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MARKING DIAGRAMS

$Y = Logo
&Z = Assembly Plant Code
&3 = Numeric Date Code
&K = Lot Code
FDMF5833 = Specific Device Code

$Y&Z&3&K
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5833 F085 = Specific Device Code
A = Assembly Location
ZZ = Wafer Lot
YY = Year
WW = Work Week
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���	

��
 �� ��

1 PWM ������IC�PWM��

2 ZCD# ZCD (	�DCM)
�������

3 VCC 
������������；��“���”VCC

4, 32 AGND IC����������� ，��"�#PGND

5 BOOT $�MOSFET��������。BOOT	PHASE
%��&�'�()N*+$�MOSFET
,��-。

6 NC �."�

7 PHASE �	��&��/0"�，��"�#SW12

8~11 VIN ��34��3��

12~15, 28 PGND ��34��3 

16~26 SW �$��
�MOSFET
%�5�12；67������SW12
������ZCD
�����

27, 33 GL ���
�8、
�MOSFET��9��

29 PVCC LS (Note 1) ������	���:�����

30 THWN# 125°C;<=>? – @ABC125°C;<=DEFG7�H#
�8

31 EN / FAULT# I��，�����IC�����。FAULT# - JABCKLM�(HS (Note 2) MOSFETNOP
150°C THDN)7，���HJQR�STUVH#
�8。

1. LS = 
�。
2. HS = $�。
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� 3. ����

BOOTPVCC VIN

FAULT

PWM CONTROL
LOGIC

PWM INPUT

EN/UVLO

ZCD/CCM/DCM
LOGIC

LEVEL
SHIFT

EN/
FAULT#

HDRV
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��� !�� (TA = TJ = 25°C)

"
 �# �$� � � ��

VCC ����W ��AGND��� −0.3 6.0 V

PVCC ����W ��AGND��� −0.3 6.0 V

VEN/FAULT# ���XY/ZY ��AGND��� −0.3 6.0 V

VPWM �PWM�[�� ��AGND��� −0.3 VCC+0.3 V

VZCD# �ZCD�\�� ��AGND��� −0.3 6.0 V

VGL �
�8��]�B^UV ��AGND���(�_Y�`a) −0.3 6.0 V

��AGND���，AC < 20 ns −3.0 6.0

VTHWN# �;<= ��AGND��� −0.3 6.0 V

VIN ����� ��PGND、AGND��� −0.3 30.0 V

VPHASE �PHASE ��PGND、AGND���(�_Y�`a) −0.3 30.0 V

��PGND���，AC < 20 ns −7.0 35.0

VSW �5�12�� ��PGND、AGND���(�_Y�`a) −0.3 30.0 V

��PGND���，AC < 20 ns −7.0 35.0

VBOOT �	��� ��AGND���(�_Y�`a) −0.3 35.0 V

��AGND���，AC < 20 ns −5.0 40.0

VBOOT−PHASE �Boot#PHASE�W ��PVCC��� −0.3 6.0 V

IO(AV)
(Note 3)

����a �fSW = 300 kHz, VIN = 12 V, VOUT = 1.8 V 50 A

�fSW = 1 MHz, VIN = 12 V, VOUT = 1.8 V 45

IFAULT �EN/FAULT# b�a −0.1 7.0 mA

�J−A �c#de;f 12.4 °C/W

�J−PCB �c#PCB;f(Jghij(�SPS;��) 1.8 °C/W

TA �deFGkl −40 +125 °C

TJ �mncF +150 °C

TSTG �o�FGkl −55 +150 °C

ESD ���p�qr ���s，ANSI/ESDA/JEDEC JS−001−2012 3000 V

!"#��s，JESD22−C101 2500

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.
(tuvw) 
xy�Wz{mn|}$~%���$kl，�"�����。xyz{&'�(�$，S��)��"��，���(��"��，��
���。
3. IO(AV)|}$�){JTA = 25°C�	��a*��"�B^ON Semiconductor�SPS�+��C�。T|}$���SPS�$FG

TJ = 150°C，���,�"�PCB����。J-6�YE�%，T|}$����]��。
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%&'�(�

"
 �# �$� �
� � � ��

VCC �������� 4.5 5.0 5.5 V

PVCC �	
������� 4.5 5.0 5.5 V

VIN �
����� 4.5 (Note 4) 19.0 24.0 (Note 5) V

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.
(tuvw)
$�� �,kl~¡%
��W7，-)��¢£¤¥¦。§7%J� �,kl~¡%¨}kl�©��W�¥¦，������"�
���。
4. ª«�Y�"，�¬­3.0 V VIN。
5. JVIN�$��"�¥¦，JMOSFET5�®�{¯%，��JSW#GND�BOOT#GND12��]n°0a�W{6。�7±)SPS
��¥¦，SW#GND�BOOT#GND²³)´J�~%�µ�mn|}$P��。

)*��  
(8s$�JVIN = 12 V、VCC = PVCC = 5 V9TA = TJ = +25°C�"�B��，¶·¸�¹º。

m»/mn$�JVIN = 12 V、VCC = PVCC = 5 V + 10%9TJ = TA = -40~125°C�"�B��，¶·¸�¹º。)

"
 �# (� �$� �
� � � ��

+,'�

IQ ���a IQ = IVCC + IPVCC、EN = HIGH、
PWM = LOWPHIGHPFloat (·5�{¯%)

− − 2 mA

ISHDN �¼�a ISHDN = IVCC + IPVCC, EN = GND − − 3 �A

VUVLO ½W¾¿À$ VCC�Á 3.5 3.8 4.1 V

VUVLO_HYST UVLOÂd − 0.4 − V

tD_POR PORÃÄCXYIC VCC UVLO�ÁC��PWMXY − − 20 �s

EN-�

VIH_EN ����W$�8 2.0 V

VIL_EN ����W
�8 0.8 V

RPLD_EN ��H�f 250 k�

tPD_ENL ��EN
�8<�ÃÄ �PWM = GND，EN��
�8CGL
��
�8

25 ns

tPD_ENH ��EN$�8<�ÃÄ �PWM = GND，EN��$�8CGL
��$�8

20 �s

ZCD#-�

VIH_ZCD# ����W$�8 2.0 V

VIL_ZCD# ����W
�8 0.8 V

IPLU_ZCD# ��H�a 10 �A

tPD_ZLGLL �ZCD# 
�8<�ÃÄ �PWM = GND，ZCD# ��
�8CGL
���
�8(±)IL ≤ 0)

