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Table 1. PRODUCT MATRIX

Product Package Thermal Foldback Analog/Digital Dimming 5 Step LOG Dimming

NCL30080A/B TSOP6 No No No

NCL30081A/B TSOP6 No No Yes

NCL30082A/B Micro-8 Yes Yes No

NCL30083A/B Micro-8 Yes Soft-start Yes
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Figure 1. Fly-back Currents and Auxiliary Winding Voltage in DCM Figure 2. Fly-back Converter
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Figure 3. Current Sense Voltage Waveform for an Accurate Current Regulation
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Figure 4. Current-sense Pin Figure 5. CS Pin Filter Not Optimized: CS Shape
Differs from Primary Current Shape
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Figure 6. Optimal Filtering of ZCD Pin Voltage
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Table 2. LED DRIVER SPECIFICATION  

Description Symbol Value Units

LED Driver Specification

Minimum Input Voltage Vin,min 85 V rms

Maximum Input Voltage Vin,max 265 V rms

Minimum Output Voltage Vout,min 12 V

Maximum Output Voltage Vout,max 24 V

Output Voltage at which the OVP is Activated Vout(OVP) 28 V

Output Current (Nominal) Iout 0.5 A

Output Rectifier Voltage Drop (Estimated) Vf 0.6 V

Input Voltage for Brown-in Vin(start) 72 Vrms

Start-up Time tstartup ≤ 1.5 s
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Table 2. LED DRIVER SPECIFICATION (continued)

Description UnitsValueSymbol

Other Parameters

Estimated Efficiency � 85 %

Estimated Lump Capacitor Clump 50 pF

Switching Frequency at Pout,max, Vin,min Fsw 45 kHz

Estimated Bulk Voltage Ripple Vripple 30 V

 !"#��$%�&'(�)

Figure 7. Generic Application Schematic
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¹:
¸�§V��\-�Vin,max = 265 V rms�%
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IZCD(max) = −2, + 5 mA

Vaux(high) �
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0.17
0.17

(28 � 0.5) � 28.5V

(eq. 7)

Vaux(low) � �NauxpVin,max 2� � �0.17 
 265 
 2� �

(eq. 8)� �63.7V

RZCD � max� Vaux(high)

IZCD(max�)
,
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	 � max�28.5

5m
,�63.7
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(eq. 9)� max(5.7k, 31.8k) � 31.8k�
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Figure 8. Propagation Delay Effect on Peak Current
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Figure 10. Analog / PWM Dimming
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Figure 11. The Startup Resistor can be Connected to the Bulk Rail or to the Half Wave
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Figure 12. VCC Waveform during Startup
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(eq. 24)
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VCC(off),max = 9.4 V

6����²mu$�%

treg �
Cout

Iout
(Vout1 � Vf)

Nauxp

Nsp
�

(eq. 26)
� 120 
 10�6

0.470
(15 � 0.6) 0.17

0.17
� 4 ms

CVcc �
(ICC2 � QgFsw)treg

VCC(on),min�VCC(off),max
�

(eq. 27)
�

(2.1m � 19n 
 55k) 
 4m
16�9.4

� 1.91 �F

CVcc!��2.2 �F�=���*1î6STu��
���NCL30083��ðG�)[6]�����
<[\�����M�$�%h�()-���Ã�
�Ã>��pr���WÅ��îñ�ðG�r
��8�UJ�$�%�W�"��4.7 �F�=��
�*1î6ST�$�%

CVcc6Ð����������8-�6�!m�
�%

ICVcc
�

VCC(on),maxCVcc

tstartup
�

20 
 4.7�
1.5

� 63 �A (eq. 28)

=>�"71?89�)

• Iip^_ò
tu6Iip@�	i�^_��#�()-�6

�y6]���tu��6
�u$�%

Rstartup �
Vin,min 2�

ICvcc � ICC(start)

