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SC87550AQ 36V / 65W Automotive Fully Integrated USB PD solution with Integrated
Buck-boost Converter

1 Descriptions

The SC87550AQ is a fully integrated USB PD solution. It integrates a
Buck-boost converter with 4 integrated power switches and a USB PD
controller. The SC87550AQ operates over 4.5V to 36V wide input
voltage and can output 3.3V to 22.5V voltage to support a variety of
applications. It also supports up to 3.25A continuous output current
under certain input supply range.

The SC87550AQ supports USB PD3.1 with PPS and backward supports
DCP schemes for Battery Charging specification (BC1.2), The 3A
Divider Mode. It also supports QC2.0/QC3.0, Huawei FCP as well.

The SC87550AQ’s buck-boost converter employs current mode control
scheme. The switching frequency could be set at
280kHz/420kHz/560kHz through 12C. The SC87550AQ also provides
optional spread spectrum to optimize EMI performance.

The SC87550AQ supports a flexible power management state machine
when the battery voltage is low, or the temperature is high. When two
SC87550AQ are used in dual PD ports, the internal power sharing logic
can smartly distribute the total power.

The SC87550AQ offers input over-voltage protection, output over-
voltage protection, cycle-by-cycle current limit, DP/DM/CCx short to
battery protection, output short circuit protection, average output current
limit and thermal shutdown protection

The SC87550AQ is available in 22-pin 4mm X 5mm Wettable Flank QFN
packages.

3 Applications

e  Automotive USB Charging
. Automotive USB Hub

2 Features

AEC-Q100 qualified for automotive applications:

- Temperature grade 1: Ta range: -40°C to 125 °C

Integrated 4-Power Switches Buck-boost Converter

4.5V to 36V start up input voltage, 40V ABS rating

3.3V to 22.5V output voltage range

External High-side MOSFET parallel capability

Support Type-C V2.0

Support FC2.0/3.0 Specification, Huawei FCP

Support USB PD3.1 V1.8 and PPS with 7 PDO list

Passes USB-IF PD3.1 Certification Test (TID: 12608)

Support DCP schemes for BC1.2, 3A divider mode, and 1.2V/1.2V
Mode

Programmable Power Supply (PPS) support for USB power
delivery

+/- 3.3% accurate average output current limiting

CV regulation accuracy +/- 25mA @ 12V —> 3.3V - 20V

12C Interface for:

- 280k/420k/560kHz frequency selectable

- Auto PFM / Forced PWM

- Spread spectrum dithering

- Line drop compensation

- Current limit setting

Battery short to ground protection driver

CCx/DP/DM Short to VBAT(9-16V)/VOUT Protection

12C Slave Interface

Programmable Power Management during low battery or high
temperature

Support two ports PD Power sharing

Up to 120 Minutes EN off delay
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4 Device Information
VBATT OTW2 NTC_ | VBATT_LOWI_
ORDERNUMBER | GPIOL | GPIO2 || ow TH(D1 | PDO_SELECT | PDO_SELECT | PACKAGE | BODYSIZE
SC87550AQQFMR | NTC2 NTC 9.8V 45W 45W 22 pin QFN 4”‘3‘8’;;”%”“ X
SC87550CQQFMR NTC2 NTC 8.2V 45W 45W 22 pin QFN 4”‘3‘8’;;”;1“" X
SC87550DQQFMR NTC2 NTC 9.8V 30w 45W 22 pin QFN 4m8“8’;§::‘nm X
SC87550EQQFMR NTC2 NTC 10.6V 27TW 15W 22 pin QFN 4m8“8’§3§q’;‘qm X
Power_ . 4mm X 5mm x
SC87550JQQFMR | o007 | ATTACH 10.6V 27TW 27TW 22 pin QFN 0.85mm

*Notes: Refer to Table3 on Section15 for more information about different part number. If more different configurations are
required, contact the FAE of Southchip to get a new part number (SC87550GQXX or SC87550HQXX, where XX is for different
version)

5 Revision History

Revision Date Page(s) changed Changes Description
V1.05 2025/6 30 1.Add description of 12C
V104 2025/5 56 1.Modified the rule for Table3
V1.0.3 2025/5 8 1.Update EC Table
V1.0.2 2025/4 34 1.Update layout guide
V1.01 2025/2 56 1.Add more descriptions of different part number
V1.0.0 2024/12 NA 1.Initial Version

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 2



&
SC87550AQ DATASHEET

southcip  SOUTHCHIP SEMICONDUCTOR

6 Typical Application Circuit
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7 Terminal Configuration and Functions
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TERMINAL
110 DESCRIPTION
NUMBER NAME
1 VIN Input power supply for the IC.
5 PGND Power Ground. PGND requires extra care during PCB layout. Connect to PGND with
copper traces and vias.
3 VOUT (0] Output of the buck-boost converter.
4 cc2 I/O Type-C configure channel2. It also supports VCONN output

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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5 DP 110 DP is the input/output used to handshake with portable devices.
6 DM 110 DM is the input/output used to handshake with portable devices.
7 CC1 1/0 Type-C configure channell. It also supports VCONN output
Type-C polarity indication, open drain. When CC1 is selected as
O POL CC line, the POL is pull-low; When CC2 is selected as CC line,
the POL is open drain.
[ NTC NTC thermal sense input.
I VCONN_IN 1W VCONN power supply input.
8 GPIO2
LED_PWM Output a PWM driver to LED.
Attach Output to indicate device is attached or not. Active low.
Power sharing 2 input, active high. When this pin
| Power Share2 | voltage >1.87V, the PD power will be reduced to PS_PDP
setting.
9 SDA I Data of 12C interface
10 SCL I Clock of 12C interface
11 BT2 0 Power supply for high-side MOSFET gate driver in boost side. A ceramic capacitor
of 0.1 yF must be connected between this pin and the SW2 pin.
12 SW2 0 Switching node pin of the boost side. It is connected to the drain of the low-side
power MOSFET and the source of high-side power MOSFET.
13 EN | EN input. Apply logic high to enable the chip. EN pin has internal 6pA pull-up.
14 SW1 0 Switching node pin of the buck side. It is connected to the drain of the low-side
power MOSFET and the source of high-side power MOSFET.
15 BT1 0 Power supply for high-side MOSFET gate driver in buck side. A ceramic capacitor
of 0.1 yF must be connected between this pin and the SW1 pin.
16 HS_G @) Gate driver output for high-side MOSFET in buck side
17 AGND - Signal ground of the IC.
Internal LDO regulator output. Decouple with a 2.2uF/0603 capacitor between this
18 VCC O . .
pin and the AGND pin.
19 NC - Not connected.
o GATE Gate drive pin _to drive external MOSFET to do ground short to
battery protection.
I Power_Sharel | Power sharing 1 input.
o FAULT Fault indication, open drain output. It indicates OCP, OTP, OVP,
GND/DP/DM/CCx short to battery.
20 GPIO1 NTC2 Secondary NTC detection input. When it triggers, PDP will
reduce to power share set value.
Attach and fault indicator, open drain output. It pull-low for 12us
ATTACH_FLT | when sink plug in if no fault event occurs. When fault happens, it
pull-low.
o IMON Current monitor output. Represent signal between ISENS+ and
ISENS-.

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 5
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21 ISEN- Negative node of current sense signal input. An optional current sense resistor
could be placed between PGND to output capacitor's GND.

29 ISEN+ Positive node of current sense signal input. An optional current sense resistor
could be placed between PGND to output capacitor's GND.

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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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). (1)

PARAMETER MIN MAX Unit
VIN, EN, SW1 -0.3 40 \%
VOUT, SW2, CC1, CC2, DP, DM -0.3 25 \Y,
Voltage range at HS_G 03 VIN+12 v
terminals @ BST1 SW1-0.3  SW1+6 v
BST2 SW2-0.3 SW2+6 \Y,
All other pins -0.3 6 \%
T, Operating junction temperature range -40 150 °C
Tstg Storage temperature range -65 150 °C

1) 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 @ all pins -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
Vin Input voltage range after start up 45 36 \%
Vour Output voltage range 3.3 225 \%
Fsw Buck switching frequency range 280 420 560 kHz
lout Output DC current range 0 3.25 A
L Effective inductance range 3.3 4.7 6.8 pH
T) Operating junction temperature -40 150 °C
Ta Operating ambient temperature range -40 125 °C

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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8.4 Thermal Information
THERMAL RESISTANCE FCQFN22 (4mm x 5mm) UNIT
Roia Junction to ambient thermal resistance (SC87550AQ EVM) @ 26 °C/W
Roia Junction to ambient thermal resistance (JESD 51-7) @ 35 °C/W
ReJc Junction to case resistance @ 13 °CIwW
RoJs Junction-to-board thermal resistance @ 3 °CIwW
Wir Junction-to-top characterization parameter @ 0.5 °C/wW
Wi Junction-to-board characterization parameter @ 2.9 °C/W

(1) Measured on SC87550AQ EVM. 4-layer, 20z Cu per top and bottom layer and 1oz Cu per inner layer.

(2) The value of Re;a given in this table is only valid for comparison with other packages and cannot be used for design purposes. These values

were calculated in accordance with JESD 51-7, and simulated on a 4-layer JEDEC board. They do not represent the performance obtained
in an actual application.

8.5 Electrical Characteristics

T;=-40°C to 150°C, Vi = 12V and Vour = 20V, Vey = Float. Typical value is tested at Ty = +25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY VOLTAGE
V/n rising 4.3 45
Vin_uvio Under voltage lockout threshold
Vi falling 41 4.3
i t t wh i
Quiescent current when no device 12C set EN=1b’ 600 700 uA
attached
lo
Quiescent current when device I12C set EN =’1b’, CC attached, No
L 1.5 mA
attached switching, no load.
Isp Shutdown current into the VIN pin IC disabled, Ven=0V 25 65 MA
Vee Internal regulator output 4.8 5.0 5.2 V
EN
EN i level i |
Ven vec input level to turn on interna Rising threshold 103 v
i LDO
EN i level ff i |
Ven vee o input level to turn off interna Falling threshold 04 v
i LDO
VEN_H EN input level to start switching Rising threshold 1.2 1.26 1.32 \Y
Ven L EN input level to stop switching Falling threshold 0.96 1.00 1.04 Vv
MOSFETS
Roson ngh—S|de.MOSFET on resistance 10 20 mo
- on buck side
Roson o Low-side MOSFET on resistance 20 40 mo
- on buck side
Roson High-side MOSFET on resistance 7 14 mo
- on boost side
Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 8
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Low-side MOSFET on resistance
R . 7 14 Q
DSON.D on boost side m

External High-side driver

Reuck_up Buc;k High side driver pull up 29 o)
resistor

Reuck o Buc;k High side driver pull down 1 o)
resistor

BOOT UVLO

Falling voltage on BT1 pin
Veoori ok ¢ | compared to SW1 which will turn 23 \
off high-side switch

Rising voltage on BT1 pin
Veooti ok r | compared to SW1 which will turn 25 v
on high-side switch

Falling voltage on BT2 pin
Vgoor2 ok ¢ | compared to SW2 which will turn 23 Vv
off high-side switch

Rising voltage on BT2 pin
Vgoor2 ok g | compared to SW2 which will turn 25 Vv
on high-side switch

REFERENCE

Voun VDAC=250mV 4.9 5.0 5.1 v
Vourz Output Voltage VDAC=600mV 11.9 12.0 12.1

Vours VDAC=1000mV 19.85 20.0 20.15

OVER VOLTAGE PROTECTION

Vour ove r | Output OVP rising (Vrer>0.25V) 115% 120% 125% Vg
VREF =0.6V

Vour_ove_F Output OVP falling (Vrer>0.25V) 110% 115% 120% Veg
V -

OUT-OVPAE | Output absolute OVP rising 24.3 24.8 25.3 v
S
Vour ove vy | Output voltage protection 11 v
s hysteresis ’
Vowors | Voltageon VIN pintosstop buck- 28.5 29.5 305 v

- boost switching
Vowors | Voltageon VIN pintostop buck- 16.5 17.2 17.9 v
- boost switching

Vovio_Hys Input voltage protection hysteresis 1.2 \Y;
Rois Output discharge resistor 320 Q
INTERNAL CLOCK
Fsw1 280
Fsw2 Oscillator frequency 420 kHz
Fsws 560
Ton_min Min on time Boost low side MOSFET 75 ns
Torr MmN Min off time Buck low side MOSFET 75 ns

