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Figure 1. Single Stage Integrated LED Driver (Type 1)

��� ������	�
 ���
� ������	���

�� ���� �� �	
�����
 
����� �


�
��	 ��	������	����� ��� �		��

������ �		�� ��

��	������	�����

�
��

��

����

Figure 2. Two-Stage LED Driver with Single Front-End Converter (LED Power Supply) – Type 2
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Figure 3. Traditional Two Stage Approach for High−Efficiency LED Driver
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Figure 4. Simplified Control Scheme Offered by NCL30051
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��Xq�W�'���LED��H�350 mA� 
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G�ÊË�$��90~305 Vac!#'��)�
��Xq������	,-$��'���
�	�dXqSÔÕG���
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��&
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µG�NCL30051��	�$>?@A2BC<�
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���Ê
) -$Y�DSc�Vbulk��n�£�Ö) -�
��

Vbulk�min � Vin�max(rms) � 2� (eq. 9)

��£��[265,305]Vac�Vin−max!�	�$��
[375, 431] Vdc�Vbulk−min�× -���&$���
Õ2ª<��)$��'��$¸�
-Ý-�380 V
��|435 V!#'�����Ê)=��PFC���
Y!Ys�$@y?0�Ø¦G�S�Equation 9�Ö
) -$D�o0U�d�'�Ö!ÞS�,�J¬
,#���!�+G�����°H,-(;`<�
d�Ë2U!��$Ù!@y?0¸��n!�}�
$�	!0�&$���À[���Ù!@y?0�
C��;`<�d�0�ßÓG�� 45°m�Ú��
�gG�G(�H��p��������È28:
��®��Equation 9�Ö) -$Vbulk�'�Ö!
�G� ¡,-���

Figure 5. Relationship Between PFC Output Ripple and Input Voltage
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<:.<n� �PFC���d!�G�
R#M]
�Ø¦,-�\b�G�_��oyU.<n�
DC−DC8l2ª�¸	� ���������PFC
���d�Equation 9�'�G(¸!�G���D0
Q�!.�¸�O
���HBR8l2ª�ÈÉ�)

��M]!�Ó����h��¤�$9+�&$�
Vbulk�&$���M]�YsG���
�ij��
hÕ2ª<�à���Vbulk−min�'<15%�"#$
�	!�Vbulk−max�¸�'��$9+�&'���

Vbulk�max � Vbulk�min � 1.15 (eq. 10)

á�8ly?�=�G(2X��dXq!�Â�$
Vbulk−max�hÁ¸��[437, 500] Vdc���
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Vbulk−max�¸�����PFCVUBC<!&$�
Å��³+�Â!��$8:98h9u0�Ã�G
���500 V (305 Vac�Vin−max!�Â)�1T�600 V
�s�©o`8(FET�È28:hz`52n)��
15%���$Õ2ª<��	�R���9u0�©
792l7<�����	#>?@A2BC<�1
*��p-%����(µG�o0UhP<©<º
��s�ÊË�$9+�&'����- �>?@
A2BC<�DSL�0#â@¹2BC<���'
c��s(300/400 V)�P<©<º�I}!y�T3
\$�����D
265 V�>?@A2BC<���
�Q�450 V�sP<©<º��	�$��Õ2ª<
�ÛOG���p-%����NCL30051����
�d9u0�¸)$�	!�h,-�����

8ly?6> o0UhP<©<º��h
o0UhP<©<º��h��Vbulk−max�'�Ö
!�����[Ü����G��o0UhP<©<
º��d�s��Vbulk−max��n�£�Ö) -$
Ë2Uh±2hË2Uh@y?0�d�K��EG
(¸���H��$9+�&'���

Vripp(p�p) �
Po

(2 � � � f) � Vbulk�max � Cbulk

(eq. 11)

