S/IERGY

Application Note: SY6974

3A, Single Cell Li-lon DC/DC Switching Charger with

12C Control, USB Detection and OTG

JEITA Compliant, Power Path Management

General Description

The SY6974 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. Its
low impedance power path optimizes switching
conversion efficiency, reduces battery charging time
and extends battery life during the discharging mode.
The 12C 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 port and high power DC
adapter. The SY6974 takes the result from detection
circuit in the system, such as USB PHY device. The
SY6974 meets USB On-the-Go operation power
rating  specification by  supplying  5.15V
(programmable) on BUS with current limit up to
1.2A (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 five phases:
battery short, preconditioning, constant current and
constant voltage and top-off charging (optional). At
the end of the charging cycle, the charger
automatically will terminate when the charge eurrent
is below a preset limit in the constant voltage phase.
When the full battery falls below gthe, recharge
threshold, the charger will automatieally start another
charging cycle. The SY6974 can-b€ compliant with
JEITA spec for the 4.2V Li-ion’bdttery.

The device provides various safety features for
battery charging and~system operation, including
negative thermistor monitoring, charging safety timer
and over-voltage'y/ over-current protections. The
thermal regulation will reduce charge current when
the  junCtion  temperature  exceeds 110T
(programmable).

The,STAT output reports the charging status and any
fault conditions. The /PG output in the SY6974
indicates if a good power source is present. The INT
immediately will notify the host when a fault occurs.

The SY6974 are available in QFN4x4-24 package.

Ordering Information

SY6974 (O O)O
Temperature Code
Package Code
Optional Spec Code

Ordering Number
SY6974QCC

Package type Note
QFN4x4-24
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F r * Full BATFET Control to Support Shipping
eatures Mode, Wake up, and System Reset
* High Efficiency 3A 15MHz Buck Mode *  Safety
Charger — Battery Temperature Sensing for Charge and
— Support 3.9V-13.5V Input VVoltage Range Boost Mode

— Programmable IDPM/VDPM to Support the
USB and Adapter

—3.856V-4.624V Adjustable Charge Voltage

—Support  Narrow VDC Power Path
Management

— JEITA Compliance

— #0.5% Charge Voltage Regulation

—Charge Status Outputs for LED or Host
Processor

. Maximum 1.2A 1.5MHz Boost OTG Current

—4.85V-5.3V  Adjustable OTG Output
Voltage

— Selectable OTG Output Current Limit

— #1.5% Output Regulation in Boost Mode

— Soft-Start up to 500F Capacitive Load

— Constant Current (CC) Limit

Typical Application

— 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
e 4Amm x 4mm QFN-24 Package

Applications
. Smart Phone
e TabletPC

. Power Bank
. Portable Internet’Devices
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Figure 1. Schematic Diagram
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Top Mark: CUExyz(device code: CUE, x=year ¢ode, y=week code, z= lot number code)

Pin Name | Pin No | Pin Description
VAC 1 Charge input voltage'sense. This pin must be connected close to BUS pin.
Power source selection input. High indicates a USB host source and Low indicates an
PSEL 2 adapter sourcg-\In default mode, set 500mA input current limit by pulling this pin high
and set 2.4A"input current limit by pulling this pin low.
PG 3 Open drain active low power good indicator. Connect to the pull up rail via 10kQ
resistor. Low indicates a good input source.
Open drain charge status output to indicate various charger operation. Connect to the pull
up rail via 10kQ resistor. Low indicates charge in progress. High indicates charge
STAT 4 complete or charge disabled. When any charge fault condition occurs, STAT pin will
blink at 1Hz.
The STAT pin function can be disabled when STAT_DIS bit is set.
SCL 5 12C Interface clock. Connect SCL to the logic rail through a 10k resistor.
SDA 6 12C Interface data. Connect SDA to the logic rail through a 10kQ resistor.
/NT 7 Open-drain interrupt output. Connect the /INT to a logic rail via 10k resistor. The /INT
pin sends active low, 256us pulse to host to report charger device status and fault.
NC 8,10 No connect.
ICE 9 Active low charge enable pin. Battery charging will be enabled when REG01[4]=1 and
/CE pin =Low. /CE pin must be pulled high or low.
Connect a resistor divider from REGN to NTC to GND to achieve battery thermal
NTC 11 protection. Charge will suspend when NTC pin is out of range.
Recommend 103AT-2 thermistor.
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BATFET enable 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_Low low level will turn on BATFET to exit shipping mode. This pin is
/QON 12 internally pulled up to default high logic.
When BUS is not plugged in and BATFET_DIS=0, a logic low of Tqon_rst Will reset
SYS (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 intérnal
' BATFET is connected between BAT and SYS. Connect a 10uF closely to the BAT. pin
System connection point. The internal BATFET is connected between BAT=and SYS.
SYS 15,16 When the battery falls below the minimum system voltages, switch mode conwverter will
keep SY'S above the minimum system voltage.
Power ground connection node. Internally, PGND is connected to the’source of the n-
PGND 17,18 channel LSFET. On PCB layout, connect directly to ground connection of input and
output capacitors of the charger.
LX 19,20 Switching node pin. Connect to external inductor.
BST 21 HSFET driver positive supply. Connect a 47nF bootstrap.capacitor from LX to BST.
LSFET driver positive supply. Connect a 4.7uF cerafnic capacitor from REGN to analog
REGN 22 GND. The capacitor should be placed close to theJJ€./REGN also serves as bias rail of
NTC pin.
PMID 23 Connected to the drain of the reverse blocking MOSFET and the drain of HSFET. Put at
least 10pF on PMID to PGND, and place jt/as close as possible to IC.
Charger power input pin. Place a 1puE eeramic capacitor from BUS to PGND and place it
BUS 24 .
as close as possible to IC.
Exposed Exposed pad beneath the 1C for heat dissipation. Always solder exposed pad to the board,
paé) - and have vias on the Power, Pad' plane star-connecting to PGND and ground plane for

