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���� �	
���� IGBT � 
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(Note 1) #$!�

��������、����、
�����、�	��

��������、����、
�����、�	��

FNA21012A 10 A/1200 V 1.5 kW/440 VAC VISO = 2500 VRMS
(
� 60 Hz，1-min
�
��
���)FNA22512A 25 A/1200 V 3.7 kW/440 VAC

FNA23512A 35 A/1200 V 5.5 kW/440 VAC

FNA25012A 50 A/1200 V 7.5 kW/440 VAC

1. ������������	����
�：VAC = 440 V、VDD = 15 V、TC = 100°C、TJ= 150°C、fPWM = 5 kHz、PF = 0.8、MI = 0.9、
���� = 0.75、150% �� 1 ��。
%�!"� 
&'��，)*，+,-��.�/0。

�������

• DBC ��
♦�hF�i��，Gj�2500�Vrms����'�kH

 iI]�@

• �(b�：

♦����! IGBT lm�d)7 HVIC ("�HVI)
♦���
! IGBT lm�")7 LVIC (��LVIC)
♦�n� IGBT / �%�；��
!�Z, IGBT
♦���1EZ,� NTC �F�2
♦�L#�%�

• lm�&@�M：
♦��(L#�%�，�opd�N�M

• �!$%�&@(d)7)
♦��'�q�r��
♦�Os0t：4M�
♦�op 3.3 V lm@Ou
♦�vwP	x�y'Q�

• 
!$%�&@(")7)
♦�Os0t：4M�
♦�op 3.3 V lm@Ou
♦�4wP	x�y'Q�

♦�R��SN$z

• {,\L[>�2 (RSC) � RSC kH�Z,�N

• T|U�GjS��VW�'
• )S[>�p�(CFOD)���CFOD�kH�%lmwP

$z�X}%

COM

VCC

IN(UL)

IN(VL)

IN(WL)

VFO

C(FOD)

C(SC)
OUT(WL)

OUT(VL)

OUT(UL)

VCC

VB

OUT

COM

VSIN

VCC

VB

OUT

COM

VSIN

VCC

VB

OUT

COM

VSIN

(18) RSC

(10) VCC(L)

(11) COM(L)

(12) IN(UL)

(13) IN(VL)

(14) IN(WL)

(15) VFO

(16) CFOD

(17) CSC

(24) VS(U)

(19) IN(UH)

(20) COM(H)

(21) VCC(UH)

(22) VBD(U)

(23) VB(U)

(29) VS(V)

(25) IN(VH)

(26) VCC(VH)

(27) VBD(V)

(28) VB(V)

(34) VS(W)

(30) IN(WH)

(31) VCC(WH)

(32) VBD(W)

(33) VB(W)
P (1)

W (2)

V (3)

U (4)

NW (5)

NV (6)

NU (7)

RTH (8)

VTH (9)

� 2. ��12!3，4� / 4�56

� 3. 78����56�9
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��:�

�YZ[\kH~]、�^_�、`���
。

��2.�56;<

56= >? ;<

1 P 
 !"��#

2 W W $�%

3 V V $�%

4 U U $�%

5 NW W $�� !"��#

6 NV V $�� !"��#

7 NU U $�� !"��#

8 RTH �&�������('()*)

9 VTH �&���+

10 VCC(L) �� IC , IGBT �
����+

11 COM(L) 
�-./

12 IN(UL) 
� U $��0�#

13 IN(VL) 
� V $��0�#

14 IN(WL) 
� W $��0�#

15 VFO 1��%

16 CFOD ���21��%3�4���5

17 CSC ��
�)*�#��5(
�67�)

18 RSC 
��!8*��

19 IN(UH) ��.��9�/

20 COM(H) :��

21 VCC(UH) U $ IGBT ������+

22 VBD(U) �� U $����; !;

23 VB(U) U $ IGBT ������+

24 VS(U) U $ IGBT ������+�/

25 IN(VH) �� V $��0�#

26 VCC(VH) V $ IC ���+

27 VBD(V) �� V $����; !;

28 VB(V) V $ IGBT ������+

29 VS(V) V $ IGBT ������+�/

30 IN(WH) �� W $��0�#

31 VCC(WH) W $ IC ���+

32 VBD(W) �� W $����; !;

33 VB(W) W $ IGBT ������+

34 VS(W) W $ IGBT ������+�/

http://www.onsemi.cn/
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@A�56 ��'B

• �&�IGBT���!&'kH/�&�IGBT���!&'

0gkH：

♦�kH：VB(U)-VS(U)、VB(V)-VS(V)、
VB(W)-VS(W)

- ��!�&�MkH，
�!�IGBT�;'$%�

&�M。

- L#�%����89� C��!�IGBT�va
[>�M。

- )S�VCC��MC!�
!�IGBT�i)b�}
c

�L#�p��。

- 
�Gj�M�'����dekf�wP，�


�ESR、
�ESL�ge@�p�h�-
i��k

H�
。

• 
!&'kH/�!&'kH：

♦�kH：VCC(L)、VCC(UH)、VCC(VH)、
VCC(WH)

- Uj�IC���MlmkH。

- �[>k0���kH。

- 
�Gj�M�'����dekf�wP，�


�ESR、
�ESL�ge@�p�h�-
i��k

H�
。

• 
!��0gkH：

♦�kH：COM(L),�COM(H)
- !Uj�IC���MgkH。

- �(�kH�hC[>0l。

- mn)o
�p���QR，��q*�.��

��NNShkH。

• L#�%�r%kH：

♦�kH：VBD(UH)、VBD(VH)、VBD(WH)、
- ��kHk0U>L#�%�，��c��!L

#。

- [>�2�CkH�c�VCC(xH)+%k0。

• 	xOskH：

♦�kH：IN(UL)、IN(VL)、�IN(WL)、�IN(UH、�

IN(VH)、�IN(WH)
- ��kHstlmUj�IGBT��=,。

- ��kH:�'Os	xuv。CU>hw�k

0�:�5�V�x�CMOS��(���`y�@��。

- kH�z{	x
��q4�。���|f�z

{�'�����kH}，!��IGBT�D��)。

- c�Os�}l�h�-R，%Gj�MotionSPM
�2�~���QR。

- 
�Gj	x��，��=��RC���，A��45

���。

• ��R��N{,��2k0kH

♦�kH：RSC
- 
!Z,�IGBT��N)S?kH。�)S[>�

2C?kH{,uR��SN。

(����15)

- ����N�w��"�5N�2Y��OCP��
�SCP，B�!)S�RSC���{,Z,，��RSC�
�hk0I�COM。

• R��SN{,OskH
♦�kH：CSC
- �C�CSC���COM�kH+%k0�NZ,{,�

2�(RSC)，%{,!��CSN�R��N。

(����15)。
���2����� ��{,�N�q!¡�

�。RC�ge@�k0I�CSC�kH%����。

- ��-#R�CSC�kH�����2+%�kl�

E。

• wPOukH
♦�kH：VFO
- wPOu¢�kH。��SPM�£�wPb�}，�

hkH�j�4�
�q。

- �¢V�：R��N$z�(SCP)，�
!&jy

'Q��(UVLO)。
- VFO�Ou�j
�%��。VFO�	xl��¤I

5�V�z{�M，¥��4.7�k���2。

• �F�2&'

