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ORDERING INFORMATION

SIP9 26x10.5
CASE 127EN

SIP9 26x10.5
CASE 127EM

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

http://www.onsemi.cn/
https://cma.onsemi.com/pub_link/Collateral/AN-4151CN.pdf


www.onsemi.cn
2

����

�
�� �� ���� RDS(ON_MAX)

�����������	

(VIN = 350~400 V) (�� 1, 2)
����������	

(VIN = 350~400 V) (�� 1, 2)

FSFR2100XS 9−SIP -40 � +130°C 0.51 � 180 W 400 W

FSFR1800XS 0.95 � 120 W 260 W

FSFR1700XS 1.25 � 100 W 200 W

FSFR1600XS 1.55 � 80 W 160 W

FSFR2100XSL 9-SIP
L-��

0.51 � 180 W 400 W

FSFR1800XSL 0.95 � 120 W 260 W

FSFR1700XSL 1.25 � 100 W 200 W

FSFR1600XSL 1.55 � 80 W 160 W

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

1
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Gate Driver
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VREF
Internal

Bias

Level
Shifter

Balancing
Delay

Divider

3RT

1 V
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S
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Time
Delay
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� ��

1
VDL

AR

RT

CS

SG

PG

LVcc

HVcc

V
2 3 4 5 6 7 9 108

� 3. ���

� ��

� � �! ��

1 VDL ���� MOSFET � !，#$%&���'(
	。

2 AR )*+,
-��
./�01��23456�7897。:)*+�7�;� 0.2 V �，
<=�>?
.@�A�B�C�DE�。

3 RT F*+,
GH��I�。�JK，LM�N%&�F*+，,OPQ
�7����I�。

4 CS )*+RS(T�� MOSFET �7(。��K，U7�0V��F*+。

5 SG F*+� A�K。

6 PG F*+�7WK。F*+%&��� MOSFET �W!。

7 LVCC F*+�A� IC ��77�。

8 NC X%&。

9 HVCC ����Y!Z�7[ IC �7W7�。

10 VCTR ���� MOSFET � !。��K，\�B%&�F*+。

http://www.onsemi.cn/
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"!��#�" (TA = 25°C，]^_?`a。)

$� #% �$" ��" %&

VDS �� !�W!7� (VDL-VCTR b VCTR-PG) 500 − V

LVCC ��7W7� −0.3 25.0 V

HVCC � VCTR �� VCC *+��� !7� −0.3 25.0 V

HVCC ��c�7W7� −0.3 525.0 V

VAR d�e6*+
	7� −0.3 LVCC V

VCS 7(fS (CS) *+
	7� −5.0 1.0 V

VRT RT *+
	7� −0.3 5.0 V

dVCTR/dt �g��� MOSFET  !7��h� − 50 V/ns

PD i�j (�� 3) FSFR2100XS/L − 12.0 W

FSFR1800XS/L − 11.7

FSFR1700XS/L − 11.6

FSFR1600XS/L − 11.5

TJ

���� (�� 4) − +150 °C

kl�E��� (�� 4) −40 +130

TSTG m���no −55 +150 °C

MOSFET �'

VDGR  !Y!7�  (RGS = 1 M�) 500 − V

VGS Y!W! (GND) 7� − ±30 V

IDM p� 7( (�� 5) FSFR2100XS/L − 32 A

FSFR1800XS/L − 23

FSFR1700XS/L − 20

FSFR1600XS/L − 18

ID %� !7( FSFR2100XS/L TC = 25°C − 10.5 A

TC = 100°C − 6.5

FSFR1800XS/L TC = 25°C − 7.0

TC = 100°C − 4.5

FSFR1700XS/L TC = 25°C − 6.0

TC = 100°C − 3.9

FSFR1600XS/L TC = 25°C − 4.5

TC = 100°C − 2.7

���'

qr stuvqr 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.
( wxy) 
z{7�|}��~�!��"��!no，B#	�$��。z{|}���%
!，<X�
�B#��，	�$��B#��，��
	��。
3. �& MOSFET ('& MOSFET ��#)。
4. >kl�E�Q���!�

�
.��。
5. p����

����。
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�&'( (TA = 25°C，]^_?`a。)

$� #% %" %&

�JC ������ ('& MOSFET �#�) FSFR2100XS/L 10.44 °C/W

FSFR1800XS/L 10.68

FSFR1700XS/L 10.79

FSFR1600XS/L 10.89

�JA Q-��(��� FSFR XS�" 80 °C/W

�)
	 (TA = 25°C，]^_?`a。)  

