Application Note: SY6970

5A, Single Cell Li-lon DC/DC Switching Charger with

12C Control, USB Detection and OTG

JEITA Compliant, Power Path Management

General Description

The SY6970 is a fully-integrated switching battery
charger with system power path management
devices for single cell Li-lon and Li-polymer
battery in a wide range of tablet and other portable
devices. Its low impedance power path optimizes
switching conversion efficiency, reduces battery
charging time and extends battery life during the
discharging mode. The I’C serial interface with
charging and system settings makes the device a
truly flexible solution.

The device supports a wide range of input sources,
including standard USB host port, USB charging
port and non-standard DC adapter. The SY6970
takes the result from the internal USB port
identification circuit thru DP/DM compliant with
BC1.2. The SY6970 can be compliant with USB
2.0 and USB 3.0 power spec with input current and
voltage regulation. Meanwhile, the SY6970 meets
USB  On-the-go  operation power rating
specification by supplying 5V (programmable) on

BUS with current limit up to 2.4A (programmable).

The power path management regulates the system
voltage slightly above battery voltage but does not
drop below 3.5V minimum system voltage
(programmable). With this feature, the switching
converter will keep working to support the system
load even when the battery is completely depleted
or removed. When the input current limit or
voltage limit is reached, the power path
management will reduce the charging current to
zero firstly. If the system load continues to
increase, the power path will discharge the battery
to provide the power required by system. This
supplement mode operation prevents overloading

the input source.

The device initiates and completes a charging
cycle without software control. It automatically
detects the battery voltage and charges the battery
in three phases: preconditioning, constant current
and constant voltage. At the end of the charging
cycle, the charger will automatically be terminated
when the charge current is below a preset limit in
the constant voltage phase. When the full battery
falls below the recharge threshold, the charger will
automatically start another charging cycle. The
SY6970 can be compliant with JEITA spec for the
Li-Ion battery.

The device provides various safety features for
battery charging and system operation, including
negative thermistor monitoring, charging safety
timer and over-voltage/over-current protections.
The thermal regulation reduces charge current
when  the exceeds

junction  temperature

120°C(programmable).
The STAT output reports the charging status and
any fault conditions. The INT immediately notifies

the host when a fault occurs.

The SY6970 is available in QFN4x4-24 package.

Ordering Information

SY6970 LI1(,0)
Temperature Code
Package Code
OptionalSpec Code
Ordering Number | Package type Note
SY6970QCC QFN4x4-24
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Features
* High Efficiency 5A 1.5MHz Buck Mode
Charger

Support 3.9V-14V Input Voltage Range
Programmable IDPM/VDPM to
Support the USB and Adapter

Support USB SDP/DCP/CDP and Non-
Standard Adapter Detection

3.84-4.608V Adjustable Charge Voltage
Support Narrow VDC Power Path
Management

JEITA Compliance

+0.5% Charge Voltage Regulation

Accelerate Charge Time by Battery
Path Impedance Compensation

Charge Status Outputs for LED or Host
Processor

. Maximum 2.4A 500KHz/1.5MHz Boost OTG
Current

4.55-5.51V Adjustable OTG Output
Voltage

Selectable OTG Output Current Limit
Up to 2.4A OTG Current Limit on BUS

— +£1.5% Output Regulation in Boost
Mode

Battery Monitor for Voltage, Temperature and
Charge Current Measurements

Full BATFET Control to Support Shipping
Mode, Wake Up, and System Reset

Up to 9A Battery Discharge Current
Safety

— Battery Temperature Sensing for
Charge and Boost Mode

— Battery Charging Safety Timer

— Thermal Regulation and Thermal
Shutdown

— Input/System Over-voltage Protection

— MOSFET Over-current Protection
Low Battery Leakage Current and Support
Shipping Mode
4mm x 4mm QFN-24 Package

Applications
Smart Phone

Tablet PC
Power Bank

Portable Internet Devices
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Typical Applications

3ov-1av | SUs
USB PMID
i 1wk T 10pF
T | - SYSTEM
— BST | |
VBIAS SYe6970 SYS
Host SDA BAT i L
oS )
‘ INT RILIM L
oTG ILIM
SLER - STAT 4.7uF
5.52kQ)
/QON NTC
] 10KD
" Power Pad (103-AT)
i 131.23kQ

Figure 1. Schematic Diagram
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Pinout (top view)
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Top Mark: CDDxyz(device code: CDD, x=year code, y=week code, z= lot number code)

Pin Description

Pin Name | Pin Number | Pin Description
BUS | Charger power input pin. Connect a 1uF ceramic capacitor from BUS to PGND
as close as possible to the IC.
DP 2 USB identification port. USB detection strategy is compliant with BC1.2. SDP,
CDP, DCP and adapter port can be identified according to the detection results
DM 3 thru DP/DM pins.
Open drain charge status indication pin. Pull up to a logic rail via 10kQ resistor.
STAT 4 STAT pin low indicates charge in progress; high indicates charge done or
charge disabled. When any charge fault occurs, STAT pin will blink at 1Hz.
The STAT pin function can be disabled by setting STAT DIS bit.
SCL 5 I°C Interface clock pin. Pull up to a logic rail via 10k resistor.
SDA 6 I°C Interface data pin. Pull up to a logic rail via 10k<Q resistor.
Open-drain interrupt output. Pull up to a logic rail via 10kQ resistor. The INT
INT 7 pin generates active low, 256us pulse to notify the host about charge status and
charge fault.
OTG g Boost mode active high enable pin.
Boost mode will be enabled when REG03[5]=1 and OTG pin is high.
ICE 9 Charge mode active low enable pin. Battery charging will be enabled when
REGO03[4]=1 and /CE pin =Low. /CE pin must be pulled high or low.
ILIM pin sets the maximum input current limit. A resistor is connected from
LIM 10 ILIM pin to ground to set the maximum limit as Immax= Kiciv /Riziv. The
actual input current limit is the lower one set by ILIM and by I>C REG00[5:0].
The ILIM pin function can be disabled by setting EN_ILIM bit to 0.
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NTC

11

Connect a resistor divider from REGN to NTC to GND to achieve battery
thermal protection. Charge or discharge will suspend when NTC pin is out of
range.

Recommend 103AT-2 thermistor.

/QON

12

BATFET enables control in shipping mode and BATFET reset function.

When BATFET is in shipping mode, logic high to low transition on this pin
with minimum of Tqon Low low level turns on BATFET to exit shipping mode.
This pin is internally pulled up to maintain default high logic.

When BUS is not plugged-in and BATFET DIS=0, a logic low of Tqon rst

resets system power by turning BATFET off for Teatrer rsT and then re-enable
BATFET.

BAT

13,14

Battery connection point to the positive terminal of the battery pack. The
internal BATFET is connected between BAT and SYS. Connect a at least 10uF
ceramic capacitor to the BAT pin.

SYS

15,16

System connection point. The internal BATFET is connected between BAT and
SYS. When the battery falls below the minimum system voltage, switch-mode
converter will keep SYS above the minimum system voltage.

PGND

17,18

Power ground connection. Internally, PGND is connected to the source of the
n-channel LSFET. On PCB layout, connect this pin directly to ground
connection of input and output capacitors.

LX

19,20

Switching node pin. Connect this pin to external inductor.

BST

21

HSFET driver positive supply. Connect a 47nF bootstrap capacitor between LX
and BST.

REGN

22

LSFET driver positive supply. Connect a 4.7uF ceramic capacitor between
REGN and analog GND. The capacitor should be placed closely to the IC.
REGN also serves as bias rail of NTC pin.

PMID

23

Connect this pin to the drain of the reverse blocking MOSFET and the drain of
HSFET. Connect a 10uF capacitor between PMID and PGND. The capacitor
should be placed closely to the IC.

DSEL

Exposed
pad

24

Open-drain DP/DM multiplexer selection control. Pull up to a logic rail via
10kQ resistor. During input source type detection, the pin outputs low to
indicate DP/DM detection is in progress. When detection is done, the pin keeps
low if HVDCP is detected. The pin returns to float and pulls high by resistor
when other input source type is detected.

