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SC8949 High Efficiency, Synchrono

us, Bi-directional Buck Charger

Converter with Integrated MOSFETs and 12C Interface

1 Description

SC8949 is a synchronous buck charger with reverse boost
discharging function. It integrates two N-channel MOSFETSs
with ultra-low Rdson and can support 5V high efficiency
charging and discharging operation.

In charging mode, it steps down the input voltage to
effectively charge the single cell battery. SC8949 supports
trickle charging, constant current (CC) charging and constant
voltage (CV) charging management functions automatically.
When working in discharging mode (reverse boost mode), it
can support 5V output and achieve up to 93% efficiency with
3V battery voltage for 5V4A output load.

The SC8949 features 12C interface, so the user can easily
control the charging/discharging mode, and program the
charging current, charging voltage, output voltage, and
output current limits through 12C. It also monitors the VBUS
status of up to three USB ports and provides three NMOS
gate drivers to control the power path independently.

The IC also provides IMON pin, through which the MCU Q
monitor the VBUS / VBAT voltage, IBUS / IBAT current @
the current of each port in real time. The NTC %

guarantees the battery operation safety. All t&fea es
-9

help simplify the system design and reduce t

The SC8949 supports under voltage iOn, over voltage
protection, over current protection, ircuit protection

and over temperature protectio% re safety under

different abnormal conditions.
SC8949 adopts 32 pin 4m@‘m QFN package.

prot
rt

2 Features

Charging management, including trickle ch WC
charging, CV charging and charging termi %ction
5V VBUS voltage operation &
Programmable battery voltage fro Aﬁ
Integrated MOSFET with ultr.
Support 3V VBAT to 5V4
Programmable VINREG ge
Programmable cur, it with 25mA/step
@oltage with 10mV/step
m I:g’e drop compensation
Qon for up to three USB ports

ate drivers for up to three USB ports

4.5V
n
ith 93% efficiency

Programmabl
Program
Insert
Inte
age’and current monitor through IMON pin

ports pass-through operation

. It
& Ezharging status indication

Support NTC function

Under voltage protection and over voltage protection
Over current protection, short circuit indication and
thermal shutdown protection

QFN-32 4x4 package

3 Applic 4 Device Information
° vkﬁnk ORDER NUMBER PACKAGE BODY SIZE
J &n attery Charger SCB8949QFER 32 pin QFN | 4.0mm x 4.0mm x 0.75mm

t Charge
Smart USB Sockets

<
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5 Typical Application Circuit

Jl__;?_ll_;:[l- Can also use 8205 as
isolation MOSFETs

N

Rnre

Host
Control

e A A VBUS VBAT
Typec| | l_lﬂ_ —llLl 1™ 1 T T
2 2 b
Nen i y VBAT T
SNSP :“I_ PGND %’
FB 5
El_ vcC
- VCG
optional e NTC
MicroB — l*1 SC8949 J'_I o
{ VEG E VLDO —]_ é %
vB = I
SCL
_L J-!E SDA
USB-A
{ I_ VAG IMI(’;I
optional VA J_
VC_N_' t =
—_] *d =
VBAT_N_ &~

A

igure 1 Typical Application Circuit
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6 Terminal Configuration and Functions

TOP VIEW
@]
O 0] & = \/
< @ o Q QU m s O
> > > > > 0L 2 g \
1321 131] 130 |29] (28 27| 126 125
- - - - - - - L1
NC [ ] (3] NC
VAG [« ‘%] LDO
SNSP [=] —— 1 [§] vee \D
| |
SNSN [¥] . 5VBUS ] stS$
h ! i o
VBUS [w] . &V
_ L_____6Sw_ ! _
SW [o] (3 ]\sw
© S ‘ =
- L 7 PGND ! f=5
PGND [~!  "TTTTTTTTTTTTTTTTTT 1% | PGND
PGND =] (%] PGND
o] 1ol {1 120 13 D4l 15 6]
1 = = =
% <DE O =z | o
RN\ ¥
RN
A .
TERMINAL
110 DESCRIPTION
NUMBER NAME
\J
1,24 NC <\< NC pin. Leave it floating
N4 . .
2 VAG / (0] NMOS gate driver to control the external NMOS of VA port. Controlled by VAG_ON bit
3 SN | Positive input of a current sense amplifier. Connect to one pad of the 10 mQ current sense
resistor to sense the current into or out from VBUS.
4 | Negative input of a current sense amplifier. Connect to one pad of the 10 mQ current sense
b\ resistor to sense the current into or out from VBUS.
5, 0& VBUS (e} Power node of the buck charger.
6, SW (e} Switching Node. Connect to the inductor.
7-9,17-18 PGND (e} Power ground. Connect PGND and AGND together at a single point close to the IC.
10 SDA (e} I12C data line. Connect with a pull up resistor (typical 4.7 kQ).
11 SCL | 12C clock line. Connect with a pull up resistor (typical 4.7 kQ).
Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 3
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12 INT (0] Open drain output for interrupt signal.
Supply current to the IC and also sense the battery voltage. Connect to the battery positive node.
13 VBAT |
Place a 1 pF capacitor from this pin to AGND as close to the IC as possible.
14 NTC Connect to the Negative Temperature Coefficient (NTC) thermistor to sense the ba%ell
temperature for protection.
I b\
15 NTC G o Open drain output. It disconnects the NTC resistor from ground in idle mod@éicaﬂy to
_ save power. &
/ N\
16 BT Bootstrap a bias voltage for high side MOSFET driver. Connect a capacitor between BT
pin and SW pin.
/\\
Power supply to the IC. Connect to power rails with diodes. Y
21 VSYS |
Place a 1 pF capacitor from this pin to PGND as clos C as possible.
S
Output of internal 5V linear regulator.
22 VCC o
Connect a 1 yF capacitor from VCC pin to@ as close to the IC as possible.
. . N .
23 LDO (0] Output of internal linear regulator. ng pl¢ voltage can be set to 3.3Vor 2.8V through register.
4
25 AGND 10 Analog ground. Connect PGWND together at a single point close to the IC.
-
2 IMON o Used to monitor VBUS /\/BAW voltage, IBUS / IBAT current, and the voltage drop of isolation
MOS for VA/ VB / rt:
27 FB | Feedback no S voltage for external VBUS setting.
Used ense the VBUS status of the VC port. Connect a 1 pF capacitor between VC and GND
28 ve I clo{t} th Ug‘B port
29 VCG (0] /,%ate driver to control the external NMOS of VC port. Controlled by VCG_ON bit.
30 VB ‘CUsed to sense the VBUS status of the VB port. Connect a 1 uF capacitor between VB and GND
J( close to the USB port
31 VBG/Q \O NMQOS gate driver to control the external NMOS of VB port. Controlled by VBG_ON bit.
32 v W | Used to sense the VBUS status of the VA port. Connect a 1 pF capacitor between VA and GND
C\ close to the USB port
&?‘J
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ®

MIN MAX UNIT
VA, VB, VC, VBUS, VSYS, SNSP, SNSN -0.3 9 \‘W
SwW -3 A\\\ v
Voltage range at A
A BT to SW -0.3 \Y
terminals® ° y4 .\S‘ >
VAG, VBG, VCG -O.SA 4 \%
FB, IMON, VCC, LDO, NTC, NTC_G, VBAT, INT, SCL, SDA )\V 6.5 \%
p A
T, Operating junction temperature range % 150 °C
Tstg Storage temperature range -65 150 °C
Q) Stresses beyond those listed under absolute maximum ratings may cause permanent mawthe device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond t dicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for exteeriods may affect device reliability.

7.2 Thermal Information

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

THERMAL RESISTANCE® QFN-32 (4mmX4mm) UNIT
. . . 4 A
Ba Junction to ambient thermal resistance \\ 45 °C/W
L N
Oic Junction to case resistance ('\\) 9 °C/W
Q) Measured on JESD51-7, 4-layer PCB. %\J
7.3 Handling Ratings
g g A
PARAMETER DEFINITION MIN MAX UNIT
Human body mode WI%B stress voltage?® -2 2 kv
ESD®W Y &; 9
Charged devi@(CDM) ESD stress voltage® -750 750 Y

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

into the device.
2 Level listed above | %ﬂng level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows
safe manufacturir@ tandard ESD control process.

?3) Level listed aboveyisNgie passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe
manufactug th & standard ESD control process.
7.4 Re? ed Operating Conditions
MIN TYP MAX UNIT
Q}BUS VBUS voltage range —internal setting for discharging mode 5 6 \%
VBUS voltage range — external setting for discharging mode 4.5 6 \%
VBUS voltage range — for charging mode 4.4 6 \%
Veat VBAT voltage range 2.6 4.5 \%
Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 5
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Csus Bulk capacitor for VBUS (effective value) 30 uF
Cear Bulk capacitor for VBAT (effective value) 30 uF
L Inductance 1.5 2.2 3.3 uH
Rsns Current sense resistor 10 10 N mQ
Ta Operating ambient temperature -40 &\ °C
. AR
Ty Operating junction temperature -40 / 5 °C

Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 6
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7.5 Electrical Characteristics

