S/IERGY

Application Note: SY20757

QC3.0, FCP, AFC, High Voltage / Current, 3IN1
Bidirectional Regulator for Li-lon Battery Power Bank Application

General Description

The SY20757 is a 4.6-13.2V input bidirectional
regulator designed for single cell Li-lon battery power
bank application. It supports multiple charging
protocols, such as QC3.0, FCP, AFC, and Apple Mode.
It also integrates the Battery Fuel Gauge Indicator
Function, Light Load Detection and Load Insert
Detection to provide fully scheme for power bank
application.

Advanced bidirectional energy flow control is adopted
to achieve battery charging and discharging alternately.
If the external power supply is present, the SY20757
will run in Charging Mode with fully protection
function; if the external power supply is absent, the
SY20757 will run in Discharging Mode with total
output capability up to 18W.

The SY20757 has 2 NMOS drivers for external port’s
MOSFETS to achieve 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 MOSFET with 18V rating and extremely low
Ros(on) to optimize operation efficiency and extend the
life of battery.

The SY20757 is available in QFN5x5-34 package to
minimize the size of PCB layout for wide portable
applications.

Ordering Information

SY20757 (O 0O)O
Temperature Code
Package Code
Optional Spec Code

Ordering Number
SY20757VCC

Package type Note
QFN5x5-34

Features

e Integrated N-Channel MOSFET with 18V

Voltage Rating and Extremely Low Rps(on)

Maximum 5A Battery Charging Current

Support BC1.2

Adaptive Input Current Limit

Trickle Current / Constant Current / Constant

Voltage Charging Mode.

e  Maximum 18W Output Power in Battery
Discharging Mode
Programmable Boost Peak Current Limit
200kHz-500kHz Programmable Boost Switching
Frequency

e  Programmable Battery Internal Resister
Compensation

e Upto 4 LEDs Battery Fuel Gauge Indicator with
Programmable Threshold

e  Support Smart Phone Fast Charge Protocols

QC3.0, FCP and AFC

Load Insert Detection

Light Load Auto-shutdown

Battery UTP/OTP Protection

Output OVP/SCP/OCP Protection

Thermal Shutdown Protection

Max 504A Quiescent Current in Sleep Mode

Applications

e Single Cell Li-lon Power Bank
e  Portable Device with Single Cell Battery Pack
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Figurel. Application for Single Cell Li-lon Power Bank
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Top Mark: CNRxyz (device code: CMQ, x=year code, y=week code, z= lot number code)
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Pin Description
Name PIN Number Description
Positive power supply input pins. These pins are shorted internally. Connect a MLCC from
IN 1,25 one pin to ground to decouple high frequency noise. The input pins have OVP and UVLO
function to make the charger operate within safe input voltage area.
Input or output point of half bridge. These pins are shorted internally. Connect a MLCC
BUS 2,24 - - .
from one pin to ground to decouple high frequency noise.
Switch node pins. These pins are shorted internally. Connect an external inductor between
LX 3,23 - -
one pin and BAT pin.
GND 4,22 Power ground pins.
LED1-4 5678 LED drivers_for battery level indicator. They are also used as battery level indication
threshold adjustment.
Functionl: KEY pin. Connect a key from this pin to ground.
KEY/FSW 9 Function2: Switching frequency set pin. Connect a resister from BAT to KEY to set the
switching frequency of Boost converter.
RCOM 10 Battery internal resis_ter gompensatio_n pin. 'I_'his pin is used as battery level indication
threshold compensation in battery Discharging Mode.
Peak current limit set pin. Connect a resister from this pin to GND to set the peak current
IPEAK 11 S g -
limit of Boost converter in Discharging Mode.
ICHG 12 Constant charging current set pin. Connect a resister from this pin to GND to set the
constant charging current in Charging Mode.
SGND 13 Signal ground pin.
NTC 14 Battery thermal protection sense pin.
BAT 15 Battery positive pin. Also connect to the inductor terminal.
DPB 16 D+ pin for the input port.
DMB 17 D- pin for the input port. DPB/DMB supports BC1.2 detection.
DPA2 18 D+ pin for the output Port A2.
DMA2 19 D- pin for the output Port A2. DPA2/DMAZ2 supports QC3.0/2.0, FCP, AFC, and Apple
Mode.
DPA1 20 D+ pin for the output Port Al.
DMAL 21 D- pin for the output Port A1. DPA1/DMAL1 supports QC3.0/2.0, FCP, AFC, and Apple
Mode.
BST 26 Bootstrap pin. Connect a 0.1F MLCC from this pin to LX.
SRPA1 27 The output current sense positive pin of Port Al.
SRNA1L 28 The output current sense negative pin of Port A1. Connect a current sense resister from
SRPAL to SRNAL.
GAl 29 Functionl1: Output port AL N-MOSFET gate driver pin.
/ITERM Function2: Termination charging current set pin.
VDD 30 Internal Lir_1ear regl_JIator output. VDD is the output of 3.3V Linear regulator. Connect a
1F ceramic capacitor from VDD to GND.
GA2 31 Functionl1: Output port A2 N-MOSFET driver pin.
/VOCOM Function2: Boost output compensation voltage set pin.
SRNA2 32 The output current sense negative pin of Port A2.
SRPA2 33 The output current sense positive pin of Port A1l. Connect a current sense resister from
SRPA2 to SRNA2.
cv 34 Batter_y constant charging voltage set pin. Float to set 4.178V, pull low to set 4.328V and
pull high to set 4.378V.
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Block Diagram
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Absolute Maximum Ratings (Note 1)