�:ã�������1 W!XR�<1 �F���P
<©<º��	G������:ã��	G���
>?@A2BC<�47 �F�P<©<º�'��$
��[437, 500] V�Vbulk−max!�Â�$Ë2Uh±2
hË2U�@y?0�G�[7.8, 8.8] V�× -�
����@y?0�HBRP<o2�!�H�$Ý
G�
�ij�6f<:.<n�LED�����!
��$��Â�$@y?0�× -���HBR��
h�Þ3H(m�o0UhP<©<º��h�MÅ
G������96�@y?0v½�f(�9+�
&'���o0UhP<©<º�rms�H�[1]!¾
8,-��'�'�G(P<©<º�����#G
����H�¤¤�R$�	!hÁ�$9+�&'
���á�8ly?�=�G(�	!�Vbulk−max�
¸���1T���d�s��'c�2��P<©
<º(100 �F�300 V)�2�I}J{�$���ß�G
"�
�1T�àä¸�G�47 �F�Ö) -���

8ly?7> PFCz`52n��h
��>?f2����PFCz`52n��h!�
G�·G�F"��,-�\b�z`52n��H
0�!7�56!#'�3¨#F�áFG!IHG
#�� ���Ä}G(�h���½�#�hÕ2
ª<�¡H��600 V�I�Jz`52n�'��R
��� 9+#�H�s�n�£�Ö) -���

Id(avg) � Po	Vbulk�min (eq. 12)

L���´�$(�!�c�Vf�9+�&'�3
4�!�H�s���©o`8(Ä}G��$>?@
A2BC<�1T���)*3 A�©o`8�
MURS360)�'��$���� �R���

8ly?8> PFC FET��h
PFC FET��hS�CrM PFC��h��	G(�
t0#(-!��������S�Ä}G(�!�

�$�d�s!�ÂG��600/650 V�FET�'�
G�½�#©792l7<��ÛO�$����R
���

8ly?9> PFC`<zU���h
PFC`<zU���hS�CrM PFC!��$>?
@A2BC<�=�[2]��	G(�h(-!���
��æfUf8b�(Zero Crossing Detection, ZCD)�
�	(�!�PFC`<zU�����â��9+�
��

8ly?10> PFC��ãS��h
Iá�3X��h8ly?�E½���8ly?S
��£�CrMP<:f2;��h!�����
NCL30051�PFCVUBC<�NCP1608!¯��$�
���HV<8�672noyU�ZCD�5<!�
F:#=!�	�$ãS�'���NCP1608>?@
A2BC<hç2:[2]��h(-!�����
NCP1608	��h±20[3]����>?@A2BC
<��	�$ãS��W#¸�'��$(��è-
(��7!#'���

8ly? 11> HBRP<o2��5d��hÁ
HBRP<o2��5d���n�£�Ã�,-�
��

RatioHBR �
Vbulk�min � Effconv

Vdc�bus

(eq. 13)

����Effconv�HBRP<o2��MNL��&
'�1*�>0.95����-��8`y�<��Kä
�i�åg+[!�$©¹2l7hº`U0�ÈÉ
�=�G���Ä}G��$����Vbulk−min�
[380, 435] �1T�HBR��[7.22, 8.26]!#'���
G�_02?!�'�EL���(�Æ�,-$M
NL��D���#�1T�Vdc−bus� ¡�$�	
!Vbulk���(�²!�°,-���

Vdc−bus���@y?0��(Equation 10�Ö) -
$)o0U�d@y?0�HBR��éH(¸!àG"
#'����`?2�LED��>?@A2BC<�
��2n��DC−DC LEDn;`o!�H�9+#ê
yn02m�Äa�$���D��d�½�#¸�
&$"'���@y?0�
-¿=�+��&'�
\b�

8ly?12> HBR:;<8��h
e26È@yª �P<o2��:;<8�h�
�á�8ly?�hÁG(5d�!�Ó��E�G
���:;<8�â����(e26È@yªhP<
o2��Kº`U0~�!p��d�K�!5d�
$��)HBR��2�é$���,�,-���G(
�H��2X�����:;<8�â���
[3.61, 4.13]!#'���EL�:;<8�h�1
*�ëá?fV8�&'�MæNì�Oç�$(�
!�Z��Mæ!�G�1n��2n��9+#â�
d�'�G���
�m��H9u0!�Ó��9
+#â�º`Ç�Ã�G��	%�#â�Xq!

