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Application Notes: AN_SYL 693
Wide I nput, High current, Bi-directional Regulator

on Battery Power Bank Application

S/IERGY

General Description Features

SYL693 is a 4.0-13.5V input, bi-directional regulator @
for Li-lon battery power bank application. Advanced

bi-directional energy flow control with automatic input @
power source detection is adopted to achieve battery
charging mode and battery power supply mode®
alternately. If the external power supply is present,

SYL693 runs in battery charging mode with fully @
protection function. If the external power supply is ®
absent, SYL693 runs in battery power supply mode

with output currentapability up to 3A. ®

SYL693 has an integrated reverse blocking switch to®
prevent from current leaking from the system side or®
battery side to the input side and an integrated linear
switch to achieve over voltage/current protection at the
system side. A half bridge with quasi-fixed 0.5MHz
switching frequency is integrated to achieve power
conversion for battery charging mode and battery
power supply mode. All of them adopt N-channel
MOSFETs with 16V rating and extremely lowdgn)

to optimize operation efficiency and extend battery @

Integrated N-Channel MOSFETs with 16V

Voltage Rating and Extremely LowoRon)

High  Switching Frequency to Minimize

Peripheral Circuit Design

Trickle Current / Constant Current / Constant

Voltage Charging Mode

Maximum 5A Battery Charging Current

Maximum 3A System current in Battery power

supplement mode

USB Port Identifier for Various Input Current

Limit

Automatic Input Power Source Detection

I2C Controls

B Sclectable Battery Charge Voltage

B Programmable Constant Current Charging

B Programmable Over Current Limit for SYS
load

B Programmable Battery Charging Timeout

B Programmable Input Current DPM

B Programmable Input Voltage DPM

Charging Shutdown Control

life-time. ® Charging Mode CV Tolerance +/-0.5%
® Host Enable Control for Standby Mode
SYL693 is available in QFN4x4 package to minimize ®  Over Temperature Protection
the PCB layout size for wide portable applications. ® Charge Status Indication
® Light load Status Indication
; ; ® Supply System by both Adapter and Battery in
Ordering Information Supploment mode
SyL6931(O O)O
L Temperature Code Applications
Package Code
Optional Spec Code ® Single cell Li-lon Power Bank
® Portable device with 1-cell battery pack

Ordering Number Package type Note
SYL693QCC QFN4x4-24 |

AN_SYL693Rev0.9
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Typical Applications
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Figure 1. Schematic Diagram
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Top Mark: BGWxyz (device codeBGW, x=year code, y=week code, z= |ot number code)
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Name Nl:DrInlEer Description
Charging status indication pin. It is open drain output pin and can be used to tufn on a
STAT 1 LED to indicate the charge in process. When the charge is done, LED is off.
STAT pin will be pulled low for about 200uS when DATA pins handshake is done.
SYS > System load pin. Connect a MLCC from this pin to ground to decouple the| high
frequency noise.
BUS 315 Connection point for reverse blocking FET and bypass linear switch. Connect a
' MLCC from this pin to ground to decouple the high frequency noise.
LX 4,14 Switch node pin. Connect an external inductor from this pin to BAT pin.
PGND 5,13 Power ground pin.
BST 6 Boot strap pin. Connect a MLCC from this pin to LX.
DI+ 7 Host USB D+ connection. For USB input identification.
DI- 8 Host USB D- connection. For USB input identification.
VDD 9 Intemal Linear regulato_r output. VDD is the output _of 3.3V_Linear regulator.| The
LDO is active when EN is high. Connect a 1uF ceramic capacitor from VDD to GND.
NC 10, 11 Not connected. Let it float.
Thermal protection and battery detection pin. In charging mode UTP threshold is
NTC 12 about 65% VDD and OTP threshold is about 35% VDD. In discharging mode| UTP
threshold is about 81% VDD and OTP threshold is about 30% VDD.
Positive power supply input pin. VIN ranges from 4V to 13.5V for normal operation
IN 16 and up to 16V surge. Connect a MLCC from this pin to ground to decouple high
frequency noise.
NC 17 Not Connect.
SDA 18 I2C Interface data.
SCL 19 12C Interface clock.
BAT 20 Battery positive sense pin.
SGND 21 Signal ground pin.
Enable control pin for system power supply. If the external power source is present,
oTG 29 pull down OTG to shutdqwn linear FET. If the external power source is absent, pull
down OTG to shutdown linear FET and sync-boost converter both to save the leakage
power from battery.
EN 23 Whole chip enable pin. EN high to enable IC, low to shutdown IC.
System light load indicate pin, It is an open drain output pin and is used to turn on a
LLS 24 LED to indicate the light system load condition lower than 50mA/200mA (se¢t by
12C). T

