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SC77208CQ Dual Channel 8-mQ Smart High Side Driver with

Advanced Protections and Diagnostics

1 Descriptions

The SC77208CQ is a fully-protected dual channel smart
high side driver qualified in automotive grade. Full
diagnostics and high accuracy current sense of each
channel enable intelligent control of the load even in harsh
conditions. It integrates two 8mQ MOSFETSs in a compact
package size with advanced protections of overload
protection, dynamic thermal swing shutdown, absolute
thermal shutdown. It features intelligent restart control mode
in fault events. A multiplexed pin delivers proportional
current sense signals 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
e Dual Channel 8mQ Smart High-Side Driver with Full
Diagnostics.
o 14-pins, Intelligent Restart Control 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 36V.
e Ultra Low Sleep Mode Current < 0.5 pA.
e Input Control, 3.3V and 5V Logic Compatible.
e High Accuracy Current Sense:
o 9% @ 10A
o 9% @ 2.8A
o 18% @ 1A
o 35% @ 0.1A
o *60% @ 0.02A
e Electrical Transient Disturbance Immunity Certification
of ISO7637-2 and ISO16750-2

Advanced Protections:
o Short to GND and Overload Protection with
Intelligent Restart Control mode
o Dynamic Thermal Swing Shutdown and Absolute
Thermal Shutdown
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
Diagnostics:
o Overload and Short to Ground Detection in Active
Mode
o Open Load and Short to Battery Detection in
Standby Mode

Applications

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

General Resistive, Inductive and Capacitive Loads
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4 Device Information

ORDER NUMBER DESCRIPTION PACKAGE BODY SIZE
o Intelligent Restart Control Mode

SC77208CQSHER | o Channel Fault Diagnosis Output eSSOP-14 5.2mm x 3.9mm 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 2025.05.07 Initial released

8.5 Electrical Characteristics

1. “Overload Detection Current@-40°C and 25°C” Updated

(Min./Typ./Max.:55A/75A/95A > Min./Typ./Max.:65A/80A/95A)

2. “Overload Detection Current@150°C” Updated

101 2025.07.17 | 6~9 (Min./Typ./Max.:45A/65A/85A > Min./Typ./Max.:55A/70A/85A)
3. “Overload Detection Current at High VDS” Updated

(Typ.:30A > Typ.:40A)

4. “Overload Detection Current Jump Start Condition” Updated

(Typ.:30A > Typ.:40A)

8.5 Electrical Characteristics

1. “Accuracy of Current Sense (ICS x KSNS — IOUT) /IOUT x 100” Updated
I0UT=0.1A (Min. /Max.:-30%/+30% -> Min./Max.: -35%/+35%)

IOUT=1A (Min. /Max.:-13.5%/+13.5% - Min./Max.: -18%/+18%)

1.0.2 2025.07.29 6~9

8.5 Electrical Characteristics

1. “Overload Detection Current@-40°C” Updated

(Max.:95A > Max.:105A)

2. “Overload Detection Current@150°C” Updated
(Min./Typ./Max.:55A/70A/85A > Min./Typ./Max.:60A/75A/90A)

3. “Accuracy of Current Sense (ICS x KSNS — IOUT) /IOUT x 100” Updated
1.0.3 2025.08.07 6~9 IOUT=2.8A (Min. /Max.:-8%/+8% - Min./Max.: -9%/+9%)
IOUT=5.5A (Min. /Max.:-8%/+8% -> Min./Max.: -9%/+9%)
IOUT=10A (Min. /Max.:-8%/+8% -> Min./Max.: -9%/+9%)

4. “Output Voltage Drop Limitation at Small Load Currents”Updated
(Min.:ImV - Min.:0.3mV)

5. “Fault High Voltage of IS @5V <VS<7V"Updated

(Min.:4.3V > Min.:4.2V)

1. Electrical Characteristics “Power Supply Minimum Operating Voltage” Updated
1.04 2026.3 Update (Min.:2.0V > Max.:3.1V)

2. Update the function description in the datasheet
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6 Typical Application Circuit