- �â����$���Û0G���

HBR:;<8�1T�O_`<zU�<8(Lm)�
�|@2Uh`<zU�<8(Llk)��( ��æf�



AND9041/D

http://onsemi.com
8

d8`y�<��EF�$)�H]^!�H��
#
¼é�è¶$�
*!�+#°;M2����(µ
G���£�>?f2���1*�â�()�� 
�R$�Å��@2Uh`<zU�<8�ÊËG�
20����� �R$�	! ��<U(X�'�
 �P<©<º)��'�����hG���O_`
<zU�<8�$�,\$(�!�Mæ��P�M
Å�$5?BC<�&'�E:��°�$����
R�����>?f2��:;<8��2,�")
$����R�NCL30051�>?@A2BC<��

*!�W!²�G���HBR8l2ª�»qdM
��YsG#�� ���

8ly?13> HBR ����]^
 �»qd�]^�$LLC �P<o2�!��
D��EMI���|D��L���	«7�&'�
�[4]����2n�]^�$(�!�I}� ��
<U� �»qd!T3\�8`y�<�»qd�
É��$9+�&'�����»qd��n�£�
Ö) -���

fs �
1

2 � � � Lilk � Cr
� (eq. 14)

��£��@2Uh`<zU�<8�¸�½��
,"�?��� �`<zU��9+�G#���
�Æ�G�����
 ��<U��é� �]^�� �R$�	
!�NCL30051UfyU!�H���,-(»qd
�]^�$9+�&'���NCL30051�r��$
UfyU»qdXq��<30 kHz~150 kHz(�Â�$
e26È@yª�UfyU»qdXq�15 kHz~
75 kHz)�&'��Q�P<©<º��	G����
R����)*�35 kHz�e26È@yª»qd�
'�G�����¸��
*!
R� �ãS(L�
(�C)!��$+ê(»qd�
*!c�1T)��
g¶$%������
R�8`y�<�ÈÉ�M
æÈÉ!��$+ê(»qd�
*!��1T)��
!&$��W#ëí7�}G���

Cr�¸��fsw�Llk�Ã�H(m��¾�£� h
Á�R���������Llk�100 �H�&'�Cr�
hÁ¸�0.2 �F!#'��-���p-%�#EL
0#¸���

8ly?14> HBR�FET�'�
HBR8l2ª�FET�'���ì���FET��
d�s�Vbulk−max!àG������Q/0!p(
%�#600/650 V�FET�'��$�����W#©
792l7<��� �R���n�bcw���
�- �FET�Rds/�H�s���HBR:xfª�
���2<5<h8`y�<�ÈÉ�YsG#��
��FET���3�(Coss)�FET�'��í�$��
�&'�\b�G(�H����7���Rds−on�
�,�©o`8�è�,-���(µG��2<5
6ÈÉ�F"�$(�!���:xfª���J#
�2<56!��9+���NCL30051�e26È
@yªhn;`o� ]��(100 mAË2U)�ÊË
G�FET�'��$9+�&'���©2�hB2
:�=�G��$�	!� ]���±_�$9+

�&$1T���¯#©78U@2:hg2:hn
;`o����h!y�QÎ����R���

8ly?15> HBR�°H��'�
HBR:xfª¦���°H���V<�2h�y
?£�Kq°H�2n�]^G���`<zU��
Ys\4�r©o`8����d�2�!3(H�
ª �Ë2U�s!��$��Ø¦G������
���150 V�s�BCy:Ã°H��D´�5?B
C<�ÄaG����- �°H��Vf�c"�F
�áFG��gG#�� ����- �©o`8
��H�s��:xfª� ���	�R!�H�
Ö) -$½�#Õ2ª<Sà��Iout���$9+
�&'���5 A�(�10 A�s�©o`8����
>?@A2BC<!
*!�G����� 

