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SC6201Q High-Performance PMIC with Buck Converters and
LDO for Automotive Camera Module

1. Descriptions

The SC6201Q is a high-performance Power Management
IC (PMIC) for automotive camera modules. It includes a
high-voltage buck converter for a primary regulator, dual
low-voltage buck converters and a LDO for secondary
regulators.

The device is powered by a primary high-voltage buck
converter with an input voltage range from 4V to 19V
through a Power Over Coax (POC) connection. The dual
low-voltage buck converters and the LDO are powered by
the output of the high-voltage buck converter and the input
voltage ranges from 2.7V to 5.5V. The high-voltage buck
converter supports adjustable output voltage and 2A output
current. The low-voltage buck converters adopt fixed output
voltage and support 1.5A and 0.75A output current,
respectively. All the switching converters operate in a
forced fixed-frequency of 2.2MHz PWM mode with spread
spectrum and phase shift. The LDO features a high Power
Supply Rejection Ratio (PSRR) and provides adjustable
output voltage through an external resistor.

The CMOS Image Sensors(CIS) not only require different
drive voltage settings and sequence control depending on
the manufacturer but are typically configured utilizing many
external components. The SC6201Q adopts a small 3mm x
3mm QFN package and configure pins for setting CIS
sequence and voltage control to reduce external
components, contributing to the design of smaller
automotive camera modules.

The device integrates full protections, including input under-
voltage and over-voltage protection, output under-voltage
and over-voltage protection, cycle-by-cycle current
limitation, and thermal shutdown protection.

3. Applications

e  Automotive Camera Module

e  Automotive Sensor Applications

Features

AEC-Q100 qualified for automotive applications:

- Temperature grade 1: Tarange: -40°C to 125°C
3 Buck converters (HVBuck1, LVBuck2, LVBuck3)

- Peak current mode with FPWM Operation

- Fixed frequency at 2.2MHz

- Spread spectrum for better EMI

Primary high-voltage buck converter 1 (HVBuck1)

- 4V~19V input voltage range

- Adjustable output with 2A output current
Secondary low-voltage buck converter 2 (LVBuck?2)
- 2.7V~5.5V input voltage range

- Fixed output with 1.5A output current
Secondary low-voltage buck converter 3 (LVBuck3)
- 2.7V~5.5V input voltage range

- Fixed output with 0.75A output current
Secondary LDO

- 2.7V~5.5V input voltage range

- High PSRR 60dB at 100KHz

- 400mA output current

- Program output voltage through RSET pin

10 Flexible power sequence settings through SEQ Pin
Open drain pin as power good indication

Open drain pin as external power sequence control
Secondary converters LVbuck?2/3 allow unused

Compact QFN-16 3 x 3 wettable flank package
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4. Device Information

PIN11

HVBUCK1

LVBUCK2

LV BUCK3

OIEDIER NI EER FUNCTION OUTPUT OUTPUT(*) | OUTPUT(*) O ISR OIS

SC6201QA1QDKR PG Adjustable 1.1V 1.8V 10ms 3mm x 3mm x 0.75mm

SC6201QA2QDKR PG Adjustable 1.2v 1.8V 10ms 3mm x 3mm x 0.75mm
SC6201QB1QDKR(*) EXT Adjustable 1.1V 1.8V 10ms 3mm x 3mm x 0.75mm
SC6201QB2QDKR(*) EXT Adjustable 1.2v 1.8V 10ms 3mm x 3mm x 0.75mm

(1) For other output voltage, EXT function or PG delay option, please contact Southchip.
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5. Revision History

Revision Date Page(s) Changed Changes Description
V1.0.0 2024/9 NA 1. Initial version
V1.0.1 2024/12 NA 2. Update EC table limit with large samples test data
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6. Typical Application Circuit
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Figure 6-1 Typical Application Circuit of SC6201Q
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7. Terminal Configuration and Functions

TOP VIEW

LDOIN
.13 | LDOOUT

AGND | 1} e y RSET
VINH | 4 i PGIEXT
i | PGND |
LX1 . i i SEQ
BT| [ — VO3
2
QFN 3X3-16
TERMINAL
NUMBER = 110 DESCRIPTION
1 AGND G Analog ground
2 VINH | Power supply input of primary high-voltage buck converter 1
3 LX1 (0] Switching node of primary high-voltage buck converter 1
4 BT o Bootstrap of primary high-voltage buck converter 1. Connect a 100nF capacitor between
the BT pin and LX1 pin to bootstrap a bias voltage for the high-side MOSFET driver.
5 VO2 | Feedback sense of secondary low-voltage buck converter 2
6 LX2 (0] Switching node of secondary low-voltage buck converter 2
7 VINL 110 Power supply input of secondary low-voltage buck converters 2 & 3
8 LX3 (0] Switching node of secondary low-voltage buck converter 3
9 VO3 | Feedback sense of secondary low-voltage buck converter 3
10 SEQ | Power-on sequence selection
PG o Open drain output of power-good.PG at high impedance if all activated rails are well
11 regulated. Available for SC6201QA only
EXT (0] Open drain output for external power sequence control. Available for SC6201QB only
12 RSET | Output voltage selection of secondary LDO
13 LDOOUT (0] Output of secondary LDO
14 LDOIN 110 Power supply input of secondary LDO
15 VCC (0] Internal analog power output. Connect a 1uF ceramic capacitor from VCC to the ground.
16 FB1 | Feedback sense of primary high-voltage buck converter 1
17 PGND G Power ground of the all converters.
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8. Specifications

