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See detailed ordering and shipping information on page 29 of
this data sheet.

ORDERING INFORMATION

MARKING DIAGRAM

$Y&Z&2&K
FAN7688

FAN7688 = Device Code
$Y = Logo
&Z = Assembly Plant Code
&2 = 2−Digit Date Code
&K = 2−Digits Lot Run Traceability Code
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CASE 565BF
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� 1. ��	�
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PROUT1

PROUT2

ICS

RDT

FMIN

COMP

GND

VDD

SROUT1

SR1DS

SROUT2SS

CS

FB

5VB

PWMS

����

�
 �� �� 
�

�JA �—������ 102 °C/W

����

�� 
 �! ��"#

1 5VB 5 V REF

2 PWMS PWM �	�
��
�。

3 FMIN ����
���。

4 FB ����������	��。

5 COMP ���� ���。

6 SS !"
#�
���。

7 ICS ���$�	����$�%&'��。

8 CS ��($�)��$��。

9 RDT ��
*+,�-.*+ SR ,��/�#�
���。

10 SR1DS SR1 01231�	4�。

11 SROUT2 ��.*+ SR MOSFET 2 �516
��。

12 SROUT1 ��.*+ SR MOSFET 1 �516
��。

13 PROUT2 ��
*+,��516
�� 2。

14 PROUT1 ��
*+,��516
�� 1。

15 VDD IC �3�	。

16 GND 78。
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� 2. ����
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R

&�

� 3. &�
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+

−
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Dead Time
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SKIP
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CLK2
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UP1 UP4 DOWN

+

−3 V

+

−

+

−
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COMP
2.4 V

Auto−Restart
Control
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+

−
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Setting

+

−
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Dead Time
Setting

+
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+

−
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SHUTDOWN
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+
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'()�*��

�
 �� )+� )�� 
�

VDD VDD ��9 GND �	 −0.3 20.0 V

V5VB 5VB ���	 −0.3 5.5 V

VPWMS PWMS ���	 −0.3 5.0 V

VFMIN FMIN ���	 −0.3 5.0 V

VFB FB ���	 −0.3 5.0 V

VCOMP COMP ���	 −0.3 5.0 V

VSS SS ���	 −0.3 5.0 V

VICS ICS ���	 −0.5 5.0 V

VCS CS ���	 −5.0 5.0 V

VRDT RDT ���	 −0.3 5.0 V

VSR1DS SR1DS ���	 −0.3 5.0 V

VPROUT1 PROUT1 ���	 −0.3 VDD V

VPROUT2 PROUT2 ���	 −0.3 VDD V

VSROUT1 SROUT1 ���	 −0.3 VDD V

VSROUT2 SROUT2 ���	 −0.3 VDD V

TJ :; −40 +150 °C

TL ��<7;=，10 ? +260 °C

TSTG @�;= −65 +150 °C

ESD A���B� ���C，JEDEC JESD22−A114 − 3 kV

�����C，JEDEC JESD22−C101 − 2

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.
(�DEF) 
GH�	I(��JK�L�����MN， �OB�PQ。GHI(��R�S�，TUV�W ��B，OB�XY �PQ，Z[
O\]。

,-.�/�

�
 �� )+� )�� 
�

VDD VDD ���3�	  GND 0 18 V

V5VB 5VB ���	 0 5 V

VINS �^���	 0 5 V

TA _!��;= −25 +105 °C

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.
(�DEF)
`�abc!MNLd�e��	#，"�WBfghij。k#�labc!MNLd�mKMN#n��	$ij，OB�Z[ ��
O\]。
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01�� (VDD = 12 V, C5VB = 33 nF   TJ = -40°C to +125°C，opqrst。)  

�
 �� .�/� )+� ��� )�� 
�

020� (VDD ��)

ISTARTUP "
�3�$ VDD = 9 V − 80 115 �A

IDD c!�$ VCOMP = 0.1 V − 2.8 − mA

IDD_DYM1 
uc!�$ fSW = 100 kHz; CL = 1 nF,
%S PR ij

− 10 − mA

IDD_DYM2 
uc!�$ fSW = 100 kHz; CL = 1 nF,
PR - SR ij

− 13 − mA

VDD.ON VDD Xv�	 (VDD &') 9 10 11 V

VDD.OFF VDD �w�	 (VDD $x) 8.5 V

VDD.HYS UVLO y� 1 1.5 2 V

�30�

V5VB 5 V �D TA = 25°C 4.94 5.00 5.06 V

−40°C < TA < 125°C 4.9 5.0 5.1 V

456�� (COMP ��)

VSS.CLMP �	���D TJ = 25°C 2.37 2.40 2.43 V

−40°C < TJ < 125°C 2.35 2.40 2.45 V

gM ���� z{|X 210 300 390 �mho

ICOMP1 ���� �����$ (3�$) VFB = 1.8 V, VCOMP = 2.5 V 70 90 110 �A

ICOMP2 ���� �����$ (}�$) VFB = 3.0 V, VCOMP = 2.5 V 70 90 110 �A

VCOMP.CLMP1 ���� ��`~(�	 VFB = 1.8 V 4.2 4.4 4.6 V

VCOMP.PWM ��� PWM ij� VCOMP )�~(�	 RPWM = ,� 1.35 1.50 1.65 V

RPWM = 200 k 1.45 1.60 1.75 V

RPWM = 50 k 1.75 1.90 2.05 V

VPWMS PWMS ���	 RPWM = 200 k 1.9 2.0 2.1 V

VCOMP.SKP �����*�+c!� VCOMP �� 1.15 1.25 1.35 V

VCOMP.SKP.HYS �����*�+c!� VCOMP ��y� − 50 − mV

7�89 (DT ��)

