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SC77120BQ Single Channel 20-mQ Smart High Side Driver with
Advanced Protections and Diagnostics

1 Descriptions

The SC77120BQ is a fully-protected single channel smart
high side driver qualified in automotive grade. Full
diagnostics and high accuracy current sense enable
intelligent control of the load even in harsh conditions. It
integrates a 20mQ MOSFET in a compact package size with
advanced protections of overload protection, dynamic
thermal swing shutdown, absolute thermal shutdown. It
features auto-restart mode in fault events. A multiplexed pin
delivers proportional current sense, or fault indications in
both active mode and standby mode.

2 Features

e Qualified for Automotive Applications
e AEC-Q100 Qualified with the Following Results:
o Device Temperature Grade 1: -40°C to 125°C
Ambient Operating Temperature Range
o Device HBM ESD Classification Level H3A
o Device CDM ESD Classification Level C4B
¢ Single Channel 20mQ Smart High-Side Driver with Full
Diagnostics:
o 14-pins, Auto-restart Mode, Channel Fault
Diagnosis, Proportional Load Current Sense
Output.
e  Operating Junction Temperature: -40 to 150°C
e Wide Operating Voltage from 4 to 28V with Load Dump
Withstand Voltage up to 40V.
e Ultra Low Standby Current < 500 nA
e Input Control, 3.3 V and 5 V Logic Compatible
e Multiplexed Analog Signals Sensing Output, Including
o Proportional Load Current of Each Channel
o Power Supply Voltage
o  Chip Junction Temperature
e High Accuracy Current Sense:
o 10% @ 5A
o *10% @ 3A
o 12% @ 0.1A
o +20% @ 0.05A
o 65% @ 0.01A

e Electrical Transient Disturbance Immunity Certification
of ISO7637-2 and 1SO16750-2
e Advanced Protections:
o Short to GND and Overload Protection by Internal
Overcurrent Shutdown
o Dynamic Thermal Swing Shutdown and Absolute
Thermal Shutdown with Auto-restart Mode
o Inductive Load Negative Voltage Clamp with
Optimized Slew Rate
o Loss of GND and Loss of Battery Protection
o Under Voltage Lockout (UVLO) Protection
e Diagnostics:
o Overload and Short to Ground Detection in Active
Mode
o Open Load and Short to Battery Detection in
Standby Mode

3 Applications

e High Side Power Driver for Sub-module
e  Power Switch for Automotive Lamp
e High Side Relays and Solenoids

e General Resistive, Inductive and Capacitive Loads
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4 Device Information

ORDER NUMBER DESCRIPTION PACKAGE BODY SIZE

o Auto-restart Mode
SC77120BQSHER o Channel Fault Diagnosis Output eSSOP-14 5.2 mm x 3.9 mm x 1.4mm

o Proportional Load Current Sense Output

5 Revision History

Note: Page numbers for previous revisions may differ from page numbers in the current version.

Revision Date Page(s) Changed Changes Description

1.0 2024.10.12 New Initial release.

1.0.1 2024.12.03 4 ESD-HBM Info updated.

1.0.2 2025.07.28 6 Update electrical parameter.

1.0.3 2026.06.12 All Pages Update the parameters names, function description in the datasheet.
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6 Typical Application Circuit

Vbat
f \ | ouT 4 \
{— —— —l ouT
DEN | | Relays
|
MCU DSELO I VS : Motors
| I General resistive,
__ DSEL1 | I inductive, capacitive
CTT Lok ——— loads
\_ J
— IS 1
\ ) J_ =

Figure 6-1. Typical Application Circuit

7 Terminal Configuration and Functions

O
GND I 14 | ouT
IN 2 13 | ouT
DEN [} 3 | Exposed Pad | 12| | our
IS 4 11 NC
| | VS |
DSELO 5 . 10 NC
NC | 6 i j 9 NC
NC 7 T 8 NC
(DSEL1)