Absolute Maximum Ratings (note 1)

IN, LX, BUS, BAT, SYS -0.5- 18V
STAT, SCL, SDA, DI+, DI-, NTC, EN, OTG, LLS -0.5- 18V
VDD, BST-LX -0.5- 4v
Power Dissipation, PD @ TA = 25°C, 25W
Package Thermal Resistance (Note 2)
0JA 40 °C/W
06Jc 20 °C/W

Junction Temperature Range
Lead Temperature (Soldering, 10 sec.)

Storage Temperature Range -65°C to 125°

AN_SYL693Rev0.9
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Recommended Oper ating Conditions (Note 3)
IN, LX, BUS, BAT, SYS 0- 16V
STAT, SCL, SDA, DI+, DI-, NTC, EN, OTG, LLS 0- 16V
VDD, BST-LX 0- 3.6V

Junction Temperature Range

Ambient Tem

perature Range

-20°C to 100°C

-40°C to 85°C

Electrical Characteristics
Ta=25°C, Ta=T;, Vin=5V, GND=0V, Gy=20uF, lg=2.2uH, Gyt=20uF, Gus=20uF, Gys=10uF, unless otherwise
specified.
Symbol | Par ameter | Conditions | Min [ Typ [ Max | Unit
Quiescent Current
lgat Battery leakage current EN and OTG pull down 10 uA
In Input quiescent current EN=OTG=High, NTC=0V 15 mA
. . i Vgar=4.35V,Vsys=5V,  4ys=0V,
lgoosT Battery discharge current with Boost null-loag Converter switchin 2 mA
Input Power Supply
V inuvio Input voltage UVLO threshold 4.0 4.2 4.4 vV
Vuvrys Input voltage UVLO hysteresis Falling edge 100 mV
LDO Output
Vvop VDD voltage Vpus=5V 3.8 \Y%
lvop VDD source currel Vypp=3.3V 5C mA
Linear FET
RinET RDS(ON‘ of the linear NFET 30 mQ
Isysmax System current limit tolerance Reg02[4:2]=100, 2.6 A 2.6 A
Vsysmax System clamp voltage tolerance 5.8 \Y
Blocking FET
Rexer | Roson; Of reverse blocking NFET [ [ 30 | [ mQ
Half-bridge in Buck Mode
Voltage and Current Bias
Veus Supply voltage for battery charging 4.5 13.5 V
Bus voltage over voltage protection threshold,. .
Viove 1y for 5V adapter. (?-lemg edge v
Bus voltage over voltage protection threshold,. .
Viove_hv for other higher voltage adapters %S'ng edge 135 v
Vovehys Bus voltage OVP hysteresis Falling edge 400 mV
Switching Frequency
fswak Buck Switching frequenc 0.E MHz
Tonminbs Min on time for charging mode, HS FET 100 ns
Tonmaxhs Max on time for charging mode, HS FET In low dropout mode 7 us
Battery Chargin
0°C <=Ta<=70°C, ) o
Vev Battery CV voltage tolerance voltage on BAT pil 0.5 0.5 %
Battery voltage threshold hysteresis for,~ _— . .
AVgren recharge 0°C <=Ta<=70°C, falling edge 100 mV
Vimk Battery trickle charging mode voltageooC <=Th<=70°C, rising edge 27 28 29 v
threshol
Charging current accuracy for Constant AT
| Current Mode Reg03[2:0]=011 2 A
cC i n
'\C/Ir;ac\jrglng current accuracy for Trickle Current Reg03[2:0]=011 0.2 A
RegOS[Z:_0]=011. 200 mA
| Termination current tolerance rego1[0]=1
TERM Reg03[2:0]=011.
120 mA
reg01[0]=0
VeTove Battery voltage OVP threshc 105% 110% | 115% Vev
Battery Short Circuit Protection
VsHorTen | Battery short circuit protection threshold | | 2] | Vv
AN_SYL693ReVv0.9 4
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Dynamic I nput Power M anagement
Iopwm Input current limit tolerance Reg02[7:5]=011 1.5 A
Vppm Input Voltage regulation during current limit -1 1 %
USB Port I dentification and Current Limit Reference (Proposal 1)
Isor SDP input current limit 500 mA
lcopioct CDP/DCP input current limit 1500 mA
Half-bridge in Boost M ode
Voltage and Current Bias
\/ gATDEP Battery depletion voltage tolerance 2.6 \%
Vaove sB#jtd (;/vzgal_gi)sea?\(:%r voltage protection ORising edge 7 v
VBovpHys Bus voltage OVP hysteresis Falling edge 200 mV
Vsye SYS voltage tolerance -2% +2% | Vsye
levs 1 OTG light load threshold Eggggﬁggi;ﬁ o me
Switching Frequency
fswer Boost Switching frequency 0.5 MHz
Tonmine Min on time for discharging mode, LS FET 200 ns
Other General Parameters
Battery Thermal Protection NTC
Battery Battery removed Rising edge 90%
Detection Battery inserted hysteresis Falling edge 1%
UTP CHG Under temperature protection Rising edge, charging mode 60% 65% 70%
— Under temperature protection hysteresis Falling edge, charging mode 5%
OTP CHG Over temperature protection Falling edge, charging mode 33% 35% 37% v
- Over temperature protection hysteresis Rising edge, charging mode 2% pp
UTP DCHG Under temperature protection Rising edge, Discharging mode 79% 81% 83%
- Under temperature protection hysteresis Falling edge, Discharging moge 5%
Over temperature protection Falling edge, Discharging mode 28% 30% 32%
OTP_DCHG - - = - -
- Over temperature protection hysteresis Rising edge, Discharging mode 2%
Power MOSFET
Ruskr RDS(ON‘ of ngh-SIde NFET 20 mQ
Riser RDSJ_ON‘ of Low-Side NFET 18 mQ
Iim Half Bridge FET current limit 8 A
Logic Level and Timing
Viow EN, OTG,SCL,SDA low level threshold 0.4 V
VHigH EN, OTG,SCL,SDA low level threshold 1.2 \i

