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•�����
���_`��� 50% def�g�/0

•�����N�� (ZVS) hi�	


•���$�%&'
�()�3# SUPERFET® (trr = 120 ns)

•�� MOSFET ���j@klF$ (350 ns)

•�C��
L��% 300 kHz

•�8&'(D��M��
�0 (�mn) �)o*+

•��M/0p,�-n�/�/0

•��5#
��N�5 (OVP)、�(�5�(OLP)、�.�5�(OCP)、
AB�.�5 (AOCP)、3#q�r (TSD)

��

•�stu (PDP) �vw (LCD) �.

•�xy�z{�|}�
•�/0�
•�����
•�1K��
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������LLC�
����
�

•�2~�：FEBFSFR2100_D015v1

MARKING DIAGRAM

See detailed ordering and shipping information on page 2 of
this data sheet.

ORDERING INFORMATION

SIP9 26x10.5
CASE 127EM

$Y&Z &3&K
FSFR2100

$Y = Logo
&Z = Assembly Plant Code
&3 = 3−Digit Date Code
&K = 2−Digits Lot Run Traceability Code
FSFR2100 = Device Code

http://www.onsemi.cn/
https://www.onsemi.com/pub/Collateral/AN-4151CN.pdf
https://www.onsemi.com/pub/Collateral/febfsfr2100_d015v1.pdf
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��	�

�
�� �� 
��� RDS(ON_MAX)

�����	�����


(VIN = 350~400 V) (�� 1, 2)

����	 �����


(VIN = 350~400 V) (�� 1, 2) Shipping

FSFR2100 9−SIP −40� +130°C 0.38 � 200 W 450 W 475 Units /
Tube

1. �����	
����。
2. 50°C 
�����������	
������。

�����

� 1. ������ (LLC �������)



FSFR2100

3

 �

� 2. �! �
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"#��

1
VDL

CON
RT

CS
SG

PG
LVcc

HVcc
V

2 3 4 5 6 7 9 108

CTR

� 3. ���

"#��

"#� �$ ��

1 VDL ���� MOSFET ���，!"#$���%&�	。

2 CON '()*
+*/,*-�.。/0()�1��
�0.6 V�，2
3�IC�4�。/0()�1�5��
 0.4 V��，
�� MOSFET�6�7��82,*。/0()�1�9
��5 V����，2:;�.。

3 RT '()*
<=��>�。�?@，AB�C#$�'()，*DEF��1����>�。

4 CS 0()GH&I�� MOSFET�1&。�J@，K1�LM��'()。

5 SG '()� N�@。

6 PG '()�1O@。'()#$��� MOSFET �O�。

7 LVCC '()�N� IC ��11�。

8 NC P#$。

9 HVCC ����6�7�1Q IC �1O1�。

10 VCTR ���� MOSFET ���。�J@，R�S#$�'()。
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%���&�� (TA = 25°C ，TUVWXY。)

'� �( ��� ��� !"

VDS 	
���O�1� (VDL-VCTR - VCTR-PG) 600 − V

LVCC ��1O1� −0.3 25.0 V

HVCC � VCTR �� VCC ()�����1� −0.3 25.0 V

HVCC ��Z�1O1� −0.3 625.0 V

VCON N�()�	1� −0.3 LVCC V

VCS 1&[H (CS) ()�	1� −5.0 1.0 V

VRT RT ()�	1� −0.3 5.0 V

dVCTR/dt �\��� MOSFET ��1��]� − 50 V/ns

PD ^�_ (`a 3) − 12 W

TJ 	
�� (`a 4) − +150 °C

bc�d��� (`a 4) −40 +130

TSTG e���fg −55 +150 °C

MOSFET !#

VDGR ��6�1� (RGS = 1 MW) 600 − V

VGS 6�O� (GND) 1� − ±30 V

IDM h �1& (`a 5) − 33 A

ID #���1& TC = 25°C − 11 A

TC = 100°C − 7

PACKAGE ��!#

ij klmnij 5~7 kgf·cm

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
(opqr) 
st1�uv	
wx!y�"��!fg，S#�3$z{。stuv%&�'�!，2P|�}S#�3，�3$~�S#z{，��
���。
3. �� MOSFET (�� MOSFET �~!)。
4. �bc�d�F�	
!��
��.�3。
5. h ����
	
��。

�)*+ (TA = 25°C，TUVWXY。)

'� �( (� !"