N J

Figure 7-1. Configuration Diagram (Top View)
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Table 7-1. Suggested Connections for Unused and Not Connected Pins
TERMINAL
I/0 DESCRIPTION
NUMBER NAME
1 GND - Ground connection.
Input pin. Active high to turn on Channel.
2 IN |
If not used: connect to GND pin or to module ground with resistor Ry = 4.7 kQ.
Diagnosis enable pin. Active high.
3 DEN
If not used: connect to GND pin or to module ground with resistor Rpen = 4.7 kQ.
Multiplexed sense output. It delivers proportional current sense signals. Besides, fault
4 IS o) indications are reported in Active Mode and Standby Mode.
If not used: left open.
DSELO bit 0 for diagnosis multiplexer selection.
5 DSELO |
If not used: connect with a 10kQ resistor either to GND pin or to module ground.
6 NC -
7 NC (DSEL1) -() Not connected. (DSEL1 bit 1 for diagnosis multiplexer selection of T; and Vs Sense.)
8 NC - Not connected.
9 NC - Not connected.
10 NC - Not connected.
11 NC - Not connected.
12 ouT (0] Output of Channel.
13 ouT (0] Output of Channel.
14 ouT (0] Output of Channel.
Exposed Pad VS | Power supply connection.
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8 Specifications

8.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted) @

PARAMETER DEFINITION MIN MAX UNIT
Supply Voltage © -0.3 40 \%
Reverse Polarity Voltage with External Blocking Diode ® -18 Vv
Voltage range at Terminals® | Supply Voltage for Short Circuit Protection 18 Vv
Voltage on IN, DEN, and DSEL Pins -0.3 7 Vv
Voltage on IS Pin -2.7 7 Vv
DC Current on OUT Pins -3.5 In.ter-nally A
limited
-50
Current range at Terminals @ | Currenton GND Pin 2500 20 mA
Current on IN, DEN, and DSEL Pins -30 2 mA
Current on IS Pin -2 30 mA
finmAx PWM Frequency on IN Pins 2 kHz
Enas Inductive Load Switch-off Energy Dissipation, Single Pulse® 23 mJ
Ta Operating Ambient Temperature Range -40 125 °C
T, Operating Junction Temperature Range -40 150 °C
Tsto Storage Temperature Range -65 150 °C

Q) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

2 All voltage values are with respect to network ground terminal.

?3) Supply voltage to withstand 40V load dump test for 400ms, according to ISO 16750-2:2010 Test B

4) Reverse polarity condition: t < 60 s, reverse current < I_grev1, GND pin 4.7kQ resistor in parallel with diode.

5) For limited time range: t < 120s

(6) Test condition: VS =28V, I = 2*|_yom, T3 = 150°C. FR4 2s2p board, 2 x 70 um Cu, 2 x 35 ym Cu. 600 mm? thermal pad copper area.

8.2 Handling Ratings

PARAMETER DEFINITION MIN MAX UNIT
Human Body Model (HBM) ESD Stress Voltage @? All Pins -4 4 kv
ESD®
Charged Device Model (CDM) ESD Stress Voltage® | All Pins -750 750 Y,

1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges
into the device.

) Level listed above is the passing level per AEC-Q100-002. The human-body model is a 100-pF capacitor discharged through a 1.5 kQ
resistor into each terminal.

3) Level listed above is the passing level per AEC-Q100-011.

Copyright © 2026, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 5



(g%

SOUTHCHIP

SC77120BQ DATASHEET
SOUTHCHIP CONFIDENTIAL V1.0.3, REVISED JUN 2026

8.3 Recommended Operating Conditions

PARAMETER DEFINITION MIN TYP MAX UNIT

Vs Voltage on VS pin 5 28 \%

Vin Input Logic High on IN, DEN, DSEL Pins 2.1 5.5 \%

Vi Input Logic Low on IN, DEN, DSEL Pins 0 0.9 \%

IL.nom Nominal DC load current 5 A

Ta Operating ambient temperature -40 125 °C

T, Operating junction temperature -40 150 °C

8.4 Thermal Information

THERMAL RESISTANCE® eSSOP-14 UNIT
ReJa Junction to ambient thermal resistance® 33.3 °C/IW
Rouc(top) Junction to case(top) thermal resistance 24.3 °C/W
RoJc(pottom) Junction to case(bottom) thermal resistance 15 °C/W
Reus Junction-to-board thermal resistance 9.4 °C/wW
(% Junction-to-top characterization parameter 3.2 °C/W
Wi Junction-to-board characterization parameter 9.3 °C/W

(1) Measured on JESD51-7, 4-layer PCB.

(2) The thermal data is based on JEDEC standard high-K profile — JESD 51-7. The copper pad is soldered to the thermal land pattern. Also,

correct attachment procedure must be incorporated.