Vbat
N
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GND I Bulbs
= | OouTo
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I INO ( | ouTOo Relays
— IN1 | |
VS
MCU : I Motors
— DEN L | — —
eneral resistive,
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— OUT1 loads
OUT1 T
IS 1
— 1

Figure 6-1. Typical Application Circuit

7 Terminal Configuration and Functions

Top View
O

GND [ 1 I .14 ] ouTo

INO [ ] 2 13 ouTo

DEN [ | 3 i Exposed Pad i 12 E ouTo

s [ |4 vs 11 Ne

DSEL[__| 5 0 ] oum

(PR s [ —— e [ oum
| ] ouma

Figure 7-1. Configuration Diagram (Top View)

Table 7-1 Suggested Connections For Unused And Not Connected Pins

NUMBER TERMINAL NAME 110 DESCRIPTION
1 GND - Ground connection.
) INO | Input pin of Channel 0. Active high to turn on Channel 0.
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 Rpey = 4.7 kQ.

Copyright © 2025, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 3



«

SC77208CQ DATASHEET

SOUTHCHIP V1.04, REVISED MAR 2026
Multiplexed sense output. It delivers proportional current sense signals. Besides,
4 IS o) fault indications are reported in Active Mode and Standby Mode.
If not used: left open.
Diagnosis selection pin. Active high to select Channel 1 to perform diagnosis, low
5 DSEL | to select Channel 0 to.
If not used: connect with a 10kQ resistor either to GND pin or to module ground.
6 INL ) Input pin of Channel 1. Active high to turn on Channel 1.
If not used: connect to GND pin or to module ground with resistor Ry = 4.7 kQ.
7 NC - Not connected.
8 OuUT1 (@) Output of Channel 1.
9 OuUT1 (@) Output of Channel 1.
10 OuUT1 (@) Output of Channel 1.
11 NC - Not connected.
12 ouTo (@) Output of Channel 0.
13 OouTO (0] Output of Channel 0.
14 OouTO (0] Output of Channel 0.
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
Power Supply Voltage® -0.3 36 \Y
Reverse Polarity Voltage® -16 \Y
Voltage Range at Terminals® | Supply Voltage for Short Circuit Protection 18 \Y
Voltage on INx, DEN, DSEL Pins -0.3 7 \%
Voltage on IS Pin -2.7 7 \%
Int Il
DC Current on OUTx Pins® niernaty A
limited
. -50
Current Range at Terminals® | Currenton GND Pin 2500 50 mA
Current on INX, DEN, DSEL -20 20 mA
Current on IS Pin -25 30 mA
finmax PWM Frequency on INx Pins 2 kHz
Ta Operating Ambient Temperature Range -40 125 °C
T, Operating Junction Temperature Range -40 150 °C
Tste Storage Temperature Range -65 150 °C
Eas Inductive Load Switch-off Energy Dissipation, Single Pulse® 65 mJ
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 load dump test for 400ms, according to ISO 16750-2:2010 load dump Test B.
4) Reverse polarity condition: t < 60s, reverse current < I, gey, GND pin 47Q resistor.
5) For limited time range: t < 120s.
(6) Test condition: VS =28 V, IL = 2*I,_ nom, T3= 150°C. FR4 2s2p board, 2 x 70 ym Cu, 2 x 35 ym Cu. 600 mm2 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
ESDW
Charged Device Model (CDM) ESD Stress Voltage ® | All Pins -750 750 \%

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.

Level listed above is the passing level per AEC-Q100-011.
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8.3 Recommended Operating Conditions

PARAMETER DEFINITION MIN TYP MAX UNIT
Vs Voltage on VS pin 5 28 \%
Vin Input Logic High on INx, DEN, DSEL Pins 2.1 5.5 \%
Vi Input Logic Low on INx, DEN, DSEL Pins 0 0.8 \%
IL.nom Nominal DC Load Current 10 A
Ta Operating Ambient Temperature -40 125 °C
T, Operating Junction Temperature -40 150 °C
8.4 Thermal Information

