S/IERGY

Application Note: SY6915

SMBus Controlled 1-4 Cell Battery Charger Controller

Supporting Boost Mode

General Description

The SY6915 is a high efficient, multi-cell battery
charger controller supporting Boost mode. It allows the
battery to discharge energy to the system when the
system power demand is higher than the input capacity
temporarily.

Three internal DACs are used as the reference of the
charge voltage, the charge current, and the input
current limit. They can be programmed by the system
using SMBus.

The SY6915 can charge 1, 2, 3 and 4 cells battery pack
and is available in QFN3.5x3.5-20 package to allow the
small PCB footprint.

Ordering Information

SY6915 (OO
Temperature Code
Package Code
Optional Spec Code

Ordering Number
SY6915RBC

Package type Note
QFN3.5x3.5-20

Applications

¢ Notebook and Sub-notebook

e Battery Charger Cradle

o Portable Equipment with Rechargeable Battery
o Battery Back-up Systems

Features

e Input Voltage Range 4.5V to 25V

e  SMBus Controlled Synchronous Buck Controller
with 615kHz, 750kHz and 885kHz Programmable
Switching Frequency

e  SMBus Controls
- Battery Charge Voltagé (1.024V - 19.2V)
- Battery Charge Current (128mA — 8.128A)

- Adapter Input Current Limit (128mA —
8.064A)

e  0.5% Battefy Charge Voltage Accuracy

e 3% Battety Charge Current Accuracy

e 3% Adapter Input Current Limit Accuracy

e #29% 20X Input Current or Charge Current
Amplifier Output Accuracy

e _Internal Charge Pumps for AC Blocking NFETSs
and BAT NFET

o, ~Integrated Loop Compensation
e Internal Soft Start

e  Programmable Adapter Detection and Indicator
Support Air-line Adapter

e  Support 1, 2, 3 and 4 Cells Battery Pack
e  Support Boost Mode

e  Battery LEARN Function and Programmable
Battery Depletion Threshold

e  Cycle-by-cycle Peak Current Limit

e  Battery Over Voltage Protection and Short
Protection

° Inductor and MOSFET Short Circuit Protection
e  Thermal Shutdown with Hysteresis

e  0.65mA(0.8mA Max) Adapter Standby Quiescent
Current

e  5pPA Off-state Battery Discharge Current
e  Package QFN 3.5x3.5-20
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Typical Application
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Figurelb. Schematic Diagram
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Pinout (top view)
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Top Mark: AUSxyz (device code: AUS, x=year code,)y=week code, z= lot number code)