SPREAD SPECTRUM

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 9



«

southcip  SOUTHCHIP SEMICONDUCTOR

SC87550AQ DATASHEET

Frequency span of spread
Fsrance spectrum operation - deviation 8 %
from center frequency
SOFT START
Tss Soft Start Time For 5Vour condition 0.8 ms
CURRENT LIMIT
Isenst OC threshold=1A, Rsense=10mQ 0.85 1 1.15 A
Current loop accuracy
lsens2 oC thresh0|d=3A, RSENSE=1OmQ 2.9 3 3.1 A
lLmiT_FPwm Buck low-side valley current limit 5.5 6.5 7.5 A
lLmim2_FPwm Boost low-side peak current limit 9 10.5 12.5 A
ZCD Zero cross -30 mA
LINE DROP COMPENSATION
Set LDC_GAIN=01b, Rsense=10m
Q, 10UT=3A 100 mv
Set LDC_GA|N=lOb, Rsense=10m
Q, I0UT=3A 300 mv
Vbrop Line drop compensation Set LDC_GAIN=11b, Rgxse=10m
Q, I0UT=3A 600 mv
Set Additional_LDC=1b,
LDC_GAlNzllb, RSENSE:lomQ, 800 mV
IOUT=3A
VBUS_UV
VBUS_UVl Vsus_uv falllng Voltage 2.7 2.9 \Y
HICCUP
Hiccup on timer 5 ms
Thiccup
Hiccup off timer 100 ms
Viiccup Hiccup Voltage Threshold 0.8 \%
MODE TRANSITION
Buck-boost to buck transition o
V VIN T 12
MODE_THL threshold VoU 0 o
Buck-boost to boost transition .
V VIN T
MODE_TH2 threshold /VOU 85 %
12C INTERFACE
Vi Input logic high 1.3
Vi Input logic low 0.4
NTC, NTC2
Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 10
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External thermal sense trigger

Vre_eTy 10% VCC
- voltage
External thermal sense recover -
VNTc Revl 12C set NTC_HY8= Ob 20% VCC
- voltage 1
External thermal sense recover L
Vnrc_Rreve I12C set NTC_HYS="1b 30% VCC
voltage 2
GPIO1 - GATE - BATTERY SHORT TO GROUND
GND short to battery ISENS OC threshold=20A, Rsense=5mQ) 100 mvV
ISC
threshold OC threshold=20A, Rsense=10mQ 200 mvV
GPIO1 - Power Share 1
ViH_ps Power share input high 1.5
Vi ps Power share input low 0.4
Rike ps Power Share Pull up resistance 1 MQ
GPIO1 - FAULT1
Rpo_FauLT Fault pull-down resistor 40 Q
ILKG_FAULT Fault Leakage 3 UA
GPIO2 - POL
Rep_poL POL pull-down resistor 40 Q
ILKG_POL POL Leakage 3 UA
GPIO2 - LED
fLep LED PWM output frequency 20 25 30 kHz
Dieo LED PWM output duty cycle 50 %
Current Monitor Function
GIMONl 12C set RSENS=5mQ, IOUT=3A 60 VIV
IMON output voltage gain
GIMONZ 12C set RSENS =10mQ, IOUT=3A 30 VIV
GPIO1 - NTC2
VR External thermal sense trigger 10% vee
voltage
External thermal sense recover -
VNTc_Rrevl 12C set NTC_HY8= Ob 20% VCC
- voltage 1
External thermal sense recover L
VNTC RCY2 12C set NTC_HYS= 1b 30% VCC
- voltage 2
BC1.2 DCP MODE
RopioM SHOR DP and DM short Vpp = 0.8V, lIpy = 1IMA,
- Q
T resistance TJ =-40°C to +150°C 50
Vorouowe T | pp ond pm over-voltage threshold 3.8 4 4.2 Y,
H
3A DIVIDER MODE
VDPﬁDIVIDER DP output voltage 27 \Y;
Rop_piviber DP output impedance 30 kQ
VDMiDIVIDER DM OUtpUt Voltage 3.3 V

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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Rom_piviber ‘ DM output impedance 30 | kQ
1.2V/1.2V MODE
V
DPIDM_1p2 DP/DM output voltage 1.12 1.2 1.28 v
mode
R
DP/DM_1p2 DPDM output impedance 80 100 120 kQ
mode
QUICK CHARGE 3.0 MODE
Vac_Low DP/DM low voltage 0.3 0.35 0.4 \
VQC_HIGH DP/DM hlgh voltage 2.1 2.2 2.3 V
Rop_qc Resistance pull down on DP 20 kQ
Rom oc Resistance pull down on DM 20 kQ
Rop sook po | Resistance pull down on DP 500 kQ
Rom_sook_po | Resistance pull down on DM 500 kQ
teLrcH_pm* DM low glitch time 1 ms
teLrcH_op* DP high glitch time 1200 ms
teLTeH v Output voltage change
. ) 40 ms
cHanGe oc2® | glitch time
teLmeH v_ O.utput. voltage change 50 o
chanGe_ocs® | glitch time
VBus_cont_
Bus voltage (VBUS) step 200 mV
STEP
VBUS SLEW RATE
Rising slew rate for VBUS 0.1 mV/us
tSLEWRATE
Falling slew rate for VBUS 0.1 mV/us
CDP MODE
DM data output high, VBUS >=3.3V 0.6 0.65 0.7 Vv
Vowm_sre DM CDP output voltage
DM data output low 20 mV
DP rising lower window Force DM>0.4V, DM output low,
Vba_Rrer . 0.35 \Y
- threshold for Vpm src measure sink current
DP rising upper window
Visc sre threshold for VDM_SRC 0.9 ! 11 v
tIN_CDP_START CDP_DET mode, DP_PU DET 4 s
_DEGH" mode to CDP_start mode deglich
thfCDPiDETiD CDP_START mode, DP_PU DET 10 ms
EGH” mode to CDP_start mode deglich
CDP_START mode, CDP_start
tin_pPPU_DET_ 2
bean* mode to DP_PU DET mode ms
deglich
FCP MODE
. DM data output high, VBUS 2>
VoATA_HIGH DM data output high voltage puthig 3 33 3.6 \%
3.3V

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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lom_HiGH

DM output high capability

Force DM < 2.9V, DM output high,

mA

measure source current
. - F DM>0.4V, DM output low,
lom_Low DM output low sink capability oree . oufputfow 2 6 mA
- measure sink current
Vin_H DM input data rising threshold 1.1 1.2 13
ViL T DM input data falling threshold 0.9 1 11
trx_piNG*™ PING length 2.56 ms
trx_uia® Ul/4 length 33 47 us
truntrur™ 100 %
USB Type-C
Rp_180ua CC Rp pull up 180uA capabilitiy 165.6 180 194.4 pA
Rp_330ua CC Rp pull up 330uA capabilitiy 303.6 330 356.4 pA
CC voltage falling
tCCﬁDEBOUNCE ) 150 mS
F debounce timer
tcc_pesounce | CC voltage.rising 10 s
R* debounce timer
Pconn Vconn OUtpUt power 1 W
Int 1V t
vconn ocet nternal Vconn OvVer curren 30 35 mA
threshold
Internal V, over current
lvconn_ocp2 CONN 200 mA
threshold
tvconn_oc_pe | Internal VCONN over-current
- . ) 24 us
c* deglitch time
Vccove T CC OVP rising threshold 5.7 6 6.3
VCCOVPiHYST CC OVP hysteresis 0.26
feITRATE® Bit rate 270 330 kbps
Maximum difference between the
o bitrate during the part of the packet o
PeiRate following the Preamble and the 025 %
reference bitrate.
tendoriveemc | Time to cease driving the line after 23 s
* the end of the last bit of the Frame. H
Time from the end of last bit of a
tinerrramecap® | Frame until the start of the first bit 25 s
of the next Preamble
tRISE* Rise time C= 33OPF 300 ns
traL® Fall time C = 330pF 300 ns
Zpriver* PD data Tx output impedance 66 Q
Vsuing High level voltage for CC PD data 1.05 1.125 1.2 Y
THERMAL SHUTDOWN
Thermal shutdown temperature TJ rising 165 °C
Tsp*
Thermal shutdown hysteresis TJ falling below Tgp 20 °C

* Guarantee by Design

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.
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8.6 Typical Characteristics

Vin=12V, Vour=5V, L=4.7uH, Fsw=420kHz, mode=FPWM with spread spectrum, T,=25°C, unless otherwise noted.
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Figure 8-1. Case Temperature Rise, disable external Q1, Figure 8-2. Line Drop Compensation
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Figure 8-5. Effiency,Vin=16V, disable external Q1, Figure 8-6. CC/CV Curve
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Figure 8-11. Boost low-side peak current limitl

Figure 8-12. Boost low-side peak current limit2
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Figure 8-13. Buck low-side valley current limit

Figure 8-14. Buck high-side fet on-resistance
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Figure 8-15. Buck low-side fet on-resistance

Figure 8-16. Boost high-side fet on-resistance
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Figure 8-17. Boost low-side fet on-resistance

Figure 8-18. IQ Shutdown
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Figure 8-19. Enable Thresholds

Figure 8-20. VIN UVLO
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8.7 Typical Performance Characteristics

Vin=12V, Vour=5V, L=4.7uH, Fsw=420kHz, mode=FPWM with spread spectrum, T,=25°C, unless otherwise noted.
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10,0V € 2004 10M & 2.00Y

Figure 8-21. Steady State, Voutr=5V, lout =0A
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Figure 8-25. Steady State, Vin=14V, Vour=15V, lour =0A
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Figure 8-22. Steady State, Vout=5V, lout =3A
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Figure 8-26. Steady State, Vin=14V, Vour=15V, lout =3A
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Figure 8-27. Steady State, Vour=20V, lout =0A
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Figure 8-29. Start up through EN; lout =0A
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Figure 8-31. Start up through EN; loutr =3A
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Figure 8-28. Steady State, Vour=20V, lout =3A
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Figure 8-30. Shut down through EN; lout =0A
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Figure 8-32. Shut down through EN; lout =3A
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Figure 8-33. Start up through Vin; lout =0A Figure 8-34. Shut down through Vin; lout =0A
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Figure 8-35. Start up through Vin; lout =3A Figure 8-36. Shut down through Vin; loutr =3A
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Figure 8-37. SCP Entry Figure 8-38. SCP Steady State
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Figure 8-39. SCP Recovery
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Figure 8-41. Load Transient, Vour=20V, lout =0-3A Figure 8-42. Line Transient, Vin=9-18V, Vout=5V, lout =3A
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Figure 8-43. Line Transient, Vin=9-18V, Vour=20V, lout Figure 8-44. PDO Transition 5V-9V
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Figure 8-45. PDO Transition 9V-5V
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Figure 8-47. PDO Transition 15V-9V
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Figure 8-49. PDO Transition 20V-15V
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Figure 8-50. PDO Transition 5V-20V
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Figure 8-51. PDO Transition 20V-5V
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Figure 8-53. DP Short to 18V Battery
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Figure 8-55. CC1 Short to 18V Battery (Detach)
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Figure 8-52. VOUT Short to 18V Battery
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Figure 8-54. DM Short to 18V Battery
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Figure 8-56. CC2 Short to 18V Battery (Detach)
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Figure 8-57. Thermal Image; Figure 8-58. Thermal Image;
ViN=12V, Vout=20V, lout=3A, fsw=420kHz, top/bottom ViN=12V, Vout=20V, lout=3.25A, fsw=420kHz, top/bottom
layer: 20z, mid-layer: 1oz, disable external switch Q1 layer: 20z, mid-layer: 1oz, disable external switch Q1
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9 Functional Block Diagram
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10 Feature Description

10.1 Overview

SC87550AQ is a wide range of 4.5-V to 36-V input voltage
and an output voltage of 3.3-V to 22.5-V buck-boost DCDC
converter with 4-MOSFETs and USB Charging protocols
integrated. It can transition among buck mode, buck-boost
mode, and boost mode smoothly when the input voltage is
higher or lower than the output voltage. Implementing
valley-current mode control in buck mode and peak current
in boost mode, SC87550AQ is able to provide excellent line
and load transient performance. SC87550AQ could be
configured during three frequency options 280kHz / 420kHz/
560kHz to achieve small filter size or higher efficiency.

10.2 Device Operation Modes
10.2.1 Buck Mode

When the input voltage is higher than output voltage,
SC87550AQ works in buck mode. The buck side MOSFET
SWA and SWB switch for the buck regulation, while boost
side MOSFET SWC is off and SWD keeps on to conduct the
inductor current.

In buck modes, SC87550AQ employs adaptive ON time and
valley current control. Once the internal FB voltage drops
below reference voltage, SWA will turn on. After an adaptive
ON time, SWB turn on to conduct the inductor current until
trigger COMP control signal.

10.2.2 Boost Mode

When the input voltage is lower than output voltage,
SC87550AQ works in boost mode. The boost side MOSFET
SWC and SWD switch for the boost regulation, while buck
side MOSFET SWB is off and SWA keeps on to conduct the
inductor current.

In boost modes, SC87550AQ employs peak current control
and adaptive OFF time. SWC turns on to conduct the
inductor current until it rises to trigger the control signal.
After SWC turns off, SWD will turn off and remain for
adaptive time to regulate the output voltage.

10.2.3 Buck-Boost Mode

When the input voltage is close to the output voltage,
SC87550AQ works in buck-boost mode. The MOSFET
turning on sequence are SWA&SWC -> SWA&SWD ->
SWB&SWD.