♦�kH：VTH
- !U>�F�2�&'kH。hkH�k0�5�V�

z{�M。

• �F�2�.��2(1E{,)
♦�kH：RTH
- ��¦�1E�(TC)�{,，hkH�hk0��

�[>.��2。

- �§�c���_�¡��{,�¨\�©[>

.��2。

(��	�，�����45)。
• ª�N��kH

♦�kH：P
- k0�>@�N�l�'ªwkH。

- U>k0��!�IGBT���%�kH。

- 
�«m:��N�l}l¬�PCB�­®�Zi
��VW�'，C
i?kH�g8k0��q

�ge�p。

(�;�：)c���¯���p)。
• s�N�lkH

♦�kH：NU, �NV,� NW
- k0�>@�N�l�'swkH(�.g)。
- k0�c!�
!�IGBT��°%�kH。

• �>@�.OukH
♦�kH：U、V、W
- k0�>@s�("A，�&?)�OukH。
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��3.�#CDE� 
 (TJ = 25°C, "#<=$>)  

F	 �G H�
� � 
 ��

IJ�

VPN ��9�+ �� P – NU, NV, NW ��?� 900 V

VPN(Surge) ��9�+(@A) �� P – NU, NV, NW ��?� 1000 V

VCES �%�;–BC;�+ 1200 V

±IC �DE IGBT %�;�! �TC = 25°C, TJ ≤ 150°C �FNA21012A 10 A

�FNA22512A 25

�FNA23512A 35

�FNA25012A 50

±ICP �DE IGBT %�;�!(F�) �TC = 25°C, TJ ≤ 150°C,
�
� 1 ms &GH(

�FNA21012A 20 A

�FNA22512A 50

�FNA23512A 70

�FNA25012A 75

PC �%�;I' �TC = 25°C JD(� �FNA21012A 93 W

�FNA22512A 154

�FNA23512A 171

�FNA25012A 347

TJ ���
' (Note 2) −40~150 °C

K���

VCC KL�9�+ � VCC(H), VCC(H) - COM ��?� 20 V

VBS �)KL�+ � VB(x), VS(x) ��?� 20 V

VIN �#�0�+ � IN(xH), IN(xL) - COM ��?� −0.3~VCC+0.3 V

VFO 1��%�9�+ MN� VFO - COM �� −0.3~VCC+0.3 V

IFO 1��%�! � VFO �
�O�! 2 mA

VSC �!8*�#�+ MN� CSC - COM �� −0.3~VCC+0.3 V

L�M�

VRRM PQ*RST�+ 1200 V

IF 
T�! TC = 25°C, TJ ≤ 150°C 1.0 A

IFP 
T�!(F�) TC = 25°C, TJ ≤ 150°C, 
� 1 ms &GH( 2.0 A

TJ ��
' −40~150 °C

N��O

VPN(PROT) �U�V+L�+
(
��V5,)

VCC,�VBS�=�13.5~16.5�V,�TJ�=�50°C,�#*R�，<�2��s 800 V

TC �WX���'( Y-$Z[\，.]/^ 45 −40~125 °C

TSTG _`'( −40~125 °C

VISO 01�+ 60 Hz，
�，1 ��，�
����� 2500 Vrms

http://www.onsemi.cn/
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��3.�#CDE� 
 (TJ = 25°C, "#<=$>) (continued)

F	 ��� 
H�
��G

PQ

Rth(j−c)Q �
-2-aX�� �3�� IGBT 4	
�(J 1/6 �W)

�FNA21012A 1.33 °C/W

�FNA22512A 0.81

�FNA23512A 0.73

�FNA25012A 0.36

Rth(j−c) �
-2-aX�� �3�� FWD 4	
�(J 1/6 �W)

�FNA21012A 2.30 °C/W

�FNA22512A 1.58

�FNA23512A 1.26

�FNA25012A 0.66

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.
(]56b) 
Y��+7�PQ���8�c%��9d，�	e:�fg。Y�7�����+�，h:i�;�	I:，e:�j<�	fg，kl
e=\。
2. � Motion SPM 2 �m�%n�I�(��PQ
'���� 150°C。

� 4. �RST (TC) UVW

http://www.onsemi.cn/
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��4.�XYH�.�  

F= �G H�.� DZ
 �[
 DE
 ��

VPN ��9�+ �MN� P - NU, NV, NW �� 400 600 800 V

VCC �KL�9�+ �� VCC(xH) - COM(H)、VCC(L) -COM(L)
���?�

13.5 15.0 16.5 V

VBS ����+ �� VB(x) - VS(x) ��?� 13.0 15.0 18.5 V

dVCC/dt,
dVBS/dt

�KL�97� −1 − +1 V/�s

tdead �>o?
�pq4� �@��J��#�0 �FNA21012A 2.0 − �s

�FNA22512A 2.0 − −

�FNA23512A 2.0 − −

�FNA25012A 2.0 − −

fPWM �PWM �#�0 �−40°C ≤ TC ≤ 125°C, − 40°C ≤ TJ ≤ 150°C − − 20 kHz

VSEN ��!8*�r��+ �� NU、NV、NW - COM(H, L)
�(st@A�+) ��?�

−5 − 5 V

PWIN(ON) �Pu�#&GH( (Note 3) 1.5 − − �s

PWIN(OFF) 1.5 − −

TJ �
' −40 − 150 °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.
(]56b)
��vA��9d8w�xc�+4，��;:y
zBC。D4��vA��9d8w�E�9d�a��+�BC，e:�kl�	�
e=\。
3. F�#&GH(
�{G�，|�me::l?。

��5.�!\]^ - IJ�M�(_� FNA21012A) ("#<=$>，TJ = 25°C)  

F= �G H�.� DZ
 �[
 DE
 ��

VCE(SAT) %�;–BC�H,�+ VCC, VBS = 15 V, 
VIN = 5 V

IC = 10 A, TJ = 25°C − 2.2 2.8 V

VF FWD 
T�+ VIN = 0 V IF = 10 A, TJ = 25°C − 2.2 2.8 V

HS tON }Z4� �VPN = 600 V, VCC = 15 V, VBS = 15 V, IC = 10 A
�TJ = 25, VIN = 0 V ↔ 5 V，8\�� (Note 4)

0.45 0.85 1.35 �s

tC(ON) − 0.25 0.55

tOFF − 0.95 1.45

tC(OFF) − 0.10 0.40

trr − 0.25 −

LS tON − 0.75 1.25

tC(ON) − 0.20 0.50

tOFF − 0.95 1.45

tC(OFF) − 0.10 0.40

trr − 0.20 −

ICES %�;–BC;~��! VCE = VCES
− − 5 mA

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. 
(]56b) 
"#<=$>，“��[\”8w�c%��xc*I�	���m\:]�。Y�����	�BC，�m\:e:�“��[\”8w
�xc\:]�� <。

http://www.onsemi.cn/
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4. tON�,�tOFF�st�J���IC��!��K。TC(ON)�,�tC(OFF)����JL���;���	�，IGBT�|M�}Z4�。Z���NO�
�，.]/^ 5 ,^ 6。

One−Leg Diagram of Motion SPM

VCC

IN

COM

LO

P

N

Inducotor

600V

15V

Switching Pulse

Switching Pulse

VCC

IN

COM

VB

HO

VS

Inducotor

Line stray Inductance < 100nH

Line stray Inductance < 100nH

15V
Only for low side switching

OUT

RSC

HINx
LINx

ICx

vCEx
10% ICx10% V CEx 10% ICx

90% ICx

toff ton

tc(off) tc(on)

10% V CEx

trr

100% I Cx

� 5. `!a"!3 � 6. `!bc �
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��6.�K���

F	 �G H�.� DZ
 �[
 DE
 ��

IQCCH �VCC P��9�! �VCC(xH) = 15 V, IN(xH) = 0 V
�VCC(L) = 15 V, IN(xL) = 0 V

VCC(xH) − COM(H) − − 0.15 mA

IQCCL VCC(L) − COM(L) − − 5.0

IPCCH ����� VCC��9�! �VCC(xH) = 15 V，fPWM = 20 kHz，
���� = 50%，?�2��D PWM
��0�#

FNA21012A − − 0.3 mA

FNA22512A − − 0.3

FNA23512A − − 0.3

FNA25012A − − 0.3

IPCCL ���
� VCC��9�! �VCC(L) = 15 V，fPWM = 20 kHz，
�����= 50%，?��
��D
�PWM �0�#

FNA21012A − − 8.5 mA

FNA22512A − − 13.0

FNA23512A − −

FNA25012A − − 15.5

IQBS �VBS P��9�! �VBS = 15 V, IN(xH) = 0 V VB(x) − VS(x) − − 0.3 mA

IPBS �VBS ���9�! �VCC = VBS = 15 V，fPWM = 20 kHz，
���� = 50%，?�����D

�PWM �0�#

FNA21012A − − 4.5 mA

FNA22512A − − 9.0

FNA23512A
− −

12.0

VFOH
�1��%�+ �VCC = 15 V，VSC = 0 V，VFO ��：4.7 kW 2 5 V "��� 4.5 − − V

VFOL �VCC = 15 V，VSC = 1 V，VFO ��：4.7 kW 2 5 V "��� − − 0.5

ISEN �J�8*�IGBT �8*�! �VCC = 15 V，VIN = 5 V，
 RSC = 0，�� NU、NV、NW
�)��=���!)*��

FNA21012A IC = 10 A − 7 − mA

FNA22512A IC = 25 A − 23 −

FNA23512A IC = 35 A − 36 −

FNA25012A IC = 50 A − 43 −

VSC(ref) �
�QR�� �VCC = 15 V (Note 5) CSC − COM(L) 0.43 0.50 0.57 V

ISC ���Q��
��!�� ��=� NU、V、W
�)�����!�� (Note 5)

FNA21012A RSC = 68 (±1%) − 20 − A

FNA22512A RSC = 27 (±1%) − 50 −

FNA23512A RSC = 16 (±1%) − 70 −

FNA25012A RSC = 15 (±1%) − 75 −

UVCCD
��9��、�+�V �)*�� 10.3 − 12.8 V

UVCCR �R#�� 10.8 − 13.3

UVBSD �)*�� 9.5 − 12.0

UVBSR �R#�� 10.0 − 12.5

tFOD �1��V&GH( (Note 6) �CFOD = }� 50.0 − − �s

�CFOD = 2.2 nF 1.7 − − ms

VIN(ON) �j�S��+ �� IN(xH)-COM(H), IN(xL)-COM(L) ��?� − − 2.6 V

VIN(OFF) �Z�S��+ 0.8 − −

RTH ��&������ (Note 7) �TTH = 25°C − 47.0 − k�

�TTH = 100°C − 2.9 −

5. $�
�?�
��!�VI:，�%�
��IGBT�&'�!��T%8*�!。Y��#)*����*�NU、NV、NW)��$�
!，�
��!�Q�����。

6. 1��V&GH( tFOD � CFOD �5���。
7. TTH ��&���'(。%(��aX'( (TC)，.�U[�?�。

http://www.onsemi.cn/
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78

:��±�!�m�.���N�	�mn" ，

�
��±�`�²�8��
�	Xmn。anC

]�`�、�
³´%µ��`�+%��¶¡。¢

��
*+�|£C�(����
³´，e}$�

·u�]�`�，B�¤
��¥x。

C�1200�V�Motion�SPM�2�0，¸�����DBC�2�
*+，Y��¢��]�`�。�./0�0� DBC
2�k0 substrate。?*+�� 1200 V Motion
SPM�2，¦¹��1��
��]��。

��7���8�º��Motion�SPM�2��
��
[»�¼½
§。

� 7. dP�e#�� � 8. fghg

��7.�"i]^�� 


�G H�
�

G


��DZ� �[� DE�

��	�V( �Y-$Z[\，.]/^ 10 0 − +200 �m

��W ¡ ��WX*：M4 �{G 0.9 N⋅m 0.9 1.0 1.5 N⋅m

�{G 9.1 kg⋅cm 9.1 10.1 15.1 kg⋅cm

�)��¢£( ��� 19.6 N 10 − − s

�)�¤¥£( ��� 9.8 N, 90° ¤¥ 2 − − 4�

�*, − 50 − g

� 9. jkTVl�m

http://www.onsemi.cn/
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78no@�

3
7
.6

0

4.40
4.20

 2X
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LAND PATTERN RECOMMENDATIONS
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   C) DIMENSIONS ARE EXCLUSIVE OF BURRS,
        MOLD FLASH, AND TIE BAR EXTRUSIONS.
   D) (  ) IS REFERENCE
   E) [  ] IS ASS’Y QUALITY
   F) DRAWING FILENAME: MOD34BAREV1.0
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$pH�q�

r3!s$p (SCP)
Motion�SPM�2�=�Z,�N\{,�2�(RSC)，�

%{,R��N，A��11���。LVIC�4��UjR

��N$z�	。?$z�	Z,�¨�CSC�kH��
'。�h�'©S@���ª0����VSC(ref)(R�
«¬­3�'�q)(¾,�VSC(ref)�
�0.5�V)，���u

��wP	x:|¿�4
!�IGBT。R��N��
KN-�®�7�$%�'：¯��$%�'�(VCC�&
�VBS)��°¯K�R��N。
�p�±C�²³，

�hD�KR�«>�q*

�<´����%�

N��1.7�6。LVIC�R��N$z}À�A�12��。

CSC

UL

VH

VL

WH

WL

C
Short−

Circuit !

MotorUH

HVIC

LVIC

CSC

RF

W
V

P

ISC (Short−Circuit Current)

Motion SPM 2

p

SC Trip Level : V SC(REF)

Operates protection function. (All LS IGBTs are shutdown)

ISC (Short−Circuit Current)

LPF
Circuit
of SCP

NU NV NWRSC

U

RSC

� 11. r3!s$pt�

SC Reference Voltage

Lower arms
control input

Output Current

Sensing Voltage
( of R SC )

Fault Output Signal

SC

Protection
circuit state

SET RESET

tFOD

A1

A2
A3

A4

A5

A8

A6 A7

Lower arms
gate input

{GaJ67�Y� 1~2 �s
4�z�

u�+¦F�ZZ�

(e>oL*di/dt �?)。

aJ67��K + �J IC
�K + IGBT Z��K
< SCWT ( [% 2~3 �s)。

IC 67< 500 ns

1��V3�4� (tFOD)：
e� CFOD KL。

� 12. r3!s$p���bq�

uv：

A1-
z��：IGBT j�§N��!。

A2-
��!)*(SC \B�)。
A3-¨ IGBT �;��。

A4-IGBT ��ZZ�I:�Z]
A5-1��%�4���，&�J�K}© (typ. 2.0 �s), tFOD = � CFOD KL。

A6-�# “L”：IGBT Z�ª�。

A7-�# “H”：IGBT j�ª�，D�=91��%«�，IGBT �}¬。

A8-IGBT �3Z�ª�。

http://www.onsemi.cn/
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x�y $p

LVIC �y'Q�$z (UVLO) �	�$z
!

IGBT p�C$%�&�'�|}Á,。�µ$z�

}À�A� 13��。

Input Signal

Output Current

Fault Output Signal

Control
Supply Voltage

RESET

UVCCR

Protection Circuit
State

SET RESET

UVCCD

Restart

B1

B2

B3

B4

B6

B7

High−level (no fault output)

B6

-^
2��#_­�

®¯j� IGBT。
(`°\B�)

��±²��10��s�67
��>o³´1�。

1��V3�4�

(tFOD)：�31��0

(0�V)� µ¶R VCC ,

x=·�VFO��%�


� IGBT �;]a。

Filtering?