IN, BUS, LX, RCOM, IPEAK, ICHG, DPB, DMB, DPA2, DMA2 -0.5V to 18V
DPA1, DMAL, SRPAL, SRNAL, GAl, GA2, SRNA2, SRPA2, CV - -0.5Vto 18V
VDD, BST-LX, NTC, LED1~LED4 -0.5V to 3.3V
KEY, BAT -0.5V to 5.5V
Power Dissipation, Po @ Ta= 25T -36W
Package Thermal Resistance (Note 2)

S 43 CTIW

Ot e L EEEE P EEE P 16 T/W
Junction Temperature Range -40C to +150C
Lead Temperature (Soldering, 10 sec.) 260C
Storage Temperature Range -65Ct0125<CT
Recommended Operating Conditions (Note 3)
IN, BUS, CV, DPB, DMB, DPA1, DMAL, DPA2, DMA2 - 0VtoleV
SRPAL, SRPA2, SRNA1, SRNA2 0V to 16V
LX -0.3V to 16V
KEY, BAT 0V to 5V
Others 0V to 3.3V
Junction Temperature Range ---—- -20Cto 120
Ambient Temperature RaNQe --------===mnm oo oo o e e e -40Ct0 85T
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Electrical Characteristics

TA:25CC, TA:TJ, V|N:5V, GNDZOV, C|N:10|.F, LB:2.2|."|, CBUSZZOLF, RSlstzzlomQ, RNTc_UpzlokQ,

RnTc=10kQ(103-AT), unless otherwise specified.