IDT /�#����$ VRDT = 1.2 V 140 150 160 �A

VTHDT1 ��/�#�4���,.�� 0.9 1.0 1.1 V

VTHDT2 ��/�#�4���/.�� 2.8 3.0 3.2 V

VRDT.ON VRDT "
�	 (VRDT &') 1.2 1.4 1.6 V

:�� (SS ��)

ISS.T !"
��$ (0� ISS.UP) VSS = 1 V 32 40 48 �A

VOLP (��)�� 3.45 3.60 3.75 V

ISS.UP �����w�!"
�� ���$ VSS = 3 V 8.4 10.5 12.6 �A

ISS.DN !"
�� ���$ VSS = 3 V 8.4 10.5 12.6 �A

VSS.MAX SS �� �����	 4.5 4.7 4.9 V

VSS.INIT SS �� 
��	 0.05 0.10 0.20 V

�; (FB ��)

VFB.OVP1 �����*�+c!� VFB �� VCOMP = 3 V 2.53 2.65 2.77 V

VFB.OVP2 �����*�+c!� VFB �� VCOMP = 3 V 2.18 2.30 2.42 V

VERR.OSP "������) (OSP) ����	 VSS = 2.4 V 1.0 1.2 1.4 V
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01�� (VDD = 12 V, C5VB = 33 nF   TJ = -40°C to +125°C，opqrst。) (continued)

�
 
�)�����)+�.�/���

�<�

VFMIN FMIN ���	 RFIMN = 10 k� 1.4 1.5 1.6 V

fOSC PROUT ,��� RMINF = 10 k�, VCS = 1 V
VCOMP = 4.0 V, VICS = 0 V

96 100 104 kHz

fOSC.min �� PROUT ,��� (40 MHz/1024) RMINF = 40 k�, VCS = 1 V
VCOMP = 4.0 V, VICS = 0 V

36 39 42 kHz

fOSC.max �� PROUT ,��� (40 MHz/58) RMINF = 2 k�, VCS = 1 V
VCOMP = 2.0 V, VICS = 0 V

635 690 735 kHz

D PFM �	$� PROUT 1�� RMINF = 20 k�, VCS = 1 V
VCOMP = 4.0 V

− 50 − %

=>�0�?� (ICS ��)

VICS.CLMP ICS ���^~(�	 ICS = 400 �A − 10 50 mV

RDS−ON.ICS ICS ��~( MOSFET RDS-ON ICS = 1.5 mA − 20 − �

VTH1 SR_SHRNK 2B�� VCOMP = 2.4 V 0.15 0.20 0.25 V

VTH1.HYS SR_SHRNK ��y� VCOMP = 2.4 V − 50 − mV

VTH2 SR_SKIP ���� VCOMP = 2.4 V 0.10 0.15 0.20 V

VTH3 SR_SKIP 2B�� VCOMP = 2.4 V 0.025 0.075 0.125 V

VOCL1 ($S��,.�� VCOMP = 2.4 V 1.12 1.20 1.28 V

VOCL2 ($S��/.�� VCOMP = 2.4 V 1.34 1.45 1.56 V

VOCL1.BR �3���_!$�($S��,.�� VCOMP = 2.4 V 1.34 1.45 1.56 V

VOCL2.BR �3���_!$�($S��/.�� VCOMP = 2.4 V 1.59 1.70 1.81 V

VOCP1 ($�)�� VCOMP = 2.4 V 1.77 1.90 2.03 V

VOCP1.BR ($�)��3���_! VCOMP = 2.4 V 2.02 2.15 2.28 V

TOCP1.DLY
1 ($�) 1 4�
#� − 150 − ns

0�?� (CS ��)

VOCP2P ($�)�� 3.3 3.5 3.7 V

TOCP2.DLY
1 ($�) 2 4�
#� − 150 − ns

VOCP2N ($�)�� −4.0 −3.5 −3.0 V

VCS.NZVS Non-ZVS 4�� CS �^�� VCOMP = 3.5 V 0.24 0.30 0.36 V

VCOMP.NZVS Non-ZVS 4�� COMP �^�� VCS = 0.1 V 2.7 3.0 3.3 V

@AB� (PROUT 1 � PROUT 2)

ISINK PROUT }�$ VPROUT1 & VPROUT2 = 6 V − 140 − mA

ISOURCE PROUT 3�$ VPROUT1 & VPROUT2 = 6 V − 150 − mA

tPR.RISE &'#� VDD = 12 V, CL = 1 nF, 
10%   90%

− 100 − ns

tPR.FALL $x#� VDD = 12 V, CL = 1 nF, 
90%   10%

− 85 − ns

TSD1 ��w;= 120 135 150 °C

���� (SR) ��

TRC_SRCD
(st 1)

SR Xv4�)� RC #�h� 50 100 150 ns

VSRCD.OFFSET1
(st 1)

)��� 6�&'�4��	 0.15 0.25 0.35 V

VSRCD.OFFSET2
(st 1)

)��� 6�$x�4��	 0.10 0.20 0.30 V

http://www.onsemi.cn/
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01�� (VDD = 12 V, C5VB = 33 nF   TJ = -40°C to +125°C，opqrst。) (continued)

�
 
�)�����)+�.�/���

���� (SR) ��

VSRCD.LOW SR Xv4��� 0.4 0.5 0.6 V

TDLY.CMP.SR SR Xv4��� �� − 65 − ns

VFB.SR.ON SR 2B FB �	 1.6 1.8 2.0 V

VFB.SR.OFF SR 7� FB �	 1.0 1.2 1.4 V

SR C� (SROUT 1 � SROUT 2)