8.1 Absolute Maximum Ratings

Over the recommended operating junction temperature range of -40°C ~ 150°C (unless otherwise noted)

PARAMETER MIN MAX Unit
VINH, LX1 to AGND, PGND -0.3 25 \%
BT to AGND, PGND -0.3 28
Voltage range at BT to LX1 0.3 6 v
VINL, FB1, VO2, VO3, LDOIN, LDOOUT, VCC, SEQ, RSET, PG/EXT, -0.3 6 \%
LX2, LX3 to AGND, PGND -0.3 6.5 \%
T, Operating junction temperature range -40 150 °C
Tetg 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.

8.2 Handling Ratings

PARAMETER DEFINITION MIN MAX UNIT
® Human body model (HBM) ESD stress voltage® -2 2 kv
ESD
Charged device model (CDM) ESD stress voltage® 750 750 \Y

Q) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges

into the device.

2) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows
safe manufacturing with a standard ESD control process.

3) Level listed above is the passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe
manufacturing with a standard ESD control process.

8.3 Recommended Operating Conditions

PARAMETER MIN TYP MAX UNIT

Vinu Input voltage range for primary high-voltage buck 4 19 \%
VinL Input voltage range for secondary low-voltage buck and LDO 2.7 5.5 \%
Ly Inductor for primary high-voltage buck 1 15 2 puH
Liv Inductor for secondary low-voltage buck 0.68 1 1.2 uH
Cour Output capacitor for buck converters 4.5 10 14 uF
Cinwoo Input capacitor for secondary LDO 0.7 2.2 10 uF
Coutipo Output capacitor for secondary LDO 0.7 2.2 10 uF
Ta Operating ambient temperature -40 125 °C
T, Operating junction temperature -40 150 °C

Copyright © 2024, Southchip Semiconductor Technology (Shanghai) Co., Ltd.




«

souTHcHIP SOUTHCHIP SEMICONDUCTOR SC6201Q DATASHEET

8.4 Thermal Information
THERMAL RESISTANCE® QFN-16 (3mm x 3mm) UNIT
Roua Junction to ambient thermal resistance 30 °C/W
Roeuc Junction to case resistance 17 °C/W
Rous Junction-to-board thermal resistance 8.3 °C/W
Wir Junction-to-top characterization parameter 0.2 °C/W
Y Junction-to-board characterization parameter 8.3 °C/W

(1) Measured on JESD51-7, 4-layer PCB.
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8.5 Electrical Characteristics
Ti=-40~+125°C and Vinn = 8V, Vo1 = 3.6V, Voz= 1.1V, Voz= 1.8V, Vos= 3.3V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OPERATE CONDITION
Vings High input voltage range for primary 4 19 v

buck converter
Vi Low input voltage range for secondary 27 53 v

buck converters

Rising edge 3.6 3.8 4.0 \%
ViNH_uvLo Input under voltage lockout threshold
Falling edge 3.1 3.3 3.5 \%

Input over voltage protection threshold | Rising edge 20 21 22 v
VINH_OVP f . HVBuck1 -

or primary uc Falling edge 19 20 21 \Y

Input over voltage protection threshold | Rising edge 5.5 5.9 6.3 \
VINL_OVP

for secondary LVBuck2&3 Falling edge 5.0 54 59 \Vi

Input over voltage protection threshold | Rising edge 5.5 5.9 6.3 v
VLDOIN70VP f LDO K

or Falling edge 5.0 5.4 5.8 v
T Thermal shutdown temperature Rising edge 160 °C

SD

threshold Falling edge 140 °C
SWITCHING CHARACTERISTICS OF BUCK CONVERTERS
Fsw Switching frequency 2.0 2.2 2.4 MHz
Rss Spread spectrum range 6 %
VO1 HVBUCK 1
Vo1_rance VO1 output volage range Normal buck mode 2.7 5.3 \%
Veg1 VO1 feedback voltage 0.788 0.8 0.812 \%
IpcL_HvB1 High side switch current limit 2.4 3.0 3.6 A
IveL hvB1 Low side switch current limit 2.1 2.7 3.5 A
IncL_ HvB1 Negative inductor peak current limit 1 25 4 A
Ron Hve1 v | High side MOSFET on resistance 200 330 mQ
Ron Hve1 L Low side MOSFET on resistance 110 190 mQ
Tunonwe | H/BUCK1 minimum on time 70 ns
1
M OFe W | L/BUCKA minimum off time 55 110 ns
B1
Rvo1 Fast discharge resistance 210 270 330 Q
Tss_vo1 Soft start-up time From 0 to 90% of Vo4, no load 0.4 1 15 ms
Pes1_uve Output under voltage falling threshold 50 %