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 ;5 is measured in the natural convection aET25°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

AN_SYL693Rev0.9 5
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Typical Performance Characteristics
(Ta=25°C, V\=5V, unless otherwise specified.)

Efficiency (Buck CV mode)
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Battery Short In 9V Charging Mode
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i inti The input current limit is programmable by 12C
Genera] Function Deﬂ:rlptlon REGO02[7:5]. Once the input current reachgsy, it

will be limited in Ibpy by regulating the duty cycle of
Working M ode Description Buck converter.

Charging mode. When the input source is present and
there is no fault happens, SYL693 works in charging :
mode to charge the battery. The half bridge works in'\P/lr;Jr?;grenmmezlt)Ie Input - Voltage Dynamic - Power

Buck mode. : S
. . The input voltage limit is programmable by
If the OTG is enabled, SYL693 supplies the power to REGO3[7:5]. Once the input voltage drops tge), it

the system at the same time. will be limited in Vpey by regulating the duty cycle of
Buck converter.

Discharging _mode/Boost _mode. When the input

source is removed, SYL693 works in discharging REGOO[1] will be set to 1 while SYL693 works in
mode/boost mode if ot is higher thanveamer and VDPM state.

there is no fault happens.

Automatic I nput Power Supply Detection SYSCurrent Limit

Automatic input power supply detection in SYL693 SYS current limit is programmed by REG02[4:2].
adopts an internal current source with 10mA maximumIn boost mode, once the SYS current excegds Imi,
capability to discharge the IN pins for 100ms ongg V it is limited to kys Limt by regulating the duty cycle of
exceeds input UVLO threshold. If the external power Boost converter.

supply is present normally, v should keep being In buck mode, once SYS current exceegds |imi, the
higher than the input voltage UVLO even after 100ms LNFET works in LDO mode to limit the SYS current.
discharging. While ¥ is present REG0O0[0] will be set

to 1. Programmable charging current

Charging current is programmed by REG03[2:0].
Input Power Up

After Automatic Input Power Supply Detection is done
and Vjy is present, SYL693 will enable BC1.2
detection automatically, after BC1.2 detection an Termination current can be set to 5%lcc and 10%lcc by
INT(200us low pulse) is generated and the input USBREGO01[0].

type is recorded in REG05[1:0]. The MCU can monitor

the USB type to set the appropriate Charging

current\input current limit\input VDPM. After BC1.2 Programmable charging voltage

detection is done SYL693 will start charging if there is
no fault happens.