Ty= 25°C and Vsus = 5V, Veat = 3.6V unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY VOLTAGE
v VBUS under-voltage lockout Rising edge 24 2.5 2.7 NV
UVLO_VBUS
threshold Hysteresis 180 \Yﬁ/
VBAT under-voltage lockout Discharging mode, Rising edge 2.47 ; \%
Vuvio vear
threshold Hysteresis 220 % mV
lo_vsys Quiescent current into VSYS VSYS > VBAT, IDLE = 0, . mA
non-switching, NTC and FB resistor \v
la_veat Quiescent current into VBAT dividers’ bias current not included Q A
VSYS open, IDLE =1 70 JA
Iss_vear Standby current into VBAT A
VSYS > VBAT, IDLE = 1 r 3 20 HA
Iss vevs Standby current into VSYS VSYS = 5V, IDLE = 1 P U 70 120 uA
VCC AND LDO \\\(v
_ ICC = 1~70mA N
Vee VCC regulation voltage 4.9 5.1 5.35 \%
IDLE = 0/1 N )
~=
VSYS =VCC + 1 %0/1 70 100 130 mA
Ivee_Lim VCC regulator current limit
VCC =0V \ 30 mA
Ve prop VCC dropout voltage VSYS = 5 70mA 360 440 mV
LDWV, ILDO = 1~50mA 3.23 3.30 3.37
Vibo LDO regulation voltage
DO setto 2.8V, ILDO = 1~50mA 2.73 2.80 2.87
Vibo_prop LDO dropout voltage / 3= 50mA, VBAT = 2.7V 440 500 640 mV
SWITCHING AND POWER SWITCH
Q~ FSW_SET =00 220 300 380 kHz
FSW_SET =01 340 450 560 kHz
Fsw Switching frequepcy
FSW_SET =10 450 600 750 kHz
FSW_SET =11 550 735 930 kHz
Reson HS On re;&c;ﬁf high side MOS 11 mQ
Rason L5 patedistince of low side MOS 8.5 mQ
VOLTAGE A ENT IN CHARGING MODE
«‘ - VBAT_SET = 000, 4.1V target 4.059 4.08 4.1 \Y
?\ VBAT_SET = 001, 4.2V target 4.158 418 42 \Y
Q VBAT_SET = 010, 4.25V target 4.208 4.23 4.25 \Y
Vear acc Battery voltage regulation accuracy | VBAT_SET = 011, 4.3V target 4.257 4.28 4.3 \%
VBAT_SET = 100, 4.35V target 4.307 4.33 4.35 \Y
VBAT_SET = 101, 4.4V target 4.356 4.38 4.4 \Y
VBAT_SET = 110, 4.45V target 4.406 4.43 4.45 Y
Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 7
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VBAT_SET = 111, 4.5V target 4.455 4.48 4.5
VINREG_SET = 000, 4.4V target 4.268 4.42 4.54
VINREG_SET =001, 4.5V target 4.365 4.52 4.64 \
VINREG_SET =010, 4.6V target 4.462 4.63 4.74 \
VINREG voltage regulation Q
VINReEG_ACC
accuracy VINREG_SET = 011, 4.7V target 4.559 4.73 4.85 N W
AN
VINREG_SET =100, 4.8V target 4.656 4.83 4. s \%
VINREG_SET =101, 4.9V target 4.753 4.93 . \%
ya\V
v Trickle charge voltage threshold, Rising edge 64% W 68%
TR over VBAT target Hysteresis M »
Trickle charge current, measured at | |TRKL_SET =0 13?‘\“0 390 mA
IBATiTRKL IBAT
ITRKL_SET = 1 N/ 540 680 mA
2
End of charge voltage threshold, o o
Veoe over VBAT target N 98% 99% 100%
ITERM_SET = 00 \b\ 20 135 240 mA
End of charger current threshold, ITERM_SET = 01 “~ ) 90 200 300 mA
e d at IBAT N
measured a ITERM_SET = 1 01\{\ 190 300 400 mA
ITERM_SET ={Q\ N 290 400 500 mA
teoc_deg EOC detection deglitch time r\ 4 s
REC&JO 96.0% 97.6% 98.8%
VRrecH Recharge threshold —
RECH_#T =1 95.0% 96.4% 97.8%
CURRENT LIMIT / N
‘( IBUS_LIM set to 3A, DIR = 0/1 5% 5%
lous L IBUS current limit accurQ‘Q IBUS_LIM set to 2A, DIR = 0/1 -5% 5%
<\ IBUS_LIM set to 0.5A, DIR = 0/1 -20% 20%

v Min_IBUS_clamp_setting = 00 50 125 200 mA
| Minimu current limit Min_IBUS_clamp_setting = 01 120 200 280 mA
BUS_MIN .

clamp, ugvccuracy Min_IBUS_clamp_setting = 10 170 250 330 mA
r~ Min_IBUS_clamp_setting = 11 220 300 380 mA
‘ : ) - IBAT_LIM =00, DIR=0 3.6 3.9 4.3 A
&E IBAT_LIM=01,DIR=0 55 5.7 6.0 A
v IBAT_LIM =10,DIR=0 7 7.6 8.3 A
IBAT_LIM=11,DIR=0 8.8 9.5 10.5 A
Igat ) IBAT current limit accuracy"
IBAT_LIM =00, DIR =1 5.2 5.7 6.3 A
IBAT_LIM =01,DIR =1 7 7.6 8.3 A
IBAT_LIM =10, DIR =1 8.8 9.5 10.5 A
IBAT_LIM =11,DIR =1 10.2 1.4 12.6 A
Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 8
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VOLTAGE IN DISCHARGING MODE
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Vrg Rrer Reference voltage at FB pin FB_SEL =1 1.176 1.2 1.224 \%
Irs_BiAs Bias current into FB pin FB_SEL = 1, FB in regulation 50 nA
Vsus VBUS output voltage accuracy FB_SEL = 0, VBUS set to 5V 4.9 5 5.1 \%
CBLCOMP_CTRL = 01, 100kQ pull
up resistor of FB pin if FB_SET=1, 37 50 63
RSNS =10mQ A\
CBLCOMP_CTRL = 10, 100kQ pull N
Rcowmp_ser Cable compensation ratio up resistor of FB pin if FB_SET=1, 75 100 mV/A
Rsns = 10mQ
SNS A ¢
CBLCOMP_CTRL = 11, 100kQ pull \)
up resistor of FB pin if FB_SET=1, 112 1 \ 188 mV/A
RSNS =10mQ
CBLCOMP_CTRL = 01, 100kQ pull
up resistor of FB pin if FB_SET=1, 170 200 mV
RSNS =10mQ
Cable compensation clampin CBLCOMP_CTRL =10, 100kQ
Veowp.damp P ping up resistor of FB pin if FB_S g\ 283 340 397 mv
- voltage Rewe = 10mQ
SNS -~ &
CBLCOMP_CTRL = 1 Q(?} bull
up resistor of FB pif, i ET=1, 425 510 595 mV
Rsns = 10mQ /{
NN
POWER PATH MANAGEMENT
Pull up resistance for
Reu VAG/VBG/VCG NGATE driver C\ 60 kQ
R Pull down resistance for ~ 25 KO
P VAG/VBG/VCG NGATE driver ) '
R vaus gz;hsrgmg path from VBUS% VBUS_DISPATH = 1 1 kQ
AN
Rois ve Discharging path fro ND | VC_DISPATH =1 1 kQ
DETECTION AND IMON MONIT&V
Rising, for VB or VC as charging 43 44 45 v
VIN_ACOK Input power §oogfthreshold port
Hysteresi 250 Y
R x‘ ysteresis m
ViNpET @&jetection threshold For VA or VB as discharging port 1.9 2 21 \%
| ‘?Mcurrent detection threshold Falling edge 10 50 80 mA
COM
& for IBUS Hysteresis 50 mA
Suggested IMON output voltage 0 28 v
@ range
K.Mo_.Bus IBUS current sensing ratio limon / lsus, Rsns = 10 mQ 5.47 PA/A
IBUS = 5A, Rsns = 10 mQ -3.7% 3.7%
Vimoniaus_acc IBUS current monitor accuracy”
u IBUS = 2A, Rsns = 10 mQ -8% 8%
KIMONJBAT IBAT current sensing ratio IIMON/ IBAT; RSNS =10 mQ 4.31 HA/A
Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 9



https://www.oneyac.com

'l

SC8949 DATASHEET DRAFT

SOUTHCHIP
SOUTHCHIP SEMICONDUCTOR SOUTHCHIP CONFIDENTIAL, SUBJECT TO CHANGE
IBAT = 5A, Rsns = 10 mQ -5% 5%
VIMON_BATACC | |5 AT ¢ rrent monitor accuracy
u IBAT = 2A, Rsns = 10 mQ -10% 10%
K|MON7|PQRT Port current sensing ratio IIMON / VDROPﬁX 416.7 HA/V
Vivon irorT ac | IPORT(Port A/B/C) current monitor | IPORT *Ron_Nx = 100mV -10% 10%
cu accuracy'” IPORT * Ron_Nx = 30mV -25% 25% N
KIMONfVBAT VBAT voltage sensing ratio IIMON / VBAT 10.06 W
\)
Vivo_vear VBAT voltage monitor accuracy VBAT = 4V -2% %o
_ACCU
KIMON_\/BUS VBUS voltage sensing ratio IIMON / VBUS 3.06 O [.IA/V
Vivon_vaus_ace VBUS voltage monitor accuracy VBUS =5V ~12V -4% Qvél%
v / \‘
Delay time for IMON pin to function ‘
fivon_po afterﬁC POR P g 2%0 ms
N N
I Establish time for IMON signal 10pF at IMON pin ,.\) 50 us
PROTECTIONS
N\
Battery over voltage threshold, over | Rising edge N\ 103%
Vesr_ove VBAT target : N
arge Hysteresis % 2%
y __
Discharging path resistance at ( )\
Rear_piscH VBAT 1 kQ
p 4
Rising edge N 210 2.26 2.40 \%
VBaT_ppL Battery depleted voltage
Hysteresi;\Q 200 mV
loxr opL Charging current to depleted \) 300 mA
- battery
FB_SEL=1, . . .
FB over voltage threshold for in‘é edge 108% 110% 12%
Vs ovp external VBUS setting, measure
over Veg_rer v FB—SEle E 6%
Hysteresis
FB_SEL =0,
v VBUS over vo threghold for Measured as Vaus ove — VBus_set 0.4 0.5 0.6 \Y
BUS_OVP internal VB@n Rising edge
Hysteresis 0.3 \%
L p3
v E @rcuit protection threshold | Rising edge 90 110 130 mv
FB_SC .
nal VBUS setting Hysteresis 20 mV
\ S short circuit protection Falling edge 10 160 300 mV
Vaus threshold, measured as VBAT —
v VBUS Hysteresis 90 mV
A)
VBUS_UVP_SET =0
) 3.6 3.8 4.0 \Y
Falling edge
Hysteresis 110 mV
Vaus_uvp VBUS under voltage threshold
VBUS_UVP_SET =1
. 43 4.4 4.6 \Y
Falling edge
Hysteresis 170 mV
Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 10
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fcoup chcup.t|me for short circuit 500 s

protection
NTC THRESHOLD

NTC cold threshold for charging Rising edge 75.6% 76.1% 76.6%
VcoLp_cH

mode, as percentage of VCC Hysteresis 0.7%

NTC cool threshold for charging Rising edge 69.5% 70% 70.5%
VcooL_cH

mode, as percentage of VCC Hysteresis 1.3% K\\

NTC hot threshold for charging Falling edge 41.2% 41.7% 42%% N
VHOTﬁCH v

mode, as percentage of VCC Hysteresis 2.6% O
v NTC cold threshold for discharging | Rising edge 86.1% 86.1(\‘0{1%

COLD_DM
| mode, as percentage of VCC Hysteresis W
v NTC hot threshold for discharging | Falling edge 30.7% < L %% 31.7%
HoT_bm mode, as percentage of VCC Hysteresis 0\2.6%
]
. 4

NTC disable threshold, as Falling edge QS) 15.0% 15.5%
Vbisntc FVCC Nt

percentage of Vi Hysteresis R 10%
Rnre_sw RON of NTC switch N x 25 0

12C AND LOGIC CONTROL \\ -

&

Vi SCL, SDA input low voltage IW 0.4
Vi SCL, SDA input high voltage \’\ 1.2
Isink_scLispa SCL/SDA pin sink current Vscuspa m 40 mA
leink_ T INT pin sink current Vinr ?Qw 10 25 35 mA
truLINT Interrupt pulse width (logic low) J 0.7 1 1.3 ms
SOFTSTART
/Y . N
. . VBUS = 5V, from PSTOP low to IC
taetay_cH Delay time for charging v startina chargin 8 ms
A ( ¢} ging

VBUS from VBAT to 5V in

tss Soft-start time for din discharging mode, VBAT = 3.7V, 250 us
,( CVBUS=100pF
THERMAL SHUTDOWN %\
y 3 VS

Rising 165 °C
Tsp Ther own temperature

Hysteresis 15 °C

Vi -
Note: ( sensitive. Refer to Layout Guide or demo board PCB layout for good layout practice.

Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 11
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7.6 Typical Characteristics

The flowing diagrams show typical performance of SC8949.
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Figure 2 Sleep Mode Current VS Junction Temperature
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Figure 6 IBUS VS Junction Temperature in Discharging Mode
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Figure 5 VinReg VS Junction Temperature in Charging Mode
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Figure 7 IBUS VS Junction Temperature in Charging Mode
IBUS_SET=1A
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Figure 1’2\&\ Termination Voltage VS Junction Temperature in

: Charging Mode, VBAT_SET=4.2V
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8 Functional Block Diagram

VA VAG VB VBG VC VCG VSYS VBAT vce VLDO
Charge Charge Charge VCC 2.8V/3.3V
Pump Pump Pump LDO
A_ON B_ON C_ON ’—N
FBI: |—‘5 :j 5.1V LDO A
FB_VBUS = » _
VREF_VBUS —{+
VBAT —— ) |
VREF_VBAT —{+
VBUS —|= > | = CONVERTER [
VREF_Vinreg—{+ CONTROL
>
VREF_IBUS —{= >
| ) | vce -
IBUS —t N [
VREF_IBAT —— | - M
SNSP I: IBAT —+ D
— \
+ IBUS [~
_ L
v
SNSN I: Ve y Osillator
VSNSP DROP_C
VA VB VC VBUS
VB v
VSNSP oror-® Y
VA v . Inser‘t
VSNSP PROPA Detection |—
FB Control Discharge Control |
FB_VBUS 1 I_|
—— VREF_VBUS
—— VREF_VBAT
> DAC ——VREF_Vinreg
LOGIC —— VREF_IBUS
CONTROL —— VREF_IBAT
IMON_SEL
-
NTC Protect | Temperature
12C Interface » i Sensor

A

NTC

NTC_G

AGND

Function Block Diagram
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9 Detailed Description

The SCB8949 is a high efficiency buck charger with integrated
power switches of ultra-low Rdson. It can charge a single
cell battery with 5V input voltage in charging mode, and also
support boost mode/discharging mode with 5V output
voltage. The ultra-low Rdson allows SC8949 to achieve 93%
efficiency from 3V battery to 5V 4A output.

9.1 Charging Mode

User can set the charging mode and discharging mode by
DIR bit.

When DIR bit is set to 0, the IC is set in charging mode to
charge the battery cells. The IC initiates charging operation
when below conditions are satisfied:

If FORCE_CH =0

DIR=0

IDLE =0

PSTOP =0

At least one of the VB / VC port is configured as
charging port, and the corresponding NGATE driver is
turned on

PwbdE

2. IDLE=0 %
3. PSTOP=0

When above conditions are satisfied, @irﬁ\iates
charging operation.

Note: during charging operation, if VINREG_SET

ing Current section.

[2:0], IC works in VINREG loop, ag arging current is O.

through VBAT pin, itors the charging current
through external cur e resistor (typ. 10 mQ). The IC

See details in 9.1.6 Self-adaa\'gﬁI
In charging mode, the%nﬁ itors the battery voltage

Termination voltaggly, — — — @ — — — — — — — — — — — — — —

Recharge-threshdt] ~Ng — - ———————————F - D
[CE. Y A
current) ch?\

b arge

theshold | ———"

EOCindication |- — —___} _ N ———————

ickle charge current
Termination current [~ —————-—-——-————————————————————— ==

CC (constant
current) charge

CV (constant End of
recharge

Trickle charge voltage) charge charge

Figure 13 Typical Charging Profile

When battery voltage is below trickle charge threshold, the
IC charges the cells with IBAT current set by ITRKL_SET bit;
when VBAT is above the threshold, the IC enters into
Constant Current charging phase with constant current set
by IBUS_LIM[7:0] or IBAT_LIM[1:0]. When the cell voltage
reaches the VBAT target, it enters into Constant Voltage
charge phase, and charges the cells with le
decreased current. Once termination Vv It?\ nd
termination current conditions are satisfied %\ enters
into End of Charge phase. In this phase &can either
terminate the charging or keep charginget , depending

on how user configures the IC.

9.1.1  Trickle Charge g\a

The trickle charge volta hold is 65% (typ.) of the
battery voltage targe in trickle charge phase, the
battery charging c T is regulated to the value set by
ITRKL_SET bit. LC)

When in trix arging phase, IBAT_Loop bit is set to 1 to
ry current is under regulation.

indicate%
If t egt'? voltage is depleted and lower than 2V (typ.), the
S

the battery with 300mA (typ.) current.

a
&.2 CC Charge (Constant Current Charge)

If FORCE_CH =1 0
1. DIR=0 O

When VBAT is higher than the trickle threshold, the IC
charges the battery cells with constant current set by IBUS
limit or IBAT limit. The current limit value can be changed
dynamically. For any change of IBUS_LIM[7:0] to take effect,
user shall write IBUS LIM_Load bit to 1 to load the new
setting.

The IC regulates the current which reaches the limit value
first. For example, if IBUS current limit is set to 3A, IBAT limit
is set to 10A, and when IBUS reaches 3A, IBAT is only 6A,
the IC will regulate the IBUS at 3A.

In CC charging phase, IBAT_Loop bit or CC_Loop bit is set
to 1 to indicate either IBAT or IBUS current is under
regulation.

9.1.3 CV Charge (Constant Voltage Charge)

The VBAT target voltage is set by VBAT_SET[2:0]. When
the battery voltage reaches 98% of the target voltage, the IC
enters into CV charge phase. In this phase, the IC regulates
the VBAT voltage, and charging current reduces gradually.

When in CV charging phase, CV_Loop hit is set to 1 to
indicate the VBAT voltage is under regulation.
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9.1.4 EOC (End of Charge)

When below conditions are satisfied, the IC enters into EOC
phase, and set EOC bit to 1 to report the status.

1. the VBAT voltage is above 99% of VBAT target
2. the IBAT current is below ITERM_SET[1:0]

3. the IC is working in CV charge phase

4. above conditions are satisfied for more than 4sec

If DIS_TERM = 0, the IC stops switching to terminate the
charging after EOC bit is set to 1; if DIS_TERM = 1, the IC
keeps switching and regulating the battery cell voltage at the
target value after EOC.

9.15 Recharge

If the IC terminates charging after EOC, the battery voltage
may drop due to leakage or operation current from battery
cells. Once the VBAT voltage drops below VrecH threshold,
the EOC bit is cleared, and the IC enters into CC charge
phase to recharge the battery. The SC8949 supports two
VrecH thresholds, and can be set through RECH_SET bit.

9.1.6  Self-adaptive Charging Current
During charging, if the IBUS charging current is higher than

and the VBUS voltage pulled low.

The following table shows recommend VINREG setting with
the consideration of the VINREG and the IMON accuracy.

Table 1 Recommed VINREG configuration

VBAT 4.1V/4.2V 4.25V/4.3V 4.35V/4.4V 4.45V/4.5V

VINREG 24.4V 24.5V 24.6V 24.7V

9.2 Discharging Mode /&\E

When DIR bit is set tol, the IC is set %rging mode.
The IC initiates the boost operatio %} osts the VBAT
voltage to VBUS target when be lons are satisfied:

1. DIR=1

2. IDLE=0 Q

3. PSTOP=0

4. VBAT > VBATgJ

The IC suppo ys of regulating VBUS output:

2’5 set to 0, internal feedback resistors are

the VBUS output is set by VBUS_SET[9:0].
fault output is 5V, and can be adjusted from 5V
with 10mV per step as below:

adapter’s current capability, the adapter will be overloadedg& VBUS (V) = 5V + 10mVx (VBUS_SET[9:2] x4 + VBUS_SET[1:0])

The IC supports dynamic power management. The affol

minimum VBUS operation voltage for charging is se

VINREG_SET [2:0]. Once VBUS voltage drop. VINREG

threshold, the IC reduces the charging curr utomatically

and regulates the VBUS at VINREG threvt If the VBUS
|

voltage drops below VINREG thresh t reduces the
charging current to 0.

VINREG_Loop bit is set to 1@:“ the charger is under

VINREG regulation.

Note: To avoid abnor I%ﬁing during battery charging,
VINREG threshold is set by VINREG_SET [2:0]
should keep hi an*battery voltage. User can set the a
fixed VINR eshold by VBAT_SET[2:0] or a dynamic

VINREG& with the battery voltage change.
I

For e?E »when a 4.4V battery is used:

1Q he VINREG threshold at 4.6V as a fixed value

2. t the VINREG threshold at 4.5V if the battery voltage
is lower than 4.2V; when the battery is fully charged and
the battery voltage is higher than 4.25V, then set the
VINREG threshold at 4.6V. The battery voltage can be
monitored by the IMON function. See VBAT and VBUS
Voltage Monitor for more details.

User shall write VBUS_SET_Load bit to 1 to load the
VBUS setting otherwise the change will not take effect.

o If FB_SEL is set to 1, the IC detects VBUS by external
feedback resistors connected at FB pin, and regulates
FB voltage at 1.2V. The output voltage can be set as
below.

RU
Where, VREF is the reference voltage, which is fixed at
1.2V. RUP and RDOWN are the external resistors
connected at FB pin.

User can leave FB pin floating if internal setting is configured.
If external setting is set, keep VBUS_SET[9:0] at default
values.

User shall make sure the VBUS output voltage is set below
6V. If a higher voltage is set, the IC may be damaged.

User shall keep the FB_SEL unchanged while the IC
operates. Change is only allowed when PSTOP = 1 or IDLE
=1.
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9.2.1 PFM Operation

To reduce the switching loss, the IC features
Pulse-Frequency Modulation (PFM) operation under light
load condition for discharging mode. The IC decreases the
frequency automatically to reduce the switching loss so the
efficiency can be improved under light load condition. Below
figure shows the output voltage behavior of PFM mode.

A
PWM operation at heavy load

Vout
PFM operation at light load

lout

Figure 14 PFM mode illustration

9.2.2  Cable Drop Compensation

Due to the cable resistance, there is normally obvious
voltage drop on the USB cable under heavy load condition,
causing the voltage at the other end of the cable low. To
compensate the voltage drop, the SC8949 features cable

drop compensation function in discharging mode. The out@

voltage can increase along with the output current aca%

to the relationship as below:

A\
where Q
Vsus _cowmp is the compensated outpu@S’pin,

VBus is the original output setting,

VBus_comp = VBus + Isus* Rcomp_seT

Isus is the output current sen by SNSP and SNSN pins,

Rcomp_ser is  the
CBLCOMP_CTRL][1:

The compensati
140/320/500 %

pensation ratio set by

e (leus* Rcomp_seT) is clamped at
/100/150mV/A setting respectively.

The ca drop compensation function is default disabled,
and be“turned on and configured by CBLCOM_CTRL
[L:018It(is effective for both external and internal VBUS
se ways. If external setting is used, Rup of the resistor

divider shall be fixed to 100kQ.

9.2.3 Current Limit in Discharging Mode

When DIR is set to 1, the IC monitors the discharging current

through the voltage drop from SNSN pin to SNSP pin
(opposite direction of charging mode). IBUS_LIM [7:0] and
IBAT_LIM [1:0] are still functional in discharging mode for
over current protection. Once the current reaches the limit
setting, the duty cycles is reduced so to regulate the current

at the setting.
&n&l circuit

ort, and just the
ports phone insert

9.3 Port Configuration

The SC8949 integrates the port detection
for up to three USB ports: VA, VB and V

For VA port, it can only work as disc
current from VBUS to VA is allo
detection function. Q\,\

For VB port, it can be co@ as either charging port or

discharging port.