� 13. %&x�$p��bq�

uv：

B1-KL�9�+¸�：�+¸�2 UVCCR ¹，º� �#b#4，��}©��。

B2-
z��：IGBT j�§N����!
B3-�+)* (UVCCD)。
B4-IGBT Z]，:c�»_�KL�#。

B5-1��%�0}©。

B6-�+*� (UVCCR)。
B7-
z��：IGBT�j�§N����!�FaJ�5�1��V3�4��(tFOD)(��CFOD��
)Q���UVCCR�4¼，���tFOD�¹½"1�

   �%,�IGBT�ª�。

HVIC��y'Q��	$z�!�IGBT�p�~�$%
�&�'�|²³。�µ$z�}À�A� �14��

�。C
 HVIC &jV���y�wP$z �(FO)
�¢。

Input Signal

Output Current

Fault Output Signal

Control
Supply Voltage

RESET

UVBSR

Protection Circuit
State

SET RESET

UVBSD

Restart

C1

C2

C3

C4

C5

C6-^
2��#_­�

®¯j� IGBT。
(`°\B�)

���11��s�67�>o
³´1�。

: VFO �%4��

IGBT �;]a。

� 14. z&x�$p��bq�

uv：

C1-KL�9�+¸�：�+¸�2 UVBSR ¹，º� �#b#4，��}©��。

C2-
z��：IGBT j�§N����!。

C3-�+)* (UVBSD)。
:c�»_�KL�#，C4−IGBT Z]，+�:1��%�0。

C5-�+*� (UVBSR)。
C6-����：IGBT �	
��
���。

http://www.onsemi.cn/
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!{�G�

�


�Á,¶��，§��Motion�SPM�2��	�Á,`

�，¸�
vM·��&jV�;'�Â¸��。

|} RSC !Q��$p

��15�!=��RSC�2,
R�$z��7��。Z

,�IGBT���
!。*+¹���RSC�kH,
SN$

z�(OCP)��R�$z�(SCP)，vaC�N�w�k0[>

5N�2。{,��RSC���l��N，$z�Á,	

x)S�RC�ge@。��N©S�VSC(ref)，��N�w"�

IGBT��$%Ã>|¿，wP	x��Motion�SPM�2� 
OI�MCU。:���qu�mIR�，�%�uw

P	xÄ，��Åºj�IGBT�;�。

��45�º��FNA21012A��“RSC�2�«¬�N”

Æl，V�!5N�2�=�0 �。

²��NZ,，Cc�Nw�=���[>�N�

��2。\L�RSC�kH�Z,�'��[>�N��
�2�QR，A��17���。

��16�)S��21�º���5N�2V���Motion
SPM2���RSC�3。
�C"�5N�25�0¦¹Ç

���RSC�3，�§��N�w�5N�2�&<$z�

N�q�»8��RSC�3。

VS

CSC

3�
Motor

HVIC
        . Level Shift
        . Gate Drive
        . UVLO

LVIC
        . Gate Drive
        . UVLO
        . SCP

VFO

COM
RFCSC

VDC

Short Circuit
Current (ISC)VCSC

VCC

RSC

RSC

� 15. 5~r3��r3.�b�!s3�

0 10 20 30 40 50 60 70 80 90 100 110 120 130
4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

RSC Resistance [�]

I C
 [

A
]

Trip Current Level at VSC(ref) = 0.5 V
at Shunt Resistor = 0 � at N Terminals

TJ = −40�C
TJ = 25�C
TJ = 150�C

� 16. RSC !Q
'�J!s!j，��� FNA21012A �SJl(�)$p
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0 5 10 15 20 25 30 35 40 45 50
4

6

8

10

12

14

16
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20

22

24

26

28

30

32

34

36

38

40

TJ = −40℃
TJ = 25 ℃
TJ = 150 ℃

Trip Current Level@Vsc=0.5V, R
SC

Ω=30
I C

 [
A

]

ΩShunt Resistor at N terminal [m ]

0 5 10 15 20 25 30 35 40 45 50
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

TJ = −40℃
TJ = 25 ℃
TJ = 150 ℃

Trip Current Level@Vsc=0.5V, R
SC

Ω=68

I C
 [

A
]

ΩShunt Resistor at N terminal [m ]

0 5 10 15 20 25 30 35 40 45 50
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

TJ = −40℃
TJ = 25 ℃
TJ = 150 ℃

ΩTrip Current Level@Vsc=0.5V, RSC=100

I C
 [

A
]

ΩShunt Resistor at N terminal [m ]

(a) (b)                                                                (c)

� 17. FNA21012A ���!s�j'�s!Q

(a): RSC = 30 �, (b): RSC = 68 �, (c): RSC = 100 �

0 5 10 15 20 25 30 35 40 45 50 55 60
10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

RSC Resistance [�]

I C
 [

A
]

Trip Current Level at VSC(ref) = 0.5 V
at Shunt Resistor = 0 � at N Terminals

TJ = −40�C
TJ = 25�C
TJ = 150�C

� 18. RSC !Q
'��!s!j，��� FNA22512A �*��S+�)$p
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95

100
Trip Current Level@Vsc=0.5V, R

SC
Ω=13

I C
 [

A
]

ΩShunt Resistor at N terminal [m ]

TJ = −40℃
TJ = 25℃
TJ = 150 ℃

0 2 4 6 8 10 12 14 16 18 20
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55
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65
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95

100
Trip Current Level@Vsc=0.5V, R

SC
Ω=27

I C
 [

A
]

TJ = −40℃
TJ = 25℃
TJ = 150℃

Shunt Resistor at N terminal Ω[m ]

0 2 4 6 8 10 12 14 16 18 20
10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100
Trip Current Level@Vsc=0.5V, R

SC
Ω=47

I C
 [

A
]

TJ = −40℃
TJ = 25℃
TJ = 150℃

Shunt Resistor at N terminal Ω[m ]

� 19. FNA22512A ���!s!j'�s!Q

(a): RSC = 13 �, (b): RSC = 27 �, (c):RSC = 47 �

(a) (b)                                                                (c)
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0 5 10 15 20 25 30 35 40
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100

110
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130

RSC Resistance [�]

I C
 [

A
]

Trip Current Level at VSC(ref) = 0.5 V
at Shunt Resistor = 0 � at N Terminals

TJ = −40�C
TJ = 25�C
TJ = 150�C

� 20. RSC !Q
'��!s!j，��� FNA23512A, FNA25012A
�SJl(�)$p

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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40
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130

ΩShunt Resistor at N terminal [m ]

I C
 [

A
]

TJ = −40℃
TJ = 25℃
TJ = 150 ℃

Trip Current Level@Vsc=0.5V, R
SC

Ω=8.2
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Trip Current Level@Vsc=0.5V, R

SC
Ω=16

I C
 [

A
]

TJ = −40℃
TJ = 25℃
TJ = 150 ℃

ΩShunt Resistor at N terminal [m ]
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130
Trip Current Level@Vsc=0.5V, R

SC
Ω=30

I C
 [

A
]

TJ = −40℃
TJ = 25℃
TJ = 150 ℃

ΩShunt Resistor at N terminal [m ]

(a) (b) (c)

� 21. FNA23512A, FNA25012A ���!s!j'�s!Q

(a): RSC = 8.2 �, (b): RSC = 16 �, (c): RSC = 30 �

� N ����!s�V'$p�!s��!Q|}

VS

CSC

3�
Motor

HVIC
. Level Shift
. Gate Drive
. UVLO

LVIC
. Gate Drive
. UVLO
. SCPVFO

COM
RFCSC

VDC

VCSC

VCC

RSC

RSC

NW
NV

NU

Vref.

Vref.

Vref.

