SY20798

PD3.0, QC3.0/2.0, SCP, FCP, AFC and Apple 2.4A,
High Voltage and Current, Bi-directional Regulator
for Li-lon Battery Power Bank Application

S/|ERGY

1 General Description

The SY20798 is a 4.6-13V input bi-directional
regulator designed for single cell Li-lon battery
power bank application. It supports multiple charging
protocols, including PD3.0, QC3.0/2.0, SCP, FCP,
AFC and Apple 2.4A. It also integrates the Battery
Fuel Gauge Indicator, Light Load Detection and
Load Insert Detection to provide a fully scheme for
power bank application.

Advanced Dbi-directional energy flow control is
adopted to achieve battery charging and discharging
alternately. If the external power supply is present,
the SY20798 will run in Charging Mode with fully
protection function; if the external power supply is
absent, the SY20798 will run in Discharging Mode
with total output capability up to 22.5W.

The SY20798 integrates 4 N-Channel MOSFETSs for
4 Ports to achieve charging and discharging path
management. A half bridge with quasi-fixed high
switching frequency is integrated to achieve power
conversion for battery charging and battery
discharging. All of them adopt N-Channel MOSFETs
with 18V rating and extremely low Ropsony to
optimize operation efficiency and extend the life of
battery.

The SY20798 is available in QFN5>5-32 package to
minimize the size of PCB layout for wide portable
applications.

Ordering Information
SY20798 C1(OO10O)

Package Code
Optional Spec Code

Ordering Number
SY20798QEQ

Package type Note
QFN5>5-32

2 Features

® Integrated 6 N-Channel MOSFETs with 18V
Voltage Rating and Extremely Low Rpscon)

® Maximum 5A Battery Charging Current

®  Maximum 22.5W Output Power

®  Trickle Current / Constant Current / Constant
Voltage for Charging

® Programmable Constant Charge Voltage and
Termination Current

® USB Port Identifier for Various Input Current
Limit

® Programmable Battery Internal Resistor
Compensation for Battery Fuel Gauge Indicator

® Up to 4 LEDs Battery Fuel Gauge Indicator
with Programmable Threshold

® Support BC1.2 and PD3.0 for Input Ports

® Support Fast Charging Protocols PD3.0,

QC3.0/2.0, SCP, FCP, AFC and Apple 2.4A for

Output Ports

Support Type-C DRP with Try.SRC

Support TCPC Interface for the Update of PD

Protocol

Load Insert Detection

Light Load Auto-Sleep

Integrated Input OVP/UVP Protection

Integrated Output OVP/OCP/SCP Protection

Battery UTP/OTP/SCP/OVP Protection

Thermal Shutdown Protection

Max 100uA Quiescent Current in Sleep Mode

3 Applications

® Single Cell Li-lon Power Bank
® Portable Device with Single Cell Battery Pack

DS _SY20798 Rev.0.9
© 2022 Silergy Corp.

Silergy Corp. Confidential-Prepared for Customer Use Only 1

All Rights Reserved.



S

SILERGY

SY20798

4 Typical Applications
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Figure 1. Application for Single Cell Li-lon Power Bank
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5 Pin Configuration and Functions
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Figure 2. QFN5>5-32 in top view
Top Mark: FTCxyz (device code: FTC, x=year code, y=week code, z= lot number code)

Table 1. Pin Functions

Name PIN Number Description
Positive power supply pin for the input Port B. Connect a MLCC from this
VB 1 . : .
pin to ground to decouple high frequency noise.
Input or output point of half bridge. Connect a MLCC from this pin to
BUS 2 : ;
ground to decouple high frequency noise.
GND 3,4,20 Power ground pins.
A2- 5 Negative power pin for the output Port A2.
DPA2 6 D+ pin for the output Port A2.
DMA2 7 D- pin for the output Port A2. DPA2 and DMA2 support QC3.0/2.0, SCP,
FCP, AFC and Apple 2.4A.
NTC 8 Battery thermal protection sense pin.
CV/ITERM 9 Battery constant charging voltage and termination charging current set pin.
Functionl: KEY pin. Connect a key from this pin to ground.
KEY/FSW 10 Function2: Switching frequency set pin. Connect a resistor from BAT to
KEY to set the switching frequency of boost converter.
BAT 11 Battery positive pin. Also connect to the inductor terminal.
SGND 12 Signal ground pin. Keep star-connected to power ground pin.
Multifunction configuration channel interface pin for the input and output
cc2 13 Port C. Functions include connector polarity, end-device connection detect,
current capabilities, and PD communication.
Multifunction configuration channel interface pin for the input and output
Cc1 14 Port C. Functions include connector polarity, end-device connection detect,
current capabilities, and PD communication.
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D- pin for the input and output Port C. DPC and DMC support QC3.0/2.0,
DMC 15 SCP, FCP, AFC and Apple 2.4A in Discharging Mode. Support BC1.2
detection in Charging Mode.
DPC 16 D+ pin for the input and output Port C.
DMAL 17 D- pin for the output Port A1. DPAL and DMAL support QC3.0/2.0, SCP,
FCP, AFC and Apple 2.4A.
DPA1L 18 D+ pin for the output Port Al.
Al- 19 Negative power pin for the output Port Al.
LX 2199 _Switch node pins. These pins are shorted internally. Connect an external
' inductor between LX and BAT.
Positive power pin for the input and output Port C. Connect a MLCC from
VC 23 L . ;
this pin to ground to decouple high frequency noise.
Functionl: LED1 driver for Battery Fuel Gauge Indicator. It is also used as
LED1/EN 24 Battery Level Threshold adjustment.

Function2: Battery Depletion Threshold set pin.

Function3: TCPC Interface enable pin.

Functionl: LED2 driver for Battery Fuel Gauge Indicator. It is also used as
Battery Level Threshold adjustment.

Function2: Open-drain Interrupt output when the TCPC Interface is enabled.
LED2/INT 25 Connect LED2/INT to the logic rail through a 10kQ resistor.

Low: Alert. IC indicates that Alert Status change has occurred. The MCU
shall read the Alert Register to determine what event is triggered.

High: No Alert.

Functionl: LED3 driver for Battery Fuel Gauge Indicator. It is also used as
Battery Level Threshold adjustment.

LED3/SCL 26 Function2: 12C Interface clock when the TCPC Interface is enabled. Connect
SCL to the logic rail through a 10k resistor.
Functionl: LED4 driver for Battery Fuel Gauge Indicator. It is also used as
Battery Level Threshold adjustment.
LED4/SDA 27 Function2: 12C Interface data when the TCPC Interface is enabled. Connect
SDA to the logic rail through a 10kQ resistor.
VDD 28 Internal Linear Regulator output._ VDD is_ the output of 3.3V Linear
Regulator. Connect a 1 ceramic capacitor from VDD to GND.
Battery Internal Resistor Compensation pin. This pin is used to compensate
RCOM 29 the voltage drop caused by battery internal resistor for Battery Fuel Gauge
Indicator in Discharging Mode.
DMB 30 D- pin for the input Port B. DPB and DMB support BC1.2 detection.
DPB 31 D+ pin for the input Port B.
BST 32 Boot strap pin. Connect a 0.1 MLCC from this pin to LX.
Exposed pad beneath the IC. Always solder thermal pad to the board, and
Thermal Pad - have vias on the thermal pad plane connecting to power ground planes. It
serves as a thermal pad to dissipate the heat.
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6 Functional Block Diagram
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Figure 3. Functional Block Diagram
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7 Specifications
7.1 Absolute Maximum Ratings (Note 1)