Output over voltage rising threshold 103 110 117 %
PFB1_OVP

Output over voltage falling threshold 100 106 112 %
VO2 LVBUCK 2
Voo VO2 output voltage SC6201QA1, SC6201QB1 1.084 11 1.117 \Y
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SC6201QA2, SC6201QB2 1.182 1.2 1.218 \Y
lpcL Lve2 High side switch current limit 1.8 2.2 2.8 A
lver Lve2 Low side switch current limit 1.6 2.0 2.7 A
IncL_ Lve2 Negative inductor peak current limit 0.7 1.7 2.9 A
Ron 1ve2 H High-side PMOS on resistance 150 280 mQ
Ron_wve2 L Low-side NMOS on resistance 80 130 mQ
Tuin_on_vez | LVBUCK2 minimum on time 70 ns
ZTM'N-OFF-LVB LVBUCK2 minimum off time 60 ns
Rvoz Fast discharge resistance Vo2=0.3V 4 6 10 Q
Tss_voz Soft start-up time From 0 to 90% of Voz, no load 0.2 0.5 1 ms
Pvoz_uve Output under voltage falling threshold 40 50 60 %
Output over voltage rising threshold 114 120 126 %
Pvoz ovp
Output over voltage falling threshold 104 110 116 %
VO3 LVBUCK 3
Vos VO3 output voltage 1.773 1.8 1.827 \%
lpcL_Lves High side switch current limit 0.96 1.2 1.6 A
IveL_ Lves Low side switch current limit 1.0 A
IncL_ Lves Negative inductor peak current limit 0.7 1.3 2.2 A
Ron 1ves H High-side PMOS on resistance 350 530 mQ
Ron 1ves L Low-side NMOS on resistance 150 250 mQ
Twmin_on ves | LVBUCKS3 minimum on time 50 70 ns
BTM'“—OFF—LVB LVBUCK3 minimum off time 60 ns
Rvos Fast discharge resistance V03=0.3V 4 6 10 Q
Tss_vos Soft start-up time From 0 to 90% of Vo3, no load 0.2 0.5 1 ms
Pvos uve Output under voltage falling threshold 40 50 60 %
Output over voltage rising threshold 114 120 126 %
ona_ovp
Output over voltage falling threshold 104 110 116 %
V04 LDO
Vou raNGE LDO Output Range Vo4 selected by RSET pin 1.8 3.5 \%
Pvoas VO4 accuracy Vipoin—Vipoour>0.3V, l04=0~400mA | -1.5 15 %
Ivos_max Maximum output current capability 400 mA
leL oo LDO current limit 400 mA
loa=150mA 150 mV
Vbrop_LDO LDO dropout voltage
l04=300mA 300 mV
Rvoa Fast discharge resistance 30 60 100 Q
Tss vos Soft start-up time From 0 to 90% of Vos, no load 0.2 0.7 13 ms
Pvos uvp Output under voltage falling threshold 40 50 60 %
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5 Output over voltage rising threshold 120 125 130 %
Yorow Output over voltage falling threshold 105 110 115 %

VCC REGULATOR

Vo vee Internal VCC output voltage 4.33 4.58 4.83 \%

leL_vee Internal VCC current limit Vee>2.6V 20 45 70 mA

LOGIC AND INTERFACE

Vpe Low PG pin pull-low voltage Current into PG pin is 5mA 35 100 mV
lpe ke PG pin leakage PG =1.8V 1 MA
Ta re PG pin output delay time 9 10 12 ms
Vext Low EXT pin pull-low voltage Current into EXT pin is 5mA 35 100 mV
lext ke EXT pin leakage EXT =1.8V 1 uA
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8.6 System Characteristics