high current power convertet,
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Absolute Maximum Ratings (Note 1)
BUS, VAC, PMID, LX -0.3V to +18V
BAT, SYS, REGN, PSEL, /PG, STAT, SCL, SDA, /INT, /CE, NTC, /QON, BST-LX ------------- -0.3V to +6V
Package Thermal Resistance (Notes 2)
04 27.5<TIW
0 ic (top) 18<T/W
0. 8TIW
W --- 0.35C/W
Junction Temperature Range -40sCvo +150C
Operating Temperature Range -40°C to +150C
Storage Temperature 565°C to +150C
Lead Temperature (Soldering, 10s) +300<C
ESD Susceptibility
HBM (Human Body Mode) 2kV
CDM (Charged Device Mode) -- 200V
Recommended Operating Conditions (Note 3)
BUS, VAC, PMID, LX 0V to +16V
BAT, SYS, REGN, PSEL, /PG, STAT, SCL, SDA, /INT, /CE, NTC)/QON, BST-LX -------------- 0V to +5.5V
Junction Temperature Range -40Ct0 125<C
Ambient Temperature Range -40C1t0 85T
AN_SY6974 Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 5
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Block Diagram
BUSt ‘PMID

VAC
VDPMi : I REGN
——————IDPM BST
—TJJ>
————TREl Loop
-VsYs Selection PWM Q2
Generator LX
VSYSMH\J > )
VeV Protection LX
fVBAT:l>
EE—— PGND.
*'CHGJ> - Lg PEND
NTC
PSEL W DeLtJeSc?on Comparators NTC
SYsS
1 SYS
Q4
[~ 1 Control
DAC BAT
BAT
Charge & Discharge Control
/QON
12C
Interface
l ] il
T s . L]
/INT STAT RG SCL SDA ICE
Figure 2. Block Diagram
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Electrical Characteristics

(VBus_uvLoz<Veus<Vacov and Veus>VeattVsLeeprz, T;=25<C for typical values unless otherwise noted.)

© 2020 Silergy Corp.