VB, VC, BUS, LX, Al-, A2-, RCOM, CV/ITERM -0.5V to 18V
CC1, CC2, DPA1, DMA1, DPA2, DMA2, DPB, DMB, DPC, DMC -0.5V to 18V
LEDI1/EN, LED2/INT, LED3/SCL, LED4/SDA -0.5V to 18V
VDD, BST-LX, NTC -0.5V to 3.6V
KEY/FSW, BAT -0.5V to 5.5V
Package Thermal Resistance (Note 2)

ST 43 <T/W

O1c 16 T/W
Junction Temperature Range -- -40C to +150C
Lead Temperature (Soldering, 10 sec.) 260C
Storage Temperature Range -65C 10 125<C
7.2 Recommended Operating Conditions (Note 3)
VB, VC, BUS, Al-, A2-, LED1/EN, LED2/INT, LED3/SCL, LED4/SDA 0V to 16V
CC1, CC2, DPA1L, DMAL, DPA2, DMA2, DPB, DMB, DPC, DMC 0V to 16V
LX -0.3V to 16V
KEY/FSW, BAT 0V to 5V
Others 0V to 3.3V
Junction Temperature Range -40Cto 125
Ambient Temperature Range -40C t0 85T
DS SY20798 Rev.0.9 Silergy Corp. Confidential-Prepared for Customer Use Only 7
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7.3 Electrical Characteristics

(TA=25<C, Ta=T,, Le=2.2puH, Cgus=30uF, Cvs=10uF, Cvc=10uF, Rntc_up=10kQ, Rntc=10kQ(103-AT), unless
otherwise specified.)

Symbol | Parameter | Conditions [ Min | Typ | Max [ Unit

Quiescent Current

Battery discharge current in | Veat=4.2V, Sleep Mode,
lear Sleep Mode VBusSVear 100 nA
Charging disabled, measured
I Input quiescent current of Port | from VB or VC, 38 mA
BUS B and Port C VvB>VIN_uvLo Or '
Vvc>VIN uvLo
Port B and Port C Power Up
VIN_uvLo VB and VC UVLO threshold Rising edge 4.2 4,55 V
VIN_UVHYS VB and VC UVLO hysteresis Falling edge 100 mV
LDO Output
Vvbb VDD LDO output voltage Veus=5V 3.2 3.3 34 \Y
Ivbp VDD LDO current limit Vvop=3V 80 mA
Ports Management and Protection
VB and VC OVP threshold in .
VIN_ovp_sv 5V Mode Rising edge 5.7 6 \
VB and VC OVP hysteresis in .
VIN_OVP_HYS_5V 5V Mode Falling edge 0.1 \Y/
VB and VC OVP threshold in .
VIN_ove_gv 9V Mode Rising edge 9.8 10.3 \%
VB and VC OVP hysteresis in .
VIN_OVP_HYS_9v 9V Mode Falling edge 0.22 \
VB and VC OVP threshold in .
VIN_ovp_12v 12V Mode Rising edge 13 13.7 \
VB and VC OVP hysteresis in .
VIN_OVP_HYS_12Vv 12V Mode Falling edge 0.29 \Y/
Port Al and Port A2 output .
Ia_oce OCP threshold Rising edge 3.1 34 3.8 A
Ic_ocp Port C input OCP threshold Rising edge 3.6 4 4.4 A
Is_ocp Port B input OCP threshold Rising edge 3.6 4 4.4 A
Port Al and Port A2 light load .
ILicHT threshold Falling edge 25 50 75 mA
Port FET
Rosony of Port C  blocking
ReorTc NFET Q1 25 mQ
Roson)y of Port B blocking
ReorTs NFET Q2 35 mQ
Roson) of Port Al blocking
RrorTaA1 NFET Q3 25 mQ
Roson)y of Port A2 blocking
ReorTA2 NFET Q4 25 mQ
Half-Bridge Power MOSFET
Ruser Robs(on) of High-Side NFET Q5 8 mQ
Riser Robs(on) of Low-Side NFET Q6 5 mQ
Half-Bridge in Buck Mode
Voltage Bias
Supply voltage for battery
VcHe_op charging 4.6 13 \%
DS SY20798 Rev.0.9 Silergy Corp. Confidential-Prepared for Customer Use Only 8
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Input Voltage and Current Regulation

Input voltage regulation in _
Charging Mode Vorm=4.5V 4.44 4.5 4.56 \%
Input voltage regulation in
v Bypass Mode and output ports Vopm=4.75V 4.65 4.75 4.825 \
pPM are both DCP
Input voltage regulation in
Bypass Mode and at least one Vorm=4.815V 476 | 4.815 | 4.875 \%
output port is Apple 2.4A
Iopm=0.5A 0.4 0.45 0.5 A
. Iopm=1A 0.8 0.9 1 A
Iopm Input current limit Iorv=2A 17 19 51 A
Iopm=3A 2.7 2.85 3 A
Timer
Trc Trickle charge timeout 2 hrs
Fast charge (CC and CV)
Trc timeout 20 hrs
Switching Frequency
fswak | Buck switching frequency | | | 400 | | KkHz
Battery Charging
In CV mode, constant charge 4157 | 4178 49 v
voltage is set to 4.2V
Vev Battery constant charge voltage
In CV mode, constant charge 4306 | 4328 435 v
voltage is set to 4.35V ' ) '
AVRrcH Recharge threshold voltage Vear falling edge 100 mV
VeaT ove Battery OVP threshold Vear rising edge 103% | 105% | 107% Vev
VBAT ovp_HYs Battery OVP hysteresis Vear falling edge 2% Vev
Battery trickle charge voltage .
VTRK threshold Vear rising edge 2.7 2.8 2.9 \%
Icc Battery constant charge current | Vs or Vvc=5V, VBar=3.5V 4.5 5 5.5 A
Itc Battery trickle charge current Vs or Vvc=5V, Vear=2.5V 0.4 0.5 0.6 A
I Revimerm=25kQ(4% Icc) 0.14 0.2 0.24 A
ITerm Termination current threshold Revimerw=75kQ(8% Ieo) 0.32 04 0.48 A
Battery Short Circuit Protection
VBAT_SHORT Battery SCP threshold Vear falling edge 1.8 2 V
fre E;fgl:;nstlélgom back when VBAT< VBAT_SHORT 12.5% fswek
Half-Bridge in Boost Mode
Voltage and Current Bias
Vear falling edge,
v Battery depletion voltage RLep1=100kQ 3 3.15 v
BAT_DEP .
threshold Vear falling edge, 255 57 v
RLeD1=50kQ2 ) )
Battery depletion voltage .
VBAT_DEP_HYS threshold hysteresis Vear rising edge 200 mV
L 5V mode 5.14 5.2 5.25 \Y
VBUs_REG rI?]l;dsevoltage regulation in boost 9V mode 8.9 9 915 V;
12V mode 11.9 12 12.2 \Y
VBus_ovp r?]l(fdse OVP threshold i boost Vsus rising edge 107% | 110% | 113% | VBus REG
VBuUs_ovP _HYS eq;;ow hysteresis in boost Vsus falling edge 2% VBuUs_REG
Output current limit of boost
converter without fast charging 3.6 4 4.7 A
| protocols implemented
HIM_BOOST outout current limit of boost |-CUrrentlimitis set to 1A 0.85 1 115 A
conerter it PD3.0 mode Current limit is set to 2A 1.85 2 2.15 A
' Current limit is set to 3A 2.85 3 3.15 A
DS SY20798 Rev.0.9 Silergy Corp. Confidential-Prepared for Customer Use Only 9
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Switching Frequency