Pin Name Pin Number Pin Description
ACN 1 Adapter current sense negative input.
ACP 2 Adapter current sense pesitive input.
ACCMS 3 Common source connection for N-channel MOSFET switches.
ACDRV 4 N-channel blocking MOSFETS driver output.
AC adapter detection open-drain output. 1t’s pulled high by an external pull-up resistor when
ACPRES 5 the ACDET woltage is above 1.8V and the VCC voltage is above UVLO threshold. High
ACPRES indicates a valid adapter (air mode or normal AC adapter) is present to start charge.
Adapteri detéction input. Use the resistor divider from adapter output to set the detection
ACDET 6 voltage. When the ACDET voltage is above 0.6V and the VCC voltage is above UVLO
threshold, the VDD will be present, ACPRES comparator and IMON will be active.
IMON 7 Buffered input or charge current output, selectable with SMBus command. The IMON
voltage is 20 times of the differential voltage across the sense resistor.
SMBus data 1/0. Open-drain output. Connect an external pull-up resistor according to the
SDA 8 A
SMBus specification.
sCL 9 SMBus clock input. Connect an external pull-up resistor according to the SMBus
specification.
Charge current limit input. Minimum of the ILIM voltage and DAC limit voltage sets charge
ILIM 120 current limit. Setting the ILIM voltage above 1.6V will disable this control. Once the voltage
on ILIM pin falls below 75mV, charge will be disabled. Charge will be enabled when the
voltage on ILIM pin rises above 105mV.
BATDRV 11 Charge pump output to drive N-channel BAT MOSFET.
ISN 12 Battery charge current sense negative input.
ISP 13 Battery charge current sense positive input.
GND 14 IC ground.
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LDRV 15 Low side MOSFET driver output.
LDO output for converter power MOSFETS driver. Connect a 1jUF ceramic capacitor at least
VDD 16
to GND.
BST 17 High side power MOSFET driver power supply.
HDRV 18 High side MOSFET driver output.
LX 19 Inductor connecting point.
IC power supply input. Add a 10Q resistor and a 1F capacitor to filter the inrush current and
VCC 20 . :
the high frequency noise.
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Absolute Maximum Ratings (Note 1)
ACN, ACP, ACCMS, ACPRES, ISN, ISP, LX, VCC -0.3V to 30V
ACDRYV, BATDRYV, BST, HDRV -0.3V to 36V
ACDET, IMON, SDA, SCL, ILIM, LDRV, VDD -0.3V to 6V
ACP-ACN, ISP-ISN -0.3V to 0.3V
ACDRV-ACCMS, BATDRV-ISN, BST-LX, BST-HDRV, HDRV-LX, VDD-LDRV----------=-=-------- -0.3V to 6V
Package Thermal Resistance (Note 2)
QFN3.5>3.5-20, 0;a 46.8<CT/W
QFN3.5>3.5-20, 0;c 56.9 C/W
Junction Temperature Range -40C to 150C
Operating Temperature Range -40C to 100T
Storage Temperature -65C t0 150C
Lead Temperature (Soldering, 10s) 300C

Recommended Operating Conditions (ot 3)

ACN, ACP, ACCMS, ACPRES, ISN, ISP, LX, VCC -0.3V to 25V
ACDRV, BATDRYV, BST, HDRV -0.3V to 30V
ACDET, IMON, SDA, SCL, ILIM, LDRV, VDD -0.3V to 5.5V
ACP-ACN, ISP-ISN, -0.2V to 0.2V
Junction Temperature Range -40C to 125
Ambient Temperature Range -40C to 85<C
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Electrical Characteristics

(TA=257TC, Vvcc=18V, Visn=12V, 10mQ sense resistor between ACP and ACN, 10mQ sense resistor between ISP
and ISN, unless otherwise noted)

