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EVISION HISTORY  
Revision 0.8: Customer Sample. 

Revision 0.81: Update Part Number, Electrical Characteristics and Application Waveforms. 

Revision 0.82: Update DEVICE ORDER INFORMATION. 

DEVICE ORDER INFORMATION 
ORDERABLE 

DEVICE 
PACKAGING 

TYPE 
STANDARD 
PACK QTY 

PACKAGE 
MARKING PINS PACKAGE 

DESCRIPTION 

SCT55610QZAR Tape & Reel 3000 5610 28 QFN-28L 

ABSOLUTE MAXIMUM RATINGS 
Over operating free-air temperature unless otherwise noted(1) 

DESCRIPTION MIN MAX UNIT 
VIN -0.3 65 V 

-
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PIN FUNCTIONS 

NAME PIN PIN FUNCTION 

VIN 1 Input supply voltage. Connect a bypass capacitor close to the pin. 

CPA 2 
Charge pump switching node. Connect a ceramic capacitor between CPA and CPB. 

http://www.silicontent.com/


SCT55610 

 

  4     For more information www.silicontent.com    © 2024  Silicon Content Technology Co., Ltd.   All Rights Reserved  

Product Folder Links:  SCT55610 
 

RECOMMENDED OPERATING CONDITIONS 
Over operating free-air temperature range unless otherwise noted 

PARAMETER DEFINITION MIN MAX UNIT 

VIN Input voltage range 5 60 V 
VSCREF SCREF voltage 0.125 2.4 V 
TJ Operating junction temperature -40 125 °C 

ESD RATINGS 

PARAMETER DEFINITION MIN MAX UNIT 

VESD 

Human Body Model(HBM), per ANSI-JEDEC-JS-001-2014 
specification, all pins(1) 

-1.5 +1.5 kV 

Charged Device Model(CDM), per ANSI-JEDEC-JS-002-
2014 specification, all pins(2) 

-1 +1 kV 

(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process. 
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process. 

THERMAL INFORMATION 

PARAMETER THERMAL METRIC QFN-28L UNIT 

RθJA Junction to ambient thermal resistance(1) 39.9 

°C/W 

RθJC (top) Junction to case (top) thermal resistance(1) 44.85 

RθJC (bot) Junction to case (bottom) thermal resistance(1) 6.6 

RθJB Junction to board thermal resistance(1) 18.15 

RψJT Junction-to-top characterization parameter 5.05 

(1) SCT provides RθJA and RθJC numbers only as reference to estimate junction temperatures of the devices. RθJA and RθJC are not a 
characteristic of package itself, but of many other system level characteristics such as the design and layout of the printed circuit board 
(PCB) on which the SCT55610 is mounted, thermal pad size, and external environmental factors. The PCB board is a heat sink that is 
soldered to the leads and thermal pad of the SCT55610. Changing the design or configuration of the PCB board changes the efficiency 
of the heat sink and therefore the actual RθJA and RθJC.  

ELECTRICAL CHARACTERISTICS 
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SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

nFAULT (Open-Drain Output)  

VOL Output low voltage IO=5mA   0.5 V 

IOH Output high leakage current VO=3.3V   1 uA 

Protection Circuits  

VIN_RISE VIN UVLO Rising Threshold   4.2 4.5 V 

VIN_HYS VIN UVLO Hysteresis   200  mV 

VREG_RISE VREG UVLO Rising Threshold   7.6  V 

VREG_HYS VREG UVLO Hysteresis   1.6  V 

VSC Short-Circuit Threshold Accuracy 
(MOSFET VDS) 

VSCREF=1V, TJ=25°C 0.8 1 1.2 V 

VSCREF=2.4V, TJ=25°C 2.18 2.4 2.62 
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FUNCTIONAL BLOCK DIAGRAM 
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Sleep  Mode 

The SCT55610 can enter a low-power sleep mode where most internal circuits are turned off to save power. All the 
gate drivers are disabled in sleep mode. The sleep mode is entered by pulling nSLEEP pin low, and exited by pulling 
nSLEEP pin high with a wakeup delay of around 250us. The nSLEEP pin has an internal pulldown so it must be 
pulled high for normal operation. 

Over Current Protection  

The SCT55610 protects the system from over-current failure by monitoring LSS pin voltage and timely shutting 
down when it is over 0.5V. The LSS pin is connected to the sources of the three low-side MOSFETs, and tied to 
ground through an external sense resistor, whose voltage drop equals the resistance multiplied by the total current 
of the three phases. For example, if a 50mΩ sense resistor is used, the over current protection will be triggered 
once the total current exceeds 10A. When an over-current condition is detected for over 3us deglitch time, all the 
gate driver outputs are driven low immediately and nFAULT pin is pulled low. The SCT55610 will be latched in the 
fault state even after the over-current condition is gone, and only reset by toggling nSLEEP pin or power cycle. 

Over current protection can be disabled by connecting LSS pin directly to ground or connecting SCREF pin to VREG 
through a 100kΩ resistor. 

Short Circuit Protection  

The SCT55610 protects the system from short-circuit failure by monitoring the drain-to-source voltage drop of the 
turned-on MOSFET through VIN, SHx and LSS pins. In a short-circuit case, the current running through the 
MOSFET immediately increases and so does the voltage across the MOSFET. When a voltage drop higher than 
the short-circuit threshold is detected for over 3us deglitch time, all the gate driver outputs are driven low 
immediately and nFAULT pin is pulled low. The short-circuit threshold is set by SCREF pin with an external voltage 
reference. The SCT55610 will be latched in the fault state even after the short-circuit condition is gone, and only 
reset by toggling nSLEEP pin or power cycle. 