Exposed pad beneath the IC for heat dissipation. Always solder exposed pad to
the board, and have vias on the power pad plane star-connecting to PGND and
ground plane for high-current power converter.
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Block Diagram
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Figure 2. Block Diagram
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Absolute Maximum Ratings oote 1

BUS, PMID, LX, DP, DM, DSEL, /CE, OTG, SCL, SDA, ILIM, STAT, INT, /QON ----------- -0.3V to +18V
NTC, BAT, SYS, BST-LX, REGN -0.3V to +6V
Package Thermal Resistance (Note 2)

QFN4x4-24 654 33.3°C/W

QEFN4X4-24 Q¢ =mmnmmmmmm e e o - 29.7 °C/W
Junction Temperature Range -40°C to +150°C
Operating Temperature Range -40°C to +100°C
Storage Temperature -65°C to +150°C

ESD Susceptibility
HBM (Human Body Mode) 2kV
CDM (Charge Device Mode) 750V

Recommended Operating Conditions mote 3)

BUS, PMID, LX 0V to +16V
Others 0V to +5.5V
Junction Temperature Range -40°C to 125°C

Ambient Temperature Range -40°C to 85°C
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Electrical Characteristics

(Veus uvvLoz<VBus<Vacov and Vsus>VeartVsieerz, Ta=25€ for typical values unless otherwise noted.)

Parameter Symbol Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
QUIESCENT CURRENTS
VBus<VBsus uvLoz, Vear=4.2 V, 5 A
leakage between BAT and BUS H
High-Z Mode, no BUS, battery
. monitor disabled, BATFET 12 22 LA
Battery Discharge Current (BAT) IBar disabled
High-Z Mode, no BUS, battery
monitor disabled, BATFET 32 55 nA
enabled
VBus=5V, battery monitor
disabled, no battery, High-Z mode 15 35 LA
Input Supply Current in High-Z enabled
IBus_niz
Mode Veus=12V, battery monitor
disabled, no battery, High-Z mode 25 50 pnA
enabled
>
VBus VBUSiUVLO.Z, YBUS>VBAT, 15 3 mA
converter not switching
VBus> VBus uvLoz, VBUS™>VBAT,
converter switching, charge 3 mA
Input Supply C t (BUS I .
nput Supply Current (BUS) BUS disabled, VBat=3.2V, Isys=0A
VBus> VBus uvLoz, VBUS™>VBAT,
converter switching, charge 3 mA
disabled, Veat=3.8V, Isys=0A
Battery Discharge Current in I Vear=4.2V, Boost mode, 35 mA
Boost Mode OTGBOOST Isus=0A, converter switching ’
BUS/BAT POWER UP
BUS Operating Range Vaus_op 3.9 14 v
BUS for Active IC and I’C, N - .
or Active 1t an PO VBus uvLoz Rising value to active I>C 3 33 3.6 A\
Battery
Sleep Mode Falling Threshold VSLEEP Vaus falling, Veus-VBar 25 65 120 mV
Sleep Mode Rising Threshold VSsLEEPZ VBus rising, VBus-VBAT 220 270 320 mV
BUS Over-voltage Rising ..
Threshold Vacov Vius rising 13.9 14.3 14.6 v
BUS Over-voltage Recovery .
Threshold Vacov_re Vaus falling 300 mV
Battery for Active I’C,no BUS VBat_uvLoz Rising value to active I>C 1.9 2.1 2.3
Battery Depletion Threshold VBAT_DPL Var falling 2.15 23 2.5 \%
Battery Depletion R
atiety Lepletion Recovery VBAT DPLZ Vaar rising 23 2.5 2.7 v

Threshold
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POWER PATH MANAGEMENT

Isys = 0A, VBaT>Vsysmin, Q4 off,
Vsys_Max Vear up to 4.35V, 4.39 4.4 4.45 \'
System Regulation Voltage Vsys=Vpar+50mV
Isys=0A, Vear<Vsysmin=3.5V, Q4
Vsys MIN off, Vsys=Vpar+150mV 3.55 3.65 3.75 \'%
Internal High-side Reverse
R 2 Q
Blocking MOSFET On-resistance ONRBEED) > o
Internal High-side Switching
MOSFET On-resistance Between | RonHsFET) 25 mQ
PMID and LX
Internal Low-side Switching
MOSFET On-resistance Between | RonsFeT) 15 mQ
LX and PGND
BATTERY CHARGER
Ch; Voltage Regulati
Atge Voliage Reghiation VBaT REG AcC | VBAT REG= 4.208V and 4.352V -0.5% 0.5%
Accuracy
Fast Ch C t Regulati
as arge Lurrent Regulation licnG reG acc | VBar = 3.8V, Icug = 1792mA -4% 4%
Accuracy
. Fast charge to precharge,
Battery LOWYV Falling Threshold | VsatLowv REGO6[1]=0, Vpar falling 2.6 2.8 2.9 v
.. Precharge to fast charge,
Battery LOWV Rising Threshold | Vsarowv nvst REGO 6?1]= 0. Viar rii ing 2.8 3.0 3.1 v
Termination Current Accuracy IterM_acc ITerM = 256mA, Icug = 960mA -20% 20%
Battery Short Voltage VsHorT Vgar falling 1.9 2.0 2.1 v
Battery Short Voltage Hysteresis VsHORT HYST | VBAT rising 200 mV
Battery Short Current IsnorT VBar<2.2V 100 mA
Rech Threshold Bel
echarge Threshold Below VRECHG Vaar falling, REGO6[0]=0 70 110 | 150 | mv
VBAT REG
Recharge Deglitch Time tRECHG Vaar falling, REG06[0]=0 20 ms
SYS-BAT MOSFET On-
. " RoNBATEET) 10 mQ
Resistance
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INPUT VOLTAGE/CURRENT REGULATION