. If VB_SET = g) s as charging port: adapter insert
and remgval ction are supported, and the current

shall f om VB to VBUS
. if VB = 1, it works as discharging port: phone
@ detection function is supported, and the current

flow from VBUS to VB

% port, it is normally used for DRP TYPE-C port.

. when C_DIR = 0, it works as charging port: adapter
insert and removal detection are supported, and the
current shall flow from VC to VBUS

. when C_DIR = 1, it works as discharging port: the
current shall flow from VBUS to VC. However,

. VC port is designed for TYPE-C port configuration, but
it can also be configured as a Micro-B charging port
with C_DIR = 0. VC doesn’t support phone insert
detection function even with C_DIR =1, so it cannot be
configured as a USB-A discharging port.

Note: If VC port works as charging port, the VC discharging
patch (VC_DIS) should be always enabled to establish
correct adapter insert and removal detection

To avoid false detection and reduce system level ESD stress,
a 1 pF(typ.) MLCC is recommended between VA/VB/VC and
GND close to the USB port respectively. If the port is
configured as Micro-B port or Type-C port, it is highly
recommended to put a 1 pF capacitor at USB port and
another 1 pF capacitor close to the chip.

The supported configurations are summarized as below.
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Table 2 Port Configuration
. . Function Can be configured as
Pin Drection i Current direction Phone insert Adapter insert and
Control Bit Function ;
detection (INDET) | removal detection (ACOK) USB-A Micro-8 TYPE-C
VA NA discharging VBUS to VA yes yes DFP
VB_SET =0 charging VB to VBUS yes yes UFP or DRP
VB
VB_SET=1 discharging VBUS to VB yes yes Dw
C_DIR=0 charging VC to VBUS yes yes U P
Ve . . x \h‘
CDIR=1 discharging VBUS to VC N \E or DRP
ort, and its NGATE driver i %
9.4 Power Path Management P @@

The IC provides three NMOS gate drivers for VA / VB / VC
ports respectively.

The NGATE driver must be combined with corresponding
port, that is, VAG can only be used for VA, VBG only for VB,
and VCG only for VC.

When the driver is turned on, its VGS (from gate to VBUS) is
equal to VCC. When it is turned off, the gate is pulled to
ground. +7V clamping circuit for VGS of each NGATE driver
is implemented to protect the NMOS. However, when the
NGATE is off, no negative clamping is implemented.

Either a single NMOS or back-to-back NMOS can be us
for each port as shown in typical application circuit. The V!
rating of the NMOS must be considered for th
operation.

The NGATE driver is controlled by VAG_ &G’_‘ON /
VCG_ON bits respectively. However, they wilbe forced off
no matter how the bits are set in somesge as below:

1. in standby mode (IDLE = 1), GATE drivers

2. during boost soft-start in disc g mode if BlockSS =
0, for all NGATE drive e NGATE drivers return to

ft-start ends.

oost soft-start will not impact

a) If BlockSS
the NGAT

3. Under pro as
a) t Quer voltage protection or under voltage

in
r%chm (ACOK = 0), for corresponding NGATE
iver
yﬁhort circuit protection, for all NGATE drivers.
Re

Adapter Detection section and Protections sections
for details.

The NGATE driver status may affect the charging operation,
depending on FORCE_CH bit as below:

. if FORCE_CH = 0, charging operation is only allowed
when one of the VB / VC port is configured as charging

. If FORCE_CH =1, the g
the charging operation Q
If other charging port i

controlled by the IC
1 so to allow charding

in the system, which is not
U shall set the FORCE_CH bit to
eration.

95 P Qnsert Detection

For t harging port (VA or VB with VB_SET = 1), phone
in det@ction function is supported.

le the isolation MOS is off, the port (VA or VB) is only
iased by an internal weak pull up. After a phone is inserted,
the port voltage is pulled low by the operating current of the
phone, so the IC can detect the phone attachment. When
phone insert is detected, the corresponding interrupt bit
(INDET_A or INDET_B) is set to inform MCU.

9.6 Adapter Detection

For the charging port (VB with VB_SET = 0, or VC with
C_DIR = 0), the IC can detect the attachment / detachment
of the adapter, and indicate the status through IN_UVP
(B_IN_UVP or C_IN_UVP) and ACOK (VB_ACOK or
VC_ACOK) bits.

9.6.1 IN_UVP Bit

IN_UVP is a status bit which reflects the under voltage
condition. When the port voltage is lower than Vin_acok, the
bit is set to 1, indicating the adapter is bad or removed; when
the port voltage is higher than Vin_acok threshold, the bit is
cleared to 0.

9.6.2 ACOK Bit

ACOK is an interrupt bit to report whether the adapter is
good or bad.

The ACOK bit can reflect the under voltage status,
depending on EN_INUVP bit as below:

Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd. 18

Downloaded From | Oneyac.com


https://www.oneyac.com

&

SOUTHCHIP

SOUTHCHIP SEMICONDUCTOR

SC8949 DATASHEET DRAFT

SOUTHCHIP CONFIDENTIAL, SUBJECT TO CHANGE

o When EN_INUVP = 1, ACOK bit can also reflect the
under voltage status, that is, the port voltage is lower
than Vin_acok

. When EN_INUVP = 0, it only reflect over voltage
status.

When ACOK bit toggles (changes from 0 to 1 or from 1 to 0),
the SC8949 generates an interrupt pulse at INT pin, to report
the status change.

The reset of ACOK also initiates the protection mechanism,
that is, the IC forces the corresponding NGATE driver off.
For example, if VB_SET = 0, the VBG driver is forced off
when VB_ACOK = 0.

Note: the port voltage may drop below Vin_acok for a short
period during charging startup due to inrush current. In order
to avoid false trigger of the ACOK protection, it is suggested
to set EN_INUVP to 0 during the charging startup and set it
to 1 after startup.

9.7 Small Current Indication
The IC monitors its output current IBUS in discharging mode.

Once the IBUS is lower than 50mA typical, it reports the
status to MCU through ICOM bit.

9.8 Pass-Through Mode

If DIR = 0 and Pass-Through = 1, the IC is el
Pass-Through mode, or called discharging-w%:ha gi

mode.

As same as in the charging mode, the JIC
mode and charges the battery. The o
pass-through mode, VBUS short circ
under voltage protection are acti @ er charging starts.
See 9.16 Protections section f@r prote€tion details.

The IC doesn’'t determi it in pass-through mode
according to port stails ly enters into pass-through
mode under the DIR ss-Through bits control.
9.9 Curre t%Voltage Monitor Function

togs th

The IC i e VBUS, VBAT, IBUS, IBAT, and voltage
drop s @ach isolation NMOS in real time. It can output a
p. nal current lo at IMON pin to the selected object as
swbelow, providing a way for MCU to monitor the IC
input/output status.

User can use 27kQ for Rimon as a starting point, and can
adjust the resistance if necessary.

IMON_SEL[2:0]

K1*BUS —000 |
K2*BAT 001 |

KS*Vd rop_C ﬂ

_loy ?\
K3*Vgop s 011 | Mux —T N\
K3*Verop o _100 N RIMON
4

K4*VBAT 101

KS*VBUS 110

C\) N
K1 = 5.556x10°

K2 = 4.386x

K3 =4.16

0-6

Figure 15 IMON monitor illustration

&ave 250ms delay time for the IMON function to work when

¥

the IC is just powered up from VBAT or VSYS.

After power up, when the IMON is switched between
different objects, leave at least 50 us time for the new IMON
signal to establish. >10pF capacitor in parallel with Rimon will
cause longer establish time. 10 times of the RC constant
time shall be considered for establishment for better signal
sampling.

The IMON function keeps working when PSTOP = 1 but is
disabled to save power when IDLE = 1.

9.9.1 IBUS and IBAT Current Monitor

When IMON_SEL[2:0] = 000B, IBUS current is monitored at
IMON pin. When IMON_SEL[2:0] = 001B, IBAT current is
monitored.

The DIR bit sets the IBUS / IBAT current monitor direction.

When DIR = 0, the charging current is monitored. If the
current is out from battery, the IMON pin will indicate as OA.

Similarly, when DIR = 1, the discharging current is monitored.
If the current direction is into battery, the IMON pin indicates
as OA.

The relationships between IMON pin voltage and IBUS/IBAT
current is shown as below:
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VIMON
IBUS = m
_ VIMON
IBAT = m

Where K1 = 5.47 x 106, K2 = 4.31 x 10, Rivon is the
resistor connected at IMON pin.

For above calculation, 10mQ current sense resistor must be
used.
9.9.2 Port Current Monitor

When IMON_SEL[2:0] = 010B / 011B / 100B, the voltage
drop across the NMOS of VC / VB / VA port is monitored at
IMON pin respectively. The relationship is shown as below:

Vimon = K3 X Varop x X Rimon

_ Vdrap,X _ VIMON
Rdson,X K3 X RIMON X Rdsan,X

Iy

Where Varop_x is the voltage drop between the isolation MOS
for VX port, that is, the voltage drop between SNSP pin and
VX pin; Rdson_x is the Rdson of the isolation MOS including
the path resistance between SNSP pin and VX pin.

X=A/B/C;K3=4.167 x 10*.

The voltage drop compliant with discharging directionO

monitored for VA port;

VB_SET and C_DIR set the monitor direction for VB an
ports.

A\
If the real current direction is opposite to Qsetting, the

IMON pin will indicate as OA.
a'tor

Besides the current informay'&f:e MON pin can also be
used to monitor the d VBAT voltage when
IMON_SEL[2:0] = 10187 /

The VBUS and VB%@ e calculated as:

9.9.3 VBUS and VBAT Volta

_ Vimon
BAT ™ K4 X Riyon

& v _ Vimon
BUS ™ K5 X Riyon

Wh K4 =10.06 x 10 and K5 = 3.06 x 106

9.10 Discharging Path

The IC provides a discharging path of 1kQ impedance from
VBUS to ground. The MCU can turn on or off the discharging
path by VBUS_DISPATH bit.

Similarly, the IC also provides a discharging path of 1kQ
impedance from VC to ground, and the MCU can turn on or
off the discharging path by VC_DISPATH bit.

The discharging paths are designed to pull down the residue
voltage on VBUS capacitor or on VC port when necessary. It
is important to properly configurate VC or VBUS discharging
patch during charging mode:

1. Keep VC_ DISPATH is enabled when V@&E

configurated as a charging port.
2. Keep VBUS_ DISPATH is enable
mode is used.

9.11 NTC Function

The SCB8949 can monitor
through Negative Temped
thermistor). The N @ istor shall be connected at NTC
pin with external dividefas shown in below figure.

RCE_CH

The IC co the NTC voltage with internal thresholds,

so to dec ther the battery temperature is within a

good . If the temperature is outside the range, the IC

st he tharging or discharging operation automatically for
safety.

U can check the NTC status through STA1 register.

There is an internal switch between NTC_G and AGND pin.
When IDLE = 1, the switch is auto-off, so to reduce the
leakage. When IDLE = 0, the switch is auto-on, and the NTC
function resumes after a 50ms delay.

User can short NTC pin to ground to disable the NTC
function.

Figure 16 NTC Circuit
9.11.1 NTC for charging mode

There are four temperature zones for charging mode: cold,
cool, normal and hot.