10.3 VCC Power Supply

An internal LDO to supply SC87550AQ outputs regulated 5-
V at the VCC pin. The VCC will get the source from VIN.

Both VCC and BT should have enough voltage to enable
SC87550AQ. A high-quality ceramic cap of 2.2uF or
higher is required between this pin and AGND.

10.4 Input Undervoltage Lockout

When the input voltage is above than 4.5V, the SC87550AQ
can be enabled by pulling EN pin to a high voltage above
1.32V. When it starts running, SC87550AQ couldn’t be
disabled until the input voltage is below 4.3V.

10.5 EN Control

The SC87550AQ has an enable control pin(EN). The
voltage on the EN pin controls the ON/OFF operation. A
voltage of less than 0.96V shuts down the device, while a
voltage of greater than 1.32V is required to start the device.
EN pin has internal 6pA pull-up.

SC87550AQ EN is a high voltage pin, it can be connected
to VIN directly or through resistor. It could establish a
precision system UVLO level by inserting a resistor. An
external logic signal can also be used to drive EN input for
system sequencing and protection.

10.6 Soft Start

The integrated soft-start circuit prevents input inrush current
and the input power supply. Soft start is achieved by slowly
ramping up the internal reference voltage when the device
is first enabled or powered up.

10.7 Output Current Limit and Hiccup

The output current limit is programmable from OA to 6.35A
by placing a 10mQ current sensing resistor between ISNS+

pin and the ISNS- pin. If lout current exceeds the set
constant current limit threshold in PPS mode, SC87550AQ
will enter constant current limit mode. In this mode the
current amplitude is limited. As the reducing of load
resistance, output voltage drops. Once the output voltage is
lower than 2.7V, SC87550AQ will enters hiccup mode to
periodically restart the part. The SC87550AQ exits hiccup
mode once the output voltage is higher than 3V.

10.8 Switching Current Limit

SC87550AQ provides valley current limit in buck mode and
peak current limit in boost and buck-boost mode by sensing
LS-FET current. In buck mode, the next period won'’t start
before IL drops to the valley current limit, which prevents
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inductor current runaway during short circuits on the output.
In boost or buck-boost mode, SWC peak current limit works
as a threshold.

10.9 Output Over-Voltage Protection

SC87550AQ has output overvoltage protection, When the
output voltage at the VOUT pin is detected above 24.8V
typically or the output voltage is higher than 120% of Vrer,
the SC87550AQ turns off both high-side switches and low-
side switches. The discharge path from VOUT pin to ground
will turn on. If the VOUT pin voltage drops to 115% of Vrer,
the device will return to normal operation.

10.10 Input Over-Voltage Protection

SC87550AQ has Input over-voltage protection. If the input
voltage is higher than VIN OVP rising threshold (typical
29.5V), the SC87550AQ turns off both high-side switches
and low-side switches. When the input voltage drops to VIN
OVP falling threshold (typical 28.3V), the chip returns to
normal operation. VIN OVP is controlled by 12C or OTP trim.

10.11 Switching Frequency and Spread
Spectrum Function

SC87550AQ frequency could be selectable at 280kHz,
420kHz and 560kHz with a 2-bit FREQ register. Normally a
420kHz frequency is recommended. SC87550AQ has a
frequency spread spectrum function, which could help
minimize the peak emissions. SC87550AQ uses a triangle
wave to modulate the internal oscillator, whose frequency is
1/128 of the switching frequency. The frequency span of the
spread spectrum operation is 8%.

10.12 Shutdown and Load Discharge

When EN pin voltage is pulled down below 0.96V, the
SC87550AQ is in shutdown mode and all functions are
disabled. All internal registers are reset to default values.
SC87550AQ integrates output discharge function when the
output voltage needs to be discharged to the goal voltage.

10.13 Output Line Drop Compensation

SC87550AQ is capable of compensating an output voltage
drop, which is helpful when there is high impedance at the
output side. The compensated voltage is impacted by the
output current, sense resistors and the line drop
compensation gain. Refer to the register map description for
detail line drop compensation amplitude.

10.14 Thermal Shutdown

SC87550AQ is protected by a thermal shutdown circuit that
shuts down the device when the internal junction

temperature exceeds 165C(Typical). The internal soft-start
circuit is reset but all internal registers values remain
unchanged. The DCDC portion will automatically restarts
when the junction temperature drops below the thermal
shutdown hysteresis.

10.15 CC Interface

SC87550AQ use the function of the configuration channel
(CC1/CC2 pin) to detect connections and configure the
interface across the USB Type-C cables. The detection
concept is based on being able to detect terminations in the
product. To define the functional behavior of CC, a pull-up
resistor (RP) and pull-down resistor termination model is
used ad below. A pull-up termination can be replaced by a
current source.

Source monitors Sink monitors for

for connection connection
mmmmm -
\ ! l /
Rp | ?_\/\R/\D/
! |
I
| ‘b_\/\/\/i
v S
I

Source monitors Sink monitors for
for connection connection

Figure 10-1 USB Type-C Connection
10.16 DPDM Interface

The SC87550AQ contains DPDM interface. The DPDM
interfaces are available for USB-A port applications or Type-
C port applications. It supports Apple-3A, 1.2V/1.2V Mode,
BC1.2 DCP/CDP, HVDCP, QC2.0, QC3.0, FCP.

SC87550AQ supports Apple-3A mode, which broadcasts
2.7V voltage on DP and 3.3V voltage on DM pin with 30kQ
output impendence.

If a BC1.2 device is attached, SC87550AQ operates in
1.2V/1.2V and DCP mode, which complies with the BC1.2
specification. SC87550AQ shorts DP and DM pin through a
20Q resistor.

SC87550AQ supports HYDCP mode for some high voltage
protocols. Under HYDCP mode, DP and DM can check the
voltage by internal comparators or detect some proprietary
fast charging protocols such as FCP, QC2.0 or QC3.0.

SC87550AQ also supports BCl1l.2 CDP (Charging
Downstream Port) handshaking as well. It can be enabled
by 12C or OTP (Set CDP_EN="1b").
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10.17 VCONN Switch

SC87550AQ features a 20mA VCONN power with a fixed
Overcurrent Protection (OCP) of 35mA.

The IC supports electronically marked cables assembly for
more than 3A power delivery. By default, passive cables
support up to 3A. The IC can check the cable types through
internal CC comparators. If an e-marker cable is detected,
the IC supplies the cable with VCONN and communicates
with it to check the cable current ratings. Therefore, source
power supply advertises any PDO if cable is identified as
able to sustain such current. Refer to PD specification, the
IC supports up to 5A power delivery application.

When VCONN switch is turned on, SC87550AQ will
continuously monitor current on CC pin. If VCONN output
current is above 35mA, VCONN switch is turned off.

10.18 USB PD Protocol

The IC provides USB PD physical layer for PD protocols
communication. The USB-PD Physical Layer consists of a
transmitter and receiver that communicate BMC-encoded
data over the CC channel based on the PD 3.1 standard.
Once the insertion direction of Type-C port is detected by
CC comparator, the IC can select either CC1 or CC2
channels to send and receive PD packets. All processes of
PD communication are controlled by state machine.

10.19 LED PWM Driver

The GPIO2 pin can be configured as a PWM output to drive
an LED. By default, it is 25kHz, with a 50% duty cycle PWM
and a maximum 15mA capability.

The PWM duty cycle can be set between 0% and 100%
(with a 1% resolution) through the 12C.

10.20 En Off Time

SC87550AQ has a configurable EN off time. When the EN
pin is pulled low, the device will operate at full functionality
until the timer ends. The maximum EN off delay is 120
minutes. If the EN pin is pulled high within this time, the
counter will reset.

10.21 Current Monitor Output

When the GPIOL1 pin is set to IMON, SC87550AQ senses
the average load current through a current-sense resistor.
The IMON amplifier outputs a voltage signal on the GPIO1
pin. This signal is amplified from the voltage difference
between the ISEN+ and ISEN - pins. It is recommended to
place a 4.7nF+4.7kQ filter on the GPIOL1 pin (see Figure 10-
2). The minimum load that IMON can recognize is 0.2A.

4.70F SC87550AQ

4.7kQ
IMON —\ A\
GPIO1/IMON

Figure 10-2 IMON Connection

The relationship between IMON voltage and load current
can be calculated with Equation (1):

Vimon = Gain X IpyT X Rsensg (¢Y)]

Where the Gain is 30V/V, and Rsense is 10mQ. When PFM
mode is set up, the IMON function can only work normally
when the part enters CCM.

10.22 Battery Short to Ground Protection
Driver

SC87550AQ integrates a gate driver to realize the battery
short to ground protection. Once the output ground short to
battery, SC87550AQ sensed the voltage across exceeds
200mV, VGATE pin will be pulled low and isolate MOSFET
will be turned off. When battery short to ground happened,
DCDC will also be turned off. Figure 10-3 shows the battery
to ground short driver.

GPIO1_GATE [

PGND ISENS- ISENS+

BAT_GND
NN\ —
10mQ

Figure 10-3 Battery Short-to-Ground Driver
10.23 NTC Function

When the GPIO2 pin is set to the NTC function, the device
compares the NTC voltage to Vrer (0.5V Typical). If the NTC
voltage is below the threshold, the device will either shut
down or reduce the PD power. The response can be
selected via NTC_MODE.

o
+—1
-

If NTC_MODE is setto 1, OTW2_NTC_PDP determines the
value to which PD power should be reduced. See Table 1
for more detalils.

PD power of NTC status can also be configured via one-
time-programmable (OTP) memory by
OTW2_NTC_PDO_SELECT in Table 2.
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If the NTC voltage rises above the recovery threshold, the
device recovers to a normal state. The 12C or OTP can set
one of two NTC recovery hysteresis values.

10.24 NTC2 Function

When the GPIO1 pin is set to the NTC2 function, the device
compares the NTC2 voltage to Vrer (0.5V Typical). If the
NTC2 voltage is below the threshold, the device will reduce
the PD power. PD power rating drops to the value set by
PS_PDP. Table 1 shows the PDO / APDO voltage and
current.

PD power of NTC2 status can also be configured via OTP
by POWER_SHARE_PDO_SELECT in Table 2.

If the NTC2 voltage rises above the recovery threshold, the
device recovers to a normal state. NTC_HYSTERESIS sets
the hysteresis, which is also sets the hysteresis for the
GPIO1 pin’s NTC function.

If GPIO2 is set to the power share function while GPIO1 is
set for the NTC2 function, the SC87550AQ enters power
sharing when either NTC2 or GPIO2_POWER_SHARE is
triggered.

10.25 Over Temperature Warning (OTW)
Function

The SC87550AQ senses its die temperature internally. If the
chip’s temperature exceeds the OTW1 threshold, the
SC87550AQ reduces the PD power state to the value set by
OTW1_PDP. Table 1 shows the OTW1_PDP function.

If the die temperature continues increasing and triggers the
second threshold set by OTW2, the SC87550AQ reduces
the PD power to the level set by OTW2_NTC_PDP. The
SC87550AQ waits 16 seconds after the OTW condition is
removed before recovering to a normal PD rating.

PD power of OTW status can also be configured via OTP by
OTW1_PDO_SELECT and OTW2_NTC_PDO_SELECT in
Table 2.

10.26 Low-Battery Operation

During the first VIN start-up, the SC87550AQ is delayed for
1s before detecting VIN. If the SC87550AQ detects that the
battery voltage (its VIN voltage) is lower than the
VBATT_LOW_THLD1 falling threshold for  the
VBATT_LOW_BLK deglitch time, it reduces the PD power
rating according to the set value. Meanwhile,
VBATT_LOWL1 FLAG is set. If there is a PD contract, the
PD engine resends the updated PDO with a reduced PDP.

If the SC87550AQ detects that the battery voltage (its VIN
voltage) is below the VBATT_LOW_THLD?2 falling threshold
for the VBATT_LOW_BLK deglitch time, it reduces the PD
power rating according to the set value. Meanwhile,
VBATT_LOW2_FLAG is set. If there is a PD contract, the
PD engine resends the updated PDO with a reduced PDP.

PD power of Low-Battery status can also be configured via
OTP by VBATT_LOW1_PDO_SELECT and
VBATT_LOW2_PDO_SELECT in Table 2.

If the SC87550AQ detects that the battery voltage (its VIN
voltage) is below the VBATT_LOW_THLD3 falling threshold
for the VBATT_LOW_BLK deglitch time, it shuts down.
When the battery voltage recovers and exceeds the
VBATT_LOW_THLD rising threshold with a 1s digital
deglitch time, the PDO recovers to normal PDP.

There are three battery voltage (VBATT) low thresholds:
VBATT_LOW_THLD1, VBATT_LOW_THLD?2, and
VBATT_LOW_THLDS. During the SC87550AQ’s first start-
up, the internal VBATT_LOW_FLAG default state is 0. The
VBATT_LOW detection circuitry starts to work when a USB
Type-C receptacle is attached; it is reset by UVLO or an EN
shutdown.

