S/LERGY

Application Note: AN_SY6970
5A, Single Cell Li-lon DC/DC Switching Charger with

12C Control, USB Detection and OTG

JEITA Compliant, Power Path Management

Advanced Design Specification

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 on BUS with current limit up to
2.4A.

The power path management regulates ‘the-/system
voltage slightly above battery voltage“but does not
drop below 3.5V minimum systemvoltage. With
this feature, the switching~converter will keep
working to support the system.load even when the
battery is completely depléted or removed. When the
input current limit_op-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 cyclesy The
SY6970 can be compliant with JEITA spec for the
Li-lon 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
junction temperature exceeds 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(OO,0)
| L_rl' Temperature Code
Package Code

Optional Spec Code

Ordering Number
SY6970QCC

Package type Note
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

—#).5% Charge Voltage Regulation
— 7% Charge Current 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 Currént-Limit

— Upto 2.4A OTG Current Limit on BUS

— 1% 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
Charge and Boost Mode

Sensing  for

— Battery Charging SafetyyTimer

— Thermal and Thermal
Shutdown

—  Input/SystemOver-voltage Protection

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

Regulation

Applications

Smart Phone

Tablet PC

Power Bank

Portable Internet Devices
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Typical Applications

3.9V-14V ‘ BUS SY6970
UsB i PMID
1uF - 6.8uF
I DSEL PGND
= DM - 1uH
T e LX Y SYSTEM
L] ! T 47nF I1OuF110uF
— BST L =

VBIAS SYS

Hos Il

0s +

‘ scL 10uF LI Battery

. INT Rilim i

oTG ILIM
P ICE REGN [ I
/1
SYs | STAT 4.7uF
5.52k€2
/QON NTC
10kQ2
F Power Pad (103-AT)
31.23kQ
Figure 1. Schematic Diagram
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 3

© 2019 Silergy Corp.

All Rights Reserved.



S

S/LERGY

SY6970

Pinout (top view)

Pin Description

— Ia) z
o 2 0 =
%] w
2 2 & 8 % %
BUS |1} 1| PGND
op 7] PeND
DM 16| sys
SY6970 -
STAT i 15| SYS
scL {14 | BAT
SDA s BAT
S I IO I DV DV I

Top Mark: CDDxyz(device code: CDD, x=year code, y=week code, z=(ot\aumber code)

Pin Name | Pin Number | Pin Description
BUS 1 Charger power input pin. Connect a IiF/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 lows indicates charge in progress; high indicates charge done or
charge disabled. When any charge fault occurs, STAT pin blinks at 1Hz.
The stat.pin function can be disabled by setting STAT_DIS bit.
SCL 5 I°Cnterface clock pin. Pull up to a logic rail via 10kQ resistor.
SDA 6 I°C Interface data pin. Pull up to a logic rail via 10kQ 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.
o0TG 8 Boost mode active high enable pin.
Boost mode is enabled when REGO03[5]=1 and OTG pin is high.
ICE 9 Charge mode active low enable pin. Battery charging is 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
ILIM 10 ILIM pin to ground to set the maximum limit as liyvax= Kiuim /Rium- 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
NTC 11 Connect a resistor divider from REGN to NTC to GND to achieve battery

SY6970 Rev.0.1
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thermal protection. Charge or discharge suspends 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 Tgon 1 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, a logic low of Tgon rst(typical 10s)-.resets

system power by turning BATFET off for Tgarrer rsr(typical 3s).and then re-
enable BATFET.

BAT

13,14

Battery voltage sense pin. Used as battery constant voltage‘control and battery
voltage protections. Connect at least 10uF ceramic capacitor to the BAT pin.

SYS

15,16

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

PGND

17,18

Power ground connection. 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;>Cennect a 47nF bootstrap capacitor between LX
and BST.

REGN

22

LSFET driver positive, supply. Connect a 4.7uF ceramic capacitor between
REGN and analogy, GND. The capacitor should be placed closely to the IC.
REGN also seryes 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 6.8 capacitor between PMID and PGND. The capacitor
should'be placed closely to the IC.