5V Line

RSC should be connected
to COM when it is not
used for current detection

P

� 22. ���s�r3$p(*,��RSC56)
���!3

�C�N�w���OCP���SCP���"��N���

2，���RSC�{,Z,，��RSC��hk0I�COM。

��N�w��N���2��CSC��[>�RC�}%c�C
R�}�
��2��s�%¦¹¶�|¿。

)S%�Ad¥6�%+¼u�½�5N�2。

VSC(ref) =���3�0.43 V /�¾,3�0.5 V /��K3�0.57 V
(��ª 8。)
5N�2：

�ISC(�K3) = VSC(�K3) / RSHUNT(��3) �
�RSHUNT(��3) = VSC(�K3) / ISC(�K3)
��N���2�&È
� +5%：
:RSHUNT(¾,3) = RSHUNT(��3) / 0.95 �
:RSHUNT(�K3) = RSHUNT(¾,3) × 1.05

Y¾ SC «>�N�q
：

ISC(¾,3) = VSC(¾,3) / RSHUNT(¾,3) �

ISC(��3) = VSC(��3) / RSHUNT(�K3)

http://www.onsemi.cn/
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�>@Ou�.：

POUT = √3 × VO_LL × IRMS × PF
VO_LL = (√3/√2) × MI × (1/2) × VDC_Link
É0：

VO_LL：�>@Ou Lin �l��'
MI = (m��
VDC_Link = �N�l�'
IRMS = �>@�Ks��N
PF = �."�

qÊ�N�N：

IDC_AVG = VDC_Link / (Pout × Eff)
É0：Eff = �>@�.。

�N���2�.��3�+¼A�：

PSHUNT = (I2
DC_AVG × RSHUNT × ¿-) / ¤�"7

É0：

IDC_AVG：�>@qÊs��N

RSHUNT：TC = 25 [°C] }�5N�2¾,3

¤�"7：5N�2��ª0，TSHUNT�=�100 [°C]�
}

�5

N�2

¿-：�Ã¿-(:M�7�)。

�N���23+¼�7：FNA21012A�5N�2&È

! +5%。

��8.�OCP & SCP !j(VSC(��
))��

H�.� DZ
 �[
 DE
 ��

Ew
�	：TJ = 25°C、

VCC = 15 V

0.43 0.50 0.57 V

�s!Q
��/


�.�：

• DUT：FNA21012A

• 5N�2pÈ：+5%

• SC y����'：
VSC(��3)�=�0.43�V、VSC(¾,3)�=�0.50�V、

VSC(�K3) = 0.57 V
• �>@��Ks��N (IRMS)：5 Arms

• �>@��KË3s��N (IC(max))：10 A

• (m�� (MI)：0.9

• �N�l�' (VDC_Link)：600 V

• �."� (PF)：0.8

• �>@�. (Eff)：0.95

• TC = 25°C }�5N�23 (RSHUNT)：40 m�

• TSHUNT = 100°C }�5N�2¤�"7：70%
(��� 45)。

• �Ã¿-：20%


���：

• ISC(�K3)：1.5 × IC(max) = 1.5 × 10 A = 15 A

• RSHUNT(��3)：VSC(max) / ISC(max) = 0.57 V / 15�A =
38 m�

• RSHUNT(¾,3)：RSHUNT(��3) / 0.95 = 38 m� /
0.95 = 40 m�

• RSHUNT(�K3)：RSHUNT(¾,3) × 1.05 = 40.0 m� ×
1.05 = 42 m�

• ISC(��3)：VSC(��3) / RSHUNT(�K3) = 0.43 V /
42 m� = 10.2 A

• ISC(¾,3)：VSC(¾,3) / RSHUNT(¾,3) = 0.5 V /
40 m� = 12.5 A

• VO_LL = (√3 / √2) × MI × ½ × VDC_Link = 
= (√3 / √2) × 0.9 × 0.5 × 600 = 330.7

• POUT = √3 × VO_LL × IRMS × PF =
= √3 × 330.7 × 5 × 0.8 = 2291 W

• IDC_AVG = (POUT/Eff) / VDC_LINK = 4.64 A

• PSHUNT = (I2
DC_AVG × RSHUNT ×¿-) / ¤�"7 =

(4.64 × 0.040 × 1.2) / 0.7 = 1.48 W
("?，5N�2�½��.¤�©S 2 W)

��9.�FNA21012A �H�r3!s��，.�&

TJ = 25�C (RSHUNT = 38 m� (DZ
)、40 m� (�[
)、
42 m� (DE
)

H�.� DZ
 �[
 DE
 ��

�� SC ¾� 10 12 15 A

� 23. !s��!Q����~�/(�L RARA !3)

�����bc�G

RCge@Gj��!|�R��N$z�(SCP)���
wP。RC�}%c�:�Motion�SPM�2������}%
�R��NÀ�}%�(SCWT)�7�。��RSC��'©S�

SCP��q，�)S�RC�ge@��I�CSC�kH。RC�

ge@ÌÁ�(T1)�!�CSC�kH�'Í������SCP�
�q�a�}%。LVIC�4��U>ge@}%(�%

�����z{ge@}%：T2)。Consider this filter
time when designing the RC filter of VCSC.

http://www.onsemi.cn/


AN−9075/D

www.onsemi.cn
18

VIN

LOUT

VCSC

ISC

VFO

T2
T3

T4
T5

T1

uv：

VIN：�#�0�+。

LOUT：
� IGBT � VGE。

VCSC：CSC �
��+。

ISC：
��!。

VFO：VFO �
��+。

T1：filtering time of RC filter of VCSC.
T2：CSC �674�。F VCSC H(
� T2，� SCP
      ���。

T3：& CSC \Bµ�;�+�d��K。

T4：& CSC \Bµ
��!��K。

T5：& CCSC \Bµ1��V�0��K。

� 24. bq�

��10.�r3!3.�+�bc�：VCSC to LOUT, ISC, VFO
(Notes 8 and 9)

��V����

�[
�

TJ = 25�C b
�[
�

TJ = 150�C b
DE
�

TJ = 25�C b

FNA21012A T2 = 0.25 �s T2 = 0.09 �s 5e±20%
�¿，

T4 = 3.6 �sT3 = 0.62 �s T3 = 0.57 �s

T4 = 3 �s T4 = 3.3 �s

T5 = 4.1 �s T5 = 4.25 �s

8. %(���x=���	����
��V，CSC�?�
�B
r¹ �1.0 �s ��\B。({G：SCWT < 5.0 �s, ��	：
VDC = 800 V, VCC = 16.5 V, TJ = 150°C)。

9. {G&
�µ CSC \B��K?d2P
。

 !¡

LVIC �T|¿�	$z
! � IGBT ��� �VPN
(�M�')�S'±Î，)S“R�Â|¿”\;'$

z，ÅCR�V��C�SCP��	+ÏÐ�ROs	x

\|¿ �IGBT。��，)SG3�K �di/dt �� �ISC
(R��N)，VPN�G3Í�。?Ã�VPN��G3Í��

	:�S'i��IGBT�±Î。"?，T|¿�	Gj�

IGBT�G3|U，B!
�VGE�ÄÑÒ�(IGBT�$%I
�°%��')。

LVIC�U>Ó��T|¿�	�=,À	A25��26

��。?�	)S(�U>$z�	Y�(VLO ��

SCP)。��IGBT�CªcV��|U}，LVIC�)S$%
�&@�|¿$%	x�(IN(xL))�\�Ô|¿�IGBT。
�&@i)Ïj$%�&@���OuÄÕ@(�Ö1)�
���IGBT�:$z�	|¿}，:$z�		x)S$

z��Ou(Å�OuÄÕ@，��Z)�T|¿�	�
$z��i)�|Ou\<�$%�&@。VGE
(IGBT�$%�°%�')�)ST|¿��\ÄÑÒ�
(��Ö2)。