10 ns

tPD_ZHGLH �ZCD# $�8<�ÃÄ �PWM = GND，ZCD# ��$�8CGL
���$�8

10 ns
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)*�� (continued)
(8s$�JVIN = 12 V、VCC = PVCC = 5 V9TA = TJ = +25°C�"�B��，¶·¸�¹º。

m»/mn$�JVIN = 12 V、VCC = PVCC = 5 V + 10%9TJ = TA = -40~125°C�"�B��，¶·¸�¹º。)

"
 ��� ��
��$�(��#

PWM-�

RUP_PWM ��H�f �8s$：TA�=�TJ�=�25°C9
�VCC�=�PVCC�=�5�V；
�m»$/mn$：
�TA = TJ = -40°C#125°C9
�VCC = PVCC = 5 V ±10%

10 k�

RDN_PWM ��H�f 10 k�

VIH_PWM PWM$�8�W 3.8 V

VTRI_Window �=�ÆÇ 1.2 3.1 V

VIL_PWM PWM
�8�W 0.8 V

tD_HOLD−OFF �=��¼7% 90 130 ns

VHIZ_PWM �=�5O�W 2.1 2.5 2.9 V

���./012

tMIN_PWM_ON PWMm
��()7% SW12>GND?ÈCVIN
,�m»PWM
�8É6

30 ns

3��$GL4)512

tMIN_GL_HIGH Ê�m»GL$�8 @ABC
�8VBOOT-SW9
PWM LOW ≤ 100 ns7，m»GL$�87%

100 ns

PWM�-67�8�12(VIN = 12 V、VCC = PVCC = 5 V、fSW = 1 MHz、IOUT = 20 A、TA = 25�C)

tPD_PHGLL PWM$�8<�ÃÄ PWM��$�8CGL��
�8，
VIH_PWMC90% GL

15 ns

tPD_PLGHL PWM
�8<�ÃÄ PWM��
�8CGH (Note 6)��
�8，

V
IL_PWMC90% GH

30 ns

tPD_PHGHH PWM$�8<�ÃÄ
(ZCD#)´
�8)

PWM��$�8CGH��$�8，
VIH_PWMC10% GH (ZCD# =�LOW、
IL = 0，9@}�,�\�DCM)

10 ns

tD_DEADON LS�¼CHS()ËÌ7% GL ��
�8C GH ��$�8，
10% GLC10% GH，PWM>
�8
�{ÍC$�8—tÎÏ 29

10 ns

tD_DEADOFF HS�¼CLS()ËÌ7% GH��
�8CGL��$�8，
10% GHC10% GL，PWM>$�8
�{ÍC
�8—tÎÏ�29

5 ns

tR_GH_20A 20 A IOUT��GH�Á7% 10% GHC90% GH，IOUT = 20 A 9 ns

tF_GH_20A 20 A IOUT��GH�Ð7% 90% GHC 10% GH，IOUT = 20A 9 ns

tR_GL_20A 20 A IOUT��GL�Á7% 10% GLC 90% GL，IOUT = 20 A 9 ns

tF_GL_20A 20 A IOUT��GL�Ð7% 90% GLC 10% GL，IOUT = 20 A 6 ns

tPD_TSGHH �Ñ�=�<�ÃÄ PWM（>=�）��$�8CGH
���$�8，VIH_PWMC10% GH

45 ns

tPD_TSGLH �Ñ�=�<�ÃÄ PWM（>=�）��
�8CGL
���$�8，VIL_PWMC10% GL

45 ns

4�9��(HDRV、VCC = PVCC = 5 V)

RSOURCE_GH ����f，� ���a = 100 mA 0.68 �

RSINK_GH ����f，b �b�a = 100 mA 0.9 �

tR_GH �GH�Á7% 10% GHC90% GH，CLOAD = 1.3 nF 4 ns

tF_GH �GH�Ð7% 90% GHC10% GH，CLOAD = 1.3 nF 3 ns

http://www.onsemi.cn/
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)*�� (continued)
(8s$�JVIN = 12 V、VCC = PVCC = 5 V9TA = TJ = +25°C�"�B��，¶·¸�¹º。

m»/mn$�JVIN = 12 V、VCC = PVCC = 5 V + 10%9TJ = TA = -40~125°C�"�B��，¶·¸�¹º。)

"
 ��� ��
��$�(��#

:;	��9��(CCM2<=
>�，!@"LDRV2，VCC = PVCC = 5 V)

RSOURCE_GL ����f，� ���a = 100 mA 0.82 �

ISOURCE_GL �����$�a GL = 2.5 V 2 A

RSINK_GL ����f，b �b�a = 100 mA 0.86 �

ISINK_GL ���b�$�a GL = 2.5 V 2 A

��9��(CCM1<=
>�，LDRV1�LDRV2A=，VCC = PVCC = 5 V)

RSOURCE_GL ����f，� ���a = 100 mA 0.47 �

ISOURCE_GL �����$�a GL = 2.5 V 4 A

RSINK_GL ����f，b �b�a = 100 mA 0.29 �

ISINK_GL ���b�$�a GL = 2.5 V 7 A

tR_GL �GL�Á7% 10% GLC90% GL，CLOAD = 7.0 nF 9 ns

tF_GL �GL�Ð7% 90% GLC10% GL，CLOAD = 7.0 nF 6 ns

���BC(125�C)

TACT_THWN_125 �ÔÕFG TJ = TA7J���IC�B� 125 °C

TRST_THWN_125 �Ö�FG TJ = TA7J���IC�B� 110 °C

RPLD_THWN ��H�f IPLD_THWN = 1 mA 100 �

���(150�C)

TACT_THDN �ÔÕFG TJ = TA7J���IC�B� 150 °C

RPLD_EN−THDN ��H�f IPLD_EN-THDN = 1 mA 50 �

DE�FG(SWH.�)

VSW_MON SW9�����W 1.3 2 V

tD_FAULT <�ÃÄCSEN/FAULT#
��[H#
�8

20 ns

I#$JK

VF �£×WÐ IF = 10 mA 0.4 V

VR �AØ�W IR = 1 mA 30 V

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. 
(tuvw) 
¶·¸�¹º，“�ÙÚ�”~¡%����
�B^�"���Û��tÜ。xyJ-6�"�¥¦，�Û����	“�ÙÚ�”~¡
%
���tÜ-B�。