10.27 GPIO1 Power Sharel Function

The GPIO1_POWER_SHARE falling threshold is typically
0.5V. If the second SC87550AQ (SC87550AQ-B) detects
that a valid sink is attached in, the first SC87550AQ’s
(SC87550AQ-A) GPIO1_POWER_SHARE pin is pulled
down by the SC87550AQ-B’'s GPIO2_ATTACH pin (see
Figure 10-4).

When the power share function is triggered, the PDO list
and current are determined by PS_PDP. For example, a
3.3V to 21V APDO current rating is can be calculated as
45W [ 21V = 2.1A.

VCC-A vee-B
SC87550AQ-A SC87550AQ-B
10kQ 10kQ
GPIO1_POWER_ GPIO1_POWER_
SHARE SHARE
GPIO2_ATTACH GPIO2_ATTACH

Figure 10-4 GPIO1 Power Share Connection Between
Two SC87550AQs

10.28 GPIO2 Power Share2 Function

The GPIO2_POWER_SHARE rising threshold is typically
1.87V(VTH_PS_R). When the GPIO2 pin is set for the
power share function, and the SC87550AQ-A detects that
its GPIO2 voltage exceeds VTH_PS_R, the power share
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function is triggered. The PDO list and current is determined
by PS_PDP (see Table 1).

The SC87550AQ exits the power sharing status after the
GPIO2 voltage drops below VTH_PS_F (typically 1.67V).
Figure 10-5 shows the GPIO2_POWER_SHARE
connection block. When VBUS exceeds 11.2V, the power
share function is triggered.

PD power of Power Sharel and Power Share2 status can
also be configured via OTP by
POWER_SHARE_PDO_SELECT in Table 2.

SC87550AQ-A
VBUS [}

SC87550AQ-B

] vBus

GPIO2_POWER_
SHARE
1

GPIO2_POWER _
SHARE
[}

20kQ 100kQ 100kQ 20kQ

IanF IlOnF

Figure 10-5 GPIO2 Power Share Connection Between
Two SC87550AQs

10.29 12C Interface

10.29.1 12C Interface

The IC features 12C interface, so the MCU or controller can
control the IC flexibly. The default 7-bit I2C address of the
chip is 0x61. The SDA and SCL pins are open drain and
must be connected to the positive supply voltage via a
current source or pull-up resistor. When the bus is free, both
lines are HIGH. The 12C interface supports both standard
mode (up to 100kbits) and fast mode (up to 400Kk bits with 5
kQ pull up resistor at SCL pin and SDA pin respectively).

10.29.2 Data Validity

The data on the SDA line must be stable during the HIGH
period of the clock. The HIGH or LOW state of the data line
can only change when the clock signal on the SCL line is
LOW. One clock pulse is generated for each data bit
transferred.

SDA / X \
se. o \

data line change
stable; of data
data valid allowed

Figure 10-6. Bit transfer on the 12C bus

10.29.3 START and STOP Conditions

All transactions begin with a START (S) and are terminated
by a STOP (P). A HIGH to LOW transition on the SDA line
while SCL is HIGH defines a START condition. A LOW to
HIGH transition on the SDA line while SCL is HIGH defines
a STOP condition.

START and STOP conditions are always generated by the
master. The bus is busy after the START condition. The bus
is free again a certain time after the STOP condition.

SV N Ve

r——- r——-
I
| |
| I
I
|
I
|
I

START condition STOP condition

Figure 10-7. START and STOP conditions
10.29.4 Byte Format

Every byte put on the SDA line must be eight bits long. The
number of bytes that can be transmitted per transfer is
unrestricted. Each byte must be followed by an
Acknowledge bit. Data is transferred with the Most
Significant Bit (MSB) first. If a slave cannot receive or
transmit another complete byte of data until it has performed
some other function, for example servicing an internal
interrupt, it can hold the clock line SCL LOW to force the
master into a wait state. Data transfer then continues when
the slave is ready for another byte of data and releases
clock line SCL.

o | L/ XX/ OO -

| Ms8 acknowledgement

acknowledgement | Sr|
| signal from slave |

signal from receiver |

St lseesel N1\ S2\____/S7\ S 9 1 2 308 I'srorp |
- ACK t ATK - ’
START or
L clock line heid Low repeated START

repeated START byte complete,

condition interrupt within slave while interrupts are serviced ‘condition

Figure 10-8. Data transfer on the 12C bus

10.29.5 Acknowledge (ACK) and Not Acknowledge
(NACK)

The acknowledge takes place after every byte. The
acknowledge bit allows the receiver to signal the transmitter
that the byte was successfully received and another byte
may be sent. During data is transferred, the master can
either be the transmitter or the receiver. No matter what it is,
the master generates all clock pulses, including the
acknowledge ninth clock pulse.

The transmitter releases the SDA line during the
acknowledge clock pulse so the receiver can pull the SDA
line LOW and it remains stable LOW during the HIGH period
of this clock pulse.
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When SDA remains HIGH during this ninth clock pulse, this
is defined as the Not Acknowledge signal. The master can
then generate either a STOP condition to abort the transfer,
or a repeated START condition to start a new transfer.

10.29.6 The slave address and R/W bit

Data transfers follow the format shown in below. After the
START condition (S), a slave address is sent. This address
is seven bits long followed by an eighth bit which is a data
direction bit (R/W) — a ‘zero’ indicates a transmission
(WRITE), a ‘one’ indicates a request for data (READ). A
data transfer is always terminated by a STOP condition (P)
generated by the master. However, if a master still wishes
to communicate on the bus, it can generate a repeated
START condition (Sr) and address another slave without
first generating a STOP condition.

Y N
i s P
SR | | — [— [N

START ADDRESS RW ACK DATA ACK DATA ACK STOP
condition condition

Figure 10-9. complete data transfer

MSB LSB

T T T T T T —
| |~ |

1 1 1 Il 1 1

\— slave address g

Figure 10-10. The first byte after the START procedure

10.29.7 Single Read and Write

Slave Address Reg Address Data
‘ s ‘ (7 bits) W) ‘ACK(‘”‘ (8 bits) ACK(O)‘ (@bis) ‘ACK(O}‘ P ‘
. from master to slave from slave to mater
Figure 10-11. Single Write
Slave Address Reg Address Slave Address
| s | (7 bits) | W0y ACK(D)| 8 bits) ACK(0)| & | @ bits) R(1) | ACK(0) | -
| o ‘mcx:1)| P |

(8 bits)

from master to slave

from slave to mater

Figure 10-12. Single Read

If the register address is not defined, the IC send back
NACK and go back to the idle state.

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 31



@

southcip  SOUTHCHIP SEMICONDUCTOR SC87550AQ DATASHEET

Figure 10-13 shows the PDP state machine.

Type-C Attached

| PD Register Setting

¢ Send SRC_CAP

| PD contract established

Any event is
triggered?

4 No ) 4
GPIO power OTW2 or NTC Battery low
P OTW1 entered voltage
share entered entered
entered
Yes Yes Yes
No Y VBATT_LOWS|
NTC2 entered
VBATT_LOW2 VBATT_LOWY|
Yes
A4 Y Y Y A4 A4
Reduce PDO to Reduce PDO to Reduce PDO to Shutdown Reduce PDO to Reduce PDO to
PS_PDP OTW1_PDP OTW2_NTC_PDP VBATT_LOW2_PDP VBATT_LOW1_PDP

| | | | | |
!

Compare which active
PDP is smallest

v

Resend SRC_CAP Based on
the smallest PDP

Figure 10-13 PDP State Machine
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11 Application Information

11.1. Capacitor Selection

SC87550AQ has three frequency options of 280kHz /
420kHz/ 560kHz. The high capacitance polymer capacitor
or tantalum capacitor can be used for input and output but
capacitor voltage rating must be higher than the highest
operating voltage with enough margin. The high frequency
characteristics of these capacitors are not as good as
ceramic capacitor, so at least 10uF ceramic capacitor
should be placed in parallel to reduce high frequency ripple.

11.2. Inductor Selection

When selecting inductor, the inductor saturation current
must be higher than the peak inductor current with enough
margin (20% margin is recommended). Normally 2.2 pH to
10 pH inductor is recommended here.

The peak inductor current can be calculated as:

Vour (Vin - Vour)
2:-Fgw'LVin'n

Iy ppax = lour * (Vin>Your) )

Vin'Vour-Vin'n) 3)
I ppak = Iv % (Vin<Vour)

n is the power conversion efficiency. User can use 95% for
calculation.

Fsw is the switching frequency
L is the inductor value

The inductor DC resistance value (DCR) affects the
conduction loss of switching regulator, so low DCR inductor
is recommended especially for high power application. The
conductor loss of inductor can be calculated roughly as

P, pc = I?*DCR 4)

IL is the average value of inductor current.

Besides DC power loss, there are also inductor AC winding
loss and inductor core loss, which are related to inductor
peak current. Normally, higher peak current causes higher
AC loss and core loss. The user can consult with the
inductor vendor to select the inductors which have small
ESR at high frequency and small core loss.

11.3. Current Sense Resistor

The ISNS+ and ISNS- are current sense resistors. 10 mQ
should be used to sense the current (10 mQ supports higher
battery current limit accuracy, and 5 mQ supports higher

efficiency). Resistor of 1% or higher accuracy and low
temperature coefficient is recommended.

The resistor power rating and temperature coefficient should
be considered. The power dissipation is roughly calculated
as P=I°R, and | is the highest current flowing through the
resistor. The resistor power rating should be higher than the
calculated value.

Normally the resistor value is varied if the temperature
increased and the variation is decided by temperature
coefficient. If high accuracy of current limit is required, select
lower temperature coefficient resistor as much as possible.

11.4. BOOT Capacitor Selection

The SC87550AQ requires a bootstrap capacitor connected
between the BOOT pin and the SW pin. This capacitor
stores energy that is used to supply the gate drivers for the
high-side power MOSFET. A high-quality (X7R) ceramic
capacitor of 100nF and at least 50V is recommended.

11.5. BOOT Resistor Selection

A BOOQT resistor and capacitor can be connected in series
between the BOOT and SW pins. Unless EMI for the
application being designed is critical, Reoot can be shorted.
To maximize efficiency, 0 Q is chosen for this example.
Under most circumstances, selecting an Reoot resistor
value above 20Q is undesirable since the resulting small
improvement in EMI is not enough to justify further
decreased efficiency.

11.6. VCC

The VCC pin is the output of the internal LDO used to supply
the control circuits of the converter. This output requires a
2.2uF, 16V ceramic capacitor connected from VCC to GND
for proper operation. Avoid loading this output with any
external circuitry.

11.7. External MOSFET Selection

The IC integrates four power MOSFETs. When the total
power does not exceed 65W, there is no need to use an
external MOSFET (Buck High Side Q1). When the total
power exceeds 65W, an external MOSFET Q1 needs to be
added.

The Vbs of MOSFET should be higher than the highest
operating voltage with enough margin (recommend more
than 10V higher).

The MOSFET current Io should be higher than the highest
battery current with enough margin.
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To ensure the sufficient current capability in relatively high

temperature circumstance, the current rate at Ta=70°C or Tc

= 100°C should be considered. In addition, the power

dissipation value Pp should also be considered and higher
Po is better in applications. Make sure that MOSFET power
consumption must not exceed Pp value.

The MOSFET Robs(on) and input capacitor Ciss impact power
efficiency directly. Typically, lower Rpsony MOSFET has
higher Ciss. The Rops(ony is related to conduction loss. Higher
Rbson results in higher conduction loss, thus lower efficiency
and higher thermal dissipation; the Ciss is related to
MOSFET switch on/off time, and longer on/off time results
in higher switching loss and lower efficiency. The proper
MOSEFT should be selected based on tradeoff between the
Robs(on) and Ciss.

If high Ciss MOSFET is selected, the switching on and off
time become longer, then the dead time should be adjusted
to avoid simultaneous turn on for both high side and low side
MOSFETSs.

11.8. Driver Resistor and SW Snubber
Circuit

To adjust MOSFET switching time and switching overshoot

for EMI debugging, it is recommended to add series resistor

for gate driving signal (HS_G to MOS gate), and RC snubber
circuit at SW1 and SW2

The driver resistor should be placed near MOS. At first, use
0Q resistors; if switching overshoot is big, increase the
resistor value to slow down the switching speed. It is
suggested to keep the resistor value < 10 Q. While the
switching speed gets slower, the default dead time may not
be enough to avoid overshoot of the power MOSFETSs. So if
higher than 10Q is needed, user should increase the dead
time if necessary.

