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PIN DESCRIPTION

Pin Name Description

1 VS(U) High Side Bias Voltage Ground for U Phase MOSFET Driving

(2) Dummy

3 VB(U) High Side floating supply voltage for U Phase MOSFET Driving

4 VDD(UH) High Side control power supply for U Phase IC

(5) Dummy

6 HIN(U) Signal Input for High Side U Phase

7 VS(V) High Side Bias Voltage Ground for V Phase MOSFET Driving

(8) Dummy

9 VB(V) High Side floating supply voltage for V Phase MOSFET Driving

10 VDD(VH) High Side control power supply for V Phase IC

(11) Dummy

12 HIN(V) Signal Input for High Side V Phase

13 VS(W) High Side Bias Voltage Ground for W Phase MOSFET Driving

(14) Dummy

15 VB(W) High Side floating supply voltage for W Phase MOSFET Driving

16 VDD(WH) High Side control power supply for W Phase IC

(17) Dummy

18 HIN(W) Signal Input for High Side W Phase

(19) Dummy

20 VTS Output for LVIC Temperature Sensing Voltage

21 LIN(U) Signal Input for Low Side U Phase

22 LIN(V) Signal Input for Low Side V Phase

23 LIN(W) Signal Input for Low Side W Phase

24 VFO Fault Output

25 CFOD Capacitor for Fault Output Duration Selection

26 CIN Input for Current Protection

27 VSS Low Side Common Supply Ground

28 VDD(L) Low Side Bias Voltage for IC and MOSFETs Driving

(29) Dummy

(30) Dummy

31 NW Negative DC Link Input for W Phase

32 NV Negative DC Link Input for V Phase

33 NU Negative DC Link Input for U Phase

34 W Output for W Phase

35 V Output for V Phase

36 U Output for U Phase

37 P Positive DC Link Input

38 TH1 Thermistor connection (T) / No connection

39 TH2 Thermistor connection *optional for T

NOTE: Pins of ( ) are the dummy for internal connection. These pins should be no connection.
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INTERNAL EQUIVALENT CIRCUIT AND INPUT/OUTPUT PINS

Figure 3. Internal Block Diagram

HIN(U) (6)
HVIC1
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ELECTRICAL CHARACTERISTICS (Tc = 25°C, VDD = 18 V, VBS = 18 V, unless otherwise noted) (Notes 8, 9)

Symbol Description Conditions Min Typ Max Unit

INVERTER PART

IDSS Drain  Source 
Leakage Current

VDS = 1200 V, Tj = 25°C 1 mA

VDS = 1200 V, Tj = 150°C 10 mA

RDS(ON) Drain to Source 
On Resistance

ID = 40 A, VDD = VBS = 18 V, Tj = 25°C 53 72 m�

ID = 40 A, VDD = VBS = 18 V, Tj = 150°C 97 m�

VSD Diode Forward Voltage VDD = VBS = 18 V, ISD = 40 A, 
Tj = 25°C

HIN/LIN = OFF 4.80 5.50 V

HIN/LIN = ON 1.70 2.35
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ELECTRICAL CHARACTERISTICS (Tc = 25°C, VDD = 18 V, VBS = 18 V, unless otherwise noted) (Notes 8, 9)

Symbol UnitMaxTypMinConditionsDescription

CONTROL PART

UVBSD Supply Circuit Under
Voltage Protection

VBS supply undervoltage negative going input threshold 10.0 12.0 V

UVBSR VBS supply undervoltage positive going input threshold 10.5 12.5 V

VTS Voltage Output for
LVIC Temperature
Sensing Unit

Pull down R = 5.1 k�, Temp. = 85°C 2.50 2.63 2.76 V

VFOH Fault Output Voltage VDD(L) = 0 V, CIN = 0 V, 
VFO Circuit: 10 k� to 5 V Pull up

4.9 V

VFOL VDD(L) = 0 V, CIN = 1 V,
VFO Circuit: 10 k� to 5 V Pull up

0.95 V

tFOD Fault Out Pulse Width CFOD = 22 nF (Note 6) 1.6 2.2 ms

BOOTSTRAP PART

VF BD
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Figure 5. Temperature of LVIC versus VTS Characteristics
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Figure 6. Internal Block Diagram and Interface Circuit of VTS
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THERMISTOR CHARACTERISTICS (Included only in NFAM5312SCBUT)

Parameter Symbol Condition Min Typ Max Unit

Resistance R25 Tc = 25°C 46.530 47 47.47 k�

Resistance R125 Tc = 100°C 1.344 1.406 1.471 k�
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RECOMMENDED OPERATING CONDITIONS

Symbol Rating Conditions Min Typ Max Unit

VPN Supply Voltage Applied between P  NU, NV, NW 600 800 V

VDD Control Supply Voltage Applied between VDD(H)  VSS, 
VDD(L)  VSS

13.0 18.0 19.0 V

VBS High Side Bias Voltages Applied between VB(U)  VS(U), VB(V) 
VS(V), VB(W)  VS(W)

13.5 18.0 19.5 V

dVDD / dt
dVBSt
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Figure 10. Under−Voltage Protection (High−Side)

b1 : Control supply voltage rises: After the voltage reaches UVBSR, the circuits start to operate when next input is applied.
b2 : Normal operation: MOSFET ON and carrying current.
b3 : Under voltage detection (UVBSD).
b4 : MOSFET OFF in spite of control input condition, but there is no fault output signal.
b5 : Under voltage reset (UVBSR).
b6 : Normal operation: MOSFET ON and carrying current by triggering next signal from LOW to HIGH.

Input Signal

Control Supply
Voltage

Protection
Circuit State

Output Current

Fault Output Signal

Reset
Set

Reset

UVBSR

UVBSDb1

b2

b3

b4

b5

b6

High level (No fault output)

c7c6

c8

c1

c2

Figure 11. Short−Circuit Current Protection (Low−Side Operation only)

(with the external sense resistance and RC filter connection) 
c1 : Normal operation: MOSFET ON and carrying current.
c2 : Short circuit current detection (SC trigger). 
c3 : All low side MOSFET’s gate are hard interrupted. 
c4 : All low side MOSFET’s turn OFF.
c5 : Fault output operation starts with a fixed pulse width.
c6 : Input HIGH: MOSFET ON state, but during the active period of fault output the MOSFET doesn’t turn ON.
c7 : Fault output operation finishes, but MOSFET doesn’t turn on until triggering next signal from LOW to HIGH. 
c8 : Normal operation: MOSFET ON and carrying current.
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TYPICAL APPLICATION CIRCUIT
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Figure 13. Typ. Drain–Source Saturation
Voltage

Figure 14. Drain–Source Saturation Voltage

Figure 15. Typ. Source−Drain Forward Voltage Figure 16. Typ. Turn−on Switching Energy
Loss

Figure 17. Typ. Turn−off Switching Energy
Loss

Figure 18. Typ. Reverse Recovery Energy
 Loss

Vds, Drain Source Voltage [V]
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VF, Source Drain Voltage [V]
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TURN−ON/OFF SWITCHING WAVEFORM

Switching Condition: VPN = 600 V, VDD = 18 V, Tj = 25�C, Id = 40 A.

Figure 25. Turn−on Switching Waveform Figure 26. Turn−off Switching Waveform
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Switching Condition: VPN = 600 V, VDD = 18 V, Tj = 150�C, Id = 40 A.

Figure 27. Turn−on Switching Waveform Figure 28. Turn−off Switching Waveform
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