VCC

CSC

IN(xL)

VFO

V CC

LO

5.0K

Pre
Driver

Restart

UVLO
(Under−Voltage Lock

Out)

SCP
(Short−circuit Current

Protection)

Protection Circuit

LVIC

Soft−offCOM

Gate Driver

Output
Buffer

Delay

TSU

TSU

Timer

� 25. LVIC ���¢�

VFO

V CC

Soft−off

V GE

On

On

Low−Side
IGBT

On

LVIC

Off
Off

Off

Restart

1 2

Output
Buffer

Pre
Driver

IGBT

� 26.  !¡�H�q�

��27���28º�C�VDC�=�800�V，VW�'C�P���N
�kH+%(VPN(VW))�mC
��1000�V���¨U}(

�Á,�ªc|¿�|Á,。��27����28�=º��

Â|¿�T|¿�|Á,+%�È×。IGBT��Â|
¿��°XK�SÕ(�¨�155�V)。�N�l�p�M
�'��m
�800 �V �%>�Ã$z �1200 �V �Motion
SPM�2。Â|¿?�X}%
��2�ms，�	CR�w
P}�°。��°ªc�R�wP，$z����Å

=,，IGBT=��T|¿，%Gj�°SK�SÕ�

'。C?V��，SÕ�'�<100�V。
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LIN [5V/div.]

VCE(SURGE)=155V

Turn-off by LIN

Time [200ns/div]VPN [200V/div.]

IC [5A/div.]

� 27. '�4�

(FNA21012A �!¡，��.�：VDC = 600 V、
TJ = 25�C)

Turn-off by
Protection

VCE(SURGE)=90V

� 28. � !¡��!¡

(FNA21012A，��.�：VDC = 600 V、TJ = 25�C)

£¤4�!3

��11.�£¤4�DE� 


F= ¥� .� � 
 ��

V
FO 1��%�9

�+
MN�

VFO - COM
��

−0.3 ~
VCC+0.3

V

I
FO 1��%�! �VFO�
�

O�!
2 mA

��12.�!\]^

F= ¥� H�.� DZ
 DE
 ��

VFOH 1��%
�9�+

VCC�=�15�V、
VSG�=�0、VFO
��：4.7�k��2

5 V "���

4.5 − V

I
FO − 0.5 V

"
�VFO�w�!�%��Ã,；����¤�2\

�¤。�2��Æ|�]_�。

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40
T

J
=150[oC]

V
F

O
 [

V
]

I
FO

 [mA]

� 29. VFO ���!�−!s]^

4�;=!3(IN(xH)、IN(xL))
��30�º��MCU���Motion SPM 2 +%��I/O�0t�

��。"
�Motion�SPM�2�Osz{��q4�，B?

4Uj�¤�2，"?，va[>�¤�2。

5V−Line

IN (UH) , IN (VH) , IN (WH)

IN (UL) , IN (VL) , IN (WL)

VFO

COM

RPF=4.7k

CPF=1nF

Motion SPM 2MCU

Gate
Driver

Level−Shift
Circuit

Typ. 5 k�

Input
Noise
Filter

Input
Noise
Filter

Gate
Driver

tIN(FLT)  = Typ. 450 ns for turn on
             Typ. 250 ns for turn off

Typ. 5 k�

�

� 30. ��� CPU I/O ¦§!3

C��45�0º�Os�wPOu��K���'。:

�wPOu!�%��，É��3!�VCC+0.3�V，"
?，��%���15�V��M0t。�!，Â¸
wPO

u�j5�V�z{�M，�Os	x!e。:Â¸C�

MCU��Motion�SPM�2�(w��VFO�	xl���
�

Ø��p�-
ic�@�。c�Osw��RC���

(��45�0%Çlª�)�	ÈÙ���0��PWM�lm

89� PCB�­®�0l2ÚB4�>�。

Motion�SPM�2��	�Os	x>5�(����5�k�
�(¾,3)��¤�2。"?，C�MCU�Ou��Motion
SPM�2�Os+%��[>ge�2}，�ÉÛOsw

�	x'¤，%Æ|i)Ê3�'nË。

��13.��<および VFO ��のDE �

F= ¥� .� � 
 ��

VIN �#�0�+ � IN(xH),
IN(xL)−COM(x)

��?�

−0.3 ~
VCC+0.3

V

VFO 1��%�9
�+

� VFO − COM(L)
��?�

−0.3 ~
VCC+0.3

V
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��14.��<しきいD¨© � (V = 15 V, T = 25�C)

F= ¥� .� DZ
 DE
 ��

VIN(ON) j�S��+ IN(UH), IN(VH),
IN(WH)−COM(H)

− 2.6 V

VIN(OFF) Z�S��+ IN(UL), IN(VL),
IN(WL)−COM(L)

0.8 − V

L�!3�


�������	


VBS��'，Å�VB�(U,�V,�W)���VS�(U,�V,�W)�+%�
'È，
�Motion�SPM�2��	0��HVIC�;'�M。h

�M�¨
�13.0�V18.5�V，%8$�HVIC��JÃ�&

�!IGBT。���VBS��y'Q�$z�	8$�HVIC�
C �

VBS�'¤
�`��'}��&�!�IGBT�(����

�)。?�	Gj�IGBT�C����6�=,。

�°�VBS�Ì&�M4qL8�，É0�µ!?£�

~]�L#�6(��� 31)。h8���Í!Ad，

>Ü。�!，L#�p��ÎÏ��m�i)ÝÞ�

i)}%。L#�M:L#�%�、�2、��p·

(。L#����N�ÖA� 31��。��VS��¤I

g(
!�IGBT �i)¬
!�FRD �XN)，L#�p �

(CBS)�)SL#�%��(DBS)��\L�VCC��M��2

(RBS)���。

VS

HVIC

LVIC

VDC

VCC(L)

VB

VCC(H)
VCC

CBS

CVCC

Motion SPM 2

COM

VCC

COM

HO

LO
COM(L)

VCC

VB

VS

VBD

COM(H)

RBS
DBS(Integrated)

RSC

P

� 31. %&�IGBT��'b�HVIC��!ª!��(VBS)
�L�!3!s3�

�����
�，�������

ßàL#��an|f�
!�IGBT�i)}%á	

L#�pJÃ�Æ�。ßà��}%�(tcharge)��)
S�	�6+¼：

tcharge � CBS � RBS �
1
�
� ln

VCC

VCC � VBS(min) � VF � VLS

(eq. 1)

É0：

VF�=�L#�%�(w�ªâ'¤；

VBS(��3)L#�p���3；

VLS�=�
! IGBT (w¬s��'¤；%µ

���=�PWM ã$"。

L#�pßà��Ä；§�ßà��8�、VCC�l

��SMPS�Ou�N、VCC�M%�p�L#�p°(

�VCC�'¤。��VCC�'¤¨��UVCCD��q，
!|

¿，:�°wP	x。
�p�?ÃwP，��»!

|���ßà��8�。
�Cßà��}äå�VCC�

'¤，Â¸=�K�VCC��p:�©���
!i)8

�。
!�IGBT��4|f�i)}%，%>�PWM��

àªc=,Ï²L#�pJÃ��。

� 32�º�ßàL#��À	��7。Â��VCC�+

Ä，VBS�ani)
!�IGBT�����。PWM�	x)

c:0¿�°，�}@%2��|�e'.�æ�%

Ðy�h0¿。"?，anC��°BÏ�!�PWM�

	x�çè�$�h5�。VCC��p3�|%
�4

"!�VBS��p'�|f�n��Î。�C�VBS�¨�

VUVLO �mj�q+Ï，�é�ªcÁ,，��!