THERMAL RESISTANCE® eSSOP-14 UNIT

Rosa Junction to ambient thermal resistance® 33.3 °C/IW

Resc(op) Junction to case(top) thermal resistance 243 °C/W

Resc(ottom) Junction to Case(Bottom) Thermal Resistance 15 °C/W

Ross Junction-to-board thermal resistance 9.4 °C/W

Wit 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 < T3 <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 now, but protection 3.1 5 V
functions are still operative.
Vs Rising threshold t it und ltage,
Ve.ovr Undervoltage Restart s RIsIng fhreshold 1o exit undervotage, |- 5 4 3.4 41 v
Vine = 5V
Vs Falling threshold to enter undervoltage,
Vs.uvr Undervoltage Shutdown 2.7 29 3.1 \Y
Vine = 5V
Vs, uvhys Undervoltage Shutdown Hysteresis | Vsuvr - Vsuvr 0.5 \Y;
Power Supply Voltage Threshold
Vss for Overload Threshold Reduction 18.5 20.5 225 \Y
in Case of Short Circuit
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Breakdown Voltage between GND
-V | =7mA, T,=150°C 16 \Y
SREV and VS Pins in Reverse Battery CND-REV m ’
Power  Suppl Undervoltage
toELAY,UVR ) PPy g Vine=Vpen=5V 2.5 5 7.5 ms
Recovery Time
Vs =135 V, VOUT =0 V, VINx =0 V, VDEN =
tp,sLeep Blanking time into Sleep Mode 12 ms
5Vto0V
lvs =5 mA, T, =-40°C 42 \Y
Vs cLavp Power Supply Clamping Voltage
lvs =5 mA, T, = 25°C~125°C 46 48 50 \Y
OPERATING CURRENT
Vs = 13.5V, Vour = 0V, Vine = OV, Vpen = 0V,
0.5 HA
T,=25°C
Is;steep Supply Current in Sleep Mode
Vs = 13.5V, Vour = 0V, Ving = 0V, Vpen = 0V,
3 HA
T,=125°C
lonp sTBY Supply Current in Standby Mode Vs = 13.5V, Vour = 0V, Vinx = OV, Vpen = 5V 3 5 mA
Supply Current for No Load, No
IS,ON . . VS = 135V, ||_ = OA, VINx = 5V, VDEN =0V 3 5 mA
Diagnosis
Operating Current in  Active
| Vs=13.5V,IL=5A, Vi =5V, Vpen =5V 6 mA
NN Mode(All Channels ON) ° t & DEN
Vs = 13.5V, Vour = 0V, Ving = 0V, Vpen = 0V,
3 0.5 HA
Output Leakage Current in Sleep T=25°C
IL,OFF Mod
ode Vs = 13.5V, Vour = 0V, Vine = 0V, Vpen = 0V,
3 HA
T,=125°C
POWER STAGE
Vs=13.5V, I.= 5A, T,= 25°C 8 mQ
Ron ON-state Resistance
Vs =13.5V, I. = 5A, T,= 150°C 14 mQ
ON-state Resistance in Crankin
Ron,crank 9 Vs =3.1V, I.=2A, T,= 150°C 20 mQ
State
ON-State Resistance in Inverse | Vs =13:5V: .= -5A, Voen =0V, T,=25°C 10 me
Ronnv Current
Vs =135V, |L= -5A, VDEN =0V, TJ= 150°C 20 mQ
ON-State Resistance in Reverse | V8 =13-5V: 1= -8A, Voen =0V, T,= 25°C 10 ma
Rongev Polarit
Y Vs =-13.5V, I.=-5A, Vpen =0V, T,= 150°C 33 mQ
Vs =5~18V, Tj= -40°C 65 80 105 A
lLovt Overload Detection Current Vs =5~18V, Tj = 25°C 65 80 95 A
Vs =5~18V, Tj = 150°C 60 75 90 A
- O.verload Detection Current at Vy > 22V 40 A
High Vs
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Overload Detection Current Jump
| ™ Vs >V, 4 A
rovLs Start Condition S S48 0
I.=2A,T,=-40°C 36 \
Vps,cLp Drain to Source Clamp Voltage
I.=2A, T, =25°C ~150°C 38 42 46 \
OUTPUT DIODE CHARACTERISTICS
Vourr Drain Source Diode Voltage Vine=0, I = -5A 0.75 0.85 Vv
A Continuous Reverse Current when | t < 60s, Vs =13.5V, GND pin 47Q resistor, - A
LREY Reverse Polarity T,=25°C '
Continuous Inverse Current When
ey @ t<60s,Vs=13.5V,T,=25°C 75 A
Vour > Vs + Vourr
LOGIC INPUT ( INx, DEN, DSEL)
ViH Input Logic High 2.1 V
Vi Input Logic Low 0.8 \Y
Vinvs Input Logic Hysteresis 200 mV
I High Level Pull-down Current Vine=2.1V 20 HA
I Low Level Pull-down Current Vine=0.8V 1 20 A
DIAGNOSTICS AND PROTECTION
Output Leakage Current when
hoss oo P g Vs = 13.5V, Vi, = Voey = 5V 100 | pA
Loss of Ground
V. Open Load Detection Threshold in Vi = 0V, Vorw = 5 V 15 9 25 v
OL,OFF Standby Mode (Vs-VOUT) INx = » VDEN = . .
Standby Mode Output Sink | Vs =13.5V,Vour=Vs-25V, Vi =0V,
loL,oFF ) 40 pA
Current with Open Load Voen =5V