�JC ������ (�� MOSFET ~!) 10.44 °C/W

�JA F-
�(��� 80 °C/W

�,
� (TUVW�x，�) TA = 25°C。)  

'� �( *+-
 ��� ��� ��� !"

MOSFET !#

BVDSS ���O�+�1� ID = 200 �A, TA = 25°C 600 − − V

ID = 200 �A, TA = 125°C − 650 −

RDS(ON) ~!1� VGS = 10 V, ID = 5.5 A − 0.32 0.38 �

trr ,/�������� (`a 6) VGS = 0 V, IDiode = 11.0 A − 120 − ns

CISS �	1� (`a 6) VDS = 25V, VGS = 0 V, f = 1.0 MHz − 1148 − pF

COSS ��1� (`a 6) − 671 − pF

��!#

ILK 0��1& H−VCC = VCTR = 600 V/500 V − − 50 �A
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�,
� (TUVW�x，�) TA = 25°C。) (�)

'� !"���������*+-
�(

��!#

IQHVCC HVCC 0��1& (HVCCUV+) − 0.1 V − 50 120 �A

IQLVCC LVCC 0��1& (LVCCUV+) − 0.1 V − 100 200 �A

IOHVCC d� HVCC 1O1& (RMS!) fOSC = 100 kHz, VCON > 0.6 V − 6 9 mA

P��，VCON < 0.4 V − 100 200 �A

IOLVCC d� LVCC 1O1& (RMS!) fOSC = 100 kHz, VCON > 0.6 V − 7 11 mA

P��，VCON < 0.4 V − 2 4 mA

UVLO !#

LVCCUV+ LVCC 1O�����! (LVCC +�) 13.0 14.5 16.0 V

LVCCUV− LVCC 1O��K��! (LVCC 9�) 10.2 11.3 12.4 V

LVCCUVH LVCC 1O���� − 3.2 − V

HVCCUV+ HVCC 1O�����! (HVCC +�) 8.2 9.2 10.2 V

HVCCUV− HVCC 1O��K��! (HVCC 9�) 7.8 8.7 9.6 V

HVCCUVH HVCC 1O���� − 0.5 − V

�.�$%/!#

VCONDIS N�(),*�!1� 0.36 0.40 0.44 V

VCONEN N�()
3�!1� 0.54 0.60 0.66 V

VRT V-I ��S�!1� RT = 5.2 K� 1.5 2.0 2.5 V

fOSC �� ¡>� 94 100 106 kHz

DC ��:¢£ 48 50 52 %

fSS ;¤¥+�<¦>� fSS = fOSC + 40 kHz, RT = 5.2 k� − 140 − kHz

tSS ;¤¥+��� 2 3 4 ms

&0!#

IOLP OLP §¨1& VCON = 4 V 3.6 4.8 6.0 �A

VOLP OLP �.1� VCON > 3.5 V 4.5 5.0 5.5 V

VOVP LVCC v��. L−VCC > 21 V 21 23 25 V

VAOCP AOCP �!1� �V/�t = −0.1 V/�s −1.0 −0.9 −0.8 V

tBAO AOCP ©ª�� (`a 6) VCS < VAOCP; �V/�t = −0.1 V/�s − 50 − ns

VOCP OCP �!1� V/�t = −1 V/�s −0.64 −0.58 −0.52 V

tBO OCP ©ª�� (`a 6) VCS < VOCP; �V/�t = −1 V/�s 1.0 1.5 2.0 �s

tDA §¨�� (��) = VAOCP GH��« (�� 6) �V/�t = −1 V/�s − 250 400 ns

TSD ��¬�� (`a 6) 110 130 150 °C

ISU �.­eS�� LVCC 1O1& LVCC = 7.5 V − 100 150 �A

VPRSET �.­eS�> LVCC 1O1� 5 − − V

1'234(!#

DT Dead Time (`a 7) − 350 − ns

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions. 
(opqr) 
TUVWXY，“1®¯�”y°�"����"H±²#@�A³�3o´。stµB¶²#@·¸，A³�3�3C“1®¯�”y°
