S/IERGY

SY20753

Wide Input, High Current, Bi-directional Regulator
for Single Cell Li-lon Battery Power Bank Application

General Description

SY20753 is a 4.0-13.5VIN 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,
SY20753 will run in battery charging mode with fully
protection function; if the external power supply is
absent, SY20753 will run in battery power supply mode
with output current capability up to 2.25A at 12V or
4.5A at 5V in OUTFB mode.

SY20753 has an integrated reverse blocking switch to
prevent 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 MOSFET with 16V rating
and extremely low Rpson to optimize operation
efficiency and extend battery lifetime.

SY20753 is available in QFN4x4 package to minimize
the PCB layout size for wide portable applications.

Ordering Information

SY20753 LI(O.T)
I?‘ Temperature Code
Package Code
Optional Spec Code

e  Maximum 4.5A/5V or 2.25A/12V System Current
in Battery Power Supply Mode

e  USB Port Identifier for Various Input Current
Limit

e  Automatic Input Power Source Detection

e I?C controls

= Programmable Battery Charge Voltage

= Programmable Constant Current Charging

= Programmable Over Current Limit for SYS
load

= Programmable Input Current DPM

= Programmable Input VVoltage DPM

= Programmable Battery Charging Timeout

Charging Shutdown Control

Charging Mode CV Tolerance +/-0.5%

DO+/DO- Divider Mode Compliant

DO+/DO- QC3.0 Compliant

OUTPUT MTK PE Compliant

Host Enable Control for Standby Mode in Supply

Mode

Over Temperature Protection

e  Battery UTP/OTP in Charging Mode and Supply
Mode

e  Charge Status Indication

e Light load Status Indication

Applications

e  Single Cell Li-lon Power Bank
e  Portable Device with 1-cell Battery Pack

Typical Applications

: = T
Ordering Number Package type Note | Phone |
SY20753QYC QFN4x4-20 | vse | $I ™ SYS $ICM o
T BUST 1.
———- J;L .
Features K== X ﬂj‘“‘;‘“
e Integrated N-Channel MOSFETSs with 16V : Host : BAT|
Voltage Rating and Extremely Low Rpson [ J;
e  High Switching Frequency to Minimize b
Peripheral Circuit Design o
e  Trickle Current / Constant Current / Constant Figurel. Simplified Schematic
Voltage Charging Mode
e  Maximum 5A Battery Charging Current
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Pinout (Top view)

SY20753

9 2 wp00o
np5 58§38
SEEEEEELE
NTC 1) dz] DI-
VDD [2) (117 DI+
SYS 3 0] IN

BUS [4
971X
PGND (5 )

(7] BST

nonnnnl
PGND
(QFN4x4-20)
Top Mark: BSUxyz (device code: BSU, x=year code, y=week code, z= lot number code)

Pin Name | Pin Number Description
Thermal protection and battery detection pin. In charging mode, UTP threshold
NTC 1 is about 65% of VDD _and OTP threshold is about 35% of VDD._ In discharging
mode, UTP threshold is about 81% of VDD and OTP threshold is about 30% of
VVDD.
VDD 5 Internal linear regulat_or output. VDD is the output of 3.3V linear regulator.
Connect a 1 ceramic capacitor from VDD to GND.
sYs 3 System load pin. Connect a MLCC from this pin to ground to decouple the high
frequency noise.
BUS 4 Connection poi_nt fpr reverse blocking FET and pypass linear swit_ch. Connect a
MLCC from this pin to ground to decouple the high frequency noise.
PGND 5,6 Power ground pin.
BST 7 Boot strap pin. Connect a MLCC from this pin to LX.
LX 8,9 Switch node pin. Connect an external inductor from this pin to BAT pin.
Positive power supply input pin. V |y ranges from 4V to 13.5V for normal
IN 10 operation and up to 16V surge. Connect a MLCC from this pin to ground to
decouple high frequency noise.
DI+ 11 Host USB D+ connection. For USB input identification.
DI- 12 Host USB D- connection. For USB input identification.
DO+ 13 USB D+ for system connection. Support Divider mode and BC1.2 handshake.
When FB_EN is 0:
USB D- for system connection. Support Divider mode and BC1.2 handshake.
DO-/FB 14 When FB_EN is 1: _ _ N
SYS voltage feedback pin. Program the external resistor divider to program the
SYS voltage. Vsys=1%(1+Rrg1/Rrgy), refer to “SYS Voltage Set” in general
function description.
SDA 15 1°C Interface data.
SCL 16 12C Interface clock.
BAT 17 Battery positive pin. Also connect it to inductor terminal.
Buffered current pin. In Buck mode, IMON outputs the input current of Buck
IMON 18 converter. In  Boost mode, IMON outputs the current of
LNFET.V|MQN:|>Q|MON/80|(
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enabled.

Whole chip enable pin. When Vy is absent, if it is high, it will enable the IC, or
EN 19 else, it will shut down the IC. When V is present, the chip will always be

STAT 20 LED will be off.

DO+, DO- pins handshake is done.