ISR.SINK PROUT }�$ VSROUT1 & VSROUT2 = 6 V − 140 − mA

ISR.SOURCE PROUT 3�$ VSROUT1 & VSROUT2 = 6 V − 150 − mA

tSR.RISE &'#� VDD = 12 V, CL = 1 nF, 
10%   90%

− 100 − ns

tSR.FALL $x#� VDD = 12 V, CL = 1 nF, 
90%   10%

− 85 − 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. 
(�DEF) 
opqrst，“���]”Ld�����e�� ¡�$�8¢]B��。GHl"£¡�$ij，8¢]BOB9“���]”Ld
�e�]B��",Y。
1. R���¤¥v(
¦§ �W，<¨©(ª8� 
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�����D

(«¬lTA = 25°C¡�$�j­,=)

� 4. V5VB �EF�!G � 5. IDT �EF�!G

� 6. VFMIN �EF�!G � 7. FOSCMIN �EF�!G

� 8. FOCS �EF�!G � 9. FOSCMAX �EF�!G

http://www.onsemi.cn/
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�����D

� 10. "HI�EF�!G � 11. VRDT.OFF �EF�!G

� 12. VSS.CLAMP �EF�!G � 13. ISTART_UP �EF�!G

� 14. IDD �EF�!G � 15. IDD_DYM1 �EF�!G
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�����D

� 16. IDD_DYM2 �EF�!G � 17. VDDON �EF�!G

� 18. VDDOFF �EF�!G � 19. VDDHYS �EF�!G

� 20. GM �EF�!G � 21. ICOMP1 �EF�!G

http://www.onsemi.cn/
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�����D�EF�!G

� 22. ICOMP2 �EF�!G � 23. VCOMP_CLMP1 �EF�!G

� 24. VCOMP_PWM �EF�!G � 25. VCOMP.SKIP �EF�!G

� 26. VCOMP.SKIP.HYS �EF�!G � 27. VRDTON �EF�!G

http://www.onsemi.cn/
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�����D�EF�!G

� 28. VTHDT1 �EF�! � 29. VTHDT2 �EF�!G

� 30. ISST �EF�!G � 31. VOLP �EF�!G

� 32. ISSUP �EF�!G � 33. VSSMAX �EF�!G
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�����D�EF�!G

� 34. ISSDN �EF�!G � 35. VSSINIT �EF�!G

� 36. VPWM �EF�!G � 37. VFBOVP1 �EF�!G

� 38. VFBOVP2 �EF�!G � 39. VERROSP �EF�!G

http://www.onsemi.cn/
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�����D�EF�!G

� 40. RDSON �EF�!G � 41. VTH1 �EF�!G

� 42. VTH2 �EF�!G � 43. VTH3 �EF�!G

� 44. VOCL1 �EF�!G � 45. VOCL2 �EF�!G

http://www.onsemi.cn/
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�����D�EF�!G

� 46. VOCL1BR �EF�!G � 47. VOCL2BR �EF�!G

� 48. VOCP1 �EF�!G � 49. VOCP1BR �EF�!G

� 50. VOCP2P �EF�! � 51. VOCP2N �EF�!G

http://www.onsemi.cn/


FAN7688

www.onsemi.cn
16

�����D�EF�!G

� 52. VCSNZVS �EF�! � 53. VCOMPNZVS �EF�!G
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����

#00����.�$J

LLC�	����OP�p!q，rsE���pE

�。t7	�>�"!"Q-+Xu��)#!"�

�Q-vZ?J。t7	,�"W�+Xu34a�

*!"7�>!" (ZVS)�	wR�*�
�7�
!
" (ZCS)，	��x7$Q>��@Ay(?"z{

B�%。| 54�noC���>����� LLC�	�

�����-}~|。�>����)���)3�

9:;��)�>����!"��� LLC�	���
�。&�，LLC�	�����4�DE��vZOP

��{，M�)3�>�������UE���"

Kq，Kq�'F(G���><!"Q-�Q-�

Q-。

� 54. K�0�LM��� LLC 
�N��

Q2

VIN

VO

COLrCr

Q1

+

−
Driver

VO.REFVCO

VC
Vc

L

+

FAN7688�C����
����，��� LLC�	�
����6TUE。| 55�no�)� FAN7688���
� LLC�	������-}~|，�% Lm���z�

x，Lr��	��x，Cr��	���。| 56�<| 57��

�no�&��2"<,"B�� LLC�	�����
��*H��。+�W���$	���v
，)3

Lr�< Cr�,'�	�%&。��a�*!"�
-(

?���，M�!"�
�IA���JK�)�>

�>������� (PFM)。��，a�*�
��
.A�2%.�!"B�，M�;�/�
 (�z�

)���,a�*!"�
u。&�，!"�
�(VICS)

�L��?���#OPM/����.�
���

���.，C| 56 <| 57 �o。

M�，FAN7688�C����
��，�!"�
�

��� (!"�
�L�)�$���>JK�?，��
>!"��。��!"�
���,�"!" ¡u

$¢£���
�y�0�，M�������)3

�"¤N�uO/�34���¥P=�¦�,u�

§PSTUE。PFM�¨©PuO0ª�� (CT)�，�
���
«¬�� FMIN�­Q
)��
。FMIN�­

Q�>�� 1.5 V�!®�>�。0ª���>¯,�

� (3 V)�，��%&$ FMIN�­QR��S&�T�

NJ!"��。UV�� (VSAW)��)3� Q1�!"�

 (VICS)��L�$����0ª���> (VCT)�v�
ey�。°±，�UV�� (Vsaw) �$4��>

VCOMP)�JK�?�%&!"��。

� 55. LLC 
�N���O��PQ�

FMIN

+

−

+

−

1.5 V

VREF
Reset

CT

Current
sensing

VCT

VSAW

Integrated signal (V ICS)

