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LED  Î*~ V� Jê��

fFöÁÇ÷VÁ�WÒ†

ÏÎ&�v *¶��"

Ö 305-764 &*7�� FW� §ÿ 220

(2002j 2ú 28¢ Ar, 2002j 7ú 18¢ >;� Ar)

LED Î*~ V� Jê��j B�~&
. JêB LED Î*ö ÒÏB reflecting cup" 2®º ­­~ Jê æ>ö ~~�

·� ;��~ Î·~ æz& &Ë~
º ßûj <º
. Monte Carlo V»j �Ï~� JêB Î*¢ �C� Ö" 
·
� wÏª¢öB º�>º z NZßWj ¶£² �*� > ®rj {�� > ®î
.
"BÚ : LED lamp, reflecting cup, LED lens, far-field beam pattern.

I. B �

&�7 '�~ B7
�J�(light-emitting diode: LED)º

"� �^Ï 6º ��Ï ²¶�B ô� ÒÏ>Úzæò, �

" 
Ú � CV& �² Ã&B �>ê(highbrightness) LED

& �Ë�ö V¢ j�² ¢> �«ª¢ræê ÒÏ>Vö �

�&
. *Ò LED~ �ÂKzf �ÎNz¢ Ï�� ·î~

Ö;WË 5 � ��BBö &� �B� ��& ê¯Nö V

¢,[1-4] �b� �>ê LEDº z ôf wÏª¢öB W��j

6ê'b� &Ú� ¾. ©b� .GB
.

¢>'b� LED~ Î*~ wÏö ®ÚB 7º� æ>�º

7ÂK" �þ öÏË(far-field) z NZ ßWj 
 > ®º�,

� �Fº wÏª¢ö V¢B º�>º z NZ ßW� �¢

æV r^�
. Î*~ z NZ ßW� ß; Ïêö ¦�>æ

á� ãÖ, ²º>º LED Î*~ B>& Ã&~�¾ *K~

¶
� 
æº ^B6� ¾æÆ > ®
. ¢>'b� LED Î

*º, �â 1(a)ö �� :f ?�, �² lead;" �â 1(b)

ö �� ��
Ëj *� SMD;b� �ªB
. SMD;~

LEDÎ*º �Û 3Ü2Ü1.5 mm3 ;ê~ ·f �V¢ ~� ®

º�, "� '« B®Ú¦~ j§f �*çö ¦O>V r^

ö, z NZ ßW� 7º~² �J>æ pº ãÖ& �Û�¢

� � > ®
. �ö j~� lead; LED Î*º '« VV

6º �b~ �¦ö ¦O>Ú, jv' fÒ ÎÚ^ ®º

detector¾ Ò²j &çb� ·ÿ>º ©� �Û�V r^ö,

z NZ ßW� 7º~² �J>Ú¢ò �
. V¢B � ¢^

öBº "� lead;ö 'Ï� &Ë� LED Î*~ V� Jê

��j B�~�¶ �
.

7�' Jê &6öB lead; LED Î*º �â 2ö ��

:f ?� LED �, reflecting cup, LED 2®~ 3B~ º²

òb� *Û® ¾æâ > ®
. LED �f reflecting cup *

ö ¦O>Úæº�, �b�¦V OÂB 7¶
f reflecting

cupb�¦V~ >Ò¢ �~�¾ _f ç7 LED 2®f �V

Ò�~ ê�ö ê�� ê &¦ª �.";j �ö Î* <b

� �^¾&² B
. �r ÂK 7¶
 ''~ �Ú'� ê¯

OËö V¢B LED Î* �F~ öÏË(far-field) z NZ�

;W>² B
. �f ?� LED Î*~ ÿ·öÒº jv' *

�~V r^ö, �Bræ LED Î*~ Jêº Úê'� ��

�
º "� ç&'� �B� Bvö ~�~� ��Úê G�

� ;~
� � > ®
. .¢ 
Ú LED �j 67öb�

&;~� �b�¦V B�>º 7¶
j 7F º'(ray

tracing)Bvj �Ï~� º'~º O»j �Ï~� Î*¢ J

ê� > ®æò, &¦ª~ LED Î*~ ãÖ, �~ �V&

LED lens dome~ �Vö j~� Z�� > ìj öò jî

¢ � ��b�¦V OÂ>º 7¶
~ ê¯OËê 
Ö 
·

~² ª�¢ ~V r^ö, ¢>'b� Jê~ ;{W� �²

ÎÚæ² >Ú 'æ pf �¯OJ¢ Ð² >º ^B6� ®

î
.