Parameter Symbol Test Conditions Min Typ | Max Unit
Operating Condition
VCC Input Voltage Range |Vvce rne 45 25 \
Regulation Range and Accuracy
g;z;%e \Woltage Regulation VAT REG_RNG 1022 19.2 v
16.716 | 16.8 |16.884 \%
Charge\oltage() = 0x41A0
-0.5% 0.5%
12.529 | 12.592 | 12.655 \%
Charge\oltage() = 0x3130
Charge Voltage Regulation VeAT R Ace -0.5% 0.5%
Accuracy T 835 | 84 | 845 v
Charge\oltage() =,0x20D0
-0.6% 0.6%
4.163 | 4.192 | 4.221 \%
Charge\oltage() = 0x1060
-0.7% 0.7%
h .
gegﬁ;ﬁwgﬁge Iche_ReG_RNG | Visp-1snpn] OmQ sense resistor 0 8128 mA
3973 | 4096 | 4219 mA
ChargeCurrent() = 0x1000
-3% 3%
1946 | 2048 | 2150 mA
ChargeCurrent() = 0x0800
-5% 5%
430 512 594 mA
ChargeCurrent() = 0x0200
Charge Current Regulation e dec acc -16% 16%
H EG_A!
Accuracy o 2048 | 256 |307.2| mA
ChargeCurrent() = 0x0100
-20% 20%
1478 | 192 | 236.2 mA
ChargeCurrent() = 0x00CO
-23% 23%
64 128 192 mA
ChargeCurrent() = 0x0080
-50% 50%
Input Current Limit .
Regulation Range lac Re_RNG | Vace-acn, 10mQ sense resistor 0 8064 | mA
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3973 | 4096 | 4219 mA
InputCurrent() = 0x1000
-3% 3%
1946 | 2048 | 2150 mA
InputCurrent() = 0x0800
Input Current Limit | -5% 5%
Regulation Accuracy AC_REG_ACC 870 1024 | 1178 mA
InputCurrent() = 0x0400
-15% 15%
384 512 640 mA
InputCurrent() = 0x0200
-25% 25%
Current Sense Amplifier
Current Sense Amplifier
Output \oltage Range Vimon_rnG 0 33 v
Current Sense Amplifier
Output Current Range limon_rnG 0 1 mA
Amplifi
g:ir:]ent Sense Amplitier Aivon Vimon/(Visp-Visn) or (Vacr=Yacn) 20 VIV
VACP'VACN or V|sp-V|SN:40.96mV -2% 2%
Vacr-Vacn Or Visp-\ign=20.48mV -4% 4%
Current Sense Amplifier |, = Vace-Vacn Qf Wigp-Visn=10.24mV | -15% 15%
B IMON_A
Gain Accuracy B VACP'VACN or V|sp-V|SN:5.12mV -20% 20%
VACP'VACN or V|sp-V|SN:2.56mV -33% 33%
V ace=Vaen OF Visp-Visn=1.28mV -50% 50%
Buffer Capacitance Load | Cimon 0 100 pF
Comparator
VCC UVLO Comparator | Vuvio Vvcc rising 35 3.75 4 \%
VCC UVLO Hysteresis AVuvio Vvcc falling 340 mV
ACPRES Risin -
Threshold 9 V ACPRES Vvee >Vuvio, Vacper rising 1.78 1.80 1.82 Vv
ACPRES Fallin .
Hysteresis g Vacrres HYs | Vvee >Vuvio, Vacoer falling 35 50 75 mV
Vvce >Vuvio, Vacoer rising above
2.4V, First time or ChargeOption() | 110 160 210 ms
bit [15]=0
ACPRES Rising Deglitch i Vvce >Vuvio,Vacpert rising above
Time ACPRESDEG 12 4V, Not first time and 0.9 13 | 17 S
ChargeOption() bit [15]=1
Vvce >Vuvio,Vacpert rising above
1.8V and less than 2.4V, air mode 0.6 1.0 L7 S
WAKEUP Detect Rising VWAKE_RISE Vvee> Vuvio, VacpeT rising 0.6 0.8 Vv
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Threshold

WAKEUP Detect Falling

Threshold VWAKE_FALL Vvee> Vuvio, Vacoer falling 0.3 0.5 \Y/
AC Over Woltage ACDET .
Rising Threshold VACOV VACDET rising 3.05 3.15 3.25 Vv
AC Over Voltage ACDET .
Falling Hysteresis VACOV_HYS V ACDET falllng 50 75 100 mV
VCC to ISN Comparator | Vvce_isn Vvce-Visn falling threshold 70 125 200 mV
\Fli)?SCt:ET'gsliiN Comparator Vvee_isn_Hys | Vvee-Visn rising hysteresis 100 150 200 mv
ACN to ISN Comparator | Vacn_isn Vacn-Visn falling threshold 120 200 280 mV
ﬁSSTe:gslisN Comparator Vacn_isn_Hys | Vacn-Visw rising hysteresis 40 80 120 mv
HEET SC ACP to LX ChargeOption() bit [8] = 1 450 750 1200
Comparator Rising VhreT_sc ChargeOption() bit [8] = 0, mvV
Threshold Disable function
Buck
_ _ Mode 100 125 150
ChargeOption() bit{7] =0
Boost
LFET_SC LX to GND Mode | 120 | 150 | 180
Comparator Rising VLFET sC mV
Threshold Buck 200 250 300
\ ) Mode
ChargeQOption() bit [7] =1
Boost | 540 | 300 | 360
Mode
Cycle-by-cycle Peak ChargeCurrent() = 0x0xxxH 45 55 65
Current Limit during Buck ChargeCurrent() = 0x1000H- 70 85 100
Mode, ISP to ISN VPK_CHARGE 0x17COH mV
Comparator Rising
ChargeCurrent() = 0x1800H-
Threshold Ox1ECOH 90 105 120
Stop charging and enter Boost
Fast DPM Comparator Ibpm mode threshold with respect to 103% | 107% | 111% | lac rec
Threshold - e
input current limit
ACOC Comparator Risin . .
Threshold P I Mhcoc ChargeOption() bit [1] = 1 300% | 333% | 366% | lac rec
"}'Ar:peg]((:)ﬁjc Clamped lacoc_mIN lacoc=333%> ac_rec 4 4.5 5 A
¥h?é$§|3c Clamped lacoc_max lacoc=333%>I ac_rec 135 15 16.5 A
. . \oltage across input sense resistor
ACOC Deglitch Time tacoc_pec rising to disable charge 2.3 4.2 6.6 ms
BAT OV Rising Threshold VBATOV_RISE V|5N rising 103% 104% | 106% VBAT_REG
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BAT OV Falli .