U1

VO

Cr Lr

Lm

Digital
OSC

VIN Q1

Q2

PROUT1

PROUT2

VCOMP.I

VSAW

1 V

VCOMP

1 V

PROUT2

PROUT1

PROUT1

2.4 V SS

FBCOMP

PROUT2

+

− 3 V

VCOMP.I

PWM
control

PWMS

ICS

COMP
Cutback +

−
+

−

+
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� 56. R�%ST/�� LLC 
�N�����UV

Ip

IDS1

VICS

Im

ID

= dtIk DS 1∫

� 57. R�%WT/�� LLC

�N�����UV

Ip

IDS1

VICS

Im

ID

= dtIk DS 1∫

X&�� (PWM + PFM)
�W� PFM���²�1�>³X�¥&� 50%�0

�!"��，���/a�*�
?;，)�LYv

Z?��,!"��。���,!"��，FAN7688
C��´ ��，,,!"� PFM��µ�(�V�

� (PWM)���，C| 58��o。| 59�<| 60���n

o� PFM���< PWM��������。¶�9:;

��> (VCOMP) �J� PWM ���Z.0，uO

COMP��·�[\',Z.�¢# PFM�]K�µ�

( PWM ��。, PWM ���，!"��)3 COMP
uO\'�> (VCOMPI) ¥&，³X�«¬� COMP
�>< PWM���Z.�>,9。M�，³X��G

¸ VCOMP�/^ PWM���Z.	��/�，���

��,!"B���!"��，C| 58�o。PWM
��Z.7	, 1.5 V�< 1.9 V�,')3 PWMS�­Q
���TJK9:。

� 58. Y COMP 0��'�LM

Switching
frequency

VCOMP

4.4 VVCOMP.PWM

Duty cycle

D = 50%

1.25 V

PFM ModePWM ModeSkip cycle

No
switching

1.3 V

� 59. PFM Z[�(\UV

PROUT1 PROUT2

Ip
Im

VICS

VCT

¾ * VICS + VCT

VCOMP

Counter of

� 60. PWM Z[�(\UV

PROUT1

VICS

VCT

VCOMP

Counter of
digital OSC

VTH.PWM

Ip

VCOMP.PWM − VCOMP

VCOMP.PWM − VCOMP

PROUT2 PROUT1 PROUT2

¾ * VICS + VCT
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0�]�

FAN7688�7¹ºS0!"�
<!"�
�L�，
C| 61��o。�� FAN7688�'�R�*，M�)�

)��
:x�¹ºa�*�
。C» PROUT1��，
ICS �­Q�)3uO¼' MOSFET �\', 0 V。

.,，C» PROUT1��， ICS�­Q�-([\'，#

L��� (CICS) �½¾xº�T�> (VSENSE) < ICS
­Q�>,'�>9JK�:�。,2�]K¡'，

������Z.� 1.2 V，M� ICS ­Q��>J�

1.2�V。�
xº�T<�
:x�¿+����EÀ

_,À"B��，�
xº�T���> (VSENSE)�;
� 4�V。M�，��<:��
 CICS�EÁ;$�
x

º�T���> (VSENSE) y�0"`。| 62 �?�

VSENSE��Âc� 4 V�0 VICS��·$~Ã�L��

·。�|7Ä，VICS��·$~Ã�L��·,'¯

,;a 10%��9，Z�;p+���bc�7	�Å

�。C»dH'�ec� VICS，ÆE�� VSENSE��

Âc。

� 61. FAN7688 �0�?�

+

−

PROUT1

PROUT1

VSENSE

PROUT1

VICS

Primary
winding

VICS

+

−

VCTX VICS

ICS

CICS

RICS

CS
VCS

Q1

Q2

Current
transformer

Main
transformer

PROUT1

PROUT2

RCS2

R

� 62. ^_ VSENSE `>a	)
 (VICS)

0
0.2
0.4
0.6
0.8

1

−4
−3
−2
−1

0
1
2
3

VICS

VCTX

4

VCTX dt∫

time

���
xº�> (VICS)�L���.$ LLC�	�

����¢£���
y�0"`，��.7���

"*H��，C| 63 �o。

1. SR�ÇKÈf：��h,!"]K¡' SR�]K
i&，VICS�./^VTH1 (0.2 V)	�0，SRF
G0' (L)/"^��)����。¶�VICS�.

@^�0.25 V 	�0，SR�FG0'�ÉÊ^9

:.。

2. SR�Ë�<)�：,K,!"B��，¶ VICS
�.J� VTH3 (0.075 V)�0，�Ë� SR。¶

VICS��.��(VTH2 (0.15 V)�	�0，�)�

SR。
3.3
��：VICS��.j�����
。C| 63

��o，¯,Ak-
��
 (¤N<lÌ)。,
,c3"B��，¶ VICS��.��(lÌ�


�¢ (VOCL1)�	�0，uO.�4��>�l

Ì/�	�������。�ÍÎ���Ïm，

�( VICS��./^ VOCL1�	�。,?�B2

�3"B��，VICS��.�n3¤N�
Z.