fswasT Boost switching frequency E;g;hzfrsgiggg IS set to 264 330 396 kHz
Cold/Hot Thermistor Comparator(Use 103-AT thermistor)
Battery NTC Thermal Protection in Charging Mode
VeoLo V11 Cold (0°C,T1) threshold Risi_ng edge 72.8% | 73.4% | 74%
' Cold hysteresis Falling edge 4%
Cool (15°C,T2) threshold Rising edge 58.9% | 59.5% | 60.1%
VeooL,Vr2 Cool hysteresis Falling edge 2% Voo
Viior Vs Hot (45°C,T3) threshold Falling edge 32.3% | 32.9% | 33.5%
' Hot hysteresis Rising edge 4%
Battery NTC Thermal Protection in Boost Mode
Veolb Cold (-20°C,TcoLp) threshold Rising edge 87.1% | 87.6% | 88.1%
Cold hysteresis Falling edge 0.8%
Vior Hot (60°C, Tror) threshold Falling edge 22.6% 23;2[5 23.70% | VvoP
Hot hysteresis Rising edge 0.8%
KEY Active Voltage
Vkey | KEY active low voltage | Falling edge 03 | VvV
QC3.0/QC2.0/SCP/FCP/AFC/Apple 2.4A
Output Apple 2.4A
Vop_27v D+ output voltage 2.6 2.7 2.8 \Y
Vbm_2.7v D- output voltage 2.6 2.7 2.8 \%
Roe_pap1 D+ output impedance Iop =-5pA 24 30 36 kQ
Rom_pab1 D- output impedance Iom =-5pA 24 30 36 kQ
Output QC3.0/QC2.0
VBus_conT RanGe | BUS output voltage range 5 12 V
VBUS_CONT_STEP \n/]g:jtzge per step in continuous 0.15 0.2 0.25 \Y
Threshold for D+ to detect the
Voar_rer presence of portable device 0.25 0.325 0.4 M
VSEL ReF STef:Le;m:d for output voltage 18 2 29 v
Output SCP/FCP/AFC
VFc_voH D- valid output High lom =-200pA 85% Vvob
VFc_voL D- valid output Low lom =200pA 0.4 \Y
VFc_viH D- valid input High 1.4 \Y
VFc viL D- valid input Low 1 \
PD3.0
Transmitter and Receiver Specifications (CC1, CC2)
V(e Transmit High voltage Applies to_both no load | 305 | 3125 | 1. v
condition and under the load
V(TxL0) Transmit Low voltage condition -75 75 mV
Timing Requirements
tui Bit unit interval 1/f Bit rate 3.03 3.3 3.70 us
tFall Fall time 300 ns
fBitRate Bit rate 270 300 330 kbps
tRise Rise time 300 ns
12C Logic Level and Timing
SCL,SDA Low Level
Viow Threshold 0.4 v
SCL,SDA High Level
VHiGH Threshold g 1.2 \Y
FscL 12C clock frequency 1000 kHz
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Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Note 2: 0,4 is measured in the natural convection at Ta = 25<C on a low effective four-layer thermal conductivity
test board of JEDEC 51-3 thermal measurement standard.

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

(TA=25C, Vvc=5V or Vye=5V, unless otherwise specified.)

Efficiency vs. Output Current
(Boost Mode)
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8 Function Description

The SY20798 adopts peak current mode control for buck and boost converter to implement the charging and
discharging of battery. The peak current mode control simplifies the loop design of buck and boost converter,
optimizes the stability and dynamic performance. There are 4 types of working mode in the SY20798: Charging
Mode, Discharging Mode, Bypass Mode and Sleep Mode.

8.1 Charging Mode Description

The SY20798 works in Charging Mode when the input source is present on Port C (Port C is configured as input
port automatically) or Port B and all output ports are off.

To meet the various input source type, the SY20798 integrates VDPM, IDPM, CC and CV loops in Charging Mode.
When the adapter is inserted to Port C or Port B, the SY20798 starts the source type detection automatically; the
SY20798 sets appropriate input voltage, lcc, Vev, Vopwm, loem, Iterm in order to minimize the charging time. The
SY20798 stops charging to measure Vgar for 480ms per 20s for the Battery Fuel Gauge Indicator in the normal
charging cycle.

8.1.1 Input Voltage Dynamic Power Management

When input voltage drops to Vppwm, the input voltage is limited to Vppm by regulating the duty cycle of buck
converter. The VDPM loop takes control of the buck converter until the input voltage rises above Vppm.

Voewm is 90% of the set input voltage in Charging Mode, 95% of the set input voltage when all the output ports are
DCP in Bypass Mode, 96% of the set input voltage when at least one output port is Apple 2.4A in Bypass Mode.

8.1.2 Input Current Dynamic Power Management

After the input USB type detection, the SY20798 sets the input current limit automatically. When the input current
reaches lppm, the input current will be limited to Ippm by regulating the duty cycle of buck converter. The IDPM loop
takes control of the buck converter until the input current decreases under Ippm. The minimum Ippm of Port C is 0.5A
and the maximum Ippm Of Port C is 3A. The minimum Ippm Of Port B is 0.5A and the maximum lppm Of Port B is 2A.

8.1.3 Constant Charging Current
The constant charging current Icc of the SY20798 is 5A.

8.1.4 Constant Charging Voltage

The constant charging voltage Vcv of the SY20798 can be set to 4.2V or 4.35V by CV/ITERM pin (Described in
Table 2).

8.1.5 Termination Current

The termination current Iterm Of the SY20798 can be set to 4%lcc or 8%lcc by CV/ITERM pin (Described in Table
2).

Table 2. Vcv and Iterm Setting

Resistance connected between CV/ITERM and GND Vcv ITERM
Recvimerm<30kQ 4.2V 4% lcc
60kQ< RevimeErm<90kQ 4.35V 8% lcc
130kQ< Reviterm<160kQ 4.35V 4% lcc
Reviterm>240kQ 4.2V 8% lcc
DS SY20798 Rev.0.9 Silergy Corp. Confidential-Prepared for Customer Use Only 19
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8.2 Discharging Mode Description

The SY20798 works in Discharging Mode when the input source is absent and at least one of the output ports is on.
A quasi-fixed peak current mode boost converter is employed to step-up voltage in Discharging Mode. The
maximum output power is up to 22.5W.

The SY20798 starts the boost converter and turns on the port’s NMOS when the load insertion signal is detected.
The SY20798 can identify the charging protocol of the portable device and change the output voltage and current
limit according to the request of the portable device. The SY20798 supplies the output ports with 5V only when at
least two output ports are on.

8.2.1 Battery Internal Resistor Compensation

The SY20798 uses RCOM pin to compensate the battery internal resistor in Discharging Mode. The compensation
voltage will be added to the battery voltage on BAT pin to get the OCV of battery for Battery Fuel Gauge Indicator.

The compensated battery internal resistance is calculated by the following equation:

Rpar.ivrer = 45 X 107% X R gom

Where Rrcom is the resistance connected to RCOM pin.

RCOM[

SY20798
Rrcom

Figure 4. Battery Internal Resistor Compensation Circuit

8.2.2 Switching Frequency Control

The switching frequency of SY20798 can be programmed by the pull-up resistor on KEY/FSW pin in Discharging
Mode.