Standby Mode Diagnostic Delay | Vs =13.5V, Vour=13.5V, Vin =5V to 0OV,
tooLn rancby wode Hag v 180 250 330 us
Time from Falling Edge of Input Vpen = 5V
Standby Mode Diagnostic Delay | Vs =13.5V, Vour =0to Vs, Viik =0V,
to,oLvo ) y . g y ° o oo 190 240 us
Time from Rising Edge of Vour Vpen =5V
Standby Mode Diagnostic Delay | Vs =13.5V, Vour = Vs, Vine=0V, Vpen =
to,oL,0EN ) - 200 Ms
Time from Rising Edge of DEN Oto5V
Tsp™ Thermal Shutdown Temperature 170 °C
Thermal Shutdown Reset
To® 150 °C
Temperature
Thermal Swing Shutdown
Tew ™ °
sw Threshold 60 c
oo Hysteresis  for Resetting the 15 °c
Thermal Shutdown and Swing
Auto Retry Ti ft Fault
thry wo rely fime ater et 40 80 110 | ms
Condition
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Counter Reset Delay Time after
trauLT cR y " v 40 80 110 ms
Fault Condition
Minimum DEN Pulse Duration for
toEn,cr 50 100 150 us
Counter Reset
Automatic Retries in Case of Fault
NRTY 5
after a Counter Reset
Automatic Retries in Case of Fault
NRTY,NT . A 1
after the First tgry Activation
Maximum “Retry” Cycles allowed
NRrTY,CYC 2
before Channel Latch OFF
Multiple SENSE Functions
Kis Ratio of Current Sense 5450
Open Load Output Current at |is =
IL(OL)74u P P s 8 15 25 mA
4 pA
IL.=0.02A -60 60
IL.=0.1A -35 35
IL.=0.25A -29.5 29.5
Accuracy of Current Sense
dkis/Kis IL=1A -18 18 %
(IIS X K|S— IL) /lL x 100
IL.=2.8A -9 9
IL.=5.5A -9 9
IL.=10A -9 9
Output Voltage Drop Limitation at
VDS SLC VS=13.5V, VDEN = VINx = 5V, I|_=20mA 0.3 3 10 mV
- Small Load Currents
Vs =7V to 18V, R|3 = 12kQ, VINx =5V
Vissart) IS Saturation Voltage 4.8 \%
Vpen= 5V
Vs27V 5 5.5 6 \%
VisH Fault High Voltage of IS
5V<Ve<7V 4.2 6 \Y
V=7V to 18V; Ris = 1.2kQ; Vinx = 5V,
lis,saT IS Saturation Current 4 mA
VDEN: 5V
Vs = 7Vto 18V, R|3 = 12kQ, VINx = 5V,
lis,FauLT Fault Current of IS 4.4 7.5 10 mA
Vpen= 5V
Sense Open Load in Standby | Vs = 7V t0o 18V; Ris = 1.2kQ; Vine = 0V,
IIS,OLOFF 2 2.8 3.5 mA
Mode Vpen= 5V
I Leakage Current of IS in Ve =5V Ve 0V Ve =0V || = 6 A 05 A
IS.LEAKL Diagnostic Disable State o P YpEN TR TS ot ' H
Leakage Current of IS in | Vix=5V,Voen=5V,Vis=0V,IL=0A,
lis Leak2 . . 1.5 MA
Diagnostic Enable State T,=125°C
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Current IS Settling Time from DEN | 1.2 1A, Ris = 1.2kQ, Viny =5V,
tisony - 40 Hs
Rising Edge Vpen =010 5V, Vs to 90% of sense value
Current IS Settling Time from DEN | .2 1A, Rs=1.2kQ, Vix =5V,
tis.oFF1 . 20 Ms
Falling Edge Vpen = 510 0V, Vis to 10% of sense value
Sense Delay Time at Channel
tis,FAULT,D Switch ON after Last Fault 500 Ms
Condition
Current Sense Settling Time from | L2 1A Rs=1.2kQ, Vix=0t0 5V,
tis.on2 . 110 Hs
IN Rising Edge Voen =5V, Vis to 90% of sense value
Current Sense Settling Time from | L2 1A Ris=1.2kQ, Vik=5t0 0V,
tis,oFF2 . 20 us
IN Falling Edge Voen =5V, Vs to 10% of sense value
IL2 1A, Ris = 1.2 kQ, Ving= 5V, Vpen = 5V,
¢ - Current Sense Settling Time after ) 5 20 us
1s,.cC Channel Change Vpser = 5 to OV or 0 to 5V, Vs to 10% of
sense value
Switching Characteristics
Vinx rising edge to Vour = 20% * Vs,
to.on Turn-on Delay Time 25 40 65 Ms
Vs =13.5V, R=2.6Q, T, = 25°C
Vinx falling edge to Vour = 80% * Vs,
tp,oFF Turn-off Delay Time 25 45 95 Ms
Vs =13.5V, Ri=2.6Q, T, = 25°C
Vinx rising edge to Vour = 90%*Vs,
ton Turn-on Time 55 65 110 us
Vs =13.5V, R =2.6Q, T, = 25°C
Vinx falling edge to Vour = 10%*Vs,
torr Turn-off Time 30 60 110 us
Vs =13.5V, R =2.6Q, T, = 25°C
Vou'r: 20% to 80%, Vs= 13.5 V, R.= 2.60,
dV/dton Turn-on Slew Rate 0.2 0.4 0.6 V/us
T,=25°C
Vour= 80% to 20%, Vs= 13.5V, R.= 2.6Q,
dV/dtorr Turn-off Slew Rate 0.2 0.5 0.7 V/us
T,=25°C
tskew Pulse Skew tD.ON - tD,OFF Vs=1 35V, RL=2.GQ, TJ= 25°C -50 50 us