(eq. 29)

hh�
ICvcc-�VCCX��=���*6Ð�������
��8
ICC(start)-��q	>�G�d�=�>?	����
���8
Vin,min-�DV��\

Iip@�	i�^_���#��q	>�G�
tu������§��-�6�!m��%

Pstartup �
�Vin,max 2� �VCC

	2

Rstartup

(eq. 30)

• çN^_ò
tu6çN�^_��()-�6������$

�%

Rstartup1�2 �

Vin,min 2�

�

ICvcc � ICC(start)
�

Rstartup

�
(eq. 31)

çN�^_���#��q	>�G�tu���
���§��-�6�!m��%

Pstartup1�2 �

�Vin,max 2�

� �VCC	
2

Rstartup1�2

(eq. 32)

	
¹:
�	q
	>bN�ICC(start)�Ø}�-14 �A!`l
1�$�%
6����²Ìu$�%

Rstartup �
Vin,min 2�

ICvcc � ICC(start),max
� 85 2�

63�� 14�
� 1.56 M�

(eq. 33)

Rstartup1�2 �

Vin,min 2�

�

ICvcc � ICC(start)
�

85 2�
�

63�� 14�
� 497 k�

(eq. 34)

�§V��\�!u�ztu�������-�
6�!m��%

Pstartup �
�Vin,max 2� �VCC

	2

Rstartup
�
�265 2� �20	

2

1.56 
 106 � 81mW

(eq. 35)

Pstartup1�2 �

�Vin,max 2�

� �VCC	
2

Rstartup1�2
�
�265 2�

� �20	
2

497k
� 20mW

(eq. 36)

�q	>�G�tu6çN�^_��!�60 mW
���6Í�u$�%�W�"��LEDH�+I
�	
-h���?	c6ST�$�%
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@�	
13/"�!=��

>���-�MOSFET�r�q83�RCDp��
�@�G>F	p�ST�yz�����¯	

�����Z!£Ä$�%>����	
-���
!ó�ô	
��@=�>�âã)#�%¹Ä
Ó�H�+�−ó	�v��\�!����§u#
�6Îõ��()-���	p�Ã��\���§
u#MOSFET6]���h!6ªÊ�$�����
;<���	p�Ã��\���D�#r�q83
�]�6Îõ��h!���$�%$W�h�()
-RCDp������¿ß�UJ��!£d��
��§u#��p���tu6]���h!<u
$�(>�����	p@+��pq��65-g�
��°�PQu�h!�Ï§)%��Å#r��\
6�k������d6n�§X	p�8<D�'
��$����6nX	p�8-§u'��$�%

ABC�)

NCL3008X��Ï���#�s�8�ij�,k
-�MOSFET��ô	ð�@*+pi�50%¾��
()�r��8�:st6��J���R�$�%
1st Valley (�����)f^��ÐÉ.gN�h
(QR)A�+IGp@=�I	q��ô	ð�@*+
pi-�6����
�u$�%

D �
Vout � vf

NspVin � Vout � Vf
(eq. 37)

�ô	ð�@*+pi-�r�ÊÉ!V��\�
�"�%��$�%��-�MNO�V��\/r�
ÊÉ��D > 0.56DEu�´8-M�$¡
¢%�W�"��ST�Wf^{+�>�W!ÄÓ
�§r�ÊÉ!�DV��\50%¾���ô	ð
�@*+pi6DEu�����>���6	

��h!��$�%

Nsp �

Vout,max�Vf
0.5 �(Vout,max � Vf)

Vin,min 2�
(eq. 38)

h�LEDH�+I-�Vout,maxm�ÅVin,min�ö
���55%��ô	ð�@*+pi6DE��.
Ñ6½��$�%

Nsp �

Vout,max�Vf
0.55 �(Vout,max � Vf)

Vin,min
�

24�0.6
0.55 �(24 � 0.6)