Symbol | Parameter Conditions Min Typ | Max | Unit
Quiescent Current
No input DC source,
lgaT Battery Discharge Current Boost disabled, VDD 50 A
off, Veus<Vear
Charging disabled,
I Input Quiescent Current measured from IN, 2 mA
Vin> Vin uvio
Power Up
Input Voltage UVLO -
VN uvio Threshold Rising edge 4.2 4.55 V
Input Voltage UVLO .
V IN_UVLO_HYS Hysteresis Falling edge 100 mV
LDO Output
VVDD VDD VOItage VBUSZSV 3.2 3.3 3.4 V
lvpp VDD Source Current Vvop=3V 80 mA
Ports Management and Protection
Input Voltage OVP Threshold .
Vn_ove for 5V Adapter Rising edge 5.7 6 V
Input VVoltage OVP Hysteresis .
ViN_ovp_Hys for 5V Adapter Falling edge 0.1 \%
Rising edge,
lporT oCP Port A OCP Threshold Discharging Mode 3.1 3.7 A
ILiGHT Port A Light Load Threshold Falling edge 25 50 75 mA
Blocking FET
R of Reverse Blockin
Rrerer N'.ésé)%\‘— g 35 mQ
Port Gate Driver
VpoRTAL ON Port Al Driver Voltage (\)/ﬁ‘“ when Port Al is Vvob
VporTA2 ON Port A2 Driver Voltage (\)/ﬁ“z when Port A2 is VvbD
Half-Bridge Power MOSFET
RuseeT RDS(ON) of ngh'Slde NFET 18 mQ
RisreT RDS(ON) of Low-side NFET 9 mQ
Half-bridge in Buck Mode
Voltage Bias
Supply Voltage for Battery
Vche_op Charging 4.6 13.2 \Y
Input Voltage and Current Regulation
5V Charging Mode
Vopm Input Voltage Regulation without BUS load, -1.5% 1.5%
VDPM:4-5V
lopm Input Current Limit Tolerance | lppy=2A -10% 10%
Timer
Trickle Current Charge
Tre Timeout Tolerance 2 hrs
Fast Charge (CC and CV)
Tre Timeout Tolerance 20 hrs
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Switching Frequency
fswek | Buck Switching Frequency | Vin=5V, Vgar=3.5V | | 400 | |  KkHz
Battery Charging
CV pin float 4.157 4.178 4.2 \Y
Vev Battery CV Voltage Tolerance | CV pin low 4.306 4.328 4.35 \Y
CV pin high 4.356 4.378 4.4 \Y
Battery Voltage Threshold .
AVrex Hysteresis for Recharge Falling edge 100 mv
Battery Voltage OVP .
Veatove Thresﬁ’ol | g Rising edge 103% | 105% | 107% Vev
Battery Voltage OVP .
VeaTove_Hys Hyster):asis d Falling edge 2% Vev
Battery Trickle Charging .
Ve Mode Voltage Threshold Rising edge 2.7 2.8 2.9 v
lche=5A,Rche=2.4K o, 45 5 55
| Charging Current Accuracy Vin=5V, Vpar=3.5V ' ' A
CHG for Constant Current Mode lene=2A,Rcue=6kQ, 18 9 99
V|N:5V,VBAT:3.5V ' '
Charging Current Accuracy 0
Ire for Trickle Current Mode VeatsHorr<Vear<Vac 10% lone
Termination Current
ITERM Tolerance V|N:5V, RICHG:2-4kQ -20% 20%
Battery Short Circuit Protection
Battery Short Circuit
Veatsrort Protection Threshold 19 2 v
Half-bridge in Boost Mode
Voltage and Current Bias
Falling edge,
Battery Depletion Voltage R ep1=50kQ 2.6 2.7 v
Voer Tolerance Falling edge, 205 3.05 Vv
RLED1=1OOkQ ) '
Battery Depletion Voltage -
Voep Hys Hysteresis Rising edge 200 mV
BUS Voltage Tolerance in Not in QC2.0 or QC3.0
VBus Rec AcC | Boost Modge mode Q Q 2% 2% VBus_ReG
BUS Compensation Tolerance | Rg comp =300K€2,
Veus_cowr in Boost Mode lgus=2A 0.25 0.3 v
BUS Voltage OVP Threshold
Veus.ovpote | iy Discharg%ng Mode Veus>=5V 108% | 110% | 112% | Vgusrec
Boost Output Current Limit in
lim_soost Discharging Mode 3.7 4 4.3 A
Switching Frequency
f Boost Switching Frequency | Vgar=3.7V,Vpys=5V 400 500 600 kHz
SWBST Tolerance Vga1=3.7V,Vaus=5V 200 250 300 kHz
Cold/Hot Thermistor Comparator(Use 103-AT thermistor)
Battery NTC Thermal Protection in Charging Mode
v v Cold (0<C,T1) Threshold Rising edge 72.8% | 73.4% 74%
COLD: T Cold Hysteresis Falling edge 4%
v v Cool (15<C,T2) Threshold Rising edge 58.9% | 59.5% | 60.1% v
CcooL» T2 Cool Hysteresis Falling edge 2% VoD
Y Hot (45<C,T3) Threshold Falling edge 32.3% | 32.9% | 33.5%
HOT Y73 Hot Hysteresis Rising edge 4%
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Battery NTC Thermal Protection in Boost Mode
Vv Cold (-20C, T¢oip) Threshold | Rising edge 87.1% | 87.6% | 88.1%
CoLD Cold hysteresis Falling edge 0.8% v
Vv Hot (60<C, Tor) Threshold Falling edge 22.6% | 23.15% | 23.7% vbp
HOT Hot Hysteresis Rising edge 0.8%
KEY Active Voltage
Viey | KEY Active Low Voltage | Falling edge | | | 03 | VvV