The following specifications are guaranteed by design and are not performed in production testing. (Ti=-40~+125°C, VinH = 8V,
Vo1 = 3.6V, Voz= 1.1V, Vos= 1.8V, Vos= 3.3V, unless otherwise noted, unless otherwise specified.)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VO1 HVBUCK 1
Imax_out1 Maximum Output Current 2 A
VLOADiREGW Load Regulation IOUT1 =0Ato 2A 0.1 %/IA
VLINE_REG1 Line Regulation V|N =5V to 19V, IOUT1 =2A 1 %
Vioap_tranvt | Load Transient |1°:: = 10mA to 500mA to 10mA, -120 120 mV
. . Viny =5V to 19V to 5V, 100us,
Vune_trant | Line Transient -50 50 mV
- IOUT1 = 10mA/500mA
VRiPPLEY Output Ripple Peak to peak in one switching cycle 20 mV
VO2 LVBUCK 2
Imax_out2 Maximum Output Current 15 A
Vioap rec2 | Load Regulation lout2 = 0Ato 2A 0.1 %/A
VUNE ReG2 Line Regulation Vin =3V to 5V, lourz = 1.5A 1 %
VLOAD_TRAINZ Load Transient I‘IO:;Z = 10mA to 500mA to 10mA, -50 50 mV
. . Viny =3V to 5V to 3V, 100ps,
Vune trainz | Line Transient -50 50 mV
} lour2 = 10MA/500mA
VRippLE2 Output Ripple Peak to peak in one switching cycle 10 mV
VO3 LVBUCK 3
Imax_outs Maximum Output Current 750 mA
VLOAD_REGa Load Regulation louts = OAto A 0.1 %/A
VLINE_REGB Line Regulation Vin =3V to 5V, lours = 750mA 1 %
Vioso_rans | Load Transient '10:: = 10mA to 300mA to 10mA, |, 40 mv
. ) Viy =3V to 5V to 3V, 100ps,
Vune_trana | Line Transient -50 50 mV
- IOUT3 = 10mA/300mA
VRippLE3 Output Ripple Peak to peak in one switching cycle 10 mV
VO4 LDO
IOUTﬁLDO = 100mA, f=100kHz 60 dB
PSRR ipo Power Supply Rejection Ratio
lout oo = 100mA, f = 1MHz 40 dB
. IOUT_LDO = 100mA, f = 100Hz to
eNipo Output Noise Voltage 100KHz 60 v
| =10mAto 2 Ato 10mA
Vioap Traina | Load Transient 10:;_LD0 OmAto 200mAto 10mA, -25 25 mV
All VOUT_LDO, VIN_LDO step 600mV,
Vune trang | Line Transient LDO not in dropout condition, 10us, -25 25 mV
IOUT_LDO = 1mA/300mA
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8.7 Typical Characteristics
Vinv=8V, Vo1=Vin=Vipoin=3.6V, Vo2=1.1V, Vo03=1.8V, Vos=3.3V, unless otherwise noted.
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9. Functional Block Diagram
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Figure 9-1 Functional Block Diagram
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10.Feature Description

The SC6201Q PMIC is designed to optimize the power
supply systems of CMOS image sensors. It allows voltage
settings and sequence control to be performed with a single
IC, reducing mounting area and contributing to the
miniaturization of automotive camera modules. The device
consists of a high-voltage buck converter for a primary
regulator, dual low-voltage buck converters and a LDO
regulator for secondary regulators.

10.1 Buck Converters

The three buck converters use a peak current mode control
scheme and operate at forced-PWM mode with a fixed
frequency of 2.2MHz. The topology benefits lower output
voltage ripple, fast load and line transient with a compact
solution size.

Meanwhile, the device adopts a spread-spectrum function
with phase-shifted to optimize EMI performance. The spread
spectrum is implemented by a pseudo-random sequence
with a 6% (Typ.) spread of the switching frequency. With this
feature, the switching frequency of the device varies from
2MHz to 2.4MHz (Max.) and does not drop into the 1.8MHz
AM band limit. The phase shift scheme among the three
buck converters avoids the simultaneous switching energy
radiation.

All the buck converters integrate power switches. The high-
voltage buck converter(HVBuck1l) integrates an NMOS for
the high-side power switch, while the low-voltage buck
converters(LVBuck1&2) adopt PMOS for its high-side power
switch. A 100nF bootstrap capacitor is needed between the
BT and SW pin to drive the high-side NMOS of HVBuck1.
All the low-side power switches adopt NMOS and are driven
by the internal VCC.

The HVBuck1 acts as a primary regulator and provides its
output voltage VO1 as the input power source of secondary
LVBuck and LDO. The HVBuckl adopts an adjustable
output voltage through the FB pin. The VO1 can be set from
2.7V to 5.3V via a resistor divider connected from VOL1 to
the ground according to secondary LVBuck and LDO input
voltage requirements. The LVBucks adopt fixed output
voltage.

All the buck converters have a separate output discharge
path to the ground, and the discharge patch activates
automatically when the corresponding converter is disabled.

10.2 LDO Regulator

The LDO regulator is designed to meet the requirements of
sensitive analog circuits by providing low noise with high

PSRR operation. The LDO regulator can provide up to
400mA output current. To decrease the impact of switching
noise from the buck converters, the LDO regulator has a
dedicated input voltage pin that can be tied to the output of
the HVBuck1l independently.

The LDO regulator provides ten kinds of output voltages
from 1.8V to 3.5V. The output voltage setting of the LDO
regulator is controlled through an RSET pin by setting the
appropriate resistor from the RSET pin to the ground. The
RSET detection is executed automatically during the device
power-up. Changing the output voltage in real-time is not
supported. All the buck converters have a separate output
discharge path to the ground, and the discharge patch
activates automatically when the corresponding converter is
disabled.