DSEL

24

Opeén-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

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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Absolute Maximum Ratings (Note 1)
BUS, PMID, LX -0.3V to +18V
Others -0.3V to +6V
Package Thermal Resistance (Notes 2)
QFN4x4-24 6;4 33.3 T/W
QFN4x4-24 6;c 29.7 T/IW
Junction Temperature Range -40C to +450C
Operating Temperature Range -40C t0=+100C
Storage Temperature -65C to #150C
Lead Temperature (Soldering, 10s) +300<C
ESD Susceptibility
HBM (Human Body Mode) 2kV
MM (Machine Mode) 200V
Recommended Operating Conditions (Note 3)
BUS, PMID, LX 0V to +16V
Others 0V to +5.5V
Junction Temperature Range -40C t0 125
Ambient Temperature Range -40<Cto 85T
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 6
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Electrical Characteristics
(Veus_uvioz<Veus<Vacov and Vgys>Veart+Vsieep, Ta=25<C for typical values unless other noted.)

Parameter Symbol Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
QUIESCENT CURRENTS
VBus<VBsus uviLoz, Vear=4.2 V, 5 LA
leakage between BAT and BUS
High-Z Mode, no BUS, battery
Battery Discharge Current (BAT) | | monitor disabled, BATFET 12 A
i u
y g BAT disabled, T,<85C
High-Z Mode, no BUS, battery
monitor disabled, BATFT 32 PA
enabled, T,=—40C to 85<C
Vgus=5V, battery monitor
disabled, no battery, High-Z mode 15 LA
Input Supply Current in High-Z enabled
Mod IBUS_HIZ -
oae Vgus=12V, battery monitor
disabled, no battery, High-Z/mode 25 LA
enabled
VBUS>VBUS_UVLO-Zx V.BUS>VBAT1 15 3 mA
converter not switching
Veus> Veus uviozd Veus>Vear,
Input Supply Current (BUS) lous converter'switching, Vgar=3.2V, 3 mA
Isys=0A
Vpos>Veus uvioz: Veus™Vears
converter switching, charge 3 mA
disabled, VBAT:3-8V1 ISYSZOA
Battery Discharge Current in | Vgar=4.2V, Boost mode, 35 mA
Boost Mode OTEEORT Isus=0A, converter switching '
BUS/BAT POWER UP
BUS Operating Range Vaus_op 3.9 14 \Y/
BUS for Active IC and 1°C,,No .
Battery VBus_uvioz Vpys rising 3.6 \
Sleep Mode Falling Threshold VsLeep Vguys falling, Veys-Vear 65 mV
Sleep Mode Rising‘Threshold VsLeepz Vgus rising, Veus-Veat 250 mV
BUS Over-yeltage Rising -
ThresHold Vacov Vguys rising 14.3 \Y%
BUS"Over-voltage Recover .
Threshold g y VACOV_RC VBUS fa"lng 300 mV
Battery Depletion Threshold VEAT pPL Vgar falling 2.3 \Y
Battery Depletion Recover ..
Thresf)llold P y VBAT DPLZ Vgar rising 2.5 A
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 7
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POWER PATH MANAGEMENT

Isys = 0A, Vear>Vsyswin, Q4 off,
System Regulation Voltage Vsys max Vgar Up t0 4.35V, 4.4 \Y/
VSYS:VBAT+50mV
Isys=0A, Vear<Vsysmin=3.5V, Q4
System Voltage Output Vsys MiN Off. Voys=Vaar+150mV 35 3.65 \Y/
Internal High-side Reverse _
Blocking MOSFET On-resistance Ronrerem T=40T 10 85T 25 on
Internal High-side Switching
MOSFET On-resistance Between RonHsreT) T;=-40Ct085<C 25 mQ
PMID and LX
Internal Low-side Switching
MOSFET On-resistance Between Ron(Lsrem) T;=-40Ct085<C 15 mQ
LX and PGND
BATTERY CHARGER
Charge Voltage Regulation
Accu?acy gereg Veat rec ace | Vear = 4208V and 4.112V -0.5% 0.5%
Fast Charge Current Regulation Vgar = 3.8V, | =1792mA, T
Accuracyg ’ licre ree ace | _ E;ASTCC e "] -5% 5%
. Fast charge to precharge,
Battery LOWYV Falling Threshold | VeatLowv BATLOWMBI=T VBAT falling 2.6 2.8 2.9 \Y/
. Veatiowv Hy | Precharge to'fast charge,
Battery LOWV Rising Threshold o BATEQWV bit=1 VBAT rising 3.0 \%
Termination Current Accuracy Iterm_Acc lyeri = 256MA, Iche = 960mA -20% 20%
Battery Short Voltage VsHorT Vgar falling 2.0 \Y
Battery Short Voltage Hysteresis VSHORK HYST Vgar rising 200 mV
Battery Short Current lsudre Vgar<2.2V 100 mA
Recharge Threshold Below Veecho Vgar falling, VRECHG bit=0 100 mv
VBATﬁREG
Recharge Deglitch Time tRecHG Vgar falling, VRECHG bit=0 20 mS
SYS-BAT MOSFET/(On-
resistance Ron_satrer 10 me
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 8
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INPUT VOLTAGE/CURRENT REGULATION