To initiate a charging cycle, the NTC voltage must be within
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the cool or the normal range. When it is in the normal range,
the SC8949 charges the battery normally. If in the cool range,
the IBUS current is reduced to 1/2 of the setting value
automatically. When beyond the normal or cool range, the IC
suspends charging until the NTC voltage is within the range
again.

The IC reports the abnormal temperature status by
NTC_HOT, NTC_COOL and NTC_COLD bits.

Use below equation to calculate the RT1/RT2 resistance
when a 103AT NTC thermistor is used as shown in the
application circuit.

vee
VCOLD CH_R
Rri=—4""7

RTZ RCOLD

Where, Rhot is the NTC resistance at the hot temperature
threshold; Rcovp is the resistance at the cold threshold.

For example, select 0°C (cold) to 45°C (hot) as the rahge jfor
%’. kQ

the charging. So Rcoo = 27.28 kQ, RuopaS
(resistance of 103AT thermistor at 0°C and A&)\

So the calculation results are: @

RT1=6.8kQ
| 444 | 444
Reowp X Ryor X ( - ) RT2 =120 kQ
Ro = Veorp chr  VhorcuF
T2 —
VCC 444 i i i
Riop X (V— _ 1) — Reoip X (V— _ 1) With above setting, the cqglLt rature threshold is around
HOT_CH_F COLD_CH_R 1ooc_ O
NTC range to initiate charge NTC r@ring chage
vee N
Charge Charge
suspended suspended COLD
VCOLD_CH_R
VCOLD_CH_F
IBUS_LIM reduced to 50% IBUS_LIM reduced to 50%
of setting value of setting value cooL
VCOOL_CH
NORMAL
VHOT_CH_R
VHOT_F Charge
suspended Charge HOT
VDISNTC suspended
AGND <p

9.11.2 Q;or discharging mode

There ree zones for discharging mode: cold, normal

a@\. The NTC voltage must be within the normal range
for mefmal operation.

The hot and cold thresholds are adjusted under discharging

Figure 17 NTC zone for charging mode

mode. When RT1 = 6.8 kQ and RT2 = 120 kQ, the hot
threshold is around 60°C, and the cold threshold is around
-20°C.

The IC reports the abnormal temperature status by
NTC_HOT and NTC_COLD bits for discharging mode.
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NTC range for discharging mode

vCC

Discharging is stopped

VCOLD_DM
(-20C)

XY
2%

VHOT_DM
(60C)

Discharging is stopped HOT

f\')\J

Figure 18 NTC zone for discharg
. . The atus indication bits are cleared when PSTOP is
9.12 Switching Frequency e

In charging mode (buck mode), the IC works in constant off
time control; in discharging mode (boost mode), it works ing«l 2 Standby Mode

VDISNTC
AGND

constant on time control. The switching frequency can be

- A When IDLE = 1, the IC enters into Standby mode with most
configured through FSW_SET[1:0] bits for both char@

functions disabled to save power.

mode and discharging mode.
The IC stops switching and forces all NGATE drivers off; the
9.13 Operation Modes IMON and NTC function are also disabled; the internal

) ) ) & A switch at NTC_G pin disconnects NTC resistor divider.
User can use PSTOP bit and IDLE bit to dis parts of the
IC circuits. The VCC regulator and LDO, I12C interface, phone insert

Q~ detection and adapter detection circuit still work in standby
9.13.1 Power Stop Mode Q mode. MCU can still configure the IC through 12C. The

o typical standby current drawn from VBAT pin is around 40
When PSTOP = 1, the I&ps the DCDC switching

operation no matter in clgarging“r discharging mode. The WA
ATE drivers, IMON function) The different operation modes are summarized below.

other circuits (including’t
still work normally. It power stop mode.

Table 2 Operation Mode Summary

. . VCC and DCDC NGATE IMON NTC 12C

IDLE bit PSTOP bit Mode LDO switching drivers function function interface

Q : 0 Active Enabled Enabled Contrglled Enabled Enabled Enabled
by register

0 1 Power Stop Enabled Disabled Contrglled Enabled Enabled Enabled
by register

1 X Standby Enabled Disabled Forced off Disabled Disabled Enabled
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9.14 Power Supply and VCC Regulator

VBUS pin just functions as the power node of the DCDC
converter, and doesn’t provide operation current to internal
circuits.

The IC gets operation current from VBAT and VSYS pins.
VBAT pin is connected to the battery, and the VSYS pin is
connected to external supply (normally connected to the
VBUS node). Put 1 pF bypass capacitor from VSYS and
VBAT pins to PGND respectively. The capacitors should be
close to the IC.

The IC integrates a 5.1V regulator (VCC regulator) to power
the internal circuits including the power drivers and NGATE
drivers. The regulator input is from the higher voltage of
VSYS and VBAT. If the input voltage is lower than 5.1V, the
VCC regulator operates in fully conduction mode.

The VCC regulator supports at least 70mA load capability.
Current limit function is designed. The IC reduces the VCC
voltage when the total load (including the internal operation
current) exceeds lvcc_um value. Connect at least 1 pF
capacitor from VCC to AGND close to the IC.

To get enough driver voltage, VSYS pin is normally

check whether VBUS node has voltage under dead batte
condition. If VBUS s isolated from adapter input
back-to-back NMOS, the adapter input shall be connegt
VSYS pin with a diode as well. Never connecting VSY&sto
VBUS or any other voltage source directly. S ky GQodes
with low forward voltage drop and tiny pack are¥suitable
for this application.

connected to VBUS node with a diode. However, user mustg

Refer to Typical Application Circuit fo tion illustration.

9.15 LDO Regulator Q

The IC integrates an LD t power the MCU controller or
other chips in the sys output of LDO can be set to

3.3V or 2.8V by ET bit. No current limit is
implemented for, Iator If its load is too high, the VCC
current limit wil i ered

Connect I¥ MWF capacitor from LDO to AGND close to

the |Cv
9@ Protections

9.16.1 Over Current Protection

The IC monitors the IBUS and IBAT current in charging and
discharging mode. Once the current exceeds the current
limit set by IBUS_LIM[7:0] or IBAT_LIM [1:0], the IC
regulates the current at the limit value.

MCU can also monitor the port current through IMON pin,
and decide whether the port is over current and what
protection shall be taken.

9.16.2 Input Port Under Voltage Protection

For the charging port(s), if the port voltage (VB if VB_SET =

0; or VC if C_DIR = 0) is lower than Vin_acok thr We
IN_UVP status bit (B_IN_UVP or C_lN_U\K's\ o1,

indicating the adapter is bad or removed.

When EN_INUVP = 1, the ACOK bit als lécts the under
happens, the

NGATE driver return to nor tatus after the UVP fault is

removed with 20ms de :
When EN_INUVP a COK bit doesn’t reflect the under

voltage status. Sonwhen fault happens, only IN_UVP bit
reflects the @ s, and the IC keeps normal operation.
However, T\& VBUS voltage is below the VINREG
thres NREG loop will stop the charging.

Fo charging port, the inrush current during startup may
\% port voltage down, result in false trigger of the under

Itdge protection. In order to avoid false triggering, it is
suggested to set IBUS below 500mA as the initiate charging
current then adjust this current by the adapter information
which detected by DP/DM or CC signals, or disable EN_UVP
temporarily during charging star-up process.

9.16.3 Boost Output Over Voltage Protection

In discharging mode, the IC monitors the output voltage
through internal or external feedback resistors (decided by
FB_SEL bit). Once the IC detects the VBUS voltage is
higher than OVP threshold, the IC stops switching until the
FB recovers. The NGATE drivers keep normal operation
during the OVP process.

For external setting way (FB_SEL = 1), the OVP is decided
by FB voltage; for internal setting (FB_SEL = 0), the OVP is
decided by VBUS voltage. Please find the summary below.

Table 3 Boost OVP Threshold Summary

FB_SEL OVP threshold
1 Ves_ove = 1.2V x 110% = 1.32V
0 Veus_ove = VBUS target + 500mV

9.16.4 FB Pin Short Circuit Protection

With external voltage setting (FB_SEL = 1) in discharging
mode, once FB pin is detected short to ground, the IC
changes to internal setting way automatically, and the output
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voltage is decided by VBUS_SET[9:0]. The IC reports the FB
shortage fault through FB_SC bit. After FB pin shortage fault
is removed, the IC changes back to external setting way
automatically. It is suggested to keep VBUS_SET[9:0] = O
when FB_SEL = 1, so the IC can output a safe 5V when FB
pin short circuit fault happens.

9.16.5 VBUS Short Circuit Protection

In discharging mode or pass-through mode, if the IC detects
that VBUS voltage drops below VBAT for a period (1 ps or
90 us, configured by Short CTRL bit), the IC reports the
short circuit fault through VBUS_SHORT bit. The IC still
keeps switching but forced all the NGATE drivers off no
matter for charging port or discharging port to protect the IC.

The IC supports hiccup mode when Short_auto_rtr = 1. It
tries to recover the NGATE drivers to normal operation every
500ms. If the short circuit fault is still there, all the NGATE
drivers will be forced off again. After the fault is removed, the
VBUS_SHORT bit is cleared to 0, and the IC returns to
normal operation. When in pass-through mode,
Short_auto_rtr = 0 is recommended, MCU should recover
charging port first, then the discharging port.

If Short_auto_rtr = 0, all the NGATE drivers latch in off status

drivers latch off status again until next reset operatio%
MCU.

9.16.6 VBUS Under Voltage Protecti &’Short
Circuit Protection Q

When EN_VBUSUVP = 1, the ??nder voltage

protection is enabled for both seis€]

pass-through mode. This prote tiimilar to VBUS short

circuit protection, so is callec&sh t protection.

If the VBUS voltageyi

VBUS_UVP_SET) fi
detected and the

elow 3.8V or 4.5V (set by
e,than 8ms, under voltage fault is
ers the same protection as the
VBUS short cir ection, that is, the VBUS_SHORT bit
is set to 1, e IC turns off all NGATE drivers. If

Short_ rtf= 1, the IC supports hiccup mode, trying to
recov very 500ms; if Short_auto_rtr = 0, the IC latches in
o) until MCU sets Short_RST bit to 1.

Wh N_VBUSUVP =0, the VBUS under voltage detection
is disabled.

9.16.7 VBAT Over Voltage Protection

When VBAT is higher than Vsar_ove threshold (103% of
VBAT target) no matter in charging mode or discharging

mode, the IC sets VBAT_OVP bit to 1 to report the battery
over voltage status.

If EN_VBATOVP = 1, the IC takes further protections, that is,
it stops switching and turns on a 1kQ path from VBAT to
GND to discharge the battery. It returns to normal operation
after VBAT drops below 101% of the target. The NGATE

drivers keep normal operation during protection. V

If EN_VBATOVP = 0, the IC just sets VBAT Z report
the status and keeps switching. MCU can sé&t EN\VBATOVP
to 0 in discharging mode so to allow peration for

over-voltage battery.

9.16.8 Thermal Shutdoanc\Q

When the IC detects the ghipNuhction temperature is higher
than 165°C, the IC st itching to protect the chip, and
sets the OTP inte to inform the MCU. It resumes
switching and cleag. OFP bit once the temperature drops

below 150° e NGATE drivers keep normal operation
during pro

until MCU sets Short_RST bit to 1 to reset. If the short circuit &
fault is still there after resetting, the IC enters to NG@
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9.17 12C and Interrupt

9.17.1 12C Interface

The IC features I12C interface, so the MCU can program and
control the IC flexibly.