Parameter Symbol Test Conditions Min Typ Max Unit
Quiescent Currents
VBus<Veus uvLoz, VBat=4.5 V, 5 LA
leakage between BAT and BUS
Battery Discharge Current (BAT) lBaT ngAg,:éi#E?%?;aszg de, no 15 25 PA
i 2 ot o s | m
o VBus=5V, no battery, High-Z 7 35 LA
Input Supply Current in High-Z leus iz mode enabled
Mode - Veus=12V, no battery, High-Z 25 50 LA
mode enabled
>
15 | 3 | m
Input Supply Current (BUS) IBus VBus> VBus_uvLoz, VBus>Vear!
converter switching, Veat=3.8V, 3 mA
Isys=0A
Battery Discharge Current in Boost loTeB00ST Veat=4.2V, Boost moc_je, _ 35 mA
Mode 1sus=0A, converterswitching
BUS/BAT Power up
BUS Operating Range VBus_op 3.9 135 \
BUS for Active IC and I2C, no Vaus uvLoz Rising'valte to active 1°C 3.3 3.5 \Y%
Battery - Falling value 2.9 3.25 \Y
Sleep Mode Falling Threshold VsLeep Vgus falling, Veus-Vear 25 65 120 mV
Sleep Mode Rising Threshold VsLeepz Vsus rising, Veus-Vear 170 250 300 mV
BUS over-Voltage Rising Threshold | Vacov Vsus rising, REG06[7:6]=00 5.7 5.9 6.1 \Y
?ﬁiﬁ‘é‘fé‘von&ge Recovery Madov)Re Vaus falling, REGO6[7:6]=00 5.5 5.7 5.9 v
BUS over-Voltage Rising Threshold | V&cov Veus rising, REG06[7:6]=11 13.8 141 144 \Y
BUS over Voltage Recovery Vacov ke Vaus falling, REGO6[7:6]=11 135 | 138 | 141 | Vv
Battery for Active I2C, fio BUS VBAT_uvLOZ Voar rising value to active IC 21 2.3 v
- Veat falling 1.8 2.0 \Y
Battery Depletion Threshold VeAT_DPL Vear falling 2.15 2.3 2.5 \Y
.Eraﬁtrfsrgo?d‘*p'e“on Racovery Vearoriz | Vear rising 23 | 255 | 27 Vv
Bad Adapter-Betection Threshold VBusMIN Vsus falling 3.6 3.7 3.8 \Y
BadAdapter Detection Hysteresis Veusmin_HysT | VBus rising 100 mV
Sggrgdapter Detection Current lBADSRC 30 mA
Bad Source Detection Duration tBADSRC 30 ms
Power Path Management
Isys = 0A, VBaT>Vsysmin,
System Regulation Voltage Vsys_max BATFET off, Vear up to 4.35V, 4.35 4.4 4.43 \%
Vsys=Vear+50mV
System Regulation Voltage Vsys_MmiIN |SYS=-0A, VeaT<Vsysmin=3.5V, 3.55 3.65 3.75 V
AN_SY6974 Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only -7-
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BATFET off, Vsys=Vear+150mV
Internal High-side Reverse Blocking
MOSFET on Resistance Ron(rerem) 45 me2
Internal High-side Switching
MOSFET on Resistance between RonHsFeT) 60 mQ
PMID and LX
Internal low-side Switching
MOSFET on Resistance between Ron(LsFeT) 60 mQ
LX and PGND
BATFET Forward Voltage in .
Supplement Mode Vewp BAT discharge current 10mA 30 mV
Battery Charger
Charge Voltage Regulation _ N Eo 0
Accuracy VeaT Rec_acc | Veat rec = 4.208V and 4.352V 0.5% 0.5%
Fast Charge Current Regulation _ _ o o
Accuracy liche_rec acc | VBat=3.8V, lche=0.72A or 1.38A 5.5% 5.5%
Battery LOWV Falling Threshold | VearLowv ]faa}fitn;harge to precharge, VBAT 260 | 28 | 29 Vv
Battery LOWYV Rising Threshold VeaTLOWY_HYST :,Di;?ggarge to fast charge, VBAT 2.8 3.0 3.1 \Y
Precharge Current Regulation _ _ 15 0
Accuracy IprECHG_ACC Vear = 2.6V, Iche = 180mA 15% 20%
. Iterm =180mMA, lcHc_ReG=>780mA -20% 20%
Termination Current Accuracy ITerm_Acc
Iterm =60MA, IcHc reG, <780mMA -35% 35%
Battery Short Voltage VsHORT Veart falling 1.9 2.0 2.1 \Y
Battery Short Voltage Hysteresis VsHorT_HysT | VAT rising 200 mV
Battery Short Current IsHorT Vear<2.2V 55 100 125 mA
Recharge Threshold Below Vv Veart falling, REG04[0] =0 75 100 145 mV
VBAT REG REcHe Veanfalling, REG04[0] = 1 160 | 200 | 250 | mv
SYS-BAT MOSFET on Resistance Ron_saTreT 17 mQ
Input Voltage/Current Regulation
Absolute | Vol Regulati
Agzgr‘;g nput Voltage Regulation |\, s | set absolute VINDPM=4.5V -1.5% 1.5%
Input Current Limit Range liNDPM RANGE 100 3200 mA
USB Input Current Regulation USB 100mA 80 100
Limit, BUS=5V, Current Drawn luse_pPm USB 500mA 440 500 mA
from LX USB 900mA 750 900
2 - —
Input Current Regulation Accuracy |ADPT_DPM I°C Set input current limit above -15% -1% 0%
900mA
BAT over-Voltage Protection
Battery over-\oltagé Threshold VeaTove xB’“ rising, as percentage of 103% | 104% | 105%
BAT_REG
Battery over-Voltage Hysteresis VBATOVP_HYST Vear falling, as percentage of 2%
VBAT REG
BAT Discharge over-Current Protection
_?_hArl'SFhli'll'lescharge over-Current IBATFET_OCP 7.5 10 125 A
Thermal Regulation and Thermal Shutdown
JA“C”CCJ'rggyTemperat“re Regulation | ¢ nrec | REGOS[L]=1 110
Thermal Shutdown Rising . .
Temperature Trsp Temperature increasing 160 <
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Thermal Shutdown Hysteresis Ttsp_Hys ‘ 30 ‘ ‘ <
JEITA Thermister Comparator
T1(0<C) Threshold, Charge V/ntcrising, as percentage to 0
Suspended Below this Temp Vn Vrecn, JEITA_ISET=0 7275 | 1325 | 1375 &
Charge back to Icne/2 and Vrec Hysteresis, Vnrc falling, 0
above this Temp VTLhvs JEITA_ISET=0 1.25 &
T2(10<C) Threshold, Charge back to V/ntcrising, as percentage to o
Icra/2 and Vrec below this Temp V2 Vreon, JEITA ISET=0 67.75 | 68.25 | 68.75 &
Charge back to Icne and Vrec above Hysteresis, Vntc falling, R
this Temp VT2 hvs JEITA_ISET=0 1.25 A
T3(45<C) Threshold, Charge back to Vnrc falling, as percentage to o
les and 4.05V above this Temp | V™ Vreen, JEITA_VSET=0 4425 | 4415 | 48.25 | %
Charge back to Icre and Vrec below Hysteresis, VnTc rising, 0
this Temp VT3 hivs JEITA VSET=0 Wi &
T4(60<C) Threshold, Charge Vnrc falling, as percentage to 0
Suspended above this Temp VT Vreon, JEITA VSET=0 37 P42 | 34T &
Charge back to Icre and 4.05V Hysteresis, VnTc rising, 0
below this Temp VT4 hivs JEITA VSET=0 12 &
Boost Mode Thermister Comparator
Cold Temperature (-20<C)
Threshold 1, NTC pin Voltage VBcoLb As Percentage to VrecN 79.5 80 80.5 %
Rising Threshold
Falling Hysteresis VBcoLp_Hys 1.25 %
Hot Temperature (65<C) Threshold
2, NTC pin Voltage Falling VeHoT As Percentage 16 Vrecn 30.6 311 31.6 %
Threshold
Rising Hysteresis VBHOT_HYS 3 %
Buck Mode Operations
II:|_SF_ET Cycle-by-cycle Current lsrer ocp 6 A
imit

PWM Switching Frequency Fsw 1300 1500 1700 kHz
Boost Mode Operations
PWM Switching Frequency Fsw; BoosT Vear=3.2V, Veus=5V, leus=1A 1300 1500 1700 kHz
OTG Output Voltage Range Vorc_Rrec lBus=0A 4.85 5.3 \Y
OTG Output Voltage Accuracy Vorc_rec_acc | lsus=0A -1.5% 1.5%
Battery Voltage Exiting BoostMode | Vote BaT REGO01[0]) =0, Vsar falling 2.6 2.8 2.9 \%
Eﬂa;fjegy Voltage Entering Bgost Vore sar nvst | REGOL[0]) = 0, Vaar rising 2.7 2.9 3.0 v
Battery Voltage Exiting Boost Mode | Vote_BaT REGO1[0]) =1, Vaar falling 2.4 25 2.6 \%
Eﬂa;;egy Voltaga,Ehtéring Boost Vore sar nvst | REGOL[0]) = 1, Vaar rising 255 | 265 | 275 v
OTGMode Output Constant lora BOOST_LIM=0.5A 0.55 0.75 A
CurrentLimit BOOST_LIM=1.2A 1.25 1.65 A
OTG over-Voltage Threshold Vore_ove BUS rising edge 5.7 5.85 6 \%
OTG over-Voltage Threshold .
Hysteresis Vote_ove Hys | BUS falling edge 250 mV
REGN LDO