Absolut_e Input Voltage VINDPM_REG_A 2% 204
Regulation Accuracy cc
Input Current Limit Range liNDPM_RANGE 100 3250 mA
USB100 90 100 mA
USB Input Current Regulation USB150 130 150 A
Limit, BUS=5V, Current Drawn luss pPM
from LX - USB500 450 500 mA
USB900 800 900 mA
Input Current Regulation I2C Set input current limit above 0 ¢
Accuracy |aopT_pPm 900mA 20% 0%
Iin = Kiui/RiLim KiLim linopm = 1.5A 360 AQ
DP/DM DETECTION
DP/DM Voltage source Vor sk 0,5 0.6 0.7 \%
VDM_SRC
Data Detect Voltage VAT REF 250 400 mV
BAT OVER-VOLTAGE PROTECTION
Va7 risin rceh f
Battery Over-voltage Threshold Viatovp saT I15Ing, 8 pergentage o 104%
VBATﬁREG
Battery Over-voltage Hysteresis VEBATOVP HYST Vear fallifigy as percentage of 2%
- VB/—\T_REG
BAT DISCHARGE OVER-CURRENT PROTECTION
BATFET Discharge Over-current | 9 A
Threshold BATFET_OCP
THERMAL REGULATION AND THERMAESHUTDOWN
Junction Temperature Regulation .
Acouracy P g Tanion ree | TREG bits=11 120 <
Thermal Shutdown Rising . .
Temperature Trsp Temperature increasing 160 <
Thermal Shutdown Hysteresis Trsp_Hvs 30 <
JEITA THERMISTER Comparator
T1(0°C) threshald; ¢harge Ve rising, as percentage to
y Vo1 73.25 %
suspended bélow this temp Vreon, JEITA_ISET=0
Charge hack to Iche/2 and Vreg v Hysteresis, Vyrc falling, 195 %
above.this temp TLHYS JEITA_ISET=0 : 0
T2(10°C) threshold, Charge Back .
t0 lcne/2 and Vgeg below this V Vire fising, as percentage to 68.25 %
CHG REG 2 Vreons JEITA_ISET=0 '
Temp
Charge back to Ichg and Vgeg v Hysteresis, Vyrc falling, 195 %
above this temp T2HYS JEITA_ISET=0 : 0

SY6970 Rev.0.1
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T3(45°C) threshold, Charge back

Ve falling, as percentage to

- 0,
to !CHG and Vges-150mV above V13 Ve JEITA VSET=0 44.75 %
This temp ’