Charging status indication pin. It is an open-drain output pin and can be used to
turn on a LED to indicate the charge in process. When the charge is done, the

STAT pin will be pulled low for 20016 to generate an INT when DI+, DlI-,

Absolute Maximum Ratings (Note 1)

IN, STAT, LX, BUS, SYS, EN -0.5~18V
BAT, SCL, SDA, DI+, DI-, DO+, DO-/FB -0.5~ 6V
VDD, NTC, IMON -0.5~ 4V
BST-LX -0.5~4Vv
Power Dissipation, Pp @ Ta = 25, =mmmmmmmmmm oo s o o e e e e e 25W
Package Thermal Resistance (Note 2)

0 5a 30 TIW

0 15 CT/W
Junction Temperature Range -40C to +150C
Lead Temperature (Soldering, 10 sec.) 260C
Storage Temperature Range -65C 10 125<C

Recommended Operating Conditions (Note 3)

NS 7 D R = U o = N —

less than 16V

BAT, SCL, SDA, DI+, DI-, DO+, DO-/FB -0.3~5.5V
VDD, NTC, IMON 0~3.6V
BST-LX 0~3.6V
Junction Temperature Range -20C to 100C
Ambient Temperature Range -40C to 85C
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Electrical Characteristics
TAZZST, TA:TJ, V|N:5V, GNDZOV, C|N:20|J:, LB:2.2|J‘|, R|MON:20kQ, CBATZZOLF, CBUSZ40|J:, Csys:10|J:,

unless otherwise specified.

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

Quiescent Current

Battery Leakage Current | lgat EN pull down 5 10 A

Input Quiescent Current | Iin NTC=0V 1.2 mA

Boost Null-load Battery | VBat=4.35V,Vsys=5V, Isys=0V, 2 mA

Discharge Current BOOST converter switching

Input Power Supply

Input Voltage UVLO

Threshold Vinuvio 3.9 v

Input Voltage UVLO .

Hysteresis VuvHys Falling edge 200 mV

Input  Voltage OVP -

Threshold in 5V Mode | ¥ NOVP-sV Rising edge 57 v

Input  Voltage OVP .

Hysteresis in 5V Mode ViNoveHYs sv Falling edge 0.25 v

Input  Voltage OVP - \Y/

Threshold in 12V Mode | ¥™NovP-12v Rising edge 129

Input  Voltage OVP .

Hysteresis in 12V Mode ViNoveHYs 12v Falling edge 0.5 v

LDO Output

VDD Voltage VvoD Vsus:5v 3.3 V

VDD Source Current lvop Vvpp=2.8V 70 210 mA

Linear FET

R f the Li

N||3:séc_)||_\1) of the Linear RineT 20 mo

System Current Limit Vsys=4.5V, Vear=3.5V, 0

Tolerance Isvsmax Isys Limr=1A -10 10 %

System Clamp Voltage v LV 5.8 \Y

Tolerance SYSMAX HV 13 Vv

Blocking FET

Rosony of  Reverse

Blocking NFET Reker 25 mQ

Half-bridge in Buck Mode

Voltage and Current Bias

BUS Supply Voltage for

Battery Charging Vaus 4.5 1351V

BUS Voltage OVP -

Threshold in LV Mode | BOVP-LV_BK Rising edge 75 v

BUS Voltage OVP .

Hysteresis in LV Mode Veovervs Ly sk Falling edge 0.5 v

BUS Voltage OVP .

Threshold in HV Mode | BOVP-HV_BK Rising edge 135 v

BUS Voltage OVP .

Hysteresis in HV Mode Veovervs_hv_ex Falling edge 1 v
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Switching Frequency
Buck Switching
frequency fowex 0.5 MHz
Min  on Time for
Charging Mode, HS | Tonminms 100 ns
FET
Max on Time for
Charging Mode, HS | Tonmaxhs In low dropout mode 7 83
FET
Battery Charging
Battery CV Voltage . 0
Tolerance Vev Voltage on BAT pin -0.5 0.5 %
Battery Voltage
Threshold Hysteresis for | AVgrch Falling edge 100 mV
Recharge
Battery Trickle Charging -
Mode Voltage Threshold Vire Rising edge 2.7 28 | 29 v

. REGO03[2:0]=101,

Charging Current _ _ _ -20 10 %

Accuracy for Constant 1cc=3A,VIN=5V,Vear=3.5V

Current Mode Reg03[2:0]=111, 0
lcc Icc=5A,Vin=5V,Vear=3.5V 20 10 &

Charging Current A1 _ 0

Accuracy for Trickle REG 03[2:0]=101, I1¢=300mA 10% lcc

Current Mode REG 03[2:0]=111, l7c=500mA 10% lec

REG 03[2:0]=101 ;

I -50 40 %
Termination Current lreru lTerm=150mMA °
Tolerance REG 03[2:0]=111 ; .40 30 %

lterm=250mA

Battery Voltage OVP v 105 110 115 VC

Threshold BTOVP % % % \Y

Battery Short Circuit Protection

Battery Short Circuit

Protection Threshold Vsrorrer 2 v

Dynamic Input Power Management

Input  Current  Limit e _ i 0

Tolerance lopm REG 02[7:5]=011, Ippm=1.5A 10 +10 %

Input Voltage

Regulation During v REG 03[7:5]=100,LV mode -2.5 15 %

Input VVoltage Dynamic DPM

Power Management REG 03[7:5]=100,HV mode -3 15 %

USB Port Identification and Current Limit Reference (Proposal 1)

SDP Input Current Limit | lspp lopm=0.5A -15 +15 %

DCP |

LI?nlt nput  Current Ipcp Ippm=1.5A -10 +10 %

Half-bridge in Boost Mode

Voltage and Current Bias

Battery Depletion .