6. GH =��$，$�MOSFET�����UV。
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�
���L
(B^�"：VIN = 12 V、VCC = PVCC = 5 V、VOUT = 1.8 V、LOUT = 250 nH, TA = 25°C9�	��a*�，¶·¸�¹º。)
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� 4. 12 VIN1	M%'�� � 5. 19 VIN1	M%'��

[oC][oC]

� 6. 12 VIN1	�N�-&)O'2	�P � 7. 19 VIN1	�N�-&)O'2	�P

VIN = 12 V, PVCC & VCC = 5 V, VOUT = 1.8 V

FSW = 300 kHz

FSW = 1000 kHz

VIN = 19 V, PVCC & VCC = 5 V, VOUT = 1.8 V

FSW = 300 kHz

FSW = 1000 kHz

PVCC & VCC = 5 V, VOUT = 1.8 V PVCC & VCC = 5 V, VOUT = 1.8 V
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�
���L
(B^�"：VIN = 12 V、VCC = PVCC = 5 V、VOUT = 1.8 V、LOUT = 250 nH, TA = 25°C9�	��a*�，¶·¸�¹º。)
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� 8. �N�Q�R�'2	�P � 9. �N�-�)('2	�P

� 10. �N�9��)S)('2	�P � 11. �N�-&)('2	�P

� 12. �N�-&)T'2	�P � 13. 9��)S)O�Q�R�'2	�P

VIN = 12 V, PVCC & VCC = 5 V, VOUT = 1.8 V, IOUT = 30 A PVCC & VVCC = 5 V, VOUT = 1.8 V, FSW = 500 kHz, IOUT = 30 A

VIN = 12 V, VOUT = 1.8 V, FSW = 500 kHz, IOUT = 30 A  VIN = 12 V, PVCC & VVCC = 5 V, FSW = 500 kHz, IOUT = 30 A

VIN = 12 V,PVCC & VVCC = 5 V, FSW = 500 kHz,
VOUT = 1.8 V, IOUT = 30 A

VIN = 12 V,PVCC & VCC = 5 V, VOUT = 1.8 V, IOUT = 0 A
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�
���L
(B^�"：VIN = 12 V、VCC = PVCC = 5 V、VOUT = 1.8 V、LOUT = 250 nH, TA = 25°C9�	��a*�，¶·¸�¹º。)
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Driver Supply Voltage, VCC [V]

VIH_ZCD#

VIL_ZCD#

TA = 25 C

� 14. 9��)S)O�9��)S)('2	�P � 15. 9��)S)O�-&)O'2	�P

� 16. UVLOU��VW	�P � 17. PWMX��9��)S)(	�P

� 18. PWMU��VW	�P � 19. ZCD#X��9��)S)(	�P

 VIN = 12 V, VOUT = 1.8 V, FSW = 500 kHz, IOUT = 0 A VIN = 12 V, PVCC & VVCC = 5 V, VOUT = 1.8 V

FSW = 300 kHz

FSW = 1000 kHz
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�
���L
(B^�"：VIN = 12 V、VCC = PVCC = 5 V、VOUT = 1.8 V、LOUT = 250 nH, TA = 25°C9�	��a*�，¶·¸�¹º。)

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

−55 0 25 55 100 125

Z
C

D
# 

T
h

re
sh

o
ld

 V
o

lt
ag

e,
 V

Z
C

D
#

[V
]

Driver IC Junction Temperature, T J [oC]
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� 20. ZCD#U��VW	�P � 21. ZCD#)Y)O�VW	�P

� 22. ENX��9��)S)(	�P � 23. ENU��VW	�P
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IF = 10 mA

� 24. EN�Y)O�VW	�P � 25. I#$JKZ*)(�VW	�P

[�
A

]

[�
A

]
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�
���L
(B^�"：VIN = 12 V、VCC = PVCC = 5 V、VOUT = 1.8 V、LOUT = 250 nH, TA = 25°C9�	��a*�，¶·¸�¹º。)
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Driver IC Junction Temperature, T J [oC]

PWM = 0 V

PWM = 5 V

PWM = Float

� 26. 9����)O� VW	�P � 27. 9��[\)O�VW	�P

[�
A

]

PVCC & VCC = 5 V, PWM = 0 V, ZCD# = 0 V, EN = 0 V PVCC & VCC = 5 V, ZCD# = 5 V, EN = 5 V

��]^

SPS FDMF5833��		��sMOSFET7r，t
Z"����'4�uv� �
。[\�	PWM8
I wx]^	������MOSFET。_�!"y
	��I1.5 MHz��
。

))_�(POR)
PWM8I��_z{POR�'，"`^�LDRV�

HDRV>UVLO > ~3.8
V (�|a$)%}b�K�4c
�d&(LDRV = HDRV = 0)。~��QR	�7r�
	��^&t����7�，!D	��IC
EN_PWM
 w�be����i，�f	��8=。��	�

����'��(<(120 �s)，	��g�PWM
 w�d&((a��S+，�K�O���=d&�
�KPWM w'�	���&h��!)。
]���/���i���j�	�!。

• VCC�|�5 V，k�EN����i：

• ENXCla�VCCXC：

• >5 V VCCIbUVLO�|a$%}，ENb�)�
K���i。

POR���>:�VCC，�UVLO >�|a$，
&EN = HIGH。

`(a�(UVLO)
UVLO�>VCC�� ，`*>PVCC�VIN�� 。

�ENmn���i&VCC�|��UVLOa$�i
(3.8 V)，_�!>(120 �s POR9,�#�#$o
 。_9,�p��^�!D�)+n、Ya，^&

tg��q��o 。:��	VCCXC：PVCC�
VCC。QR	���)rPVCC�s��。
���
�	��R−CtE��PVCC5��VCC。u:��
	tE��5 V+�bIC�7��)。

Driver State

3.83.4 VCC [V]

Disable

Enable

* EN pin keeps HIGH

� 28. VCC��½W¿}

EN / FAULT# (+�/FGBC)
���EN/FAULT#XCZ���i(EN < VIL_EN)
�v
	��，u7*�PWM8Id&A,w���
GL�GH��i。���EN/FAULT#XC|���i
(EN > VIH_EN)��
	��。v
7，	��IC��
)�3 �A�$C��。x��
	���，[\(y
20 �s���7+。