(VOCL2)�#uO.�4��>�¤N/�	�

�����，C| 64��o。�ÍÎ���Ï

m，�( VICS��./^ VOCL2�	�。VICS�.

��
Z.j(G¸�>xº�· (VFB)��I
Ð�ÑQ，	D,3"B�����)�
，

C| 65�o。¶���,Ò��	�Ó��]

K?o��Ï0'(pÔq�Ï0'@>��)�
0 ， c E � � Z . � Q � ? � � .

(VOCL1.BR�< VOCL2.BR)。
4.3
�[ (OCP1)：¶VICS�.;� VOCP1

(1.9 V)�0，�rÕ3
�[。��� 150 ns�Ö
×60'，	JK3
�[。¶���,Ò�

�	�Ó��]K?o��Ï0' (pÔq�

Ï0'@>��)�0，cE OCP�Z.�Q�?

��. (VOCP1.BR)。

� 63. � VICS b�0��!���

1.2 V

Output Power

SR Disable
SR Enable

Fast Current limit

Slow Current limit

SR Shrink

1.45 V0.2 V0.15 V0.075 V

50 mV

VICS

VICSPK
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� 64. ^_cO*d (e+fg) � ICS ��h�

PROUT1

IPR

PROUT1

IPR

VOCL1
VOCL2

VOCP1

VOCL1
VOCL2

VOCP1

� 65. h�i�j���;0��,�!G

VFB

VOCL1

0.5 V

1.45 V

2.4 V

VOCL2

0.75 V

1.0 V

1.2 V

2.0 V

CS>��&�®#,��$��¯��#$�B。

5.67�>!"s�：¶4��> �(VCOMP)
;��3 V # VCS �.J� 0.3 V 0，�¹º(

NonZVS�B�，��IÐuO4��·	��

!"��。

6.3
�[ (OCP2)：¶ VCS ;� 3.5 V ØJ�

-3.5 V0，�rÕ3
�[�(OCP)。CS­Q�

xº(a�*S0�
。�� CS �­Q��

OCPZ.� 3.5 V�<�−3.5 V (C|�66��o)，M
�)�)3)��>���VSENSEtÙ�CS��
·，C| 61��o。OCPrÚP 150 ns��Ö×
60'。

� 66. CS ���_�-k

PROUT1

VCS

PROUT2

PROUT1

VCS

PROUT2

(3.5) V

(−3.5 V)

VOCP2P

VOCP2N

(3.5) V
VOCP2P

(−3.5 V)
VOCP2N

� 67. /�0�?�)


+

−1.9 V

+

−3.5 V

+

−

3.5 V

CS

ICS

OCP

OCP1

OCP2

+

−

0.3 V

PROUT1

D Q

QN

+

−

0.25 V/ 0.20 V

PROUT1

D Q

QN

SR Shrink

+

−

0.15 V /
0.075 V

PROUT1

D Q

QN

SR Skip

+

−OCL1

PROUT1

D Q

QN

+

−OCL2

PROUT1

D Q

QN

Compensation
Cutback

NON ZVS
 detect

+

−

COMP

3 V

Compensation
Voltage

Compensation
Cutback

PFM block

:���C�0�jl

| 68�no�.���<�/�56��-��Û

|。,2��iT]K%，�56 (SS)�­Q�R�(
\', 2.4 V���9:;�
v��*。.�/�,

¹º(��)�>$ SS�­Q�>v
0]K。,5

6¡'，uO�
jK (ISS.T)�(Z SS����JK�

�，SS�­Q�>�uÜ��。��Ý��/ SS��
�，M��)�>H(?���。
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SS����j��3"�[ (OLP)�¡'�"^_80
'。| 69�no� OLP���。,2�]K¡'，SS��
���>�[\', 2.4 V。C»�)3"，Æ VCOMP
��<^��¢，SS������\'��)3 SS��
�¨Öv。ISS�Å( DBLCK��TÞ，SS����)3�

jK ISS.UP lÌ��。¶ SS �����>w( 3.6 V
0，�rÕ OLP。�56���� 2.4 V ��( 3.6 V
�d�0'¬&�3"�[�"^_80'。