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

Note 2: 6 ;5 is measured in the natural convection at T, = 25<C on a high effective four-layer thermal conductivity
test board of JEDEC 51-7 thermal measurement standard.

Note 3: The device is not guaranteed to function outside its operating condition
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Typical Performance Characteristics
(TA=25C, VIN=5V, unless otherwise specified.)

Efficiency vs. Output Current (Boost Mode) Efficiency vs. Output Current (Boost Mode)
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9V Boost Steady State 12V Boost Steady State
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Charging NTC Protection (Temperature Discharging NTC Protection (Temperature
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Function Description
Charging and Discharging Description

The SY20757 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 status in the
SY20757: Charging Mode, Discharging Mode, Bypass
Mode and Sleep Mode.

Charging Mode Description

The SY20757 will work in Charging Mode when the
input source is present on Port B and both Port Al and
A2 are off.

To meet the various input source type, the SY20757
integrates VDPM, IDPM, CC and CV loops in
Charging Mode. When an adapter is inserted to Port B,
the SY20757 will start the source type detection
automatically. The SY20757 sets appropriate constant
charging current, constant charging voltage, Vppm, Ippms
termination charging current to minimize the charge
time. In normal charging cycle the SY20757 stops
charging per 20s to measure the battery level.

Input Voltage Dynamic Power Management

When input voltage drops to Vppy, the input voltage
will be limited to Vppy by regulating the duty cycle of
Buck convertor. The Vppy loop takes control of the
Buck converter until the input voltage rises above Vpp.

The Vppwy is set to 90% of the rated USB or adapter
voltage in Charging Mode. For 5V adapter input, Vppm
is4.5V.

Input Current Dynamic Power Management

After the USB type Detection, the SY20757 sets the
input current limit automatically. When input current
reaches Ippy, the input current will be limited to Ippy
by regulating the duty cycle of Buck converter. The
Iopm l0Op takes control of the Buck converter until the
input current decreases under Ippy.

Constant Charging Current

The constant charging current is programmed by the
resister connecting to ICHG pin with the following
equation:

_12x10°V

lcHe
CHG

Where Rce IS the resistance connected to ICHG pin.

ICHG[

SY20757
Rehe

Figure3. Constant Charging Current Set Circuit
Constant Charging Voltage

The constant charging voltage is set by CV pin
(described in Table 1).

Table 1 Constant charging voltage vs CV pin state

CV Pin State Constant Charging Voltage (Vcv)
Floating 4.178V
Low 4.328V
High 4.378V

Termination Current

When the SY20757 wakes up, the IC will check the
resistance connected to GAL1/ITERM. The termination
current is set to 8% of lcyg when Ryrgrm>300k<2, and
the termination current is set to 4% of Ilcyg when
RITERM<50kQ-

Discharging Mode Description

The SY20757 will work in Discharging Mode when the
input source is removed from Port B and at least one of
the output ports is on.

If one load insertion signal is detected, the SY20757
will start the Boost converter and turn on this port’s N-
MOSFET. The SY20757 can identify the charging
protocol of the portable device and change the output
voltage according to the request of the portable device.

If the 2nd load is detected by the SY20757, the
SY20757 will supply these two ports with 5V only.