EN/FAULT#XC�U@fz�#{8=，���	
250 k��!D�Z�=。[\PWM�K�<=�|}
� w�"EN/FAULT#XCbVCC�~10 k��D�Z
�=x��	��o 。

b 1. UVLO�+�cd

UVLO EN 9��e\

0 X �ZY (GH & GL = 0)

1 0 �ZY (GH & GL = 0)

1 1 �XY (tÎ~�2)

1 Ý5 �ZY (GH & GL = 0)

http://www.onsemi.cn/
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EN/FAULT#XC��	�"：�
/v
	���U
@fz。U@fz w���i�E。�	��>o

 S+VAbU@d@，����EN/FAULT#XC�
�#{^&XC��bZ���i。U@d@A�：

• ��MOSFET��S+，��MOSFET~����
�VIN~SW?)：

• �	��TJ�150°C=!�$C

�	��VAb�	U@d@^� v
，[\VCC�
�POR-!xx���	��o 。

,\PWM-�

FDMF5833FG��&5 V PWM8IQR	�m
�。�&QR	��7��|}����i，�
�

&$Ch�。�PWM8I w�I^&��>�&h
�!�7+�ta.���7+(tD_HOLD−OFF)7，GL

�GHwbZ���i。_�'�fQR	��7$C
�����MOSFET，"`���A����"，
���2�Y�����	���"。

b 2. EN/PWM/=�/ZCD#Þßà�

EN PWM ZCD# GH GL

0 X X 0 0

1 3� X 0 0

1 0 0 0 1 (IL > 0), 0 (IL < 0)

1 1 0 1 0

1 0 1 0 1

1 1 1 1 0

PWM

GL

GH−PHASE
(intenal)

BOOT−GND

VIH_PWM

VIL_PWM

tFALL_GH

tRISE_GL

SW

tPD_PHGLL tPD_PLGHL tD_DEADOFFtD_DEADON
tFALL_GL

tRISE_GH

tPD_PLGLHtPD_PHGLL = PWM HI to GL LO, VIH_PWM to 90% GL
tFALL_GL = 90% GL to 10% GL
tD_DEADON = LS Off to HS On Dead Time, 10% GL to VBOOT−GND ≤ PVCC − VF_DBOOT − 1V or BOOT−GND dip start point
tRISE_GH = 10% GH to 90% GH, VBOOT−GND ≤ PVCC − VF_DBOOT − 1V or BOOT−GND dip start point to GL bounce start point

tPD_PLGHL = PWM LO to GH LO, VIL_PWM to 90% GH or BOOT−GND decrease start point, tPD_PLGLH − tD_DEADOFF − tFALL_GH
tFALL_GH = 90% GH to 10% GH, BOOT−GND decrease start point to 90% VSW or GL dip start point
tD_DEADOFF = HS Off to LS On Dead Time, 90% VSW or GL dip start point to 10% GL
tRISE_GL = 10% GL to 90% GL
tPD_PLGLH = PWM LO to GL HI, VIL_PWM to 10% GL

� 29. PWM1f�

90% 90%

90% 90%

10% 10%

10% 10%

90%

PVCC − VF_DBOOT − 1 V
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VIH_PWM

VTRI_HI

VTRI_LO

VIL_PWM

3−State
Window

3−State
Window

VIH_PWM

VTRI_HI

VTRI_LO

VIL_PWM

PWM

GH−PHASE

GL

� 30. PWMX��	

gh：
7. The timing diagram in Figure 30 assumes very slow ramp on PWM.
8. Slow ramp of PWM implies the PWM signal remains within the 3-state window for a time >>> tD_HOLD−OFF.
9. VTRI_HI = PWM trip level to enter 3-state on PWM falling edge.
10.VTRI_LO = PWM trip level to enter 3-state on PWM rising edge.
11. VIH_PWM = PWM trip level to exit 3-state on PWM rising edge and enter the PWM HIGH logic state.
12.VIL_PWM = PWM trip level to exit 3-state on PWM falling edge and enter the PWM LOW logic state.

(7) (7)

(11)

(8) (8)

(9)

(10)

(12)

))if

SPS FDMF5833[\�	(4)8I w，� ]��
#$o ：VIN、VCC/PVCC、PWM�EN。PWM*�
VCC%}�
�PWM� ¡*�_��VCC。��¢

������。�j�����%/���£��


m�：

• "��8I w#�
♦�VIN��：¤�12 VDC
♦�VCC/PVCC��：¤�5 VDC
♦�EN��i：¤�5 VDC
♦�PWM )：5 V��i/0 V��i

VINXCla��#�\T����s。
PVCC�VCCXCla>��，¥QR	��|}
�):�x��#VCC�s���。��，PVCCX
C��T�la��#VCC�s，^&VCCXC��
'�PVCCXC�VCCXC%+�tE�=rPVCCX
C��。tE�="y-."PVCCbVCC�#$_`

¦§。

ENXC�����	�D�Z�=la�VCC�

s，^&��VCC�s��，_XCD����i。

��，ENXC��T�5��PWM�K�，
�¢
�
�。

4�9��

��	��(HDRV)m�
x	��	�nN�B
MOSFET (Q1)。��	���+n��r�
���
)]�，_�)z{!D����R���D�
�

M�(CBOOT)。��S+，SW�V��>PGND，�

fCBOOT��!D�
�R�¥PVCC¨�。�PWM
8I����i7，HDRV#�¥��MOSFET�Q
R(!DGHXC)¨�。>_�����，��"
CBOOT���，^�8�Q1�QR。�Q1��7，
SW|�VIN，��BOOTXCIbVIN + VBOOT，"`

�Q1:�¨©�VGS��。����#$ªS，��

�HDRVZ�SW$CQ1。�SW��PGND7，
CBOOTx�¨��PVCC。HDRV8=�PWM8I�
�。�	��bv
�PWM w��>�&h��7
+���&��7+tD_HOLD−OFF7，��QR��>

��i。

��9��

��	��(LDRV)m�
�	��«��g、�
RDS(ON)、N�BMOSFET (Q2)�Q�R。LDRV�!
D+n>!D5��PVCC�AGND%+。��
	
��7，	��8=�PWM8I%+����180°。
�v
	��7(EN = 0 V)，LDRV����i。

������2 (CCM2)�	
SPS FMDF5833��	��m���	�\�'�
"y>VAb>�*��7�K��QR	��D

©，��CCM2o 。u���ZCDK�� w%
!�。¬K/�-	��¡��\­��>��

MOSFET�#$�*��7�KVDS®$�P。_

VDS®$�P�z{1�>3�&�¯�J9�8=

������
�°>��	� 。

SPS FDMF5833�MOSFETQR	��>�¡7H
���¡7H�o ，A��¢。
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���
���������1 (CCM1)
>u¡7H�，�*��±��¥8=�M�，²