��"�3o´B��。
6. 'o´¹���}；»IA¼H±。
7. �'o´½�Iv�}，DEµ EDS (¾¿H±) v=�H±。
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(�'¯�Àµ TA = 25°C @ÁFG。)
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� 4. )* MOSFET +78$�,	�9 � 5. ��:
$�,	�9

� 6. ;* VCC (HVCC) -/$�,	�9 � 7. ;* VCC (HVCC) 0<$�,	�9

� 8. )*9VCC (LVCC) -/$�,	�9 � 9. )* VCC (LVCC) 0<$�,	�9
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(�'¯�Àµ TA = 25°C @ÁFG。)
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� 10. OLP <=�>$�,	�9 � 11. OLP &0�=$�,	�9

� 12. LVCC OVP �=$�,	�9 � 13. RT �=$�,	�9

� 14. CON "#>5�=$�,	�9
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�5��

??
�

FSFR2100 ����+��2�� MOSFET，]d
50%�def。83����$p��j@klF$
350 ns，a� 16. ��。

� 16. MOSFET @AB/	�

High side
MOSFET
gate drive

Low side
MOSFET
gate drive

Dead time

time

�!�.�

FSFR2100�4M�./0�
��，a� 17.��。
83#，RTp,��N568 2 V，T 
����
CT �!�/���.���M�.7"&0# RT p,
(ICTC) .���.�8�。��，���
9� ICTC
������。

� 17. �>4(	�.�

ICTC +

−

+

−

3 V

1 V −Q

Q

R

S

F/F
2ICTC

VREF

ICTC

2 V

+
−

DividerRT

3 Gate Drive

CT

(1/4)

:
CD

� 18. Q��
����$'�N����，%&
����ZVSl&����
�Hf。:��N���
50���
�56。��19.�Q� RT�p,�$'��

04，%&'��7��;3�� RT�p,	50�

��
。

� 18. �������@EFG

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Gain

140 15060 70 80 90 100 110 120 130

Frequency (kHz)

f min f normal f max
f ISS

Soft−Start

Control
IC

VDLLVCC

RT

CON

SG

RmiRmax

Css

Rss

PG

� 19. :
4(��

LU���
��y-@：

fmin �
5.2 k�

Rmin

� 100 (kHz)
(eq. 1)

(@'��7��;�<2�N� 0.2 V，�L��
��
��y-@：

fmax � �5.2 k�

Rmin

�
4.68 k�

Rmax
�� 100 (kHz)

(eq. 2)
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��=�81+>�，o��.��，:��N�

o，�?@���A�
�����N��。���


�����N������
�Hf，����#

����
 (fISS)�I������
����:��
N，�h �1+。��8 RT�p,)3� R-C���
¡¢����1+��，a� 19.���。FSFR2100�*
��+ 3 ms��3#�1+�����£��n&��
.�o，B¤I¥#�1+������
&���

40 kHz，a� 20. ��。�1+����
��y¦
�：

fISS � �5.2 k�

Rmin

�
5.2 k�

RSS

�� 100 � 40 (kHz)
(eq. 3)

�B"�1+����
�4��
¡¢��
�


 (fO) �,�./。
�1+F$��RCF$B§�.�¨/。RCF$B
§a���：

TSS � RSS � CSS (eq. 4)