Absolute Input Voltage Vinon rec ace | Set absolute VINDPM=4.4V 2% 2%
Regulation Accuracy
Input Current Limit Range IiNDPM_RANGE 100 3250 mA
USB 100mA 85 90 100 mA
USB Input Current Regulation USB 150mA 125 130 150 mA
Limit, Veus=5V, Current Drawn IusB ppm
from LX USB 500mA 425 450 500 mA
USB 900mA 765 800 900 mA
Input Current Regulation I2C Set input current limit above
I -159 09
Accuracy ADPTDPM 900mA % &
Input t lation by ILIM
Immax = KiLiv/RiLiv KiLm r.lpu Currenit reghtation by 350 375 400 AQ
pin=1.5A
DP/DM DETECTION
A%
DP/DM Voltage source PPSRC, 0.5 0.6 0.7 %
VDM src
Data Detect Voltage VDAT REF 250 400 mV
BAT OVER-VOLTAGE PROTECTION
\Y% isi t f
Battery Over-voltage Threshold Veartove PAT TISINg, 45 percentage o 102.5% | 104% | 105.5%
VBAT REG
falli t f
Battery Over-voltage Hysteresis VBATOVP_HYST Voar falling, as percentage o 2%
VBAT REG
BAT DISCHARGE OVER-CURRENT PROTECTION
BATFET Discharge Over-current
Threshold IBATEET OCP 9 11 13 A
THERMAL REGULATION AND THERMAL SHUTDOWN
ion T Regulati
Junction Temperature Regulation | . =~ | REGOS[1:0]=11 120 C
Accuracy
Th 1 Sh Risi
ermal Shutdown Rising Trsp Temperature rising 160 C
Temperature
Thermal Shutdown Hysteresis Trsp_nys Temperature falling 30 C
JEITA THERMISTER Comparator
T1(0°C) Threshold, Charge Vnrcrising, as percentage to
A% 72.55 | 73.25 | 73.95 9
Suspended below this Temp ! VreoN, REGO7[0]=0 %
Charge Back to Icuc/2 and Vrec v Hysteresis, Vnrc falling, 125 %
above this Temp TIHYS REGO07[0]=0 ’ °
T2(10°C) Threshold, Charge Back Vire rising, as percentage to
NTC
i \% ’ 67.55 | 68.25 | 68.95 9
to Icng/2 and VreG below this ™ Vreoy, REGO7[0]=0 %
Temp
Charge Back to Icug and Vrec v Hysteresis, Vnrc falling, 125 o
above this Temp TS REGO07[0]=0 ’ °
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T3(45°C) Threshold, Charge Back Ve falline. as percentace to
to Icng and Vre-150mV above | V3 NTela ing, as pereeriag 44.05 | 4475 | 4545 %
. VRreGN, REG09[4]=0
This Temp
Charge Back to Icuc and Vrec v Hysteresis, Vnrc rising, 12 %
below this Temp S REG09[4]=0 ' °
T4(60°C) Threshold, Charge Vnrc falling, as percentage to
A% 33.65 3435 | 35.05 %
Suspended above this Temp ™ Viean, REG09[4]=0 °
Charge Back to Icuc and Vrec- v Hysteresis, VN rising, 12 o
150mV below this Temp TS REG09[4]=0 ' °
BOOST MODE THERMISTER COMPARATOR
Ii("i“lg ;em\p;erl?ture;h.reshold 0, v As Percentage to VREGN 76.3 77 777 o
in Voltage Rising BCOLDO . . . 0
Threshold (Approx.-10°C w/103AT)
Falling Hysteresis VBcoLbo_HYs (Approx.1°C w/103AT) 1.25 %
Ii(])“lg ?mserlfture;h'mhow - v As Percentage (o VRroN 79.3 80 | 807 %
in Voltage Rising BCOLDI . . . o
Threshold (Approx.-20°C w/103AT)
Falling Hysteresis VBcoLpi_HYs (Approx.1°C w/103AT) 1.25 %
ﬁ(;tcT;mp\imliure ?hﬁ:'ShOld " v As Percentage (0 VREGN 37.05 | 3775 | 3845 %
in Voltage Falling BHOTO . . . . 0
Threshold (Approx.55°C w/103AT)
Rising Hysteresis VBHOTO_HYS (Approx.3°C w/103AT) 1.2 %
Hot Temperature Threshold 1,
AsP tage to V
NTC Pin Voltage Falling Vasori AS ercezg?g 0/10‘;1:‘:; 33.65 | 3435 | 35.05 %
Threshold (Approx.60°C w )
Rising Hysteresis VBHOTI_HYS (Approx.3°C w/103AT) 1.2 %
E;tchnp\ithure ;h;?ho}d ) v As Percentage to Vreo 3055 | 3125 | 31.95 %
in Voltage Falling BHOT2 y . . . 0
Threshold (Approx.65°C w/103AT)
Rising Hysteresis VBHOT2_HYS (Approx.3°C w/103AT) 1.2 %
BUCK MODE OPERATIONS
HSFET Cycle-by-cycle Current
.. IusreT ocp 8 A
Limit
PWM Switching Frequency Fsw 1300 1500 1700 kHz
BOOST MODE OPERATIONS
oo VBar=3.2V, Vus=5V, Ipus=1A,
PWM Switching Frequency Fsw BOOST! R;goz[ 510 Bus BUs 1300 | 1500 | 1700 | kHz
L VBar=3.2V, Veus=5V, Ius=1A,
PWM Switching Frequency Fsw_Boost2 RE/E;OZ[ 5]=1 Bus Bus 465 550 635 kHz
OTG Output Voltage VorG_RreG IBus=0 4.5 5.5 \'%
OTG Output Voltage Accuracy VorG reG_acc | Isus=0 -1.5% 1.5%
B 1 Exiting B
Mﬁgy Voltage Exiting Boost VoG BAT Vear falling 2.7 28 | 209 \
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OTG Mode Output Current Limit | Iorc_oce BOOST LIM>1.2A 100% 120% 140%
OTG Over-voltage Threshold Vorc_ove 5.8 6 6.2 A%
I?I}Tgeroe:fsr-voltage Threshold Vora ove iy 300 mv
Iilsnlsz Cycle-by-cycle Current lTorc_iim 5.5 7 8.5 A
REGN LDO
REGN LDO Output Voltage VREGN Vsus =5V, Ireon = 20mA 4.8 v
REGN LDO Current Limit IREGN VBus =5V, Vreon = 3.8V 50 mA
BATTERY MONITOR
Resolution RES ‘ 7 ‘ ‘ bits
/IQON TIMING
BATET and it Ship Mot | T2V19" 125 225 | s
g)A(}I\li l{;})w Time to Reset Toon st 12 18 ¢
ii{:::)t Duration(BATFET Off TBATFET_RST 0.35 0.55 S
tsm_DLY E::g; del:;ip BATFET _DIS=1,BATFET DLY=1 10 15 S
LOGIC 1/0 PIN CHARACTERISTICS (OTG, /ICE, STAT, /QON, DSEL)
Input Low Threshold ViLow 0.4 v
Input High Threshold ViHGH 1.3 v
Output Low Saturation Voltage Vour_Low 0.4 \%
12C INTERFACE (SDA, SCL, INT)
Input High Threshold Level Vi 1.3 v
Input Low Threshold Level Vi 0.4 \%
Output Low Threshold Level VoL 0.4 v
SCL Clock Frequency fscr 400 kHz
DIGITAL CLOCK AND WATCHDOG TIMER
Egg§7[L5]?ﬁjl‘iabled’ 112 | 160 | 208
Watchdog Timeout twpT REGN LDO omabled S
REGO07[5:4]=11 ’ 136 160 184

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.
Note 2: 6;a is measured in the natural convection at Ta = 25°C on a low effective four layer thermal

conductivity test board of JEDEC 51-3 thermal measurement standard.
Note 3: The device is not guaranteed to function outside its operating conditions.
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Typical Performance Characteristics
Ta=25°C, Veus=5V, lcell battery, unless otherwise specified.

Efficiency vs. Charge Current (CC Mode) Efficiency vs. lgus (Boost Mode)
(Vear=3.8V, DCR=10mQ) (Veus=5V, DCR=10mQ)
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Charge Enable to Disable Boost Mode Steady State
(|sys:1.5A)

T INVARRANMAANANVAN

P

Time (2ms/div) Time (1pss/div)
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I2C Registers

Address:
REGO00

6AH

BIT

Name

POR

DESCRIPTION

7

EN_HIZ

Enable HIZ Mode:
0-Disable, 1-Enable

EN_ILIM

Enable ILIM Pin:
0-Disable, 1-Enable

5:0

[INLIM[5:0]

REGO01

001000

Input current limit:

(Actual input current limit is the lower of I?C or ILIM pin)
IINLIM=100mA-+50mA*[I[INLIM]
Range:100mA(000000)-3.25A(111111)

000000=100mA

000001=150mA

001000=500mA (Default)

111111=3.25A

IINLIM will be changed according to the adapter type after input
DP/DM detection is done.

USB Host SDP=500mA

USB CDP=1.5A

USB DCP=3.25A

BIT

Name

POR

DESCRIPTION

7:6

BHOT[1:0]

00

BOOST mode Hot Temperature Monitor Threshold:
00-VBHOTO Threshold (Typ. 37.75%)

01-VBHOT1 Threshold (Typ. 34.35%)

10/11-VBHOT?2 Threshold (Typ. 31.25%)

BCOLD

BOOST mode Cold Temperature Monitor Threshold:
0-VBCOLDO Threshold (Typ. 77%)
1-VBCOLD1 Threshold (Typ. 80%)
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4:0

VINDPM_OS[4:0]

00110

Input Voltage Limit Offset:
VINDPM_0OS=100mV*[VINDPM_OS]
Range:0mV-3100mV

00000=0mV

00001=100mV

00110=600mV (Default)

11111=3100mV

Final minimum VINDPM threshold is clamped at 3.9V

When Vgys@no load is <6V, the VINDPM OS is used for
calculating VINDPM value.

When Vgus@no load is > 6V, the VINDPM OS*2 is used for
calculating VINDPM value.

REG02

BIT

Name

POR

DESCRIPTION

7

CONV_START

ADC Conversion Start Control:
0-ADC not active
1-Start ADC Conversion

This bit is read-only when CONV_RATE=I1. The bit stays high
during ADC conversion or pending ADC conversion during input
source detection.

CONV_RATE

ADC Conversion Rate Selection:
0-One Short ADC Conversion
1-Start 1s continuous Conversion

When CONV_RATE=0, CONV_START requires to be set to
start conversion.

When CONV_RATE=1, ADC conversion starts automatically
and CONV_START is set during conversion.

BOOST FREQ

Boost Mode Frequency Selection:
0-1.5MHz

1-500kHz
Writing to this bit is ignored when OTG_CONFIG is enabled.

AICL_EN

Adaptive Input Current Limit Enable:
0-Disable
1-Enable

HVDCP_EN

HVDCP Enable:
0-Disable HVDCP handshake
1-Enable HVDCP handshake

HV_TYPE

Higher Voltage Types can be Requested:
0-9vV
1-12V
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FORCE DPDM

Force DP/DM detection:
0-Not in DP/DM detection
1-Force DP/DM detection

AUTO_DPDM_EN

Automatic DP/DM detection Enable:
0-Disable DP/DM detection when BUS is plugged-in.
1-Enable DP/DM detection when BUS is plugged-in.