$� #% '(*
 �$" ��" ��" %&

MOSFET �'

BVDSS  !�W!)� 7� ID = 200 �A, TA = 25°C 500 − − V

ID = 200 �A, TA = 125°C − 540 −

RDS(ON) �#7� FSFR2100XS/L VGS = 10 V, ID = 6.0 A − 0.41 0.51 �

FSFR1800XS/L VGS = 10 V, ID = 3.0 A − 0.77 0.95

FSFR1700XS/L VGS = 10 V, ID = 2.0 A − 1.00 1.25

FSFR1600XS/L VGS = 10 V, ID = 2.25 A − 1.25 1.55

trr *+!�,��=��
(�� 6)

FSFR2100XS/L VGS = 0 V, IDiode = 10.5 A, 
dIDiode/dt = 100A/�s

− 120 − ns

FSFR1800XS/L VGS = 0 V, IDiode = 7.0 A, 
dIDiode/dt = 100 A/�s

− 160 −

FSFR1700XS/L VGS = 0 V, IDiode = 6.0 A, 
dIDiode/dt = 100 A/�s

− 160 −

FSFR1600XS/L VGS = 0 V, IDiode = 4.5 A, 
dIDiode/dt = 100 A/�s

− 90 −

CISS 
	78 (�� 6) FSFR2100XS/L VDS = 25 V, VGS = 0 V, 
f = 1.0 MHz

− 1175 − pF

FSFR1800XS/L − 639 − pF

FSFR1700XS/L − 512 − pF

FSFR1600XS/L − 412 − pF

COSS 
�78 (�� 6) FSFR2100XS/L VDS = 25 V, VGS = 0 V, 
f = 1.0 MHz

− 155 − pF

FSFR1800XS/L − 82.1 − pF

FSFR1700XS/L − 66.5 − pF

FSFR1600XS/L − 52.7 − pF

���'

ILK /� 7( HVCC = VCTR = 500 V − − 50 �A

IQHVCC HVCC ��7W7( (HVCCUV+) − 0.1 V − 50 120 �A

IQLVCC LVCC ��7W7( (LVCCUV+) − 0.1 V − 100 200 �A

IOHVCC E� HVCC 7W7( (RMS !) fOSC = 100 kHz − 6 9 mA

X�� − 100 200 �A

IOLVCC E� LVCC 7W7( (RMS !) fOSC = 100 kHz − 7 11 mA

X�� − 2 4 mA

http://www.onsemi.cn/
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�)
	 (TA = 25°C，]^_?`a。) (continued)

$� %&��"��"�$"'(*
#%

UVLO �'

LVCCUV+ LVCC 7W�����! (LVCC 6�) 11.2 12.5 13.8 V

LVCCUV− LVCC 7W��U��! (LVCC 0 ) 8.9 10.0 11.1 V

LVCCUVH LVCC 7W��¡¢ − 2.50 − V

HVCCUV+ HVCC 7W�����! (HVCC 6�) 8.2 9.2 10.2 V

HVCCUV− HVCC 7W��U��! (HVCC 0 ) 7.8 8.7 9.6 V

HVCCUVH HVCC 7W��¡¢ − 0.5 − V

�+�(),�'

VRT V-I £¤B�!7� RT = 5.2 k� 1.5 2.0 2.5 V

fOSC 
�¥¦I� 94 100 106 kHz

DC 
�6§¨ 48 50 52 %

fSS 7456�8DI� fSS = fOSC + 40 kHz, RT = 5.2 k� − 140 − kHz

tSS 7456��� 2 3 4 ms

*+�'

VCssH �D7��97 CSS 0.9 1.0 1.1 V

VCssL 97 CSS be6��D7� 0.16 0.20 0.24 V

VOVP LVCC }�
. LVCC > 21 V 21 23 25 V

VAOCP AOCP �!7� −1.0 −0.9 −0.8 V

tBAO AOCP ©ª�� (�� 6) VCS < VAOCP − 50 − ns

VOCP OCP �!7� −0.64 −0.58 −0.52 V

tBO OCP ©ª�� (�� 6) VCS < VOCP 1.0 1.5 2.0 �s

tDA «¬��（��）: VAOCP RS��¯ (�� 6) − 250 400 ns

TSD ��°�� (�� 6) 120 135 150 °C

-,./0-�'