Charge back to Ichg and Vreg v Hysteresis, Ve rising, 12 %
below this temp T3HYS JEITA_VSET=0 '
T5(60°C) threshold, charge Ve falling, as percentage to
V 34.375 %
suspended above this temp ™ Vreon, JEITA_VSET=0 V,
Charge back to Ichg and Vgeg- Vv Hysteresis, Ve rising, 12 %
150mV below this temp ToHYS JEITA_VSET=0 ' 0
BOOST MODE THERMISTER COMPARATOR
EI?’IS ':_em\r;erliture;h_reshold 0, v As Percentage to Vrean < ”
In Vo age |S|ng BCOLDO o 0
Threshold (Approx. -10°C w/ 103AT)
Falling Hysteresis VacoLpo_Hys (Approx. 1°C w/ 103AT) 1.25 %
EI?’I((; ':_em\r;erliture;h_reshold 1 v As Percentage to Vren . "
In Vo age |S|ng BCOLD1 _ o 0
Threshold (Approx. -20°C w/ 103AT)
Falling Hysteresis VBcoLp1_Hys (Approx. 1°C w/ 103AT) 1.25 %
NTC pinvolageFallng | v As Percentage 0 Vi) 3775 o
pin Voltage Falling BHOTO o . (i
Threshold (Approx. 55°C wi203AT)
Rising Hysteresis VBHoTo_Hvs (Approx-3°C w/ 103AT) 1.2 %
:?tcTe'm iotag IT:hlrﬁShOId "oy "2 gRpIa0e 10 Vecon 34.37 %
pin Voltage Falling BHOT1 “ . ()
Threshold (Approx. 60°C w/ 103AT)
Rising Hysteresis VEHoT1 Hvs (Approx. 3°C w/ 103AT) 1.2 %
:?tcTs:Tr:p\%ﬁl;;ilT::ﬁsr]ZOId : Vv Ao Percentage [0 Veean 31.25 %
BHQT2 o . (1]
Threshold (Approx. 65°C w/ 103AT)
Rising Hysteresis VBfoT2 Hys (Approx. 3°C w/ 103AT) 1.2 %
BUCK MODE OPERATIONS
HSFET Cycle-by-cycle current
limi IHSFETﬁOCP 8 A
imit
PWM Switching Frequency Fsw 1500 kHz
BOOST MODE, OPERATIONS
Vgar=3.2V, Vpys=5V,
PWMSwitching Frequency Fsw_BoosT1 lgus=1A, 1500 kHz
BOOST_FREQ=1.5M
. . VBAT:3'2V1 VBUS:SV,
PWM Switching Frequency Fsw_BoosT2 laus=1A, BOOST FREQ=0.5M 500 kHz
OoTG Output VOItage VOTGiREG IBUS:O 45 5.5 Vv
OTG output Voltage Accuracy Vore_rec_acc | lsus=0 -2% 2%
Battery Voltage Exiting Boost Vore sar BAT falling 28 Vv
Mode -
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 10
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OTG Mode Output Current Limit | lorg ocp BOOST LIM>1.2A +100% +115%
OTG Over-voltage Threshold Vore_ove 6 V
OTG Over-voltage Threshold
Hysteresis Vore ove 300 mv
LSFET Cycle-by-cycle Current
P Vore ium 7 A
REGN LDO
REGN LDO Output V0|tage VREGN VBUS =5V, IREGN =20mA 4.8 \V
REGN LDO Current Limit IREGN VBUS =5V, VREGN =3.8V 50 mA
BATTERY MONITOR
Resolution RES ‘ ‘ 7 ‘ ‘ bits
/QON TIMING
/QON Low Time to Turn on
BATFET and Exit Ship Mode Taon_ow 125 225 s
/QON Low Time to Reset
BATFET Tqon_RrsT 12 18 S
Reset Duration(BATFET Off
t. ( TBATFETiRST 035 055 S
ime)

Enter  ship

fsm_oLy mode delay 10 15 s

LOGIC 1/0 PIN CHARACTERISTICS (OTG, /CE, STAT, /QON, DSEL)

Input Low Threshold ViLow 0.4 \Y
Input High Threshold VHeH 1.3 \Y
Output Low Saturation voltage Vout Low Sink current =5 mA 0.4 \Y/
I°C INTERFACE (SDA, SCL, INT)

Input High Threshold Level Viu VpyuLL-ue = 1.8V, SDA and SCL 1.3 \Y
Input Low Threshold Level VL Vpurr.up = 1.8V, SDA and SCL 0.4 \Y
Output Low Threshold Level VoL Sink current = 5mA 0.4 \%
SCL Clock Frequency fscL 400 kHz
DIGITAL CLOCK'AND WATCHDOG TIMER

WATCHDOG=14 twor (100 [160 | E

Note 1: Strfess€s beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stressaatings 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: 0;5 is measured in the natural convection at To = 25T 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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I°CRegisters

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

HINLIM[5:0]

001000

Input current limit:

(Actual input current limit is the lower of 1°C or MM pin)
[INLIM=100mA+50mA*[IINLIM]
Range:100ma(000000)-3.25A(111111)

000000=100mA

000001=150mA

001000=500mA(Default)

111111=3.25A

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

USB Host'SDP=500mA with OTG=High
USB-Host SDP=100mA with OTG=Low
USB CDP=1.5A

USB DCP=3.25A

REGO01

BIT

Name

POR

DESCRIPTION

7:6

BHOT[L:0]

00

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

01-VBHOT1 Threshold (Typ. 34.37%)
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%)

SY6970 Rev.0.1
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4:0

VINDPM_OS[4:0]

00110

Input Voltage Limit Offset:
VINDPM_0S=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 Vgys@no load is > 6V The VINDEM_OS*2 is used for
calculating VINDPM value.