Threshold atling Vearov rac | Visn falling 102% VBAT REG
ChargeOption() bit [12:11] =00  |55.53% |59.19% | 63.5%

Falling Threshold Vearoep : 119111 — Vear_ree

9 ChargeOption() bit [12:11] =10 |62.17% |66.55% | 71.5%

ChargeOption() bit [12:11] =11 |66.06% | 70.97% | 77%
ChargeOption() bit [12:11] =00 225 305 400

Rising Hysteresis Vearoep Hvs : 119111 — mV

g Ry ChargeOption() bit [12:11] = 10 255 345 | 450

ChargeOption() bit [12:11] = 11 280 370 490

Battery Depletion ISN

Rising Deglitch Time teATOEP_DEG 600 ms

BAT UV Fallin .

Threshold g VBATUV V|gN falllng 2.4 25 2.6 V

BAT UV Rising Hysteresis | Veatuv_Hvs Vs rising 200 mV

ILIM Falling Threshold to .

Disable Charge Vium_pis Vi falling 60 75 90 mv

ILIM Rising Threshold To -

Enable Charge ViLim EN ViLm rising 90 105 120 mV

Thermal Shutdown Rising @ o

Threshold Tsp Temperature;rising 150 C

Thermal Shutdown Falling . o

Hysteresis Tsp_Hys Temperature falling 20 C

Driver Capability

VDD LDO Voltage VvoD Vvec>6V,Vacper>0.6V 5 55 6 Vv

VDD Current Capacity lvop Mvee>6V,Vacoer>0.6V 55 mA

High Side Driver Turn-on

Resistance Ri_on 3 Q

High Side Driver Turn-off Ve V5.2V

igh Side Driver Turn-o

Resistance R ok 0.5 Q

Low Side Driver Turn-on

Resistance Ry on 4 Q

Low Side Driver Turn-off Vioo=5:5V

ow Side Driver Turn-o

Resistance R or 0.5 Q

Dead Time from HDRV ¢ 20 ns

Low to LDRV High DEAD_LD

Dead Time from LDRV i 20 ns

Low to HDRV High DEAD_HD

ACDRYV Driver Voltage Vacrump V acorv-Vacems When Vyec>6V 6 \Y

ACDRYV Dri S

Current rIver source IACDRV_SOURCE 50 80 A
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ACDRYV Driver Sink
Current FIver sin IACDRV_sSINK 1.75 mA
BATDRYV Driver Voltage VBATPUMP Veatorv-Visn when Vvec>6V 6 Vv
BATDRYV Dri
Current river Source IBATDRV_SOURCE 40 60 HA
BATDRYV Driver Sink | 1 mA
Current BATDRV_SINK
PWM Oscillator
PWM Switching ChargeOption() bit [9] =0
Frequency Fsw (Default) 600 750 900 kHz
PWM Increase Frequency |Fsw+ ChargeOption() bit [10:9] = 11 665 885 1100 kHz
PWM Decrease Frequency | Fsw- ChargeOption() bit [10:9] = 01 465 615 765 kHz
Logic I/0
SCL/SDA Input Low
Threshold Vinto 0.8 Vv
SCL/SDA Input High
Threshold Vinhi 2.1 v
SDA/ACPRES Output .
Saturation Voltage Vour Lo 5mA drain current 0.5 \Y
SDA/ACPRES Leak
Current P lour sen V=iV -1 1 HA
Time
Soft Start Current Step Istep 64 mA
Soft Start Current Step 10m®, ctrrent sensing resistor
Ti tstep 240 |83
ime
Quiescent Current
Visn=16.8V, VCC disconnect from
g:t;el?é'l?l‘g:‘:e;t when IBAT BATFET OFF battery, BATFET charge pump off, 5 A
BATFET turns off
Visn =16.8V, VCC connect from
Siﬁ%g lg'r\? nt when |gar gATFET On | battery, BATFET charge pump on, 25 A
BATFET turns on