The 7-bit 12C address of the chip is 0x76 (8-bit address is
OXEC for write command, OXED for read command).

The SDA and SCL pins are open drain and must connect to
the power rail through pull-up resistors. When the 12C bus is
free, both SDA and SCL output high impedance. The 12C
interface supports standard mode (up to 100kbits) and fast
mode (up to 400Kk bits). To support fast mode, 4.7 kQ pull up
resistor is suggested for SCL and SDA respectively.

9.17.1.1 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 \

L SN

data line change
stable; of data
data valid allowed

9.17.1.2 START and STOP Conditio

\ ]
Figure 19 Bit transfer on the I2§%
All transactions begin with a ST and are terminated
by a STOP (P). A HIGH to L tion on the SDA line
while SCL is HIGH define %A'\R condition. A LOW to
HIGH transition on the S ihe while SCL is HIGH defines a
STOP condition.

itions are always generated by the
sidered to be busy after the START

condition. s considered to be free again a certain
time aft e STOP condition.

r——- r——-
|
|

w NI

START and ST

STOP condition

START condition

Figure 20 START and STOP conditions

9.17.1.3 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 per d
some other function, for example servicin \%mal
interrupt, it can hold the clock line SCL &)ﬂ rce the
master into a wait state. Data transfer t ntihues when
the slave is ready for another byte of releases clock

line SCL. \<\

r——1 r—=21

_ L P
| MSB acknowledgement acknowledgement | sr|

| signal from slave signal from receiver | |

SCL Isors | N1 NS 2\ 7 [ 9 1 2 08 9 l'srarp |
L --- [Rahaligt

0 ACK i ACK
STOP or

START or
repeated START byte complete, clock line held LOW repeated START
‘whila interrupts are servicad condition

condition interrupt within slave

Fi 21 Bata transfer on the 12C bus

9.17.14 A Zledge (ACK) and Not Acknowledge
ABK)
-e)

owledge takes place after every byte. The

t 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.

& owledge bit allows the receiver to signal the transmitter

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.

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.

9.17.1.5 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.
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L s PP
[ — I R S

O IR | R R -
START ADDRESS RW ACK DATA ACK DATA ACK STOP
condition condition

Figure 22 A complete data transfer

MSB LSB
T T T T —

| | R |
1 1 1 1 1 1

\— slave address Q

Figure 23 The first byte after the START procedure

9.17.1.6 Single Read and Write

Slave Address Reg Address Data
‘ s ‘ (7 bits) ‘ W(0) ‘ ACK(0) ‘ 8 bits) ‘ ACK(0) ‘ (8 bits) ‘ACK(O)| P ‘
1 from master to slave from slave to mater
Figure 24 Single Wite

Slave Address | Reg Address Slave Address

‘ s | 7 bits) W) ‘ ACK(D}| @ bis) ‘ACK{O)‘ s | @ bits) R | ACK(0) | ~
ata
8 bits) I )

= from master to slave from slave to mater

-

Figure 25 Single Read

A\
If the register address is not defined, th% Qger IC send

back NACK and go back to the idle state.
9.17.1.7 Multi-Read and Multi-Wpi

The IC supports multi-read and -write for continuous

&

X

N

‘ s | 5‘":;@;‘” !wm: ‘ACK[0)| “‘?8‘;",’,’;" ‘ACK:_D), —
C:;:J';“:::.gm ACK(U)‘ D""‘;:;;;‘“"‘ ‘ACK[0)|.. | nmk:anb-‘;.;\mw ‘ACK(U)’T‘
== from master to slave 1 from slave to mater
Figure 26 Multi-Write N
| 5 | MR ‘wm)‘m:m:‘ SR |acma:‘ s ‘ R ‘R(j ‘_chtﬂ_) ti‘_’j’.—,,
. 7D::.:isﬂ;!; 7@ ;la§m€r+: I:C_K(;‘ B ‘ Dala‘;(md,mN ez ©
= from master o slave [ from slave to mater
Figure 27 Mult
9.17.2 Interrupt Q\

When below events h IC sends a 1ms active low
interrupt pulse at INT @i orm MCU.

. VBUS_SHOR(cﬁanges fromOto 1

. INDET anges from 0 to 1
. IND anges fromO0to 1
. changes from 0 to 1, or changes from 1 to 0
. B OK changes from 0 to 1, or changes from 1 to 0

A\ 4

Figure 28 Interrupt pulse at INT pin

User can mask an interrupt by setting its corresponding bit in
INT_Mask register. When the mask bit is set, the
corresponding interrupt bit is still set, but the IC doesn’t
generate the interrupt pulse at INT pin.

9.17.3 Reset

If MCU sets the RESET bit to 1, all registers are reset to
default values, and the RESET bit will be resets to 0
automatically after being written to 1.
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10 Application Information

10.1 Capacitor Selection

As the output node of the boost converter, VBUS node needs
enough capacitors to reduce the voltage ripple. The voltage
ripple is determined as below

(VBUS-VBAT):IBUS

VRieple IS = /B U5 fow Caus

VRipple_ESR = lLpeak Rc_Esr
Where

VRipple_DIs is the output ripple caused by the switching current
charging and discharging the output capacitor at VBUS

VRipple_ESR IS the output ripple caused by the ESR of output
capacitor

ILpeak is the peak current of the inductor

fsw is the switching frequency, in the range of 300kHz ~
750kHz

Csus is the effective capacitance of the capacitors connected
between VBUS and GND

Rc esr is the Equivalent Series Resistor of the capacitors.

ceramic capacitor is recommended. Typically 66pF (thre

UF in parallel) X5R or X7R MLCC capacitors work f
applications. Higher capacitors can be used to jmprové=the
load transient response. When selecting
degrading effect of MLCC effective capaci
bias must be considered. Ceramic capac
capacitance at rated voltage; for exa e effective Caus
is normally much lower than 66 p hree 22 pF ceramic
capacitors are used. Enough o@aﬂng (higher voltage
than operating voltage wit in) is recommended. Check
the effective capacitan he operating voltage to make
sure the voltage ripp

MLCC capacito | package size normally has better
high frequency%n , S0 a 1 yF MLCC of 0402 package
size is hi I%o mended to added in parallel and put as
close to&

in as possible.
T Vﬁer capacitor normally has lower ESR than
e ic capacitor and higher capacitance than MLCC, for
the applications which require very small output ripple and
better load transient performance, the high capacitance
polymer capacitor is recommended. However, since its high
frequency characteristic is not as good as MLCC, at least 1
UF + 10uF MLCC capacitor must be used and placed in
parallel to reduce high frequency ripple. The smaller the

For small ripple, low ESR output capacitor like MI@

capacitance, the closer it should be to the chip.

10.2 Inductor Selection

1.5 pH ~ 3.3 pH inductor is recommended for loop stability.
The peak inductor current in discharging mode can be
calculated as

VBAT-(VBUS-VBAT-n) \/
IL_peak = IBAT + ?\

calculated as

2-fsw-L-VBUS \
where IBAT is the battery current at VBAT s@gnd can be

VBUS;
IBAT = —

i X User can use 90% for

n is the power conversion
calculation.

fsw is the switching y

L is the inductot val
The peak @tor current in charging mode can be
calculateqé

VBAT-(VBUS-VBAT)

IL_peak = IBAT + 2Tsw L VBUST

&&BAT is the battery charging current at VBAT side, and

an be calculated as

VBUS-IBUSN

IBAT = —VBaT

n is the power conversion efficiency. User can use 90% for
calculation.

fsw is the switching frequency
L is the inductor value

When selecting inductor, the inductor saturation current must
be higher than the peak inductor current with enough margin
(20% margin is recommended). The rating current of the
inductor must be higher than the battery current.

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

PL DC = IL>DCR

IL is the average value of inductor current, and it equals to
IBAT or IBUS.

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 shall consult with the
inductor vendor to select the inductor which has small ESR at
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high frequency and small core loss.

10.3 Current Sense Resistor

10 mQ should be used to sense IBUS current. 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 can be roughly
calculated as P=I°R, and | is the RMS 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.

10.4 SW Snubber Circuit

To adjust MOSFET switching time and switching overshoot
for EMI debugging, it is recommended to add RC snubber
(0603 size) circuit at SW, as shown in Figure .

The RC snubber is helpful in absorbing the high frequency
spike at SW 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_.i
necessary. Normally user can try 2.2Q and 1nF for @
snubber. If EMC should be improved further, reducest{

resistor value (like 1 Q or even lower) and increase
capacitor value (like 2.2nF or even higher). & “

¥

snubber

VBUS

v A )

QE Figure 29 Snubber circuit
Besities snubber circuit, user can also use DRV_LS SET

and DRV_HS_SET bits to adjust the driver capability of the
internal driver circuits. Strong capability helps reduce the
switching loss so to achieve higher power conversion
efficiency, while weak capability helps suppress the switching
spike, improving the EMI performance.

10.5 Isolation MOSFET Selection

For the VA/VB/VC port, N-channel MOSFET can be used as
isolation switch.

When selecting the MOSFET, user shall consider the VGS
rating, VDS rating and the Rdson parameters.

When the NGATE driver is turned on, the IC ou WC
based on the lower voltage of VBUS and port v ?%%ﬂ?at is,
Vex = VCC + min(VBUS, 5V-Typical). There&% amping
circuit designed which guarantees the V%t ge doesn’t
exceed 8V. However, when the NG ris turned off,

VGX pin is pulled to ground, so u onsider the VGS

voltage the MOS will see in t ation and select the
right rating.

The Vbs of MOSFET shg igher than the highest VBUS
operating voltage with @ margin.
The MOSFET curr

port current V\Qnough margin.
To ensu?}e fficient current capability in relatively high

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

t Ip should be higher than the highest

should be considered. In addition, the power

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

10.6 Diode Selection

The IC can get power from VSYS pin to power the internal
driver circuits and the LDO. To get enough capability, VBUS
node shall be connected to VSYS; if there is charging port
where back-to-back isolation is used, the port voltage shall
also be connected to VSYS pin. Diodes shall be used when
multiple rails are connected.

To improve the driver capability, Schottky diodes of small
voltage drop are recommended for applications where high
current capability of VCC or LDO is required.

10.7 Layout Guide

1. The capacitors connected at VBUS/VBAT/VCC/VDRV
pins should be placed near the IC, and their ground
connection to the ground pins should be as short as
possible.

2. The current sense resistor and bulk capacitor at VBUS
side should be placed very close to VBUS and PGND
pins.

3. The isolation MOSFETs for each port shall be put as
close to the 10mQ current sense resistor as possible.
Isolate the current path if possible (as illustrated below).
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This is helpful to improve the accuracy of port current below, and routed in parallel (differential routing), and
detection the filter for current sense should be placed near the IC.

correct wrong

Rsnsx Rsnsx

copper copper copper r:opper\E
C!

Must connect to resistor pads Shol ect to coppers of
(Kevin Sense) \ wer path

nt sense

5. The FB resistor
should be plac

4. The current sense traces should be connected to the ground) pin. TRen donnect the AGND pin and PGNDs at
current sense resistor's pads in Kelvin sense way as the PGN d under IC.