� ¢^~ &Ë 7º� Ï�º '«~ wÏª¢öB º�>

º 
·� ;�~ z NZ ßWj �*� > ®º LED Î*

~ Jê��j {ã~º ©�
. �¢ *� &Ë 7º� ";

b�, jv' ²>~ Jêæ>
j *�® �.�b��, 9f

º*ö �ö 
·� Î·b� æz& &Ë� reflecting cup"

2®¢ ê«~&
. 
rb� �
 reflecting cup" 2®
j

LED �" Ö��B Î*¢ �W� ê Monte Carlo V»j

�Ï~� Î*¢ �C~&
. Monte Carlo V»f V�'b�

Ïª® ôf >~ 7¶
j LED �~ �W[ö ªÖ�B �

W�Î ê ''~ 7¶
j Â>(random number)¢ �Ï~�

{�'b� º'~º O»j �Ï~V r^ö, ¢>'b� ;

{W� �ÚÂ ßûj <� ®ÚB �" 
Ú LED � 5 Î

*~ Jêö ô� ÒÏ>� ®
.

II. REFLECTING CUP


B� ÒÏ>º reflecting cupf &¦ª �â 3ö �� :†E-mail: sjlee@cnu.ac.kr
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f ?� 7� ¾Ö öú Î·j ~� ®º�, � �f ¢>'

b� fb� ­² z+>Ú ®V r^ö «ÒB 7¶
~ &

¦ªj >Ò�Ê² B
. LED �~ �� 7öB ß® ,�b

�¦V OÂB 7¶
~ &¦ªf �~ 7� 6º ,�öB

>Ò >Ú ç¦OËb� Ë~V r^ö reflecting cupf z

NZö ç7'� 'Ëj �~º º²¢� � > ®
. ß®

&¦ª~ �>ê LED~ ãÖ, �Û 4B~ ,�b�¦V OÂ

B 7¶
~ >& �~ =�b�¦V OÂB 7¶~ >�


�R ôV r^ö, reflecting cup~ z NZö �~º 'Ëf


Ö �
� � > ®
.

¢>'b� reflecting cupf >ï��~ Î·j cup 7�b

�¦V~ �Ò z~ �>� �*�b�� ;~� > ®º�, �

��öBº reflecting cup~ >ï��j

(1)

0 < z< ch

f ?� æöb� &;~&
. *öB cx(z)f cy(z)º '' �

~ 7�b�¦V~ �Ò zöB~ >ï�� æö~ x 5 yO

Ëb�~ >ãj ~�~�, chº reflecting cup~ ¸�¢ ~

��
. �> cx(z)f cy(z)º reflecting cup~ ,�~ VÞV

f &7� &Nj <º�

cx(z) = cxo+ tan(θx)z

(2)

f ?� ;~~&
. *öB cxof cyoº '' �~ 7� æ

ö~ x5 yOËb� >ãj, θx, θy
+, θy

−º '' xOË, +y

OË, −yOËö &� � ,�~ VÞV 'ê¢ ~��
. ß

V� ò� 6f � ,�~ +yOË, −yOËö &� VÞV '

ê θy
+f θy

−¢ B� �Ò� ãÖ, �â 3(b)f 3(c) ''ö

�� :f ?f j&� ;�~ reflecting cupê áj > ®


º 6�
. �f ?� � ,�� j&�'b� VÞÚ ê �

f ß; OËb� ÞË>º öÏË(far-field) z NZj áº

� �ÏF > ®
.