VBus = 10V, Ireen = 40mA 5 \Y
REGN LDO Output Voltage VREGN

VBus =5V, Ireen = 20mA 4.8 \Y/
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REGN LDO Current Limit Irean Vaus = 5V, Vreon = 3.8V | 50 | | | mA
/QON Timing
BATFET and it Ship Mot | 101 09 | 11 | 13 | s
/QON Low Time to Reset BATFET | Tqon_RsT 8 10 12 S
Reset Duration(BATFET off Time) | TeaTreT RsT 0.25 0.35 0.45 S
Enter Ship Mode Delay tsm_pLy gﬁﬁg%g:ﬁil 10 13 15 S
Logic 1/0O Pin Characteristics (/CE, PSEL, STAT, /PG, /INT)
Input Low Threshold ViLow 0.4 V
Input High Threshold ViHgH 13 \Y
Output Low Saturation Voltage Vour_Low 0.4 \Y
Internal /QON Pull up Roon 220 kQ
12C Interface (SDA, SCL)
Input High Threshold Level Vin 1.3 \Y
Input Low Threshold Level Vi 0.4 \Y
Output Low Threshold Level VoL 0.4 \
SCL Clock Frequency fscL 400 kHz
Digital Clock and Watchdog Timer

| e g ld we | o [ | s
Watchdog Timeout twot

REGN LDO enabled; 136 160 184 s
REGO5[5:4]=11

Note 1: Stresses listed as the above “Absolute Maximum Ratings” may cause permanent damage to the device.
These are for stress ratings. Functional operation0f-the device at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating
conditions for extended periods may remain(possibility to affect device reliability.

Note 2: 0;a is tested under still air while ambient temperature 25<C and mounted on a 4-layer high effective
PCB with thermal via in accordance*with JESD51-5, -7.

Note 3: The device is not gliaranteed to function outside its operating conditions.
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Typical Performance Characteristics

Ta=25C, Veus=5V, lcell battery, unless otherwise specified.

Efficiency vs. Charge Current (CC Mode) Efficiency vs. lgys (Boost Mode)
(Vear=3.8V) (Veus=5.15V)
100 100
95
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90 —f — — = 1 1L
= l o VS R I RS LT = = o= T — STl
IS — X s [~ ~T]o==--d .
< | K = 90 FA.d ~L
o H ’ -~
5 o —t s |4 T
S I S gl ~
E 757 : ~ E /
/! Veus=5V ——Vgar=3.2V
70 -
i — —Vpys=9V 80 — —Vpar=3.8V |
65— 1 ] " Veus=12v- Verr=4.1V
i | - gl
0 0.5 1 15 2 25 3 0 02 04 06 08 1 12 14
Charge Current (A) lsus A(A)
Adapter Plug-in in Default Mode CVaMode’Steady State
(VBAT=3- 1V) (VBAT=4-2V)
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I ﬁ : 'l n M
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Boost Mode Steady State Boost Mode Load Transient
(Isvys=1.2A)

: Vear 1Vidiv
- e e, :—“"-... /;"'\_ Moo, ' Veus | 0.2Vidiv(5.15V offset) |
v “w u"-v/f o \"v’/ 4 i
L e | b '_\ﬁ'—'—‘mt—'

o I f ] ]
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Vi 2vidiv !

Time (1ps/div) Time (4ms/div)
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1°C Registers
Address: 6BH

REGO00
BIT Name POR Description
7 EN_HIZ 0 Enable HIZ Mode:
0-Disable (Default); 1-Enable
6:5 STAT_DIS[1:0] | 00 Enable STAT pin function:

00 - Enable STAT pin function(Default)
01 — Reserved

10 — Reserved

11 - Disable STAT pin function(float)
4:0 IINLIM[4:0] 00100 Input current limit:

(Actual input current limit by PSEL detection in default mode, and
by this register in host mode)

IINLIM=100mA+100mA*[IINLIM]
Range:100mA(00000)-3.2A(11111)
00000=100mA
00001=200mA

00100=500mA(Default)

11111=3.2A

IINLIM wilbbe changed after input detection is completed.
(PSEL=High) 500mA

(PSELE=Low) 2.4A

Host can over-write IINDPM register bits after input source
detection is completed.

REGO01

BIT Name POR Description

7 PFM _DIS 0 PFM mode Disable:
0- Enable PFM(Default)
1- Disable PFM

6 WB, RST 0 12C Watchdog Timer Reset:
0-Normal(Default)
1-Reset
Back to 0 after watchdog timer reset.

5 OTG_CONFIG 0 OTG Mode Configuration:
0-OTG Disable(Default)
1-OTG Enable
Note: OTG_CONFIG would over-ride Charge Enable Function in
CHG-CONFIG

4 CHG_CONFIG 1 Charge Enable Configuration:
0-Charge Disable
1-Charge Enable(Default)

mev.os Silergy Corp. Confidential- Prepared for Customer Use Only -13-
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3:1 SYS_MIN[2:0] 101 Minimum System Voltage Limit:
Range:2.6V-3.7V

000=2.6V

001=2.8V

010=3.0V

011=3.2Vv

100=3.4V

101=3.5V(Default)

110=3.6V

111=3.7V

0 OTG_BAT 0 0 - 2.8 V BAT falling(Default)
1-2.5V BAT falling

REGO02

BIT Name POR Description

7 BOOST_LIM 1 Boost Mode Current minimum Limit;

0=05A

1 =1.2 A(Default)

6 Q1 FULLON 0 RBFET full on for better efficiehcy in Buck mode:
0 — Use higher Q1 Rogigny” when programmed IINDPM <
700mA(better accuracy)

1 — Use lower Q1 Rpsoryalways(better efficiency)
5:0 ICHG[5:0] 10001 | Fast Charge Curtent’Limit:

0 ICHG=[ICHG]*60mA
Range:0mA(000000)-3000mA(110010)
000000=0mA(Disable Charge)

000001=60mA

100010=2040mA(Default)

110010~111111=3000mA

REGO03

BIT Name POR Description

7:4 IPRECHG{3:0] | 0010 Precharge Current Limit:
IPRECHG=60mA+[IPRECHG]*60mA
Range:60mA-780mA

0000=60mA

0010=180mA(Default)

1100~1111=780mA

3:0 ITERM [3:0] 0010 Termination Current Limit:
ITERM=60mA+[ITERM]*60mA
Range:60mA-960mA
0000=60mA

0010=180mA(Default)

AN_SY6974 Rev.0.9 Silergy Corp. Confidential- Prepared for Customer Use Only -14 -
© 2020 Silergy Corp. All Rights Reserved.