@

Parameter guaranteed by design and characterization; not subject to production test.

Copyright © 2025, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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8.6 Typical Characteristics
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Figure 8-5. Ienp,on VS Ta Figure 8-6. IL,oFr VS Ta
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Figure 8-11. dKis/ Kis vs Ta (I = 0.01A)

Figure 8-12. dKis / Kis vs Ta (IL = 2A)
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Figure 8-13. lis,Leak1 VS Ta
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Figure 8-14. lisLeak2 VS Ta
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9 Functional Block Diagram

VS
X
Internal Supply Channel 1
Under Voltage Lockout Channel 0
Overvoltage Protection Control & Diagnostic
— CH1
Voltage Sensor r
VS-OUT
Clamp CHO
(4
. Gate Control * | f
Logic

INO [X

INL X
DEN [X
DSEL X

s X

GND [X—

Sense Output

‘—| Reverse-ON EF

Current
Protection

Thermal Swing Shutdown

Over Temperature
Shutdown

Short to VS / Open Load
in Standby Mode

Current
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Figure 9-1. Functional Block Diagram

10 Feature Description

10.1 Operating Modes

|—|z| ouT1

——— X ouro

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

—>

DEN = high

Unsupplied Power-up
>
VeVsum INX = low
INX = high < & DEN = low
Sleep Mode
INX = low
INX = low & DEN = hlgh
& DEN = low
INXx = high
-
Active Mode Standby Mode
L
INX = low
& DEN = high

DEN = low

Figure 10-1. Operating Mode Diagram
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14



(Q% SC77208CQ DATASHEET

SOUTHCHIP V1.04, REVISED MAR 2026

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 INx = 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 internal latch occurs. Current consumption is specified as
lenp,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

Viu \ 77777777777777777777777
V"_ ””””””””””””””

Vout

-~

t
90% Vs ON ) — \ 7777777777777
80% Vs pd

toorr '\ dV/dt

o, ﬁV/dt OFF

20% Vs D:ON N \ ,,,,,,,
N

10% Vs f | tore

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.

