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Äu>6ëY�§!î0½Æ9½5n�96D��.ïÄu1�4+ (LED) �¡�>6�Ý©Ù!9þ!
§Ý�m��p��'X, ?
ÿÁ©Û GaN Ä71 LED >6*Ð�AÚ�Ý©Ù�'X, @��¡�ÝCzª
³����O>6*Ð5U�k�Ãã. du�¡L¡§Ý!�Ý©ÙÚ>6�Ý�m�3;��é('X, ÏL
ÿÁ�¡L¡§Ý½�Ý©ÙÒ�½5
)ì�>6*Ð5U, l
�`z>4(�Jø�«�½�â. 3ØÓ>
6Ú9�§Ýe, ?�Ú?Ø
>6�Ý�þ!5Ú�Ý©Ù�'X, >6�ÝP@ò���¡ÛÜ«�9þæÈ,

�Ë�EÜ�^Or, ��Ñ�1fê8, Ïd9þ´K��Ý©Ù�­�Ï���. ÏL16fDÑÅn?�Ú
`²§ÝK��Ýþ!5��Ï, ¿ÏL¢�`²nØ©Û��15. ÏL`z>4(�UUõì��>6*Ð�
A±9�Ýþ!5, éJp�õÇ LED ���5äk­��^.

'�c: u1�4+, >6*Ð, �Ýþ!5, §Ý©Ù

PACS: 71.20.Mq, 73.40.Vz, 74.25.Fg, 74.25.Gz

1 Ú ó

GaN Äu1�4+ (LED) �.��æ^ý�
7��, 3Ø�l�.�¹e, Ù p .Ú n .î0
�>>4�U��3	ò¡L¡�Ó�ý. Ïd3
¢Sì�SÜ, ²LØÓ´»DÑ�î�>6ò�
�>6P@ [1], 96à83ì�SÜÃ{9�D�
�	. [2], u1�Çü$, ¸�Å�ù£, F1®=
��Çü$ [3], ?
��K�ì����5. XÛ
)û>6þ!*Ð��´IS	ïÄö'5�¯
K. !1/� [4] '�
ØÓ>4(��¡L¡§
Ý�>6*Ð�'X, uy²L`z��/��>
4(�� GaN Ä�õÇ LED L¡§Ý©Ù��
þ!. ÏLk���{O� LED ¥>6n��m

©Ù, �uâ� [5] ½þ'�
ØÓ>4(�, uy
� LED Gé>{�������>4(��`z
ëê. ÏLO� LED >6�Ý©ÙÚº�þÝ�
'X, "�9� [6] uyº�þÝéì�1>A5ä
k²w�K�. Äu�¹>{ÚSÜ�4+�n�
>´�., Hwang Ú Shim[7] ©Û
 InGaN/GaN õ
þf² LED �>6*Ð�A, ?Ø
>4(�!
Ñ1þ!5!ÑÑõÇ�ÚÝ±9ì���5�
m��p��'X. Guo Ú Schubert[8] ïá
>6
DÑ�., ½þ©Û
>6�Ý�*Ð�Ý�'X,
¿uy1õÇ�ÚÝ�ì��>4(�äk;�
ë�'X. æ^>6*Ð��)Û�., Kim � [9]

©Û
 LED ¥��á��>�é>6*Ð�K
�, ÏLü$3>6DÑ�¥�î�>6´»�J
p LED �>Æ!1ÆA5±9��5. 8c�ï
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Ä�|Ì�´ÏL>6DÑnØ�.±9§Ý©
Ù, ©Û LED >6*Ð�A. ,
XÛÏL�Ý!
§Ýþ!5�>6*Ð�A�m�'X, ©Û'
� GaN Ä LED >6*Ð�A, E"��'ïÄ. �
©3ØÓ>6±9§Ý^�e, ÿÁ GaN Ä LED
�¡L¡�ÝÚ§Ý|©Ù, ½5©Û>6Ú§Ý
é>6P@�A�K�, ?Ø>6*Ð�AÚ�Ý
©Ù�'X, l
ïá�O>6*Ð5U�k�ÿ
Á�{.