Voltage Tolerance VBATDEP Falling edge 25 2.6 2.7 \Y/

B Depleti -

Vilzlﬁgrgye epletion VBATDEPHYS Rising edge 0.28 \Y%
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BUS Voltage OVP
Threshold In LV Mode

VBOVPHYS LV BT

Rising edge

7.5

BUS Voltage OVP
Hysteresis in LV Mode

VBOVPHYS LV BT

Falling edge

0.5

BUS Voltage OVP
Threshold In HV Mode

VBovp_Hv BT

Rising edge

13.5

BUS Voltage OVP
Hysteresis in HV Mode

VBOVPHYS_HV_BT

Falling edge

SYS Voltage Tolerance

Vsys

-2.5

Feedback Reference of
SYS Voltage

Vsys s

0.985

1.015

oTG Light  Load

Threshold

Isys_Low

REGOl[4]:1,|sys_LOW:50mA,f
alling edge

15

50

75

mA

REGOl[4]:0,|sy5_|_0W:100mA
Jfalling edge

75

100

125

mA

Boost Mode Max Peak
Current Tolerance

lpEAK MAX_BT

REGO2[1:0]=11,
lpEak max BT=12A

18

%

Switching Frequency

Boost Switching
Frequency

fswasT

0.5

MHz

Min on Time for
Discharging Mode, LS
FET

Tonmin

200

ns

Other General Parameters

Battery Thermal Protection NTC

Battery Removed

Battery Detection

Rising edge

87%

Under
Protection

Temperature

Under Temperature
Protection Hysteresis

UTP_CHG

Rising edge, charging mode

63%

65%

67%

Falling edge, charging mode

5%

Over Temperature
Protection

Over Temperature
Protection Hysteresis

OTP_CHG

Falling edge, charging mode

33%

35%

37%

Rising edge, charging mode

2%

Under Temperature
Protection

Under Temperature
Protection Hysteresis

UTP_DCHG

Rising edge, discharging mode

79%

81%

83%

Falling edge, discharging
mode

5%

Over Temperature
Protection

Over Temperature
Protection Hysteresis

OTP_DCHG

Falling edge, discharging
mode

28%

30%

32%

Rising edge, discharging mode

2%

Power MOSFET

RD5(0N) of High-side

NFET

Ruser

10

mQ

Rosony of  Low-side

NFET

Riser

mQ

Logic Level and Timing

EN,SCL,SDA Low
Level Threshold

Viow

0.4

EN,SCL,SDA
Level Threshold

Low

VHiGH

1.3

DS_SY20753 Rev0.9A
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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.

DS _SY20753 Rev0.9A Silergy Corp. Confidential- Prepared for Customer Use Only 8
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Typical Performance Characteristics
(Ta=25<C, VIn=5V, unless otherwise specified.)

Efficiency vs. Charging Current (CV Mode)

Efficiency vs. Isys (Boost Mode, BAT=3.7V)

98 98
% —
[ %
D e
94 / P I DR I — \
< Z P ™ o % —— \\
S [~ —+ S / Ny
> el > n .- N \
Q' 9 > o 92 - -
c /1 .- c / / . \ \
kS L] o ; 1
S 88 —H— S g h ‘. AN
E= K = i * N
w 86 r/ ,' — V=5V w / “‘
a3 — — V=9V 88 - x
r—1T1T1T1T V=12V g
! Vear=3.7V,Veys=5V
82 —+ 8% N -= Vear=3.7V.Veys=9V
S+ttt 1+ttt - Vear=3.7V,Veys=12V
80 a4 . M . .
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 4§
ICHG (A) |3ys (A)
5V V\y Power ON(Adapter) 5V Vv Power OFF(Adapter)
BAT BAT  2V/div
Time (200ms/div) Time (200ms/div)
5V Boost Mode OTG ON by I°C 5V Boost Mode OTG OFF by I°C
| BAT  2vidiv. BAT. . .2§//c.1iv.
g ¥
: SYs  5vidiv
5v/div ' BUS  5V/div
lovs  2AVdiv lsys . 2A/div
Time (200ms/div) Time (200ms/div)
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9V Boost Mode OTG ON by I°C 9V Boost Mode OTG OFF by I’C

BAT  2V/div

2vidiv_|

5V/div

sYs 5Vidiv |

)

BUS  5Vidiv - - : : : 5v/div |
2A/div M

G

Isvs 2A/div |

Time (200ms/div) Time (200ms/div)

12V Boost Mode OTG ON by 1°C 12V Boost Mode OTG OFF by I°C

BAT 2V/div l : : BAT 2V/div |

SYS  5vidiv | | ' SYS  svidiv |

BUS  5V/div : BUS = 5Vv/div |
3 B

Isys 2A/div . ) 2Aidiv !

Isvs

Time (200ms/div) Time (200ms/div)

5V Buck Steady State 9V Buck Steady State

2v/div -

BAT 2Vidiv -

Vi 5Vidiv:

=l

G2}
G

2
+
g

()
 —

=1

Time (4ps/div) Time (4ps/div)
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12V Buck Steady State 5V Boost Steady State

BAT .. 2Vidiv. ... . b

Vin 5V/div

A R

SYs  svidiv

j
Vix  10Vidiv

RRREAR AR N R B R R E AR R RRARE AR ERAAR
I\"]FF”T 11,} SRR ‘,W

|id.\h\i\j|i\J UL
I b e o o e v et e

£
—

Time (4pus/div) Time (4pus/div)
9V Boost Steady State 12V Boost Steady State
e " i BAT _ 2V/div |
- T e e
- S N - ..... SYé SV/div é
SYs 5V/div N i : :
[y e e = = i BUS - 5V/div 1 i
BUS sviav | N SRR TN
R A SO
VAR ; TPV ITET TRV
|5 PP e | B : : : % : : ]
o] g ]
Time (4ps/div) Time (4ps/div)

Boost SYS Short Battery Short in 5V Charging Mode

IL © 500mA/div

| ’ § I
Time (200ms/div) Time (4ps/div)
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Battery Short in 12V Charging Mode

IL - 500mA/div

e

Time (4ps/div)

Boost 9V to 12V

BAT 2Vv/div

SYS 5V/div

Time (10ms/div)

Inductor Current Soft Start
in 12V Charging Mode

BAT 2V/div -

Vix- 10V/div -

Time (10ms/div)

Boost 5V to 9V

BAT  2Vidiv

Time (10ms/div)

Inductor Current Soft Start
in 5V Charging Mode

2V/div

5V/div

Time (10ms/div)
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Detailed Description

SY20753 is a highly integrated 5A switch mode charger for single cell Li-lon and Li-polymer battery. When input
source is absent, it can automatically switch to discharging mode to supply power to SYS from the battery. It is highly
integrated with reverse-blocking FET(RBFET), linear FET(LNFET), high-side switching FET(HSFET), low-side
switching FET(LSFET).