Figure 30 Isolation of current path for each port
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11 Register Map \?‘
SO

The 7-bit 12C address of the chip is 0x76 (8-bit address is OXEC for write command, OXED for read command).

A
Addr Register Type Default bit 7 bit 6 bit 5 bit 4 bit 3 A bit 1 bit 0 Go to
01H MODE RIW 0010 0000 | Short_CTRL FB_SEL ITRKL_SET VLDO_SET VB_SET /\w Pass-Through DIR Table 4
-
02H PWR_SET RIW 0100 0110 FSW_SET[1:0] Reserved FORCE_CH IDLE N DRV_LS_SET DRV_HS_SET PSTOP Table 5
03H PWR_PATH RIW 0000 0000 Reserved Reserved BlockSS VBUS_DISPATH VC_DISPFH\:~ VAG_ON VBG_ON VCG_ON Table 6
04H IMON R/W 0010 0000 INDET_SET RECH_SET EN_OOA CBLCOMP_CTRLJ[1:0] IMON_SEL[2:0] Table 7
] A 4 .
05H CHAR_SET RIW 0010 0001 VINREG_SET [2:0] ITERM_S ] VBAT_SET[2:0] Table 8
06H IBUS_LIM R/IW 0001 0010 IB& :0] Table 9
\ )
07H VBUS_SET_MSB R/IW 0000 0000 ('\&_SET[Q:Z] Table 10
A |
08H VBUS_SET_LSB R/IW 0000 0000 Reserv V VBUS_SET[1:0] Table 11
09H Load wic 0000 0000 Pﬂer IBUS_LIM_Load | VBUS_SET_Load | Table 12
OAH IBAT_LIM R/W 0000 0010 Reserved r\v Min_IBUS_clamp_setting[1:0] IBAT_LIM [1:0] Table 13
0BH PRO_SET RIW 0001 1101 DIS_TERM VBUS_UVP_SET EN_VBB\ EN_VBUSUVP Short_auto_rtr EN_INUVP Reserved Reserved Table 14
.
OCH CTRL wicC 0000 0000 Y. Resﬂ!d RESET Reserved Short_RST Table 15
ODH Loop_STA R 0000 0000 ?serv ) IBAT_Loop VINREG_Loop CC_Loop CV_Loop Table 16
V3
OEH STA1 R 0000 0000 Reserved OoTP NTC_hot NTC_cool_ch NTC_cold EOC ICOM Table 17
OFH STA2 R 0000 0000 Reserved FB_¢ VBAT_OVP Reserved Reserved Reserved C_IN_UVP B_IN_UVP Table 2
y N
10H INT R 0000 0000 %e ed VBUS_SHORT INDET_B INDET_A VC_ACOK VB_ACOK Table 19
hd
11H INT_Mask RIW 0000 0000 /« Reserved VBUS_SHORT_M INDET_B_M INDET_A_ M VC_ACOK_M VB_ACOK_M Table 20

<
o

X
8
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Table 4 0x01 MODE Register (go back to map)

Bit Type Bit Name Default Description Notes

Set the short circuit detection time (VBUS<VBAT) for discharging mode and
pass-through mode

7 R/W | Short_CTRL 0 0: 1 ps (default)
1: 90 ps
Configure the VBUS output voltage setting way for discharging mode ‘\
0: internal feedback resistors are used, and the VBUS voltage can be se \
through VBUS_SET[9:0] bits. (default)
6 R/W FB_SEL 0
1:the VBUS output is set by the external resistor divider connecte
User shall keep the FB_SEL unchanged while the IC operate; Is only
allowed when PSTOP =1 or IDLE = 1. N
A
Set the battery current (IBAT) regulation target in tric ge phase
5 R/W ITRKL_SET 1 0: 260mA C)
1: 540mA (default)

Vo
Set the LDO output voltage \Y
4 R/W | VLDO_SET 0 0: 2.8V (default) &

1:3.3V R
Set the function of the V@

0: as charging portAsupporting adapter plug and removal detection.
3 R/W | VB_SET 0 Charging curre onitored (default)

1: as dischar@ , supporting load insert detection. Discharging current can
be monitored

Setgfie fapctidn of the VC port

. asxcharging port, supporting adapter plug and removal detection.
arging current can be monitored. For TYPE-C application, set this bit to
2 R/W | C_DIR fter the port is determined as sink/UFP role. (default)

>
1: as discharging port, NOT supporting load insert detection. Discharging
current can be monitored. For TYPE-C application, set this bit to 1 after the port
is determined as source/DFP role.

A
<,

Set the IC in pass-through mode so to enable VBUS short circuit protection

N
s O/Z)

%@ during charging.
0: Not in pass-through mode. VBUS short circuit protection is disabled

1 R/W‘ % rough when DIR = 0 (default)

&E 1: set in pass-through mode. VBUS short circuit protection is enabled when DIR

} =0.
< > Set the charging/discharging mode
0 R/W DIR 0 0: charging mode (default)

1: discharging mode
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Table 5 0x02 PWR_SET Register (go back to map)

Bit Type Bit Name Default Description Notes

Set the switching frequency of the IC

00: 300kHz
FSW_SET[1:0

7-6 R/IW ]

01 01: 450kHz (default)

01: 600kHz ?\\/
11: 750kHz \

&

5 R/W Reserved 0 Reserved »

Configure the startup condition for charging operation %\
0: At least one of VA / VB / VC ports must be configured a @ port,
and only after the NGATE driver of the charging portis d on, the
IC can start charging operation (default)

4 R/W | FORCE_CH 0
1: The charging operation doesn’t rely on the port co @: n and NGATE

VB or VC. “~

driver status. Q

Set this bit to 1 to allow charging operatiothe charging port instead of
Idle mode control ®

3 R/W IDLE 0 0: normal operation (default) < )

1: set IC into idle state Pé

& )
Adjust the low side d@a ility for EMI performance
2 R/W DRV_LS_Set 1 0: weak

1: strong (def

Adjust&ﬂghgﬁe driver capability for EMI performance

)

1 | RW | DRV_HS_Set 1 0:Q<7
m g (default)

wer stop control.

>
0 R/W PSTOP ‘, Q 0: normal operation (default)

%\ 1: power stage (DCDC) stops switching

N Table 6 0x03 PWR_PATH Register (go back to map)
4 g
Bit 4@( Bit Name Default Description Notes
-
Ty Reserved 0 Reserved
A)
6 ) R/W Reserved 0 Reserved
Set whether the NGATE driver will be forced off during boost start-up process in
discharging mode
5 R/W BlockSS 0 0: all of the NGATE drivers are forced off during boost start-start process
(default)
1: the NGATE drivers keeps normal operation during boost start-up
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Control the discharging path from VBUS to GND (typ. 1 kQ)
4 R/W ¥EUS—DISPA 0 0: disable the discharging path (default)
1: enable the discharging path
Control the discharging path from VC to GND (typ. 1 kQ)
3 R/W VC_DISPATH 0 0: disable the discharging path (default) V
1: enable the discharging path ‘\v
NMOS gate driver control at VAG pin A\\‘
2 R/W VAG_ON 0 0: turn off the gate driver (default)
1: turn on the gate driver /\%
NMOS gate driver control at VBG pin \V
1 R/W VBG_ON 0 0: turn off the gate driver (default) $
1: turn on the gate driver (-\
NMOS gate driver control at VCG pin C)V
0 R/W VCG_ON 0 0: turn off the gate driver (default) Q
1: turn on the gate driver R \\
o
Table 7 0x04 IMON Be@é&ack to map)
Bit Type Bit Name Default r\\) Description Notes
Set the pull \H{ty for phone insert detection
7 R/W INDET_SET 0 0: strogyg (default)
1: e;k
recharge threshold for charging mode
6 R/W RECH_SET 0 Lﬂ. 7.4% of VBAT target(default)
Q " 1: 96.206 of VBAT target
\ PFM Out-of-Audio (OOA) Mode Control
5 R/W EN_O %’ 1 0: Out-of-audio mode disabled while converter is in PFM
N x 1: Out-of-audio mode enabled while converter is in PFM (default)
%‘ Configure the cable drop compensation ratio Rcowme_ser for VBUS output voltage
in discharging mode, effective for both internal and external VBUS setting
&‘?\ 00: disabled (default)
43 CBLCOMP_C 00
w TRL[1:0] 01: 50 mV/A
Q) 10: 100 mV/A
11: 150 mV/A
Select the object to monitor at IMON pin
2-0 R/W I()'\]AON—SEL[ZZ 000 000: IBUS current, direction is decided by DIR bit (default)
001: IBAT current, direction is decided by DIR bit
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010:
011:
100:
101:
110:
111:

voltage drop between VC and SNSP, direction is decided by C_DIR bit
voltage drop between VB and SNSP, direction is decided by VB_SET bit
voltage drop between VA and SNSP, direction is from SNSP to VA
VBAT

VBUS

reserved

Table 8 0x05 CHAR_SET Register (go back to map) (\

Bit

Type Bit Name

Default

Notes

7-5

VINREG_SET

RIW [2:0]

001

Description Q\V

Set the VINREG threshold for charging mode

000:
001:
010:
011:
100:
101:
110:
111:

sav C)O

4.5V (default)

4.6V Q
4.7V ®
4.8V C)

4.9V %

Reserved &

Reserved

)

4-3

R/W ITERM_SET

Set the termifiat

eshold for battery current IBAT in charging mode

00: 1@(@ A1)
oLAoom,

mA

- 400mA

<
I~
&

001

\ g

Set the VBAT target for charging mode.

000:
001:
010:
011:
100:
101:
110:
111:

4.1V

4.2V (default)
4.25V

4.3V

4.35V

4.4V

4.45V

4.5V
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Table 9 0x06 IBUS_LIM Register (go back to map)

Bit Type Bit Name Default Description Notes

Set the IBUS current limit, effective for both charging mode and discharging
mode.

IBUS_LIM (A) = IBUS_LIM[7:0] X 25mA

0001
7-0 R/W IBUS_LIM[7:0] 0010 25mA/step, from a clamping current (decided by Min_IBUS_clamp_setting[1:0])
t0 6.375A ?\
Default at 450mA (0x12)
The change will not take effect until IBUS_LIM_Load is set to 1. /%
Table 10 0x07 VBUS_SET_MSB Register (go back to map) Q
Bit Type Bit Name Default Description A< )\ Notes
Highest 8 bits of VBUS_SET registers. Set the V&S?utput voltage in
discharging mode when internal setting w. elected (FB_SEL =0)

VBUS (V) = 5V + 10mVx (VBUS_SET| \2% US_SET[1:0])

7.0 RIW VBUS_SETI[9: 0000 | 40mvistep for the high 8 bits

2] 0000 VBUS<6V
VBUS Default at 5V + 0V % t
The change will not ta t until VBUS_SET_Load is set to 1.
Keep the reglster@lue if external setting way is used (FB_SEL = 1)
=
Table 11}%U§_SET_LSB Register (go back to map)
Bit Type Bit Name Default Description Notes

000< ELRE
7-2 R/W Reserved @0\ eserved
b

A’ V Lowest 2 bits of VBUS_SET registers. Set the VBUS output voltage in
discharging mode when internal setting way is selected (FB_SEL = 0)

%( VBUS (V) = 5V + 10mVx (VBUS_SET[9:2]x4 + VBUS_SET[1:0])
1-0 RIW V% L 00 10mV/step for the low 2 bits VBUS<6V

% VBUS Default at 5V + 0V (00)
The change will not take effect until VBUS_SET Load is set to 1.