The frequency is calculated by the following equation:
18.5%10°Q x 1Hz
Rp
Where Re is the resistance connected from BAT pin to KEY/FSW pin.

Fsw=

BAT
Re
SY20798
KEY/FSW [
Ke!
J: |

Figure 5. Switching Frequency Set Circuit
8.2.3 Output Current Limit of Boost Converter

When the output current of boost converter exceeds l.im goost, the current is limited to ILim_soost by regulating the
duty cycle of boost converter. The boost CC loop takes control of the boost converter until the output current of
boost converter is lower than I m soosT.

DS SY20798 Rev.0.9 Silergy Corp. Confidential-Prepared for Customer Use Only 20
© 2022 Silergy Corp. All Rights Reserved.



S

SILERGY

SY20798

8.2.4 Battery Depletion Threshold Set

The SY20798 stops discharging and enters into Sleep Mode to prohibit the battery from being over discharged when
Vear is lower than Vear pep in Discharging Mode. Vear pep is set to 3.15V when Riep; is higher than 90kQ and is
set to 2.7V when Reps is lower than 60kQ.

8.3 Bypass Mode Description
The SY20798 works in Bypass Mode when the input source is present and at least one output port turns on.

When both the adapter and the portable device are present, the SY20798 charges the battery and delivers power to
the output port from the adapter at the same time.

In Bypass Mode, the SY20798 disables the fast charging protocols.
8.4 Sleep Mode Description

The SY20798 turns off the PortAl, PortA2, Port B, Port C, VDD, buck and boost converter to enter into Sleep
Mode when the adapter and the portable device are all absent. The Port C features DRP with Try.SRC and toggles
between Source and Sink in Sleep Mode.

8.5 Load Insert Detection

The insertion of the portable device on Port Al, Port A2 and Port C will trigger the Load Insert Detection. The
SY20798 starts the boost converter and turns on the port’s NMOS when the load insertion signal is detected.

8.6 Light Load Detection
If the output current of the Port Al or Port A2 is lower than I igut for 25s, the SY20798 will turn off this port.

8.7 LED Status Indication Description
8.7.1 Battery Fuel Gauge and Charging/Discharging Status Indicator Description

The SY20798 integrates the Battery Fuel Gauge Indicator and Charging/Discharging Status Indicator through 4
LEDs (Described in Table 3).

LED1/EN

LED2/INT
LED3/SCL
LED4/SDA

Riep2 Riep:
SY20798

KK

R
4

KK

Figure 6. LED Indication Circuit
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Table 3. LED Status
Operation Battery Venr LED Status
Mode Fuel Gauge LED1 | LED2 | LED3 | LED4
0-25% <VtH1 Flickerl OFF OFF OFF
25-50% V1H1~ VTH2 ON Flickerl OFF OFF
Charging 50-75% Vi~ Vi ON ON | Flickerl | OFF
75-100% VrHs~Vev ON ON ON Flickerl
100% >Vev ON ON ON ON
0-25% Vpep ~ V1H1 Flicker2 OFF OFF OFF
25-50% V1H1~ VTh2 Flicker2 | Flicker2 OFF OFF
Discharging 50-75% Vrio~ Vs | Flicker2 | Flicker2 | Flicker2 | OFF
75-100% >V1hs3 Flicker2 | Flicker2 | Flicker2 | Flicker2
Sleep OFF OFF OFF OFF
Fault Flickerl | Flickerl | Flickerl | Flickerl

Flicker1—ON 640mS, OFF 640mS.
Flicker2—ON 320mS, OFF 2240mS.
8.7.2 Battery Fuel Gauge Threshold Description

The resistors parallel to the LEDs are used to program the Battery Fuel Gauge Threshold.

Riep1, Riep2, Rieps and Rieps are used to program the Battery Fuel Gauge Threshold Vthi, Vrhz and Vrws
(Described in Table 4).

Table 4. Battery Fuel Gauge Threshold

Charging Mode Discharging Mode
V1 V1r1=83%*Vcv+0.5V >R ep2/Riept V11=80%*Vcv+ 0.5V>Rep2/Riep1
VTH2 V112=88%*Vcy+0.5V >R eps/Riep1 V112=85%*Vcy+ 0.5V>Reps/Riep1
Vs V113=93%*Vev+0.5V >R epa/Riep1 V113=90%*Vev+ 0.5V >R epa/RieD1

8.8 Key Function

There are 2 types of key action in the SY20798, 1-click action to reset the IC and 2-click action to disable the light
load detection function for 2 hours.

8.9 Charging Protocols

The SY20798 supports multiple charging protocols. The Port B supports BC1.2. The Port C supports PD3.0 and
BC1.2 when an adapter is present. The Port C supports PD3.0, QC3.0, QC2.0, SCP, FCP, AFC and Apple 2.4A
when a portable device is present. The Port Al and Port A2 support QC3.0, QC2.0, SCP, FCP, AFC and Apple 2.4A
when a portable device is present.

8.10 Type-C DRP Function

The Port C of the SY20798 integrates three threshold comparators, three types of Rp and Rd which meet the USB
Type-C specification 2.0 for CC1 and CC2 pins. The Port C is a DRP with Try.SRC, CC1 and CC2 toggle between
Source
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and Sink when the Port C is detached. It can identify the attach and detach of the Source and Sink automatically.
The CC logic block is shown in Figure 7.

CC DET 80uA[ 180uA] 330uA ‘ Digital Control Logic ‘

<
v T]
CC1
* Ri51K O L
_|_Refl G N—o0
Q
g
a N T
° < | Ref2
§ 7 soual 180uA] 3300A ‘ Digital Control Logic ‘
©
5 _|_Ref0
a —
< L 1] N
A
| Reft | | | L et ] CcC2
RIBIK o L
gl j AN
_| Ref2
«—
™ oen
PD Digital
Baseband PHY RX

Figure 7. CC Logic Block
8.11 TCPC Interface

The SY20798 implements the USB Type-C Port Controller (TCPC) Interface for the update of PD protocol. The
TCPC Interface uses 12C protocol. When the resistance connected from LED1/EN pin to GND is lower than 1002,
the TCPC Interface is enabled; the MCU can implement the full function of Type-C 2.0 and PD3.0 through the
TCPC Interface.

When the TCPC Interface is enabled, the LED Status Indication function is disabled; LED2/INT pin is configured as
Open-drain interrupt output; LED3/SCL is configured as the SCL pin of the I1°C Interface; LED4/SDA pin is
configured as the SDA pin of the 12C Interface.

8.12 Protection Description

During the half-bridge operating as synchronous buck mode, the SY20798 has Input Over Voltage Protection, Input
Under Voltage Protection, BAT Over Voltage Protection, BAT Short Circuit Protection, Charging Timeout
Protection, Thermal Shutdown Protection and NTC Protection for the Li-lon battery and IC.

During the half-bridge operating as synchronous boost mode, the SY20798 has BUS Over Voltage Protection, BAT
Depletion Protection, Port Short Circuit Protection, Port Over Current Protection, D+/D- short to BUS Protection,
Thermal Shutdown Protection and NTC Protection for the Li-lon battery and IC.

8.12.1 Input Over Voltage Protection

When Vyc or Vg is higher than the over voltage protection threshold, the half bridge stops buck operation
immediately. It recovers to normal work when the monitored voltage backs to normal level.

8.12.2 Input Under Voltage Protection

When V¢ or Vg is lower than the under voltage protection threshold, the half bridge stops buck operation
immediately. It recovers to normal work when the monitored voltage backs to normal level.