¢�>x3�
�。��MOSFET�����*��
�����R���，^&SW1£����«��
�VF，u³´¤�#$���$C��MOSFET。

�������(DCM)
��>23�
�，��MOSFET>¥�*��7
��，¦�*��µ¶�|，k�·>§	#$ªS

¸b¥��。���MOSFET>DCM7Ho ���
7，SW�V�"����«���VFb��VIN�

VF%+�0³��。u���>��MOSFET$C
�，SW�V�M¦�*��¨/。
*�SW�V��A,，	��IC���i'4��
_"y����MOSFEMT。>u¡?@�，��
MOSFET$C]��。
>_7HS+，LDRV1�LDRV2^©o ^&��
QR	���Z��Z�=�	�¡o 。


���
���������2 (CCM2)
_7H��
�����'4��，�"�"8=

�M��¹=，k��"��8�8I�M�(|�7
H)。>u¡7H�，���MOSFET$C7，�*�
��>¥�(º�¥MOSFET)(���MOSFET��7
1�"�>¥)。u¡?@��ª，���MOSFET

���F��(»7o >��|�7H�)7，��
MOSFET� �#$。
>_7HS+，��“�¼�” LDRV2
���

MOSFET���$C。p��>� �#$�-.®
$VDS�P7，-(��MOSFET�#$�¡。

CCM1/DCM/CCM2
>�	8�12

	��ICm�^�(?MOSFET*67+，�70
½.>�«�(2¾��)��。��^�(3�7r
"E，�i>CCM1�DCM7Ho S+���R�
��7+�?�¿)�¬o­Me。�>�CCM1/
DCM*��7H�o �
MOSFET7，CCM27H
�À�QR	��=。�i�®À���*67+o

 。

CCM1/DCM���，��MOSFET�����
MOSFET������
��¯°>��MOSFET$Cb��MOSFET��
#$�����=!2¾，$
�	�±��)��

GLXC��。�PWM w����i7，GL>�	
�89,(tPD_PHGLL)�����i。��GLXC��
���~1−2 V，GH>�	�±�9,tD_DEADON�b

Z���i。

>Á4?@�，ZCD#�|² w³ÂPWM�|²
ÃÄ¬o­，u��ª=!GH�GL2¾。�PWM�
K�<´³Â、µ������PWM�ZCD# w
7，�"=!u¡?@。��¶Åu¡!·，¸sÆ

��	Ça�89,(tFD_ON1)，^�>��MOSFET
$Cb��MOSFET��%+±�°>()9,。

CCM2���，��MOSFET�����MOSFET��
����
ACCM27Ho ¹��¢，>VAbCCM27H
7，��	���¡���F。CCM2�'"y-
(��MOSFET�¨������，"`>��
MOSFET�#$(>�*��)S+(1�¡«-.®
$#$���5。��¶Å2¾��，��QR

���1[\�F(�s)��MOSFET$Cb��
MOSFET��%+�*67+。%!�	��y�Ç
a*67+(tFD_ON2)，�^�>CCM27Ho S+
*°>2¾��。

CCM1/DCM���，��MOSFET�����
MOSFET������
��>��MOSFET$Cb��MOSFET����
���ºÈ4�?�*67+，[\>SPSQR	�
��%!�	Ça�*67+��。Ça*67+�

)��!DHS w，^&*�SW�Vd&A,w�
>�[tD_DEADOFF (~5 ns，tD_DEADOFF = tFD_OFF1)�
¸s�	»yy�Ça9,�GLQR。

j&,\e-

�¼=�E��&d@7，FDMF5833�QR	�
��É PWM8I�)。ABPWM8Ir�&��
��i，D����MOSFET。ABPWM8Ir�&
����i，D����MOSFET。A�jÊ31�
½。
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VIH_PWM

VIL_PWM

VTRI_HI

VTRI_LO

VIH_PWM

3−State
Window

VTRI_HI

VTRI_LO

VIH_PWM VTRI_HI

VIL_PWMVIL_PWM

10%
10%

10%

90%

90%

10% 10%

90%

10% 10%

tPD_PHGLL

tD_DEADON

tPD_PLGHL

tD_DEADOFF

tPD_PHGLL

tD_DEADON2 tD_HOLD−OFF

tPD_THGHH tPD_TLGLH

Less than
tD_HOLD−OFF

Less than
tD_HOLD−OFF

GL / GH
off

GL / GH
off

tD_HOLD−OFF

3−State
t HOLD_OFF

Window

3−State
t HOLD_OFF

Window

Inductor
Current

PWM

SW

GL

GH to SW

tPD_XXX = propagation delay from external signal (PWM, ZCD#, etc.) to IC generated signal. Example : tPD_PHGLL – PWM going HIGH to
low-side MOSFET VGS (GL) going LOW
tD_XXX = delay from IC generated signal to IC generated signal. Example: tD_DEADON – low-side MOSFET VGS LOW to high-side 
MOSFET VGS HIGH

PWM
tPD_PHGLL = PWM rise to LS VGS fall, VIH_PWM to 90% LS VGS
tPD_PLGHL = PWM fall to HS VGS fall, VIL_PWM to 90% HS VGS
tPD_PHGHH = PWM rise to HS VGS rise, VIH_PWM to 10% HS VGS (ZCD# held LOW)

ZCD#
tPD_ZLGLL = ZCD# fall to LS VGS fall, VIL_ZCD# to 90% LS VGS
tPD_ZHGLH = ZCD# rise to LS VGS rise, VIH_ZCD# to 10% LS VGS

Exiting 3-State
tPD_TSGHH = PWM 3-State to HIGH to HS VGS rise, VIH_PWM to 10% HS VGS
tPD_TSGLH = PWM 3-State to LOW to LS VGS rise, VIL_PWM to 10% LS VGS 

Dead Times
tD_DEADON = LS VGS fall to HS VGS rise, LS-Comp trip value to 10% HS VGS
tD_DEADOFF = SW fall to LS VGS rise, SW-Comp trip value to 10% LS VGS

NOTES:

� 31. PWM4)5/�)5/,\1f�
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::�	BOOT−SW)(j&,\