1 Functional Block Diagram

IN Reverse Blocking FET Linear FET SYS
| (|
i -J l_*“ i
RBFET Control LNFET Control
VIN
N VIN_OVP_BUCK
Vin_ove .ﬂ-

+

Inove |- BUS
VNN VBUS vsusf%v(fg?ucms
Vinopm

Veus ove _-”-
IIN i
I v,
Iopw —_1 VIN_UVLO_BUCK N BST
E— VIN [ o——————
ICHG B
— VBAT VBAT_OVP_BUCK& Converter } HS FET

X

>
> 1
.
—
= > e | i
lec — B BOOST
Controller
¥ VBar_ove .[7-
VsYs —— L
V. > ASAGCH » VSYS_SCP_BOOST
SYS_REG — . |
L Vsvs scp -[7-
ISYS —
levs o i VC of Buck&Boost Converter : LS FET
— It BOOST EN — —
BUCK EN . PGND
I /8
V‘NDPM SYS,S(;OST |\N75uck/80K
Iopm
lec REF SET ) Vear oep
Vsvs_gec By 12C Converter Battery depletion BOOST EN-- ¢~ BUCK EN
Tova oo Control _State -“. VBAT
— Mathcine Thermal et IMON
shutdown
D+ -“-_ Tshur
INPUT USB
o DETECTION VDD VDD
LDO
4 VBAT l
TRICKLE MODE —
-“-_ Virickie
DO+
OUTPUT ICHG
USB TERMINATION -“_*—
DETECTION Charge Control | Irenunarion(5%ICC)
DO-/FB State Mathcine
VBAT
BAT SHORT — BAT
-“-_ Vstiort
STAT 12C Interface Charging &
Discharging Suspend Battery Sensing
Thermistor NTC
SDA SCL
Figure2. Functional Block Diagram
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General Function Description

Device Power-on-reset (POR)

The internal bias circuits are powered from the higher
voltage of Vsus and Vear. When V) rises above
V/in_uvio or BAT rises above Vear perand EN is high,
the 1C will be active, VDD LDO will be powered on.
12C interface will be ready for communication and all
the registers will be reset to default value. The host can
access all the registers after POR.

Device Power Up from Battery without Input Source

Only if battery is present and the voltage is above
depletion threshold (Vear per), VDD LDO will stay off
until EN is high. When EN is low, the IC will be shut
down to save power. The Boost converter will turn on if
both EN is high and OTG_Enable(REGOL1[5]) isset to 1.
SY20753 always monitors the SYS voltage and the
current of LNFET. When Vsys is lower than VshorTsys,
the linear FET will modulate the current to be saw tooth
shape from OA to 1.7A for short circuit protection
recovery. SY20753 tries recovery for 5ms per 0.7s when
SYS is shorted. When the current of LNFET exceeds the
SYS current limit (set by REGO02[4:2]), the Boost
converter will decrease the duty cycle to limit the output
current of Boost converter.

Device Power Up from Input Source

When an input source is plugged in, the device will
check the input source voltage to turn on VDD LDO and
all the bias circuits. It detects and sets the input current
limit before the Buck converter is started.

The power up sequence from input source is as listed:
1. Power Up VDD LDO
2. Automatic Input Power Supply Detection

3. Input Source Type Detection based on D+/D- to set
default Input Current Limit (IDPM) register and input
source type

4. Input Voltage Dynamic Power Management set
(VINDPM set)

5. Converter Power-up
Power Up VDD Regulation (LDO)

The VDD LDO supplies internal bias circuits as well as
the HSFET and LSFET gate drivers. The LDO also
provides bias rail to NTC external resistors. The pull-up
rail of STAT can be connected to VDD as well. The
VDD will be enabled when Vy is above Vin_uvio.

Automatic Input Power Supply Detection

After VDD LDO powers up, SY20753 will adopt an
internal current source with 10mA maximum capability
to discharge the IN pins for 100ms. When a good input
source is present, Vin should keep being higher than
Vin_uvLo even after 100ms discharging.

Once the input source passes the automatic input power
supply detection, Viy_PRES (REGO0O0[0]) will be setto 1
and the STAT pin generate an INT to host.

Input Source Type Detection

After the Vin_PRES bit is set to 1, the charger device
will run input source type detection.

SY20753 follows the USB battery charging
specification 1.2 (BCl.2) to detect input source
(SDP/CDP/DCP) and non-standard adapter through
USB DI+/DI- lines. In addition, when USB DCP is
detected, it can do adjustable high voltage adapter
handshake by setting and monitoring the voltage of
DI+/DI- through I2C.

After input source type detection, the following registers
are changed:

1. Input current limit (IDPM) register is changed to set
current limit.

2. Upstream_USB_type bit is updated to indicate the
input source USB type.

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

Input Voltage Dynamic Power Management Set

SY20753 sets the VDPM to (1-8%) X Vin_ser(Set by
REGO7[7:6]) after input source power up. The
percentage can be changed by VDPM (REGO03[7:5]).

Converter Power-up

After the VDPM is set, the converter will be enabled and
the HSFET and LSFET will start switching.

As a battery charger, the device deploys a highly
efficient 0.5MHz step-down switching regulator. The
constant-off peak current converter keeps tight control
of input voltage, input current, battery voltage, charge
current, which simplifies output filter design.