8.12.3 BAT Over Voltage Protection
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When Vgart is higher than the over voltage protection threshold, the half bridge stops buck operation immediately. It
recovers to normal work when the monitored voltage backs to normal level.

8.12.4 BAT Short Circuit Protection

When Vgar is lower than Veat storT, the SY20798 wakes the battery up with a small charging current.

8.12.5 Charging Timeout Protection

The SY20798 has two kinds of timeout protection, 20-hour timeout protection for the fast charge mode and 2-hour
timeout protection for the trickle charge mode. Once the timeout protection is triggered, the SY20798 stops the
charge operation and latches off. Only re-plug in the input source can reset the latch logic and restart the normal
charging work.

8.12.6 NTC Protection

The SY20798 adopts NTC pin to monitor the temperature of the battery to provide the protection of battery charging.
The current setting at cool temperature (T1-T2) is 40% of the constant charging current. The SY20798 stops
charging when the temperature of the battery is lower than T1 or higher than T3. Figure 8 describes the charging
current vs battery temperature.

The SY20798 adopts NTC pin to monitor the temperature of the battery to provide the protection of battery
discharging. The SY20798 stops discharging when the temperature of battery is lower than Tcoip or higher than
Thot and enters into Sleep Mode.

IcHe

Charging Current

-20 -10 T1 T220 30 40T350 70°C
Battery Temperature

Figure 8. Charging Current vs Battery Temperature
8.12.7 Thermal Shutdown

The SY20798 shuts down the IC when the junction temperature exceeds 150°C. It recovers to normal work when the
junction temperature drops to 130°C.

8.12.8 BUS Over Voltage Protection

When Vgus is higher than the over voltage protection threshold, the half bridge stops boost operation immediately. It
recovers to normal work when the monitored voltage backs to normal level.

8.12.9 Battery Depletion Protection

When Vgat is lower than battery depletion voltage threshold, the SY20798 stops boost operation and then enters
into Sleep Mode.

8.12.10 Port Short Circuit Protection

When port short circuit occurs, the SY20798 turns off the NMOS of the output port immediately. The SY20798
recovers to normal work when the fault removes.

8.12.11 Port Over Current Protection

When the current of the output port is over port OCP threshold, the SY20798 turns off the NMOS of the output port
immediately. The SY20798 recovers to normal work when the fault removes.

8.12.12 D+/D- Short to BUS Protection
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When DPAL, DMAL, DPA2, DMA2, DPC or DMC is shorted to BUS, the SY20798 disables the fast charging
protocol function.

8.13 Registers
When the resistance connected from LED1/EN pin to GND is lower than 100Q, the TCPC Interface is enabled.

The INT pin should be pulled low according to the TCPCI spec and the actions described in Register 84H to 85H.

Table 5. Register Summary

Address Register Name Read/Write
04h/05h DEVICE_ID R
10h/11h ALERT R/W
19h TCPC_CONTROL R/W
1Ah ROLE_CONTROL R/W
1Dh CC_STATUS R
1Eh POWER_ STATUS R
1Fh FAULT_STATUS R/W
20h EXTENDED_STATUS R
23h COMMAND w
2Eh MESSAGE_HEADER_INFO R/W
2Fh RECEIVE_DETECT R/W
READABLE_BYTE_COUNT R
30h RX_BUF_FRAME_TYPE R
RX_BUF_BYTE_x R
50h TRANSMIT R/W
I12C_WRITE_BYTE_COUNT W
Sih TX_BUF_BYTE_x w
81h BOOST_CTRLO R/W
82h BOOST_CTRL1 R/W
83h BOOST_CTRL2 R/W
84h CHG_DCHG_STATO R/W
85h CHG_DCHG_STAT1 R/IW
Table 6. DEVICE_ID Register (Register 04h/05h)
Bit Bit Name Type Description
150 | baDeie | R | 10 b g ssioned by e Verdor o
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Table 7. ALERT Register (Register 10h/11h)

Bit Bit Name Type Description

0: Cleared
15 Vendor Defined Alert R/W |1: A vendor defined alert has been detected. Read REG 2EH
and 84H to 85H.

14-12 Reserved R Reserved

_ ) 0: Cleared
11 | VBUSSink Disconnect | oy | 1. A'\/BUS Sink Disconnect Threshold crossing has been
Detected BUS detected

0: TCPC Rx buffer is functioning properly

1: TCPC Rx buffer has overflowed. Future GoodCRC shall not
be sent.

Writing 1 to this register acknowledges the overflow. The
overflow is cleared by writing to
ALERT.ReceiveSOP*MessageStatus.

10 Rx Buffer Overflow R/W

0: No fault
9 Fault RIW 1: A fault has occurred. Read the FAULT_STATUS register.
8-7 Reserved R Reserved
0: Cleared
1: Reset or SOP* message transmission successful. GoodCRC
6 Transmit SOP* R/W | response received on SOP* message transmission. Transmit
Message Successful SOP* message buffer registers are empty.
Transmit SOP* Message Successful shall be asserted by TCPC
after sending Hard Reset or Cable Reset.
0: Cleared
5 Transmit SOP* RIW 1: Reset or SOP* message transmission not sent due to an
Message Discarded incoming receive message. Transmit SOP* message buffer
registers are empty.
0Ob: Cleared
1b: SOP* message transmission not successful, no GoodCRC
4 Transmit SOP* R\ | rESPOnse received on SOP* message transmission. Transmit
Message Failed SOP* message buffer registers are empty.

Transmit SOP* Message Failed shall be asserted both by TCPC
after sending Hard Reset or Cable Reset.

: Cleared

3 Received Hard Reset RIW : Received Hard Reset message

Received SOP*
2 Message Status RIW

: Cleared
: RECEIVE_BUFFER register changed

PO |PFRPO|FRPO|F,O

: Cleared

1 Power Status RIW 11 power Status changed
: Cleared

0 CC Status RIW 141 ¢ status changed

Note: Write 1 to corresponding bit in Alert to clear that bit.
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Table 8. TCPC_CONTROL Register (Register 19h)

Bit Bit Name

Type

Description

7-1 Reserved

R

Reserved

0 Plug Orientation

R/IW

0: Monitor the CC1 pin for BMC communications if PD
messaging is enabled (default)

1: Monitor the CC2 pin for BMC communications if PD
messaging is enabled

Table 9.

ROLE_CONTROL Register (Register 1Ah)

Bit Bit Name

Type

Description

7 Reserved

R

Reserved

6 DRP

R/W

0: No DRP. Bits B3..0 determine Rp/Rd/Ra or open settings
(default)

1: DRP

The TCPC toggles CC1 & CC2 after receiving
COMMAND.Look4Connection and until a connection is
detected. Upon connection, the TCPC shall resolve to either an
Rp or Rd and report the CC1/CC2 State in the CC_STATUS
register.

The CC pins shall stay in Potential_Connect_as_Src or
Potential_Connect_as_Sink until directed otherwise.