SPS7r
�2�VRuv�，[\_7r>�&d
@��~�	*^a�7+。�y�J¾7+�ª�

�
�M�¿À��，T�ËÌPVCC�VOUT(Á=

!Â'。���BOOT−SW���"�ª�i'4�
)�
��HDRV�n�)��89,�s，�"
BOOT−SW�s+n。¿ÀÃÍ�BOOT−SW�M��
�1�"�ªÆ�	� ，º>��S+ÎsbHS
MOSFETQR���。���BOOT−SW����ª
4�¼�HSQR	�，�Ä，��1HS RDS(ON)^�

s*�Åo �ÆÇ，u���ABBOOT−SW�È
Ï�，HS
MOSFET�"*���。
��ÈÐu	� ，�7r>�&d@7，SPS�
����BOOT−SW��。�7r����BOOT−SW
��¼=�&d@7，*�PWM8IA,w�8=�
	100 ns�(?GL��7+。uÑ�"^��
�M
��b¨©¨���	�	�d��i^&()
"

�#�&§��¦§。�j�
¼=�&d@�Ò

Ó。

• AB_�!����BOOT−SW��¼=�&d@
^&�K�<=PWM = HIGH��)，SPS�8=
�	100 ns�GLÉ5^&É PWM = HIGH�)
(£�Ê32)。

• AB_�!����BOOT−SW��¼=�&d@
^&�K�<=PWM = LOW�)�7+�100 ns�
Ôy，SPSÉ PWM8I��)。AB
PWM = LOW�7+.�100 ns，GL����
100 ns，k�É PWM8I��)(£�Ê33�
Ê34)。

• ABÕVAb�BOOT−SW��d@，>¼=�&
7，SPSÉ PWM�)(£�Ê35)。

>¼=�&d@�>Ö���7，SPS?»×Ê>
�±�*67+7H�。�±�*67+7H�67

+*���	(2)56�#$ªS，"`��
�M�
:�»y�7+¨���	�	��i。7r�Ø4

¸Ça�*67+�K，"`%!(1�"E。

� 32. kl;:�	BOOT−SW)(A<PWM
=,\>?4)5

Low BOOT−SW voltage detected

PWM

GH to
PHASE

LOW
BOOT−SW

detect

GL / GH
off

VIH_PWM

100 ns
GL pulse

GL

� 33. kl;:�	BOOT−SW)(A<PWM
=,\>?�)5	12mn100 ns

Low BOOT−SW voltage detected

PWM

GH to
PHASE

LOW
BOOT−SW

detect

GL / GH
off

VIL_PWM

> 100 ns
GL pulse

GL

PWM LOW
> 100 ns

� 34. kl;:�	BOOT−SW)(A<PWM
=,\>?�)5	12o@100 ns

Low BOOT−SW voltage detected

PWM

GH to
PHASE

LOW
BOOT−SW

detect

GL / GH
off

VIL_PWM

100 ns
GL pulse

GL

PWM LOW
< 100 ns

I

� 35. pkl;:�	BOOT−SW)(A<PWM
=,\>?4)5q�)5

Low BOOT−SW voltage NOT detected

PWM

GH to
PHASE

LOW
BOOT−SW

detect

GL / GH
off

VIL_PWM

GL

VIH_PWM

GL / GH
off
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nrkl(ZCD)<=
ZCD�K7rz{
�^a�*��,7Ù¥^&
�K,7$C��MOSFET��)。�+�K��>
LS MOSFET��S+����MOSFET�SW�
PGND��。�*A���R'">À�]7，K�
��À�d&^&tVAbÙ¥��。_K��+�

�i>(Ú�0.5
mV�Me!VA>VSW。>+��

>^��*��"*Ù¥；�4)���R���Ô

5¥���>��。

K��>��QR	��|²����，r��Q

R	���8I w$C。uÑ�x，¥��K��

5�b�	ÂC�G5�，�f
�����N��

m�_K��。

� 36. ZCD# & PWM1f�

PWM

ZCD#

GH to
SW

GL

SW

Inductor
Current
(simplified

slopes)

SW
(zoom)

VIH_ZCD#

tPD_PHGLL

VIL_ZCD#

VIH_PWMVIH_PWMVIH_PWM

VIL_PWM

10%

90%

90%

10%

tD_DEADON

tPD_PLGHL

tD_DEADOFF

tPD_PHGLL

tD_DEADON2

tPD_ZCD

10%

10%

90%

tPD_PHGHH

10%

Delay from PWM going
HIGH to HS VGS HIGH
(HS turn−on in DCM)

90%

10%

90%

tPD_ZHGLH tPD_ZLGLL

Delay from ZCD# going
HIGH to LS VGS HIGH

Delay from ZCD# going
LOW to LS VGS LOW

VIN

VOUT
CCM

CCM
(Negative inductor current) DCM DCM

CCM operation with
positive inductor current

CCM operation with
negative inductor current

DCM operation: Diode
Emulation using the GL (LS
MOSFET VGS) to eliminate
negative inductor current

DCM operation: Diode
Emulation using the GL (LS
MOSFET VGS) to eliminate
negative inductor current

ZCD# used to
control negative
inductor current
(fault condition)

VZCD_OFF :
−0.5 mV

���BC(THWN#)
FDMF5833:��	Z"�/d@��-;(THWN)
�"。AB	��ICVAb125°CÌc/¡，THWN
fz��THWN#XCZ���i(�AGND)。��/
¡��110°Cxn/¡，THWN#XC8=Í¸���
=d&。Ê37Û½THWN#o d@。THWN*�v

 SPS7r^&ÎÏ�¢��"d�。

THWN7Ho [\�	bVCC�s��Z�=。

THWN#fz��i�E。

���(THDN)
��	��TJIb150°C，��Ð<tÑ��$C。
$C-!�ÒG$C，¢�THDN w"U@ÒG�
 �7^&>Ó;�Z�ENXC。
Ô\x��
	��IC，[\x�ÜN5 V VCC

(POR-!)。

110 125 T

0

5

VTHWN#

[V]

� 37. sJ9��TJ�VTHWN#	�P

[°C]
* RTHWN# = 10 k� to 5 VCC
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150°C THDN�'�125°C THWN#fz�LG。
AB	��/¡Ib125°C，THWN#XCbZ���
i。AB	��g6o ^&¢/¡�|�150°C，
�Ìc�$C。SPS7rrEN��i$C^&
THWN#fzbÁ°，�ÄVTHWN#¸b��i。Ê38
Û½THWN#、EN，�	��/¡%+�$�。