D
VS

_{_¢ VpscLp

N

VBAT

1l ——

B
VscLamp OUTx |
GND I l Z
Ris Renp
L

Figure 10-3. Output Clamp Diagram
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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).

10.2.3 Inverse Current Behavior

When Vour > Vs, an inverse current flows into the power MOSFET (see Figure 10-4). When INx = low, the MOSFET channel is
turned OFF. In this state, current flows through the body diode, leading to substantial power dissipation and a rise in device
temperature. When INx = high, the channel is turned ON, allowing current to flow through the MOSFET channel. The Inverse-
ON resistance (Ron,inv) of the channel helps reduce power dissipation in the output stage. During inverse current operation, the
channel remains in either ON or OFF state.

52
s

VS

RRG

Comp

4
GND Cl VBAT

Renp

WK
1]
1]

Figure 10-4. Inverse Current Circuitry

10.3 Protection
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
“Restart” condition described in Chapter 10.3.7. Figures 10-5 and 10-6 respectively demonstrate these two over-temperature
protection mechanisms. Turer is the reference temperature used for dynamic temperature protection.

IN

—
v
~

DEN
T >t
I
4 lon
ILnom
| > t
J
A,,,I,SD
(2]
>
'_I \
p
>t
If | | tis,FAULT,D
= —
s = lis,saT _ w
~ lis = lisFauLt |
» t
L4
Internal Counter
[ 0 1 -

Figure 10-5. Overtemperature Protection (Thermal Shutdown)
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= \/ /\
2 N
— TyRer >t
I tis, Dy
s S,FAULT,D } o= 1/ K
lis = lis FauLt
» t
Internal Counter
[0 1 2

>t

Figure 10-6. 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 Vss (during load dump or jump start), the overload detection current decrease to lLovL,ss as shown in Figure 10-7.

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 retry strategy described in Chapter 10.3.7.

I

VN

lLow -

lowgsp-----------

P Vg
Vs asmin) Vs asmax)

Figure 10-7. 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 operating threshold (Vs,uvr), the output
is turned off regardless of the input status. A delay time toeLav,uvr is required for restart after voltage recovery to prevent
undervoltage caused by a short-circuit fault.
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Vsvur \
Vsvur v
>t
IN
T » t
Vour
— —_—
toELAY,UVR
>t

Figure 10-8. VS Undervoltage Protection

10.3.4 Overvoltage Protection

In the case of supply voltage spikes above VscLawp, there is a clamp mechanism available for overvoltage protection for the
logic circuit and the output channel. The device features overvoltage protection in all operating modes. When overvoltage
protection occurs, the power MOSFET remains operational and its output follows the INx pin.

10.3.5 Reverse Battery Protection

In Reverse Battery condition, the output stage is switched ON (see parameter Ron,rev) because of Reverse-ON feature which
limits the power dissipation in the output stage. Each ESD diode of the logic contributes to total power dissipation. The reverse
current through the output stage must be limited by the connected load. Digital input pins need external resistors for current
limiting as well. A typical application circuit of this function is shown in Figure 10-9. A resistor between module ground and GND
pin is required to activate Reverse-ON.

Ry J: % VSEG

F Reverse-ON fl=tt
% VBAT |
GND L ouT T

MCU \oHigh Side Channel n H: LOAD

| IS

Ris RGND

Figure 10-9. Reverse Battery Protection

10.3.6 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.
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10.3.7 Intelligent Retry Strategy

The intelligent retry strategy is a protection mechanism designed to ensure device safety and reliability. When a protection event
occurs during INx = high, the affected channel is switched off and the internal counter is incremented. The IS pin outputs a fault
current lisrauLt in this case if DEN = high.