� 68. mn:���$J�

SS

Control

COMP FB

SS

ISS.UP

ISS.DN

ISS

10 �A

Disable SS
clamp

UP

DN

VO

Cr Lr

Lm

VIN Q1

Q2

PROUT1 PROUT2

PFM

2.4 V

DBLCK

+

−

10 �A30 �A

+

� 69. :��op!q

VSS

2.4 V

3.6 V
4.8 V

Ip
time

time

:>-k;r�S�

FAN7688���P�[£�6�;
625，_82

5�)3��Ø:� SS����34，C| 70��o。

,2�]K¡'，SS�����>�[\', 2.4 V。

,rÕJß�[±，�Ë� SS \'��。°±，SS
����)3uO�
jK (ISS.UP)���( 4.7 V。°

±，SS�����)3uO�
jK (ISS.DN) :�(
0.1 V。àR� SS�JK
R��<:�±，�)�


6É¼。

� 70. s<-k;�r�S�

VSS

2.4 V

3.6 V
4.7 V

Shutdown delay

Discharged by ISS.DNCharged by ISS.UP

Ip

ICS

1.2 V

VCOMP

1/8 time scale

0.1 V
Charged by ISS.T

time

time

time

time

C�t%-k

��,B2�áxB�¡')3���H7�/�

�0，FAN7688����)\��[ (OSP)。C»�)
B23"Ø\�，Æ.��> (�)�>xº)�-($

�9:;��Ôq�> (2.4 V)�v
。C»�9:;�

�Ôq�>$FB �>,9;� 1.2 V，�yârÕ
OSP，�-(z(OLP rÕ，C| 71 �o。

� 71. C�t%-k

VSS
2.4 V

3.6 V
4.8 V

Ip

VICS

1.2 V

0.0 V

VFB

1.2 V

time

time

time
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7�89u�

)3?"­Q (RDT�­Q)，a�*ÇK{6�·

(PROUT1 < PROUT2) <R�* SR ÇK{6�·

(SROUT1�< SROUT2)�,'�FG0'�)�!"�


j��>，C| 72�<| 73��o。,)� 5 V��>

±，��ã RDT ­Q�>。, RDT ­Q�>w(
1.4 V ±，CDT ���>�)3uO�
j IDT :�(
1 V。G±，�Ë� IDT，RDT ­Q�>�)3 RDT
�T��。C| 73 �o，RDT ­Q�>� 1 V
�@. 3 V��d0' (TSET1)�� 1/64�¬&�R�* SR
�ÇK{6�·,'�FG0'。

G±�Y�!"�
j IDT�=Z RDT�­Q�>J
K:�。RDT ­Q�>� 3 V /^ 1 V �d0'
(T SET2)�� 1/32�¬&�a�*ÇK{6�·,'�F

G0'。, RDT��>�/( 1 V�±，�|�RË��


j IDT，���� RDT �>��( 5 V。

}�1no�)�ä~� RDT < CDT B�.9:�

SROUT < PROUT FG0'。��0'�)3uO

40 MHz�0��·ºÙ�，M�FG0'�F���

�� 25 ns。M�，No<N\FG0'�����

75 ns�< 375 ns。�H,q���Ô+�9�
0%�

i&� SR�]K，-ä~C� 75 ns�FG0'，å��
Z� SR FG0'。

,,!"B��，¶ FAN7688�, PWM����]K

0，FG0'��K，	/�!"Y0。

� 72. RDT ���=v0�2

5VB

VRDT

S1

IDT

RDT

CDT

� 73. RDT ���>��w�

1 V

2 V

3 V

4 V

5 V

TSET1 TSET2

TSET1 / 64 = SROUT Dead Time
TSET2 / 32 = PROUT Dead Time

� 1. PROUT � SROUT �7�89u�

CDT = 180 pF CDT = 220 pF CDT = 270pF CDT = 330 pF CDT = 390 pF CDT = 470 pF CDT = 560 pF

RDT SROUT
DT (ns)

PROUT
DT (ns)

SROUT
DT (ns)

PROUT
DT (ns)

SROUT
DT (ns)

PROUT
DT (ns)

SROUT
DT (ns)

PROUT
DT (ns)

SROUT
DT (ns)

PROUT
DT (ns)

SROUT
DT (ns)

PROUT
DT (ns)

SROUT
DT (ns)

PROUT
DT (ns)

28 k 75 375 75 375 75 375 100 375 125 375 150 375 175 375

30 k 75 250 75 325 100 375 100 375 125 375 150 375 175 375

33 k 75 200 75 250 100 300 125 375 150 375 175 375 200 375

36 k 75 175 75 200 100 250 125 325 150 375 175 375 225 375

40 k 75 150 100 175 125 225 150 275 175 325 200 375 250 375

44 k 75 125 100 150 125 200 150 250 175 300 225 350 275 375

48 k 100 125 125 150 150 175 175 225 200 275 250 325 300 375

53 k 100 100 125 125 150 175 200 200 225 250 275 300 325 375

58 k 125 100 150 125 175 150 200 200 250 250 300 300 350 350

64 k 125 100 150 125 175 150 225 200 275 225 325 275 375 325

71 k 150 100 175 125 200 150 250 175 300 225 350 250 375 325

78 k 150 100 175 100 225 150 275 175 325 200 375 250 375 300

86 k 175 75 200 100 250 125 300 175 375 200 375 250 375 300

94 k 175 75 225 100 275 125 325 175 375 200 375 225 375 275

104 k 200 75 250 100 300 125 375 150 375 200 375 225 375 275

114 k 250 75 275 100 325 125 375 150 375 175 375 225 375 275

126 k 250 75 300 100 375 125 375 150 375 175 375 225 375 275

138 k 275 75 325 100 375 125 375 150 375 175 375 225 375 250

152 k 300 75 350 100 375 125 375 150 375 175 375 225 375 250
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)+cOu�

)3�?0ª���> (VCT)�$uO 3 V�Ôq��

NJ!"��，C| 74�o。��0ª���>�

�@æ�«¬�$ FMIN�­QR���T (RFMIN)，
M��)3	�ç�%&NJ!"��：

fSW.MIN � 100 kHz �
10k�

RFMIN
(eq. 1)

,uO 40 MHz�0��]K�+è�+����N

J79:!"��。��)�� 10�'�+�，M�
)3+è���Ù(�NJ!"��� 39 kHz
(40 MHz / 1024 = 39 kHz)。M�，��� RFMIN�N;

.� 25.5 k�。

� 74. )?x!cOu�

FMIN

+

−

+

−

1.5 V

VREF
Reset

CT

VCT

VSAW

Integrated signal (V ICS )