DT ±;�� (�� 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. 
( wxy) 
]^_?`a，“7²³�”�´�"���>"Sµ¶#<�=·�� ¸。z{->¹¶#<º»，=·��	�?“7²³�”�´
�>"�� ¸>��。
6. F ¸¼��
�；¾T=· Sµ
7. �% ¸¿�T}
�，CD- EDS (ÀÁSµ) }H�Sµ。
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��	1
/

(�%³�Â- TA = 25°C <ÃEF。)
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� 4. 05 MOSFET 623(�7��
 � 5. ��4	(�7��
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� 8. 05 VCC (LVCC) :;(�7��
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��	1
/ (&GÄ)

(�%³�Â- TA = 25°C <ÃEF。)
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� 10. LVCC OVP �A(�7��
 � 11. RT �A(�7��


� 12. VCssL (�7��
 � 13. VCssH (�7��


� 14. OCP �A(�7��
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�1��

B78�

FSFR-XS�������1��&��MOSFET，�
o�50% opq。@���������uLvw#�
350�ns，�� 15 ��。

� 15. MOSFET9:;;��

High−Side
MOSFET

Gate Drive

Low−Side
MOSFET

Gate Drive

Dead−Time

Time

���+�

FSFR-XS����[	567��8�，�� 16��
�。@��，RT���	\��@ 2 V，c��8�
	� CT � 	/�		5�
�[	5�!,7" RT
�� (ICTC) 5��	5���。��，��	
��
ICTC ������。

� 16. �<0-��+�

ICTC +

−

+

−

3 V

1 V
−Q

Q

R

S

F/F
2I CTC

VREF

ICTC

2 V

+
−

DividerRT

3 Gate Drive

C T

4	=>

� 17�_�������#-	\�� ¡，$%�

�� ZVS�w%���	
�Uq。��	\��
�
7��	
���。� 18�_� RT����#-	2�

;，$%&	¢?�	��£Y RT���'�7��

	
。

Ze��	
¤(�4L：

fmin �
5.2 k�

Rmin

� 100 (kHz)
(eq. 1)

)L&	¢?�	�� &	\� 0.2 V，¥Z¦�
�	
¤(�4L：

fmax � �5.2 k�

Rmin

�
4.68 k�

Rmax
�� 100 (kHz)

(eq. 2)

� 17. �������C?@A

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

� 18. 4	0-��

LVCC

RT

AR

CS

SG PG

Rmin Rss

Css

F
S

F
R
−

X
S

VDL

Rmax

+

���M@:1!§，¨©	5
¦，��	\


¨，�ª"«��¬������	\��。¤*�

�����	\�����	
�Uq，���
"

­®�	
 (fISS)�V(¯°��	
±Y�²��	
\，�s³9:1。�
@ RT���+�£ R-C���
´µ��²9:1	2，�� 18���。FSFR-XS��
�,B	. 3 ms����9:1���­®¶�
·%
�	5
¨，#¸Vz�9:1	2�­®	
%�

�� 40 kHz，�� 19���。9:1�­®	
¤(
�¹�：

fISS � �5.2 k�

Rmin

�
5.2 k�

RSS

�� 100 � 40 (kHz)
(eq. 3)
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�O)9:1�­®	
�;���´µ���	


 (fo)��/Y02。9:1#�º RC�#�O»�0
Y¼2。

RC #�O»�：

� � RSS � CSS (eq. 4)

� 19. B:;�4	DC

fs

Time

Control Loop
Take Over

40 kHz
f ISS

D;E:

½��[z�	
	\�¾S34�;�<，

FSFR-XS���,�{1�:。�� 20�&� 21�%�¿
�，	À¾S34�<，M1���)£�c� V-I��
��ÁÂ[。CSS �®�	，±Y CSS +� VCss �Y
VCssL。ÃÄ，�B�<,<，M1��}，c�"#
V-I����+,。 FSFR-XS�ÅÆ�
9:1�®��
P�。�Ç@ VCss�È* VCssL�& VCssH�	É'(#¾