Programmable termination current

Charging voltage is programmed by REG03[4:3].

After Input power up the input voltage range should be

4.2V-7V to ensure the SYL693 can work normally. In OTG light load indicate

order to work in higher input voltage REGO06[4] .

HV_VIN_EN should be 1 and REG05[3:2] should be Once the SYS current is lower than 50mA or 200mA

set to 9V or 12V to change the OVP and VDPM point set by REG02[1:0], the LLS pin will be pulled down to
of SYL693. indicate the OTG light load. OTG light load state can

be read in REGOO[3].

Charging mode Enable control Supplement mode

When VIN is present, the charger can be controlled byThe supplement mode is enabled by REG01[6].

12C REGO1 [7]. In bypass mode the SYS load increases may lead the
SYL693 works in IDPM mode to make the buck mode
PWM duty cycle decreases. When the PWM duty cycle
decrease to zero and the system current goes on
increasing, the converter will enter into supplement

Programmable Input Current Dynamic Power
M anagement

AN_SYL693Rev0.9 9
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mode. In supplement mode SYL693 switches frommode. The basic scheme is shown in application
Buck mode to Boost mode and delivers the power frominformation. Thermal shutdown is active for the device
both the input and the battery to SYS. itself. IC recovers to normal work when the
temperature returns into normal range again. Charging
timer stops and maintains the result without reset.

OTG Function

When VIN is present, both OTG pin and REGO1([5] are Short Circuit Protection- There are BAT short circuit

active can enable OTG function to turn on LNFET.
When VIN is absent, both OTG pin and REGO01[5] are
active can enable OTG function to turn on the Boost

protection and SYS short circuit protection in SYL693.

When Vsys is lower than Vyortsys the linear FET

modulates the current to be saw tooth shape from OA to
about 2.5A for short circuit protection recovery.

converter and LNFET. SYL693 tries recovery for 5ms per 0.6s. In charging

. mode once Yt is lower than ¥yorten the inductor
OTG RESET condition current is fold back to a very low value.
REGO01[5] will be reset to 0 (OTG is disabled) while

one of following faults happens:

Over Voltage Protection- When \sys or Vgar is
higher than the over voltage protection threshold, the

;' S$E/8¥E half bridge stops Boost operation or Buck operation
3' Thermal shutdown immediately. It recovers to normal work when the
4. BAT depletion monitored voltage backs to normal level. Input voltage

has UVLO and OVP, which would make the device
shutdown and recover to normal work when thg,V

Charging Status I ndication Description backs to normal range.

1 t((:)hf(r)\glj\;hg-ln-Process — Pull and keep STAT pin Input Over Current Protection- SYL693 can protect
! . . the IC from input over current. Higher than 11Q%gl

2. Charging Done — Pull and keep STAT pin to High; _ .. .- . . L

3. Fault Mode — Output high and low voltage will trigger the input over current protection and it will

alternatively with 10Hz frequency, fault mode recover to normal when the fault is removed.

includes VIN OVP, BAT OVP, BAT SCP, BAT
UTP/OTP, charging time out.
Connect a LED from VDD to STAT pin,.ED ON
indicates Charging-in-Process, LED OFF indicates
Charging Done, LED Flash indicated~ault M ode.
Charging status is recorded in REG00[5:4]

Battery Over discharge protection- IN OTG mode,
once battery voltage is lower thams¥pep, SYL693
will turn off the Boost and the LNFET.

Timeout Protection- Timeout time is set by
REGO01[2:1]. Once timeout is active, the device stops
the charge operation and latch-off. Only re-plug the
input power source can reset the latch logic and restart
the normal charging work.