U1

Digital
OSC

VCOMP.I

VSAW

1 V

VCOMP

1 V

PROUT2

PROUT1

PROUT1

2.4 V SS

FBCOMP

PROUT2

+

− 3 V

VCOMP.I

PWM
control

PWMS

ICS

COMP
Cutback

VSAW

PROUT2

PROUT1

VCOMP

1 V

3 V

1 V

PROUT1

PROUT2

PROUT1

3 V

1 V

PROUT1

VCT VCT

(a) PFM by COM voltage

VCOMP

(b) minimum Frequency limit

Min Freq Comparator
RFMIN

+

−
+

−

+

+

PWM LM@A0yu�

��!"IéLY COMP��>/^ VCOMP.PWM�	

�0，uO COMP �·�[\',Z.�¢，PFM
]K�µ�( PWM���。)3 PWMS�­Q���T

, 1.5 V�< 1.9 V�,'9: PWM��ê�¢Z.，C

| 75 �o。, FAN7688 J� PWM ��±，�Ë�
SR ÇK{6�。

� 75. PWM LM@A0yu�

zB{�.�

C| 76 �o，��!"IéLY COMP �>/^
VCOMP.SKIP (1.25 V)�	�0，�C����QW�，

	/�!"Y0。G¸ COMP��>@^ 1.3 V�	�，

�É¼!"Ó�。, FB �>@^ VFB.OVP1 (2.65 V)
	�0，L�)����QW�，	���)�>�

@ë¤。G¸ FB��>/^ VFB.OVP2 (2.3 V)�	�，�

É¼!"Ó�。

� 76. zB{�.�

Ip

VCOMP

VCOMP.SKIP
50 mV

����

FAN7688�)�D#$%
&EÇK{6²�vZ�

A"-
�0'Ôqsº SR��
37S'。| 77�<

| 78�no�,��<��	��Ó��D�$%


&E SR {6²��W���。��-bì，�+�

SR�FG0'�7。|�"$%����º� SR�L)
0' (TSR_CNDCTN)�=)���#�Ïm0'$¦�!

"�/� SR�L)0'v
���!"�/ey|�

"
&E{6�· (VPRD_DRV1)。|�"$%���

�º�&M��a�*{6�/í(ZE SR�"^S

' (TEXT)��Ïm0'�"^_o0'。G±，��#
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������"!" ¡ey|�"
&E{6�·

(VPRD_DRV2)。¶�LLCÓ����	���，a�*

{6�·�"^'�ZE�SR{6�·,±0，|�

"
&E SR�{6�·$ZE�a�*ÇK{6�·

v
。°�，¶�LLCÓ����	���，a�{6

�·"^î�ZESR"^S'�ÍÎ�，)3�ZE

�a�*ÇK{6�·_o¦�!"�/��TEXT，7

ey|�"
&E SR {6�·。

��|�"
&EÇK{6�·�"^S'vZ�

a�*ÇK{6�·��/íïð� TEXT，M���

·�Ïm0'ñ°G!"��ÕeQ-。)3�AND
� N�VPRD_DRV1�< VPRD_DRV2�cA"�·$，�t

ÙN

&EÇK{6�·。

� 77. C|}~rR� SR �� (D%
�) w�

IDS.PRI

ISR

VPROUT VPROUT

IDS.PRI

ISR

TSR_CNDCTN (n)

VPRD1 (n+1)VPRD1 (n)

TSR_CNDCTN (n+1)

TSR_CNDCTN
* (n)

VPRD2 (n+1)VPRD2 (n)

TEXT (n) TEXT (n+1)

TEXT
* (n)

TSR_CNDCTN
* (n−1)

� 78. D%
�w�� SR �^]�UV

ISRISR

TSR_CNDCTN(n) TSR_CNDCTN(n+1)

TSR_CNDCTN
* (n−1)

TEXT
* (n)

TEXT (n) TEXT(n+1)

TSR_CNDCTN
* (n)

IDS.PRI IDS.PRI

VPROUT

VPRD1 (n)

VPRD2 (n)

VPROUT

VPRD1 (n+1)

VPRD2 (n+1)

ò"!" ¡� SR1�< SR2�� SR�L)0')3?
"­Q (SR1DS�­Q)�ºÙ。)3 100 ns RC�0'�+
tÙ� SR1DS �>w�_8�·��?�»C | 79
�o。¶ SR�L)0，SR1DS��>�[\'(�óØ

�>� (�)�>�AK)，C| 80��o。&�，C»

¯,!"��，SR1DS �>�¤NQ-。,A"

SR MOSFET�£"�±，SR1DS��>���。C»,

�@í<�/í� SR1DS ��>Q-Nc��¤�

0.25 V/100 ns�< 0.2 V/100 ns�，�¹º( SR�L)ôT
�!"��。FAN7688��½¾¹º(�!"��，s
º��"!" ¡� SR��
37S'。RC�0'�+
LY� 100 ns�¹º_8�, SR��2%ÇK{6�u

O�0¹º��%JK4�。

| 80�<| 81�no SR1DS�­Q�>�����<�
O*H��。�� SR1DS �­Q��>�&.�

4 V，M��>����E�h�­Q�-()43

>。7	��tõ��� (CDS)�R�( SR1DS�­Q，
	��ö÷�ø。&�，)3õ���<�>��T

ey�z�0'�+EJ�¹º���uO RC�0'

�+ (100 ns)，ù�342%� SR �
37¹º。

� 79. ^_
E��� (SR1DS ��) SR �^]�

SR1

SR2

SR1DS

ISR1

ISR2

+

−

S

R

Q

Q

+

−

0.2 V

0.25 V

RC
=100 ns

+

−

0.5 V

SR1_OFF

SR2_OFF

VSR1DS VRC

100 ns

�

100 ns

VSR1DSVRC

SR1_OFF becomes HIGH
if   V > 0.25 V

0.5 V

SR2_OFF becomes HIGH

SR1_OFF

SR2_OFF SR2_OFF

RDS2

RDS1

CDS

V

�V

�

if   V > 0.2 V�

+

� 80. D%
�w�� SR �^]�UV

VSR1.DS

Ip

ISR1

1 V
2 V
3 V
4 V
5 V

ISR2
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� 81. �%
�w�� SR �^]�UV