Boost Output Voltage Compensation

In Boost mode the BUS voltage will be adjusted
according to its output current described in Figure4.
When the SY20757 wakes up, the IC will check the
resistance  connected to GA2/VOCOM. The
compensation voltage is set to 0.25V at 2A when
Ro comp>300KkQ, the compensation voltage is set to
0.375V at 2A when Rg _comp<50kQ.

Vo_comp Rs1, ,=10mQ

0.25V

2A lour

0
Figure4. Cable Voltage Drog Comgensation curve
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Battery Internal Resister Compensation

In Boost mode, the SY20757 uses the RCOM pin to
compensate the battery internal resister. The
compensation voltage will be added to the battery
voltage on BAT pin to get the actual battery voltage.

The compensated battery internal resistance is

calculated by following equation:

Rear _inter = 45x107° x Reeak2

Where Rpeak: IS the resistance connected to RCOM pin.

IPEAK

SY20757 R
PEAKL

RCOM

Rpeakz

Figureb. Peak Current and Battery Internal
Resister Compensation Circuit

Boost Peak Current Setting

Ipeax Pin is used for programming the peak current
limit of Boost mode.

The peak current is programmed by following equation:

20x10%V
R +R

lpeak =

PEAK1 PEAK 2

Where Rpeaky IS the resistance connected to IPEAK pin
and Rpeakz IS the resistance connected to RCOM pin.

Switching Frequency Control

The switching frequency of the SY20757 can be
programmed by the pull-up resister on KEY/FSW pin
in Boost mode.

The frequency is calculated by the following equation:

_ 18.5x10°Q x1Hz
Re

Fsw

Where R is the resistance connected to KEY/FSW pin.

BAT

Re

SY20757
KEY/FSW [

FKey

!

Figure6. Switching frequency set circuit
Output Current Limit of Port A

When the total current of Port Al and Port A2 exceeds
ILim_BoosT, the current will be limited to Iy m goost by
regulating the duty cycle of Boost converter. The Boost
CC loop takes control of the Boost converter until the
total current of Port Al and Port A2 is lower than

ILIM_BOOST-
Bypass Mode Description

The SY20757 will work in Bypass Mode when the
input source is present and at least one of the output
ports turns on.

When both the adapter and the portable device are
inserted, the SY20757 will charge the battery and
deliver power to the output port from the adapter at the
same time.

In Bypass Mode the SY20757 disables the fast
charging function.

Sleep Mode Description

The SY20757 can turn off the PortAl, PortA2, Port B,
VDD, Boost and Buck converter to enter into Sleep
Mode when both the adapter and the system load are
removed.

Load Insert Detection

The rechargeable portable device insertion on Port Al
or Port A2 will trigger the Load Insert Detection. The
IC will start charging the portable device once it is
inserted to the SY20757.

Light Load Detection

If the discharging current of the output port is lower
than I ,gut for 25s, the SY20757 will turn off this port.
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LED Status Indication Description

Battery Fuel Gauge Indicator Description

The SY20757 indicates the battery level and converter status through 4 LEDs as the following table.

LED1
LED2

LED3
LED4

SY20757

KK

RLED2

RLED1

A A
4 !\

Figure7. LED indication circuit
Table 2 LED status

Operation Battery v LED Status
Level BAT LED1 LED2 LED3 LED4
0-25% <V Flickerl | OFF OFF OFF
25-50% V11~ Vime ON Flickerl | OFF OFF
50-75% V1ho~ Vius ON ON Flickerl | OFF
75-100% | Vrys~Vev ON ON ON Flickerl
100% >Vey ON ON ON ON
0-25% Voep ~ V1r1 Flicker2 | OFF OFF OFF
Discharging 25-50% Vi1~ Vime Flickerz Fl?ckerZ OI_ZF OFF
50-75% V1o~ Vrhs Flicker2 | Flicker2 | Flicker2 | OFF
75-100% | >V1ius Flicker2 | Flicker2 | Flicker2 | Flicker2
OFF OFF OFF OFF
Flickerl | Flickerl | Flickerl | Flickerl

Flicker1—ON 1280ms, OFF 1280ms.
Flicker2—ON 320ms, OFF 2240ms.
Battery Level Threshold Description

The resisters parallel to the LEDs are used for programming the battery depletion voltage threshold and the battery

level thresholds.