Protection Description

Thermal Protection-Thermal protection for battery is
achieved through NTC pin in charging and discharging

AN_SYL693Rev0.9 10
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To minimize the potential noise problem, place a
typical X7R or better grade ceramic capacitor really
App”cations | nfor mation close to the IN and GND pins. Care should be taken to
minimize the loop area formed bynCand IN/GND
Because of the high integration of SYL693, the pins. At least 20uF ceramic capacitor is suggested.
application circuit based on this regulator IC is rather
simple. Only input capacitor  bus capacitor £ys, Bus capacitor Cgys:
battery capacitor g1, inductor L, NTC resistors R1, 1. Buck mode
R2, need to be selected for the targeted applicationsthe capacitor acts as the input capacitor of the buck
specifications. converter. The input current ripple RMS value is larger
than:

NTC resistor:

SYL693 monitors battery temperature by measuring lomn_min = leney/D (1= D)

the BUS voltage and NTC voltage. The controller Where kyg is the charge current.

triggers the UTP or OTP when the rate K (K= 2. Boost mode

Vntc/Vypp) reaches the threshold of UTPuiiKor OTP Cgus is the output capacitor of boost convertegyL
(Kor). The temperature sensing network is showed ageduces the bus voltage ripple and ensures the stability

below. of boost. The output current ripple RMS value is :
Choose R1 and R2 to program the proper UTP and Al
OTP points. lcBus_RMS = ——

2 /3

VoD VDD WhereAl is the current ripple of inductor.
SYL693 R SYL693 2R1 At least 20uF ceramic capacitor is suggested.
NTC
R2 $R2 37 RNt Battery capacitor Caar:
] 1. Buck mode

Battery capacitor acts as the output capacitor of Buck

) ) - converter. @Gar is selected to handle the output ripple
The calculation steps of Figure (a) are: noise requirements. Both steady state ripple and
1. Define Ko, Kur =65% transient requirements must be taken into consideration
2. Define Kor, Kor =35% when selecting this capacitor. For the best performance,

3. Assume the resistance of the battery NTC it js recommended to use X7R or better grade ceramic
thermistor is Rr at UTP threshold anddRat OTP  capacitor. The output voltage ripple is calculated as

threshold. below:
4. Calculate R2
1-D)xV
_ Kot(1- Kur)Rut — Kut(1- Kot)Ror VRipple_BAT_Buck = (D) *Vear ot
R2= 8CgarFsn L
Kut-Kor

Where Ry is the switching frequency.

2. Boost mode

Cgar acts as the input capacitor of Boost converter. The
input voltage ripple is calculated as below:

5. Calculate R1
R1=(1/Kor —1)(R2+ Ror)

H — D X VBAT
If choose the typical valuesuK=65% and Kr=35%, V Ripple_BAT_Boost = — 5
then 8CparFaw L
Where Ry is the switching frequency.
RZ 0408 - 140&Ror At least 20uF ceramic capacitor is suggested.

R1=1.857(R2+ Ror)

Inductor L:
Input capacitor Cin: Inductor selection trades off between cost, size, and

Input capacitor reduces the surge current drawn fronefficiency. A lower inductance value corresponds with
the input and the switching noise from the device. Thesmaller.sae, but res.ults in higher ripple currents, higher
input capacitor impedance at the switching frequencyMagnetic hysteretic losses, and higher output
should be less than the input source impedance t&apacitances. However, a higher inductance value

prevent high-frequency-switching current from passing Penefits from lower ripple current and smaller output
to the input. filter capacitors, but results in higher inductor DC

AN_SYL693Rev0.9 11
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resistance (DCR) loss. An inductor must not saturate3) The DCR of the inductor and the core loss at the
under the worst-case condition. switching frequency must be low enough to
1. Buck mode achieve the desired efficiency requirement.

1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the rippleSYL693 is a high integrated IC and the internal
current to be about 40% of the average inputcompensation circuits also limit the inductor choice.
current. The inductance is calculated as: Out of the range from 0.68uH to 3.3uH is not suggested.