Rp Value

R/W

00:
01:
10:
11:

Rp default current (default)
Rp 1.5A
Rp 3.0A
Reserved

cc2

R/W

00:
01:
10:
11:

Reserved

Rp (Use Rp definition in Bit5-4)
Rd (default)

Reserved

1-0 CC1

R/W

00:
01:
10:
11:

Reserved

Rp (Use Rp definition in Bit5-4)
Rd (default)

Reserved

Table 10. CC_

STATUS Register (Register 1Dh)

Bit Name

Type

Description

Reserved

R

Reserved

5 Looking4Connection

R/IW

0: TCPC is not actively looking for a connection. A
transition from ‘1’ to ‘0’ indicates a potential connection
has been found (default)

1: TCPC is looking for a connection (toggling as a DRP or
looking for a connection as Sink/Source only condition)

4 ConnectResult

0: The TCPC is presenting Rp (default)
1: The TCPC is presenting Rd
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If (ROLE_CONTROL.CC2=Rp) or (ConnectResult=0)
00: SRC.Open

01: SRC.Ra

10: SRC.Rd

11: ReservedIf (ROLE_CONTROL.CC2=Rd) or
(ConnectResult=1)

00: SNK.Open

01: SNK.Default

10: SNK.Powerl.5

11: SNK.Power3.0

If ROLE_CONTROL.CC2=0pen, this field is set to 00
This field always returns 00 if (Looking4Connection=1).
Otherwise, the returned value depends upon
ROLE_CONTROL.CC2.

If (ROLE_CONTROL.CC1 = Rp) or (ConnectResult=0)
00: SRC.Open

01: SRC.Ra

10: SRC.Rd

11: Reserved

If (ROLE_CONTROL.CC1 = Rd) or ConnectResult=1)
00: SNK.Open

01: SNK.Default

10: SNK.Powerl.5

11: SNK.Power3.0

If ROLE_CONTROL.CC1=0pen, this field is set to 00
This field always returns 00 if Looking4Connection=1.
Otherwise, the returned value depends upon
ROLE_CONTROL.CC1.

3-2 CC2 State R

1-0 CC1 State R

Table 11. POWER_STATUS Register (Register 1Eh)

Bit Bit Name Type Description

7 Reserved R Reserved

0: The TCPC has completed initialization and all registers
s are valid (default)
6 TCPC Initialization R 1: The TCPC is still performing internal initialization and the
Status .
only registers that are guaranteed to return the correct values
are 00h...OFh

5-3 Reserved R Reserved

0: VC Disconnected (default)

1: VC Connected

2 VC Present R | The TCPC shall report VC present when TCPC detects Vvc
rises above 4V. The TCPC shall report V¢ is not present when
TCPC detects Vv falls below 3.5V.

1-0 Reserved R Reserved

DS SY20798 Rev.0.9 Silergy Corp. Confidential-Prepared for Customer Use Only 28
© 2022 Silergy Corp. All Rights Reserved.



4

S/LERGY

SY20798

Table 12. FAULT_STATUS Register (Register 1Fh)

Bit Bit Name Type Description

This bit is asserted when the TCPC resets all registers to their
R |default value. This happens at initial power up or if an
unexpected power reset occurs.

AllRegistersResetToDef
ault

6 Reserved R Reserved

0: No discharge failure (default)

1: Discharge by the TCPM failed

The TCPC shall report discharge fails if VBUS is not below
vSafe0V within 650ms(max).

5 Auto Discharge Failed | R/W

4-1 Reserved R Reserved

0:No Error (default)

1:12C error has occurred

Some of the conditions for asserting this bit:

1.TCPM writes to TRANSMIT requesting a transmission that is
not Hard Reset, Cable reset or BIST Carrier Mode2 and there
are less than 2 bytes in the TX_BUF_BYTE_X register;

2. 12C writing number is not consistent with
12C_WRITE_BYTE_COUNT.

0 12C Interface Error R/W

Table 13. EXTENDED_STATUS Register (Register 20h)

Bit Bit Name Type Description

7-1 Reserved R Reserved

0: Vv is not at vSafeOV

1: Vvc is at vSafeQV (default)

The TCPC shall report V¢ is at vSafe0V when TCPC detects
Vyc is below 0.8V.

0 vSafeQV R

Table 14. COMMAND Register (Register 23h)

Bit Bit Name Type Description

0001 0001: Wakel2C (no action is taken other than to wake the
I2C interface)

1001 1001: Look4Connection

Start DRP Toggling if ROLE_CONTROL.DRP=1.

If ROLE_CONTROL.CC1/CC2= 01 start with Rp,

if ROLE_CONTROL.CC1/CC2 =10 start with Rd.

If ROLE_CONTROL.CC1/CC2 are not both 01 or 10, then do
not start toggling.

The TCPM shall issue COMMAND.Look4Connection to

7-0 COMMAND W  |enable the TCPC to restart Connection Detection in cases
where the ROLE_CONTROL contents will not change.

1101 1101: ResetTransmitBuffer

The TCPC resets the pointer of the TRANSMIT_BUFFER
register to offset 1 and the contents of TRANSMIT_BUFFER
becomes invalid when this command is issued by the TCPM.
1110 1110: ResetReceiveBuffer

The TCPC resets the pointer of RX_BUFFER when this
command is issued by the TCPM. Writing this command would

reset the pointer to 1.
R
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TCPC does not clear the content of the buffer upon receiving
this command. The TCPM issues this command in order to re-
read the RECEIVE_BUFFER.RX_BUF_BYTE_x.

1111 1111: 12C Idle

This command would make IC enter Sleep Mode if all ports are
not operating.

Table 15. MESSAGE_HEADER_INFO Register (Register 2Eh)

Bit

Bit Name

Type

Description

QC_12V_A

0: Portable device in Port A is not requesting 12V through
QC2.0 (default)

1: Portable device in Port A is requesting 12V through QC2.0
Vendor Defined Alert will be generated when this bit changes.

QC 9V A

0: Portable device in Port A is not requesting 9V by QC2.0
(default)

1: Portable device in Port A is requesting 9V by QC2.0
Vendor Defined Alert will be generated when this bit changes.

BYPASS_QC_A _EN

R/W

0: Disable Port A QC2.0 when the adapter is present in Port
C in Bypass Mode (default)

1: Enable Port A QC2.0 when the adapter is present in Port C in
Bypass Mode

Reserved

Reserved

Data Role

R/W

0: UFP (default)
1: DFP

2-1

USB PD Specification
Revision

R/W

00: Revision 1.0

01: Revision 2.0

10: Revision 3.0 (default)
11: Reserved

Power Role

R/W

0: Sink (default)
1: Source

Table 16.

RECEIVE_DETECT Register (Register 2Fh)

Bit

Bit Name

Type

Description

7-6

Reserved

R

Reserved

Enable Hard Reset

R/W

0: TCPC does not detect Hard Reset signaling (default)
1: TCPC detects Hard Reset signaling

FC_CTRL

R/W

0: Enable all fast charging protocols including PD in
Discharging Mode (default)

1: Disable fast discharging protocols except PD in Discharging
Mode

3-2

Reserved

R/IW

Reserved

Enable SOP’ message

R/W

0: TCPC does not detect SOP’ message (default)
1: TCPC detects SOP’ message
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0: TCPC does not detect SOP message (default)
1: TCPC detects SOP message

0 Enable SOP message R/W

Table 17. READABLE_BYTE_COUNT Register (Register 30h)
Bit Bit Name Type Description

Indicates the number of bytes in the RX_BUF BYTE_x
registers plus one (for the RX_BUF_FRAME_TYPE). The

READABLE_BYTE_C

7-0 OUNT R |content of this register is undefined when the
RECEIVE_BUFFER is cleared.
The value in this register shall be less than or equal to 31.
Table 18. RX_BUF_FRAME_TYPE Register (Register 30h)
Bit Bit Name Type Description
7-3 Reserved R |Reserved

000: Received SOP (default)
. 001: Received SOP’
*
2-0 Rec,\e/ll\elsegaSé)P R | All others are reserved.
g These registers are “hidden” and can only be accessed by
reading at address 30h.