8.5 Electrical Characteristics

-40°C < T, <150°C and 5V < Vs < 28V unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

POWER SUPPLY VOLTAGE

Vs nom Normal Operating Voltage 5 13.5 28 Y
Ron and switching characteristics may vary

Vs ext Extended Operating Voltage compared to those in Vs nowm, but protection 4 5 Vv
functions are still operative.
Vs Rising threshold to exit undervoltage, Vin

Vs.uvr Undervoltage Restart _sv 3.5 3.7 4 \
Vs Falling threshold to enter undervoltage,

Vs.uvr Undervoltage Shutdown V=5V 3 3.2 3.5 \

IN =
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Vs uvhys Undervoltage Shutdown Hysteresis Vs.uvr - Vsuvr 0.5 V
to_sieep Blanking Time into Sleep Mode Vs =13.5V, Vpen =5V to OV, Viy = Vour = 0V 125 ms
OPERATING CURRENT

Vs = 135V, V|N = VDEN = VOUT= OV, TJ =25°C 0.5 “A
Is sLeep Supply Current in Sleep Mode
Vs = 135V, V|N =VDEN =VOUT =0V, TJ =125°C 3 “A
lonp,sTBY Supply Current in Standby Mode Vs =13.5V, Vour = 0V, Viy = OV, Vpen = 5V 2 3 mA
Supply Current for No Load, No
IS,ON . . Vs =135 V, ||_= OA, V|N =5V, VDEN =0V 2 3 mA
Diagnosis
lonp.on Operating Current in Active Mode | Vs=13.5V, L. =2A,Vn=5V,Vpen=5V 3 mA
Vs=13.5V, Vin=Vpen =Vour=0V, T,=25°C 0.01 0.5 MA
Output Leakage Current in Sleep N REN T TOuT ’
IL,OFF
Mode
Vs =135V, V|N =VDEN =VOUT = OV, TJ =125°C 3 UA
POWER STAGE
Vs=13.5V, I.=2A, T,=25°C 225 28 mQ
Ron ON-state Resistance
Vs =135V, I.=2A, T,=150°C 45 mQ
lLovL Overload Detection Current Vg=13.5V 30 40 55 A
Current Limit during Thermal
lovirc™ ) Ve=13V, Tr<T;<Tsp 20 A
Cycling
IL=2A,T,=-40°C 38 \
Vps.cLp Drain to Source Clamp Voltage
IL=2A,T,=25°C~150°C 42 48 52 \Y
OUTPUT DIODE CHARACTERISTICS
Vourr Drain Source Diode Voltage Vin=0,1.=-2A 0.7 Y
| " Continuous Reverse Currentwhen [ t < 60 s, Vs = 13.5 V, GND pin 4.7 kQ 5 A
bRV Reverse Polarity resistor in parallel with diode. T, = 25°C
Continuous Inverse Current When
Iy t<120s,Vs=13.5V, T,=25°C 3 A
Vour > Vs + Vourr
LOGIC INPUT ( IN, DEN)
Viu Input Logic High 21 Vv
Vi Input Logic Low 0.9 \Y
Vinvs Input Logic Hysteresis 170 mV
iy High Level Pull-down Current V=21V 10 MA
I Low Level Pull-down Current V=09V 1 10 A
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DIAGNOSTICS AND PROTECTION
Output Leakage Current when
IIoss.GND Vs = 13.5 V, ViN = Vpen = 3.3V 100 HA
Loss of Ground
Open Load Detection Threshold in
VoL orF Vin=0V,Vpen=5V 2 3 4 \Y
Standby Mode (Vour-GND)
Standby Mode Output Sink
IOL,OFF ) Vs = 135V, VOUT = 4V, V|N = OV, VDEN =5V -100 HA
Current with Open Load
Standby Mode Diagnostic Delay | Vs =13.5V, Vour=13.5V,Vix=5Vto0V,
to.oLiN . . 350 500 700 us
Time from Falling Edge of Input Vpen =5V
Standby Mode Diagnostic Delay [ Vs =13.5V, Vour =0t0 4V, Vin=0V, Vpen
to,oLvo . . 150 250 us
Time from Rising Edge of Vour =5V
Standby Mode Diagnostic Delay | Vs =13.5V, Vour= 4V, Vn=0V, Vpen =0
to.0LpEN Yy g y s out IN DEN 150 250 us
Time from Rising Edge of DEN to5V
Tsp ™ Thermal Shutdown Temperature 170 °C
Thermal Shutdown Reset
To® 145 °C
Temperature
Thermal Swing Shutdown
Tow ™ 60 °C
Threshold
Hysteresis for Resetting the
Thys M 20 °C
Thermal Shutdown and Swing
Multiple SENSE Functions
Kis Ratio of Current Sense 1800
IL.=0.01A -65 65
IL.=0.05A -20 20
Accuracy of Current Sense
dkis/Kis IL=0.1A -12 12 %
(IIS X KIS— IL) /lL x 100
IL=3A -10 10
IL=5A -10 10
) Vs =7V t0 18V, Rs = 25kQ, V=5V,
Vs saT IS Saturation Voltage 4.8 \Y
VDEN: 5 \Y
Vs27V 5 5.5 6 \Y
VisH Fault High Voltage of IS
5V<Vs<7V 4.3 6 \Y
. Ve=7V1to18V, Rs =12kQ,Vn=5V,
lis,saT IS Saturation Current 4 mA
VDEN: 5 \Y
Vs=7Vto18V,Rs=12kQ,Vn=5YV,
lis,FauLT Fault Current of IS 10 mA
VDEN: 5 \Y