85 2�


(eq. 39) Nsp � 0.167

DEFGH,�3��I	!J3>!=

X	p�8��§��D���-��§V��
\�m�Å�§r�ÊÉPout,max�ö��%h�f

^{+�>� ����+Gc���N�Fsw,min
6ST��!��§X	p�8m�Åd6n+��
pq����6
�u$�%

IL,pk � 2
Pout,max

� � 1
Vin,min 2� �Vripple

�
Nsp

Vout(OVP) � Vf
	�

(eq. 40)� �
2Pout,maxClumpFsw,min

�
�

Lp �
2Pout,max

IL,pk
2 Fsw,min �

(eq. 41)

hh�
Vripple-Iip�\��G�i
Clump-MOFSET�H�+�@�	H�m8�)
Ò
�õÓ�%���¨É
�-�COSS��6]�
�$�%
Vout(OVP)-*�\P 6>�½�����M�r�
�\
�-�¯�²s�I

y(40)!(41)6]�����§X	p�8!A�+
IGp@>����d6n+��pq��6
�
u$�%

IL,pk � 2
Pout,max

� � 1
Vin,min 2� �Vripple

�
Nsp

Vout(OVP) � Vf
	�

(eq. 42)

� �
2Pout,maxClumpFsw,min

�
� �

� 2 28 
 0.5
0.85

� 1
85 2� �30

� 0.167
28 � 0.6

	�

� �
2 
 28 
 0.5 
 50p 
 50k

0.85
�  IL,pk � 0.59A

Lp �
2Pout,max

IL,pk
2 Fsw,min �

� 2 
 28 
 0.5
0.592 
 50k 
 0.84



(eq. 43)
 Lp � 1900 �H

http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1


AND9131/D

www.onsemi.jp
11

MOSFET�5K�3J6!�L�*+

Figure 13. MOSFET Drain-source Voltage at High Line

BVdss

Vds,max

Vos

Vclamp

Vreflect

Vbulk,max

15% derating

Figure 13��1st Valleyf^��#�MOSFET�H
�+� − ó	�v�\�Ng6~�$�%

Vout(OVP)��¶i��§r��\M�!Ôs�
��H�+�@�	H�÷D���§�\6²s
u$�%

Vds,max � Vin,max 2� �
(Vout(OVP) � Vf)

Nsp
kc � Vos (eq. 44)

hh�
kc-�p���æ�(kc = Vclamp / Vreflect) [1]�%kc
-��ø��W�\�1.3|1.5ù�A}R�PQ�
����M�$�%
Vos-�p���@�+v	H�Q3dv��Ô��
H�+��\�v	I	
ô	>�%

H�+�−ó	�v�§�\6
��W©�
MOSFET���	p�\6ST��W���15%�
:;æ�6J��$�%a$��6������$
�%

BVdss �
Vds,max

(1�0.15)
(eq. 45)

6�}��ú(�o7���#�MOSFET���
	p�Ã��\� ��15%����	ð���æ
�6[\�W��H�+�−ó	�v��§�\
6~�$�%

Table 3. Vds,max AFTER 15% DERATING HAS BEEN
APPLIED TO BVdss

Breakdown Voltage
(BVdss)

Maximum drain-source
voltage (Vds,max)

500 V 425 V

600 V 510 V

650 V 553 V

800 V 680 V

(eq.44)6]����	
]���MOSFET�
Vds,max6
��$�%

Vds,max � Vin,max 2� �
(Vout(OVP) � Vf)

Nsp
kc � Vos �

(eq. 46)

� 265 2� �
(28 � 0.6)

0.167
1.6 � 20 � 668 V

Table 36û���r800 V�MOSFET6ST�$�s

MOSFET�RDSon�*+

LED��R��ü	�-Õ��5����m��
SF	MOSFET.r�q83�ý	>
�p61�
28��ü	�-M�$¡¢%�W�"��ý	>

�p6]�¡°�MNO�������� �
u�MOSFET6ST�$�%
ST��SG�	T��tuR�JA6wx�W�r
ST�W�§�}�¼TA(MAX)SG�	T���
u���6���
��$�%