®
C? AN SY6974

S/IERGY

1100=780mA

1111=960mA

REG04

BIT Name POR Description

7:3 VREG[4:0] 01011 | Charge Voltage Limit:
VREG=3.856V+[VREG]*32mV
Range:3.856V-4.624V(11000)
00000=3.856V

00001=3.888V

01011=4.208V(Default)

11000~11111=4.624V

Special Value:

(01111): 4.352 V

2:1 TOPOFF_TIME | 00 The extended charging timg ‘after termination enabled and
R[1:0] satisfied:

00 — Disabled (Default)

01 — 15 minutes

10 — 30 minutes

11 — 45 minutes

0 VRECHG 0 Battery Recharge Threshold Offset:
0-100mV(Default)

1-200my

REGO05

BIT Name POR Description

7 EN_TERM 1 Charging Termination Enable:
0-Disable

1-Enable(Default)

6 Reserved 0 Reserved

5:4 WATCHDOGI1 | 01 1°C Watchdog Timer Setting:
:0] 00-Disable timer

01-40s(Default)

10-80s

11-160s

3 EN_TIMER 1 Charging Safety Timer Enable:
0-Disable

1-Enable(Default)

2 CHG_TIMER 1 Fast Charge Timer Setting:

0-5 hrs

1-10 hrs(Default)

1 TREG 1 Thermal Regulation Threshold:
0-90<C

1-110C(Default)
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0 JEITA_ISET 1 JEITA Low Temperature Current Setting
(0°C-10C) Percentage with respect to ICHG register REG02[5:0]
0-50%
1-20%(Default)
REGO06
BIT Name POR Description
7:6 OVP[1:0] 01 ACOV threshold:

00-55V

01 - 6.5V (5-V input) (Default)

10 -10.5V (9-V input)

11-14V (12-V input)

5:4 BOOSTV[1:0] 10 Boost Regulation Voltage:
BOOSTV=4.85V+[BOOSTV]*0.15V
Range: 4.85V-5.3V

00=4.85V

01=5.00V

10=5.15V(Default)

11=5.30V

3:0 VINDPM[3:0] 0110 Absolute VINDPM Threshold:
VINDPM=3.9V+[VINDPM]*100mV
Range:3.9V(0000)-5.4\V/1111)
0000=3.9V

0001=4.0V

0110=4.5V/ (Default)

1711=5.4V

REGO07
BIT Name POR Description
7 FORCE_INDET | O Force Start Input Current Limit:
0-Do not force(Default)
1-Force
Returns to 0 after input detection is complete.
6 TMR2X_EN 1 Safety Timer Setting during Input DPM and Thermal

Regulation and JEITA cool:

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

1-Safety timer slowed by 2X during input DPM or thermal
regulation or JEITA cool. (Default)

5 BATFET_DIS 0 Force BATFET Off:

0-Allow Q4 turn on(Default)

1-Turn off Q4 with tsum_pLy delay time or immediately (REG07[3]

4 JEITA_VSET 0 JEITA High Temperature Voltage Setting:
(45°C-60°C) 0-VREG 4.05V (max.) (Default)
1-VREG
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3 BATFET_DLY 1 BATFET turn off delay control:

0-Turn off BATFET immediately when BATFET_DIS is set.
1-Turn off BATFET with the delay tsv_oLy when BATFET_DIS is
set. (Default)

2 BATFET_RST_ | 1 BATFET Reset Enable:

EN 0-Disable BATFET reset function

1-Enable BATFET reset function(Default)

1:0 VDPM_BAT_T | 00 Limit VINDPM to above BAT voltage.

RACK]1:0] 00 - Disable function (VINDPM set by register) (Default)

01 - VBAT + 200mV

10 - VBAT + 250mV

11 - VBAT + 300mV

When this bit enabled, Actual VINDPM is higher ©f register value
and VBAT + VDPM_BAT_TRACK

REGO08 (Read only)

BIT Name POR Description

7:5 BUS_STAT[2:0] | NA BUS Status register:

000:No input

001:USB Host SDP

011:Adapter(2.4A)

111:0TG

Note: Software cureent limit is reported in IINLIM register.
4:3 CHRG_STAT[1: | NA Charging status:

0] 00-Not Charging

01-Pre-charge (Vear<VgatLowv)
10-Fast'Charging

11-€harge Termination Done

2 PG_STAT NA Pewer Good Status:

0-Not Power Good

1-Power Good

1 THERM_STAT |(NA Thermal Regulation Status:

0-Not in thermal regulation

1- In thermal regulation

0 VSYS_STAT NA VSYS Regulation Status:

0-Not in SYSMIN regulation (Vsat>Vsysmin)
1-In SYSMIN regulation (Vear<Vsysmin)

REGQ9(Read only)

BIT Name POR Description
7 WATCHDOG _F | NA Watchdog Fault status:
AULT 0-Normal
1-Watchdog timer expiration
6 BOOST_FAUL NA Boost Mode Fault Status:
T 0-Normal
1-BUS overloaded in OTG, or BUS OVP, or battery is too low
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5.4

CHRG_FAULT[
1:0]

NA

Charge Mode Fault Status:

00-Normal

01-Input fault (BUS OVP or Veat<Veys<3.8V)
10-Thermal shutdown

11-Charge Safety Timer Expiration

BAT_FAULT

NA

Battery Fault Status:
0-Normal
1-BATOVP

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

REGOA

BIT

Name

POR

Description

BUS_GD

NA

BUS GOOD Status:
0-No BUS attached
1-BUS attached

VDPM_STAT

NA

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

IDPM_STAT

NA

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

Reserved

NA

TOPOFF_ACTI
VE

NA

Top-off Timer Status:
0 — Top off timer not counting.
1 — Top off timer counting

ACOV_STAT

NA

BUSOVP Status In Buck Mode:
0-Normal
1-ACOV

VAINDPM_INT _
MASK

Mask INT when VINDPM:
0 - Allow VINDPM INT pulse
1 - Mask VINDPM INT pulse

IINDPM_INT _
MASK

Mask INT when IINDPM:
0 - Allow IINDPM INT pulse
1 - Mask IINDPM INT pulse
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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
6:3 PN[3:0] NA Device Configuration:
1001
Reserved 0 Reserved
1:0 DEV_REV[1:0] NA 00
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Operation Principle

The SY6974 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
Roson achieves very high conversion efficiency up to
3A 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 Veus 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 (Vear prLz), the BATFET will
turn on and provide power to system. The device is
in HIZ mode and the REGN LDO stays off to
minimize the quiescent current. The low Rpsonin
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 and set
BATFET_DIS bit to indicate BATFET is disabled
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 SY6974 will
check thes impUt source voltage to turn on REGN
LDO and-all the bias circuits. It will also check and
set_the input current limit before starts the Buck
converter.

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 and /PG can be connected to
REGN as well.

When the device is in high impedance mode (HIZ)
with REGN LDO turned off, the device will draw
less than lgus iz 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 SY6974 will turn
on the blocking FET to reduce the power loss«

Input Source Qualification

After REGN LDO power up, the SY6974\will check
the current capability of the input/seurce.“The input
source capability is qualified by/the internal active
detection circuit.

Once the input source passes all the conditions
above, the status register” BUS_GD bit will go high.
An INT is asserted to the host.

Input Source Type Detection

After the BUS GD bit goes high and REGN LDO is
powered, itheycharger device will run input source
type detection when a DC source plugs in.

The \8¥Y6974 can set input current limit through
PSEL pin.

The host can over-write 1INLIM register to change
the input current limit if needed.

After the input source type detection is done, an INT
pulse is asserted to the host.

PSEL Pin Sets Input Current Limit

The PSEL pin directly will take the USB PHY
device output to decide whether the input is USB
host or charging port. When the device is in default
mode, IINDPM will be updated by PSEL value in
real time. When the device is in host mode, IINDPM
will be set by host, and can force an updating by
reading PSEL value if set FORCE_INDET bit.

Input detection PSEL |Input Current Limit BUS_STAT
USB SDP(USB500) [High  [500mA 001
\Adapter Low [2.4A 011

Force Input Current Limit Detection

The host can force the charger to run input current
limit detection by setting FORCE_INDET bit in host
mode (FORCE_INDET bit returns to 0 after a force
detection finished).

Input Voltage Limit Setting

The device supports wide range of input voltage limit
(3.9V-5.4V) source and provides two methods to set
input voltage limit (VINDPM) threshold to facilitate
autonomous detection.

AN_SY6974 Rev.0.9
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1. VINDPM based on VINDPM[3:0] register bits.
(Register VDPM_BAT_TRACK=00)

2. VINDPM based on the higher of the VINDPM
register bits and VBAT + VDPM_BAT_TRACK
offset. (Register VDPM_BAT_TRACK not 00)

Converter Power up

After the input current and voltage are set, the
converter is 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 SY6974 will provide soft-start when ramps up
the system rail. When the system rail is below 2.2V,
the input current limit will be 200mA.

As a battery charger, the SY6974 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.

Boost Mode Operation from Battery

The SY6974 supports Boost converter operation to
deliver power from the battery to other portable
devices.

The Boost mode output current rating meets the USB
On-The-Go 500mA output requirement. The
maximum output current on BUS is 1.2A.

Any fault during Boost operation, includings, BUS
over voltage, or over current, or battefy~\too low
(Veat<Vorc _paT), 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 5.15V by default and
the output current limit canaeach up to 1.2A, selected
via 12C (BOOST_LIM hit$),

Power Path Management

The SY6974 accommodates a wide range of input
sources fromLUSB, 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 goes high when
the system is in minimum system voltage regulation.

Dynamic Power Management

The SY6974 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
exceeds the input current limit (IINLIM)/or Sthe
voltage will fall below the input voltages limit
(VINDPM). The device then reducesythe charge
current until the input current falls, helowythe input
current limit and the input voltagetiSes above the
input voltage limit.

When the charge current isreduced to zero but the
input source is still overloaded, the system voltage
will start to drop. Once, the system voltage falls
below the battery “.wvoltage, the device will
automatically enter the supplement mode where the
BATFET turns,en’and battery starts discharging so
that the system’ is supported from both the input
source and battery.

Duripg BPM mode the status register VDPM_STAT
orADPM_STAT will go high.

Battery Charging Management

The SY6974 charges 1-cell Li-ion battery with up to
3.0A charge current for high capacity tablet battery.
The 17mQ 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), the
SY6974 can complete a charging cycle without host
involvement. The device default charging parameters
are listed below.

Charging Parameter Default Setting
Charging Voltage  4.208V
Charging Current 2.048A
Pre-charge Current  [180mA
Termination Current [180mA
Temperature Profile JEITA

Safety Timer 10 hours

The charger device will automatically terminate the
charging cycle when in constant voltage charge and
the charging current is below termination threshold.
When a full battery voltage is discharged below
recharge threshold (REGO04[0]), the SY6974 will
automatically start another charging cycle.
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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 the
different charging 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 charging operation
and optimize the charging parameters by writing to
the registers through 12C.