Copyright © 2026, Southchip Semiconductor Technology (Shanghai) Co., Ltd.



(g%

SC77120BQ DATASHEET

SOUTHCHIP SOUTHCHIP CONFIDENTIAL V1.0.3, REVISED JUN 2026
Vis 1¢c (T) = Vis_1¢ (TO) + dVis ¢ / dT * (T - TO)
Voen =5V, Voselo =0V, Vpser1 =5V, Vin= 99 23 04 y
0V, Rs=1kQ, T, =-40°C
v Cureent Sense Output Voltage
sense_TC . V, =5V, V =0V,V =5V, Vn=
Proport|0na| to TJ DEN DSELO DSEL1 IN 18 19 20 v
0V,Rs=1kQ, T,=25°C
Voen =5V, Vpselo= 0V, Vpser1 =5V, Vi =
1.2 1.3 1.5 \%
0 V, R|s= 1 kQ, TJ =125°C
dv. /
dTSENSE’TC Temperature Coefficient T, =-40°C to 150°C -6.0 mV/°C
V|57V5 =Vs/4
v Current Sense Output Voltage
sense_Vs Proportional to Vs Vs =13V, Voen =5V, Vpsero =5V, Vpser = 3.4 3.04 334 y
5V, V|N= OV, R|s= 1kQ
Leakage Current of IS in
lis Leak1 . o Vn=5V,Voen=0V,Vis=0V,[L=3A 0.5 MA
Diagnostic Disable State
Leakage Current of IS in | VNn=5V,Vpen=5V,Vis=0V,IL=0A,
lisLeAk2 . . 6 A
Diagnostic Enable State T,=125°C
Current Sense Settling Time from | L2 1A, Rs=1.2KQ, Vin=5V,
tis.ont . 20 Ms
DEN Rising Edge Vpen = 010 5V, Vs to 90% of sense value
Current Sense Settling Time from | .2 1A, Rs=1.2kQ, Vn=5V,
tis,oFF1 . 20 Ms
DEN Falling Edge Vpen =510 0V, Vs to 10% of sense value
Current Sense Settling Time from | L2 1A, Rs=1.2kQ, Vn=0t05V,
tis.on2 . 150 us
IN Rising Edge Vpen =5V, Vis to 90% of sense value
Current Sense Settling Time from | L. 21A, Rs=1.2kQ, Vn=5t00V,
tis,oFF2 . 20 Ms
IN Falling Edge Voen =5V, Vis to 10% of sense value
VSENSE_TC Settllng Time from RISIng Voen =0V to5V, Vpseo=0V, Vpset1 =5V,
tis,ons 20 Ms
Edge of DEN Ris = 1kQ
VSENSE_TC Disable Delay Time from Voen=5Vto 0 V, VDSELO =0 V‘ VDSEL1 =5 V‘
tis,oFF3 ) 20 us
Falling Edge of DEN Ris = 1kQ
VSENSE_VS Settllng Time from RISIng Voen=0Vto5V, Vpseo=5V, Vpset1 =5V,
tis.ona 60 us
Edge of DEN Ris = 1kQ
Vsense vs Disable Delay Time from | Voen=5V 100V, Voseo=5V, Voser1 =5V,
tis,oFF4 ) 20 ps
Falling Edge of DEN Ris = 1kQ
Vs=13.5V, Vn=5V, V =5V,V =0
SENSE Transition Delay from vV OINV 5y E:EN 15 ADS;LO 1 60 u
1 s = to , =1. . = S
p-csoTe Stable Current Sense to TC sense ‘0 peELL o °
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Vs=13.5V, Vin=5V, Vpen=5V, Vpseo = 0
SENSE Transition Delay from TC
to_Tctocs V, Vpserr =5V 10 OV, loyr = 1.5 A, Rs =1 20 Hs
- sense to Stable Current Sense o
Vs=13.5V, Vin =5V, Vpen =5V, Vpgeo =5
SENSE Transition Delay from
to_cstovs V,Vpset1 =0Vto5V, loyr=15A, Rs=1 60 ps
- Stable Current Sense to Vs sense K
V=135V, Vin=5V, Vpen =5V, V| =5