2 nØ©Û

Äu>6ëY�§±9î0½Æ�¼� LED
�¡SÜ�>6�Ý©Ù:

∇ · J(r) +
∂n

∂t
= 0, (1)

J(r) = −σ · ∇ϕ, (2)

Ù¥ J(r) �>6�Ý©Ù¼ê, T¼ê± � r

�Cþ;
∂n

∂t
�16fßÝCzþ; σ �á�>�Ç;

∇ϕ �>³FÝ. LED >Æ�.�{z�dn��
4+�Gé>{ Rs |¤, Gé>{ Rs �)	ò�
N>{!�.>{!�>>{. Ï~�¹e>6 -
>ØA5­��y©�n�«�: $Ø«!¥Ø«
±9pØ« [10]. 3��$>Ø���>Ø«�S
§Ýé>6 - >Ø'XK�é�, @�T«�16
fDÑÅn��B�A, �X>6O�, 3¥>Ø
«*ÑÚEÜ>6�^m©ru�B>6. ��1
6fDÑ�dEÜ - *Ñ�.L«:

J = Js exp
( eVi

nkT

)
, (3)

Ù¥ J �>6�Ý, Js ��Ú>6�Ý, Vi ��
�>Ø, n �n�Ïf, k �À�[ù~ê, T �
ýé§Ý; n = 1 `²16fÑ$Ì��*Ñ>
6, n = 2 K16fÌ�Ñ$�EÜ>6, e n 0
u 1—2 �m, K16fÑ$�*Ñ - EÜ�.. �
$>Ø«�ØÓ, T«�>6 - >Ø�§ÝCz

Cz. I��Ñ3$>Ø9¥>Ø«�, ì���
�>6é�, ÏdCq�ÑGé>{�Øü. 
3
p>Ø«�, ì����>6�>Ø�O\CzÌ
Ý²w, I��ÄGé>{�A, Ïd pn (�>Æ
�.�{z�

Vi = ρadaJ(r) + V0, (4)

ª¥ ρa �k
��>{Ç, da �k
�þÝ, V0 �
~ê.

LED ì�SÜn�96D��§�deªL
«

C
∂T

∂t
= ∇(K∇T ) + q, (5)

ª¥ C �'9N, K �9�Ç, q �k
��)�
96. �ì�SÜ96�	.��9²ïG��¹
�, (5) ª�{z�

∇(K∇T ) + q = 0. (6)

���¹e, 96 q Ì�d±enÜ©�¤ [11].
1) k
�SÜ�Ë�EÜ±9guË�áÂ

�)�9þ qa
[12]:

qa =
ViJ(r)

da
(1 − ηint) +

ViJ(r)
da

ηint(1 − fsp)

=
Vi

(
1 − ηintfsp)

da
J(r), (7)

ª¥ ηint �Sþf�Ç, fsp �guË�1f�Ä
ÑXê, TXê��¡�AÛ/Gëê�' [13],
ò (4) ª�\ (7) ª, k
�«�96�{z�

qa =
[
ρaJ

2(r) +
V0J(r)

da

]
(1 − ηintfsp). (8)

2) p-GaN ��)���9

qJ =
J2(r)

σ
. (9)

3) p-GaN ��>6*Ð��mî0�>�)
���9 qc

qc =
J2(r)ρc

tc
, (10)

ª¥ tc �Ü7�þÝ, ρc � p .�>>{. (
Ü (6)—(10) ª, o9þ q ±9§Ý T �deªL
«:

q =qa + qJ + qc

=
[
ρaJ

2(r) +
V0J(r)

da

]
(1 − ηintfsp)

+
J2(r)

σ
+

J2(r)ρc

tc
, (11)

∇(K∇T ) =
[
ρaJ

2(r) +
V0J(r)

da

]
(1 − ηintfsp)

+
J2(r)

σ
+

J2(r)ρc

tc
. (12)