-

Regulation Voltage
(3.856V - 4.624V)

Fast Charge Current
(OmA - 3000mA)

VeatLowv (2.8V/3.0V)

VstorT (2.0V)

IPRECHG (60mA - 780mA)

ltErMm (60mA - 960mA)
IshorT (L00MA) 1

Battery Charging Profile

The device charges the battery in five phases: battery
short, preconditioning, constant current and constant
voltage and top-off charging (optional). 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 walue) In
this case, termination is temporarily disabled ‘and the
charging safety timer is counted at half thexclock rate.

A S
* Battery Voltage

>

Short Charge  Pre-Charge

Charging Termination

The SY6974 will terminate a charge eyele when in
constant voltage charge, and the. curyent is below
termination current. After thel charging cycle is
complete, the BATFET turns off. The converter
keeps running to power the system, and BATFET can
turn back on to engage supplément mode.

When termination occurs, the CHRG_STAT will be
11, and an INT js ‘asserted to the host. Termination
can be disabled<y writing 0 to EN_TERM.

A programfmable top-off timer can be applied after
termination ~ is detected. The host can read
CHRG_STAT and TOPOFF_ACTIVE to find out the
termination status.

The top-off timer settings are read in once
termination is detected by the charger. Programming
a top-off timer value after termination will have no
effect unless a recharge cycle is initiated. An INT
will be asserted to the host when entering top-off
timer segment (due to termination) as well as when
top-off timer expires.

Fast Charge and Voltage Regulation

Safety Timer
Expiration

Charging Safety Timer

The SY6974 has safety timer to prevent extended
charging cycle due to abnormal battery conditions.

The device will keep charging the battery until the
fast charging safety timer expired. The duration of
safety timer can be set by the CHG_TIMER bits
(default 10 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.

The safety timer will be 2 hours when the battery is
below VgeatLowy threshold.

During input voltage/current regulation or thermal
regulation or JEITA cool, 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 REGO07[6] (bit
TMR2X_EN).
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Host Mode and Default Mode

The SY6974 can operate with or without host. In
default mode, the SY6974 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 I12C 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.

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

In the SY6974, /PG goes LOW to indicate a good
input source.

Charging Status Indicator (STAT)

The SY6974 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 (Input oversvoltage, NTC fault, . .
- - blinking
timer fault, input or system oyver- voltage) at 1Hz

Boost Mode suspend((due to NTC Fault)

Interrupt to-Host (INT)

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

When a fault occurs, the charger device will send out
INT and latches the fault state in REG09 until the
host reads the fault register. Before the host reads
REGO09 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 REG09 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.

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 immediaté€ly or delay by tsm pLv as
configured by BATEEF=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 .orla logic transition from high to low on
/QON;pin with toon_Low time can enable BATFET to
exit shipping mode.

BATFET System Reset

The BATFET functions as a load switch between
battery and system when input source is not plugged-
in and BATFET_DIS=0. By changing the state of
BATFET from OFF to ON, system connects to SYS
can be effectively have a power-on-reset.

This function can be disabled by setting
BATFET_RST_EN bit to 0.

Protections
Thermal Regulation and Thermal Shutdown
Buck Mode

The SY6974 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 lowers down the charge current. The
thermal regulation range from 90<C to 110<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
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CHRG_FAULT is 10 and an INT is asserted to the
host. The BATFET and converter are enabled to
recover when IC temperature is below Trsp-Ttsp_Hvs.

Boost Mode

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

Voltage and Current Monitoring in Buck Mode

SY6974 closely monitors the input and system
voltage, as well as HSFET and LSFET current for
safe Buck mode operation.

Input over-Voltage (ACOV)

If BUS voltage exceeds Vacov, the device stops
switching immediately. During input over voltage
(ACQV), 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
is stopped to protect components connected to SYS
from high voltage damage.

Voltage and Current Monitoring in Boost Mode

SY6974 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) cufrent to ensure safe
Boost operation.

During over-current condition when output current
exceeds (BOOST_LIM)-the device will retry 7 times
in hiccup mode for pretection. If the over current
condition is removed-within 7 times retry, the Boost
converter will .recover the OTG output. If over-
current condition continues to exist after 7 times retry,
Boost will\ be” disabled with OTG_CONFIG bit
cleared, 'in’ addition, the BOOST_FAULT bit is set
and-INJ"pulse is generated.

Over Voltage Protection

Once the BUS voltage exceeds Vore ove, SY6974
stops  switching  immediately, and clears
OTG_CONFIG hit and exits Boost mode. And the
fault register BOOST_FAULT is set high to indicate
fault in Boost operation. An INT is asserted 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 immediately
disables charge. The fault register BAT_FAULT goes
high and an INT is asserted to the host.

Battery over Discharge Protection

When battery voltage is discharged below./saT prL,
the BATFET is turned off to protecty battery from
over discharge. To recover from owveér-disCharge, an
input source is required at BUS/AWhen an input
source is plugged in, the BATFETA0rns on again.

If the battery voltage falls below VsnorT, the charge
current is 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 is'latched off. Section “BATFET Enable
Mode” ean-reset the latch off condition and turn on
BATEET.

Théermistor Temperature Window

SY6974 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 Vr; to
V14 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-T4).

SY6974 provides flexibility voltage/current settings
beyond the JEITA requirement. The voltage setting at
warm temperature (T3-T4) can be Vreg Or 4.1V max.
(REGO7[4]). The current setting at cool temperature
(T1-T2) can be further reduced to 50% or 20% of
fast charge current (REGO05[0]).
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The device will terminate the battery discharging process when NTC pin voltage is out of the Vecoipytd VieHor range.
To allow the discharge, the battery temperature must be within this range.
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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 SY6974 uses 12C 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 6BH, 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=-er,pull- up
resistor. When the bus is free, both lines are 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 orf LOW-state of the data
line can only change when the clock signal on the SCL line is LOW. One clock pulse is gengrated for each data bit
transferred.

| | |
i i i
SDA | | >< |
| | |
| | I
| | I
scL | | |
| Data line stable; | Change
Data valid . of data
allowed

Figuse’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 SCI is HIGH\defines a START condition. A LOW to HIGH transition on the SDA line when the
SCL is HIGH defines a STOPscondition.