The LDO regulator has a separate output discharge resistor
to the ground, and the discharge resistor activates
automatically when the regulator is disabled.

Table 10-1 LDO output voltage VS. RSET pin
configuration

Resistor of RSET pin
RSET VO4

MIN TYP MAX
0 3.5v 1.07M 1.1M 1.13M
1 3.4v 319K 330K 341K
2 3.2v 164K 169K 174K
3 3.1v 81.6K 84.5K 87.4K
4 3.0V 45.4K 47K 48.6K
5 2.8V 26.1K 27K 27.9K
6 2.7V 14.5K 15K 15.5K
7 1.8V 7.78K 8.06K 8.34K
8 2.9v Tie to VCC
9 3.3v Tie to GND

10.3 Power Sequence Control

The device supports ten power-on sequences to control the
start-up sequence of the two LVbuck converters and one
LDO regulator. Like the RSET pin, the power-on sequencing
can also be programmed through the SEQ pin by setting the
appropriate resistor from the SEQ pin to the ground. There
is only simultaneous power-off for all regulators.

The SEQ detection is executed automatically during the
device power-up. The output of the HVbuck1 converter acts
as the input voltage source of the LVbuck converters and
the LDO regulator. For most conditions, the power-on
sequence is conducted by the power good of the previous
regulator. The LVbuck converters support unused by
floating the corresponding LXx and VOx pin (The VINL
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floating is not allowed), and the power-on mechanism skips
the unused rails automatically.

Table 10-2 Unused Channel Pin Configuration

Unused Unused Pin Unused Pin
Channel Number Pin Name Configuration
5 VO2 Floating
LVBUCK2 6 LX2 Floating
7 VINL Connect to a fixed
voltage
7 VINL Connect to a fixed
voltage
LVBUCK3 8 LX3 Floating
9 VO3 Floating

For the SC6201QB, the EXT pin can link the power-on
sequence to an external regulator. The next channel
proceeds with the power-on sequence after the EXT output
high state 1ms passed. For the SC6201QA, the high state
of PG output reflects that the power-on sequence is
complete and all the outputs of the active rails are regulated.

Table 10-3 Power-on sequence VS. SEQ pin
configuration

Resistor of SEQ pin
(KQ)

MIN TYP MAX

SEQ SEQ Sequence

0 CH1 | CH4 | CH3 CH2 EXT 1070 | 1100 | 1130

[N

CH1 | CH2 | CH3 EXT CH4 319 330 341

2 CH1 | CH2 | EXT CH3 CH4 164 169 174
3 CH1 | EXT | CH2 CH4 CH3 81.6 84.5 87.4
4 CH1 CH2, CH3, CH4, EXT 45.4 47 48.6
5 CH1, CH2, CH3, CH4, EXT 26.1 27 27.9
6 CH1 | CH3 | CH2 CH4 EXT 14.5 15 155
7 CH1 | CH3 | CH4 CH2 EXT 7.78 8.06 8.34
8 CH1 | EXT | CH2 CH3 CH4 Tie to VCC

9 CH1 | CH2 | CH3 CH4 EXT Tie to GND

T 90%FB1
Vo1 i

| A 90%V02
Vo2
' 7 790%V03
Vo3

} 4
EXT ——— == = Ty=ims

/| 90%V04

voa )
e 1 I e T L ————

" wioR "
/ ‘ UVLO_F \

VINH P
[

Figure 10-1 Example of SEQ1 power on/off

Note:

1) The PG pin is only available in SC6201QA, and the EXT
pin is only available in SC6201QB.

(2) For SC6201QA, a 1ms time interval will substitute the
EXT output, which has a +/-5% variation. Below is the SEQ1
example.

For SC6201QA: CH1 — CH2 — CH3 — 1ms — CH4—10ms
— PG

For SC6201QB: CH1 —» CH2 —» CH3 —» EXT — 1ms — CH4

10.4 Protection Mechanism

The device integrates rich protection mechanisms to prevent
damage from abnormal operations or fault conditions.

10.4.1 Under-Voltage-Lock-Out (UVLO)

The VINH pin has an Under-Voltage-Lock-Out (UVLO)
circuit. The VINH UVLO keeps all the regulators off until the
VINH UVLO threshold is surpassed. The device can only be
enabled when VCC and VINH are higher than their UVLO
rising thresholds and will shut down when VCC or VINH
triggers their UVLO falling thresholds.

10.4.2 Output-Under-Voltage Protection (UVP)

The PMIC integrates an output Under Voltage Protection
(UVP) for each rail. Once the under-voltage is detected, the
device disables all buck converters and LDO regulator and
goes to the latch-off state and the device can only restart
with VINH ON/OFF.

10.4.3 Input-Over-Voltage Protection (IOVP)

The VINH/VINL/LDOIN pins have an Input-Over-Voltage-
Protection (IOVP). Once the IOVP is detected, the device
disables all buck converters and the LDO regulator and is in
the latch-off state. The device won’t recovery to the power-
on process until there is VINH/VINL/LDOIN toggle in the
input side.