� 38. VTHWN#、VEN�9��VW'2	�P

0

5

0

5

125 150 TJ

VTHWN#

[V]

VEN [V]

[°C]

* RTHWN# = 10 k� to 5 VCC
* REN = 10 k� to 5 VCC

DE�FG

SPS FDMF5833z{�	ÕÖ'U@�'。ABV
AbHS MOSFET?)，	���>!DZ�EN/
FAULT#XC^$CSPS	��。p��%!�	
�h�)，����LDRV�SW�Vd&A×HS
MOSFET ?)。
ABVAbHS?)U@，SPS7r�"U@ÒG�
 �7，$C7r。Ô\x�_7r，[\�	VCC
POR-!。

PWM

LDRV
(internal)

SW

SW−Fault
(internal)

FAULT
(internal)

EN/FAULT#

Potential noise from
adjacent phases switching

HS FET short during
LS FET turning on

false trigger

Normal switching operation EN/FAULT#
pulled LOW and

driver IC disabled

� 39. DE�FGtu
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��Av

PVCC�VCCBwC)x�

"���8I(PVCC�VCCXC)，[\ÝD0ØG
�M�>#$o ���:�®$	���，-._

`。��.0.68~1
�F/0402~0603/X5R~X7R2ÞÙÚ
�M�
��	���s。�u4�M�ÅÛPVCC
�VCCXC�
PGND�AGND:Üj。AB[\�
u4�M��n>�)jßj，>0ØG�M��§

	ÝÞ�mn�à，�ßD��M�ÝÞ5��ßD

�PVCC�VCCXC。
PVCC�VCC����Me�4.5 V~5.5 V，�à�

�¤����5 V。

VCC)	R−Cyt�

PVCCXC:�������
MOSFET�QR	�
��。23?@�，PVCC��T5�VCC，_XC
�	���7��|}7r:���。��¶Å#$

_`"PVCCáIVCC，�>PVCC�VCC0ØG�M
�%+áI�	tE�=。

ââtE�=¹$Me�0~10 �，23�
�¤�

$�0 �。

I#)z

�
�)$
�	��°ã�M�(CBOOT)。�	
0.1~0.22 �F/0402~0603/X5R~X7R��
�M���±

�23#$�
。�a�
�"[\�	6©�


�=，"`����MOSFET�#$�¡。�SPS�
#$����15 V VIN7��"y�E�KVSW�5
7，[\�
�=。��ââ$
¥�6 ��RBOOT
$，�-.SW�V���2��ä®�/%。r�
��MOSFET���#$åÃ，���RBOOT$�"

�ª"E��。

*\>BOOTXC�GND%+¸s�M���=
�。

EN/FAULT# (-�/-&)
���ENXCZ���i�
SPS��	��。EN
XC�250 k��!D�Z�=，�Ä[\���	�
D�=��Z�VCC，�5���K���#，�É

 �7<=��)。ABENXC�n，_XC�*"
��	��。

�	��/¡IbTHDN/¡��=!��
MOSFETU@7，EN/FAULT#XC<=U@fz��
i w。k�，	��$C。

EN~VCC��¤��Z�=$�10 k�。*\>EN
XC�¸s_`tE�M�。

PWM (-�)
PWMXCzæPWM�K�<=��	*�|}�
i：��i、��i、�&。�PWMXC�ç�	�
�i�)，QR	������MOSFET。�PWM
XC�ç�	��i�)，QR	������

MOSFET。�P W MXC�çb�	�&h�

(VTRI_Window)!��� w^&����&9,7
+，QR	���7$C�����MOSFET。��
zæ�K�<=���=�& w，PWMXCz{�
	"VCCbPWM，k�bAGND��=©��。��
K�<=�PWM w���=7，�=©��>
PWMXC�mn�	�&h�!����i。

ZCD# (-�)
�ZCD#XCmn���i7，ZCD�"bv
，^
&�����MOSFET>CCM(�FCCM(�KCCM)7
H)�ËÌPWM w� #$。�ZCD#XC���i
7，>��MOSFET��S+，��MOSFT>SPS	
��VAb>�*��7$C。_ZCD�'�f>2
3�!�PFM/DCM7Ho 7:�'4�"E。

ZCD#XC��	x�VCC�!D���，�Ä�"
è[�
�D�Z�=。��¥VCC��^&�
	

��，ZCD#XC��|}��i，è[�Dé!，
^&	��>CCM�FCCM7H�� #$o 。
ZCD#XC��«，�8rSPS�ê>DCM7H�� 
���R�9ã，�����¢5�b�K���

#，�É �7<=��)。

ZCD#~VCC��¤��Z�=$�10 k�，
�^
�Ya�ZCD#��i。AB*�
ZCD�"，
�
	�Z�=�ZCD#XCla�VCC。*\>ZCD#X
C�¸s0,_`tE�M�。

THWN# (-&) / THDN
THWN#XC�#{，�Ä[\�	�VCC��D�
Z�=。AB	��/¡Ib125°C，VTHWN#bZ�

��i。�	��TJëì���110°C7，VTTHWN#
x�¸b��i。�	��TJ��150°C7，THWN#
fzo 。

>ía125°C THWNfz�，AB	��TJ�6|

���150°C，�Ìc�$C�"，^&SPS7rb$
C。_$C��	ÒG�"，�Äº�/¡���

25°C，	��:��$C。��ÌcTHDN，SPS7
r[\rVCC PORx��
。

THWN#~VCC¤��Z�=�10 k�。AB*�

THWN#/THDN�"，�THWN#la�GND。*\>
THWN#XC�¸s_`tE�M�。

�N��{

Ê40Û½�Ã�"EA��½³Ê。
�Ã�ä���H½/：

PIN = (VIN ∗ IIN) + (VCC ∗ ICC) [W]
PSW = VSW ∗ IOUT [W]
POUT = VOUT ∗ IOUT [W]
PLOSS_MODULE = PIN – PSW [W]
PLOSS_TOTAL = PIN – POUT [W]
EFFIMODULE = (PSW / PIN) ∗ 100 [%]
EFFITOTAL = (POUT / PIN) ∗ 100 [%]
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PVCC