REGO03

BIT

Name

POR

DESCRIPTION

7

BAT LOAD _EN

Battery Load (10mA) Enable:
0-Disable
1-Enable

WD RST

I°C Watchdog Timer Reset:
0-Normal

1-Reset
Back to 0 after timer reset.

OTG_CONFIG

Boost (OTG)Mode Configuration:
0-OTG Disable
1-OTG Enable

CHG_CONFIG

Charge Enable Configuration:
0-Charge Disable
1-Charge Enable

3:1

SYS MIN[2:0]

101

Minimum System Voltage Limit:
SYS MIN=3.0V+[SYS MIN]*0.1V
Range:3.0V-3.7V

000=3.0V

001=3.1V

101=3.5V(Default)

111=3.7V

Reserved

Reserved




AN_SY6970

REGO04

BIT

Name

POR

DESCRIPTION

EN_PUMPX

Current Pulse Control Enable

0-Disable Current pulse control(default)

1-Enable Current pulse control(PUMPX_ UP and

PUMPX DN)

6:0

ICHG[6:0]

0100000

Fast Charge Current Limit:
ICHG=[ICHG]*64mA

Range:0mA(0000000)-5056mA(1001111)

0000000=0mA (Disable Charge)
0000001=64mA

0100000=2048mA(Default)

1001111~1111111=5056mA

REGO05

BIT

Name

POR

DESCRIPTION

7:4

IPRECHGI[3:0]

0001

Precharge Current Limit:
IPRECHG=64mA+[IPRECHG]*64mA
Range:64mA-1024mA

0000=64mA
0001=128mA (Default)

1111=1024mA

3:0

ITERM][3:0]

0011

Termination Current Limit:
ITERM=64mA+[ITERM]*64mA
Range:64mA-1024mA

0000=64mA
0001=128mA

0011=256mA (Default)

1111=1024mA
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REGO06

BIT

Name

POR

DESCRIPTION

7:2

VREGI[5:0]

010111

Charge Voltage Limit:
VREG=3.840V+[VREG]*16mV
Range:3.840V-4.608V(110000)
000000=3.840V
000001=3.856V

010111=4.208V(Default)

110000~111111=4.608V

BATLOWV

Battery Precharge to Fast Charge Threshold:

0-2.8V
1-3.0V

VRECHG

Battery Recharge Threshold Offset:

0-100mV
1-200mV

REGO07

BIT

Name

POR

DESCRIPTION

EN_TERM

Charging Termination Enable:
0-Disable
1-Enable

STAT DIS

STAT pin Disable:
0-Enable
1-Disable

5:4

WATCHDOG]1:0]

01

I12C Watchdog Timer Setting:
00-Disable timer

01-40s

10-80s

11-160s

EN TIMER

Charging Safety Timer Enable:

0-Disable
1-Enable

2:1

CHG_TIMER[1:0]

10

Fast Charge Timer Setting:
00-5 hrs

01-8 hrs

10-12 hrs

11-20 hrs

JEITA_ISET
(0°C-10°C)

JEITA Low Temperature Current Setting:
Percentage with respect to ICHG register REG04[6:0]

0-50%
1-20%
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REGO08
BIT | Name POR DESCRIPTION

7:5 BAT COMP[2:0] 000 IR Compensation Resistor Setting:
BAT_COMP=[BAT_COMP]*20mQ
Range:0-140mQ

000=0mQ(Default)

001=20mQ

111=140mQ

4:2 VCLAMP[2:0] 000 IR Compensation Voltage Clamp:

VCLAMP= [VCLAMP]*32mV.

The regulation voltage is clamped at VREG+VCLAMP.
Range:0-224mV

000=0mV (Default)

001=32mV

111=224mV

1:0 TREG[1:0] 11 Thermal Regulation Threshold:
00-60€

01-80€

10-100€

11-120€ (Default)

REG09
BIT | Name POR DESCRIPTION

7 FORCE_AICL 0 Force Start Adaptive Input Current Limit:

0-Do not force

1-Force

6 TMR2X EN 1 Safety Timer Setting during Input DPM and Thermal
B Regulation:

0-Safety timer not slowed by 2X during input DPM or
thermal regulation.

1-Safety timer slowed by 2X during input DPM or thermal
regulation.

5 BATFET DIS 0 Force BATFET Off:

0-Allow Q4 turn on

1-Turn off Q4

4 JEITA_VSET 0 JEITA High Temperature Voltage Setting:
0-VREG-150mV

1-VREG

3 BATFET DLY 0 BATFET turn off delay control:

0-Turn off BATFET immediately when BATFET DIS is
set.

1-Turn off BATFET with the delay tsm py when

(45°C-60°C)
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BATFET DIS is set.

2 BATFET RST EN 1 BATFET Reset Enable:
0-Disable BATFET reset function
1-Enable BATFET reset function

1 PUMPX UP 0 Current pulse control to request higher voltage:
0-Disable
1-Enable

1 PUMPX DN 0 Current pulse control to request lower voltage:
0-Disable
1-Enable

REGOA
BIT | Name POR DESCRIPTION
74 BOOSTV[3:0] 0111 Boost Mode Voltage Regulation:

VBOOST=4.55V+[BOOSTV]*64mV
Range:4.55V-5.51V

0000=4.55V

0001=4.614V

0111=4.998V(Default)
1001=5.126V

1111=5.51V

3 Reserved 0 Reserved

2:0 BOOST LIM[2:0] 011 Boost Mode Current Limit:
000=0.5A

001=0.75A

010=1.2A

011=1.4A

100=1.65A

101=1.875A

110=2.15A

111=2.45A
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REGOB(Read only)
BIT | Name POR DESCRIPTION

7:5 BUS_STAT[2:0] NA BUS Status register:
000:No input
001:USB Host SDP
010:USB CDP
011:USB DCP
100:HVDCP
101:Unknown Adapter
110:Non-Standard Adapter
111:0TG

4:3 CHRG_STAT[1:0] | NA Charging status:
00-Not Charging

01-Pre-charge (Vgar <VgatLowv)

10-Fast Charging

11-Charge Termination Done
2 PG STAT NA Power Good Status:

- 0-Not Power Good

1-Power Good

1 SDP _STAT NA USB Input Status:

0-USB100 input is detected

1-USB500 input is detected

This bit always read 1 when BUS STAT is not “001”.
0 VSYS STAT NA VSYS Regulation Status:

B 0-Not in SYSMIN regulation (VaT>VsysmiN)

1-In SYSMIN regulation (Veatr<Vsysmin)

REGOC (Read only)

BIT | Name POR DESCRIPTION
7 WATCHDOG FAU | NA Watchdog Fault status:
LT - 0-Normal
1-Watchdog timer expiration
6 BOOST FAULT NA Boost Mode Fault Status:
N 0-Normal
1-BUS overloaded in OTG, or BUS OVP, or battery is too
low
5:4 CHRG FAULT[1:0] | NA Charge Mode Fault Status:
00-Normal

01-Input fault (BUS OVP or Vear<Vpus<3.8V)
10-Thermal shutdown

11-Charge Safety Timer Expiration

3 BAT FAULT NA Battery Fault Status:

0-Normal

1-BATOVP
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2:0 NTC_FAULT[2:0] NA NTC Fault Status:
Buck Mode:
000-Normal
010-NTC Warm
011-NTC Cool
101-NTC Cold
110-NTC Hot
Boost Mode:
000-NTC Normal
101-NTC Cold

110-NTC Hot
REGOD
BIT | Name POR DESCRIPTION
7 VINDPM_MODE 0 VINDPM Threshold Setting Method:
0-Run Relative VINDPM Threshold
1-Run Absolute VINDPM Threshold
6:0 VINDPM[6:0] 00100 | Absolute VINDPM Threshold:

10 VINDPM=2.6V+[VINDPM]*100mV
Range:3.9V(0001101)-15.3V(1111111)
0000000~0001101=3.9V
0001110=4.0V

0010010=4.4V(Default)

1111111=15.3V

REGOE (Read only)

BIT | Name POR DESCRIPTION
7 THERM_STAT NA Thermal Regulation Status:
0-Normal

1-In Thermal Regulation

6:0 BATV[6:0] NA ADC Conversion of Battery Voltage(BATV):
BATV=2.304V+[BATV]*20mV

Range: 2.304V(0000000)-4.844V(1111111)
0000000=2.304V (Default)

0000001=2.324V

1111111=4.844V
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REGOF (Read only)