SENSE Transition Delay from Vs ° " PEn psELe
to_vstocs V,Vpset1 =5V 100V, loyr=15A Rs=1 20 Hs
- sense to Stable Current Sense
kQ
SENSE Transition Delay from TC | Vs=13.5V, T, = 125°C, Vpen =5V, Vpsewr =
to_tctovs 20 Ms
sense to Vs sense 5V, Vpseo=0V1to 5V, Rs=1kQ
SENSE Transition Delay from Vs | Vs=13.5V, T, = 125°C, Vpen =5V, Vpsei1 =
to_vstotc 20 Ms
sense to TC sense 5V, Vpseo=5V1to 0V, Rs=1kQ
Switching Characteristics
) Vn rising edge to Vour=20% * Vs, Vs =13.5
to.on Turn-on Delay Time 30 50 90 Ms
V,R=43Q,T,=25°C
) V\n falling edge to Vour = 80% * Vs, Vs =13.5
tp.oFF Turn-off Delay Time 30 70 140 Ms
V,R=43Q,T,=25°C
Vour= 20% to 80%, Vs=13.5V, Ri=4.3 Q,
dV/dton Turn-on Slew Rate 0.3 0.45 0.6 V/us
T,=25°C
Vour= 80% to 20%, Vs=13.5V, Ri=4.3 Q,
dV/dtoge Turn-off Slew Rate 0.4 0.55 0.7 Vs
T,=25°C
tskew Pulse Skew tD.ON - tD,OFF Vs=1 35V, RL=4.3 Q, TJ= 25°C -100 60 us
(1) Parameter guaranteed by design and characterization; not subject to production test.
8.6 Typical Characteristics
3.9 34
3.8 3.3
S 3.7 S 3.2
2 [N
2 3.6 3 31
< <
35 3.0
3.4 2.9
-50 0 50 100 150 -50 0 50 100 150
Temperature(°C) Temperature(°C)
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Figure 8-1. Vsuvr VS Ta Figure 8-2. Vsuvr VS Ta
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Figure 8-3. Vsuvhys VS Ta Figure 8-4. Is;sLeep VS Ta
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Figure 8-5. lenp,on VS Ta Figure 8-6. IL.orr VS Ta
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Figure 8-7. Ron Vs Ta

Figure 8-8. tp,on VS Ta
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Figure 8-11. dKis / Kis vs Ta (I. = 0.01A)
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Figure 8-13. lis,Leak1 VS Ta
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Figure 8-12. dKis / Kis vs Ta (IL = 5A)
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Figure 8-14. lis,Leak2 VS Ta
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9 Functional Block Diagram

Internal Supply

Under Voltage
Lockout

L

IN X

DSELO X

DSEL1 |Z|——|

DEN X

MUX

Is X

GND R——+—

D
>
—+3

wla

Vs-OUT
Clamp
» Gate Driver
3 A E
Current
Limitation
/?'— Thermal Swing Shutdown
Over Temperature
Shutdown

Short to VS / Open Load

in Standby Mode

senseH

J

10 Feature Description

10.1 Operating States Diagram

The device has three operating states called ‘Sleep Mode’, ‘Standby Mode’ and ‘Active Mode’, which are decided by the logic
level of IN pin and DEN pin, the operating mode diagram is shown as below.