The RC snubber circuit at SWx node is also helpful in
absorbing the high frequency spike at SWx node, so to
improve EMC performance. User can leave RC components
as NC at the beginning, and adjust the value to improve the
EMC performance if necessary. Normally user can try 2.2Q
and 1nF for the snubber. If EMC should be improved further,
reduce the resistor value (like 1 Q or even lower) and
increase the capacitor value (like 2.2nF or even higher).
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12 Layout Guide

The PCB layout is critical to get the optimal performance and
thermal dissipation. For SC87550AQ, the loop consisting of
VIN-SW1-GND and SW2-VOUT-GND is the most important.
Poor layout means larger parasitic parameters and noise.
Generally, to reduce the PCB inductance, the area of this
loop must be small, and the trace must be wide. Figure 12-
1 shows a recommended layout.

1. The 1uF ~ 4.7uyF capacitors connected at VCC pins
should be placed near the IC, and their ground connection
to the ground pins should be as short as possible.

2. Put lout current sense resistor and bulk capacitor at Vout
side as close as possible.

3. The current sense traces should be connected to the
current sense resistor’s pads in Kelvin sense way as below,
and routed in parallel (differential routing), and add filter for
each current sense near the IC.

[o] m=

L EN |
Hs

C87550Q
c220
V1.6

|
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|
| |o| =m
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|
o

(DA o LIRS

Rl K W

| [

correct wrong

RSNSx

copper W ( copper

Should NOT connect to coppers of
power path

Rsnsx

copper copper

Must connect to resistor pads
(Kevin Sense)

4. Place PGND vias close to PGND pin and under the IC’s
body.

5. Place the ceramic capacitors as close to VIN/PGND and
VOUT/PGND pin as possible, especially the small package
size (recommend 0603) bypass capacitor.

6.Connect a large ground plane to GND on all layers. Add
vias near GND if there are several ground planes on
different layers.

7. If an Reoort1 or Reoot2 resistor is used, place it as close as
possible to BT1 or BT2 pins. If high efficiency is desired,
RBoot can be shorted.

8.The VIN, SW1, SW2, VOUT and GND paths must be wide
and short enough to reduce any voltage drops on the input
or output paths of the converter.

9. The area of SW1-BT1 and SW2-BT2 should be small to
reduce EMC noise.

(a) Top Layer
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(c) GND2 Layer
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C87550Q
c220
V16

(d) Bottom Layer

Figure 12-1 Layout Example
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13 Typical Application Circuits

VIN 150y
4.5-36V°o— L
(20.5VOVP) T

: optional
4.7uH

C5 RS

C6A c7 cs
4.7yF*2 10pF*2 0.1uF*2  100pF  10uF

CC1CC2 DP DM

24V TVS

C6B  C6C

4 L
pre— L1 1

17 L L

USE_GND.
SC87550AQ out
P DM R7 530 <
) DP A% o
GPIO2 o
cc1 AN '
Rurct cc2 App— 22 350 o
4.79kQ at riz riozso | I [ T
100C SCL 23.2k0
SDA GPIO1 vce

RNTCZ =
- +
AGND PGND ISENS- ISENS 2 520K0) ot 5%]6?)F
100C

AN —
— g — Rs 10mQ

Figure 13-1 SC87550AQ 60W PD Application
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S c2 R1 c3
s 100nF inF
VIN o h CC1CC2 DP DM
4.5-36V = .J-. L
optional -
(29.5V OVP) { 1 {} {} e
= VIN HS_G BT1 ¢ 24V TVS
Swi
EN C6A C6B c6C Cc7 c8
4.7uF*2 10uF*2 0.1yF*2  100pF 10pF
SW2
vee JE—— 4 T 1T 1L L

100nF  0Q

USB_GND
SC87550AQ-A our Veus:
DM =
DP R7 33Q 3
GPIO2 ®
cc1 Rg,\é\;;) R8 330 b
Ccc2 9]

SCL
SDA GPIO1
AGND PGND ISENS- ISENS+

[

WAA
rit Rriosso_1 . | [ T
23.2kQ

!

AMN—
Rs 10mQ

Config the GP102
pin for the power
share function

optional

1nF H
: CC1CC2 DP DM

4.7pH

24V TVS

AGND PGND IS'ENS— ISENS+

T

HS G BT1
SwWi1i
Cl19A CI19B C19C  C20 C21
470F"2 104F*2 OpF<2  100pF 10pF
SW2
o me I T 1T L L
100nF 00
¥ TTT|IT T
= T T |useenn
SC87550AQ-B our Vaus
DM AAN 4
DP R18 330 S
GPIO2 D
ce1 RZ%\{(\)R 9330 .
R °
SCL 23.2kQ p————
SDA GPIO1 vCC l

C23
560pF 560pF  1n

ANN—
_é_ Rs 10mQ

USB_GND2 ‘7

Figure 13-2 SC87550AQ Dual-Channel 45W PD Application with GPIO2_POWER_SHARE 1@

Notes:

(1) See figure10-6 for the GPIO2 power share PDP management. Veus exceeds 11.2V to trigger power share function (GP102

input voltage > 1.87V).

(2) TVS diodes are required to pass the +8kV contact and £15kV air discharge per IEC ESD specifications.
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14 Register Maps

Tablel SC87550AQ Register Maps

The 7-bit 12C address of the chip is 0x61H Default

(ﬁ";g) Name RIW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
0x00 | PDO_SET1| RW RESERVED PDO7_EN* | PDO6_EN* | PDO5_EN* | PDO4_EN* | PDO3_EN* | PDO2_EN*
oxo1 | PDO_SET2 | RW RESERVED PDO7:TYPE PD06:TYPE PDOSITYPE PDO4:TYPE PDOSITYPE PD02:TYPE
0x02 | HOST_SET | RW RESERVED

0x03 | PDO_I1 | RW PDO1_CUR_SET [7:0] * (3A DEFAULT)

0x04 | PDO_V2L | RW PDO_V2_L[7:0] * (9V DEFAULT)

0x05 | PDO_V2H | RW PDO_V2_H[7:0] * (0x00)

0x06 | PDO_I2 | RW PDO2_CUR_SET [7:0] * (3A DEFAULT)

0x07 | PDO_V3L | RW PDO_V3_L[7:0] * (15V DEFAULT)

0x08 | PDO_V3H | RW PDO_V3_H[7:0] * (0x00)

0x09 | PDO_I3 | RW PDO3_CUR_SET [7:0] * (3A DEFAULT)

OXOA | PDO_VAL | RW PDO_V4_L[7:0] * (20V DEFAULT)

0xOB | PDO_V4H | RW PDO_V4_H[7:0] * (0x00)

0x0C | PDO_ 14 | RW PDO4_CUR_SET [7:0] * (3A DEFAULT)

0x0OD | PDO_V5L | RW PDO_V5_L[7:0] * (3.3V DEFAULT)

OXOE | PDO_V5H | RW PDO_V5_H[7:0] * (11V DEFAULT)

OXOF | PDO_I5 | RW PDO5_CUR_SET [7:0] * (3A DEFAULT)

0x10 | PDO_V6L | RW PDO_V6_L[7:0] * (3.3V DEFAULT)

0x11 | PDO_V6H | RW PDO_V6_H[7:0] * (16V DEFAULT)
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0x12 | PDO_I6 | RW PDO6_CUR_SET [7:0] * (3A DEFAULT)

0x13 | PDO_V7L | RW PDO_V7_L[7:0] * (3.3V DEFAULT)

0x14 | PDO_V7H | RW PDO_V7_H[7:0] * (21V DEFAULT)

0x15 | PDO_I7 | RW PDO7_CUR_SET [7:0] * (3A DEFAULT)

0x16 | PD_CTL1 | RW | CDP_EN* LEGggE:g:f[?%']'\iG—M U?\ﬁgAOT'\fE'\fU NTC—'SL—R TOUCH TEMP[1:0] * C_TJSE'E*

0x17 | PD_CTL2 | RW | HDRST usB TOUCH CURRENT[2:0] * COMPLIANCE[2:0] *
SUSPEND*

0x18 PWRECTRL RW EN MODE* FREQ[1:0] * DITHER* |LINE_DROP_COMP[1:0] * SLEV;;RAT

0x19 PWR—;TRL RW | EN_VBUS PPSE'\L",[N—S OTW1_THRESHOLD[2:0] * OTP_THRESHOLD[2:0] *

Ox1A | VOUTL | RW VOUT_L[7:0]

0x1B | VOUTH | RW RESERVED VIN_OVP[1:0] * VOUT_H[1:0]

0x1C | IOUT_LIM | RW |RESERVED IOUT_LIM[6:0] *

0x1D | CTL_SYSO | RW RESERVED GO_BIT

Ox1E | CTL_SYS1 | RW SE'\'CTKS RC | REsERVED EN_OFF_TIMER[1:0] * I2C_SLAVE_ADDRESS[3:0] *

Ox1F | CTL_SYS2 | RW GPIO1[2:0] * GPIO2[2:0] * 'ZSG%T'EEV RSNS *

0x20 | CTL_SYS3 | RW PS_PDP[7:0] *

0x21 | CTL_SYS4 | RW PS_PDP_SEL[7:0] *

0x22 | CTL_SYS5 | RW |RESERVED PPS—fA—E’A OC_BLANK_TIMER[2:0] * BB2T_REG* PD—CAP—FTJEA:(;—CURREN

0x23 | CTL_SYS6 | RW VBATT_LOW1_PDP[7:0] *

0x24 | CTL_SYS7 | RW VBATT_L1_PDP_SEL[7:0] *

0x25 | CTL_SYS8 | RW VBATT_LOW2_PDP[7:0] *

0x26 | CTL_SYS9 | RW VBATT_L2_PDP_SEL[7:0] *
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0x27 |CTL_SYS10| RW OTW1_PDP[7:0] *
0x28 |CTL_SYS11| RW OTW1_PDP_SEL[7:0] *
0x29 |CTL_SYS12| RW OTW2_NTC_PDP[7:0] *
Ox2A |CTL_SYS13| RW OTW2_NTC_PDP_SEL[7:0] *
0x2B |CTL_SYS14| RW VBATT_LOW_THLD1[3:0] * VBATT_LOW_THLD2[3:0] *
0x2C |CTL_SYS15| RW VBATT_LOW_THLD3[3:0] * VBATT_LOW_BLK[1:0] *| VCONN_OCP_BLK*
0x2D |CTL_SYS16| RW RESERVED OTW2_THRESHOLDI[2:0] * \I/:’C_:EE_NS_\((DI\(I:
Ox2E |CTL_SYS17| RW | PEAK_CL* INCC_BLK* NTEEI;:(SS*TE NTC_MODE* VOUT OVP*| VBUS_VOLTAGE[1:0] *
0x2F [CTL_SYS18| RW |RESERVED LED_PWM_DUTY][6:0] *
0x30 | STATUS1 R ATTACHED NTCZEENTE POL SH?S_TI_—VB FAULT g/'l?,b(\?l"\lljl\é CC_CV [NTC_ENTER
0x31 | STATUS2 R \\/I\?J'.O\_-FFZITALC(%) \\//S;_-I'—:TL;J:GO OTW1 OoTW2 SELECTED_PDO_INDEX[2:0] PDO_TYPE
0x32 | STATUS3 R Contract Power[7:0]
0x35 | FW_REV R Reserved CABI;E—CA Reserved
0x36 MA)é—UF;EQ— R MAX_REQ_CUR([7:0]

Note: All *registers are OTP programmable
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Address 0x00H: PDO SET1

Bit

Type |

Bit Name

Default

| Description

7:6

NA

R/W

PDO7_EN

1b

PDO7 enable setting.
Ob: The output is off;
1b: The output is on.

R/W

PDO6_EN

Ob

PDOG6 enable setting.
Ob: The output is off;
1b: The output is on.

R/W

PDO5_EN

Ob

PDOS5 enable setting.
Ob: The output is off;
1b: The output is on.

R/W

PDO4_EN

1b

PDO4 enable setting.
Ob: The output is off;
1b: The output is on.

R/W

PDO3_EN

1b

PDO3 enable setting.
Ob: The output is off;
1b: The output is on.

R/W

PDO2_EN

1b

PDO2 enable setting.
Ob: The output is off;
1b: The output is on.

Address 0x

01H: PDO_.

SET2

Bit

Type

Bit Name

Default

Description

7:6

RESERVED

R/W

PDO7_TYPE

1b

PDO7 type setting.
Ob: Fixed PDO;
1b: APDO.

R/W

PDO6_TYPE

1b

PDO6 type setting.
0Ob: Fixed PDO;
1b: APDO.

R/W

PDO5_TYPE

1b

PDOS5 type setting.
0Ob: Fixed PDO;
1b: APDO.

R/W

PDO4_TYPE

Ob

PDO4 type setting.
0Ob: Fixed PDO;
1b: APDO.

R/W

PDO3_TYPE

Ob

PDO3 type setting.
0Ob: Fixed PDO;
1b: APDO.

R/W

PDO2_TYPE

Ob

PDO2 type setting.
Ob: Fixed PDO;
1b: APDO.