10.4.4 Output-Over-Voltage Protection (OVP)

The device integrates an output Over-Voltage Protection
(OVP) for each rail. For the HVbuckl, when the VO1 is
higher than its OVP threshold, the HVbuckl stops switching
immediately and recovers to the normal operation once VO1
falls to the OVP threshold. The other rails are not influenced
directly by the VO1 OVP event. For the LVbucks and LDO,
once only the OVP is detected for more than 5ms, the device
disables all buck converters and LDO regulator. The device
can auto-recovery to the power-on process when the
corresponding output falls to its OVP threshold for more than
5ms.

Copyright © 2024, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 16
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10.4.5 Over-Current Protection (OCP)

For the three bucks converters, the device provides peak
and valley current limits designed to limit the peak/valley
inductor current to ensure that the switching currents remain
within the device's capabilities. For the LDO regulator, when
the load reaches the current limit threshold, the current limit
loop will regulate the LDO current. These current limit
mechanisms protect the device from being damaged during
an overload or output short circuit conditions.

When the device continuously triggers the current limit of
more than 10ms, the Over-Current Protection(OCP)
activates, and the device disables all buck converters and
LDO regulator and goes to the latch-off state. The device
can only restart with VINH ON/OFF.

10.4.6 Thermal Shutdown Protection (TSD)

The SC6201Q monitors the junction temperature of the
device internally. If the junction temperature exceeds the
threshold of 160°C, the device disables all buck converters
and LDO regulator and goes to the latch-off state, and the
device can only restart with VINH ON/OFF.

Copyright © 2024, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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Table 10-4 Protection Logics

Threshold Deglitch . Reset and
Channel Type (Typ)) Time (Typ) Protection Threshold (Typ.)
VCC_UVLO Vee <3V NA Disable all channels Vee > 3.7V
VINH_UVLO Ving < 3.3V 32us Disable all channels Viny > 3.8V
Disable all channels then latch-off Vinn < 3.3V, then
Syst @ INH )
ystem IovP Vine > 21V sms protection Vine > 3.8V
oTP T,> 160°C 5us Disable all channel_s then latch-off T;< 140°C and Vinu <
protection 3.3V, then Viny > 3.8V
Disable all channels then latch-off Vinu < 3.3V, then
0,
uvp Vrer < 0.8x50% Sus protection Vinn > 3.8V
0,
ovP Vre1 > 0.8x NA Disable HVBuckl Vre1 < 0.8x107%
HVBuckl 110%
Cycle-by-cycle current limit If keep If latch-off protection,
OCP IL1 peak > 3A 10ms 10ms, disable all channels then latch-off Vinn < 3.3V, then
protection. Ving > 3.8V
VINL VINL_UVLO Vine < 1.3V 32us Disable all channels Vine > 2.3V
IOVP Vine > 5.9V S5us Disable all channels Vine < 5.4V
Disable all channels then latch-off Vinn < 3.3V, then
o )
uve Voz <1.1x50% Sus protection Ving > 3.8V
0,
OVP Vo2 > L.1x 5ms Disable all channels VO? < 1'1\_/ x 110%
LVBuck2 120% with deglitch 5ms
Cycle-by-cycle current limit If keep If latch-off protection,
OCP IL2_peak > 2A 10ms 10ms, disable all channels then latch-off Vinn < 3.3V, then
protection. Viny > 3.8V
Disable all channels then latch-off Vinn < 3.3V, then
0,
uvp Vos < 1.8x50% Sus protection Vinn > 3.8V
OVP Vos > 1.8x 5ms Disable all channels VO? < 1'8\_/ x 110%
LVBuck3 120% with deglitch 5ms
Cycle-by-cycle current limit If keep If latch-off protection,
OCP I3 peak > 1.2A 10ms 10ms, disable all channels then latch-off Ving < 3.3V, then
protection. Vinn > 3.8V
LDOIN_UVLO Vipon < 1.3V NA Disable all channels Vipow > 1.5V
IOVP Vibow > 5.9V 5us Disable all channels Vin_eo S 5.4V with
deglitch 5us
UvP Vou < Vou 5us Disable all channels then latch-off Vi < 3.3V, then
LDO setting x 40% H protection Vinu > 3.8V
OVP Voa > Vos x 5ms Disable all channels Vo < VO“_ x 110% with
125% deglitch 5ms
lour oo > Disable all channels then latch-off Vinn < 3.3V, then
ocp 450mA 10ms protection Ving > 3.8V

(1) Itis optional for VINH_OVP with auto recovery version: the device will disable all chennels when VINH > 21V with 5us deglitch time, and
auto recovery all channels output in the corresponding sequence wihile VINH < 20V with 5ms deglitch time.