Table 19. RX_BUF_BYTE_x Register (Register 30h)

Bit Bit Name Type Description

Receive Buffer Bytes. These registers are “hidden” and can

-0 RX_BUFFER R only be accessed by reading at address 30h.

Table 20. TRANSMIT Register (Register 50h)

Bit Bit Name Type Description

7-6 Reserved R Reserved

00: No message retry is required (default)
01: Automatically retry message transmission once

5-4 Retry Counter RIW 10: Automatically retry message transmission twice
11: Automatically retry message transmission three times
3 Reserved R Reserved

000: Transmit SOP (default)

001: Transmit SOP’

010: Reserved

011: Reserved

2-0 | Transmit SOP* message | R/W |100: Reserved

101: Transmit Hard Reset

110: Transmit Cable Reset

111: Transmit BIST Carrier Mode 2 (TCPC shall exit the BIST
mode no later than 45ms(max))
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Table 21. 12C_WRITE_BYTE_COUNT Register (Register 51h)

Bit Bit Name Type Description
The number of bytes the TCPM intends to write to the
TX_BUF_BYTE_x in the given I2C transaction. The TCPM

7-0 IZEI:'_EWCIJQ(;-IL—J?\I_'E Y W |shall write as many bytes in the buffer as defined in this register

- in one 12C write transaction. The TCPC shall ignore the 1°C
transaction if 12C_WRITE_BYTE_COUNT is more than 30.
Table 22. TX_BUF_BYTE_x Register (Register 51h)
Bit Bit Name Type Description
70 | TRANSMIT BUEFER W Transmit Buffer Bytes._These registers are “hidden” and can
- only be accessed by writing to address 51h.
Table 23. BOOST_CTRLO Register (Register 81h)

Bit Bit Name Type Description
BUS voltage set high 8 bits, Vsus= VBUS_SET_H*80mV+
VBUS_SET_L*10mV. While VBUS is set higher than 12.55V,
VBUS_SET Hand VBUS_SET L keep unchanged
(VBUS_SET_H +VBUS_SET_L=100 1110 0111 is the max
value). Veus is set to 5.18V in default.

-0 VBUS_SET_H RIW 1 6000 0000:0V/(Disable boost)
0100 0000:5.12V (default)
1001 1100:12.48V(max)

Table 24. BOOST_CTRL1 Register (Register 82h)

Bit Bit Name Type Description
BUS voltage set low 3 bits, VBUS= VBUS_SET_H*80mV+
VBUS_SET_L*10mV. While VBUS is set higher than 12.55V,
VBUS_SET Hand VBUS_SET L keep unchanged
(VBUS_SET_H +VBUS_SET_L=100 1110 0111 is the max
value). Veus is set to 5.18V in default.

7-5 VBUS_SET L R/W 000:0.00V
001:0.01V
110:0.06V (default)
111:0.07V
Port C PD detection overtime control bit.

4 PD_DET_OVERTIME | R/W |0: PD detection is not overtime (default)
1: PD detection is overtime
Charge enable bit when the adapter is present in Port C.
0: Disable charge when the adapter is present in Port C

3 CHG_EN_C RIW 1: Enable charge when the adapter is present in Port C
(default)
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Port C Bleed Discharge EN control bit.
2 BLEED_DISCHG_EN_C | R/W |0: Disable Port C Bleed Discharge (default)
1: Enable Port C Bleed Discharge

Port B on/off control bit.
1 PORTB_EN R/W |1: Turn on Port B (default)
0: Turn off Port B

Port C on/off control bit.
0 PORTC_EN R/W | 1: Turn on Port C (default)
0: Turn off Port C

Table 25. BOOST_CTRLZ2 Register (Register 83h)

Bit Bit Name Type Description

Boost current limit setting when FC_CTRL bit is 1.
0000000: OmA
0000001: 50mA

6.1.11100: 3000mA (default)

7-1 IBOOST R/W
1010000: 4000mA
1010001: Reserved
1111111: Reserved
0 RESET R/W | Write 1 to reset all the registers to default value, auto clear.

Table 26. CHG_DCHG_STATO Register (Register 84h)

Bit Bit Name Type Description

Charging status indication bits.

00: Ready (default)

01: Charging in progress

7-6 CHG_STAT R [10: Charging done (Termination)

11: Charging fault (VIN OVP, BAT OVP, BAT SCP, NTC
fault)

INT signal will be generated when CHG_STAT changes.

Discharging status indication bits.

00: Ready (default)

01: Discharging in progress

5-4 DCHG_STAT R |10: Discharging fault (BAT DEP, BUS OVP, BUS SCP/OCP,
NTC fault will make chip enter into sleep mode)

11: Reserved

INT signal will be generated when DCHG_STAT changes.

IDPM_SET of Port C when PD_DET_OVERTIME bhit is 0.
0000~0100:0.5A (default)

0101:0.75A

0110:1A

3-0 IDPM_SET R/W [0111:1.5A

1000:1.75A

1001:2.0A

1010:2.25A

1011:2.5A
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1100:2.75A
1101~1111:3A
Table 27. CHG_DCHG_STAT1 Register (Register 85h)
Bit Bit Name Type Description
Port A on/off status indication bit.
7 PORTA_STAT R 0: All Ports A are off (default)

1: At least one Port A is on
INT signal will be generated when this changes.

One key click indication bit.

0: No one key click (default)

6 ONE_KEY_CLICK R/W | 1: One key click happens

INT signal will be generated when this bit changes.
Write 1 to clear this Bit.

Double key click indication bit.

0: No double key click (default)

5 DOUBLE_KEY_CLICK | R/W |1: Double key click happens

INT signal will be generated when this bit changes.
Write 1 to clear this Bit.

KEY status indication bit.

0: KEY is high (default)

1: KEY is low

INT signal will be generated when this bit changes.

4 KEY_STAT R

Port B status indication bit.

0: The adapter is not present in Port B (default)
1: The adapter is present in Port B

INT signal will be generated when this bit changes.

Port A and Port C QC status indication bit.

0: Port C or Port A is not in QC HV mode (default)

2 QC HV . AC R |1: Port C or Port Aisin QC HV mode (Vgusis not set to 5V
mode.)

INT signal will be generated when this bit changes.

3 PORTB_PRES R

Port C input voltage set bits. Vpem and input OVP threshold
change with VIN_SET_C.

00: 5V (default)

01: Reserved

10: 9V

11:12v

1-0 VIN_SET_C RIW
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8.14 12C Interface

The SY20798 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 6BH, receiving control inputs from the master device like micro
controller or a digital signal processor (The device address should be left shift 1 bit for write and read operation, the
device address after left shift 1 bit is D6H). The I1°C interface supports both standard mode (up to 100kbits), and fast
mode (up to 400kbits).

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

8.14.1 Data Validity

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

transferred.

| | |
i i f

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

scL \ l [

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

Figure 9. Bit Transfer on the 12C Bus

8.14.2 START and STOP Conditions

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

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

SN TN

SCL | | | \ scL

START (8) STOP (P)

Figure 10. START and STOP conditions
8.14.3 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.
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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 - =

A 0 O O R "T_'_'_I'_'_'_E::[_'_'_'[K[__I_
'.Zs;?s_?:"hi‘ul‘L___J SR AVAV AR VAVAWN
START or ACK STOP or

Repeated
START

Repeated
START

Figure 11. Data Transfer on the 12C Bus
8.14.4 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 acknowledge 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.