Address 0x03H: PDO 11

Bit

Type

Bit Name

Default

Description

7:0

R/W

PDO1_CUR_SET

0x96

PDO1's maximum output current setting in 20mA units. Default
is 3A. or "0x96". When this bit is set >3A, will check the cable
current rating firstly, if it's 5A, then send with >3A setting; If the
cable is 3A, only send 3A maximum current capability.

Address 0x

04H: PDO_V2_L

Bit

Type

Bit Name

Default

Description

7:0

R/W

PDO_V2_L

Ox5A

If the PDO2_TYPE is fixed PDO:
PDO2's output voltage setting in 100mV units. Default is 9V, or
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"Ox5A". The maximum voltage can be set by this register is
22.97

If the PDO2_TYPE is APDO:

Minimum Voltage in 100mV increments

Address 0x05H: PDO_V2 H
Bit Type Bit Name Default Description
. If the PDO2_TYPE is APDO:
70 RIW PDO_VZ_H Ob Maximum Voltage in 100mV increments
Address 0x06H: PDO_12
Bit Type Bit Name Default Description
PDO2's maximum output current setting in 20mA units for fixed
PDO; 50mA units for APDO(PPS). Default is 3A and fixed
7:0 R/W PDO2_CUR_SET 0x96 PDO. or "0x96". When this bit is set >3A, will check the cable
current rating firstly, if it's 5A, then send with >3A setting; If the
cable is 3A, only send 3A maximum current capability.
Address 0x07H: PDO_V3 L
Bit Type Bit Name Default Description
If the PDO3_TYPE is fixed PDO:
PDO3's output voltage setting in 200mV units. Default is 15V,
7:0 RIW PDO V3 L 0x96 or "0x96". The maximum voltage can be set by this register is
' - - 22.97V.
If the PDO3_TYPE is APDO:
Minimum Voltage in 100mV increments
Address 0x08H: PDO_V3_H
Bit Type Bit Name Default Description
. If the PDO3_TYPE is APDO:
"0 RIW PDO_V3 H ob Maximum Voltage in 100mV increments
Address 0x09H: PDO_I3
Bit Type Bit Name Default Description
PDO3's maximum output current setting in 20mA units for fixed
PDO; 50mA units for APDO(PPS). Default is 3A and fixed
7:0 R/W PDO3_CUR_SET 0x96 PDO. or "0x96". When this bit is set >3A, will check the cable
current rating firstly, if it's 5A, then send with >3A setting; If the
cable is 3A, only send 3A maximum current capability.
Address OxOAH: PDO_V4_L
Bit Type Bit Name Default Description
If the PDO4_TYPE is fixed PDO:
PDOA4's output voltage setting in 100mV units. Default is 20V,
7:0 RIW PDO V4 L 0XC8 or "0xC8". The maximum voltage can be set by this register is
' - - 22.97V.
If the PDO4_TYPE is APDO:
Minimum Voltage in 100mV increments
Address OxOBH: PDO_V4 H
Bit Type Bit Name Default Description
. If the PDO4_TYPE is APDO:
0 RIW PDO_V4_H 0b Maximum Voltage in 100mV increments
Address OxOCH: PDO_14
Bit Type Bit Name Default Description
PDO4's maximum output current setting in 20mA units for fixed
7:0 R/W PDO4_CUR_SET 0x96 PDO; 50mA units for APDO(PPS). Default is 3A and fixed

PDO. or "0x96". When this bit is set >3A, will check the cable
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current rating firstly, if it's 5A, then send with >3A setting; If the
cable is 3A, only send 3A maximum current capability.

Address OxODH: PDO_V5_L
Bit Type Bit Name Default Description
If the PDO5_TYPE is fixed PDO:
. PDO5's output voltage setting in 100mV units
0 RIW PDO_VS_L 0x32 If the PDO5_TYPE is APDO:
Minimum Voltage in 100mV increments. Default 5V, or "0x32"
Address OxOEH: PDO_V5 H
Bit Type Bit Name Default Description
If the PDO5_TYPE is APDO:
7:0 R/W PDO_V5_H 0X6E Maximum Voltage in 100mV increments. Default 11V, or
"OX6E"
Address OxOFH: PDO_I5
Bit Type Bit Name Default Description
PDO5's maximum output current setting in 20mA units for fixed
PDO; 50mA units for APDO(PPS). Default is 3A and APDO.
7:0 R/IW PDO5_CUR_SET 0x3C When this bit is set >3A, will check the cable current rating
firstly, if it's 5A, then send with >3A setting; If the cable is 3A,
only send 3A maximum current capability.
Address 0x10H: PDO_V6_L
Bit Type Bit Name Default Description
If the PDO6_TYPE is fixed PDO:
. PDO6's output voltage setting in 100mV units
0 RIW PDO_VE_L 0x32 If the PDO6_TYPE is APDO:
Minimum Voltage in 100mV increments. Default 5V, or "0x32"
Address Ox11H: PDO V6 H
Bit Type Bit Name Default Description
If the PDO6_TYPE is APDO:
7:0 R/IW PDO_V6_H 0XAO0 Maximum Voltage in 100mV increments. Default 16V, or
"0xAQ"
Address 0x12H: PDO_16
Bit Type Bit Name Default Description
PDO6's maximum output current setting in 20mA units for fixed
PDO; 50mA units for APDO(PPS). Default is 3A and APDO.
7:0 R/W PDO6_CUR_SET 0x3C When this bit is set >3A, will check the cable current rating
firstly, if it's 5A, then send with >3A setting; If the cable is 3A,
only send 3A maximum current capability.
Address 0x13H: PDO_V7_L
Bit Type Bit Name Default Description
If the PDO7_TYPE is fixed PDO:
. PDO7's output voltage setting in 100mV units
70 RIW PDO_V7_L 0x32 If the PDO7_TYPE is APDO:
Minimum Voltage in 100mV increments. Default 5V, or "0x32"
Address 0x14H: PDO V7 H
Bit Type Bit Name Default Description
If the PDO7_TYPE is APDO:
7:0 R/W PDO_V7_H 0XD2 Maximum Voltage in 100mV increments. Default 21V, or

"0xD2"
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Address Ox15H: PDO_I7

Bit Type Bit Name Default Description

PDO7's maximum output current setting in 20mA units for fixed
PDO; 50mA units for APDO(PPS). Default is 3A and APDO.
7.0 R/W PDO7_CUR_SET 0x3C When this bit is set >3A, will check the cable current rating
firstly, if it's 5A, then send with >3A setting; If the cable is 3A,
only send 3A maximum current capability.

Address 0x16H: PD_CTL1

Bit Type Bit Name Default Description
Select CDP mode.
7 R/W CDP_EN Ob Once this bit is set to “1”, all the DCP/QC/Apple mode are
disabled. Device only works as CDP handshaking mode.
CDP_EN 1 0 0 0
CHARGING_ | X 00 01 10/11
MODE
65 RIW LEGACY_CHARGING Ob TRUTH CDP All Apple Only
_MODE_SEL TABLE Mode | DPDM | mode DCP
Modes | and
1.2v/1.2Vv
mode
USB Communication Capable or not.
4 R/W USB COMMUNICATE Ob Ob: Not support.
1b: Support.
Select NTC, OTW event triggers Type-C 3A or 1.5A mode.
"0Ob" means If PDP<15W, Rp=1.5A; Otherwise, it's 3A Rp.
3 RIW NTC_CTL_RP ob "1b" means when NTC or O?I'W1/OTW2 happens, it's 1.£E>)A
mode.
2:1 R/W TOUCH TEMP 0Ob Set the touch temp default value "00b"

Select 3A or 1.5A Type-C mode.

"0b" means 3A Type-C mode;

0 R/W TYPE-C MODE Ob "1b" means 1.5A Type-C mode.

In 5V@3A Type-C mode, the Rp pull-up current is 330uA and
Rd detection range is 0.85V-2.45V

Address Ox17H: PD_CTL2

Bit Type Bit Name Default Description
Send HardReset command.
7 RIW HDRST ob Ob: normal state.

1b: Send hardreset to Sink. After the HDRST message is sent,
this bit auto reset to "0b".

USB Suspend supported or not.
6 R/W USB SUSPEND 0Ob Ob: Not support.
1b: Support.

Set the touch current bit 0 to bit 2: "000b" for default. D[5]

5:3 R/IW TOUCH CURRENT Ob . .
indicates touch current bit 2.

Set the bit 2, bit 1 and bit O value of Compliance byte. D[2] sets

2:0 R/W COMPLIANCE Ob .
the bit 2 value.

Address 0x18H: PWR_CTL1

Bit Type Bit Name Default Description

12C controlled turn-on or turn-off the part. When external EN
pin is low, the converter is off and 12C is also shutdown. When
7 RIW EN 1b E1N pin is high, the EN bit will take over. The default EN bit is
When set this EN bit to "0", the part is off but the 12C register
doesn't reset. When EN=0, the Type-C logic is off

Ob: enables auto PFM/PWM mode,

6 RIW MODE 1b 1b: set force PWM mode.

5:4 R/W FREQ 1b Set switching frequency:

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 46



«

soutHctip  SOUTHCHIP SEMICONDUCTOR SC87550AQ DATASHEET
00b: 280kHz
01b: 420kHz
10b: 560kHz
Set the spread spectrum feature:
3 R/W DITHER 1b Ob: No frequency spread spectrum;

1b: Enable frequency spread spectrum.

Set output voltage compensation vs load feature:

00b: No compensation

01b: Vout compensates 100mV@3A lout

10b: Vout compensates 300mV@3A lout

11b: Vout compensates 600mV@3A lout

2:1 RIW LINE DROP COMP 00b Above compensation amplitude is fixed for any output voltage.
- - Line drop compensation has a max clamp at 800mV no matter
how large is the output current.

Line drop compensation is disabled once enter PPS PDO for

default IC. The Line drop compensation can be enabled in
PPS PDO through factory OTP trim.

Set output slew rate during adjust VBUS:

Ob: 0.1mV/us VBUS rising slew rate, 0.1mV/us VBUS falling
slew rate;

1b: 1mV/us VBUS rising slew rate, 1mV/us VBUS falling slew
rate;

Vout slew rate=Vref_slew rate*Feedback resistor ratio (20)

0 R/W SLEW_RATE Ob

Address 0x19H: PWR_CTL2

Bit Type Bit Name Default Description

Enable the power converter output directly, even the Type-C
sink device is not attached:
7 R/W EN_VBUS 0b Ob: Default, power converter's on/off status is controlled by
Type-C controller.
1b: Power converted will be enabled.

This bit controls the 3.3V or 5V minimum PPS voltage.
6 R/W PPS_MIN_SEL Ob 0Ob: 5V min PPS voltage application.
1b: 3.3V min PPS voltage application.

Set over temperature warning threshold:

000b: Disable OTW function

001b: 105degC

010b: 115degC

011b: 125degC

5:3 RIW OTW1_THRESHOLD 000b 100b: 135degC

101b: 145degC

110b: 155degC

111b: 165degC

Default value "000"; The OTW warning has 20degC hysteresis

for recover.

Set over temperature shutdown threshold:

000b: 155degC

001b: 165degC

) 010b: 175degC

2:0 R/W OTP_THRESHOLD 010b 011b: 185degC

100-111b: Reserved

Default value "010"; The OTP has 20degC hysteresis for

recover.

Address Ox1A: VOUT_L

Bit Type Bit Name Default Description
Vout=V*20 +2000 mV
70 RIW VOUT L 0x96 V is a 10 bit unsigned binary integer of VOUT[9:0]. V's range is

from 0 to 1023;
The Vout resolution or minimum step is 20mV.

Address 0x1B: VOUT_H

Bit Type Bit Name Default Description
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7:4 RESERVED
00b: disable
3:2 R/W VIN_OVP 10b 01lb: 17.1V

10/11b: 29.5V

Vout=V*20 +2000 mV

1:0 RIW VOUT H ob V is a 10 bit unsigned binary integer of VOUT[9:0]. V's range is
- from 0 to 1023;

The Vout resolution or minimum step is 20mV.

Address 0x1C: IOUT_LIM

Bit Type Bit Name Default Description

7 RESERVED

Buck-Boost output CC current limit setting in 50mA units.

6:0 RIW IOUT_LIM 0x48 Default is 3.6A. or "0x48"

Address 0x1D: CTL_SYSO

Bit Type Bit Name Default ‘ Description

71 RESERVED

Ob: Vout/lout_llimit will not change;

1b: Vout/lout_llimit changes based on VOUT/IOUT_LIM
register setting, after VOUT/IOUT_LIM scaling finishes, this bit
reset to 0 automatically.

0 RIW GO_BIT ob

Address Ox1E: CTL_SYS1

Bit Type Bit Name Default Description
Send Source capability message. Write “1” to this bit can force
7 R/IW SEND_SRC_CAP Ob the SC87550AQ sends Src_cap message, this bit auto resets
to “0” after Src_cap message is sent out.
6 RESERVED

Set different EN off timer. When pull down EN pin, the chip will
delay below timer then shutdown. If EN is pull high during
below counter increasing, the counter will be reset.