III. LED  2®

� <b� �^ ¾N 7¶
f ç7 6º >Ò �b�¦V

~ >Ò¢ �ö LED 2®�" �V Ò�~ ê�ö ê��

ê, &¦ª �. ";j �ö <~ �V 7b� �^ ¾&²

B
. 7¶
~ 2®�j �^ ¾N �ê~ ê¯OË~ ª�

º LED 2®~ ��~ �Ú'� Î·ö ~�B Ö;>V r

^ö 2®~ Jêº Î*~ z NZj �«'b� îZÒ ù

º º²¢� � > ®
.

LED2®º �â 4ö ê�'b� �� :f ?� �Û base

f dome~ v ¦ªb� ¾*Ú �'~º ©� ÞÒ~
. �

¢^~ ãÖ, 2®~ baseº >ï��� 7�öB¦V ¸� lb
ræö �ö

x
2

cx
2

z( )
------------+ y

2

cy
2

z( )
------------= 1

cy z( )=
cy

+
z( )=cyo+ θy

+( )tan z when y 0≥

cy
−

z( )=cyo+ θy
−( )tan z when y 0<





�â 1. ¢>'� LED Î* ��. (a) Lead;LED Î* ��,
(b) SMD; LED Î* ��.

�â 2. BnB LED Î* ��. (a) *Ú �V, (b) =� �V.
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(3)

0 <z< lb

f ?� ÿ¢� Î·~ æöj ~� ®º æö; V�b� &

;~&
. *öB lxf lyº '' >ï�� æö~ xf yOË

b�~ >ãj ~��
. 2®~ domef base~ *ö ¹�º

¦ªb� �Û ª~~ radial OËö &� >ç �� profile

�>ö ~� ;~F > ®º�, � ��öBº

(4)

f ?� öÛ ²�ê(ρ, φ, z)� �*B �� profile �>¢ ê

«~&
. �VB ld, ρo(φ), αº '' 2® dome~ base =

�b�¦V~ ¸�, dome 7�öB~ O*' φ OË ãb�

~ >ã, dome profile N>¢ ~��
. 2®~ dome~ 7

x
2

l x
2

-----+ y
2

l y
2

-----= 1

z=lb+l d 1
ρ

ρo φ( )
------------- 

  α
– 

 

�â 3. Reflecting cup~ ��. (a) *Ú �V, (b) =� �V, (c) ,� �V, (d) � ,�~ VÞV.

�â 4. LED 2®~ ��. (a) *Ú �V, (b) ,� �V, (c) =� �V, (d) dome profile.
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�f basef j*® ;�j ��Ú¢ ~º�, �¢ *�Bº

æ> ρo(φ)º

(5)

~ &ê�j ò��¢ò �
.

�â 5º dome profile N> α8ö V� dome~ >ç�

� profile~ ­ &æ .¢ ��"� ®º�, ¢>'b� α&
Ã&�>� dome profile~ ;ç¦*& jò�æ² >Ú «Ò

7ö &� ÷³Î"& ÎÚæ² B
. V¢B α¢ O*'

φ~ ß;� �> ;�� ;~� * ãÖ 
Ö 
·� ;�~

z NZ ßWj <º Î*¢ �*� > ®² B
.