An internal compensation network allows using ceramic
capacitors at the output of the converter. The peak
current of IL sensed by HSFET is compared to the
internal error control signal to vary the duty cycle of the
converter. The cycle-by-cycle current limit is
implemented due to the peak current control mode.

DS_SY20753 Rev0.9A
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Boost Mode Operation

SY20753 supports Boost converter operation to deliver
power from the battery to other portable devices through
SYS pin. The Boost mode output current rating supports
maximum output current up to 4.5 A to charge smart
phone and tablet.

In Boost mode, SY20753 deploys a 300kHz or 500kHz
peak current mode step up converter to deliver power
from battery to SYS. The Boost mode state can be
monitored by reading the Boost bit (REGO00[6]).

Supply Mode

When input is absent, SY20753 will deliver power to
SYS from battery and it will work as a Boost converter.
Supply mode can be enabled if all the following
conditions are valid:

1. Input source is absent.

2. Vgar is higher than Vgat pep.

3. OTG isenabled (OTG_Enable bitis 1).
4. ENis high.

Battery Charging Management

SY20753 charges 1-cell Li-lon by deploying a step
down converter with 5A capability. The integrated
NMOS with extremely low Rpson optimizes the
efficiency.

Charging Mode Enable Control

The charger can be enabled or disabled by

Charge_Enable bit( REGO1[7]).

Programmable Input Current Dynamic Power
Management

When input current reaches Ippwm, it will be limited to

IDPM by regulating the duty cycle of the Buck converter.

The IDPM loop takes control of the Buck converter until
the input current decreases under Ippm. The input current
limit is programmed by IDPM bit(REG02[7:5]).

Programmable Input Voltage Dynamic Power
Management

When input voltage drops to VDPM, the input voltage is
limited to VDPM by regulating the duty of Buck
convertor. The VDPM loop takes control of the Buck
converter until the input voltage rises above Vppw.

The input voltage limit is programmed by VDPM
bit(REGO3[7:5]).

The VDPM state is monitored by SY20753 and is
recorded in REGOO[1]. The host can read the
VDPM_STATE bit (REG00[1]) to monitor whether
VVDPM loop works.

Programmable Charging Current

The max charging current of SY20753 is limited to
Icc(set by Charge_Current bit), when the charging
current exceeds lcc, charging current will be limited to
Icc by regulating the duty cycle of Buck converter. The
constant current loop takes control of Buck converter.

Charging current is programmed by Charge_Current bit
(REGO03[2:0]).

Programmable Termination Current

A charging cycle is terminated while battery voltage is
above the recharging threshold and charging current is
lower than termination current. After termination, only
when battery voltage drops below recharging threshold,
SY20753 can exit termination state.

Termination current is set to 5% of Icc internally.

Programmable Charging Voltage

The max charging voltage is limited by SY20753 to
prevent the over-charging to Li-lon. When the battery
voltage reaches max charging voltage, the battery
voltage will be limited to Vcv(set by Charge_Voltage bit)
by regulating the duty cycle of Buck converter. The
charging voltage loop takes control of Buck converter
until battery voltage drops below Vcy.

Charging voltage is programmed by Charing_Voltage
bit(REGO03[4:3]).

Charging Status Indication Description

1. Charging-in-process —Pull and keep STAT pin low;
2. Charging Done — Pull and keep STAT pin to High;
3. Fault Mode — Output high and low voltage
alternatively at 10Hz frequency, fault mode
includes VIN OVP, BAT OVP, BAT SCP, BAT
UTP/OTP, charging time out.
Connect a LED from VDD to STAT pin, LED ON
indicates charging-in-process, LED OFF indicates
charging done, LED flash indicates fault mode.
Charging status is recorded in REG00[5:4]

SYS Output Management

SYS Voltage Set

In supply mode, the Boost converter modulates the SYS
voltage according to the handshake of DO+/DO- or
Downstream_Voltage_Set bit(REGO05[4:2]).The Boost
converter works in CV mode until the SYS current
exceeds the SYS Current Limit.

When Downstream_OUT_SEL is 1, SYS voltage is set
by Downstream_Voltage_Set bit(REGO05[4:2]). When
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Downstream_OUT_SEL is 0, SYS voltage is set by
DO+/DO-.

When FB_EN is set to 1, SYS voltage is set by external
resister. Vsys=1x(1+Rrg1/Rrg2).

SYS

Rrs1
FB

RFBZ

SYS Current Limit

In supply mode, once SYS current exceeds lsys Limit,
SYS current will be limited to Isys_Limit by regulating the
duty cycle of Boost converter. The SYS current limit
loop takes control of Boost converter until the SYS
current decreases under lsys_Limit.

SYS current limit is programmed by
bit(REG02[4:2]).

Isys_Limit

The Monitor of Current

The host can monitor the current of SY20753 by
measuring the voltage of IMON.

In Buck mode, IMON outputs the input current of Buck
converter. In Boost mode, IMON outputs the current of
LNFET. The max voltage of IMON must be lower than
2V, the proper Rimon can be derived from the following
formula:

Vimon=1>Rmon/80k

Interrupt to Host (INT)

In some applications, the host does not always monitor
the charger operation. The INT notifies the system on
the device operation. The following events will generate
20016 INT pulse.

»  After “Input Source Type Detection”, and
Vin_PRES issetto 1.

*  Upstream BC1.2 detection is done.
. DO+ DO- detection is done.
*  The request voltage of DO+ DO- changed.

After INT is inserted, the MCU must read 12C to clear
the INT, otherwise an INT will be sent every 800ms.