VSR1DS

Ip

ISR1

1 V
2 V
3 V
4 V
5 V

ISR2

-�89����

�=�j��Ï0'&M��)�>H, AC���

�>5�±�Ï,�>+Xu�d�0'。����

�>,�Ï0'u/�，M�dH�/>���)'

p�
ù��!"��v
���。,�ú1���

>��¥&��j����;J±，���j���

�
��，�Ï0'�Å(��。

FAN7688�OP�Ï0'ïû��，C» LLC�	��
��,�Ï0'u,��	�Ó��]K，���7

�� ICS�­Q�>���
Z.。¶, 1.6 ms 	u，

SR�L)0'üJ��"!" ¡� 94%�0，�)�

��Ï0'ïûÓ�。¶, 3.2 ms 	u，SR�L)0

'ü;��"!" ¡� 98%�0，ICS�­Q���


.�É¼^2�.。

� 82. -�89F���Z[

1.2 V

1.45 V
VOCL1

Ipr

SR conduction

Half switching

Half switching period

SR conduction time
<  94%

VOCL2
1.7 V

Time

period
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0�?��:�����u��G

+�!"��$	���v
，�
:x�

(VSENSE) �R�*�>��.)3	�ç�%&：

VSENSE
PK

� IO �
�

2
�

NS

NP

�
1

nCT
� (RCS1 � RCS2)

(eq. 2)

P[o0] ,ú1!"B��，IO = 20 A, NP = 35, NS = 2,
nCT = 50, RCS1 + RCS2 = 100 � → VSENSE

PK = 3.59 V。

�ý� CS�­Q���>�E�h,2�]K¡'

-(rÕ OCP。

VCS
PK

� IO �
�

2
�

NS

NP

�
1

nCT
�

RCS1

RCS1 � RCS2

� 3.5 V

(eq. 3)

[o0] ,ú1!"B��，IO = 21 A, NP = 35, NS = 2,
nCT = 50, RCS1 = 30 �, RCS2 = 70 � →
VCS

PK = 1.07 V。

�ý� ICS�­Q���T<��E�h,2�]K

¡'-(rÕ�
。

VICS
PK

� IO �

NS

NP

�
1

nCT
�

RCS1 � RCS2

RCIS

1

CICS

�
1

2fSW

� 1.2 V

(eq. 4)

[o0] ,ú1!"B��，Io = 20 A, NP = 35, NS = 2,
nCT = 50, RCS1 = 30 �, RCS2 = 70 �, RICS = 10 k�,
CICS = 1 nF, fS = 100 kHz.

P→ VICS
PK = 1.14 V (��þL��E，3� VICS

PK

P�| 62 �o�� 10%)。
+�3�� VICS

PK (VICS
PKA)�� 1 V，�ý��5

6��E%�,À"B��56¡'-(rÕ3"�

[。

TSS �

CSS � 2.4 V

ISS

�

COUT � VO

1.2�VICS
PKA

VICS
PKA

IO

(eq. 5)

P[o0] IO = 20 A, CSS = 680 nF, ISS = 40 �A, COUT =
7,200 �F, VICS

PKA = 1 V, VO = 12.5 V。

TSS �

CSS � 2.4 V

ISS

� 40.8 ms �

COUT � VO

1.2�VICS
PK

VICS
PK

IO

� 22.5 ms

(eq. 6)

� 83. �%0�?��:���H���0%

+

−

PROUT1

VSENSE

PROUT1

Primary
side

winding

VICS

+

−

VSENSE VICS

ICS

CICS

RICS

CS VCS

Q1

Q2

Current
transformer

Main
transformer

PROUT1

PROUT2

FMIN

+

−

+

−

1.5 V

VREF

CT

VCT

VSAW

Integrated signal (VICS)

U1

Digital
OSC

VCOMP.I

OCP

VCOMP

1 V

PROUT1

2.4 V SS

FBCOMP

PROUT2

+

− 3 V

VCOMP.I

PWM
control

PWMS

COMP
Cutback

RFMIN

+

−

+

−

3.5 V 

−3.5 V

ICS
analyzer

RCS2

RCS1

Secondary Side winding

NP

NS

NS

VO

COUT

1:nCT

+

+

−

+

+

+

−
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����0% (LLC 
�N��)

� 2. ����0% (LLC 
�N��)

�� onsemi �� C@0��I C�

PC Power FAN7688 350~400 VDC 12 V/21 A (252 W)

��

• v?�����K(，�
���� 4%。

• , 50% !"�w( 96.7% ��.��。

• , 100% !"�w( 96.0% ��.��。

• , 20% !"�w( 95% ���。

• , 10% !"�w( 89.7% ���。

• 7)3��$ò" SR MOSFET =��� VF���
��
���,!"�� (<15% �!")。

� 84. �J� (EVB) ����O

82

84

86

88

90

92

94

96

98

0 10 20 30 40 50 60 70 80 90 100

Eff (SR)

Eff (Schottky)

Load (%)

E
ff 

(%
)

SR Enabled

SR Gate without Shrink

SR Disbled

4% improvement
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��)�

v� 
 .�EF�I �� K���†

FAN7688SJX -40°   125°C 16-���°±²³ 2000 / ?´-?µ

†For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

2. ¶· JEDEC: J-STD−020B ¸C，J−STD−020B ¸C。
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