8ly?16> HBR��P<©<º�'�
HBR�����P<©<º��
R#Ë2U�H
�@y?0�H(���
�Eà�6îï2nhP<
o2�������$
R,)!IHG���Y�`
<zU��Lj#G����P<©<º�:;<8
¦� ��H�670��$9+�&$� ���

�ij��W#�d�s�f(G�ESR�
*!
�,"�@y?0�H�s�
R�P<©<º�'
��$����+���P<©<º!��$EL�
�d@y?0�
-¿=�+��&'�\b��P
<©<º�'����W#1T�
R�@y?0�
H�ÈÉ�ª¹�B���|-N�6î!X#�'
���

8ly?17> CV	�672noyUh02?��
h

LED���672noyUh02?���d67
2noyU��!�Ó�������-��672
noyU�é�TL431�RCvð/y:ï2U�àÎ
«¬#ãS��	G��«�!E¢�R���vð
,-(jk(SÓjk)�1*�5?:�?;��	
G�1n�!ñ�,-���

8ly?18> 2n��F:jk�PFC672noy
Ujk�T 

NCL30051��ª�F:=)!�'�SÓjk�
PFC02?!aK�$������d�F:�R�

-!Â¶�o0U�d��°,-���1n��
����SÓjk��FORJ{,-(z`52n�
1¶�NCL30051�PcontrolË<!aK,-���
PcontrolË<!S�PFC.;2h><?!�H�g 
,-$©6î0:�SÓjk�&'����- 2
X�jk�	
�,�=�´@0!#'�����
�VUBC<�=�G(PFCÈfyU�É�5<!
�����R$�	!#'���'�,-��$E
¢���NCL30051�PFC.;2h><?����d
�D
¸����$����(�����!�Ó�
��2n��672noyU� ���d�D
¸
�c"F:�R$���20�G�l �$9+�
&'���
�¾�8ly?��ï0#=)��	�$���
h»�NCL30051��	G���`?2�LEDn;`
o��	�$6f<:.<n���34!�h�R
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�����9u0�Tð�4#0#:xfª!�
'���>?@A2BC<!�H�
*!�rñ�

*!L����â@¹2BC<�EF�R���
(µG��h� ò,\�D�_�U��$!��
Z���h!T3\��>?@A2BC<É��:
92n56�òX���9+�&'�����7!
�G��¾�8ly?��h�ó`z<8�(�ó
y��Äa�$!�ô�\b�
:92n56��h�'�Ö���`?1�LEDn
;`oh>?@A2BC<�NCL30051��	�$
1T!��'Ã�0#¼é�j(G���

NCL30051�����!�"1�LED
��
���()
�`?1�LEDn;`o��NCL30051��h>?
f2���'yÎ9+�&$2X���0#���
ô������

1. LED�-=­�d�M]!/[�$���d
�M]��­28l2ª�DC−DCP<o2�
!�H�oy6õ,-$���#"�AC−DC
LEDn;`o!�H�IJØ¦,-���

�ij��'W��dXq!�Â�$9+
�g¶�Vo−ratio�, !�"#'���

2.�`?2�6f<:.<n�E½���F:
��dF:��#"�LED)��+ê�$�
�T0#��H��d(Constant  Current/
Constant Voltage�CCCV)F:!#'���

Í²��h(-���`?1�n;`o!�	,-
���[«�!�$(�!��`?2�>?f2��
õöG(�Å��8ly?�ö'VG�2X�(-
��� 1���}G���]

8ly?1> )��+��	Ñ h[�`?2�E¶]
DÌ�8ly?��)��Z��¤|�$���
�� n�^��<[G���

• �	�$LED�	Ñ

• LED� ]�$�H

• 96�02M<���� �$(�!�	�$I
}−�}LED>9`��`?