IV. Simulation  Ö"

JêB LED Î*¢ �C~V *� O»b� Monte Carlo

V»j ÒÏ®º�, � V»f V�'b� �� LED �

simulationj *� ÒÏB : ®
. � ��öBº �æ V�ö

BBB LED � �CÏ *��Îö, �öB ê«B reflecting

cup" 2® ¦ªòj º&®rj C²
. V¢B Monte Carlo

V»~ �Ú'� ÚÏö &�Bº �ÏB ^òj ^�� >

®j ©b� 6�>V r ö̂, �VöBº � V»~ �Ïòj

º£~V� �
. Monte Carlo V»öBº Ñ�� £ 500,000

B ;ê� Ïª® ôf >~ 7¶
j �~ �W[~ * '�

ö �ö ª��B �W�Ê² B
. �VB ßV�ò� 6f

�W[~ ª~~ 6öB~ 7¶~ *' �W &ê& ç¦ *

�~ 7�¦V �Wæ6ræ~ �Òö >jf~ê� �b��

*�~ 7�ö &rÚ æ�¢>� z ôf 7¶
� �W>ê

� ~&
º 6�
. 
rb� �WB 7¶
~ �W�6öB

¦V Î* <b� �^ ¾R rræ~ �Ú'� ê¯";j,

7¶~ Òî ÚöB~ �>*ç, ê�öB~ >Ò 5 �. *

ç �j Â>(random number)¢ �Ï~� {�'b� .G�

b��, º'~² B
. ò¢ 7¶& Î* <b� �^ ¾J²

>�¾ ��¾ Î* ÚöB~ ê¯"; 7ö �>F ãÖ, î

�Ú 7¶
j �~ �W[~ 6 
� æ6öB BN'b�

�W�Î ê ÿ¢� O»b� º'~² B
. îæïb� LED

Î* <b� OÂB Î� 7¶
 ''~ ê¯OËö &� �

�V�¦V LED Î*~ öÏË(far-field) z NZj êÖ~²

B
.

��V simulationö ÒÏB LED Î*~ "º Jê æ>


j ÚÚ�� 
r" ?
: cxo= 10 mm, cyo= 1.0 mm, ch=

0.8 mm, θx= 40o, θy
+ = 40o, θy

− = 40o, lx= 4 mm, ly= 4 mm,

lb= 0.8 mm, α = 4. Jê æ>
ö &� ßê� Þ/� ìº

ãÖ, *~ Jê æ>
f �;B ©b� *"�
.

�â 6f reflecting cup" 2®& B�B, ¯ Z�ãê

(unbounded)~ 2® 
î Úö �Ò~º LED � ¶Úò~

>ï��ö ¾¦� OËö &� öÏË(far-field) 7¶ª� N

Zj ��"� ®
. �f ?f � ¶Úò~ 7¶ª� NZö

&� ;�º reflecting cup" 2®~ &;~ ��¢ Ö;~º

� FÏ~
� � > ®º�, ¢>'b� �~ Î·ö V¢B

ρo
2 φ( ) φ2

cos

l x
2

--------------- φ2
sin

l y
2

--------------+
 
 
 

= 1

�â 5. 2® dome profile N> α 8ö V� LED 2® dome
profile.

�â 6. LED �~ >ï�öB &GB öÏË(far-field) photon distribution pattern. (a) ;O; �, (b) îªÎ �.
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ç�® � N�¢ ��"� ®
. .¢ 
Ú, z® ÒÏ>�

®º ;O; �~ ãÖ, �â 6(a)ö �� :f ?� 7¶
�

Î� OËö &~� ç&'b� ��~² ª�>º� j~�,

�~ >ï��� îªÎ� ãÖöº, �â 6(b)ö �� :f

?� 7¶
� ç&'b� �~ >ï�� îªÎ~ �»OË

ãb� ÷7Nb�� *Ú'b� æö; ;�~ öÏË(far-

field) 7¶ª� NZj ��"� ®
. �f ?f æö ;�~

ÂK 7¶~ ª� NZf >ï OË" >ç OËö &� z

�~ j& ç&'b� �² º�>º oval type~ Î*¢ �

*~º� ¦ z '�� ©b� 6�B
.

�â 7f reflecting cup~ ,� VÞV '~ z NZö �

~º 'Ëj ��"� ®º�, £² .ç>º :f ?� �~

VÞV ' θx, θy& 6²�ö V¢ z �� 6²Nj r >

®
. � ãÖ reflecting cup" 2®~ >ï��� ö;�

circular type~ Î*¢ &;®röê ®�~� >ïOË" >

çOËö &� z NZ� £*~ ÞN¢ ��º�, � �Fº

LED �b�B ;O; ;�~ � &�ö >ï�ö &� ÂK

7¶~ ª�& æö; ;�� "Úæº îªÎ ;�~ �j

&;��B �FB
� � > ®
.