=

Figure 9-1. Functional Block Diagram

Unsupplied Power-up
Vs>V,
STUSUW IN = low
IN = high & DEN = low
Sl
y eep Mode
IN = low
IN = low & DEN = high
& DEN = low
IN = high
-
—p! Active Mode Standby Mode
L
IN = low
DEN = high & DEN = high
DEN = low

Figure 10-1. Operating Mode Diagram

X our
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10.1.1 Sleep Mode

During Sleep Mode, the output channel of the device is turned OFF. Current consumption is minimum (see parameter IssLeep).
No overtemperature protection, overload protection or diagnostic functions are active in this mode.

10.1.2 Standby Mode

The device operates in Standby Mode when DEN = high and IN = low. The output channel is OFF. Current consumption is
specified as lenp,sTBY.

10.1.3 Active Mode

When the device is in Active Mode, the output channel is ON if no fault event occurs. Current consumption is specified as Ienp,on
(measured at the GND pin). Overload and overtemperature protections are active. The diagnostic function is active when DEN
= high.

10.2 Power Stages

10.2.1 Switching Resistive Loads

When switching resistive loads, the switching time and slew rates are shown in Figure 10-2.

IN

-~

Vin \

VIL /

Vour

-~

500 V. / N

20% V tp,on A‘V/dtor\l to.oF \dwdtOFF
) / \

Figure 10-2. Switching a Resistive Load

10.2.2 Switching Inductive Loads

When turning OFF inductive loads with high-side switches, the output voltage Vour drops to a negative potential, because the
inductance tends to maintain the current flow. To prevent the device from damage due to overvoltage, a voltage clamp
mechanism is implemented. The clamping mechanism limits the negative output voltage to a safe value. Figure 10-3 shows a
concept drawing of implementation.

P
VS
Vps,cLp
IS
VBAT
& T
VscLavp ouT
GND I l I:I Z
Ris  Rewo Danp

Figure 10-3. Output Clamp Diagram

During switching OFF of inductive loads, all energy stored in the inductive loads must be dissipated in the device. The maximum
allowable energy is limited by the component’s thermal design. Refer to Chapter 8.1 for the maximum allowable values of Eas
(single pulse energy).
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10.3 Protections
10.3.1 Overtemperature Protection

To prevent the junction temperature from exceeding the threshold, the device features both absolute thermal shutdown (Tsp)
and dynamic thermal swing shutdown (Tsw) protection mechanisms. Once the temperature exceeds the threshold Tsp, or the
temperature swing exceeds the threshold Tsw, the overheated channel is turned OFF and remains OFF until T has reached the
“Auto-restart” condition described in Chapter 10.3.5. Figures 10-4 and 10-5 respectively demonstrate these two over-
temperature protection mechanisms. Tirer is the reference temperature used for dynamic temperature protection.

IN

v
—

Iis = lisFauLt le=1 /K
Iis = lissat ST LTS

v
—

Figure 10-4. Overtemperature Protection (Thermal Shutdown)
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Figure 10-5. Overtemperature Protection (Thermal Swing Shutdown)

10.3.2 Overload Protection

The device features protection against overload and short circuit to ground. Its overload threshold decreases as junction
temperature rises: at high temperatures, the overload threshold is reduced to prevent device damage. When the supply voltage
Vs exceeds 20V-24V, the overload detection current decreases to lumL as shown in Figure 10-6.

Once the load current meets or exceeds the applicable overload threshold, the output channel is switched off. The channel is
allowed to restart according to the auto-restart strategy described in Chapter 10.3.5.

I
V' N

lLow -

llow gsfp----------- 4--

20V <24V PVs

Figure 10-6. Overload Detection Current Variation with VS Voltage

10.3.3 Undervoltage Protection

Undervoltage protection monitors the supply voltage (Vs). If Vs drops below the minimum undervoltage threshold (Vsuve), the
output is turned off regardless of the input status. As soon as Vs is above the operative threshold (Vs,uvr), the channel is switched
ON again as shown in Figure 10-7.

Vs
@~

RN 0\

Vs uwr \
Vs uwr V

A 4
—

IN

Vourt

A

A 4
—

Figure 10-7. Vs Undervoltage Protection
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10.3.4 Loss of Ground Protection

In the event of Loss of Ground, the device automatically switches off the power MOSFET, ensuring no current flows into the
load. It is recommended to connect a resistor between any logic pins and the microcontroller to ensure the channel switch OFF.