BIT | Name POR DESCRIPTION
7 Reserved 0 0
6:0 SYSV[6:0] NA ADC Conversion of System Voltage(SYSV):

SYSV=2.304V+[SYSV]*20mV
Range: 2.304V(0000000)-4.844V(1111111)
0000000=2.304V (Default)
0000001=2.324V

1111111=4.844V

REG10 (Read only)
BIT | Name POR DESCRIPTION
7 Reserved 0 Reserved
6:0 NTCPCT[6:0] NA ADC Conversion of NTC Voltage (NTC) as percentage
of REGN:
NTC/REGN=21%+[NTCPCT]*0.465%
Range:21%(0000000)-80.055%(1111111)
0000000=21%(Default)
0000001=21.465%
1111111=80.055%
REGL11 (Read only)
BIT | Name POR DESCRIPTION
7 BUS _GD NA BUS GOOD Status:

0-No BUS attached

1-BUS attached

6:0 BUSV [6:0] NA ADC Conversion of BUS Voltage(VBUS):
BUSV =2.6V+[BUSV]*100mV
Range:2.6V(0000000)-15.3V(1111111)
0000000=2.6V(Default)

0000001=2.7V

1111111=15.3V

REG12(Read only)
BIT | Name POR DESCRIPTION
7 Reserved 0
6:0 ICHGR[6:0] NA ADC Conversion of Charge current (ICHG) for

VBAT>VSsHORT:

ICHGR=[ICHGR]*50mA
Range:0mA(0000000)-6350mA(1111111)
0000000=0mA (Default)
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0000001=50mA

1111111=6350mA
Note: For Vear<VsHorr, this register returns 0000000.

REG13(Read only)
BIT | Name POR DESCRIPTION
7 VDPM STAT NA VINDPM Status:
0-Not in VINDPM
1-In VINDPM
6 IDPM_STAT NA IINDPM Status:
0-Not in INDPM
1-In INDPM
5:0 IDPM_LIM[5:0] NA Current Input Current Limit setting:
IDPM_LIM=100mA+[IDPM_LIM]*50mA
Range:100mA(000000)-3.25A(111111)
000000=100mA (Default)
000001=150mA
111111=3250mA
REG14
BIT | Name POR DESCRIPTION
7 REG_RST 0 Register Reset:

0-Keep current register setting(Default)

1-Reset to default register value and reset safety timer
Reset to 0 after register reset is completed

6 AICL OPTIMIZED | NA Adaptive Input Current Limit Status:

0-Detection in process

1-Maximum input current detected

5:3 PNJ[2:0] NA Device Configuration:
001
2 NTC PROFILE NA Temperature profile:
- 0-Cold/Hot window
1-JEITA
1:0 DEV_REV][1:0] NA Device Revision:

Start from 00
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Operation Principle

The SY6970 is a fully-integrated switching battery
charger with system power path management devices
for single cell Li-ion and Li-polymer battery in a
wide range of tablet and other portable devices. It
integrates the input reverse-blocking FET (RBFET,
Q1), high-side switching FET (HSFET, Q2), low-side
switching FET (LSFET, Q3), and BATFET (Q4)
between system and battery. The extremely low
Rpson achieves very high conversion efficiency up to
5.056A charging current. The device also integrates
the bootstrap diode for the high-side gate drive.

Power-On-Reset (POR)

The internal bias circuits are powered from the higher
voltage between BUS and BAT. When BUS rises
above Vpus uvioz or BAT rises above Vear uvioz, the
sleep comparator, battery depletion comparator and
BATFET driver will be active. I>C interface is ready
for communication. The host can access all the
registers after POR.

Power Up from Battery without DC
Source

If only battery is present and the voltage is above
depletion threshold (Vgar priz), the BATFET will
turn on and provide power to system. The device in
HIZ mode and the REGN LDO stays off to
minimize the quiescent current. The low Rpson in
BATFET and the low quiescent current on BAT
minimize the conduction loss and maximize the
battery run time. The device always monitors the
discharge current through BATFET. When the
system is overloaded or shorted, the device will
immediately turn off BATFET and latch off until the
input source plugs in again or one of the methods
describe in section “BATFET Enable Mode” to re-
enable BATFET.

Power Up from DC Source

When the DC source plugs in, the SY6970 will
check the input source voltage to turn on REGN
LDO and all the bias circuits. It will also check and
set the input current limit before starting the Buck
converter when AUTO_DPDM_EN bit is set.

REGN LDO

The REGN LDO supplies internal bias circuits as
well as the HSFET and LSFET gate drive. The LDO
also provides bias rail to NTC external resistors. The
pull-up rail of STAT can be connected to REGN as
well.

When the device is in high impedance mode (HIZ)
with REGN LDO off, the device will draw less than

Igus_niz from BUS during HIZ state. The battery will
power up the system when the device is in HIZ mode.

Blocking FET (Q1)

After REGN LDO powers up, the SY6970 turns on
the blocking FET to reduce the power loss.

Input Source Qualification

After REGN LDO powers up, SY6970 will check the
current capability of the input source. The input
source capability is qualified by the internal active
detection circuit.

Once a good input source is present, the status
register BUS GD bit will go high. An INT is
asserted to the host.

Input Source Type Detection

After the REGN LDO is powered, the charger device
will run input source type detection when
AUTO _DPDM EN bit is set and a DC source
plugs in.

The SY6970 can set input current limit through
DP/DM pins. The SY6970 follows the USB battery
charging specification 1.2 (BC1.2) and to detect input
source (SDP/CDP/DCP) and non-standard
(Apple/Samsung) adapter through USB DP/DM lines.

The host can over-write IINLIM register to change
the input current limit if necessary. The charger input
current will always be limited by the [INLIM register
and ILIM pin at all time regardless of adaptive input
current limit (AICL) is enabled or disabled.

When AUTO DPDM EN is disabled, the input
source type detection will be bypassed.

Force Input Current Limit Detection

The host can force the charger device to run input
current limit detection by setting FORCE_DPDM bit.
After the detection is complete, FORCE _DPDM will
return to 0 by itself and input source type detection
result will be updated.

Input voltage limit setting
The device supports wide range of input voltage limit
(3.9V-14V) source and provides two methods to set

input voltage limit (VINDPM) threshold to facilitate
autonomous detection.

1. Absolute VINDPM (VINDPM_MODE=1).

By setting VINDPM_MODE bit to 1, the relative

VINDPM threshold setting algorithm is disabled.

Register VINDPM is writable and allows host to set

the absolute threshold of VINDPM function.

2. Relative VINDPM based on VINDPM_OS
register (VINDPM_ MODE=0)

When VINDPM MODE bit is 0 (default), the
relative VINDPM threshold setting algorithm is
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enabled, the VINDPM register is read only and the
charger controls the register by using VINDPM
threshold setting algorithm. The algorithm allows a
wide range of adapter (Vgus or) to be used with
flexible VINDPM threshold.

Converter Power-Up

After the input current and voltage are set, the
converter will be enabled and the HSFET and LSFET
starts switching. If battery charging is disabled,
BATFET will turn off. Otherwise, BATFET will stay
on to charge the battery.

The SY6970 will provide soft-start when ramps up
the system rail. When the system rail is below 2.2V,
the input current limit will be 100mA.

As a battery charger, the SY6970 deploys a 1.5MHz
Buck regulator. Internal compensation network
allows minimizing the peripheral circuit design.

In order to improve light-load efficiency, the device
switches to PFM control at light load.

Adaptive Input Current Limit (AICL)

The SY6970 uses adaptive input current limit (AICL)
to identify maximum power point of input source.
The algorithm automatically identifies maximum
input current limit of power source to avoid source
overload.

Boost Mode Operation from Battery

4, 4 | CE— ] s\ \(1\

4.3 Charge enabled
4.2 Charge disabled

4.1

The SY6970 can supply power from the battery to
other portable devices on BUS input port. The
SY6970 employs a 500kHz or 1.5MHz (selectable
using BOOST FREQ bit) Boost regulator.

Any fault during Boost operation, including BUS
over voltage, or over current, or battery too low
(Veatr<Vortg Bat), sets the BOOST _FAULT register
to 1 and an INT is asserted.

During Boost mode, the status register BUS STAT is
set to 111, the BUS output is 5V by default and the
output current limit can reach up to 2.4A, selected via
I2C (BOOST_LIM bits).

Power Path Management

The SY6970 accommodates a wide range of input
sources from USB, wall adapter, or car battery. The
device provides automatic power path selection to
supply the system (SYS) from input source (BUS),
battery (BAT), or both.