�¾�¿Ò!�Ó���)���d��|�HZ
���'�����Z�_G�n;`o��h��
�$����R���
Í²!1X���}G����h8ly?�}�(
�!����h(-��������	G����

• �	�$LED> OSRAM Golden DRAGON Plus LW
W5AM�A�LED�

• LED~�� ]�H> 350 mA[z>
�- �LED��100 mA~1 A�Xq!&$=��
H¸�S ]�R����r��]^x`<:�
350 mA���] 

• LED8:@<�>
��>?@A2BC<���(m=)38:@<��
LED��}!@ÀG�r8:@<�!(n=)12��
LED�I}!@ÀG(>9`�'�G�G(�

ij�G��LEDn;`o�Th���H(Iout)
��1.05 A (3 × 0.35 A)!#'���

Iout � m � ILED (eq. 15)

8ly?2> n;`o����dXq[�`?2!�
Å�6î]

LED�
- � ]�H�8:@<��@À�'
�G(m�n�8ly?�n;`o����dXq
�hÁ�$�����LED�v½!�ÓR�'�G
( ]�H!�Â�$�'�G(LED�¸[VFmin�
VFnom���|VFmax]�Ã�G���Ä}G(��
�� ]�H�350 mA�1T��- �¸�[2.7�
3.2���|3.7] V���G(�H��Vstring [min�
nominal���|max]�¸��[n*VFmin�n*VFnom�
��|n*VFmax]�X�'[32.4�38.4���|44.4] V
!#'���
�ij�n;`o�D
�d�D�
�d��44.4 V��|32.4 V!#'����- �¸
��350 mA��	A0#LED ]�H!�Ó"S�
���>¨f��D��	�$1T���'W�X
q�VF¸��	�R����
�1T�n;`o�
��Xq�W�'���LED��H�350 mA� 
50 mA!$��$�(10:1�Xq�²�$)�Vf�<
10~15%c²G���, !VF���ÔYS&
'����25°C� 100°C!���$��Vf�¸�
<0.25 Vc²G����- �Å��+[!�Ó
R��¾�hÁ¸!�Å��Vout�Xq�34�!
W�$9+�&'���������Vout�Xq�
(Vo−min=) 31.4~(Vo−max=) 44.4 V!MÅG���
Vo−ratio��hÁ!�'�(44.4/31.4 = 1.41)!#'�
��

Vstring�max � n � VFmax (eq. 16)

Vstring�min � n � VFmin (eq. 17)

Vo�max � Vstring�max (eq. 18)

Vo�min � Vstring�min � Vmargin (eq. 19)

Vo�ratio �
Vo�max

Vo�min

(eq. 20)

8ly?3> LEDn;`o����s[�`?2!�
¯]
n�8ly?��Vo−max��|Iout�hÁ¸!�Ó
R�n;`o����s�hÁ�$�����

Po � Iout � Vo�max (eq. 21)

���������s�44.4 × 1.05 = 46.6 W�&
'��`?2����hÁG(¸�'�,"#H�
������ÈÉ��hÕ2ª<�ÊË!p-$
��6f<:.<n(p�È@yª�PFC��)��

�
R#��������50~55 W�G��h�$
9+�&'��� 

8ly?4> p��dXq�PFC����d(D�)�
'�[�`?2�E¶]
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n�8ly?���¾�¿Ò!�Ó��p��d
Xq�	ÑG�PFC���d�hÌ���$���
��1*�LEDn;`o�n�4X�p��d���
�4-��]^�$�	!�hG���

1.�Q(c)�dXq(85~135 Vac)
h��¸��Ø�+>x#=�Q�Ù¤0X
q�¡XÍ1!�	�R���

2.�Q(�)�dXq(170~265 Vac)
h��¸��220/230 Vac�;`<��	�$
�ÎÏ�Y����|
�i�ÙZ!�	�
R���

3.Ð	p�Xq(85~265 Vac)
h��Xq����Y�& ¥$ÙZ!T3
\��h��t_�$20��	G���

4. 2X��dXq(115 Vac�ÚÑ	��277 Vac�
��/Ò�	��>?@A2BC<
hXq8`y�#G��Qn;`o!�G�
�ij�G�g¶$Xq��ÛÓ�+[�G
�ÊË�$��90~305 Vac!#'��)�
��Xq������	,-$��'���
�	�dXqSÔÕG���

���Q�dXq(�¾�1�(�2)!�'�n;
`o�E¢�34!�R���c��dXq��	
�$��n;`o��Å��8l2ª�9+�,-
$�d�c²G����dXq��	�$��¤¤
G�	��$�H�9u0�c²G�������
���QXq�c�d³��(85~135 Vac)��	
G��h(-�}G���
D
p�AC�d����>?@A2BC<�PFC
���d�D�¸(Vbulk)�Ã��$�!¼�
�
��(µG�NCL30051��	�$>?@A2BC
<�����o@.2BC<!�Ó��Vbulk�Xq
�W"#$%���&'�D��d�G��Ê) 
-$Y�DSc�Vbulk���7!�$�¼�
�
��Ê) -$Y�DSc�Vbulk��n�£�Ö)
 -���

Vbulk− min � Vin−max(rms) � 2� (eq. 22)

��£��135 Vac�Vin−max!�	�$��
154 Vdc�Vbulk−min�× -���&$���Õ2ª
<��)$��'��$¸�160 V!#'���

8ly?5> 9+#PFC����dXq�Ã�[�`
?2!�Å��'
R#��]
n�8ly?�����dXq�+��f(�(
�!�9+#PFC���d�Xq�Û0�$���
��e26È@yª �P<o2��É��d�P
<o2��G�]^�$���D
PFC�d��¯
!�D��d����d����$���Ã�,-
���

Vbulk− max � Vbulk− min � Vo−ratio � 1.10 (eq. 23)

Vbulk−max�hÁ¸��248 Vdc�&'�«�!�$
(�!÷��250 V!G���

Vbulk−max�¸�����PFCVUBC<!&$�
Å��³+�Â!��$8:98h9u0�Ã�G

���250 V (135 Vac�Vin−max!�Â)�1T�
300 V�(�
-���$�s�©o`8(FET�È
28:hz`52n)��<16.7%�Õ2ª<��	
�R���%	��aK��!��$�#����
$20���-�'���d�FET�'��$��
S�R���250 V���$�s���W#©792
l7<�!�Â�R$�'Q/0#P<©<º�%
350 V�s��&�¾�hÁ��LED�VF�s�H�
���G!G��$��!z'G�"µ,�� >¨
f��D��	�$1T��Xq��'W"#'�

�ij�Vbulk−max�¸�, !�"#'���

8ly?6> o0UhP<©<º��h[�`?2!
�¯]
o0UhP<©<º��h��Vbulk−max�'�Ö
!�����[Ü����G��o0UhP<©<
º��d�s��Vbulk−max��n�£�Ö) -$
Ë2Uh±2hË2Uh@y?0�d�K��EG
(¸���H��$9+�&'��� 

Vripp(p�p) �
Po

(2 � � � f) � Vbulk�max � Cbulk

(eq. 24)

�:ã�������1 W!XR�<1 �F���P
<©<º��	G������:ã��	G���
>?@A2BC<� 47 �F�P<©<º�'��$
��257 V�Vbulk−max!�Â�$Ë2Uh±2hË2
U�@y?0�G�12.4 V�× -�����@y
?0�HBRP<o2�!�H�$ÝG�
�ij�
LEDn;`o���!��$��Â�$@y?0�
× -���HBR��h�Þ3H(m�o0UhP
<©<º��h�MÅG������96�@y?
0v½�f(�9+�&'���o0UhP<©<
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(eq. 26)
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