Ppack �
TJ(MAX)�TA(MAX)

R�JA

(eq. 47)

�#�\�+�!�§ÊÉf^u�ÖÉ.g
N�h�¯-�MOSFET�¿ß����-þ��
H¿ß�%TJ(MAX)�m8�MOSFET�RDSon-�
6����²su$�%

R
DSon�TJ

	 �
Ppack

Ipri,rms
2 (eq. 48)

(eq.48)-�Ipri,rms-�6�����V��\��
D�r�ÊÉ��§�()�A�+IGp@>��
��m8�d6n�rms�86ªÊ�$�%
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Ipri,rms � IL,pk
1
3
� IL,pk Lp Fsw,min

Vin,min 2� �Vripple

	� (eq. 49)

MOSFET�=���TO-220FP×ØESG�	T6
S T � $ � % º 	 w � � 	 q 
 	 > b N
R�JA = 62.5°C/W!��$�%h��I+���§^
)��¼�125°CM�h!6Ôs�$�%�§�
}�¼-80°C�%

Ppack �
TJ(MAX)�TA(MAX)

R�JA
� 125�80

62.5
� 0.72 W (eq. 50)

d6n�X	p�8!d6n�+��pq��-
(42)!(43)
��$�W%d6n�rms�8�66
����²Ìu$�%

Ipri,rms � IL,pk
1
3
� IL,pk Lp Fsw,min

Vin,min 2� �Vripple

	� �

(eq. 51)

� 0.62 1
3
�0.59 
 1900�
 50k

82 2� �30
	� � 0.268 A

TJ = 125°C�m8�RDSon��66����²Ì
u$�%

RDSon(125oC) �
Ppack

Ipri,rms
2 �

0.72
0.2682 � 10� (eq. 52)

MOSFET�º	w-d¦��25°C�m8�RDSon
6Ùs�$�%

25°C�m8�RDSon��-�TJ = 125°C�()��
��çZ���RDSon(25°C) ≤ 5��MOSFET6ST
�$�%

MNJ	O���*+

r��+v	H6ST���-��+v	H�f
,turd!ÿ^����6n�rms�8��Ô��
¿ß<[\��h!����%

Pdiode � Vf Iout � rd Isec,rms
2 (eq. 53)

�+v	H�f,tu-��+v	H��	q

	>��¥���#�I−VÚbbNÛ��h!�
$W-ms��h!�u$�%

Figure 14. MURS220 Curves

Vf1, If1

Vf2, If2

If1 = Iout�m8�Ç.ì�\@¿��+��6#
¾Ï�f^{+�>��´°b�¿�M�f^{+
�>6ST��Vf2�If26ÜuÝ�$�%h�N��
bN�6����f,tu6
�u$�%

rd �
Vf1�Vf2

If1�If2
(eq. 54)
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SMBSG�	T�UV��WMURS220�+v	H
6ST�$�%Figure 14�ÚbbN�f,tu6rd =
167 m�!��`l1�$�%
>�����6n68���8�rms�-�6��
����$�%

Isec,rms �
IL,pk

Nsp

1
3
�1�

IL,pk Lp Fsw,min

Vin,min 2� �Vripple

	� �

(eq. 55)

� 0.59
0.167

1
3
�1�

0.59 
 1900�
 50k

82 2� �30
	� � 1.25 A

Iout = 0.5A�m�ÅTJ = 100°C�m8�MURS220�
+v	H�Ç.ì�\@¿-0.65 V�(Figure 14)%
�+v	H�������-�6����²Ìu
$�%

Pdiode � Vf Iout � rd Isec,rms
2 � (eq. 56)