8.14.5 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).

soA"'i:i_l__iiiill1'_'_\____JEZIII.I_'_'_L_f{'_'_'_'_'_'_.I_'_'_l _____ T
ST AL TR AL TR

START ADDRESS R DATA DATA ACK STOP

Figure 12. Complete Data Transfer
8.14.6 Single Read and Write

1] 7 I 8 1 8 I

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

Figure 13. Single Write

11 7 (I I 8 1 1] 7 [1]

| s | saveaadess o] ack | Regadar | ack [s| seveaddress | 1] ack

Figure 14. 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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8.14.7 Multi-Read and Multi-Write

The charger device supports multi-read and multi-write.

11 7 (N 8 I

|3| Slave Address |o| ACK | Reg Addr | ﬁb

C?/ 8 1 8 [ T 8 [ 1 1]
| Slave Address | ACK | Data to Addr+1 | ACK || Data to Addr+1 | ACK |P|

Figure 15. Multi-Write

1] 7 I 8 I 7 (I

| S | Slave Address | 4] | ACK | Reg Addr | ACK | B | Slave Address | 1 | ACK
C}/’H’—f T 8 I 8 I 1 1
| Data @ Addr | ACK | Data @ Addr+1 | ACK | ------ | Data @ Addr+1 | AGK |P|

Figure 16. Multi-Read
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9 Applications Information

Because of the high integration of the SY20798, the
application circuit based on this regulator IC is rather
simple. Only input capacitor Cys/Cvc, BUS capacitor
Csus, battery capacitor Cgar, inductor Lg, need to be
selected for the targeted application specifications.

9.1 Input Capacitor Cvs/Cvc:

The input capacitor reduces the surge current drawn
from the input and the switching noise from the
device. The input capacitor impedance at the
switching frequency should be less than the input
source impedance to prevent high-frequency-
switching current from passing to the input.

To minimize the potential noise problem, place a
typical X7R or better grade ceramic capacitor really
close to the VB/VC and GND pins. Care should be
taken to minimize the loop area formed by Cvg/Cyc,
VB/VC and GND pins. 10uF ceramic capacitor is
suggested.

9.2 Bus Capacitor Csus:
1. Buck mode

The capacitor Cgys acts as the input capacitor of the
buck converter. The input current ripple RMS value
is:

Icsus rms = Icueyy D(1 — D)

Where Icnhg is the charge current and D is the duty
cycle of the buck converter.

2. Boost mode

Csus is the output capacitor of boost converter. Cgus
reduces the bus voltage ripple and ensures the
stability of the boost converter. The output current
ripple RMS value is:

} D
L caus rms = Igyg 7D

Where lgus is the output current of the boost
converter and D is its duty cycle.

At least 30uF ceramic capacitor is suggested.

9.3 Battery Capacitor Cpar:
1. Buck mode

The battery capacitor Cgar acts as the output
capacitor of the buck converter. Cgar is selected to
handle the output ripple noise requirements. For the
best performance, it is recommended to use X7R or

better grade ceramic capacitor. The output voltage
ripple is calculated as below:

(1 =D) X Vpyr

V rip BAT BUCK = 7
BCBATFSW LB

Where Fsw is the switching frequency of the buck
converter, D is its duty cycle and Lg is its output
inductance.

2. Boost mode

Cear acts as the input capacitor of the boost converter.
The input voltage ripple is calculated as below:

D x VEAT

V rip AT BOOST = ————5—
8CBATF5W LB

Where Fsw is the switching frequency of the boost
converter, D is its duty cycle and Lg is its input
inductance.

At least 20uF ceramic capacitor is suggested.
9.4 Inductor Le:

The inductor selection trades off between cost, size,
and efficiency. A lower inductance value corresponds
with smaller size, but results in higher ripple currents,
higher magnetic hysteretic losses, and higher output
capacitances. However, a higher inductance value
benefits from lower ripple current and smaller output
filter capacitors, but results in higher inductor DC
resistance (DCR) loss. An inductor must not saturate
under the worst-case condition.

1. Buck mode

1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the ripple
current to be about 40% of the average input
current. The inductance is calculated as:

_ Var(1 =V pazr/Vin max)
" FswX Icug max X 40%

B

Where Fsw is the switching frequency of the buck
converter, Iche max IS the maximum charge current
and Vin_max is the maximum input voltage.

The SY20798 is quite tolerant of different ripple
current amplitude. Consequently, the final choice of
inductance can be slightly off the calculation value
without significantly impacting the performance.
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2) The saturation current rating of the inductor must
be selected to be greater than the peak inductor
current under full load conditions.

Vgar(1 — V ar/Vin max)

Lsar miv > 1 cre max +

3) The DCR of the inductor and the core loss at the
switching frequency must be low enough to
achieve the desired efficiency requirement.

2. Boost mode

1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the
ripple current to be about 40% of the average
input current. The inductance is calculated as:

_ Var(1 — V gar/Vius max)
B Fowx Ipis max x 40%

Where Fsw is the switching frequency of the boost
converter, Ipis_ max is the maximum discharge current
and Veus_max IS the maximum boost output voltage.

The SY20798 is quite tolerant of different ripple
current amplitude. Consequently, the final choice of
inductance can be slightly off the calculation value
without significantly impacting the performance.

2) The saturation current rating of the inductor
must be selected to be greater than the peak
inductor current under full load conditions.

Vsar(1 — V sar/Vius max)

Isar min > 1pis max +

3) The DCR of the inductor and the core loss at the
switching frequency must be low enough to
achieve the desired efficiency requirement.

9.5 Layout Design

The layout design of the SY20798 regulator is
relatively simple. For the best efficiency and
minimum noise problems, we should place the

following components close to the IC: Cvg, Cvc, Caus,
Le.

1. It is desirable to maximize the PCB copper area
connecting to GND pin to achieve the best thermal
and noise performance. If the board space allowed a
ground plane is highly desirable.

2. Cgus must get close to Pins BUS and GND. The
loop area formed by Cgus, BUS and GND pins must
be minimized.

3. Cvs/Cvc must get close to Pins VB/VVC and GND.
The loop area formed by Cve/Cvc, VB/VC and GND
pins must be minimized. Figure 17 is the
recommended layout design.

mmm  Top Layer
mmm Bottom Layer [_] Component
Figure 17. PCB Layout

® PCB Via

4. The PCB copper area associated with LX pin must
be minimized to avoid the potential noise problem.

5. In high current applications, a RC snubber circuit
is suggested to be placed between LX and GND for
better EMI.
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QFN5>5-32 Package Outline Drawing
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Recommended PCB layout
(Reference only)

metal paddle

Side view

Notes: 1, All dimension in millimeter and exclude mold flash & metal burr;
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Iy SY20798
Taping & Reel Specification
1. Taping Orientation
QFN5>5-32
é 39” 1——|® (E"; A5/1.55
r—5.20-5.40—-]
o . T * °
J | 7.90-8.10 |
Feeding Direction——»
2. Carrier Tape & Reel specification for packages
Reel
Size
. : : Qty per
Package | Tape width Pocket Reel size Trailer * Leader * reel
types (mm) pitch(mm) (Inch) length(mm) | length (mm) (Pcs)
QFN5>5-32 12 8 13" 400 400 5000
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SILERGY

IMPORTANT NOTICE

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

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

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

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

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

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

For more information, please visit: www.silergy.com
© 2022 Silergy Corp. All Rights Reserved.
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