IGBT��	CÑ4êÂwP	x�çè��|。Cë

���0，��	i��?é&ìÒ。�"!e}�

�，NÓd��N���2�ßà���N�	©S

SN$z�q3。"?，L#�p�ßà��}%�

í0��5�� 32。L#�p" ���86(
!

IGBT��&8 6)�QRA� 34���。
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V PN

V CC

V BS

V IN(L)

ON

Start PWM

V IN(H)
OFF

0V

0V

0V

0V

0V

Section of charge pumping for VBS

� 32. E«L�F!�bq�

: Switching or Full Turn on

…

…

…

…

…

VDC

VCC

Bootstrap capacitor charging(W phase)

IN(WL)

IN(VL)

IN(UL)

Bootstrap capacitor charging(V phase)

Bootstrap capacitor charging(U phase)

Bootstrap capacitor charging period

…

� 33. ���E«L�!¬F!bq

System operating period

IN(WL, VL, UL) [5V/div.]

VFO [5V/div.]

VCC [5V/div.]

VB-VS [5V/div.]

All low side turns on
at a same time

CBS=33μF

Time [2ms/div.]

VFO is activated by UVCCD

CBS=100μF

All low side turns on
at a same time

VFO is activated by UVCCD

All low side turns on
at a same time

Only one low side turns on

All low side turns on with
fSW=5kHz, Duty=50%

All low side turns on with
fSW=5kHz, Duty=25%

VFO is activated by UVCCD

CBS=100μF CBS=100μF

CBS=100μF CBS=100μF

� 34. ,-L�!¬�F!­®t��E«F!

(��.�：VCC = 15 V / 300 mA，VCC !¬ = 220 �F，L�!¬ = 100 �F，RBS = 20 �)
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|}L�!¬�¯t�

L#�p�K�)S�§��6+¼：

É0：

CBS �

Ileak � �t
�VBS (eq. 2)

�t：�! IGBT ��Ki)ÔÕîE；
�VBS：CBS �q�Ò��'(�'ed)
ILeak：CBS ��KÒ��N。

*nC�%�?Õ：

• �! IGBT i)}�$%��

• C HVIC 0�s�!���Ö��N

• HVIC 0�q�����a��q���Î

• L#�%����N

• CBS�p×��N(@� �p�ïØ)

• L#�%��`âHI�Î

Y¾çè�，Â¸
�Motion �SPM �2 ��	=� �

4.5�mA���ILeak。�»�����
�，�p)c�


+¼3��2�-�36。ð4�!�IGBT�|¿，?�VS(x)��

'�	Ig}�CBS�á	��。
!�IGBT��i)}%
��|fñÏ±ì��Î，


CBS�JÃ��。"?，
!�IGBT��C��æ4�

�i)}%（¬�!�IGBT��|¿}%）。

L�!¬ A �
��/

0 2 4 6 8 10 12 14 16 18 20
0

10

20

30

40

50

60

70

80

90

100

110

6.8[�F]

Continuous Sinusoidal Current Control

10 [�F]

22 [�F]

33 [�F]

47 [�F]

100 [�F]

C
BS_min

=(I
Leak

* �t)/�V
BS

Conditions : �V
BS

=0.1 [V], I
Leak

=4.5 [mA]

 Minimum Value

 Recommend Value

 Commercial Capacitance

B
o

o
ts

tr
a
p

 C
a
p

a
c
it

a
n

c
e
, 

C
B

S
 [
�
F
]

Switching Frequency, F
SW

 [kHz]

� 35. *�`!°�+�L�!¬�!¬


§��|'.�Â¸��VBS

• ILeak：���N�=�4.5�mA�(|��FNA21012A，��
Ûª�18)

• �VBS：Ò��'�=�0.1�V�(Â¸3)

• �t：�!�IGBT���Ki)ÔÕîE�=�0.2�ms�(�7
���)

CBS_min �
Ileak � �t
�VBS

�

4.5 mA � 0.2 ms
0.1 V

� 19 � 10�6

(eq. 3)

→ 2 6%� → 18 �F (22 �F STD 3)

��15.�VBS H�!ª!s

F= H�.� �� DE
 ��

IPBS VCC = VBS = 15 V, 
fPWM = 20 kHz, 
���y = 50%, 

ハイサイ
ドの 1 PWM �0#¢

FNA21012A 4.5 mA

FNA22512A 9.0

FNA23512A 12.0

10. �5�eÀÁ}Z��、x-�5,{G��VBS��+13.0�~�18
.5�V�(���ÁÂÃ)f��。"g
�$$%hi�>。Ä�
eÀÁ�jKLÅi,�	�?�4����。

L�!¬ B��
��/

§�=,V�，UVBS �	���q�Â¸ �

VB(x)−VS(x)

�p�Û[�y'$z，:8$�VBS�CÂ¸3�

¨U，�§�=,V��©L#�p。L#�'ed

��L#�2、s�V�、Ou'.��|'.�Q

R。{ò�Ü0�Ks�V���L#�'。� 36�
º�Á,0�VB(x)-VS(x)de�'�7。

� 36. �t�(�L�±²!���
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�mL�G³´

��!�IGBT�¬�FRD�i�}，L#�%��(DBS)�ó
�ô�õl�'。Â¸L#�%�=�©S�1200�V��

À��'。h�%���Ù4
��100�ns��HI}%
`�，��á	�L#�pöÝI�VCC��M��Î�

-�å。�®\Þ，L#��:L#�%��(DBS)、
L#�2�(RBS)��L#�p�(CBS)。Motion�SPM�2�L
#�%���IV�`�A��37����38���。L#�2

�(RBS)�¤
�dVBS/dt�:�mL#�p�ßà���N�

(Icharge)。
�GjßàL#�p��}�XKË3�

N，������[�.��2\�N。XK�Ë3

�N�	ß(S�N$z�L#�%��÷。8$L

#�%��ÔÕ�N�mC�2�A，"?，������

10����.��2\�N。�®\Þ，Â¸=��10�6
�����,
�RBS。²��©�RBS，��»ÔÕ�.�

�3��L#�p�ßà��。
���KL#�

p，anL#�2��ÔÕ�.��3。�2ÔÕ�

.��3��7A��39���。

Motion�SPM�2�L#�%��`�：

• G3HI�%�：1200�V�/�1�A

• trr：80�ns�(¾,3)

��16.����; �Ew

F= �G H�.� �[
 ��

VF 
T+d IF = 1 A, TC = 25°C 2.2 V

trr ST¶R4� IF = 1 A, TC = 25°C,
dIF/dt = 50 A/�s

80 ns

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0
0.0

0.5

1.0

1.5

2.0

2.5

3.0

I−V characteristics of integrated bootstrap diode
without series resistor

I F
 [

A
]

VF [V]

TJ = −40�C
TJ = 25�C
TJ = 100�C
TJ = 125�C
TJ = 150�C

� 37. µ�¶L�G³´H·

(*¸H·!Q)�]^�I-V

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

I−V characteristics of integrated bootstrap diode
with series resistor

RBS=20ohm, T
J
=25C

I f [A
]

V
f
 [V]

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

Main Operating Area of
Bootstrap Circuit

I F
 [

A
]

VF [V]

Zoom in

� 38. µ�¶L�G³´H·

(¸H·!Q)�]^�I-V

� 39. !Q¹I���~�/(�L KAMAYA OHM)
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NTC Pº!Q�!3(���ST»K)
Motion SPM 2��	øùs1E���(NTC)��F�
2，�����U�1EZ,。?�F�2E��DBC�

2�¥�./0�(IGBT/FRD)�，�:E8¢ú�./0

�1E(�����41.)。)cçè�，Fû�NTC��F

�2，���*+Gü�%=�(µ����1E$z

(àl)。�µ!���ý-�þ�r@�(ADC)���。�

�µ!��"¯@��。� 43��� �44�º���

�NTC��F�2�(µ���7。

� 40. 1200 V Motion SPM 2 Series

V
S

(W
)

V
B

(W
)

V
B

D
(W

)
V

C
C

(W
H

)

IN
(W

H
)

V
S

(U
)

V
B

(V
)

V
C

C
(V

H
)

IN
(V

H
)

V
S

(U
)

V
B

(U
)

V
B

D
(U

)
V

C
C

(U
H

)

IN
(U

H
)

C
O

M
(H

)

R
S

C

C
S

C

C
F

O
D

V
F

O

IN
(V

L
)

IN
(U

L
)

C
O

M
(L

)
V

C
C

(L
)

V
T

H
R

T
H

N
U

N
V

N
WUVWP

IN
(W

L
)

V
B

D
(V

)

FNA210xxA
DXX    XXXX NTC Thermistor

� 41. NTC Pº!Q� 1200 V Motion SPM 2
(��m

� 42. NTC Pº!Q� NTC R-T �~

−20 −10 0 10 20 30 40 50 60 70 80 90 100 110 120
0

50

100

150

200

250

300

350

400

450

500

550

600

 MIN

 TYP
 MAX

Temperature, TTH [�C]

R
es

is
ta

n
ce

 [
k�

]

� 43. OT $p!3 (MCU)

Motion SPM 2MCU

VDD

VTH

RTH
ADC Port

RTH

NTC

� 44. OT $p!3(¼½�)

Motion SPM 2MCU

VTH

RTH

I/O Port

RTH

NTC

R3 R1

R2C2 C1

VDD V

� 45. � V-T �~� 43

20 30 40 50 60 70 80 90 100 110 120
0

1

2

3

4

5

V
DD

=3.3V

V
DD

=5.0V

 V
OUT(min)

 V
OUT(typ)

 V
OUT(max)

V-T Curve at V
DD

=5.0, 3.3V, R
TH

=6.8kohm

O
u

tp
u

t 
V

o
lt

a
g

e
 o

f 
R

T
H
 [

V
]

Temperature T
Thermistor

[
o
C]
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��17.�NTC Pº!Q� R-T �  

TNTC (�C) Rmin (k�) Rcent (k�) Rmax (k�) TNTC (�C) Rmin (k�) Rcent (k�) Rmax (k�)

0 153.8063 158.2144 162.7327 61 10.4594 10.8007 11.1520

1 146.0956 150.1651 154.3326 62 10.0746 10.4091 10.7536

2 138.8168 142.5725 146.4152 63 9.7058 10.0336 10.3714

3 131.9431 135.4081 138.9502 64 9.3522 9.6734 10.0046

4 125.4497 128.6453 131.9091 65 9.0133 9.3279 9.6525

5 119.3135 122.2594 125.2655 66 8.6882 8.9963 9.3145

6 113.5129 116.2273 118.9947 67 8.3764 8.6782 8.9899

7 108.0276 110.5275 113.0739 68 8.0773 8.3727 8.6782

8 102.8388 105.1398 107.4814 69 7.7902 8.0795 8.3787

9 97.9288 100.0454 102.1974 70 7.5147 7.7979 8.0910

10 93.2812 95.2267 97.2031 71 7.2496 7.5268 7.8138

11 88.8803 90.6673 92.4810 72 6.9950 7.2663 7.5474

12 84.7119 86.3519 88.0148 73 6.7505 7.0160 7.2913

13 80.7624 82.2661 83.7894 74 6.5157 6.7755 7.0450

14 77.0190 78.3963 79.7903 75 6.2901 6.5443 6.8082

15 73.4700 74.7302 76.0043 76 6.0739 6.3227 6.5810

16 70.1042 71.2558 72.4189 77 5.8662 6.1096 6.3624

17 66.9112 67.9620 69.0224 78 5.6665 5.9046 6.1521

18 63.8812 64.8386 65.8039 79 5.4745 5.7075 5.9498

19 61.0050 61.8759 62.7530 80 5.2899 5.5178 5.7549

20 58.2739 59.0647 59.8601 81 5.1129 5.3358 5.5680

21 55.6798 56.3961 57.1160 82 4.9426 5.1607 5.3879

22 53.2152 53.8628 54.5127 83 4.7788 4.9921 5.2145

23 50.8732 51.4569 52.0422 84 4.6211 4.8299 5.0475

24 48.6469 49.1715 49.6969 85 4.4694 4.6736 4.8866

25 46.5300 47.0000 47.4700 86 4.3228 4.5226 4.7310

26 44.4567 44.9360 45.4159 87 4.1817 4.3771 4.5811

27 42.4868 42.9737 43.4618 88 4.0459 4.2369 4.4366

28 40.6147 41.1075 41.6021 89 3.9150 4.1019 4.2973

29 38.8351 39.3323 39.8319 90 3.7890 3.9717 4.1629

30 37.1428 37.6431 38.1463 91 3.6675 3.8463 4.0334

31 35.5329 36.0351 36.5408 92 3.5505 3.7253 3.9084

32 34.0011 34.5041 35.0111 93 3.4377 3.6087 3.7879

33 32.5433 33.0462 33.5534 94 3.3290 3.4963 3.6716

34 31.1555 31.6573 32.1640 95 3.2242 3.3878 3.5593

35 29.8340 30.3339 30.8392 96 3.1235 3.2836 3.4515

36 28.5760 29.0734 29.5764 97 3.0264 3.1830 3.3473

37 27.3776 27.8717 28.3720 98 2.9328 3.0860 3.2468

38 26.2356 26.7260 27.2228 99 2.8425 2.9923 3.1497

39 25.1472 25.6332 26.1261 100 2.7553 2.9019 3.0559

40 24.1094 24.5907 25.0792 101 2.6712 2.8146 2.9654

41 23.1198 23.5960 24.0796 102 2.5901 2.7303 2.8779
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��17.�NTC Pº!Q� R-T � (continued)

TNTC (�C) Rmax (k�)Rcent (k�)Rmin (k�)TNTC (�C)Rmax (k�)Rcent (k�)Rmin (k�)

42 22.1759 22.6466 23.1249 103 2.5117 2.6489 2.7933

43 21.2753 21.7401 22.2129 104 2.4360 2.5703 2.7117

44 20.4158 20.8746 21.3416 105 2.3630 2.4943 2.6327

45 19.5953 20.0478 20.5088 106 2.2921 2.4206 2.5560

46 18.8120 19.2580 19.7126 107 2.2236 2.3493 2.4819

47 18.0638 18.5032 18.9514 108 2.1575 2.2805 2.4102

48 17.3492 17.7818 18.2234 109 2.0936 2.2139 2.3409

49 16.6663 17.0921 17.5269 110 2.0319 2.1496 2.2739

50 16.0137 16.4325 16.8605 111 1.9725 2.0877 2.2094

51 15.3899 15.8016 16.2227 112 1.9151 2.0278 2.1470

52 14.7934 15.1981 15.6122 113 1.8596 1.9699 2.0866

53 14.2230 14.6205 15.0277 114 1.8060 1.9139 2.0282

54 13.6773 14.0677 14.4678 115 1.7541 1.8598 1.9716

55 13.1552 13.5385 13.9316 116 1.7042 1.8076 1.9171

56 12.6556 13.0318 13.4178 117 1.6559 1.7572 1.8644

57 12.1774 12.5465 12.9255 118 1.6092 1.7083 1.8134

58 11.7195 12.0815 12.4536 119 1.564 1.6611 1.7639

59 11.2810 11.6361 12.0011 120 1.5203 1.6153 1.7161

60 10.8610 11.2091 11.5673
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