� 0.65 
 0.5 � 0.167 
 1.252 � 0.59 W

�¯	
�-r��+v	H6ST��!u��
�+v	H�SG�	T�
��W�����ÞÄ
�(Ppack > Pdiode)h!6:ß�����M�$�%

SMBSG�	T��tuR�JA = 100°C/W�m�Å
�+v	H�150°C!#��§^)��¼6[\�
V��(eq.47)6]���SG�	T��§����
66����
��$�%

Ppack �
TJ(MAX)�TA(MAX)

R�JA
� 150�80

100
� 0.7 W (eq. 57)

F	�>@�	��m8�r��+v	H���
¿ß-0.59 WM���}�¼�80°C�()�h�
SG�	T-0.7 W6��u���h�	
�:
;M�![Ä�h!�u$�%

PQ

h�����	
��@�	>-�NCL30080/
81/82/836]���f^��d6ns�8A�+I
Gp@=�I	q���6sà��W��þ��y
!	
�6�¥�$�W%12 W�m�Å�#º+
��\�+�� ���LEDH�+I6�Ï��g
�	
�]6~�$�W%Table 4��NCL3008X
=�>?	��á]����L6ST��!u�
â¸ay6���$�%h���	
�W10 W
LEDH�+I����=��ãä�a#�-�
AND9132/D [2]6û���'�#%

Table 4. GENERAL EQUATIONS SUMMARY  

ZCD Pin ZCD Pin Resistor
RZCD � max �Vaux(high)

5m
,
Vaux(low)

2m
	

SD Pin NTC Bx Coefficient and Resistance
at 25°C Bx �

TOTPTTFstart

TOTP�TTFstart
ln�11.76k

5.88k
	

R25 �
11.76k

e
Bx� 1

TTFstart

1
25�273

	
SD Pin Capacitor CSD � 4.7 nF

CS Pin LFF Resistor
RLFF � �1 �

RBOU

RBOL

	 tpro pRsense

Lp17�

CS Pin Capacitor 10 – 100 pF

VIN Pin Lower Resistor 10 – 100 k�

Upper Resistor

RBOU � RBOL�Vin(start) 2�

VBO(on)
�1	

DIM Pin Output Current Variation with DIM
Pin Voltage Iout(%) � 100

175
VDIM�0.4

Startup Network VCC Capacitor
CVcc �

(ICC2 � QgFsw)treg

VCC(on),min�VCC(off),max

Startup Resistor

  (Bulk connection)

Rstartup �
Vin,min 2�

ICvcc � 14�

  (Half-wave connection)

Rstartup��

Startup Current Istart � 60 �A !
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Table 4. GENERAL EQUATIONS SUMMARY (continued)

Sense Resistor Set the Output Current Value
Rsense �

0.25
2Nsp Iout

Transformer Design Turn-ratio

Nsp �

Vout,max�Vf
0.5 �(Vout,max � Vf)

Vin,min 2�

Maximum Primary Peak Current

IL,pk � 2
Pout,max

� � 1
Vin,min 2� �Vripple

�
Nsp

Vout(OVP) � Vf
	�

� �
2Pout,maxClumpFsw,min

�
�

Primary Inductance
Lp �

2Pout,max

IL,pk
2 Fsw,min �

MOSFET Selection Breakdown Voltage
BVdss �

Vds,max

(1�0.15)

Vds,max � Vin,max 2� �
(Vout(OVP) � Vf)

Nsp
kc � Vos

RDS(on) at TJ = 125°C

Ipri,rms � IL,pk
1
3
� IL,pk Lp Fsw,min

Vin,min 2� �Vripple

	�
Ppack �

125�TA(MAX)

R�JA

RDSon(125oC) �
Ppack

Ipri,rms
2

Output Diode Diode Losses Pdiode � Vf Iout � rd Isec,rms
2

Isec,rms �
IL,pk

Nsp

1
3
�1�

IL,pk Lp Fsw,min

Vin,min 2� �Vripple

	�
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