�â 8" �â 9º '' 2® base ̧ � lbf 2® dome

¸� ld& z NZö �~º 'Ëj ��"� ®º�, ��

¾ rJê :f ?�, lbf ld& Ã&�ö V¢ z �� 6²

�
º Ò
j r > ®
. �â 10f 2® dome profile N

> α& z NZö �~º 'Ëj ��"� ®º�, α& Ã

&�ö V¢ z �� {&Nj r > ®
. Dome profile N

> & Ã&~�, �â 5ö �� :f ?�, dome~ ;ç¦*

& jò�æ² >� �ö jf~� 2®öB~ 7¶ö &�

÷³K� ÎÚæ² >Ú z �f {&B
� � > ®
.

�çöBº reflecting cup" 2®~ >ï��� ö;�

circular type~ Î*ö &~� ÚÚ�~æò, �~öBº �"

2®~ >ï��� æö� oval type~ Î*ö &�B ÚÚ�

�â 7. � ,� VÞV 'êö V� öÏË(far-field) z NZ.
(a) θx= θy

+ = θy
− = 50o, (b) θx= θy

+ = θy
− = 30o.

�â 8. 2® base ̧ � ö V� öÏË(far-field) z NZ. (a)
lb= 0.5 mm, (b) lb= 1.5 mm.

�â 9. 2® dome ̧ � lbö V� öÏË(far-field) z NZ.
(a) ld= 1.0 mm, (b) ld= 1.5 mm.
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V� �
. ¢>'b� oval type~ Î*º >ïOËö &�

z �� >çOËö &� z ��
 �R � ßWj <� ®

V r^ö, K�Ï *76 �öB "� ÒÏB
. �B ræº

oval type~ Î*~ ãÖ ;O; ;�~ �� "� ÒÏ>Ú

zæò, >ïOË" >çOËö &� z �~ j¢ ¦z F�

~² �.~º �º ÂK 7¶ö &� ª� NZ� æö; ;

�� "òæº îªÎ ;�~ �� �6j <� ®º ©b�

6�B
. Oval type~ Î*ö îªÎ ;�~ �j �Ï� ã

Ö, reflecting cup" LED �~ LED 2®ö &� ç&'�

rotationö V¢ ôf ��
� &Ë~² >º�, �
 7~ ­

­~ .ö &� z NZ ßWj ¾æÚ� �â 11-13ö ��

:f ?
. Oval type~ Î*~ ãÖ 2®~ Jê æ>º lx=

5 mm, ly= 3 mm, lb= 0.8 mmb� �;~&
.

�â 11f reflecting cup~ ,�� 2®~ >ï�� æö~

Ë»OËöB ç&'b� z *ò®º(θx= 50o, θy
+ = θy

− = 30o)

æö; ;�~ �j ÒÏ� ãÖ~ z NZ ßWj ��"�

®
. � ãÖ~ ßV� ò� Ò�f, �~ ,�� 2®~ >

ï�� æö~ Ë»OËöB z *ò ®V r^ö >ïOËö

&� z �� �² {&F ©�¢º ç&'� .ç"º �Ò,

>ïOËö &� z �� ç&'b� §² ¾æ¾� ®
º

6�¢� � > ®
. �f ?f ö�f, æö;~ reflecting

cupöB ,�~ VÞV¢ Ú¶ ß; OËö &~� ·² �

ãÖ, � OËöB �~ ,�� z ;² >æò ÿ�ö � ,

�~ O*' OËö &� ��� �² Ã&~² >Ú �¦'

b� JÏ(concave)� '�� ¾æ¾º �B dj > ®
. .