5:4 RIW EN_OFF_TIMER 0Ob 00b: no delay;

01b: 20 minutes;

10b: 40 minutes;

11b: 120 minutes.

I2C_SLAVE_ 1b Set 12C slave address

30 RIW ADDRESS I2C slave address is (0x61|(I2C_SLAVE_ADDRESS))(7BIT)

Address Ox1F: CTL_SYS2

Bit Type Bit Name Default Description

Set the GPIO1 pin function:

000b: Power_Share 1 function. Refer to detail description of
power sharing.

001b: GATE function for GND short battery protection drive;
010b: FLT function which indicates a fault has happened when
pull-low. Fault condition includes OCP, OTP,
GND/DP/DM/CCx Short to battery. Open drain output.

OTP: means TSD happens, Fault will be pulled low.

011b: NTC2 function. When this function is selected, the power
share input is controlled by NTC2. NTC_Mode bit doesn’t
control NTC2 behavior. NTC_HYSTERESIS sets the hysteresis.
100/101b: Attach_FLT_ALT. open drain output. It pull-low for
12us at attach rising edge if no fault event occurs. When fault
happens, it pull-low.

111b: Current monitor output. Represent signal between
ISENS+ and ISENS-.

75 R/W GPIO1 011b

Set the GPIO2 pin function:

010b 000b: Independent communication alert, open drain output,
active low.

001b: POL function which indicates the Type-C plug's polarity.

4:2 R/W GPIO2
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Open drain output. When CC1 is selected as CC line, the POL
is pull-low; When CC2 is selected as CC line or unattached,
the POL is open drain.

010b: NTC function. It's an input pin to sense external thermal.
Refer to NTC function description

011b: VCONN_IN function. Apply a 5V/1.5W power supply on
this pin.

100b: LED_PWM Output. It's a 25kHz PWM signal output with
duty cycle adjustable. Refer to LED_PWM_DUTY register.
101b: Attach. To indicate the Type-C port is attached or
unattached. Only high or low two states.

110b: Power_Share 2 function. GPIO2 power share is
triggered when GPIO2 voltage is higher than 1.87V. Refer to

detail description of power sharing.

Enable control of 12C register 0x1A, 0x1B 0x1C and 0x1D:
Ob: Vout and lout limit will not change even send command to
1 R/IW 12C_CTL_VOUT_EN 0Ob VOUT_L, VOUT_H, Go_BIT and ILIMIT. The Vout voltage is
- - controlled by USB PD engine.

1b: Vout changes based on VOUT/lout_CC register setting.

Select the RSNS resistor value
0 R/IW RSNS 1b Ob: 5mR, Current Sense Gain=40, Current Monitor Gain=60,
1b: 10mR, Current Sense Gain=20, Current Monitor Gain=30,

Address 0x20: CTL_SYS3

Bit Type Bit Name Default Description

Those bits set the threshold of PDO power rating reduce to.
When the GPIO (If GPIO is set as Power_SHARE function) is
7:0 R/W PS_PDP 0x3C pull low, the IC’s PD power will reduce to PS_PDP setting.
"0x01" means "0.5Watt";

"OXFF" means "127.5Watt".

Address 0x21: CTL_SYS4

Bit Type Bit Name Default Description

Those bits select which voltage is enabled in the PDO list.
Refer to Address 4. Final PDO current is determined by
PS_PDP. Default is:
5V/9V/15V/20V/3.3-5.9V/3.3V-11V/3.3V-16V

7:0 RIW PS_PDP_SEL OXBE

Address 0x22: CTL_SYS5

Bit Type Bit Name Default Description

7 RESERVED

Set the maximum current of APDO after enter power share,
Vbatt low, OTW or NTC state.

Ob: 3A

1b: 5A - which requires 5A cable.

6 RIW PPS_3A_5A 0Ob

Set the blank time when the output CC over current is reached:
000b: 6.25us

001b: 2ms;

010b: 4ms;

5:3 R/IW OC_BLANK_TIMER 100b 011b: 8ms

100b: 12ms;

101b: 16ms;

110b: 24ms;

111b: 32ms

Set frequency in Buck-boost mode
2 R/IW BB2T_REG Ob Ob: Reduce frequency to half of Buck and Boost mode
1b: keep the same frequency as Buck and Boost mode

Enable/disable peak current 1-3 capability in the
Source_cap_extend message
. PD_CAP_PEAK 00b: Not support
10 RIW _CURRENT Ob 01b: Support peak current 1
10b: Support peak current 1-2
11b: Support peak current 1-3
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Address 0x23: CTL_SYS6

Bit Type Bit Name Default Description
Set the maximum power rating when Vbattery is lower than 1st
7:0 RIW VBATT LOW1 PDP OX5A threshold. PDP will reduce to this setting.
' - - "0x01" means "0.5Watt";
"OxFF" means "127.5Wait".
Address 0x24: CTL_SYS7
Bit Type Bit Name Default Description
Those bits select which voltage is enabled in the PDO list.
7:0 RIW VBATT L1 PDP SEL OXBE Refer to Address 4. Final PDO current is determined by
’ - = = PDP_L. Default is:
5V/9V/15V/20V/3.3-5.9V/3.3V-11V/3.3V-16V
Address 0x25: CTL_SYS8
Bit Type Bit Name Default Description
Set the maximum power rating when Vbattery is lower than 1st
. threshold. PDP will reduce to this setting.
70 RIW VBATT_LOW2_PDP Ox1E "0x01" means "0.5Watt";
"OxFF" means "127.5Watt". Default value is 15W.
Address 0x26: CTL_SYS9
Bit Type Bit Name Default Description
Those bits select which voltage is enabled in the PDO list.
7:0 RIW VBATT L2 PDP SEL OXBE Refer to Address 4. Final PDO current is determined by
' - = = PDP_L. Default is:
5V/9V/15V/20V/3.3-5.9V/3.3V-11V/3.3V-16V
Address 0x27: CTL_SYS10
Bit Type Bit Name Default Description
Set the maximum power rating when die temp is lower than
. threshold. PDP will reduce to this setting.
7 R/W
0 4 OTW1_PDP Ox3C "0x01" means "0.5Watt",
"OxFF" means "127.5Wait".
Address 0x28: CTL_SYS11
Bit Type Bit Name Default Description
Those bits select which voltage is enabled in the PDO list.
7.0 RIW OTW1_PDP_SEL OxBE Final PDO current is determined by PDP_L. Default is:
5V/9V/15V/20V/3.3-5.9V/3.3V-11V/3.3V-16V.
Address 0x29: CTL_SYS12
Bit Type Bit Name Default Description
Set the maximum power rating when die temp is lower than
. threshold. PDP will reduce to this setting.
7 R/W A
0 / OTW2_NTC_PDP 0x5 "0x01" means "0.5Watt"
"OxFF" means "127.5Watt".
Address Ox2A: CTL_SYS13
Bit Type Bit Name Default Description
Those bits select which voltage is enabled in the PDO list.
7:0 RIW OTW2 NTC PDP SEL OXBE Refer to Address 4. Final PDO current is determined by
' — - = PDP_L. Default is:
5V/9V/15V/20V/3.3-5.9V/3.3V-11V/3.3V-16V
Address 0x2B: CTL_SYS14
Bit Type Bit Name Default Description
7.4 R/W VBATT_LOW_THLD1 0x8 Those bits set the threshold of input voltage detection.
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b[3:0] Input Voltage Falling
0x0: This function is disabled
0Ox1: 12.6V

0x2: 12.2V

0x3: 11.8V

0x4: 11.4V

0x5: 11V

0x6: 10.6V

0x7:10.2V

0x8: 9.8V

0x9: 9.4V

OxA: 9V

OxB: 8.6V

OxC: 8.2V

OxD: 7.8V

OxE: 7.4V

OxF: 7V

Those bits set the threshold of input voltage detection
0x0 This function is disabled
Ox1: 11.8V

0x2: 11.4V

0x3: 11V

0x4: 10.6V

0x5: 10.2V

0x6: 9.8V

3.0 R/W VBATT_LOW_THLD2 0oxC 0x7: 9.4V

0x8: 9V

0x9: 8.6V

OxA: 8.2V

OxB: 7.8V

OxC: 7.4V

OxD: 7V

OxE: 6.6V

OxF: 6.2V

Address 0x2C: CTL_SYS15

Bit Type Bit Name Default Description

Those bits set the threshold of input voltage detection. Refer to
detail description of
battery low operation.
b[3:0] Input Voltage Falling
0x0: This function is disabled
0x1: 9.8V
0x2: 9.4V
0x3: 9V
0x4: 8.6V
0x5: 8.2V
OxA 0x6: 7.8V
Ox7: 7.4V
0x8: 7V
0x9: 6.6V
OxA: 6.2V
0xB: 5.8V
0xC: 5.4V
0xD: 5V
OxE: 4.6V
OxF: 4.2V

7:4 RIW VBATT_LOW_THLD3

Set the Vbattery low 1, Vbattery low2 and Vbattery low3 blank
time:

00b: 10ms

01b: 160ms

10b: 320ms

11b: 640ms

3:2 R/W VBATT_LOW_BLK 10b

00b: 3.125 + 3.125

01b: 6.25 + 3.125us

1:0 R/W VCONN_OCP_BLK 10b 10b: 18.75us+ 3.125us

11b: 43.75 + 3.125us

(+3.125 means time till vconn turn-off)

Address 0x2D: CTL_SYS16

Bit Type Bit Name Default Description
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74 RESERVED

Set over temperature warning threshold:

000b: Disable OTW function

001b:105degC

010b:115degC

011b:125degC

100b:135degC

101b:145degC

110b:155degC

111b:165degC

The OTW warning has 20degC hysteresis for recover

31 RIW OTW2_THRESHOLD 0b

ob Ob: vconn ocp en is active after vconn on

0 R/W VCONN_OCP_EN_SYN . i
1b: vconn ocp en and vconn are active together

Address Ox2E: CTL_SYS17

Bit Type Bit Name Default Description

Set the high-side peak current limit in Boost mode
7 R/W PEAK_CL Ob 0b:10.5A
1b:14.5A

Set entering CC loop blanking time
00b: 6.25us

6:5 R/W INCC_BLK 1b 01b: 128us

10b: 400us

11b: 5ms

Set the NTC thermal recovery hysteresis:
Ob: 10%

1b: 20%

This bit controls both NTC and NTC2.

4 RIW NTC_HYSTERESIS 1b

Set the behavior when NTC function is triggered:
3 R/W NTC_MODE 1b Ob: Shutdown.
1b: Reduce PD power to OTW2_NTC_PDP set value.

Set whether the output OVP function is active
2 R/W VOUT OVP 1b Ob: Disable output OVP function
1b: Enable output OVP function

Set default Vgys voltage:

00b: 5.00V;
1.0 R/W VBUS_VOLTAGE 11b 01b: 5.06V;
10b: 5.10V;
11h: 5.16V.
Address Ox2F: CTL_SYS18
Bit Type Bit Name Default Description
7 RESERVED
Set the LED_PWM output duty cycle. Minimum value is 5%,
: R 2 maximum is 100%.
6:0 W LED_PWM_DUTY 0x3 0X05: 5%;

0x64: 100%.

Address 0x30: STATUS1

Bit Type Bit Name Default Description
Sink device is attached or not:
7 R ATTACHED Ob 0Ob: Unattached;

1b: Attached.

NTC2 event is entered or not:

6 R NTC2_ENTER Ob 0Ob: Not enter;
1b: Entered.
Type-C polarity indication:
5 R POL Ob Ob: CC1 is selected as CC line;

1b: CC2is selected as CC line.