Protection Description

Thermal Protection-Thermal protection for battery is
achieved through NTC pin in charging and discharging
mode. The basic scheme is shown in application
information. Thermal shutdown is active for the device
itself. The IC will return to normal work when the
temperature returns into normal range again. Charging
timer will stop and maintain the result during thermal
protection.

Short Circuit Protection- There are BAT short circuit
protection and SY'S short circuit protection in SY20753.
When Vsvs is lower than VsporTsys, the linear FET will
modulate the current to be saw tooth shape from 0A to
1.7A for short circuit protection recovery. SY20753 tries
recovery for 5ms per 0.7s. In charging mode, once Vgar
is lower than Vsnorter, the switching frequency will be
folded back to 20% of the default value.

Over Voltage Protection- When Vgus or Vear is higher
than the over voltage protection threshold, the half
bridge will stop Boost operation or Buck operation
immediately. It will return to normal work when the
monitored voltage returns to normal level. Input voltage
has UVLO and OVP, which would make the device shut
down, SY20753 will return to normal work when the
V)n returns to normal range.

Battery Over Discharge Protection
In Supply mode, once battery voltage is lower than
Veat pep, SY20753 will turn off Boost and LNFET.

Timeout Protection-Programmable timeout protection
for the trickle current charge mode and the constant
current and CV charge mode both. Time out time is set
by REGO01[2:1]. Once timeout, the device will stop the
charge operation and latch off. Only re-plug in power
source can reset the latch logic and restart the normal
charging.
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Applications Information

Applications Information

Because of the high integration of SY20753, the
application circuit based on this regulator is rather
simple. Only input capacitor C\n, BUS capacitor Cgys,
battery capacitor Cgar, inductor L, NTC resistors R1, R2,
need to be selected for the targeted applications
specifications.

NTC Resistor:

SY20753 monitors battery temperature by measuring
the VDD voltage and NTC voltage. The controller will
trigger the UTP or OTP when the rate K (K= Vntc/Vvop)
reaches the threshold of UTP (Kut) or OTP (Kor). The
temperature sensing network is showed as below.
Choose R1 and R2 to program the proper UTP and OTP
points.

VDD VDD

SY6991 RL SY6991 3R1

NTC

EERZ '3? RNTC

(b)

The calculation steps of figure (a) are:

1. Define Kur, Kur =65%

2. Define Kor, Kot =35%

3. Assume the resistance of the battery NTC
thermistor is Rur at UTP threshold and Ror at OTP
threshold.

4. Calculate R2
RY - Kot(1—- Kur)Rut— Kut(1— Kot)Rot

Kut- Kot

5. Calculate R1
R1=(1/Kor—1)(R2+ Ror)

If choose the typical values Kur =65% and Kor=35%,
then

R?2 =0.408 Rut —1408 Rot
R1=1.857(R2+ Ror)

Input Capacitor Cin:

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, we place a
typical X7R or a better grade ceramic capacitor really
close to the IN and GND pins. Care should be taken to

minimize the loop area formed by Cin, and IN/GND pins.
At least a 20F ceramic capacitor is suggested.

BUS Capacitor Csus:

1. Buck mode

The capacitor acts as the input capacitor of the Buck
converter. The input current ripple rms value is larger
than:

lein_min= lcHe,/ D(1— D)

Where Iche is the charge current.

2. Boost mode
Caus is the output capacitor of Boost converter. Cgus
reduces the BUS voltage ripple and ensures the stability
of Boost. The output current ripple rms value is :

Al

23

Where Al is the current ripple of inductor.
At least a 40 ceramic capacitor is suggested.

lcBus_RMs =

Battery Capacitor Cgart:

1. Buck mode

Battery capacitor acts as the output capacitor of Buck
converter. Cgar is selected to handle the output ripple
noise requirements. Both steady state ripple and
transient requirements must be taken into consideration
when selecting this capacitor. 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)xVgar

80 BATFSWZL
Where Fsw is the switching frequency.
2. Boost mode
Caart acts as the input capacitor of Boost converter. The
input voltage ripple is calculated as below:

D xVgar

8C BATFSWZL
Where Fsw is the switching frequency.
At least a 20 ceramic capacitor is suggested.

VRippIe_BA'LBuck =

V/Ripple_BAT Boost =

Inductor L:

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

DS_SY20753 Rev0.9A
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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:

_ Veat(1-Vsat/Vin,max)

Fsw x lcne, max x 40%
Where Fsw is the switching frequency and Ichgmax IS
the maximum charge current.
SY20753 is quite tolerant of different ripple current
amplitudes. 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.

Veat(1— Veat/VIN MAX)

2xFswx L

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:
L Veat(1— Veat/Vsus_max)

Fsw x lpis, max x 40%
Where Fsw is the switching frequency and Ipismax is
the maximum discharge current.
SY20753 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.

Isat, MiN > lcHe, MAX +

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

Veat(1— Veat/Veus_max)

2xFswx L
3) The DCR of the inductor and the core loss at the

IsaT, min > Ibis, Max +

Layout Design:
The layout design of SY20753 regulator is relatively

simple. For the best efficiency and to minimize noise
problems, we should place the following components
close to the IC: Cin, Csus, Csys, L.

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

2) Cn must be close to Pins IN and GND, Cgys must
get close to pins BUS and GND. The loop area
formed by Civ and GND, Cpus and GND must be
minimized. The following figure 1is the
recommended layout design.

Star-connected point.

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

4)  The GND of MCU should be star-connected to the
GND of the IC described in the above figure.

5) In high current applications, a RC snubber circuit
should be placed between LX and GND for better

EMI.
switching frequency must be low enough to
achieve the desired efficiency requirement.
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Power Bank

In the application of power bank, when input source is present, SY20753 will work as a step down charger to charge
battery and deliver power to SYS from input source. When input source is absent, SY20753 works as a step up
converter to deliver power to SYS from battery.