REG02

BIT

Name

POR

DESCRIPTION

CONV_START

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

This bit is read-only when CONV_RATE=1. The bit stays high
during ADE/conversion or pending ADC conversion during
input souree detection.

CONV_RATE

ADC €onversion Rate Selection:

0-QOne 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:
0-1.5MHZz

1-500KHZ
Write 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 HVYDCP handshake

HV_TYPE

Higher Voltage Types can be Requested:
0-9v
1-12Vv

SY6970 Rev.0.1
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1 FORCE_DPDM 0 Force DP/DM detection:
0-Not in DP/DM detection
1-Force DP/DM detection

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

REGO03

BIT | Name POR DESCRIPTION

7 BAT LOAD EN| 0O Battery Load (10mA) Enable:
0-Disable
1-Enable

6 WD_RST 0 I°C Watchdog Timer Reset:
0-Normal
1-Reset
Back to O after timer reset.

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

4 CHG_CONFIG 1 Charge Enable Configuration:

0-Charge Disable

1-Charge Epable

31 SYS_MIN[2:0] 101 Minimum System Voltage Limit:
SY.SyMIN=3.0V+[SYS_MIN]*0.1V
Range:3.0V-3.7V

000=3.0V
001=3.1V

101=3.5V(Default)

111=3.7V

0 Reserved 0 Reserved
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 14
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REGO04

BIT

Name

POR

DESCRIPTION

7

EN_PUMPX

6:0

ICHG[6:0]

01000
00

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

IPRECHG [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

0Q000=64mA
0001=128mA

0011=256mA(Default)

1111=1024mA

SY6970 Rev.0.1
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REGO06

BIT

Name

POR

DESCRIPTION

7:2

VREGI[5:0]

01011

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,pinDisable:
0-Enable
1-Disable

54

WATCHDOG[
1:0]

01

1“C 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%

SY6970 Rev.0.1

© 2019 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

16

All Rights Reserved.



®
c’ SY6970

SILERGY
REGO08
BIT | Name POR DESCRIPTION
7:5 BAT_COMP[2: | 000 IR Compensation Resistor Setting:
0] BAT_COMP=[BAT_COMP]*20mohm

Range:0-140mohm
000=0mohm(Default)
001=20mohm

111=140mohm

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=0(Default)

001=32mV

111=224mV

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

01-80<C

10-100<C

11-120T (Defatit)

REG09
BIT | Name POR DESCRIPTION

7 FORCE_AICL | O Foree)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

) JEITA_VSET 0 JEITA High Temperature Voltage Setting:

(45°C-60°C) 0-VREG-150mV,

1-VREG

3 BATFET DLY | O BATFET turn off delay control:

0-Turn off BATFET immediately when BATFET_DIS is set.
1-Turn off BATFET with the delay tsy_pLy when BATFET_DIS
is set.

SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 17
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2

BATFET_RST
_EN

BATFET Reset Enable:
0-Disable BATFET reset function
1-Enable BATFET reset function

PUMPX_UP

Current pulse control to request higher voltage:

0-Disable
1-Enable

PUMPX_DN

Current pulse control to request lower voltage:

0-Disable
1-Enable

REGOA

BIT

Name

POR

DESCRIPTION

74

BOOSTVI[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

Reserved

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

SY6970 Rev.0.1
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REGOB(Read only)
BIT | Name POR DESCRIPTION
75 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[ | NA Charging status:
1:0] 00-Not Charging

01-Pre-charge (<Vgar owy)

10-Fast Charging

11-Charge Termination Done

2 PG STAT NA Power Good Status:

B 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 VSY.S\Regulation Status:

B 0-Not'in VSYSMIN regulation (BAT>VSYSMIN)
I+In VSYSMIN regulation (BAT<VSYSMIN)

REGOC (Read only)

BIT | Name POR | DESCRIPTION
7 WATCHDOG E_l/ NA | Watchdog Fault status:
AULT \ 0-Normal
1-Watchdog timer expiration
6 BOOGST EAULT | NA Boost Mode Fault Status:
- 0-Normal

1-BUS overloaded in OTG, or BUS OVP, or battery is too low
5:4 CHRG_FAULT[ | NA Charge Mode Fault Status:

1:0] 00-Normal

01-Input fault (BUS OVP or VBAT<BUS<3.8V)