Veat(1 —Veat/ViN, max)

L= Layout Design:
FSWXICH§' MAX *x40% _ The layout design of SYL693 regulator is relatively
Where ky is the switching frequency angh wax is simple. For the best efficiency and minimum noise
the maximum charge current. problems, we should place the following components

SYL693 is quite tolerant of different ripple current close to the IC: &, Caus, Csyss La.
amplitude. Consequently, the final choice of inductance

can be slightly off the calculation value without 1) it is desirable to maximize the PCB copper area
significantly impacting the performance. connecting to GND pin to achieve the best thermal and

_ ) ) noise performance. If the board space allowed, a
2) The saturation current rating of the inductor must ground plane is highly desirable.

be selected to be greater than the peak inductor
current under full load conditions. 2) Cn must be close to Pins IN and GNDgygmust
Vear(1—Vear/Vin max)  get close to Pins BUS and GND. The loop area formed
by Gy and GND, Gusand GND must be minimized.
2% Fswx L o . -
Following figure is the recommended layout design.

IsaT, MIN > lcHa, 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 C4C532
1) Choose the inductance to provide the desired Iﬁllﬁlﬁ

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

L = Veat(1 —V eat/VBus_max) ity (22

FswxX Ibis, max x 40%
Where ky is the switching frequency angld max is
the maximum discharge current. 3) The PCB copper area associated with LX pin must
SYL693 is quite tolerant of different ripple current be minimized to avoid the potential noise problem.
amplitude. Consequently, the final choice of inductance
can be slightly off the calculation value without 4) The capacitor @ and the trace connecting to the
significantly impacting the performance. TIM pin must not be adjacent to the LX net on the PCB
layout to avoid the noise problem. It should be better to

2) The saturation current rating of the inductor must ground G to the output capacitor’s ground.

be selected to be greater than the peak inductor

current under full load conditions. 5) In high current applications, a RC snubber circuit
Veat(1 =V eat/Veus_max) should be placed between LX and GND for better EMI.

2xFswx L

IsaT, MiN > lbis, max +

AN_SYL693Rev0.9 12
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Register Description

Battery Charger Registers

The SYL693 supports 7 battery-charger registers that use either Write-Word or Read-Word protocols, as
summarized in Table 1. 04H are “read only” registers and can be used to identify the SYL693.

Table 1. Battery Charger Registor Summary

Register . .

Address Register Name Read/Write Default
00H Status/Control Regist Read or Writ 00H
01H Control Register Read or Write 84H
02H Current Register Read or Write FBH
03H Charge Register Read or Write 89H
04H Vendor/PN/Rev Register Read BxH
O5H Upstream USB type Register Read or Write xxH
06H Upstream USB type Regis1 Read or Writ xxH

Table 2. Status/Control Register (00H)
Bit Bit Name R/W Description
7 Reset R/W | Write 1 to reset all the parameters, auto clear.
1: In boost mode
6 Boost R 0: Not in boost mode
00: Ready
. 01: Charge in progress
54 Status R 10: Charge done
11: Fault
O:lsys> lsys L
3 BST_LLOAD R 1: lsys< Isys 1 ,BoOSt mode ligt loac
0: Vear> Vearper
2 BAT_DPL R 1: Vear< Vearper
1 VDPM STATE R 1: In VDPM state,
- 0: Not in VDPM state.
0 VIN_ PRES R [1:Vin present;
- 0: Vin absent.
Table 3. Control Register (01H)
Bit Bit Name R/W Description
0: Disable charger
7 Charge_Enable RIW 1: Enable charger (default)
0: Disable charge Supplement mode (default)
6 Supplement_Enable Riw 1: Enable charge Supplement mode
0: Disable OTG mode(default)
5 OTG_Enable R/W | 1: Enable OTG mode
Both OTG and the register are available can enable OTG function.
4 Reserved NA

AN_SYL693Rev0.9 13
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3 Vsyscomp

R/W

System output voltage compensation in 5V mode.
1:5.525V;
0: 5.125V (default).