-
— I |
| ) |
— — IN SYs ? |
| | e S| |
' L < | Phone!
I USB I DI+ DO+ I |
: p—— DI DO- | |
|
L _! BUS [ ———
1 i VDD 40pF
I” ¥
— BST
VDD j_IOOnF
-—— T 2.2uH
I | Sioka :‘;mmémm LX 1T Battery
| ! T 9 scL ] 20 | Pack
| I BAT| J;
| Host SDA vob l
| I STAT gmm
| | — N NT
| I IMON 10KQ| NULL
[ —
%M PGND

il

Figure3. Power Bank Application Schematic

1-cell Charger
In the application of 1-cell charger, SY20753 works as a step down charger with max 5A charge current. It features

all the charger functions with VDPM, IDPM, CV, CC loop control and the protections with IN OVP, BAT SCP, NTC,
thermal shutdown, timeout.

: — L. "
20F
LT
| usB DI+
| BUS __l
: p———DI- ;E"O“F
| I
—_——d BST
o L
_—I—_l“': T 2.2uH
= LX YN T Battery
VDD [ Pack
_ BAT| ;E
:;mm E;mmf;mm VDD I
SCL 10KO
NTC

— -
I I
I }
I | SDA
| Host | STAT ﬁéé NULL
| I
| I | IMON =

%zom

PGND

Figure4. 1-cell Charger Application Schematic
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Boost Converter
In the application of Boost converter, SY20753 works as a step up converter with max 4.5A output current. The SYS
voltage can be set according to the handshake of DO+/DO- or Downstream_Voltage_Set bit(REG05[4:2]). The Boost
converter works in CV mode until the SYS current exceeds the SYS Current Limit. The SYS current will be limited

to lsys_Limit When it exceeds Isys Limit. SY20753 features all the protections with SYS SCP, BUS OVP, BAT depletion,
NTC, thermal shutdown.

SY20753

SYS

DO+
—1VeP DO-
€”

VDD BUS j J‘_ o
L

-
10KQ S10KAS10KA BST __l_
t SCL _I_

Host SDA LX ~A Battery
STAT Lo |Pack
EN BAT] ;l;

[——————-—

IMON 1
—_—d
20KQ 10KQ
NTC]

PGND

=

Figure5. Boost Converter Application Schematic
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Battery Charger Registers

The SY20753 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 SY20753.

Tablel. Battery Charger Register Summary

Register . .

Address Register Name Read/Write Default
00H Status/Control Register Read or Write XXH
01H Control Register Read or Write 84H
02H Current Register Read or Write XXH
03H Charge Register Read or Write 89H
04H Vendor/PN/Rev Register Read XXH
05H Quick Charge Registerl Read or Write XXH
06H Quick Charge Register2 Read or Write XXH
07H Quick Charge Register3 Read or Write XXH

REGO00
Table2. 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_L ,Boost mode light load
0: VeaT> VBATDEP
2 BAT_DPL R 1: Vear< VBaTDEP
1 Vorm_STATE R |1:In VDPM state
0: Not in VDPM state
0 Vin_PRES R |1: Vinpresent;
0: Vn absent.
REGO01
Table3. Control Register (01H)
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Bit

Bit Name

R/W Description

7

Charge_Enable

0: Disable charger

RIW 1: Enable charger (default)

FB_EN

0:Disable FB(Default)

RIW 1:Enable FB

OTG_Enable

0: Disable OTG mode

RIW 1: Enable OTG mode (default)

OTG_Lightload

SYS light load threshold set.
R/W |0: 100mA (default)
1: 50mA

Vsvscomp

System output voltage compensation in 5V mode.
R/W |1:5.25V;
0: 5V(default).

2:1

Timer

Charge timeout protection.
00: 5h

R/W |01: 10h

10: 20h (default)

11: Disable timer

Freq

Buck and Boost converter frequency set.
R/W | 0: 500kHz (default)
1: 300kHz

REG02

Table4. Current Register (02H)

Bit

Bit Name

R/W Description

75

IDPM

Input current limit.

001: 0.5A

010: 1A

011: 1.5A

100: 2A

101: 2.5A

110: 3A

111: Disable input current limit

R/W

4:2

Isys_Limit

SYS current limit.
000: 1A

001: 1.5A

010: 2A

R/W |011: 2.5A

100: 3A

101: 3.5A (default)
110: 4A

111: 45A

1.0

IpkBsT

Boost peak current set.
00: 5A

R/W |01: 7A

10: 9A

11: 12A (default)

DS_SY20753 Rev0.9A
© 2018 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only 22
All Rights Reserved.




SY20753

SILERGY

DS _SY20753 Rev0.9A Silergy Corp. Confidential- Prepared for Customer Use Only 23
© 2018 Silergy Corp. All Rights Reserved.



4

SY20753

SILERGY
REGO03
Table5. Voltage Register (03H)

Bit Bit Name R/W Description
Input voltage dynamic control. For 5V/7V/9V/12V input voltage set,
Vopm=Vn_seT X(1-bit[7:5]).
The VDPM need be clamped upon UVLO threshold.
000: 0
001: 2%

75 VDPM R/W |010: 4%
011: 6%
100: 8% (default)
101: 10%
110: 12%
111: Disable VDPM
Max charge voltage.
00: 4.10Vv

4:3 Charge_Voltage R/W  |01: 4.20V (default)
10: 4.35V
11: 4.4V
Max charge current
000: 0.5A
001: 1A (default)
010: 1.5A

2:0 Charge_Current R/W |011: 2A
100: 2.5A
101: 3A
110: 4A
111: 5A

REG04
Table6. Vendor/PN/Rev Register (04H)