10-Thermal shutdown

11-Charge Safety Timer Expiration

3 BAT_FAULT NA | Battery Fault Status:
0-Normal
1-BATOVP
SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 19
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2:0 NTC _FAULTI[2: | NA | NTC Fault Status:
0] 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_MO | 0 VINDPM Threshold Setting Method:
DE 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:3.9Vv(0001104)-15.3Vv(1111111)
0000000~0001101=3.9V
0001110=4.0W
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: 2.304Vv(0000000)-4.844V/(1111111)
0000000=2.304V (Default)
0000001=2.324V
1111111=4.844V
REG10 (Read only)
BIT | Name POR DESCRIPTION
7 Reserved 0 0
6:0 NTCPCT[6:0] NA ADC Conversion of NTC Voltage, (NFC) as percentage of
REGN:
NTC/REGN=21%+[NTCPCT]*0:465%
Range:21%(0000000)-80.055%6(1111111)
0000000=21%(Default)
0000001=21.465%
1111111=80:055%
REGL11 (Read only)
BIT | Name POR DESCRIPTION
7 BUS_GD NA BYUS,GOOD Status:
0*No BUS attached
1-BUS attached
6:0 BUSV [6:0] NA ADC Conversion of BUS Voltage(VBUS):
VBUS=2.6V+[BUSV]*100mV
Range:2.6V(0000000)-15.3V(1111111)
0000000=2.6V(Default)
0000001=2.7V
1111111=15.3V
REGX2(Read only)
BIT | Name POR DESCRIPTION
7 Reserved 0
6:0 ICHGRI[6:0] NA ADC Conversion of Charge current(ICHG) for
VBAT>VBATSHORT:
ICHG=[ICHGR]*50mA
Range:0mA(0000000)-6350mA(1111111)
0000000=0mA(Default)
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0000001=50mA

1111111=6350mA

Note: For Veatr<VpatsHorT, this register returns 0000000.

REG13(Read only)

BIT

Name

POR

DESCRIPTION

7

VDPM_STAT

NA

VINDPM Status:
0-Not in VINDPM
1-In VINDPM

IDPM_STAT

NA

IINDPM Status:
0-Not in INDPM
1-In IINDPM

5:0

IDPM_LIM[5:0
1

NA

Current Input Current Limit setting:
IDPM_LIM=100mA+[IDPM_LIM]*50mA
Range:100mA(000000)-3.25A(111141)
000000=100mA(Default)

000001=150mA

111111=3250mA

REG14

BIT

Name

POR

DESCRIPTI®ON

REG_RST

Register Reset:
0-Keepscurrent register setting(Default)

1-Resetto default register value and reset safety timer

Reset to 0 after register reset is completed

AICL_OPTIMI
ZED

NA

Adaptive Input Current Limit Status:
0-Detection in process
1-Maximum input current detected

5:3

PN[2:0]

NA

Device Configuration:
001

NTG_PROFILE

NA

Temperature profile:
0-Cold/Hot window
1-JEITA

1:0

DEV_REV[1:0]

NA

Device Revision:
Start from 00

SY6970 Rev.0.1
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Operation Principle

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€igate
drive.

Power-On-Reset (POR)

The internal bias circuits are powered from the higher voltage between BUS and BAT. When BUS or VBAT
rises above UVLOZ, the sleep comparator, battery depletion comparator and BATEET jdriver 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,(Vgat priz), the BATFET will turn on
and provide power to system. The device in HIZ mode and theSREGN LDO stays off to minimize the
quiescent current. The low Rpson in BATFET and the dow™ 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 thexmethods 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 Jhit 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
Ig0s_tiz from BUS during HIZ state. The battery will be powered up 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.
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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 1INLIM register to change the input current limit if necessary. The~eharger input
current will always be limited by the 1INLIM register or 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-124V) source and provides two methods to set
input voltage limit (VINDPM) threshold to facilitate autonomous detection.

1. Absolute VINDPM (Register VINDPM_MODE=1)
By setting VINDPM_MODE bit to 1, the VINRPM 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 (Register VINDPM_MODE=0)

When VINDPM_MODE bit is 0(default), the VINDPM threshold setting algorithm is 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_op) to be used with flexible VINDPM threshold.

Converter Power-Up

After the inputicurrent and voltage are set, the converter will be enabled and the HSFET and LSFET start
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.
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.
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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
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.