Short circuit protection can be disabled by connecting SCREF pin to VREG through a 100kΩ resistor. 

Undervoltage  Lockout Protection  

The SCT55610 monitors VIN, VREG and bootstrap voltage and shuts down when any of them falls lower than its 
undervoltage lockout threshold. In these cases, the SCT55610 will pull all gate driver outputs low immediately, 
latched in the fault state and only reset by toggling nSLEEP pin or power cycle. See Electrical Characteristics table 
for detailed undervoltage lockout thresholds. 

Thermal Shutdown  

Once the junction temperature of SCT55610 exceeds 150ºC, the thermal sensing circuit shuts down the device. All 
the gate driver outputs are driven low immediately and nFAULT pin is pulled low. The SCT55610 will be latched in 
the fault state even after the over-temperature condition is gone, and only reset by toggling nSLEEP pin or power 
cycle. Thermal shutdown prevents the damage on device during excessive heat and power dissipation condition. 

Fault Action  and Response  

The fault action and response of SCT55610 are listed in Table 2. 

Table 2. Fault Action and Response 

Fault Condition Report Gate Driver Recovery 

VIN UVLO VIN < 4V None Pulled low VIN > 4.2V 

VREG UVLO VREG < 6V nFAULT Pulled low Latched 

BST UVLO BSTx - SWx < 4.3V 
and ENx = 1 nFAULT Pulled low Latched 

Over-current VLSS > 0.5V  nFAULT Pulled low Latched 

Short-circuit VDS_ON > VSCREF nFAULT Pulled low Latched 

Thermal Shutdown TJ > 150°C nFAULT Pulled low Latched 
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Driver Power Dissipation  

Generally, the power dissipation in the SCT55610 depends on the driver-stage loss and VREG regulation loss. 

The power loss of a single gate driver can be estimated by Equation (2): 

𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 𝑄𝑄𝑔𝑔 × 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 × 𝑓𝑓𝑠𝑠𝑠𝑠 (2) 
where 

�x Qg is the total gate charge of the power device  
�x fSW is the switching frequency 
�x VREG is the gate drive voltage 

If the gate resistor RG applied between the driver output and gate of power device to slow down the switching 
transition, the power loss of a single gate driver can be estimated by Equation (3): 

𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =  
1
2

× 𝑄𝑄𝑔𝑔 × 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 × 𝑓𝑓𝑠𝑠𝑠𝑠 × �
𝑅𝑅𝑈𝑈𝑈𝑈

𝑅𝑅𝑈𝑈𝑈𝑈 + 𝑅𝑅𝐺𝐺
+

𝑅𝑅𝐷𝐷𝐷𝐷

𝑅𝑅𝐷𝐷𝐷𝐷 + 𝑅𝑅𝐺𝐺
� (3) 

where 
�x RUP is the gate driver pull-up resistance 
�x RDN is the gate driver pull-down resistance 
�x RG is the external resistance between the driver output and gate of power device 

For a typical three-phase BLDC motor control, always only one of the three half-bridges are switching at fSW during 
the whole rotation cycle. In this case, the total driver-stage power dissipation can be estimated by one half-bridge, 
namely a high-side gate driver and a low-side gate driver. 

The gate drive voltage VREG is generated from VIN through either a charge pump when VIN is low or a LDO when 
VIN is high. The power loss of VREG regulation can be estimated referring to Table 3: 

Table 3 VREG Regulation Loss 

Input Range Mode Power Loss Equation 

VIN < 16V Charge Pump 𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅 =  �2 ×
𝑉𝑉𝐼𝐼𝐼𝐼

𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅
− 1� × 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

VIN > 16V LDO 𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅 =  �
𝑉𝑉𝐼𝐼𝐼𝐼

𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅
− 1� × 𝑃𝑃𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

Thermal Considerations  

The maximum IC junction temperature should be restricted to 125°C under normal operating conditions. Calculate 
the maximum allowable dissipation, PD(max), and keep the actual power dissipation less than or equal to PD(max). The 
maximum-power-dissipation limit is determined using Equation (4): 

𝑃𝑃𝐷𝐷(𝑀𝑀𝑀𝑀𝑀𝑀) =
125 − 𝑇𝑇𝐴𝐴

𝑅𝑅θJA
 (4) 

where 
�x TA is the maximum ambient temperature for the application 
�x RθJA is the junction-to-ambient thermal resistance given in the Thermal Information table 

The real junction-to-ambient thermal resistance RθJA of the package greatly depends on the PCB type, layout, and 
environmental factor. Soldering the ground pin to a large ground plate enhance the thermal performance. Using 
more vias connects the ground plate on the top layer and bottom layer around the IC without solder mask also 
improves the thermal capability.  
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Application Waveforms  

VIN = 24V, VSCREF = 0.5V, fPWM = 20kHz, TA = 25°C, unless otherwise noted. 

 
Figure 9. Power Ramp Up 

 
Figure 10. Power Ramp Down 

 
Figure 11. Steady State 

 
Figure 12. Low-side Automatic Turn-on 

 
Figure 13. Sleep Mode Entry 

 
Figure 14. Sleep Mode Recovery 
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PACKAGE INFORMATION 
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