� 20. H-/	:
IJ

fs

time

Control loop
take over

40 kHz
f ISS

4("#

FSFR2100���+M��5、£�*+2-n�/
��/0p,。��21.Q�/0p,�3#©�。

� 21. 4("#	�! �

LVCC

5 V

Switching
Stop

Idelay

+

−

Protection
Auto−restart

+

−

+

−

0.6 V /
0.4 V

OLP

LVCC

OVP
LVCC Good

CON

R

S

−Q

Q

2

��

ª/0p,�NC��5 VF，"D«�5。E¬­
M8�5#®���F。

����

ª/0p,�N���0.4 V	�F，FSFR2100�3�
��¯�，T8/0p,�N)°� 0.6 V�	)F%
&��¯�。?�M)o*+，/0p,­3��'

��7���(p,。p�)o*+��
���y

��：

fSKIP � �5.2 k�

Rmin

�
4.16 k�

Rmax
�� 100 (kHz)

(eq. 5)

Control
IC

VLVCC

RT

CON

SG

RminRmax

Css

Rss

PG

� 22. ��KALM	4("#ND

DL

�	
/�
ªG±��M�²{F，�M FSFR2100��4#

³����´/0p,�N�r，a� 23.�&��。
R1 2 C1 M �-���¯�%&F�1+。

� 23. OP�/���

+

+

CON

Rmin
RT

Switch

AUX
Output

Main
Output

OP1

Main Off

R1

C1

OP1

Power
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�>Q*

�
�������

FSFR2100�µ~¶�.�'N，a� 24.�2� 25.��
�。�\µ~·y�!µ~�;���#S，<�=

\µ~·y�µ~�¸��H���:;。

� 24. �RS*

CS

SG

Ns

Np Ns

R sense

Ids

Cr

Ids

V CS

VCS

PG

+

+−

Control
IC

� 25. BRS*

CS

SG PG

Rsense

Ids

V
CS

I ds

V CS

Ns

Np Ns

Cr
Control

IC

+

+ −

�
�����������

¹��#
­M，�M�;��.º~�
��;

&(��#S�>�M。8B^»¼�，�M�
�

��N�$��.º~?��+½�¾I·¿，��

�
���N (Vcr
p−p)��À���³Á (Ip

p−p)���

�.�Âf�：

VCr
p�p �

Ip
p�p

2�fsCr (eq. 6)

�L�n�ÃÄU#S，�B"��®N�M��

��Nº~，a� 26. ��。

� 26. >����C�=	�>Q*

Tdelay = RdCd

Vsence
pk

Vsence
pk

VCr
p−p

VCr

Vsence

VCON

Ip

Vsense
pk

VCr
p�p �

CB

Csense � CB

Vsense
pk

2
� VCON

CSENSE

+

−
+

−

VSENSE

Cr
CB

100
PGSG

CON

RT

Cd

Rd

+

30
0~

50
0 

k�

Np

Ns

Ns

Ip

Control
IC

&0��

FSFR2100 ���Å+JÆ�5#
，a�(�5
(OLP)、�.�5 (OCP)、AB�.�5 (AOCP)、�
N�5 (OVP)�2q�r (TSD)。OLP、OCP�2 OVP
�J+K19y�5；� AOCP�2 TSD��MN9y
�5，a� 27. ��。

��������

�Çµ~ÈÉO»¼，��¯�ÊË�T 

MOSFET��Ì�r。ª LVcc��� 11.3 V�� LVcc�3�

�N，"&@�5。ª LVcc�%È 14.5 V��1+�N
F，#
��%&ÂB¯�。



FSFR2100

12

������

�ÇD«��5，��ÊË�T MOSFET��Ì�
r。MNA8 LVcc ����� 5 V F&@。

� 27. &0 �

11 / 14 V
VREF

Internal
Bias

LVCC  good

F/F

Latch
Protection

Shutdown

AOCP

TSD

+

−

7
LVCC

OLP

OCP

OVP

LVCC < 5 V

−Q

Q

R

S

−Q

Q

R

S

Auto−restart
Protection

CON

LVCC  good

20 k
F/F

 ��� (OCP)
ªº~p,�N�����-0.58 V�F，D« OCP�T
 MOSFET��Ì�r。��5�� 1.5��s���rF$
ÍP	QB1+�$�Î�r。