2:1 Timer

R/W

Charge timeout protection.
00: 5h

01: 10h

10: 20h (default)

11: Disable timer

0 ITERM_Current

R/W

0: 5%*ICC (default)
1:10%*ICC

Table

4, Current Register (02H)

Bit Bit Name

R/W

Description

7:5 IDPM

R/W

Input current limit for 5/9/12V source.
001: 500/400/400mA current limit
010: 1000/800/800mA current limit
011: 1500/1200/1200mA current limit
100: 2000/1600/1600mA current limit
101: 2500/2000/2000mA current limit
110: 3000/2400/2400mA current limit
111: Disable input current limit (defat

4:2 ISYS_Limit

R/W

SYS current limit.
000: 1A

001: 1.4A

010: 1.8A

011: 2.2A

100: 2.6A

101: 3A

110: 3.4A (default)
111: 3.4A

1 OTG_Lightload_EN

R/W

'0:Disable OTG_Lightload detection
1:Enable OTG_Lightload detection (default)

0 OTG_Lightload

R/W

0:50mA
1:200mA (default)

Table5. Voltage Register (03H)

Bit Bit Name

R/W

Description

7:5 VDPM

R/W

V threshold for input current limit. The offset is -0.3V based on 5V,-0.35V
on 9V or 12V. For example,pén=5*(1-bit[7:5])-0.3 for 5\y.
The VDPM need be clamped upon UVLO threshold.
000: 0

001: -1%

010: -2%

011: -3%

100: -4% (default)

101: -5%

110: -6%

111: Disable VDPM

4:3 Charge_Voltage

R/W

1-cell charge voltage.

00: 4.10V charge voltage

01: 4.20V charge voltage (default)
10: 4.35V charge voltage

11: 4.4V charge voltage

2:0 Charge_Current

R/W

000: 0.5A charge current
001: 1A charge current (default)

AN_SYL693Rev0.9
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010: 1.5A charge current
011: 2A charge current
100: 2.5A charge current
101: 3A charge current
110: 4A charge current
111: 5A charge current
Table 7. Vendor/PN/Rev Register (04H)
Bit Bit Name R/W Description
75 Vendor_Code R 101: Identify the supplied
4:3 PN R 11: SYL693
001: Revision 1.0
. L 010: Revision 1.1
2.0 Revision R 011: Revision 1.2
Table 8. Upstream USB type Register (05H)
Bit Bit Name R/W Description
11: Floating
. 10: High
7:6 DIl+_Output_Voltage R/W 01 Low
00: 0V(default)
11: Floating
. 10: High
5:4 DI-_Output_Voltage R/W 01: Low
00: 0V(default
Input_Voltage_Set R/W |11:12V
3:2 10: 9V
0x: 5V(Default)
Upstream USB type R | 11: Nonstandard adapter
1:0 10: DCP
: 01: CDP
00: SDF
Table 9. Upstream USB type Register 1 (06H)
Bit Bit Name R/W Description
75 Reserved NA
4 . 0 :Don’t accept high input voltage(default)
High_VIN_EN RIW 1: Accept high input voltage
3 0:DIM>0.325V;
DIM_STAT R 1:DIM<0.325V
2:0 Reserved NA

AN_SYL693Rev0.9
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|2C Interface

SYL693 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 6AH, receiving control inputs from the master device like micro

controller or a digital signal process{fhe device address should be left shift 1 bit for write and read operation, the
new device address after left shift 1 bit is D4H). The 12C 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.

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.

N

SCL

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

Figure 1. Bit Transfer on the 12C 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 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.

START (8) STOP (P)

Figure 2. 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 receiver,

SR 53 U G U Y W D O 9 B O
e Leen) LS SRR L____/T\_/:\_/—--"\_." WE '\___- Lost

START or STOP or
Repeated Repeated

START START

Figure 3. Data Transfer on the 12C Bus
Acknowledge (ACK) and Not Acknowledge (NACK)
The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter that
the byte was successfully received and another byte may be sent. All clock pulses, including the 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.

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

sm'";'L__I:::I_'_L__ﬂ:::I_'_'_l___f['_'_'_'_'_'_I_'_'_l _____ [
—-F“ 3 . 'F\_-_f"""'. F} ”\]‘ 0 '-‘:

START ADDRESS DATA DATA ACK S OP_
Flgure 4. Complete Data Transfer

Sngle Read and Write

1] 7 Lol 1] 8 [ 8 [ 1

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

Figure 5. Single Write

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

[ 1]
[s| Slave Address |u| ACK [ Reg Addr | ACK |s[ Slave Address | 1 | ACK

Figure 6. 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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QFN4X4-24 Package Outline Drawing
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(Reference only)
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Notes: All dimension in millimeter and exclude mold flash & metal burr.
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