Narrow VDC Architecture

The device deploys Narrow VDC architecture
(NVDC) with BATFET separating system from
battery. The minimum system voltage is set by
SYS MIN bits. Even with a fully depleted battery the
system is regulated above the minimum system
voltage (default 3.5V), The status register
VSYS STAT bit will go high when the system is in
minimum system voltage regulation.

4.0

3.9

Vsys (V)

3.8

3.7

3.6

-
-

3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 40 41 4.2 4.3
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Dynamic Power Management

The SY6970 can manage the input power limit very
well. It has input VINDPM and IINDPM function to
protect the input source from over-loading.

When input source is over-loaded, either the current
will exceed the input current limit (IINLIM) or the
voltage will fall below the input voltage limit
(VINDPM). The device will reduce the charge
current until the input current falls below the input
current limit and the input voltage rises above the
input voltage limit.

When the charge current is reduced to zero but the
input source is still over-loading, the system voltage
will start to drop. Once the system voltage falls
below the battery voltage, the device will
automatically enter the supplement mode where the
BATFET turns on and battery starts discharging so
that the system is supported from both the input
source and battery.

During DPM mode, the status register VDPM_STAT
or IDPM_STAT will go high.

Battery Charging Management

The SY6970 charges 1-cell Li-lon battery with up to
5.0A charge current for high capacity tablet battery.
The 10mQ BATFET improves charging efficiency
and minimizes the voltage drop during discharging.
Autonomous Charging Cycle

With  battery charging enabled at POR
(CHG_CONFIG bit =1 and /CE pin is low), SY6970
can complete a charging cycle without host
involvement. The device default charging parameters
are listed below.

Regulation Voltage
(3.84V - 4.608V)

Fast Charge Current
(OmA - 5056mA)

ViarLowv (2.8V/3.0V)

Vsuorr (2.0V)

IprecHG (64mA - 1024mA)

Irgrm (64mA - 1024mA)
Isuort (100mA) 1

Default Charging Setting

[VREG, Charge Voltage 4.208 V
ICHG, Charge Current 2.048 A
IPRECHG, Pre-charge Current 128 mA
ITERM, Termination Current 256 mA
ICHG_TIMER, Fast Charge Timer 12 hours

The charger device automatically terminates the
charging cycle when the charging current is below
termination threshold and in constant voltage charge
phase. When a full battery voltage is discharged
below recharge threshold (REG06[0]), the SY6970
will automatically start another charging cycle.

The STAT output indicates the charging status of
charging (LOW), charging completion or charge
disable (HIGH) or charging fault (Blinking). The
STAT output can be disabled by setting STAT DIS
bit. The status register CHRG _STAT indicates
different charging phases: 00-charging disable, 01-
pre-charge, 10-fast charge (constant current) and
constant voltage mode, 11-charging done. Once a
charging cycle is complete, an INT will be asserted to
notify the host.

The host can always control the charging operation
and optimize the charging parameters by writing to
the registers through I°C.

Battery Charging Profile

The device charges the battery in three phases: pre-
charge, constant current and constant voltage. At the
beginning of a charging cycle, the device checks the
battery voltage and applies current.

If the charger device is in DPM regulation or thermal
regulation during charging, the actual charging
current will be less than the programmed value. In
this case, termination is temporarily disabled and the
charging safety timer is counted at half the clock rate.

> Battery Voltage

>

Short Charge Pre-Charge

Safety Timer
Expiration

Fast Charge and Voltage Regulation
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Charging Termination

The SY6970 will terminate a charge cycle when in
constant voltage charge, and the current is below
termination current. After the charging cycle is
complete, the BATFET turns off. The converter
keeps running to power the system, and BATFET can
turn back on to engage supplement mode.

When termination occurs, the CHRG _STAT is 11,
and an INT is asserted to the host. Termination can
be disabled by writing 0 to EN_ TREM.

Charging Safety Timer

The SY6970 has safety timer to prevent extended
charging cycle due to abnormal battery conditions.

The device keeps charging the battery until the fast
charging safety timer expired. The duration of safety
timer can be set by the CHG_TIMER bits (default =
12 hours). Once the safety timer is expired, the fault
register CHRG FAULT bits will be set to 11 and an
INT will be asserted to the host. The safety timer
feature can be disabled by setting EN_TIMER bit.

During input voltage/current regulation or thermal
regulation, the safety timer counts at half clock rate.
For example, if the charger is in input current
regulation (IINDPM) throughout the whole charging
cycle, and the safety time is set to 5 hours, the safety
timer will expire in 10 hours. This feature can be
disabled by writing 0 to REG09[6].

Host Mode and Default Mode

The SY6970 can operate with or without host. In
default mode, the SY6970 can be used as an
autonomous charger with no host or with host in
sleep.

When the charger is in default mode,
WATCHDOG _FAULT bit is high. When the charger
is in host mode, WATCHDOG_ FAULT is low.

After power-on-reset, the device starts in default
mode. The registers are in the default settings.

Any host writing command to I’C transitions the
device from default mode to host mode. To keep the
device in host mode, the host has to reset the
watchdog timer by writing 1 to WD_RST bit before
the watchdog timer expires or disable watchdog timer
by setting WATCHDOG bit to 0.

When the watchdog timer is expired, the device gets
back to the default mode.

Battery Monitor

The device includes a battery monitor to provide
fully measurements, including battery voltage,
system voltage, thermistor voltage, BUS voltage, and
charging current. The results are reported in Battery
Monitor Register (REGOE-REG12). The battery

monitor can be configured for two conversion modes,
by setting CONV_RATE bit: one-shot conversion
(default) and continuous conversion.

For one-shot conversion, the CONV_START bit can
be set to start one conversion. During the conversion,
the CONV_START is set until the conversion is done.
The conversion is done after Tconv (max 1s). When
one-shot conversion is initiated during input source
type detection, the CONV_START bit is set to
indicate conversion is postponed until detection done
and conversions is done.

For continuous conversion, the CON_RATE bit can
be set to start the conversion every 1 second
automatically.  During the conversion, the
CONV_START is set to indicate conversion is in
process. The battery monitor exits continuous
conversion mode when CONV_RATE is cleared.

Status Outputs (/PG STAT and INT)
Power Good Indicator (/PG)

In the SY6970, PG_STAT bit is set to indicate a good
input source.

Charging Status Indicator (STAT)

The SY6970 indicates charging state on the open
drain STAT pin. The STAT pin can drive LED as the
application diagram shows.

STAT Pin State

CHARGING STATE STAT
Charging in progress (including recharge) [LOW
Charging complete HIGH
Sleep mode, charge disable HIGH
Charge suspend blinking at 1Hz

Interrupt to Host (INT)

In some applications, the host does not always
monitor the charger operation. The INT notifies the
system on the device operation.

When a fault occurs, the charger device will send out
INT and latches the fault state in REGOC until the
host reads the fault register. Before the host reads
REGOC and all the faults (not including watchdog
timer fault) are cleared, the charger device would not
send any INT upon new faults.

In order to read the current fault status, the host has
to read REGOC two times consecutively. The 1st
reads fault register status from the last INT and the
2nd reads the current fault register status. The only
exception is NTC_FAULT which always reports the
actual condition on the NTC pin.
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BATFET (Q4) Control
BATFET Disable Mode (Shipping mode)

To extend battery life and minimize power when
system is powered off during system idle, shipping,
or storage, the device can turn off BATFET so that
the system voltage is zero to minimize the battery
leakage current.

When the host set BATFET DIS bit, the charger can
turn off BATFET immediately or delay by tsm pLy as
configured by BATFET DLY bit.

BATFET Enable Mode (Exit Shipping mode)
When the BATFET is disabled (in shipping mode)
and indicated by setting BATFET DIS, Plugging in
adapter or a logic high to low transition on /QON pin
with toon Low can enable BATFET to restore system
power:

BATFET System Reset

The BATFET functions as a load switch between
battery and system when input source is not plugged-
in. By changing the state of BATFET from OFF to
ON, system connects to SYS can be effectively have
a power-on-reset.

The function can be disabled by setting
BATFET_RST EN bit to 0.

Protections

Input Current Limiton ILIM

For safe operation, the SY6970 has an additional
hardware pin to limit maximum input current on
ILIM pin. The input maximum current is set by a
resistor from ILIM pin to ground as:

I _ K ILIM
INMAX — R
ILIM

The actual input current limit is the lower value
between ILIM setting and register setting IINLIM. If
ILIM pin is open, the input current is limited to zero.
If ILIM pin is short to ground, the input current limit
will be set by the register.