. Adapter present, Vvcc>Vuvio,
Standby Quiescent Current_lstanosy Vacoer>0.6V, charge disabled 0.65 0.8 mA
Adapter present, Vvce>Vuvio,
Adapter Current whetNo | 2 4V<Vacoer<3.15V, charge 15 | 3 | ma
Switching -
enabled, no switching
Adapter present, Vvcce>Vuvio,
Adapter Current when | 2.4V <V acper<3.15V, charge 10 mA
Switching ACSW enabled, switching, MOSFET
SiS412DN
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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: 8,4 is measured in the natural convection at Ta = 25<C on a low effective single layer thermal conductivity
test board of JEDEC 51-3 thermal measurement standard.

Note 3: The device is not guaranteed to function outside its operating conditions.
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Parameter Symbol Test Conditions Min Typ | Max | Unit
SMBus Frequency FscLx) 10 100 kHz
SCL/SDA Rise Time trise 1 83
SCL/SDA Fall Time traLL 300 ns
SCL Pulse Width High twHicH) 4 50 83
SCL Pulse Width Low twiLow) 4.7 83
(S:etup_'l_'ime for START tseT(sTART) 47 L5
ondition
START Condition Hold Time
after which First Clock Pulse is  |thoLp(sTArT) 4 s
Generated
Data Setup Time tseT(pAT) 250 ns
Data Hold Time tHoLD(AT) 300 ns
Setup Time for STOP Condition |tser(stor) 4 us
Bus Free Time b_efcween START tereceUs) 47 us
and STOP Condition
SMBus Bus Release Timeout trimeout 30 ms
giZ%I;tICh for Watchdog Reset taooT 10 ms
ChargeOption() bit [14:13] =11 | 140 175 210 S
Watchdog Timeout Period twarcHpoc  |<ChargeOption() bit [14:13]=10| 70 88 105 s
ChargeOption() bit [14:13]=01| 35 44 53 S
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Typical Performance Characteristics
Ta=25C, Vin=19V, lcne=4A, 2cell battery, L=4.7uH, unless otherwise specified.

Efficiency vs. Charge Current(CV Mode)

(ACFET=SiR472DP, Ryg(on=10mQ;
HFET=LFET=Si7850DP,Rys(on=20mQ)

100
95 "..-"';;: 1
90 —
X
< 85
>
(8]
S 80
Q
Q
& 75
w
— lcell42v
70
— 2-cell 8.4V
65 — — 3-cell 12.6V
....... 4-cell 16.8V
60 ‘
0 1 2 8 4
Charge Current (A)
Control Timing
e e ]
Vi 10V/div i
ACDET | 2vidiv
I :
ACPRES  10V/div
5V/div

Time(40.0ms/div)

Insert Adapter

10V/div

Vin'

| ACPRES.  10V/div®

Time(40

.0ms/div)

Efficiency (%)

Efficiency vs. Battery Voltage(CC Mode)
(ACFET=SIiR472DP, Ryson=10mQ;
HFET=LFET=Si7850DP,Rus(on=20mQ)
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Battery Short Constant Current Charge State
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General Function Description

The SY6915 is a high efficient, multi-cell battery
charger controller supporting Boost mode. It allows
the battery to discharge energy to the system when
the system power demand is higher than the input
capacity temporarily.

