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Logic Input(INx,DIAG_EN,THER,SEH,SEL) 

VIH Logic high-level voltage   1.35 1.55 V 

VIL Logic low-level voltage  0.75 1.05  V 

RL_PG_IN INx-pin pulldown resistor   180  kΩ 

RL_PG_DIAG 
DIAG_EN-pin pulldown 
resistor 

  240  kΩ 

RL_PG_THER THER-pin pulldown resistor   80  kΩ 

Diagnostics 

ILKG _GL 
Output leakage current 
under GND loss condition 

  24 60 uA 

VOL_OFF 
Open-load detection 
threshold 

IN = 0 V, when VVS – VOUTx < VOL_OFF, 
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TYPICAL CHARACTERISTICS 

 
Figure 10. ISHUTDOWN vs Input Voltage 

 
Figure 11. IQ vs Input Voltage 
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FUNCTIONAL BLOCK DIAGRAM
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OPERATION 

Overview 

SCT44160Q is a four-channel intelligent high-side switch that internally integrates a charge pump and four power 
N-MOSFETs. SCT44160Q offers external adjustable threshold overcurrent protection functionality, with a typical 
value of 7A for internal current limiting to enhance design flexibility and system reliability. This device features 
comprehensive diagnostic functions and high-precision current sensing functions to achieve smart control of the 
load. Among SCT44160Q’s three versions, Version A includes an open-drain digital output diagnostic mode. 
Version B provides current sensing analog output. Version C provides four external adjustment functions for 
overcurrent thresholds based on version B. 

In Version A, an open-drain digital output is utilized, and the diagnostic output pin STx needs to be pulled down to 
the ground externally by providing a pull-up voltage of 3.3V or 5V to match the MCU. The abnormal status of each 
channel in version A can be reported separately to help the system quickly locate problematic channels. 

Version B has a current sensing analog output, enabling the system to accurately determine the operational status 
of each channel.  The integrated current mirror of the device provides a mirror current of 1/KCS load current, which 
flows through the CS resistor and becomes a voltage signal to achieve analog output of load current. Version B can 
achieve the current information detection function for each channel through cyclic selection of SEH SEL pins. 
Additionally, in the event of an abnormality in a specific channel, the global diagnostic function of the Fault pin can 
be employed to pinpoint the problematic channel. 

The diagnostic function of version C is consistent with version B, but version C can set four overcurrent thresholds 
separately. Four overcurrent thresholds can be reasonably set according to the application environment, further 
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Accurate Current Sense 

Version B and version C have high-precision current detection functions, which can accurately detect the real-time 
status of each channel, making it convenient for the system to accurately diagnose the status of each channel. 
Version B and version C internally integrate a current mirror to mirror the load current. The ratio between the load 
current and the mirror current is KCS: 1, and the mirror current flows through the CS pin and an external ground 
resistor RCS, generating a voltage signal to achieve load current detection. The current mirror is shared among all 
four channels, with mirror channel selection achieved through the SEH and SEL pins to realize current detection 
functionality for each channel. Refer to Formula (2) for RCS calculation: 

𝑅𝐶𝑆 =
𝑉𝐶𝑆 × 𝐾𝐶𝑆
𝐼𝑂𝑈𝑇𝑥_𝑀𝐴𝑋

 (2) 

Where 

 VCS is the voltage value corresponding to the maximum load current, the values should refer in the EC table 
to VCS_ LIN range  

 KCS 
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SEL pins for multi-channel current detection and fault report multiplexing, and select the corresponding channel of 
the CS pin to read whether the voltage of the CS pin is VCS_ H determines the channel where the fault occurred. 
The fault report is shown in Table 2: 
 

Table 2. Fault Table 

Conditions INx OUTx Criterion STx CS FAULT 

Normal 
L L - H 0 H 

H H - H In linear 
region 

H 

Overlaod, short to ground H L Current limit triggered L VCS_H L 

Open load, short to battery, reverse 
polarity 

L H VVS – VOUTx < V(ol,off) L VCS_H L 

Thermal shutdown H - TSD triggered L VCS_H L 

Open-Load Detection 
There are two types of load open circuit detection: 
1. When INx is low, the channel is turned off, and due to the open circuit of the load, the OUTx voltage cannot 

decrease rapidly.  When the OUTx voltage and power supply voltage still meet VVS - VOUTx<VOL_OFF after 
tDOL_OFF , then an open load condition is determined, and STx/FAULT reports the fault. Due to potential 
leakage currents and external components, it is generally recommended to use a pull-up resistor between VS 
and OUTx to offset leakage current, ensuring a more accurate open load report. The recommended value for 
pull-up resistance is 10k. 

2. When INx is high, the high-precision current detection function of version B and version C can be used when 
the channel is turned on. When the VCS voltage is detected to be too low, it can be considered that the 
corresponding channel load is open. 

 

 
Figure 12. Open-Load Detection 

 

Loss-of-GND Protection 

SCT44160Q features Loss-of-GND protection. By connecting the DIAG_EN or THER pin to external ground 
(THER is typically recommended), in case of a loss of ground, the status is determined by the voltage difference 
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between IC GND and the DIAG_EN or THER pin connected to external ground. Regardless of whether INx is high 
or low, the channels will be deactivated for protection. 