þã�.òì�SÜ96!§Ý±9>6�
ÝéX��N, nö�p��'XdÃõE,Ï�
¤��, Xá�>�Ç!k
��>{Ç!þÝ!
Sþf�Ç�. Ïd�©ÏLÿÁ GaN Ä LED �
¡L¡�ÝÚ§Ý|©Ù, ½5©Û>6Ú§Ýé
>6P@�A�K�.
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3 ¢ �

�¬æ^;. GaN Ä71 LED, �¡¡È
� 1 mm × 1 mm, T�¬�¡ÏL37���.
�ÛÜ7���O\Ñ1Ç, �¡(�Xã 1 ¤
«. 7���. LED �î�>{�, ��3>4Å
�NC�>6�Ý�, >6P@�A²w. Ïd�
¬æ^�â�zÔ ITO >6*Ð�±9��G>
4(�å�`z>6�Ý©Ù�^. �¬.Üæ
!�97�;bu LED-850 §Ý��¤, ÏLN
! LED-850 �9�§ÝÒ�m���ì��§Ý,
�¢�¥9�§Ý�½� 25, 50, 80 ◦C n�§Ý
:. æ^ LumiCam 1300c .�ÝOÿþ�+�¡L
¡�Ý©Ù, ÙÿÁ��� 0.02—2× 105 cd/m2, ©
EÇ� 1280 × 1000 ��, Ïd LED \1>6ØU
L�, ÄK�Ý�ÑÿÁ��, ò��ÿÁ(Jk
Ø. �¢�¥¢�>6À� 50, 100, 150 mA n�>
6�, d KEITHLEY2400 .êi
Jøð6°Ä.
æ^ Research-N2 .ù	9�¤ÿ§�+�¡L¡
§Ý©Ù, ÙÿÁ��� −20—300 ◦C, §Ý°Ý
� 0.08 ◦C, ©EÇ� 320 × 240 ��. ÿÁ§Ý�
c, kÏL LED-850 .§Ý��¤�§±9 T3Ster
]�9{ÿÁ¤ì(½�ÿ�¬L¡�u�Ç [14].

�©À��;.�+�ÿÁ(J?1?Ø.� � � �� � � �� � � � � �
ã 1 GaN Ä71 LED �¡(�

4 (J�©Û

���ÿì��9�§Ý� 25 ◦C, \1>6
� 50 mA, �¡L¡�Ý©ÙXã 2 ¤«. �
©
Û�¡L¡�Ý©Ù�¹, Ú\�Ýþ!Ý���
«m�½Â:

∆L+ =
���Ý�(L1, L2, L3, · · · , Ln) − ²þ�Ý�(L1, L2, L3, · · · , Ln)

²þ�Ý�(L1, L2, L3, · · · , Ln)
× 100%, (13)

∆L− =
���Ý�(L1, L2, L3, · · · , Ln) − ²þ�Ý�(L1, L2, L3, · · · , Ln)

²þ�Ý�(L1, L2, L3, · · · , Ln)
× 100%. (14)

� � � � � � �� � � � � � �� � � � � � �� � � � � � �� � � � � � �� � � � � � 	� � � � � � 	� � � � � � 	� � � � � � 	�
 � � �
 �� � 
 � � � � � � � � � � � �
� � � �

ã 2 �¡L¡�Ý©ÙÓ+ã

e��«m����, K`²�Ýþ!Ý��.
3�¡>4�mÀ� 5 �ØÓ �ÿÁ:, �Ýþ
!Ý��«m� [6.63%, −9.34%]. du7á>4
��ß1Ç$, L¡�Ý$, 3ã 2 ¥��Ùw�
>4L¡±9Å�NC�Ý�V, Ù¦«�á��
ß1Çp�>6*Ð�±9��z7�o�, ÙL
¡�Ý²wpu>4«�, ,
ÛÜ«��Ý�É
¬N�þ!L¡/m!:"�Ï��K�. �X\
1>6C�, �¡L¡>6*Ð�AÒ��²w,
Ïd��ÿì��\1>6� 900 mA �, ÙL¡
§Ý©ÙXã 3 ¤«. 3 n .>4Å�NC�§Ý
�p, 
 p .>4Å��§Ý�$, `²3�>6
5\^�e�¡�>6*Ð¿Øþ!.