The channel can be allowed to restart only if the “restart” conditions for the protection mechanisms are fulfilled:
* For overtemperature: Ty < Tsp and Ty — Tayrer < Tsw (including hysteresis).
* For overload: I < 50mA and T, within Tsp and Tsw ranges (including hysteresis).

The channel is allowed to switch on for nrry times before switching off. After a time trry, if IN=high, the channel is switched on
again for nrrv,nT times before switching off again (“retry” cycle). After nrrv.cvc consecutive “retry” cycles, the channel is latched
off.

Two ways to reset the internal counter are shown in Figure 10-10, Figure 10-11 and Figure 10-12.
* Reset via IN pin: Pull the IN pin low for a duration exceeding trauLt.cr (typical 80ms).

* Forced reset via DEN pin: Keep the IN = low, then apply a pulse to the DEN pin longer than toen,cr (typical 100us). The
DSEL pin must select the channel that has to be de-latched and keep the same logic value while DEN pin toggles twice
(rising edge followed by a falling edge).

IN
T ‘ p t
DEN | | | |
T } >t
Short to Ground:; | 1 1
1 s s N
| | 1 1 A,
I nRT\‘(,CYC |
-~ ! s N i ! !
| 3 NRTY,NT NRTY,NT | | |
B N o S e WY AN b o
( " : ? ?
retry cycle | | |
: 2 S / At
Internal Latch! trTy b trry P | trAULTCR | |
S | d N i i i
10 1 NrTY NRTYyHNRTY.NT | NRTYHNRTY NTNRTY CYC i 0 i
1 1 1 Pt
ls | | lis=lis FauLT | |
T b ls=I/Ks ’ \ P lis=IUK s
J 1 [ A\ >t

Figure 10-10. Retry Strategy Timing Diagram
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IN
T » t
Short to Ground
» t
I i NrrY,CYe g
| NRTY ! NRTY,NT nR;’Y,NT
LowvL : = -
retry cycle 3
! ! A >t
Internal Counter trry trTy trauLT.CR
-»>
0 1 NRTY NRTY+HNRTY,NT NRTY+NRTY,NT*NRTY,CYC 0
P t
L4
Figure 10-11. Retry Strategy Timing Diagram - Channel operated in PWM
IN
T » t

Short to Ground !

v

v

Internal
Vo

0 1 NrTY

w
—

DEN

v

t>tpen,cr t<<tpen.cr t>tpen,cr

Figure 10-12. Retry Strategy Timing Diagram with Forced Reset

10.4 Diagnosis

The device integrates comprehensive diagnostic capabilities via IS pin, which delivers proportional current sense signals or fault
indications when DEN = high and a channel is selected using DSEL pin. 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.
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Table 10-1. Sense Signal, Function of Application Condition

Conditions INX DEN ouT IS
z
Normal Operation ~GND .
lis.FauLt if counter > 0
z
Short Circuit to GND ~GND .
lis.rauLt if counter > 0
Overtemperature z lis FauLT
IIS,OLOFF
Short Circuit to Vs Vs .
Low IIS,FAULT if counter >0

z

< Vs - VoL orr .
Iisraut if counter >0

Open Load

lis,oLoFF

. > Vs -V,
ngh s OL-OFF IIS,FAULT if counter >0

lis,oLorF
Inverse Current Vour > Vs .

IIS.FAULT if counter >0
Normal Operation ~Vs s =1/ Kis
Short Circuit to GND ~GND IIS.FAULT
Overload < Vs lis,FauLT
Overtemperature High z lis,FauLT
Short Circuit to Vs Vs s <L/ Kis
Open Load ~Vs Iis = lisLeakz
Inverse Current Vour > Vs Iis = lisLeak2
All Conditions n.a. Low n.a. Z

In case DEN is set to “high”, the Sense for the selected channel is enabled or disabled using DSEL pin. Table 10-2 gives the
truth table.