Copyright © 2024, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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11.Application Curves

Vine=8V, V01=3.6V, Vo2=1.1V, Vo3=1.8V, V0s4=3.3V, unless otherwise noted

HVBuck1 Efficiency LVBuck2 Efficiency
100 100

NG

80 80 / \
70 70

10000000

100000

§ 60 “é 60 /
- —— VINH=6V g o // ——VINL=2.5V
S ——VINH=8V 5 ———VINL=3.6V
E 40 — £ a0 —
——VINH=12V ——VINL=4.5V
30 30
20 Vour_wi=3.6V 20 Vour nz=l.1Vv.
10 10
0 0
0.01 0.1 1 0.01 0.1 1
10UT/A I0UT/A
Figure 11-1, HVbuck1l Efficiency Figure 11-2, LVbuck2 Efficiency
LVBuck3 Efficiency LDO PSRR
100 0
90 -10 1 1 f‘%
80 20 Vioo mn=3.6V, Vioo_our=3.3V, lour 100=100mA /r
70 -30 | | 'ﬁl’
£ 60 -40 | /
£
2 ——VINL=2.5V £ A
§ 50 g - :
=2 ——VINL=3.6V g =]
bt 40 - \ |
» ——VINL=4.5V
—-40°C
20 Vour ws=1.8V —25°C
10 R —85°C
°C
0 -100 ! 1
0.01 0.1 1 100 1000 10000 100000 1000000
I0UT/A Frequency/Hz
Figure 11-3, LVbuck3 Efficiency Figure 11-4, LDO PSRR
LDO PSRR LDO Output Noise
0 1.00e-04
10 | | | | Y\
-20 Vioo, w=3. 2. = -
o n=3-3V, Vipg_our=2.8Y, loyr 1po=100mA y 100605 -40°C
30 | Fir== —25°C
= "3‘]& A —— 85"
20 Ul 3 | Y
ﬁ /\,_-" %{ ﬂﬁ ‘Ilrl Wit ‘1| H ‘:M&mh‘ 125°C
E -50 | T -_7—‘/’ T £ 1.00E-06 =.'. = - —
-60 /',,——————' 3 %h
. oz = ] L
0 | | | | | St e |
WAM{H T -a0°C 1.00€-07 F e taieet=T [0
-80 | ‘)Fh,ﬂh?: I ! I ——25C
oo (WAL | T 85°C
125°C
-100 1.00E-08
100 1000 10000 100000 1000000 10000000 10 100 1000 10000
Frequency/Hz Frequency (Hz)
Figurell-5, LDO PSRR Figurell-6, LDO Output Noise
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Tzt [ P — 1 JER TekizT | L d  lEE
‘ L ¢
s — [
Blme _,,.,,Y . . . . Bl “(_— DRI S
Bl / B3 :
/ “
B0 ; . " . X BV &
20V & 800y 1256 0/% X 200V g 1.00 100M77/ X
Eg 200 % @ 200V % ][ 4 IUM,E\% gzv @ 200 s @ 2mv ] " wg\ﬁﬂ ‘2.]52\1
Figure 11-7, SEQ9 Power ON Sequence Figure 11-8, SEQ9 Power OFF Sequence
Tekigg [ P71 JER Tk [ P —————— 1 lE®
Iy : H : 4
D
N — | SUUUE DU UUUUE SUUE S B
Pl / pl :
/ . : S \
B Bvod . . & A N . : .
@ uv = 500 ED @K 0o . 1.00ms e @ |
@ 2007 % @ 200V & J[ " mgﬂ ?52“ Ei 207y € 200v ] MA 252V
Figure 11-9, SEQ6 Power ON Sequence Figure 11-10, SEQ6 Power OFF Sequence
TekiEr [ F : = " Tekigr [ F _ = "
L1=1.5uH, Cour=10pF L1=1.5uH, Cour=10pF

' lour=10mA-500mA@1ps | VINH=5V-18.5V@100us |

I

VO : : : : : - ] B vo1== : : : =
[b] VV |

| i 1 :
L3
- | ;| [
BjlouT |
@ 100my - "8 3 500mé £ 20,0 SO0MT/: hS 253 2‘024 0 0.0V 100y 100MPT/ o hS 253 2024
(C — Jamw wm{éﬁ gomn }{ og‘uﬁzs ] @ 100mH ][ g wm{éﬁ ?.ou }{ og‘aﬁas ]
Figure 11-11, HVBuck1 Load Transient Figure 11-12, HVBuck1 Line Transient
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TkEE | [ : = m—

L2=1pH, Cour=10pF

0 1
Bvo - J\:\¥ . |
0 Y ]
B OU T -

CENEI B )

SO/ v %53F 2024
100k 45 120mA 081721

)

Figure 11-13, LVBuck2 Load Transient

Tzl | L — 1 1

L3=1pH, Cour=10uF
lour=10mA-300mA@1ps |

E}iOUT / T | VOV |

CENEI B )

SO/ v %53F 2024
100k 45 120mA 00:15:46

Figure 11-15, LVBuck3 Load Transient

TekZE | 1

Cout=2.2uF
' lour=10mA-200mA@1us

1
[} o
Bvo4 ) ]
(b] 4
|
————— 1
| . 4
Blout

|

CENE R )