>6d p >46� n >4, 3 p >4«�>�
§Ý�$, �Ýp. 
3Ù¦«�du>6©Ñ/
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6� n >4«�, ¦�T«�>6�Ý��, �Ý
�$. ����>4(��ì�3ó�L§¥, n >
4Å�NC>6�Ý�p, �X>6O�, T«�
§Ýþ,ÌÝpuÙ¦«�, ¦TÜ©k
«�Ë
�EÜO\, �§Ý,p��½ê��, N´��
ì���. �;�>6P@¯K, �©�¬æ^�
�G>4(�, ì��Ï>6�, >6l p >4þ
ØÓ:U�g��>6´»6� n >4½Å�«
�, ù����Ý/¢y>6*Ð, �¡L¡�Ý
©Ù�\þ!, ;�
Ï>6P@¯K
�)Lõ
9þ, K�ì��~ó�.� �

线� �
线

�� � � � � � � � �� � � �	 � � �
 � � �� � � �� 	 � � � �
ã 3 �¡L¡§Ý©Ù«¿ã

�
`²§Ý��Ý©Ù�m�3;�'X,
3ÿÁ�¡ p >4Å�>�À�ü^�ã (Xã 2
Úã 3 ¤«), ü^�ãþ�ÝCzª³Xã 4 ¤
«, �Ý�X� p >4målO\
~f, �§Ý
©ÙCzª³��. dd�`²�â�¡�ÝC
zª³����O>6*Ð5U�k�Ãã. �
X\1>6O�, >6*Ð5U�`�ò��N
y, ÏdÏLUC\1>6��, ½5?ØØÓ>
6é�Ýþ!5K�. Xã 5 Úã 6 ¤«�\1
ØÓ>6eü^�ãþ�ÝÚ§Ý©Ù. �©¥
�¡L¡§Ý��Ý�m�'X� Gärditz � [15]

¤���(ØÄ�ÎÜ. lã 6 ���X>6,
p, du>6P@
¦9þà8, §ÝFÝC�. �
9�§Ý� 80 ◦C, \1>6� 50 mA �, du>
6�Ý�, *Ð5�Ð, 2# ��Ýþ!Ý��«m
� [5.01%,−13.1%]. 
�\1>6,p� 100 mA
�, >6�ÝO�, §ÝFÝC�, �Ýþ!Ý��
«m*�� [6.04%,−14.7%], �Ý��«m���
�, K`²�Ýþ!Ý��. �X>6O�, p >4
>��Ý©Ù��C�. ÏLUC�ÿì�9�§
Ý, *	�Ýþ!5�Cz�¹, ¢�(JXã 7
¤«. lã 7 �*	�, �X9�§Ý,p, ü^

�ãþ�Ýþ!ÝC�. �\1>6� 50 mA!
9�§Ý� 25 ◦C �, 2# ��Ýþ!Ý��«m
� [0.44%,−8.84%], �Ý��«m� 9.29%. >6
�±ØC, ò9�§Ý,p� 80 ◦C, �Ýþ!Ý
��«mK� [6.01%,−13.1%], �Ýþ!Ý��
� 19.1%. du>6�ÝP@���¡ÛÜ«�9
þæÈ, Sþf�Çü$, �Ë�EÜ�^Or, �
�ÄÑ1fê8, Ïd�¡�)�9þ´K��Ý
©Ù�­�Ï���. ÏL(Ü�¡L¡�Ý�§
Ý©Ù�ÿÁ, ��`z>4(�!Uõ>6*Ð
5UJø�«½5�½�â.