Note: In case any logic pin is pulled to ground (either by a resistor or active) a parasitic ground path is available, which could
keep the device operational during loss of device ground.

10.3.5 Auto-restart Strategy

The auto-restart strategy is a protection mechanism designed to ensure device safety and reliability. When a protection event
occurs during IN = high, the channel is switched off and the IS pin outputs a fault current lis FauLt in case of DEN = high.

The channel can be allowed to restart automatically if the “restart” conditions for the protection mechanisms are fulfilled:
* For overtemperature: Ts < Tr and Ty — Tarer < Tsw-Thys (including hysteresis).
* For overload: IL < 50mA and T; within Tsp and Tsw ranges (including hysteresis).

The auto-restart strategy timing diagram as shown in Figure 10-8.

IN
> t
ouT
T Normal Load Short to Ground Normal Load .
T, g
Tsp |
TR [ ’\/‘\

|

/ |

|

/> |

T |
! y t

I :

VN |

lLow -

o /\ /\ A

| /\ A [ bt
Fault
V' N
<> tis,FAULT D

>

Figure 10-8. Auto-restart strategy
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10.4 Diagnosis

The device integrates comprehensive diagnostic capabilities via IS pin, which delivers proportional current sense signals or fault
indications when DEN = high. When DEN = low, the IS pin enters a high-impedance state. A sense resistor (RIS, typically 1.2kQ)
must be connected between the IS pin and module ground to limit power dissipation. Table 10-1 gives a quick reference to the
multiplexed output state of the IS pin during the device operation.

Table 10-1. Sense Signal, Function of Application Condition

Conditions IN DEN ouT IS

Normal Operation ~GND z

Short Circuit to GND ~GND z
Overtemperature z lis FauLT
Short Circuit to Vs Low Vs lis,oLoFF
Open Load > VoL orF lis.oLoFF
Inverse Current Vour > Vs lis.oLoFF
Normal Operation High ~Vs s =1/ Kis
Short Circuit to GND ~GND lis FauLt
Overload <Vs Iis FauLT
Overtemperature High 4 lis,FauLT
Short Circuit to Vs Vs Is </ Kis
Open Load ~Vs Iis = lisLeakz
Inverse Current Vour > Vs Iis = lis LEak2
All Conditions n.a. Low n.a. z

10.4.1 Diagnosis in Active Mode

Diagnosis in Active Mode is enabled when DEN = high and diagnostic signals are delivered via the IS pin. It includes two
functions: proportional current sense and fault indications.

When no faults are present, the IS pin outputs an analog current lis proportional to the load current I, following the ratio Kis =
IL/lis. An external RC filter is recommended for the IS pin to reduce signal ripple.

If overtemperature, overload, or short circuit to ground occurs, the IS pin outputs a fault current Iis FauLt as long as diagnosis is
enabled.

10.4.2 Diagnosis in Standby Mode

Diagnosis is activated in Standby Mode. The open load detection signal is delivered via the IS pin.

The device compares the voltage Vour with the threshold voltage VoL orr to detect load conditions. If open load occurs (Vour 2
VoLore), the IS pin outputs an open load fault current (lis,oLorr). To differentiate open load and short circuit to Vs, an external
switch and a pull-up resistor are recommended. It is necessary to wait a time tp,oL,n between the falling edge of the input pin
and the sensing at pin IS for Open Load in Standby Mode to allow the internal comparator to settle (see Figure 10-9).
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IN
PN
| : t
DEN |
V'S !
§ » t
Vour
T ~vs
Y Load

v
—

Figure 10-9. Timings for an Open Load Detection

10.4.3 Sense Time

Sense timings of the device define the response characteristics of the IS pin during IN/DEN activation and deactivation, with all
parameters are specified under the test conditions given in Section 8.5. Figure 10-10 presents the sense settling and disabling
time.

IN
DEN
T bt

[ L.

tis,oFF1 tis on1 tis,oFF2
«—> —

) Ny

Figure 10-10. Sense Settling and Disabling Time
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11 Application Information

Note: The following information is given as a hint for the implementation of the device only and shall not be regarded as a
description or warranty of a certain functionality, condition or quality of the device. This is a very simplified example of an
application circuit. The function must be verified in the real application.