During Boost mode, the status register BUS_STAT s set to 111, the BUS output is 5V by default{and the
output current limit can reach up to 2.4A, selected via I°C (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 BATEET. 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)

4, 4 | CE—— ] sy 1N

4.3 Charge enabled
i i
4.2 Charge disabled

3.9

VSYS (V)

3.8

3.6

3.5

3.4

-

3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 41 42 4.3
VBAT (V)

The statusitegister VSYS_STAT bit will go high when the system is in minimum system voltage regulation.

Dynamic Power Management

The"SY6970 can management 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 (IINDPM) 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.
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When the charge current is reduced to zero but the input source is still overloaded, 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
10mohm 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.

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
CHG_TIMER, Fast Charge Timer 12 hours

The charger device automatically terminates the charging,Cycle when the charging current is below termination
threshold and charge voltage is above recharge threshold. When a full battery voltage is discharged below
recharge threshold (REG04[0]), the SY6970 will autematically 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'¢harging phases: 00-charging disable, 01-precharge, 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*eharging operation and optimize the charging parameters by writing to the
registers through 1°C.

Battery Charging-Profile
The device charges the battery in three phases: preconditioning, 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 Yless than the programmed value. In this case, termination is temporarily disabled and the charging
safety timer is counted at half the clock rate.
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Regulation Voltage
(3.84V - 4.5V)

Fast Charge Current
(128mA - 5056mA)

Vear_owv (2.8V/3V)

Vear_short (2V)

Iprecharge (64mA - 1024mA)
Itermination (64mA - 1024mA)
|sarsHorT (100mA) |

|
Trickle Charge' Pre-charge ! Fast Charge and Voltage Regulation Safety Timer

Expiration

Charging Termination
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 =.12hours). 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 orthermal 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 Déefault 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.

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

Any fiest writing command to 1°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.
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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 s 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 SFAT 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, chargedisable HIGH

Charge suspend or Boost Mode suspend blinking at 1Hz

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.

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 can enable BATFET to restore system power:
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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.

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 KILIM
INMAX —
RILIM

The actual input current limit is the lower value between ILIM setting and register setting=HNLIM. If ILIM pin
is open, the input current is limited to zero. If ILIM pin is short to ground, the input ¢urrent 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 Regulation and Thermal Shutdown

BUCK Mode

The SY6970 monitors the internal junction temperature T; to avoid overheat 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 chargingscurrent 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 INTis asserted to the host. The BATFET and converter are enabled to recover
when the IC temperature is.below Trsp nys.

BOOST Mode

The device monitors-the internal junction temperature to provide thermal shutdown during boost mode. When
the IC junction-temperature exceeds TsuyuT, the boost mode will be disabled by setting OTG_CONFIG low and
BATFET will"be turned off. When the IC junction temperature is below Trsp wys, the BATFET will be
enabled @utomatically to allow system to restore and the host will re-enable OTG_CONFIG bit to recover.

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.
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Input Over-Voltage (ACOV)

The maximum input voltage for buck mode operation is Vgys op. If BUS voltage exceeds Vacov, the device
will stop switching immediately. During input over voltage (ACQOV), the fault register CHRG_FAULT will be
setto 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

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 ppi, 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 VsyorT, the charge current will be reduced to Isatsort or wWill recharge current
for battery safety.

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

SY6970 Rev.0.1 Silergy Corp. Confidential- Prepared for Customer Use Only 30
© 2019 Silergy Corp. All Rights Reserved.



®
c’ SY6970

SILERGY

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.

Charging JEITA Guideline Compliance

JEITA recommends suspending the battery charging process when NTC pin voltage is out of the V1; to Vs
range, 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-T5).

The SY6970 provides flexibility charge voltage/current settings beyond the JEITA requirement=REGO09 bit[4]
is used for setting the charge voltage to be same as or 150mV lower than the nominal charge voltage (REG06
bit[7:2]) at warm temperature (T3-T5). REG07 bit[0] is used for setting the current setting~to be 20% or 50%
of fast charge current (REGO07 bit[0]) at cool temperature (T1-T2).
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When the NTC fault occurs, the fault register NTG2EAULT 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 t0 Vot
range. To allow the discharge, the battery temperature must be within this range. The threshold of VgcoLp and
Vot is selectable by setting REGO?,
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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. The STAT pin will indicate the fault when discharging is suspended.
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Serial Interface

The SY6970 uses 1°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 fike
micro controller or a digital signal processor. The 1°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.acurrent 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 i i

SDA / | | X | \
I | |
| | |
| | |
| | |

|

SCL

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

Figure 1. Bit Transfer on the I°C Bus

START and STQP Conditions

All transactionspegin with a START (S) and can be terminated by a STOP (P). A high to low transition on the
SDA line while SCI 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.
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SCL

TSNS

START (S) STOP (P)
Figure 2. START and STOP conditions

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 recewer

oL l:MEEI::If_'_'I::I::L__f"'Y'_'_'_I'_'_I:I:[_'_'_'[f{[::
-::S_if_s_f-:“-\_,“l_.“L____.”l_. AR AVAVERRVAVATN .