Three internal DACs are used as the reference of the
charge voltage, the charge current, and the adapter
input current limit. They can be programmed by
system using SMBus.

Adapter Detect and Power up (ACPRES)

Pin ACDET detects the input voltage from the
adapter or other DC source. The divider resistors
should program the input voltage higher than the
maximum battery voltage and lower than the
maximum allowed adapter voltage.

ACPRES can be pulled to the external rail by the
pull-up resistor after ACPRES deglitch time under
the following conditions:

e  Vvcc>Vuvio, ensure the control circuits
operate well;

e Vacper>1.8V, the input voltage is within
operation range;

The ACPRES rising deglitch time is 160ms for the
first time after POR no matter what the charge option
register value is. After one time the voltage on
ACDET pin drops below 1.8V but above 0.6V, the
next ACPRES rising deglitch time will be forced,to
1.3s.

Battery Charge Voltage, Battery Charge Current,
and Adapter Input Current Limit Regulation

The battery charge voltage regulatiofiis set by an 11-
bit DAC register, programmed, by the host
microcontroller through the SMBus)interface.

The battery charge current regulation is set by a 7-bit
DAC register. It is sensed by a resistor connected
between the ISP and ISN™pins. For a 10mQ sense
resistor, the maximum-current is 8.128A. A larger
resistor gives lowersmaximum current and higher
regulation accuracy,

The adapter input current limit is set by a 6-bit DAC
register, sensed by the resistor between the ACP and
ACN pins. For a 10mQ sense resistor, the maximum
current is 8.064A. A high accuracy amplifier
provides an analog output voltage of 20x ACP-ACN
at the IMON pin that can be used by the host system
to monitor the adapter input current. If the adapter

current rises to the limit, the battery charge current
will be reduced so that the charger will not reduce the
current available to the system.

Dynamic Power Management (DPM, ACOC)

When the input current rises to adapter input current
limit due to system load, the charge current will be
decreased by the input current limit loop. It can
prevent adapter overload.

The ACOC function can he.enabled by charge option
register. If the input current has increased to the
ACOC set point for 4,2ms (tacoc_pec), ACFETSs will
latch off. The latch. status can't be cleared until
adapter is removed:

Boost Mode

The SY6915 supports Boost mode. The system draws
the battery“power through Boost converter when the
adapter issfully loaded. During Boost mode, battery
energy Aswdelivered to system when system power
demarid*is' temporarily higher than adapter maximum
powerylevel so that adapter will not overload. After
P@R) the charge option register bit[3] is 0 which
disable Boost mode. To enable it, the charge option
register bit[3] must be written to 1 by the host.

When input current is higher than the FAST_DPM
comparator threshold, if Boost mode is enabled, the
IC will allow battery to discharge and the converter
will change from Buck to Boost. During Boost mode
the adapter current is regulated at input current limit
level so that adapter will not overload. The battery
discharge current depends on system current
requirement and adapter input current limit register
setting value. The SMBus timer can be enabled to
prevent converter running at Boost mode for too long
time.

Cycle-by-cycle Peak Current Limit

The SY6915 uses cycle-by-cycle peak current limit
mode to prevent the switch from over current. The IC
senses the voltage drop of resistor or switch as the
current information. The peak current limit values of
Buck and Boost are different.

MOSFET Short Circuit Protection (HFET SC,
LFET SC)

When the MOSFET or inductor is shorten, the high
voltage drop across the Ropsony Will trigger the
HFET_SC or LFET_SC. When the counter receives
the short circuit signal over 7 times within 90s, the IC
will latch off the converter. Recycle the AC input
will release the latch off status.

AN_SY6915 Rev0.9A
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Battery Over Voltage Protection (BATOV)

The converter will not switch when battery voltage
exceeds 104% of the regulation voltage set point.
Switching resumes when it is below 102%.

Battery Short Protection (BATUV)

A comparator monitors output battery voltage. If the
voltage falls below 2.5V (Vsatuv), the battery short
status will be detected. The peak current will be
clamped to a low value and the IC will decrease the
switching frequency. The charge current will return
to the set point when the battery voltage rises above
2.7V (VeatuvtVBATUV _HYS).