Output bus voltage status indication:
Ob: Normal state;

4 R
SHORT_VBATT Ob 1b: DP/DM/CC1/CC2 or USB_GND is shorted with battery
voltage.
3 R FAULT Ob FLT function indicates a fault has happened. Fault condition

includes OCP, OTP, GND/DP/DM/CCx Short to battery.
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Ob: No fault.
1b: One or more fault events occur.
Ob: VCONN is off
2 R VCONN STATUS ob 1b: VCONN is on
Output power status:
1 R cc_cv Ob Ob: CV state;
1b: output is in CC current limit state.
NTC event is entered or not:
0 R NTC_ENTER 0Ob Ob: Not enter;
1b: Entered.
Address 0x31: STATUS2
Bit Type Bit Name Default Description
Sink device is attached or not:
7 R VBATT_LOW1 FLAG Ob Ob: Unattached;
1b: Attached.
NTC2 event is entered or not:
6 R VBATT_LOW2_FLAG Ob Ob: Not enter;
1b: Entered.
Over temperature warning indication:
5 R OTW1 0b 0b: Not in over temp warning;
1b: In over temp warning state.
over temperature warning indication:
4 R OTW2 0b 0b: Not in over temp warning;
1b: In over temp warning state. .
Report the Sink selected PDO index:
31 R ggéEﬁ:JgEDi 0Ob 0Ob: No PD contract;
- 1-7: PDO 1 to 7 is selected.
Indicate the Sink selected PDO is Fixed PDO or APDO (PPS):
0 R PDO_TYPE Ob Ob: Fixed PDO;
1b: APDO.
Address 0x32: STATUS3
Bit Type Bit Name Default Description
PD contracted power in 0.5W unit. Fix PDO: Calculate using
. Voltage * Maximum Current; PPS:
0 R Contract Power Ob Calculate using Request Voltage * Request Current.
If no PD contract, the value is 7.5W or 15W depending on Rp.
Address 0x35: FW_REV
Bit Type Bit Name Default Description
7:6 RESERVED
1b: It is 5A cable;
° R CABLE_CAP Ob Ob: Cable can handle 3A only.
4.0 RESERVED
Address 0x36: MAX_FEQ CUR
Bit Type Bit Name Default Description
. Sink max requested operation current (Mismatch bit=1) in
0 R MAX_REQ_CUR ob 20mA unit, only valid when Givebackflag=0, Fix PDO
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15 Configuration Table

Table2 OTP Description

<
=
c
(¢

OTP Items Description

15w

18w

20W

27TW

30W

33w

40W

45W

1 50W

10: 60W

11: 65W

12: 67W

13: 80W

14: 88W

15: 100W

: Power_Share 1
GATE

: fault

NTC2

: Attach_FLT_ALT
: Attach_FLT_ALT
NA

IMON
INT_ALT
POL

NTC
VCONN_IN
LED_PWM
ATTACH
POWER_SHARE2
NA
155degC
165degC
175degC
185degC

: Disable OTW function
105degC
115degC
125degC
135degC
145degC
155degC
165degC
15w

18W

18W

18W

18W

18W

27TW

20w

1 30W

10: 45W

11: 45W

12: 45W

13: 60W

14: 65W

15: 80W

0: Disable OTW function
1: 105degC
OTW2_THLD Sets the over-temperature warning threshold. 2:115degC

3: 125degC
4: 135degC

PDP_SELECT Set SC87550AQ output power

exNoarNE

GPIO1 Configures the GPIO1 pin’s function.

GPI02 Configures the GPIO2 pin’s function.

OTP_THLD Sets the over-temperature shutdown threshold.

OTW1_THLD Sets-the over temperature warning threshold.

Sets the maximum power rating when the die temp rises

TW1 PD ELECT
OTW1_PDO_SELEC above its threshold.

CRANIARWONERNODRONEOWNRONODAXNEOINQORWNRQ
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: 145degC
: 155degC
: 165degC

OTW2_NTC_PDO_SELECT

Sets the maximum power rating when the die temp rises
above its threshold.

15w
15w
15w
15w
15w
15w
15w
15w
1 20W
10: 20W
11: 20W
12: 27TW
13: 45W
14: 45W
15: 45W

CoNRWONRNOO

NTC_HYSTERESIS

Sets the NTC thermal recovery hysteresis.

0: 10%
1. 20%

NTC_MODE

Sets the behavior when the NTC is triggered.

0: Shutdown device
1: Reduce PD power to
OTW2_NTC_PDP set value

VBATT_LOW_THLD1

Sets the first threshold for VIN detection.

: This function is disabled
1 12.6V
1 12.2V
11.8v
11.4v
11V
10.6V
1 10.2v
9.8V

1 9.4V
10: 9V
11: 8.6V
12: 8.2V
13: 7.8V
14: 7.4V
15: 7V

OoNOARAONRO

VBATT_LOW_THLD2

Sets the second threshold for VIN detection.

: This function is disabled
:11.8V
1 11.4v
11v
10.6V
10.2v
9.8V
9.4V
9V

1 8.6V
10: 8.2V
11: 7.8V
12: 7.4V
13: 7V
14: 6.6V
15: 6.2V

eoNoRrONMNREO

VBATT_LOW_THLD3

Sets the third threshold for VIN detection. The device shuts
down after this threshold is triggered.

: This function is disabled
9.8V
9.4V
)V
8.6V
8.2V
7.8V
7.4V
™

1 6.6V
10: 6.2V
11: 5.8V
12: 5.4V
13: 5V
14: 4.6V

CONIURONEREO

Copyright © 2023, Southchip Semiconductor Technology (Shanghai) Co., Ltd.

55



«

southcip  SOUTHCHIP SEMICONDUCTOR

SC87550AQ DATASHEET

15:4.2v

VBATT_LOW_BLK

Sets the VBATT low 1 and VBATT low 2 blank times.

1 10ms
1 160ms
1 320ms

640ms

VBATT_LOW1_PDO_SELECT

Sets the maximum power rating when VBATT falls below its

first threshold.

CoNIORWNREWONREO

15w
18w
18w
18w
18w
18w
27TW
20w

1 30W

10: 45W
11: 45W
12: 45W
13: 60W
14: 60W
15: 65W

VBATT_LOW2_PDO_SELECT

Sets the maximum power rating when VBATT falls below its

first threshold.

0to 15: 15W

POWER_SHARE_PDO_SELECT

Set the thresholds to which the PDO power rating is reduced.

1:

CoNURWON

15w

. 18W

18w
18w
18w
18w
20w
27w

1 30W

10: 30W
11: 30W
12: 30W
13: 40W
14: 40W
15: 50W

VBUS_VOLTAGE

Sets the default VBUS voltage.

5V

. 5.06V

5.1v
5.16V

PWM_MODE

Sets the PFM/FPWM mode.

FPWM
PFM

FREQ

Sets the switching frequency.

280kHz
420kHz
560kHz
NA

DITHER

Sets the spread spectrum feature

: Disable

Enable

EN_OFF_TIMER

Sets the EN off timer.

: no delay

20min
40min
60min

LINE_DROP_COMP

Sets the output voltage compensation vs load feature.

No LDC

:100mV@3A
:300mV@3A
: 600mMV@3A

Additional Line Drop Comp

Output line drop compensation increase 200mV.

: Disable

200mVv

PPS_LDC_EN

Enable line drop compensation even in PPS.

: Disable

Enable

SLEW RATE

Set output slew rate during adjust Vout.

:0.1mV/us

1mV/ys

PEAK_CL

Sets the high-side peak current limit in boost mode.

10.5A
14.5A

RSNS_5m10m

Sets the external CC limit RSENS resistor value.

5m
10m

EX_HS

Select Buck HighSide-Q1 is internal or external

RORQIRQIRQIRQIRQUWNREOWNRLOIROINWORRPROWNEO

: Internal
. External
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OC_BLANK_TIMER

Sets the blank time when the output over-current condition is

reached.

2ms
ams
8ms
12ms
16ms
24ms
. 32ms

: disabled

PNouhwNRO

AppleMode+1.2VMode+DCP+QC

LEGACY_CHARGING _ ) +ECP
MODE_SEL Selects DPDM Charging mode. 1: AppleMode+1.2VMode
2: DCP
3: DCP
SAMSUNG_EN Whether to En Samsung 1.2V Mode 0: Disable
1: Enable
0: 0X61
1: 0X60
12C_SLAVE_ADDRESS Set I12C slave address > OX63
3: 0X62
0: disable
VIN_OVP . VIN_OVP function 1:17.1V
2/3: 29.5V
- 0: 3.6A
IOUT_LIM Default output current Limit 1 5.4A
Table3 The different default value of part number
OTP Items SC87550AQ | SC87550CQ | SC87550DQ | SC87550EQ | SC87550JQ
PDP_SELECT 60W 60W 60W 60W 60W
GPIO1 NTC2 NTC2 NTC2 NTC2 POWEERISHAR
GPIO2 NTC NTC ATTACH NTC ATTACH
OTP_THLD 175degC 175degC 155degC 185degC 185degC
Di | ™ i i i
OTWI_THLD isab e.O Disable OTW Disable OTW Disable OTW 135degC
function function function function
OTW1_PDO_SELECT 30w 30W 30w 30w 27TW
OTW2 THLD DisabIeIOTW Disable OTW Disable OTW Disable OTW Disable OTW
- function function function function function
OTW2_NTC_PDO_SELECT 45W 45W 30w 27TW 27TW
NTC_HYSTERESIS 20% 20% 10% 20% 20%
Reduce PD Reduce PD Reduce PD Reduce PD Reduce PD
NTC MODE power to power to power to power to power to
- OTW2_NTC_PD | OTW2_NTC PD | OTW2 _NTC_PD | OTW2_NTC_PD | OTW2 NTC _PD
P set value P set value P set value P set value P set value
VBATT_LOW_THLD1 9.8V 8.2V 9.8V 10.6V 10.6V
This function is This function is This function is This function is
VBATT_LOW_THLD2 74V disabled disabled disabled disabled
VBATT_LOW_THLD3 6.2V 4.2V 7.4V 5.8V 5.8V
VBATT_LOW_BLK 640ms 640ms 320ms 640ms 640ms
VBATT_LOW1 PDO_SELE
- CT_ - 45W 45W 45W 15W 27TW
VBATT_LOW2 PDO_SELE
- CT_ - 15w 15W 15W 15W 15w
POWER_SHARE_PDO_SE
- - - 30W 30W 30W 15w 50W
LECT
VBUS_VOLTAGE 5.16V 5.16V 5.16V 5.16V 5.16V
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PWM_MODE FPWM FPWM FPWM FPWM FPWM
FREQ 420kHz 420kHz 420kHz 420kHz 420kHz
DITHER Enable Enable Enable Enable Enable
EN_OFF_TIMER no delay no delay no delay no delay no delay
LINE_DROP_COMP No LDC 300mV 300mVv No LDC No LDC
Additional Line Drop Comp Disable Disable Disable Disable Disable
PPS LDC_EN Disable Disable Disable Disable Disable
SLEW RATE 0.1mV/us 0.1mV/us 0.1mV/us 0.1mV/us 0.1mV/ys
PEAK_CL 10.5A 10.5A 10.5A 10.5A 10.5A
RSNS_5m10m 10m 10m 10m 10m 10m
EX_HS Internal Internal Internal Internal Internal
OC_BLANK_TIMER 12ms 12ms 12ms 12ms 12ms
LEGACY CHARGING_ AppleMode+1.2 | appleMode+1.2 | AppleMode+1.2
MODE SEL VMode+DCP+Q | VMode+DCP+Q | VMode+DCP+Q DCP DCP
= C+FCP C+FCP C+FCP
SAMSUNG_EN Enable Enable Enable Disable Disable
I2C_SLAVE_ADDRESS 0X61 0X61 0X61 0X61 0X61
VIN_OVP 29.5vV 29.5V 29.5V 29.5Vv 29.5V
IOUT_LIM 3.6A 3.6A 3.6A 3.6A 3.6A
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MCHANICAL DATA

(ZTeccle

PIN 1 CORNER —]

e— @
|
! ‘ —]C]SEATING PLANE
| -A2: :A,is)
| . )=
TOP VIEW Bl it
_ToP viEw? _SIDE viEw, Unit:mm
- 12—
26X u—\‘ — 4 eu ) 71“]

|
22
4X Ls«l —

PIN 1 1.D-
BOTTOM VIEW
SYMBOL MIN NOM MAX

TOTAL THICKNESS A 0.8 0.85 0.9
STAND OFF Al 0 0.02 0.05
MOLD THICKNESS A2 — 0.65 —
L/F THICKNESS A3 0.203 REF
SIDE WETTABLE DEPTH A4 0.075 — 018

b 0.2 0.25 0.3
LEAD WIDTH b1 0.25 0.3 0.35

b2 0.35 0.4 0.45
N } : 0 : bsc

B 0.5 BSC

el 1.25 BSC
LEAD PITCH e 07 BSC

e3 0.6 BSC

e4 1.3 BSC

e5 0.55 BSC

L 0.55 0.65 0.75
LEAD LENGTH 5] 1.7 1.8 1.9

L2 0.9 1 1.1

L3 0.5 0.6 0.7
SIDE WETTABLE WIDTH L4 0.01 - 0.09
LEAD EDGE TO PKG EDGE Ls 0.35 REF
PACKAGE EDGE TOLERANCE aaa 0.1
MOLD FLATNESS cee 0.1

bbb 0.1
LEAD OFFSET

ddd 0.05
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RECOMMENDED FOOTPRINT
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Unit: mm
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TAPE AND REEL INFORMATION

Carrier Tape

User Direction of feed

t
Raint
— B
2
et ozl ,.{%}7., ..... %} {? %} - 8
lee| 1 1 | ;
A A : 7
L~ B 4
KO
P —-— e
B-B
Item w P A0 BO KO t Pinl Quadrant
Size (mm) 12.0%53 8.0+0.10 4.25+0.05 5.25+0.05 1.024+0.05 0.25+0.02 Q1
REEL
B <
W1,
Item A W1 T
Size (mm) | 330.0%+1.0 12459 2.6%38
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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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