� � � � � � � � � � � � �� � �� � �� � �� � � � 	� 	 
 � � �
 ��� �� ����
ã 4 �¡L¡ØÓ«���ÝCzª³

� � � � � � � � � � � � �� � �� � �� � �� � �� � �� � � � � 	 
 � � �� � 	 
 � � �� � 	 � � � � �� � 	 � � � � �
 � � �� ��� �� ����
ã 5 \1ØÓ>6eü^�ã��ÝCzª³

K��¡§Ý�Ï�Ì�k¬�Ñ�Ú>l
,�Ñ�ü«Ån [16]. �©�â16fDÑÅn,
)º§Ýé�Ýþ!5K���U�Ï. eÑ�Å
n±>l,�Ñ��Ì, §Ý,p, 16f[£Ç
��,p. e¬�Ñ�ÓâÌ��^, ��X§Ý
,p
\ì, d�[£Ç�§Ý,p
ü$. �ÿ
�¬� p . GaN ��ÉÌßÝ' n . GaN ���
ÌßÝp, Ïd p . GaN ��Ñ�¥%ê�p, >
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� � � ��� � � � � � � � � � � � 	 �
 � � �
 � � �
 � � �
 	 � �
 � � �
 � � � � 
 � � � � �� 
 � � � � � � 
 � � � � � �� 
 � � � � � �
ã 6 \1ØÓ>6eü^�ã�§ÝCzª³

� ��� � � � � � � � �	 �	 �	 �	 �	 �� � � 
 � � � 
 �	 
 � � � 
 �
ã 7 3ØÓ9�§Ýeü^�ã�Ýþ!Ý��C
zª³

l,�Ñ��^�r. Ïd� n . GaN ��', p

. GaN ��[£Ç�§Ý,p
ü$�ÌÝ�ú.
�â>{Ç�16f[£Ç¤�''X, �X§Ý
,p p . GaN ��>{Çü$ÌÝ' n . GaN �
�>{Ç�, �¦>6*Ð�Ý~á, >6P@¯
K��²w. Xã 7 ¤«, �X9�§Ý�,p, �
Ý��«m��C�, K`²�Ýþ!ÝC�, ¢
�(J�©Û��ÏÄ�ÎÜ.

5 ( Ø

�©Äu>6ëY�§!î0½Æ9½5n
�96D��.ïÄ LED �¡�>6�Ý©Ù!
9þ!§Ý�m��p��'X, ÏL(Ü GaN Ä
71 LED �¡L¡�Ý�§Ý©ÙÿÁ, ©Û

§Ý!�Ý©ÙÚ>6�Ý�m�'X, �`z>
4(�!Uõ>6*Ð5UJø�«½5�½�
â. ?Ø
 GaN Ä71 LED �>6�Ý*Ð�A
�L¡�Ý©Ù�'X, (JL²>6�ÝÚ>6
k�*Ð�Ýé�Ý©Ùké�K�. �¡L¡�
Ý�X� p .>4ålO\
~f, �Ý�X§Ý
,p
ü$. |^16fDÑÅn�½5©Û, ?
�Ú`²§Ýé�Ýþ!5�K�, ¿ÏL¢�`
²ÙnØ©Û��15. Uõ>4(����Jp
>6*Ð�A±9�Ýþ!5��{��, éJp
�õÇ LED ��5äk­��^.
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Abstract

In this paper, we study the relationship among current density distribution, heat and temperature based on current continuity

equation, ohm law and three-dimensional heat transfer model. The relationship between luminance distribution and current spreading

of GaN blue light emitting diode (LED) is studied. Luminance distribution is proved to be an effective method of distinguishing the

performance of current spreading. Because of the close relationship among temperature, luminance distribution and current density,

a qualitative method of optimizing electrode structure and current spreading is proposed. With different currents and heat sink tem-

peratures, the current non-uniformity and the luminance distribution of LED are analyzed. Temperature or current density crowding

results in heat accumulation, increase of non-radiative recombination and the restriction of the emitting photons, hence thermal flux

is an important factor influencing the luminance distribution. Through carrier transport mechanism, the reason for the temperature

influence on luminance distribution is explained. Optimized contact electrode structure can improve current spreading and luminance

uniformity, also considerably increase the reliability of high power LED.
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