Riep: is used for selecting the battery depletion voltage threshold. Using a 100k(+/-20%) resistor to select 3.0V
depletion threshold and 50k(+/-20%) to select 2.6V depletion threshold.

Riep2, Rieps and Ry gpg are used for programming the battery level threshold V1n1, Ve and V13 as below table.
Table 3 Battery Level Threshold

Charging Mode

Discharging Mode

V1 V111=83%>Vcy+0.5V >R, epo/Rieps V111=80%>Vcy+ 0.5V>R, epo/Riep1
V12 V112=88%>Vcy+0.5V >R, eps/Rieps V112=85%>Vcv+ 0.5V>R, epa/Rieps
V1hs V113=93%>Vcy+0.5V >R, epa/Rieps V113=90%>V v+ 0.5V>R epa/Riep1
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Key Function

There are 2 types of key action in the SY20757, 1-click
action to reset the IC and 2-click action to disable the
light load detection function for 2 hours.

Fast Charge Function

Both Port Al and Port A2 of the SY20757 can support
multiple fast charging protocols such as: QC2.0/QC3.0,
FCP and AFC mode independently. If both Port Al and
Port A2 are turned on, the SY20757 will disable the
fast charging protocols.

Protection Description
Buck Mode

During the half-bridge operating as synchronous Buck
mode, the SY20757 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 the IC.

Input Over Voltage Protection- When V,y is higher
than the over voltage protection threshold, the half
bridge will stop Buck operation immediately. It will
recover to normal work when the monitored voltage
backs to normal level.

Input Under Voltage Protection- When V,y is lower
than Vi uvio, the half bridge will stop Buck operation
immediately. It will recover to normal work when the
monitored voltage backs to normal level.

BAT Over Voltage Protection- When Vgat is higher
than the over voltage protection threshold, the half
bridge will stop Buck operation immediately. It will
recover to normal work when the monitored voltage
backs to normal level.

BAT Short Circuit Protection- When Vgar Voltage is
lower than Vgatshort, the SY20757 will wake the
battery up with a small charging current.

Charging Timeout Protection- The SY20757 has two
types timeout protection, 20 hours timeout protection
for the fast charge mode and 2 hours timeout protection
for trickle current mode. Once the timeout protection is
triggered, the 1C will stop the charge operation and
latch off. Only re-plug in the input source can reset the
latch logic and restart the normal charging work.

NTC Protection- The SY20757 adopts NTC pin to
monitor the temperature of the battery to provide the
protection of battery. The current setting at cool
temperature (T1-T2) is 50% of the constant charging

current. The SY20757 will stop charging when the
temperature of the battery is lower than T1 or higher
than T3.

lcne

0.5lcrg

Juaung Buibreyy

Cold

20 -10 T1 T220 30 40T350

Battery temperature

Figure8. Charging current vs Battery temperature

Thermal shutdown- The SY20757 will shut down the
IC when the junction temperature exceeds 150<C. It
will recover to normal work when the junction
temperature drops to 130 <C.

Boost Mode

70C

During the half-bridge operating as synchronous Boost
mode, the SY20757 has BUS over voltage protection,
BAT depletion protection, BUS short circuit protection,
BUS over current protection, DP/DM short to BUS
protection, thermal shutdown protection and NTC
protection for the Li-lon battery and IC.

BUS Over Voltage Protection- When Vpgys is higher
than the over voltage protection threshold, the half
bridge will stop Boost operation immediately. It will
recover to normal work when the monitored voltage
backs to normal level.

Battery Depletion Protection- When the battery
voltage is over discharged below Vpgp, the SY20757
will stop Boost operation immediately and enter into
Sleep Mode.

BUS Short Circuit Protection- When BUS short
circuit occurs, the SY20757 will turn off the gate
drivers of the output ports immediately. The SY20757
will recover to normal work when the fault removes.