!" ��� (AOCP)
aÏÐ³6.��()Ñ�，��(� di/dt����
.�8D« OCP�Ò OLP�CÎ.Ó MOSFET。ªº~
p,�N�����-0.9 V�F，"D« AOCP， Ô�
�rÍP。��5�MN9yT8 LVcc��´���

5 V�F&@。

 #�� (OLP)
�(@D��Õ¥ABE�ÖRC�%ÂB�×�

'(�.。8B^»¼�，­D«�5��	�5�

�。<�，Ê���Ø�ÂBÙ¼，8'(g��$

*�
«��(»¼。�QB�ÎD«�5，�(�

5��­���A8�@F$ÚD«，	-@B�Û

Ü»¼ �ÝÂ��(»¼。� 26.�Q�$'�(�
5��。��º~/0p,)��
���N，�h

 �(�5。���M RC�F$BS，*�p��r
ÍP。8/0p,)8���N��y¦�：

VCON �
CB

2(CB � Csense)
VCr

p�p

(eq. 7)

%& VCr
p-p���
���N�À�。

 ��� (OVP)
ª LVcc�%È 23 V�F，"D« OVP。8�MI#

���­ Vcc��gN��G±ÞßF，�M��5。

$�% (TSD)
MOSFET�2/0 IC�8�+àT&�/0 IC�µ~

MOSFET ��AB�ág��â。aÏá�C�ã
130�，"D«q�r。

PCB ��TD

��4gN��Uä:1、4gN��Ð³Á¶º

>åssæ��
«�def>×VWX。RT�p,Y

Z�/0F�8 PCB�çè)[4�³Á�.é�êë
�\�def>×V�4?æ�。ª���MOSFET
GìÖ�F，��³Á�..IÖR�F�)Xí�

·I«�g�。åH·IåH�Xí����、��

Ò# RT�p,.���.，B��î+MOSFET��Ö
�Ì�F$]>åE。ïð�]" RT�p,YZ�/

0F�� PCB �çè)��³Á�.�ñ®�。
� 28.�Q�def×V»¼��I。

� 28. +78EUVF
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������ (�� LLC �����)

� 1. 

�� �
���
 �G�=WH &����
 ���= (&��>)

LCD 1Ã FSFR2100 390 VDC (340~400 VDC) 200 W 24 V − 8.3 A


�

• �	
 (400 VDC :�F >94%)

• ����N�� (ZVS) �� EMI :1

• ��]^�5#
�ï�ò�	�

� 29. ������
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������ (�)

�B，LLC �
����?�¶º。��8óH��¶�º，4M®�Þßô。
• X^：EC35 (Ae = 106 mm2)

• �õ：EC35 (ö×)

• gN�'¸：SNX-2468-1

3.3 mm

9.5 mm12.8 mm

Np

NS1 NS2

13
9

12
10

2

6

Np

Ns1

Ns2

EC35

2

6

13

9

12

10

� 30. I=��X

� 2. 

"# (S � F) YG J( KZ

Np 6 → 2 0.08φ x 88 (HIÄ) 36

Ns1 12 → 9 0.08φ x 234 (HIÄ) 4 ÅÄÆÇ

Ns2 10 → 13 0.08φ x 234 (HIÄ) 4 ÅÄÆÇ

� 3. 

"# [\ KZ

<È1[ (Lp) 2−6 550 �H ±10% 100 kHz, 1 V

<ÈWÉ�1[ (Lr) 2−6 110 �H ±10% ÊQËÈÆÇ(�
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