-

%« Keep the register at fault value if external setting way is used (FB_SEL = 1)
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Table 12 0x09 Load Register (go back to map)

Bit Type Bit Name Default Description Notes
7-2 R/W Reserved 0000 Reserved
000
Set this bit to 1 to load the IBUS_LIM[7:0] setting into circuit. Any change of
1 Wic ';US_UM_'—O 0 IBUS_LIM[7:0] can only take effect after this bit is set to 1. V
This bit resets to 0 automatically after being written to 1. N\
Set this bit to 1 to load the VBUS_SET[9:0] setting into circuit. Any change o A\\‘
0 Wic ZaBdUS_SET_L 0 VBUS_SET[9:0] can only take effect after this bit is set to 1.
This bit resets to 0 automatically after being written to 1. AQ,
A
QY
Table 13 0x0A IBAT_LIM Register (go back to map) ('\
Bit Type Bit Name Default Description (. y Notes
7-4 R/W Reserved 0000 Reserved () ~7
Set the minimum clamping value for 1B \ 7:0]
00: 150mA (default) C\)?‘
Min_IBUS_cla 01: 200mA \b
3-2 R/W mp_setting[1:0 00
] 10: 250mA &
11: 300mA g
The change yil» e effect until IBUS_LIM_Load is set to 1.
Set the batter\ygent limit value
00: charging mode, 6A for discharging mode
1-0 R/W I[?:?)I—LIM 10 Ql‘or charging mode, 8A for discharging mode
Q&;A for charging mode, 10A for discharging mode (default)
<\ $ 11: 10A for charging mode, 12A for discharging mode
&V
V\% Table 14 0x0B PRO_SET Register (go back to map)
Bit ’p\ f Bit Name Default Description Notes
Q) Configure the charger behavior at end of charge phase
7 R/W DIS_TERM 0 0: IC terminates the charging automatically after EOC (default)
1: IC keeps regulating VBAT voltage after EOC
Set the VBUS under voltage threshold
6 RIW \E/_?US—UVP—S 0 0: 3.8V (default)
1: 4.5V
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Configure the protection mechanism when VBAT OVP status is detected,

effective for both charging and discharging mode
EN_VBATOV

P 0: IC keeps normal operation (default)

1: IC stops switching. It recovers to normal operation after the fault is removed

Enable VBUS under voltage detection

, o EN_VBUSUV . 0: disable the under voltage detection \?~
P 1: enable the VBUS under voltage detection, and once VBUS under

voltage is detected, IC forces all NGATE drivers off. Whether the IC \

recovers normal operation depends on Short_auto_rtr bit (default)

Al
Configure the protection mechanism when VBUS short circuit or V@.‘W
t mode

voltage fault is detected, effective for discharging mode and paS\
3 R/W Short_auto_rtr 1 0: All NGATE drivers are forced off until Short_RST bit is s

1: All NGATE drivers are forced off, and IC tries to mal operation
every 500ms (default)

P

N
Configure the protection mechanism when input @valtage is detected for

charging port(s). Q
2 R/W EN_INUVP 1 0: ACOK bit will not reflect the status@\ eps normal operation,
0

1: ACOK bitis reset to 0, and t sponding NGATE driver is forced
off (default)

1 R/W Reserved 0 Reserved

0 R/W | Reserved 1 Reserved \\\

\~

S

Table&(OQ\CTRL Register (go back to map)

p
A
Bit Type Bit Name Default Description Notes

NI
7-3 R/W Reserved 0000 %?rved

v

Q ) Set this bit to 1 to reset all registers to default values.
P

This bit resets to 0 automatically after being written to 1.

2 wic RESET

1 R/W Reservego A 0 Reserved

Set this bit to 1 to recover the IC from latch off status after short circuit
0 WiC f% 0 protection.

This bit resets to 0 automatically after being written to 1.

&? ~F
E Table 16 OxOD Loop_STA Register (go back to map)
Bit Type Bit Name Default Description Notes
7-4 R Reserved 0000 Reserved
O:normal Just for
3 R IBAT_Loop 0 rough
1:in IBAT_LIM regulation (no matter charging mode or discharging mode) indication
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0:normal Just for

2 R VINREG_Loop 0 rough
1: in VINREG regulation indication
0:normal Just for

1 R CC_Loop 0 rough
1:in IBUS_LIM regulation (no matter charging mode or discharging mode) indication
0:normal J%

0 R CV_Loop 0 1: in VBAT regulation for charging mode, in VBUS regulation for discharging ‘X
mode \ W cation

Table 17 0XxOE STA1 Register (go back to map) <\%

L
Bit Type Bit Name Default Description ‘O\V Notes

7-6 R Reserved 00 Reserved

N\
y _ N
N\
O:normal O
5 R OTP 0 ‘ ’
VN

1: in OTP protection

0: normal \Q

4 R NTC hot 0 1: the temperature sensed by NTC @ n hot zone (beyond 60°C for
B discharging mode or 45°C for ch@ de under recommended NTC setup
condition) N
~
0: normal &\
3 R NTC_cool_ch 0 1: the temperature edYby NTC pin is within cool zone for charging mode

(0°C ~10°C undef rec ended NTC setup condition)

A4
0: normal

2 R NTC cold 0 1: the perature sensed by NTC pin is within cold zone (below -20°C for
h diQ@ n:bde or 0°C for charging mode under recommended NTC setup
ndition)

0
! normal

1 R EOC E» 1: the end of charge conditions are detected. Whether the IC terminates
p charging depends on DIS_TERM bit

\ 0: normal
4

1: the IBUS output current is detected lower than 50mA (typ.) in discharging
mode

<\E Table 2 0XOF STA2 Register (go back to map)

N . -
Bit Type Bit Name Default Description Notes
7 R Reserved 0 Reserved
0: normal
6 R FB_SC 0 1: FB pin short circuit to ground is detected when FB_SEL is set to 1 (external
setting way)
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0: normal
5 R VBAT_OVP 0 1: VBAT OVP status is detected no matter how EN_VBATOVP is set, effective
for both charging and discharging mode
4 R Reserved 0 Reserved
3 R Reserved 0 Reserved N
2 R | Reserved 0 Reserved ?\/
0: normal ‘\
1 R C_IN_UVP 0 N
1: input under voltage status is detected for VC when C_DIR =0 ”
0: normal \
0 R B_IN_UVP 0
1: input under voltage status is detected for VB when VB_SET 7Q
\v
Table 19 0x10 INT Register (go back to map) r\s
Bit Type Bit Name Default Description (.y Notes
7-5 R Reserved 000 Reserved )
0: normal Q\K
VBUS_SHOR 1: VBUS short circuit or under voli@ge Status is detected for discharging mode
4 R/C T 0 or pass-through mode
After being set, this bit is Ja&iched to"1 until reset by hiccup mode or Short_RST
signal \
0: normal \)
3 R INDET_B 0
1: phone ins@ tected at VB when VB_SET =1
0: normal <
2 R INDET_A 0
1: phone e‘ﬁion is detected at VA
o
1 R VC_ACOK Q“, nput voltage is good for VC when C_DIR =0
\ ' Input voltage good means the port voltage is higher than Vin_acok when
A EN_INUVP = 1
%\ 0: normal
4
0 R VB_. % 0 1: input voltage is good for VB when VB_SET =0
Input voltage good means the port voltage is higher than Vin_acok when
C’ EN_INUVP =1
A\
é Table 20 0x11 INT_MASK Register (go back to map)
Q"ype Bit Name Default Description Notes
A" 4
7-5 R/W Reserved 000 Reserved
VBUS_SHORT INT mask
VB HOR
4 R/W T '\L/IJS—S © 0 0: VBUS_SHORT bit rising edge generates an INT pulse (default)
1: VBUS_SHORT bit rising edge doesn’'t generate an INT pulse
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INDET_B INT mask

3 R/W INDET_B_M 0 0: INDET_B bit rising edge generates an INT pulse (default)

1: INDET_B bit rising edge doesn’t generate an INT pulse

INDET_A INT mask

2 R/W INDET_A M 0 0: INDET_A bit rising edge generates an INT pulse (default)

1: INDET_A bit rising edge doesn’t generate an INT pulse

VC_ACOK INT mask

1 R/W VC_ACOK_M 0 0: VC_ACOK bit toggle generates an INT pulse (default)

1: VC_ACOK bit toggle doesn’t generate an INT pulse PaN

VB_ACOK INT mask

0 R/W VB_ACOK_M 0 0: VB_ACOK bit toggle generates an INT pulse (defa%
1: VB_ACOK bit toggle doesn’t generate an INT puls(\

<<\V

Copyright © 2020, Southchip Semiconductor Technology (Shanghai) Co., Ltd.

Downloaded From | Oneyac.com

40



https://www.oneyac.com

Cd% SC8949 DATASHEET DRAFT

SOUTHCHIP SOUTHCHIP SEMICONDUCTOR SOUTHCHIP CONFIDENTIAL, SUBJECT TO CHANGE

MECHANICAL DATA
QFN-32L(4x4x0.75)

i} o Nd
:*]
3 - | 3
T T ] IV 7 7
™ U U0 )l Vv
i N S A NN \ h [
X .,/ Loser Mark [ = 1y
2 D) e
- — 1 e
V)
- 3, 9
- + - = p— ~ — #
DR = ]
[ — —
- Kl
~— - — — — °
A P 1 D22 d 7]
“ ' Akl T
% <
vy 241 -1
L2 A ( Sy Ty -
O Qo0 00,
et b br32 | | - L2
TOP VIEW BOTTOM VIEW
| MILLIMETER
SYMBOL
B MIN | NOM | MAX
o ! A 0.70 | 0.75 | 0.80
— T Al 0 0.02 | 0.05
SIDE VIEW = b 0.15 | 020 | 0.25
-~ bl 0. 14REF
& N c 0. 203REF
Q D 3.90 | 4.00 | 4.10
D1 1.29 | 1.34 | 1.39
D2 2.05 | 2210 | 2.15
Nd 2. 80BSC
e 0. 40BSC
& el 0. 14BSC
% &2 0. 385BSC
E 3.90 | 400 | 4.10
El 0.35 040 0.45
% E2 0.10 | 015 | 0.20
Ne 2. 80BSC
& L 0.35 | 0.40 | 0.45
L1 0.15 | 0.20 | 0.25
?\ L2 0.10 | 0.15 | 0.20
h 0. 12REF
k 0. 25REF
k1l 0. 55REF
k2 0. 905REF
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RECOMMENDED FOOTPRINT

Example Board Layout

B 71740_25_ | \/
U
— _o.%:ﬁ;L QQ/
—] : —
] 14 ‘ L1 :\
B S TS s - O s
Pe L I ——— T . C 17
L 13 U L1
21 N
RSN
f HiRinininINIn
0.2 3.2
4.‘8

NOTES: é A

A. All linear dimensions are in millimete
B. Publication IPC-7351 is recom or alternate designs

C. Customers should contact t d fabrication site for recommended solder mask tolerances and via tenting
recommendations for vw n the thermal pad

<
%\2{0
X
Q?*
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