Table 10-2. Diagnostic Truth Table

DEN DSEL IS
“Low” Not Relevant 4
“High” “‘Low” Sense Output 0
“High” “High” Sense Output 1

10.4.1 Diagnosis in Active Mode

Diagnosis in Active Mode is enabled when DEN = high. The channel is selected using DSEL pin, and diagnostic signals are
delivered via the IS pin. It includes two functions: proportional current sense and fault indications.
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When no faults are present and the drain-source voltage Vbs < Vbs,oLorr, the IS pin outputs an analog current lis proportional to
the load current I, following the ratio Kis = I./lis. For small load currents, the device activates output voltage limitation (Vos,sLc)
to enhance the accuracy of Kis. An external RC filter is recommended for the IS pin to reduce signal ripple.

If overtemperature, overload, or short circuit to ground occurs, the value of the internal retry counter will change from its reset
state. The IS pin outputs a fault current lis FauLt as long as diagnosis is enabled. When DEN=high and the affected channel is
selected via the DSEL pin, the IS pin outputs a fault current lis,rauLt. The following 3 situations may occur:

« If the channel is on and the number of retries is lower than "nrty + NrTY,cYC * NRTY.NT", lis,FauLT iS provided for a time of
tis,FauLT D after the channel is allowed to restart, after which lis = IL/Kis. During a retry cycle the current lis,rauLt is provided
each time the channel diagnosis is checked.

« If the channel is on and the number of retries reach the upper limit "nrTy + NrTY,CcYC * NRTY,NT", the current lis FauLt is provided
until the internal counter is reset.

« If the channel is off and the internal counter is not in the reset state, the current lisrauLt is provided each time the channel
diagnosis is checked.

Figure 10-13 shows the relation between Iis and I..

Iis
-»>

IIS,’SAT(max)

/ lis saT
lis FAULT(max)

— lis FauLT
lis,FAULT(min) /_

lis,sAT(min)

I/Kis

ILOVL

Figure 10-13. Relation Between Iis and IL

10.4.2 Diagnosis in Standby Mode

Diagnosis is activated in Standby Mode. The channel is selected using DSEL pin, and diagnostic signals are delivered via the
IS pin. It includes two functions: open load detection and fault indications.

The device compares the voltage Vos with the threshold voltage Vos,oLorr to detect load conditions. If open load occurs (Vos <
Vbs,oLorr), the IS pin outputs an open load fault current (Iis,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 10-15).

If a fault condition is detected by the device (the internal counter has a value different from the reset value), a current lis,rauLt is
provided by IS pin each time the channel diagnosis is checked also in Standby Mode.
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Iis
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IIS,FAULT

lis,FAULT(min)

lis,0L0FF(max)

lis,oLoFF

lis,0LOFF(min)

b
VVDS
Vbs,oLoFF

Figure 10-14. Relation Between lisoLorr and lis,rauLt as Functions of Vos
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»
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Figure 10-15. 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 10-16 presents the sense settling and disabling
time.
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Figure 10-16. 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.

VBAT
TVS Cvssar T
Cvsenp { Optional
CVS J - ".é
= T i Optional
RpU
) ] (N
GND I
= | OuUTO0 Bulbs
R 1 ouTo _|_ R
—IN INO ( \I ouTo PD el
Rin IN1 | | Cour I;] 4
— | VS |
MCU Roen DEN | | = Motors
R A ouT1 General resistive
DSEL )
 E— DSEL OUT1 inductive, capacitive
R OUT1 loads
ADC 1S
— J_ =
Cis 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
R 47kO Output pull-down
Fo Ensure polarization of the device outputs to distinguish between Open Load and Short to VS in Standby Mode
Output pull-up
Reu 1.5kQ o . . .
Ensure polarization of the device output during Open Load in Standby Mode
Cour 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
Reno 47Q Protection in case of Overvoltage and Loss of Battery while driving inductive loads

Copyright © 2025, Southchip Semiconductor Technology (Shanghai) Co., Ltd.

25



‘ d% SC77208CQ DATASHEET

SOUTHCHIP V1.04, REVISED MAR 2026

MECHANICAL DATA
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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
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=
..... L. - : R
i Y & 1 - j G
A A | ‘
L— B /
5 Ko
B-B
S -
A0
A-A
Item w P A0 BO KO t Pinl1 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)

3301

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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