¢ 
Ú �â 11ö ��B reflecting cup~ ãÖ, r'b�

��B JÏ� '�� 2®~ >ï�� æö~ Ë»OËöB

9² ¾æ¾² >Ú 7¶
ö &� ÷³Î"& ç&'b� ;

~² ¾æ¾² B
. � Ö" 2®~ >ï�� æö~ Ë»O

Ëö &� ÷³Î"& 2®f �öB B� çê~º OËb�

·Ï~² >Ú >ïOËö &� z �� .ç"º 
�² ç

&'b� »²B
.

�â 12º �~ ,�~ JÏ� '�� 2®~ >ï�� æ

ö~ Ë»OËöB ¾æ¾º ©j ïV *~�, reflecting cup

7�j æö;b� F�~�(cxo= 0.8 mm, cyo= 1.2 mm) jÞ

� � 7� æö~ Ë»OËj 2®~ >ï�� æö~ Ë»

�â 10.2® dome profile N> 8ö V� öÏË(far-field)
z NZ. (a) α = 1.5, (b) α = 4.0.

�â 11. Oval type Î*~ öÏË(far-field) z NZ(ö; 7�j
<º æö; �) (cxo= cyo= 1.0 mm, θx= .50o, θy+ = 50o,
θy

+ = θy
− = 30o).

�â 12. Oval type Î*~ öÏË(far-field) z NZ(æö; 7�j
<º æö; �). (cxo= cyo= 1.0 mm, θx= 50o, θy

+ = θy
−

= 30o).
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OË" çv �Î ãÖ¢ ��"� ®
. � ãÖ 2®~ >

ï�� æö~ Ë»OËöB �~ ,�ö JÏ� '�� �~

Ò¢î öò jî¢ � OËöB �~ ,�� z ;² B
.

� Ö" >ïOËö &� ÷³Î"& cup" 2®öB ÿ�ö

ÎÚæ² >Ú, >ïOËö &� z �� �â 11~ ãÖö

j~� �² {&B
.

�â 13f, �â 12~ ãÖöB, �æ LED �~ Ë~º O

Ëòj ²* �Î ãÖ�B, � ãÖ >ïOËö &� z �

� �â 12~ ãÖö j~� £* 6²�j r > ®
. �

ö�f, �â 13~ ãÖ, 7¶ö &� ÷³Î"& 'f 2®

~ >ï�� æö~ Ë»OËb� OÂ>º 7¶~ >& �â

12~ ãÖö j~� ç&'b� 6²>V r^�¢� � >

®
.

�â 14º LED Î* B>~ Jê æ>
j ÿ�ö æz�

B áf ß>� ;�~ öÏË(far-field) z NZ~ .
j �

�"� ®
. �â 14(a)º j&�b� VÞÚê ã�(θy
+ =

30o, θy
− = 50o)j <º reflecting cupj �Ï� ãÖ�B, >

ïOË" >çOËö &� z �~ N�& �² Æ öò jî

¢, >çOËö &� z NZ� ¢;� 'ê� VÞÚ^ ®r

j ��"� ®
. �â 14(b)º º&'b� dome profile~

N> α& O*' φ = 0of φ = 180o "¾öB peak 8j <

² � ãÖ�B, >ïOËö &� z NZ�double-lobed ;�

¢ �~� ®rj ��"� ®
. �â 14ö �� :f ?f

ß>� ;�~ z NZj <º LED Î*º J~Ë²& æ�

b�¦V ç&'b� ¸b� ÿ�ö 
Ö 9f �¢'� º�

>º *76 �öB ÒÏF > ®j ©b� V&B
.

V. Ö �

LED Î*~ V� Jê��j B�~&
. BnB reflecting

cup" 2®& <º ßûf ­­~ Jêæ>
ö ~� jv'

9f º*ö �öB � Î·� 
·~² æzF > ®
º 6

�
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Fundamentals of light-emitting diode lamp design
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The fundamentals of light-emitting diode lamp design are presented. The shapes of the reflecting cup and lens employed in
LED lamps can be flexibly adjusted, over a relatively large range, by using a few parameters. The analysis of the designed lamps
by Monte Carlo photon simulation shows that diverse far-field beam patterns required in various application areas can be
achieved.
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