SO/ v %53F 2024
100k 45 15mA 09:22:11

Figure 11-17, LDO Load Transient

BE I —— 1 1

L2=1pH, Cout=10uF
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& 200nv 100k 45 392V 10:50:07

Figure 11-14, LVBuck2 Line Transient

- L — 11

L3=1pH, Cour=10pF
- VINL=3V-5V@50us’

[ S E— — | D
Cout=2.2uF
' LDOIN=3.6V-4.2V@10us |
Bvos
LDOIN+“:‘ \———.—*
1]
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Figure 11-16, LVBuck3 Line Transient
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Figure 11-18, LDO Line Transient
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12.Layout Guide 12.2 Layout example

12.1 PCB Layout Guide

The PCB layout should be carefully designed for best
performance to avoid instability, switching noise interference,
and EMI issues. Minimizing the area of alternating current
and voltage loops in the layout helps reduce EMI.

Here are some guidelines for reference:

1) The VINH, VINL and LDOIN pins must each be
bypassed to the PGND with a low-ESR ceramic bypass
capacitor. Use the typical bypass capacitance of
4.7~10uF for the DC-DC converters and 2.2uF for the
LDO with an X7R dielectric. The optimum capacitor
placement is closest to the VINx and VINLDO pins of
the device. Minimize the loop area formed by the
bypass capacitor connection from the VINx and the
thermal pad of the device. Minimize the loop area
formed by the bypass capacitor connection from the
VINLDO and the AGND pin of the device.

2)  The FB pin feedback traces must be routed away from
any potential noise source to avoid coupling.

Figure 12-1, PCB Layout Guide

3) The optimum placement of the VCC and LDOOUT
output capacitors is directly at their respective pins.
Excessive input and output capacitor distances for
regulator pins may cause poor converter performance.

4)  Minimize the loop area of the bootstrap capacitor from
the LX1 to the BT pin.

5)  Connect the AGND and PGND to a strong ground plane
for better noise and thermal performance.

6) The thermal pad must be tied to the PCB ground plane
with multiple vias.
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MECHANICAL DATA

QFN-16 3 x 3 Wettable Flank

D2
(o]
16 El CAMERE EXPOSED DIE
5 8 ATTACH PAD
1 /. 4 I g
PIN 1 CORNER — | rLe] oz
f_L
e 1) =
- + - (@[ [c[AlE] = + .
) —n 4!
L—I’ E 16X b
N ) [bob@[c[A[8]
! A ' CLL'
/” 16 13 L
&{ 2 Jaad]C] PIN 1 1.D. —=|=— 16X L1 16X (K) —| == 16X L
BOTTOM VIEW
TOP VIEW -
—| |=— s SYMBOL MIN NOM MAX
[ATesclc
TOTAL THICKNESS A 0.8 0.85 0.9
SEATING PLANE STAND OFF Al 0 0.02 0.05
MOLD THICKNESS AZ —-— 0.65 —-—
L/F THICKNESS A3 0.203 REF
SIDE WETTABLE DEPTH A4 0.075 —-— 0.18
LEAD WIDTH b 0.2 0.25 0.3
X D 3 BSC
BODY SIZE
Y E 3 BSC
LEAD PITCH e 0.5 BSC
- - P SIZE X D2 1.6 1.7 1.8
Y E2 1.6 1.7 1.8
LEAD LENGTH L 0.3 0.4 0.5
SIDE WETTABLE WIDTH L1 0.01 —-— 0.09
LEAD TIP TO EXPOSED PAD EDGE K 0.25 REF
PACKAGE EDGE TOLERAMNCE aaa 0.1
MOLD FLATNESS cee 0.1
bbb 0.1
JI LEAD OFFSET
|=— A2 — ddd 0.05
= (A3)
A EXPOSED PAD OFFSET it 0.1
SIDE VIEW
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RECOMMENDED FOOTPRINT

QFN-16 3 x 3 Wettable Flank

0.3
‘ ] Joes
~~~~~ —1- —
295|15 | ﬁro
””” "; ! I:li‘L

Unit: mm
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TAPE AND REEL INFORMATION

Carrier Tape

User Direction of feed

t
Rt
—— B
2
Q1,Q2 {? 4 o
..... L. B : R
Sml e | -
A A : q
L— B g
5 Ko
B-B
e
A0
A-A
Item w P A0 BO KO t Pinl Quadrant
Size (mm) 12.0%33 8.0+0.1 3.35+0.10 3.35+0.10 1.13+0.10 0.254+0.02 Q1
REEL

Item

A

w1

Size (mm)

330.0+1.0

12.47%9

Copyright © 2024, Southchip Semiconductor Technology (Shanghai) Co., Ltd.

25




«

souTtHcHiP SOUTHCHIP SEMICONDUCTOR SC6201Q DATASHEET

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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