START or
Repeated STOP or

|

Repeated
START START

Figure 3. Data, Fransfer on the I°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)

P R Fe===n SRR ——-=n — fmmme——-
| = i \ 1 i \ o0
SCL ;S | [ | _I- R l- l8l 1oy 1 P |
— - - —l |

STAi?T ADDRESS DATA DATA ACK S OP_
Flgure 4. Complete Data Transfer
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Single Read and Write

|1 7 il 1 8 [ 8 v

|s| Slave Address |o| ACK l Reg Addr | ACK | Data Addr | ACK [P

Figure 5. Single Write

1] 7 1] 1 8 R 7 1] 1

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

1]

|NCK|F'

Figure 6. Single Read
If the register address is not defined, the charger IC send back NACK and go back'to the idle state.

Multi-Read and Multi-Write
The charger device supports multi-read and multi-write on REGOO0 through REGO08.

|11 7 (N I 8 I

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

C'f 8 1 ] 8 [ 8 [ 1 1]
| Slave Address | ACK | Data to Addr+1 | ACK | ------ | Data to Addr+1 | ACK |P|

Rigure 7. Multi-Write

| 1] 7 11 1 | 8 A 7 11 1

Slave Address

S | Slave Address | 0 | ACK Reg Addr ACK | 8 )
C\/'H’—T T 8 I 8 N
Data @ Addr ACK Data & Addr+1 ACK  |------ Data @ Addr+1 ACK P

Figure 8. Multi-Read

The-faultregister REG09 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 REG09 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 REG09 should be read twice to get the real condition. In addition, the fault register REG09
does not support multi-read or multi-write.
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Typical Performance Characteristics
Ta=25<C, VIN=5V, 1cell battery, unless otherwise specified.

Adapter Plug-in in Default Mode CV Mode Steady State
(BAT=3.1V) (BAT=4.2V)

2vidiv

I, 1A/div rJ

L
L]

Time (400ms/div) Time (400ns/div)

CV Mode Steady State Charge Enable to Disable

(BAT=3.7V)
“\ \ \ \ o \ \ iv
Y4 \5/\ VAV VAVAYAS
I .5A/div BAT 2y/diy
| | e
X 2Vidiv ’
».‘ F“ »ﬁ a ] ®
‘ LX 5V/div
'ior J : LJ n '—
Time (400ns/div) Time (2ms/div)
Boost Mode Steady State
(|sys:1.5A)
IL 1A/div
AVVVVVVANAANVANNN
B ‘ ‘H
.J LX 2V/div
Time (1ps/div)
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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 (I.oap) plus half of the ripple
current (Irippie):

Isar = 1 oan +§X IRippIe

The inductor ripple current depends on the input
voltage (V), the duty cycle (D = Vour/Vin), the
switching frequency (Fsw) and the inductance (L):
_V, xDx(1-D)
Ripple FSW x 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 size and efficiency for a“practical
design.

Output Capacitor Selection

The output capacitor in patallel with the battery is
used for absorbing the«high frequency switching
ripple current and*smoothing the output voltage.
The RMS value ofithe output ripple current Irys is
calculated as follow:

_V,,xDx(1-D)
2L xRy,

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,

Input Capacitor Selection

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

e = Vioan X \/VOUT X (VIN —Vour )

VIN
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:

(haus ><(VBUS —Vear )

Fow *Vaus *VepeLe

IN

Usually WgseLe is designed less than 0.5% of the
Boostyoutput voltage. A typical 10uF ceramic
capagitor 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: Cppmip, Cresn
and Cgoor-

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) CrmiD, CREGN and CBOOT must be close to the IC.
3) The loop area formed by Cpyip 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, Cpmip and

the battery voltage varies from its initial battery Cgoor.

voltage to the rated voltage. A typical 10uF

ceramic capacitor is a good choice to absorb this

current and also has a very small size.
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QFN4x4-24 Package outline & PCB Layout
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Notes: All dimension in MM and exclude mold flash & metal burr
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