÆO�(J (æ^
ÊÏ>4(�)

LED (� IO� M ����>Ø /V

Interdi-2-575 0.53 3.007

Interdi-3-575 0.47 2.932
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Wataru Ochiai �<�¢�(Jw«, Xã 8 ¤
«, Óý��(�3 p >4«��°Ý� 50 µm

�, �±���þ!�>6�Ý©Ù [20], ·�æ^
�Éý��(�3 p >4°Ý� 70 µm �®�>
6�Ý©Ùþ!. ù´Ï�Ó��¡¡È^�e,

lDf < lSm, lDf , lSm ©O�Éý!Óý��>4(
�e>6l p >4*Ð�� n >4��Ý.

ã 8 °Ý� 50 µm � p >4k
�¥>6�Ý©Ù

éuDÚ�>4(�, Ù��>{����>
��Gé>{, �L«�

R = Rc + Rp + RM + Rn, (12)

Ù¥ R �¬G>4����>{, Rc, Rp, RM, Rn

©O� TCL �, p-GaN, MQWs, n-GaN ����>
{. 
éu��>4(�, Ù��>{� N ���
>4(��¿é>{ [21], �L«�

R′ =
1
N

(
ρc · tc

W × L/N
+

ρp · tp
W × L/N

+
ρM · tM

W × L/N
+

ρn · L/N

W × tn

)
=Rc + Rp + RM +

1
N2

Rn, (13)

Ù¥ ρc, ρp, ρM, ρn ©O� TCL �, p-GaN, MQWs,

n-GaN ��>{Ç, tc, tp, tM, tn ©O� TCL �,

p-GaN, MQWs, n-GaN ��þÝ, L � p-bump � n-

bump �²þî�ål. �éuDÚ���>4(
���¡, ��>4(��¡�Øü��; ¿��
��ê8O\, �¡�Øü~�.

��(�>4U
Uõ�¡�>6P@, �É
ý��>4(��ÐuÓý��>4(�, ��ê
8�O\�UUõ>6P@, �´I�5¿�´,

Ó����k
«¡È�~�, u1¡È~�, o
�u1rÝeü; Lõ���(��¬E¤��ù
��!1�ó²L§�E,z, O\û�¤�. ¤
±3�y�½>6þ!5�Ä:þ, ·��O��
>4ê8c�­�, I�3>6©Ù�k
«u1
¡È�m?1²ïÀ�.

3.3 >>>666555\\\::: bump ééé>>>666���ÝÝÝ���KKK���

3�C(�¥, >65\: bump Øå�>
65\�ÑÑ��^	, �´�¡�Ì�Ñ9Ï
�, ¤± bump ê8�ÀJÚ �5��~­�.

��u Tradit-575, ¬G>4(�k���>4¡
È (� TCL I���¡È�Ó) Ú�õ� bump(o
�>6ÑÑ:), ©Oé¬G��/��/>4(
���¡?1�[, Xã 9 ¤«; éA�>6©Ù
IO�Ú��>ØXL 4 ¤«. dã 9 ÚL 4 �
�, =¦Ø¦^��(��>4, 3�¡È¬G>
4þÜn�� bump Ó�U
��>6©Ùþ!�
�¡.

ã 9 ¬G>4(��>6�Ý©Ù (a) ��/¬G>
4(�; (b) �/¬G>4(�
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L 4 äk¬G>4(�� LED �¡>ÆO�(J

LED (� IO� M ����>Ø /V

Block-575 0.34 2.982

Block-cir-575 0.31 2.985

d��½Æ�� [19]

Q = I2 · R · T, (14)

Q, I , R, T ©O´¤�)�9þ!6L�>6!
��{�!�mã. k>66L�«�Ò¬k9
�), ¤±�±^>6���5�N�)9�õ
�, �L5, ��±^�9�þ!55�N>6�
Ý�þ!5. ã 10 ��C�¡�9Æ�ý�Jã,

ã 10(a) �DÚ� bump (�, ã 10(b) ��±>4

(�Ú 9 � p-bump � �ØC, ò?3>þ� 4

� n-bump £� n >4{^�"à�(�ã [13]. d
ã��, ã 10(b) �9Æ©Ùþ!5�Ðuã 10(a),

��±�Ñã 10(b) �>6þ!5�Ðuã 10(a)

�(�.

d u õ bump ( �,   á
>65 \ : �
>6ÑÑ:�m�ål, ?
� á>63 n-

GaN �¥�²þDÑål L, Ù���>{ R′

����� (13) ª, Ù¥ N � n-bump �ê8,

? 
 ü $ � � � Ø ü. 
 �, � / > 4 ( � �
¡ � >6� Ý � þ ! 5 � Ð u � � / > 4 (
�, � ` u D Ú � > 4 ( �, � � � � > Ø �
�$, ù�)º�>4(�¥�/, äk�õ{
� � $ � >6D Ñ Ï �, >6î � * Ð � Ý l

��.

ã 10 k
�¥§Ý��ý(J©Ù

4 ( Ø

�XõÇ. LED �¡¡È�O�, �¡oN
���>{O�, >6î�*Ð�ÝÚ²þDÑ
�ÝÑO\, ù©O���¡�>6©Ù��þ
!5Ú��>Ø��O\, ?
���¡�õÑ
�Ø­½5O\. ÏLïÄØÓ>4(���C
Å�¡>6©ÙA59ÙS3K�Ï�, uy��
Ú¬G>4õ bump (�duäk�é�á�>
6DÑ´», ÏdU¼��Ð�>6©Ùþ!5;

¿�du�¡���>{�A�$, Ïdäk�
����Øü�õÑ; ��ê8!bump ê8�O
\, ±9�/>4�¦^Ñk|u>6�Ýþ!5
�Jp.

��Oº�����¡�, A¦Éý��(
� p > 4 � ° Ý � u 70 µm, Ó ý � � ( � p

> 4 � ° Ý � u 50 µm, 3 µ C ó ² # N � �
� ¹ e, · � � Ù � 5 \ : bump   � � Ü ·
� bump ê8, k|uþ!>6, �k|u\¯
Ñ9.
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Abstract

In order to research the factors that affect the current uniformity of flip-chip LEDs, the three-dimensional model of LED chip is

established by the finite-element analysis software COMSOL4.0. The influences of chip size, electrode structure and current injection

bump on the electrical property of the LED are investigated. The simulation results show that the non-uniform current distribution of

LED chip changes exponentially with the increase of the chip size. Interdigitated electrode structure can reduce the lateral resistance

effectively by shorting the channel that current flows through. The reasonable design of the bump on the block electrode can also make

current even by reducing the lateral resistance.

Keywords: flip-chip light-emitting diodes(FC-LEDs), finite element analysis (FEA), current spreading, lateral
resistance
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