The ILIM pin function can be disabled by setting
EN_ILIM bit to 0. When the pin is disabled, both
input current limit function and monitoring will not
be available.

Thermal Requlation and Thermal Shutdown
BUCK Mode

The SY6970 monitors the internal junction
temperature Ty to avoid overheating the chip and
limits the IC surface temperature. When the internal
junction temperature exceeds the preset limit (TREG
bits), the device will lower down the charge current.
The wide thermal regulation range from 60°C to

120°C allows the user to optimize the system thermal
performance.

During thermal regulation, the actual charging
current is usually below the programmed battery
charging current. Therefore, termination is disabled,
the safety timer runs at half the clock rate, and the
status register THERM_STAT goes high.

Additionally, the device has thermal shutdown to turn
off the converter and BATFET. The fault register
CHRG FAULT is 10 and an INT is asserted to the
host. The BATFET and converter are enabled to
recover when the IC temperature is below Trsp -
Trsp_Hys.

BOOST Mode

The device monitors the internal junction temperature
to provide thermal shutdown during boost mode.
When the IC junction temperature exceeds Trsp, the
boost mode will be disabled by setting
OTG_CONFIG low.

Voltage and Current Monitoring in Buck Mode

The SY6970 closely monitors the input and system
voltage, as well as HSFET and LSFET current for
safe buck mode operation.

Input Over-Voltage (ACOV)

The maximum input voltage for buck mode operation
is Vus op. If BUS voltage exceeds Vacov, the device
will stop switching immediately. During input over
voltage (ACOV), the fault register CHRG_FAULT
will be set to 01. An INT is asserted to the host.

System Over-Voltage Protection (SYSOVP)

The charger device monitors the voltage at SYS.
When system over-voltage is detected, the converter
will be stopped to protect components connected to
SYS from high voltage damage.

Voltage and Current Monitoring in Boost Mode

The SY6970 closely monitors the BUS voltage, as
well as HSFET and LSFET current to ensure safe
boost mode operation.

Over Current Protection

The charge device closely monitors the RBFET(Q1),
HSFET(Q2) and LSFET(Q3) current to ensure safe
Boost operation.

During over-current condition when Boost output
current exceeds (BOOST_LIM), the device will
always operate in hiccup mode for protection. Once
the over current condition is removed, the Boost
output will recover. The fault register bit
BOOST FAULT is set high to indicate fault in Boost
operation. An INT is also sent to the host.

Over-Voltage Protection
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Once the BUS voltage exceeds Vorg ove, the SY6970
stops switching and clears OTG_CONFIG bit and
exits Boost mode. The fault register BOOST FAULT
is set high to indicate fault in Boost operation. An
INT is sent to the host.

Battery Protection
Battery Over-Voltage Protection (BATOVP)

The battery over-voltage limit is clamped at 4%
above the battery regulation voltage. When battery
over voltage occurs, the charger device will
immediately disable charge. The fault register
BAT FAULT will go high and an INT will be
asserted to the host.

Battery Over-discharge Protection

When battery voltage is discharged below Vgar prL,
the BATFET will be turned off to protect battery
from over discharge. To recover from over-discharge,

an input source is required at BUS. When an input
source is plugged in, the BATFET will turn on again.

If the battery voltage falls below Vsuort, the charge
current will be reduced to short charge or pre-charge
current for battery safety.

System Over-Current Protection

If the system is shorted or BATFET OCP occurs, the
BATFET will be latched off. Section “BATFET
Enable Mode” can reset the latch off condition and
turn on BATFET.

Thermistor Temperature Window

The SY6970 continuously monitors battery
temperature by measuring the voltage between the
NTC pin and ground, typically determined by a
negative temperature coefficient thermistor and an
external voltage divider.
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Charging JEITA Guideline Compliance

JEITA recommends suspending the battery charging process when NTC pin voltage is out of the Vi to Vrsrange,
and recovering charging process once the NTC voltage is within the range. JEITA also recommends that the charge
current to be reduced to at least half of the charge current or lower at cool temperature (T1-T2), and the charge
voltage to be reduced less than nominal charge voltage at warm temperature (T3-T4).

The SY6970 provides flexibility charge voltage/current settings beyond the JEITA requirement. REG09 bit[4] is
used for setting the charge voltage to be same as or 150mV lower than the nominal charge voltage (REGO06 bit[7:2])
at warm temperature (T3-T4). REGO07 bit[0] is used for setting the current setting to be 20% or 50% of fast charge
current (REG04 bit[6:0]) at cool temperature (T1-T2).
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Battery temperature Battery temperature

When the NTC fault occurs, the fault register NTC_FAULT will indicate the actual condition on NTC pin and an
INT will be asserted to the host. The STAT pin will indicate the fault when charging is suspended.
Discharging Cold/Hot Temperature Window

The device will terminate the battery discharging process when NTC pin voltage is out of the Vgcorp to Vuor range.
To allow the discharge, the battery temperature must be within this range. The threshold of Vgcorp and Vyor is
selectable by setting REGO1.
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When the NTC fault occurs, the fault register NTC_FAULT will indicate the actual condition on NTC pin and an
INT will be asserted to the host.



AN_SY6970

Serial Interface

The SY6970 uses I’C compatible interface for flexible charging parameter programming and instantaneous
device status reporting. Only two bus lines are required: a serial data line (SDA) and a serial clock line (SCL).
Devices can be considered as masters or slaves when performing data transfers. A master is the device which
initiates a data transfer on the bus and generates the clock signals to permit that transfer. At that time, any
device addressed is considered a slave.

The device operates as a slave device with address 6AH, receiving control inputs from the master device like
micro controller or a digital signal processor. The I°C interface supports both standard mode (up to 100kbits),
and fast mode (up to 400kbits).

Both SDA and SCL are bi-directional lines, connecting to the positive supply voltage via a current source or
pull- up resistor. When the bus is free, both lines will be HIGH. The SDA and SCL pins are open drain.

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.
| |
! i
SDA / | | >< \
I |
| |
| |
| |

SCL
| Data line stable; | Change |
Data valid . of data
allowed

Figure 3. Bit Transfer on the 1°C Bus

START and STOP Conditions

All transactions begin with a START (S) and can be 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
when the SCL is HIGH defines a STOP condition.

START and STOP conditions are always generated by the master. The bus is considered busy after the START
condition, and free after the STOP condition.

| ! |
- : - ——
| | |
| |
scL : | | scL

START (8) STOP (P)
Figure 4. START and STOP conditions
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Byte Format

Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is
unrestricted. Each byte has to 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, it can hold the clock line SCL low to force the master into a wait state (clock

stretching). Data transfer then continues when the slave is ready for another byte of data and release the clock
line SCL.

Acknowledgement Acknowledgement
signal from slave signal from receiver -
- -
|
|

o 1L lPE%IIfII.’I::I:]--_f"'Y'_'_'_I'_'_'_E::[_'_'f[f{[___

|
SCL LSErS_r| ‘_l L____' ?l_' l_' L___ 1 2 L‘ \_’ACK\____| PorSr|

START or ACK STOP or
Reppated Repeated

START START

Figure 5. Data Transfer on the 1°C Bus
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. All clock pulses, including
the acknowledged 9th clock pulse, are generated by the master.

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 the 9th clock pulse, this is the Not Acknowledge signal. The master can then
generate either a STOP to abort the transfer or a repeated START to start a new transfer.

Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is 7 bits long followed by the eighth bit as a data
direction bit (bit R/W). A zero indicates a transmission (WRITE) and a one indicates a request for data
(READ).

sm'"i'\___iiiiiiI_'_'_L__JEIIZIIJI_'_'_L_IE'_'_'_'_'_'I_'_'_l _____ I
SRR Ua TN e Vet Watn Vala¥ivse

STAi?T ADDRESS DATA DATA ACK S OP_
Flgure 6. Complete Data Transfer

Single Read and Write

1] 7 (N I 8 [ 8

o

|
|s| Slave Address |0| ACK | Reg Addr | ACK | Data Addr | ACK | P

Figure 7. Single Write

[ 1] 7 1] 1 8 R 7 [

| s | saveaduress | o] ack | Regadar | ack | s| saveaddress | 1] ack

Figure 8. Single Read
If the register address is not defined, the charger IC send back NACK and go back to the idle state.
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Multi-Read and Multi-Write
The charger device supports multi-read and multi-write on REG00 through REGOS.

|11 7 (O I 8 I

|s| Slave Address |o| ACK | Reg Addr | »ﬁb

5 1 1 8 [ 1 1 | 8 [ 1 [1]
| Slave Address | ACK | Data to Addr+1 | ACK | ------ | Data to Addr+1 | ACK |P|

Figure 9. Multi-Write

| 1] 7 I I 8 |

-

(N 7 1] 1

S Slave Address 0 AGK Reg Addr ACK S Slave Address 1 ACK

C}/'H"T T 8 (I 8 (I N
Data @ Addr ACK | Data @Addr+1 | ACK |- Data @ Addr+1 | ACK | P

Figure 10. Multi-Read

The fault register REGOC locks the previous fault and only clears it after the register is read. For example, if
charge safety timer expiration fault occurs but recovers later, the fault register REGOC will report the fault
when it is read the first time, but will return to normal when it is read the second time. To verify real time fault,
the fault register REGOC should be read twice to get the real condition. In addition, the fault register REGOC
does not support multi-read or multi-write.
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Applications Information

The following battery charger design refers to the
“Application Schematic”. This section describes how
to select the external components including the
inductor, the input and output capacitors.

Inductor Selection

Higher switching frequency allows the using of the
smaller inductor and the capacitor values. The
inductor saturation current should be higher than the
load current (ILoap) plus half of the ripple current

(Irippte):

1
L2100+ E XL giopie

The inductor ripple current depends on the input

voltage (Viv), the duty cycle (D = Vour/Viv), the

switching frequency (Fsw) and the inductance (L):
VuxDx(1-D)

Ripple FSW < L

The maximum inductor ripple current happens with

D = 0.5 or close to 0.5. Usually the inductor ripple is

designed in the range of (20-40%) maximum
charging current as a trade-off between the inductor

1

size and efficiency for a practical design.

Output Capacitor Selection

The output capacitor in parallel with the battery is
used for absorbing the high frequency switching
ripple current and smoothing the output voltage. The
RMS value of the output ripple current Irms is
calculated as follow:

_ V,NxDx(l—D)
JI2LxF,,

Where the duty cycle D is the ratio of the output
voltage (battery voltage) over the input voltage for
CCM mode which is the typical operation for the
battery charger. During the battery charge period, the
battery voltage varies from its initial battery voltage

RMS

to the rated voltage. A typical 10puF ceramic capacitor
is a good choice to absorb this current and also has a
very small size.

Input Capacitor Selection

The input capacitor absorbs input ripple current from
the Buck converter, which is given by the below
equation:

I = I pup % \/Voc-? x (Vn-' - Voc-?) _

RMS
Vo

This RMS ripple current must be smaller than the
rated RMS current in the capacitor datasheet. At the
same time, the input capacitor is also as the
output capacitor when Boost works. At this
condition, the input capacitor can be calculated as
below:

C, = Lpys % (VBUS Vs T)

FSW X VBUS X VR[PPLE

Usually Vgippre is designed less than 0.5% of the
Boost output voltage. A typical 10uF ceramic
capacitor is a good choice to absorb this current and
also has a very small size. For best performance,
VBUS should be decoupled to PGND with 1pF
capacitance. The remaining input capacitor should be
place on PMID.

Layout Design

The layout design of the SY6970 regulator is
relatively simple. For the best efficiency and to
minimize noise problems, we should place the
following components close to the IC: Cpmm, Crean,
Cast, Csys and Cgar.

1) It is desirable to maximize the PCB copper area
adjacent to PGND pin to achieve the best thermal and
noise performance. If the board space allows, a
ground plane is highly desirable.

2) CPM]D, CREGN, CBST, Csys and Cpa must be close
to the IC.

3) The loop area formed by Cpmip and PGND must
be minimized. The PCB copper area adjacent to LX
pin must be minimized to avoid the potential noise
problem. The following picture is the recommended
layout design of LX, Cpmmp, Cregn, Cast, Csys and

CgaT.
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Analog ground.

Cpups Creey and Cpgy very | |

close to IC pins

N

R 2

o0 00 00 ]

Inductor, close

to LX and SYS
“— pin

Cpys, input capacitors,

close to IC pins

‘ BUS

single ground

'\\\connection between PGND

Ms| LAAAAJ and analog ground
:ﬂ rmal pad single 19| G e
DP|z] Eround connectipn |i7|PGND
DM |s 16|SYS Csys, Output capacitors
- SY69r0 — very close to IC pins
PCB wire STAT| <] 1|SYS i
SCL 5] 14|BAT
SDA || =BAT Cpar, battery capacitors
PCB solder close to IC pins
miniolninia
E O W s O =z
(X X ) PCB via £5Q 3% 8. : : ’—‘ PGND copper
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QFN4x4-24 Package outline & PCB Layout

3.90-4.10 0.15-0.35

JUUU

-
-

Detail A

2.60-2.80—

2.60-2.80—

ANRNANANANR

Juuduuu

SEINE

ﬂ ﬂ ﬁ ﬂ ﬂ ﬂ Pinl Identifier: two options

0.30-0.50

Top View Bottom View

il

27

—0.65-0.85

2.7

00000
N0000C

_[opoon

Front View PCB layout (Recommended)

Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification

1. QFN4x4 taping orientation

e

/—-1455255

&

—4 20-4 40—

S 0 0O O

—d4 20-4 40—

7.90-8.10

Feeding direction

 ———

2. Carrier Tape & Reel specification for packages

Q)

1.20/1.40

Reel
Size
Package | Tape width Pocket Reel size Trailer Leader length Qty per reel
types (mm) pitch(mm) (Inch) length(mm) (mm) (pcs)
QFN4x4 12 8 13" 400 400 5000

3. Others: NA
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IMPORTANT NOTICE

1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information
published in this document, including but not limited to circuitry, specification and/or product design, manufacturing or
descriptions, at any time and without notice. This document supersedes and replaces all information supplied prior to the
publication hereof. Buyers should obtain the latest relevant information before placing orders and should verify that such
information is current and complete. All semiconductor products are sold subject to Silergy’s standard terms and conditions of
sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only.
Silergy makes no representation or warranty that such applications will be suitable for the specified use without further testing or
modification. Buyers are responsible for the design and operation of their applications and products using Silergy products.
Silergy or its subsidiaries assume no liability for any application assistance or designs of customer products. It is customer’s sole
responsibility to determine whether the Silergy product is suitable and fit for the customer’s applications and products planned.
To minimize the risks associated with customer’s products and applications, customer should provide adequate design and
operating safeguards. Customer represents and agrees that it has all the necessary expertise to create and implement safeguards
which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures
that might cause harm and take appropriate remedial actions. Silergy assumes no liability related to any default, damage, costs or
problem in the customer’s applications or products, or the application or use by customer’s third-party buyers. Customer will
fully indemnify Silergy, its subsidiaries, and their representatives against any damages arising out of the use of any Silergy
components in safety-critical applications. It is also buyers’ sole responsibility to warrant and guarantee that any intellectual
property rights of a third party are not infringed upon when integrating Silergy products into any application. Silergy assumes no
responsibility for any said applications or for any use of any circuitry other than circuitry entirely embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable.
However, Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use of such information. In no event shall Silergy be liable for
any indirect, incidental, punitive, special or consequential damages, including but not limited to lost profits, lost savings, business
interruption, costs related to the removal or replacement of any products or rework charges, whether or not such damages are
based on tort or negligence, warranty, breach of contract or any other legal theory. Notwithstanding any damages that customer
might incur for any reason whatsoever, Silergy’ aggregate and cumulative liability towards customer for the products described
herein shall be limited in accordance with the Standard Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory
and safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding
any applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where
failure or malfunction of an Silergy product can reasonably be expected to result in personal injury, death or severe property or
environmental damage. Silergy assumes no liability for inclusion and/or use of Silergy products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own risk.

5. Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of
commercial sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual
agreement specifically agreed to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only
the terms and conditions of the respective agreement shall apply. Silergy hereby expressly objects to and denies the application
of any customer’s general terms and conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open for acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or
intellectual property rights. Silergy makes no representation or warranty that any license, either express or implied, is granted
under any patent right, copyright, mask work right, or other intellectual property right. Information published by Silergy
regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Silergy under the patents or other intellectual property of Silergy.

For more information, please visit: www.silergy.com

© 2020 Silergy Corp. All Rights Reserved.