Thermal Shutdown 
Under extreme conditions like overcurrent, the device undergoes substantial power stress and heats up rapidly. 
SCT44160Q incorporates two types of thermal protection: absolute thermal protection and relative thermal 
protection. These are designed to prevent rapid overheating of the device without protection. 
 
When absolute overheating occurs, the thermal shutdown will be triggered, and the behavior after thermal 
shutdown can be determined by configuring THER: 
1. When the THER pin is low, thermal shutdown enters automatic restart mode. After triggering the thermal 

shutdown, when TJ<TSD-THYS, the output will recover, but the current limit threshold will be reduced to 40% of 
the design value, reducing power stress and enhancing protection. When TJ<TSD_RST or related INx pin 
restart thermal fault signal will be cleared. 

2. When THER pin is high, thermal shutdown enters latch mode. After the thermal shutdown, the output will be 
locked, and the channel will be deactivated. The thermal fault signal from the relevant INx pin is cleared, or 
switching the THER pin level to ground will transition the thermal shutdown into automatic restart mode. 
 

Inductive-Load Switching-Off Clamp 
When disconnecting the inductive load, the output will be pulled negative due to the influence of the induced 
electromotive force. At this time, the VS voltage is still positive, and excessive output negative voltage may cause 
power MOSFET voltage breakdown. To protect the device, the SCT44160Q internally integrates a voltage clamp 
function, namely VDS (clamp). When the output negative voltage is too large, the voltage between VVS and VOUTx  will 

be clamped to VDS (clamp) to protect the power MOSFET. When the energy of the inductive load is too large, it is 

recommended to use the method shown in Figure 13 for further protection. 

 

DS CLAMP

VS OUTx

D

TVS

SCT44160Q
L

 
Figure 13. Inductive Load External Protection Circuit 
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APPLICATION INFORMATION 

Protection for Loss of Power Supply 
There is no risk for resistive or capacitive loads when the input power supply suddenly disconnects. However, for 
inductive loads, sudden changes in inductance current will generate induced electromotive force. It is 
recommended to add a GND network or external freewheeling diode to prevent excessive energy from damaging 
the chip. Join GND network THE and DIAG_ EN cannot be grounded to prevent ground failure error reporting. 
 

VS OUTx

SCT44160Q
L

BAT

Ground network

 
Figure 14. Ground Network Power Loss Protection 

 

VS OUTx

SCT44160Q
L

BAT

FWD

 
Figure 15. The Freewheeling Diode Power Loss Protection 

Reverse-Current Protection 
When there is an input short circuit, the reverse current flows to the input through the body diode, and when the 
input polarity is reversed, the reverse current flows to the input through GND and the body diode. Since the 
current-handling capacity of the GND pin is limited, for device protection, it's advisable to include a reverse 
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protection diode at the input or incorporate it into the GND network. When a reverse protection diode is added to 
the input, both the load and the device are protected.  

VS
OUTx

SCT44160Q

BAT

Reverse
D

ESD Diode
LOAD

 
Figure 16. Anti Reverse Diode Power Reverse Protection 

 
By adding to the GND network, the current flowing into IC GND will be limited, thus protecting the device. 

 
Figure 17. Ground Network Power Reverse Protection 
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MCU I/O Protection 

In some extreme cases, such as ISO7637-2 testing or inductive load input disconnection, negative voltage pulses 
may appear in the IC GND relative to the system ground. To protect the MCU and the device, it is recommended 
to connect a series resistor betwe10(w)1140S45

E(be)4(tv11(e92 re

W* n

BT
1q)<)und44q�
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Typical Application 
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Figure 19. Version A Application Schematic 

Design Parameters 

Design Parameters Example Value 

Input Voltage 13.5V Normal 8
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Typical Application (continued) 
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Application Waveforms(continued) 

VVS=13.5V, unless otherwise noted 

 
Figure 28. IN On current sense load=0.5A 

 
Figure 29. IN Off current sense load=0.5A 

 
Figure 30. Current sense CH1-CH2 

 
Figure 31. Current sense CH2-CH1 

 

Figure 32.
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Layout Guideline 

The PCB layout is very important. Good PCB design can optimize heat transfer, which is absolutely essential for 
the long-term reliability of the device. 
1. Maximize the copper coverage on the PCB to increase the thermal conductivity of the board. Maximum copper 

is extremely important when there are not any heat sinks attached to the PCB on the other side of the package. 
2. More vias should be placed below the device Thermal PAD to further improve heat transfer. 
3. RCL should be connected to IC GND. 
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Figure 34. Without a GND Network PCB Layout 
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PACKAGE INFORMATION 

 
TOP VIEW 

 

 
BOTTOM VIEW 

 
FRONT VIEW 

 
SIDE VIEW 

 

DETAIL "A" 

 
 

 
RECOMMENDED LAND PATTERN 

 
 

NOTE: 

1. ALL DIMENSIONS ARE IN MILLIMETERS.. 

2. PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH, PROTRUSION OR GATE BURR. 

3. PACKAGE WITDH DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION. 

4. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.10 MILLIMETERS MAX. 

5. DRAWING CONFORMS TO JEDEC MO-153, VARIATION ABT. 

6. DRAWING IS NOT TO SCALE. 
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