VCC

VIN

VOUT

Power
Supply 1

Power
Supply 2

Pulse
Generator

PWM

Electronic
Load

VIN / IIN

VCC / ICC

VOUT / IOUT

HS GD

LS VSW / IOUT

ON Semiconductor SPS

Evaluation Board

� 40. �N��{l|}h�
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PCB~��D

Ê41�Ê44:��FDMF5833�$åé!�î��
2�ïÝ½/。��1��)ðAVIN、SW、VOUT
�GND:Üw�_Í�?`ñ，�-)ò0�*��
=。u�ó�%!ÔsYa、ôõ©ï���，�


����æö��#'"。

8IÙÚ÷)�M��iÅÛVIN�PGNDXC。u
���-.1����¸)�*��
MOSFET#$
o *��8I��çE。

SWÜXè��	
�。����"SPS �b8=
�*������)ð，�1
���MOSFET�ø
��。Xè�_»y?`ñ，"`�SPS��*�%
+���1��:��	��=)ð。?`ñ�Xè

"y(1�¡«-.�PåÃ�SPS/|。SW�V�
���_`�ù������
#$�V。�iá³

()
��éXè�ØG。r�ÜXè
���

MOSFET�ø��，�
�"�(1jê� ië，
"`ÀúSPSëìEB，�7�����û�_`<
ö。

8=�*��_ÅÛFDMF5833�n，�Í�-.
rSWÜXè;0��Ã。1�_á³�*�ø�*
��SPS��。
>8=��
POWERTRENCH MOSFET，"y�
E«()
r�¯�#$;0�/%。23?@�，

è[>SW�V��
RC(5�)。Ô\�
(5�
)，_�)�_ÅÛSW�PGNDXC�n。(5�)
��=���M��1)�iG±，�^�*���

��ø;0�2��。

PVCC、VCC�BOOT�M��0ØG�M��iÍ
�ÅÛPVCC~PGND、VCC~AGND�BOOT~PHASE
XC"，�^�[\Ya���。�7�ïè�_?

`ñ，�()
 PCB ò0�=��*。
�)jïÝ�_z{�	
�BOOT~PHASE)$6
©�
�=�c'O。�
¸)�1)，zü6©

RBOOT�CBOOT，�_Í�"È)。

�SPS�d�����15 V VIN^&�"y�E�K

��MOSFET���ý
�SW���57，�"[\

�	�
�=�。>����m��，r��«Ùþ

����]>VSW/%，�"°>_`� ，RBOOT
��Àú¢_`o <�。áI�	�
�=���

SPS7r"E。�i�®"E�#$_`%+�$�
。��xì，RBOOT¹$Me�0.5 ��6.0 �7"y�

E-.VSW�5。

VIN�PGNDXC����100 MHz��
é!xO
;�1����&。AB�"，u4XC�_T5�

VIN��)jGNDij。*ââ$
�/Xè�u4
XC6©，��u��sí��ò0�*���)

ð。�VIN�PGNDXC6©�s��*��s]¥
�>¥VSW/%，�`����#��_`"P。

PGNDÝÞ�XC�_��2	�à5��GND:
Üj，�^�Ya�«。�«*î�">PGND�
AGND%+;0_`��&+����i。u�"�
�ªQR	���MOSFETU@o 。

BOOTXC/%����ÅÛ�n�
�M�Èb
(�E��K。*\>BOOTbPGND%+¸s0,í
��M�。u�"��ª��BOOT�R�����
1，�`�ª����ø。

ZCD#�ENXC©æ���¼��Z��Z��
�。u4XC*��0,_`tE�M�。�4ï"

�\，*\�nu4XC。

>VIN�VOUT:Ü6�mn2	�à，��=5�
ßÞ、!Þ�ßÞ，"`ôõ©ï������。*

\>SW:Ü6�mnÏ2�à，�¶Å#$E]�
=!í�ò0�*�_`。�\E
��'"���

û，>ßÞ>mn�	SWÜ�V，*\>SW:Ü�
mn�à，�()
#$�Vò0_`。�à�_�

"�1，^&�������*。$å��é!，A

RBOOT、CBOOT、RC(5�)�÷)�M��_Í�
"«ÅÛPCBjßÞ"��SPS7rXC。AB*�
 ，����7mn>�)jßj，���	��*

�àWX��7�XC"ßD5�bßD。
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PCB~��D (�)�)

� 41. ��)z�~�}F–���

� 42. ��)z�~�}F–G�� (�H)
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PCB~��D (�)�)

� 43. IJ6 mm x 6 mm)T�	6�)z�~�}F–���

� 44. IJ6 mm x 6 mm)T�	6�)z�~�}F–G�� (�H)
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��B����Av 

��

 ��B� !�)O �� K<(|/I��>)†

FDMF5833 5833 50 A 31-Lead, Clip Bond PQFN31 5x5, 0.5P
(Pb-Free/Halogen Free)

3000 / Tape & Reel

FDMF5833−F085 5833
F085

50 A 31-Lead, Clip Bond PQFN31 5x5, 0.5P
(Pb-Free/Halogen Free)

3000 / Tape & Reel

†��áâ¨¡，ãä�"å×�ãâæç，èté《Tape and Reel Packaging Specifications »Eê》BRD8011/D。

POWERTRENCH is registered trademark and SyncFET is a trademark of Semiconductor Components Industries, LLC (SCILLC) or its
subsidiaries in the United States and/or other countries.
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C.L.

0.250.15

1.32

A3

D

A1 0.00 0.05

A 0.70 0.80

DIM MIN. MAX.

MILLIMETERS

D3

L1

b 0.20 0.30

D2

0.45 0.65

L

0.20

−

0.75

NOM.

0.25

0.55

0.40

b1

1.22 1.42

D4

4.90 5.105.00

D5

1.82 2.021.92

L2

0.40 REF

E

0.93 1.131.03

0.40 REF

E2

1.030.93 1.13

0.55 REF

k6

0.13 0.300.18

4.90 5.105.00

3.70 3.903.80

0.75 0.950.85

1.88 2.081.98

E3

0.300.20 0.40

E4

0.50 BSCe

0.25 BSCe/2

0.25 BSCe/3

0.75 BSCe/4

D6

E5

E6

1.030.93 1.13

0.40

0.25

k1

k2

k3

k4

k5

k7

0.45 REF

0.30 REF

0.50 REF

0.40 REF

0.30 0.50

0.30 0.50

0.15 0.35

n 0.80 REF

0.25 BSCe/5

0.22 REFE7

0.38 REFD7

p 2.28 REF
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