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.

S A

| |
- : -
| |
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 - —

SORIL VN2 5 Y o 3 e

|
l i | -
sot ._sfs_,: A LA AVAY R Y] ‘—"Ac“----' bors

START or ACK K STOP or
Reppated Repeated

START START
Figure 5. Data Transfer on the 12C Bus

Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the recéiver to signal the transmitter that
the byte was successfully received and another byte may be sent. All clock pulses, including the 9th acknowledge
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 STAR{Tto start a new transfer.

Slave Address and Data Direction Bit

After the START, a slave address is sent. This address is7sbits long followed by the eighth bit as a data direction bit
(bit R/W). A zero indicates a transmission (WRITE) andya one indicates a request for data (READ).

so!"i'L--L:::[_'_'_L__JEI:fI_'_'_L_f['_'_'_'_'_'_I_'_'_l _____ T

START ADDRESS DATA DATA ACK STOP

Flgure 6. Complete Data Transfer

Single Read and Write

1] 7 L1l 1 8 [ 8 o

| s | Savenddress |0 | ack | Regadar | ack | Daaadar | ack [P

Figure 7. Single Write

11 7 11 1 8 N 7 [

‘5| Havziekliz |0| ACK | Reg Addr | ACK |s| Slave Address | 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 REGO08.

AN_SY6974

|11 7 (N I 8 I

|S| Slave Address |o| ACK | Reg Addr | ﬂb

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

Figure 9. Multi-Write

| 1] 7 (O I 8 I R 7 I

S | Slave Address 0 | ACK Reg Addr ACK | 8| Slave Address 1 ACK

CN/'H’—T T 8 v 8 1 1]
Data @ Addr ACK | Data@Addr+1 | AGK |- Data @ Addr+1 | ACK | P

Figure 10. Multi-Read

The fault register 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 faultregister REGQ9 reports the fault when it is read the
first time, but returns to normal when it is read the secopd time. To verify real time fault, the fault register REG09

should be read twice to get the real condition. In additien, the fault register REG09 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 (l.oap) plus half of the ripple current

(Iripple):
1

Isar 2 1 oap +§X IRippIe
The inductor ripple current depends on the input
voltage (Vin), the duty cycle (D = Vout/Vin), the
switching frequency (Fsw) and the inductance (L):

L _Vn xDx(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
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 ‘eurrent Igrms is
calculated as follow:

_V,y xPx{1-D)
M 20 Fy,

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
batterywveltage varies from its initial battery 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.

Input Capacitor Selection

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

|- | Loap XWOUT X(VIN _VOUT)
RMS = Y
IN

This RMS ripple current must be smaller sthan“the
rated RMS current in the capacitor datasheet.¢At/the
same time, the input capacitor is_also as the
output capacitor when Boost woerks. < At this
condition, the input capacitor ¢ah/be) calculated as
below:

_ lgys (VBUS _VBAT)

IN =
Fow2Vsus XVrippLe

Usually Vriepie is ‘designed less than 0.5% of the
Boost output voltage. A typical 10uF ceramic
capacitor is algood choice to absorb this current and
also has @nvery small size. For best performance,
Veus should be decoupled to PGND with 1uF
capacitance. The remaining input capacitor should be
place on PMID.

Layout Design

The layout design of SY6974 regulator is relatively
simple. For the best efficiency and to minimize noise
problems, we should place the following components
close to the IC: Cpmip, Crecn, CasT, Csysand 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) Cemip, Crecn, Cast, Csvys and Cgat 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 the inductor, Cpmip, Crecn, Cast, Csys and

CBAT-
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Analog ground.

N -
.. Inductor, close
o0 to LX and SYS

—p ‘ ‘ — pln

<)

Cpups Creoy and Cpgy very |
close to IC pins

L

R 2

a5 3 &r
. . ] ] s o (=] ] 006 - .
Cpys, input capacitors, N\ conne ctween PGND
close to IC pins ‘ ‘Busﬂ g 15 |PGND ap 10g ground
PSEL 17 | PGND =
PG [16|SYS svd, Output capacitors,
. P ery close to IC pins
PCB wire STAT 15|SYS N\
SCL 14|BAT

Cgar, battery capacitors

sorr L)
PCB solder SPA = BAT\‘@ close to IC pins
[7] (o] [+ o] [1] [
(X X ) PCB via 2262 E 8 (" PGND copper
< ®
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QFN4x4-24 Package outline & PCB Layout

-————3.904.10 0.15-0.35
JUuUuul
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¥ I I DetailA|
3 | 8 - Ju Ju
g 2.60-2.80 — E
] Detail A
ﬂ ﬂ m m m ﬂ Pinl Identifier: two options
0.30-0.50
Top View Bottom View

QI

D —
0-0.05 —1 050

] ]
—0.65-0.85 :| :l
I ]
{ il I
_— ]

—

- noooon—

FrontMiew PCB layout (Recommended)

Notes: Al dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification
1. QFN4x4 taping orientation

|—_3.9r4.1_—| /48158

I o d 0 O O
! [—4-20-4.40—|
IO .
j
I 7.90-8.10
 — Feeding direction

2. Carrier Tape & Reel specification for packages

Reel
Size
Package ,|“Jape 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 purposgs-only.
Silergy makes no representation or warranty that such applications will be suitable for the specified use without furtherstésting or
modification. Buyers are responsible for the design and operation of their applications and products using Silergy preddcts.
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,produets planned.
To minimize the risks associated with customer’s products and applications, customer should provide 4déguate design and
operating safeguards. Customer represents and agrees that it has all the necessary expertise to create and implément safeguards
which anticipate dangerous consequences of failures, monitor failures and their consequences, lessentthe 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 thifd-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 wdrrant 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 cirgitry 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, ih¢luding 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_pfedtcts, 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 inglusion and/or use is at the customer’s own risk.

5. Terms and conditions“of eommercial 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 specificallysagreed 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 offento sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open-fornacceptance 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
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