S�<，)²½ÊM��P�，VCss�Ë��¦±Y�

Ì VCssH，ÃÄ CSS Á M1 �	。

� 20. AR � �����

2 V

3
RT

2
AR

VCssH

 / VCssL

S

R
QLVCC good

5k

OVP
OCP

AOCP
TSD

V−I Converter

‘H’ = disable

Switching
Shutdown

Rss

Css

Rmin

M1

+
−

+
−

¾S�<Ä，FSFR-XS�@=M#� tstop���ÁÂ

[，$% VCss�(�c�Ì VCssL。FSFR-XS��=M#
��¤(�>���：

tSTOP � CSS � {(RSS � RMIN) � 5 k�}
(eq. 5)

9:1#� ts/s ��;�~� (4)。

� 21. D;E:8�

LVCC

ICr

VAR

t stop tS/S

VCssH

(a) (a)(b)

VCssL

(b) (a) (b)

(a) Protections are triggered, (b) FSFR−US restarts

*+��

FSFR-XS ���BÍ.{Î�<=(，�
5�<
(OLP)、NO
5�< (OCP)、
\�< (OVP)�&|
�} (TSD)。#@�<�{1�:C��<，�� 22
��。

	ÀÏÐÌÑ$QR，��P�½ÊMc�

MOSFET��Ò�}。Ó LVcc��Y 10 V�� LVcc�=M
	\Ô AR �Õ��	É#，),<�<。Ó LVcc
�Ì 12.5 V �:1	\#，FSFR-XS +,ÖOP�。

� 22. *+��

LVCC good

7

10 / 12.5 V
VREF

Internal
Bias

LVCC  good

LVCC

OVP

−Q

Q

R

S

F/F

Auto−Restart
Protection

Switching
Shutdown

OCP
AOCP

TSD

VCssH / VCssL

2

AR Signal

+

−

+

−

AR

���� (OCP)
Ó×Ð��	\�Y�*�-0.58 V�#，¾S OCP�c
�MOSFET��Ò�}。��<�B 1.5��s���}#�
Ø%'&A:1���Ù�}。

������ (AOCP)
�ÇÆÚ>5��./Û2，�B.� di/dt��¦	
5�@¾S OCP�BÙ5Ü MOSFET。�Ç×Ð��
	\�Y�*�-0.9 V，)¾S AOCP��ÝB�}Ø
%。

����(OVP)
Ó LVcc�Ì 23 V#，)¾S�OVP。@�[Þßà
á�â�FSFR−XS=
����Vcc#，�[��<。
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� (TSD)
MOSFET &67 IC @	.ãä%�67 IC ÏÐ

MOSFET �NO
år�æ ç。�Çå�è
é
130°C，)¾S|�}。

E��&��<F'

FSFR-XS ��ÏÐê	5�ë\，�� 23 &� 24
��。�lÏÐì��dÏÐ	�
$�=b，Dº

ElÏÐì��ÏÐ�Õ�Bí���DE。

� 23. �FG'

CS

SG

Ns

Np Ns

R sense

Ids

Cr

Ids

V CS

V CS

PG

+

+−

Control
IC

� 24. GFG'

CS

SG PG

Rsense

Ids

V
CS

I ds

V CS

Ns

Np Ns

Cr
Control

IC

+

+ −

PCB ��HI

¤*Fr\��îïD'、Fr\��ÆÚðê×


ñ~~ò��(S$opq
Éó()。RT���*
+�67GH@ PCB�ôõ+ÁF­Úð	5ö2�÷
º,�opq
Éó�Fªò�。Ó��� MOSFET
Iøù�#，¤­Úð	55Vùú�GH+hû�

ìVS$r!。ìVñU�hû
$�
、-�Ô"

RT���5��	5，#��ü. MOSFET��ù�Ò
�#��
ñ"。�ý�þ) RT���*+�67G

H� PCB�ôõ+�­Úð	52���。� 25�_�
opqÉóQR��J。

� 25. 623JHIK

UniFET is trademark of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates and/or subsidiaries in the United States and/or other 
countries.
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purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.
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onsemi,  , and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as−is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION
TECHNICAL PUBLICATIONS:
Technical Library: www.onsemi.com/design/resources/technical−documentation
onsemi Website: www.onsemi.com

ONLINE SUPPORT: www.onsemi.com/support
For additional information, please contact your local Sales Representative at
www.onsemi.com/support/sales



https://www.onsemi.com/site/pdf/Patent-Marking.pdf
https://www.onsemi.com/design/resources/technical-documentation
https://www.onsemi.com/
https://www.onsemi.com/support?utm_source=techdocs&utm_medium=pdf
https://www.onsemi.com/support/sales