Bit Bit Name R/W Description

75 Vendor_Code R |101: Identify the supplied

4:3 PN R 11: SY20753
001: Revision 1.0

. ‘o 010: Revision 1.1
2:0 Revision R 011: Revision 1.2
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Table7. Quick Charge Registerl (05H)
Bit Bit Name R/W Description

Record the voltage of downstream request.
111:12V(PE)

110:9V(PE)

101:7V(PE)

R |100:5V(PE)

011:12V(QC)

010:9V(QC)

001:continuous mode (QC)

000:5V(QC)

Set the output voltage of SYS.
111:12V(PE)

110:9V(PE)

101:7V(PE)

4:2 Downstream_Voltage Set | R/W |100:5V(PE)

011:12V(QC)

010:9V(QC)

001:continuous mode (QC)
000:5V(default)

QC3.0 continuous mode control. In continuous mode, in order to
increase the SYS voltage by 200mV, these 2 bits must be set to 01
and then to 00; in order to decrease the SYS voltage by 200mV
these bits must be set to 10 and then to 00.

R/W |10:DOWN

01:UP

00:HOLD (defalut)

11: Enable Divider mode(When bit 1:0 is 11b, the divider mode is
enabled)

Downstream_Voltage

5 Request

Continuous_Mode_UP_DO

1:0 WN

REGO06
Table8. Quick Charge Register2 (06H)
Bit Bit Name R/W Description

11:> 2.7V
10:2.0-2.7V
01:0.35Vv-2.0V
00:0-0.35V

11:> 2.7V
10:2.0-2.7V
01:0.35V-2.0V
00:0-0.35V

DI+ Output_Voltage R/W | 11:Floating(default)
10:3.3V

01:0.6V

00:0Vv

7:6 DI-_Input_Voltage R

5:4 DI+_Input_Voltage R

3:2
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DI- Output Voltage R/W | 11:Floating(default)
10 10:3.3V
' 01:0.6V
00:0vV
REGO07
Table9. Quick Charge Register3 (07H)

Bit Bit Name R/W Description

7:6 Input_Voltage_Set R/W | Set the input voltage to change VDPM and VIN OVP.
11:12v
10:9Vv
01:7Vv
00: 5V(Default)

5:4 Upstream_USB_type R After BC1.2 detection, the USB type is recorded.
11: nonstandard adapter
10: DCP
01: CDP
00: SDP

3 BC1.2_DET_DONE R Indicate the BC1.2 detection status.

1: done
0: not done

2 Downstream_device QC _support | R

Indicate whether downstream device supports QC.

1: support
0: not support

1 Downstream_QC_EN R/W | 1:Enable QC2.0 and QC3.0 Detect(default)
0:Disable QC2.0 and QC3.0 Detect
0 Downstream OUT_SEL R/W | SYS output voltage control.

1:Set by REG05[4:2]
0:SY20753 set according DO+/DO- (default)
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12C Interface

SY20753 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 a micro
controller or a digital signal processor. (The 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, connected to the positive supply voltage via a current source or a 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.
I | I
i i t
SDA / | | >< | \

| | |
| | I
I | I
scL I I I
Data Iing stable; | Change |

Data valid . of data

allowed

Figure6. Bit Transfer on the 1°C BUS

START and STOP Conditions

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

NI

START (8) STOP (P)
Figure7. START and STOP Conditions
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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 will transfer then continues when
the slave is ready for another byte of data and release the clock line SCL.

SY20753

Acknowledgement Acknowledgement
signal from slave signal from recewer

SO L0 e R e i 4 :;:
B WA U RN R U A W AV AU R ATA W]

K

START or STOP or
Repeated Repeated
START START

Figure8. Data Transfer on the 1°C BUS

Acknowledge (ACK) and Not Acknowledge (NACK)

The acknowledge takes place after every byte. The acknowledge bit allows the receiver to signal the transmitter that
the byte was successfully received and another byte may be sent. All clock pulses, including the 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 “0” indicates a transmission (WRITE) and a “1” indicates a request for data (READ).

I p---n SR N T T s

| | i \ j- \ l- [ |

scL | s 'l‘_"l | o __ !51 L fov 1 P |
fW

START ADDRESS R DATA DATA ACK STOP
Flgure9. Complete Data Transfer

Single Read and Write

1] 7 I 8 o1 8 N

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

Figurel0. Single Write
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BN 7 1] 1 | 8 11 7 [1] 1
‘s| Slave Address |o| ACK | Reg Addr | ACK |s| Slave Address | 1 | ACK

Figurell. Single Read

If the register address is not defined, the charger will be sent back to NACK and return to the idle state.
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QFN4>4-20 Package Outline Drawing
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Recommended PCB layout

(Reference only)

All dimension in millimeter and exclude mold flash & metal burr.

DS_SY?20753 Rev0.9A

© 2018 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

30

All Rights Reserved.



4

SILERGY

SY20753

Taping & Reel Specification
1. QFN4>4 Taping Orientation

3 al4. 1—-—| 140155
I [—*.20-4.40—|
§ . _fg . .
1
I 7 90810
—

2. Carrier Tape & Reel specification for packages

Feeding direction

Reel
Size
Package | Tape width Pocket Reel size Trailer Leader Qty per reel
types (mm) pitch(mm) (Inch) length(mm) length (mm) (pcs)
QFN4x4 12 8 13" 400 400 5000
3. Others: NA
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IMPORTANT NOTICE
1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information published
in this document, including but not limited to circuitry, specification and/or product design, manufacturing or descriptions, at any
time and without notice. This document supersedes and replaces all information supplied prior to the publication hereof. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.
All semiconductor products are sold subject to Silergy’s standard terms and conditions of sale.

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

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

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

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

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

For more information, please visit: www.silergy.com
© 2018 Silergy Corp. All Rights Reserved.
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