BUS Over Current Protection- When the current of
the output port is over lport oce, the SY20757 will turn
off it immediately. The SY20757 will recover to
normal work when the fault removes.

NTC Protection- The SY20757 adopts NTC pin to
monitor the temperature of the battery to provide the
protection of battery. The SY20757 will stop
discharging when the temperature of battery is lower
than Tcorp Or higher than Tyor and enters into Sleep
Mode.
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Applications Information

Because of the high integration of the SY20757, the
application circuit based on this regulator IC is rather

simple. Only input capacitor Cy, BUS capacitor Cgys,

battery capacitor Cgar, inductor Lg, need to be
selected for the targeted application specifications.

Input Capacitor Cjy

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, a typical
X7R or better grade ceramic capacitor should be
placed really close to the IN and GND pins. Care
should be taken to minimize the loop area formed by
Cin, and IN/GND pins. 10pF ceramic capacitor is
suggested.

Bus Capacitor Cgys

1. Buck mode

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

lcaus _rms = |CHG,fD(1— D)

where lcng is the charge current and D is the duty
cycle of the Buck converter.

2. Boost mode

Cgus is the output capacitor of Boost converter. Cgys
reduces the bus voltage ripple and ensures the
stability of the Boost converter. The output current
ripple rms value is:

lcaus _rms = | i
- BU51y17 D

where lgys is the output current of the Boost
converter and D is its duty cycle.
At least 20F ceramic capacitor is suggested.

Battery capacitor Cgar

1. Buck mode

The battery capacitor Cgar acts as the output
capacitor of the Buck converter. Cgat 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:

A1-D) xVeur

SCBAT FSWZLB

VRIP_BAT _BUCK =

where Fsy is the switching frequency of the Buck
converter, D is its duty cycle and Lg is its output
inductance.

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

D x Ve
8CBATFSW2LB
where Fgy is the switching frequency of the Boost
converter, D is its duty cycle and Lg is its input
inductance.
At least 20F ceramic capacitor is suggested.

VRIP_BAT _BOOST =

Inductor Lg

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:

_ Vear(1—Vear /Vin_wax)

= Iche _max x 40%

where Fsy is the switching frequency of the Buck

converter, lchg max is the maximum charge current

and Vy_max i the maximum input voltage.

The SY20757 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.

Ls

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

Vet (1—Vear /Vin_max)
2x Fswx Ly

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

Isat _min > lcHe _ max +

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:

Lo Vear (1—Veat / Veus _max)

B Fsw x lbis _max x 40%
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where Fgy is the switching frequency of the Boost
converter, Ipis_ max is the maximum discharge current
and Vgus max is the maximum Boost output voltage.
The SY20757 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 larger than the peak
inductor current under full load conditions.

Vear (1 —Vear / Veus _max)
2x Fswx Ly

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

Layout Design

The layout design of the SY20757 regulator is
relatively simple. For the best efficiency and
minimum noise problems, the following components
should be placed close to the IC: Ciy, Cgus, Ls.

Isat _min > lbis_ max +

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) Cguys must get close to Pins BUS and GND. The
loop area formed by Cgys and GND must be
minimized.

3) Cyy should be close to Pins IN and GND. The loop

area formed by C,y and GND should be minimized.
Figure9 is the recommended layout design.

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.

mmm  Top Layer ® PCB Via
mmm Bottom Layer [ ] Component
Figure9. PCB Layout
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QFN5X5-34 Package Outline Drawing
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Taping & Reel Specification
1. Taping orientation
QFN5>5

I——a a4 .14-| 1450155

S S 0 O O

[-—5.20-5.40—-1

L g

I—5.ZU-5.4U——I

7.908.10

[—————————11 T2 3 ————————— -

Feeding direction——

2. Carrier Tape & Reel specification for packages

A

Reel

Size

Y

Tape width Pocket Reel size Trailer Leader length Qty per

Package types (mm) pitch(mm) (Inch) length(mm) (mm) reel
QFN5>5 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
© 2019 Silergy Corp. All Rights Reserved.
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