Veat
TVS Cysgat T
Cvs —— : Cvseno Optional
— i..]..: Optional
- Reno Rpy
(N
) —i4- | ]
= Deno CND I ouT Bulbs
d_ ouT _I_ R
IN IN - ~ PD
— |{ I OouT Cour [‘] Relays
R
Roen  DEN | Vs :
MCU Rose.  pseLO | I = Motors
General resistive,
R.'?.S.E!- DSEL1 inductive, capacitive
- F loads
Rapc IS \—-L—)
| J_Cls Ris =

Figure 11-1. Application Diagram

Table 11-1. Suggested Component Values

Reference | Value Purpose

Rin 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Battery

Rpen 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Battery

RpseL 4.7kQ Protection of the microcontroller during Overvoltage and Reverse Battery

Rep 47k | Outputpuldown . o .
Ensure polarization of the device outputs to distinguish between Open Load and Short to VS in Standby Mode

II-

Rev 1.5k (E)rl::;:; IC;)l:)Ial:iliation of the device output during Open Load in Standby Mode

Cout 10nF Protection of the device output during ESD events

Ty - Switch the battery voltage for Open Load in Standby Mode

Cvs 100nF Filtering of voltage spikes on the battery line

Cvscno 47nF Buffer capacitor for fast transient

TVS 33V Diode transient voltage suppressor diode

Cyspat - Filtering / buffer capacitor located at Vgar connector

Ris 1.2kQ Sense resistor

Rapc 4.7kQ Protection of microcontroller ADC input during Overvoltage, Reverse Battery, Loss of Ground

Cis 220pF | Sense signal filtering

Dano - Reverse polarity protection diode.

Reno 4.7kQ Protection in case of Loss of Battery while driving inductive loads
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MECHANICAL DATA

eSSOP-14
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~pidco H T u SECTION B-B
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RECOMMENDED FOOTPRINT

eSSOP-14

«—285 —

« 3.3 > 15
i ALL DIMENSIONS ARE IN UNITS MM ;
Copper Solder mask Stencil apertures

[ N

:
I,

)
11

1.0.45

Py
ALL DIMENSIONS ARE IN UNITS MM

| [

Copper Solder mask

NOTE: Via diameters and positions shall be
set according to the actual PCB situation
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TAPE AND REEL INFORMATION

Carrier Tape

User Direction of feed

t
Raini
— B
=
Q1,Q2 | 4 o
Qs 1 ﬂé} 1 %} é} %} Al
A A ‘ 4
L— B g
5 | KO
B-B
S -
A0
A-A
Item W P AO BO KO t Pinl Quadrant
Size (mm) | 12.00+0.30/-0.1 | 8.00+0.10 6.50+0.10 5.50+0.10 1.75+0.10 0.30+0.05 Q1
REEL

Item

W1

Size (mm)

330+1

12.4 +1/-0
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IMPORTANT NOTICE AND DISCLAIMER

Southchip Semiconductor Technology (Shanghai) Co., Ltd. and its subsidiaries (“SOUTHCHIP”) provides
technical and reliability data (including datasheets), design resources (including reference designs, software),
application or other design advice and other resources (“‘Resources”) “AS IS” AND WITH ALL FAULTS.

The Resources are intended for skilled developers designing with SOUTHCHIP’s products. SOUTHCHIP may
provide but DISCLAIMS WARRANTY FOR SOUTHCHIP’s technical support or design services for the
customers. Customers are solely responsible for (1) selecting and using the appropriate SOUTHCHIP’s
products for your application, (2) designing, validating and testing your application, and (3) ensuring your
application meets applicable standards, and any other safety, security, or other requirements. SOUTHCHIP
DISCLAIMS RESPONSIBILITY FOR any claims, damages, costs, losses, liabilities arising out of Customers’

use of the Resources.

SOUTHCHIP’s sample products are provided “AS IS” and only for purposes of designing, validating and
testing. SOUTHCHIP reserves the right to make changes, corrections, enhancements, modifications and
improvements to SOUTHCHIP’s products and/or to the Resources at any time without notice. Customers shall,
prior to, mass producing, using or distributing any products of their own that incorporate SOUTHCHIP’s
products, obtain the latest relevant information on SOUTHCHIP’s products and thoroughly test such products
for purposes of mass production, quality and safety. Use of SOUTHCHIP’s products without a safety design
is fully at the risk of Customers, subject only to applicable laws and regulations governing limitations on product

liability.
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