Thermal Shutdown Protection (Tsp)

When the junction temperature exceeds 150°C, the IC
will shut down. Once the temperature drops below
130°C, switching will resume.

Charge Timeout

A timer will terminate charging if the charger does
not receive a charge voltage or charge current
command within 175s. If a timeout occurs, either
charge voltage or charge current command must be
sent to reenable charging.

Battery LEARN

A Battery LEARN cycle can be activated via SMBUs
command in the SY6915. Battery LEARN mode
allows the battery to discharge in order to calibrate
the battery gas gauge over a complete
discharge/charge cycle. When entering into “battery
LEARN mode, the IC will turn off the converter and
ACFETs first, and then will turn on BATFET to
support the discharge mode. When exiting battery
LEARN mode, the IC will recovery.to)normal mode
if all conditions are ready.

SMBus Interface

The System ManagementBus

The System Management~Bus (SMBus) is a 2 wire
BUS that supports bidireCtional communications. The
protocol is described “briefly here. More detail is
available from www.smbus.org.

General SMBus Architecture

VDDSMB_|

SMBus Slave

D> input

SCL
control
SDA
control

SMBus Master

input
scL <
control | output :

state
machine
registers
memory
etc.

CPU

SMBus Slave

SDA
control [ output

[ input

SCL
control

output

SDA
control

SCL
D.

state
machine
registers
memory
etc.

to other
slave devices

Figure2. SMBus Architecture

Data Validity

The dataen the SDA line must be stable during the
HIGHperiod of the SCL, unless generating a START
or STOP condition. The HIGH or LOW state of the
data“line can only change when the clock signal on
the,;SEL line is LOW. Refer to Figure3.

>

1 1 1
T T " T 5SS
SDA | | >_< | NN
I I I =
| | |
sc.___ L/ | LN
DATA LINE | CHANGE !
I oF DATA |

I
: STABLE
|

DATA VALID :ALLOWED:

Figure3. Data Validity

START and STOP Conditions

As shown in Figure4, START condition is a HIGH to
LOW transition of the SDA line while SCL is HIGH.
The STOP condition is a LOW to HIGH transition on
the SDA line while SCL is HIGH. A STOP condition
must be sent before each START condition.

i N —
SDA | | | |
| | | |
| | | |
SCL L_§_I\ / AN /L_E_I
START STOP
CONDITION CONDITION

Figured. Start and Stop Waveforms

Acknowledge
Each address and data transmission uses 9 clock
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pulses. The ninth pulse is the acknowledge bit (ACK).

After the START condition, the master sends 7 slave
address bits and a R/W bit during the next 8 clock
pulses. During the ninth clock pulse, the device that
recognizes its own address holds the data line low to
acknowledge. The acknowledge bit is also used by
both the master and the slave to acknowledge receipt
of register addresses and data as described below.

r———-

I sCL ! T

! m s\ / 9\

I ! | !

| SDA ! ' !

I ! T

, |/ MsB il /_i

| |

|START]| | acknowLEDGE |

———— | FROM SLAVE |
o —— -

Figure5. Acknowledge On the SMBus

SMBus Transactions

All transactions start with a control byte sent from the
SMBus master device. The control byte begins with a
START condition, followed by 7-bits of slave
address (0001001 for the SY6915) followed by the
R/W bit. The R/W bit is 0 for a write or 1 for a read.
If any slave devices on the SMBus recognize their
address, they will acknowledge by pulling the serial
data (SDA) line low for the last clock cycle in the
control byte. If no slaves exist at that address or are
not ready to communicate, the data line will be 1;
indicating a not acknowledge condition. Once thé
control byte is sent, and the SY6915 acknowledges it,
the 2nd byte sent by the master must be a register
address byte such as 0x14 for the charge«current
register. The register address byte tells the(SY6915
which register the master will write of"read. See
Table 1 for details of the registers. Once the SY6915
receives a register address byte it responds with
acknowledgement.

Write To a Register
SLAVE REGISTER

R TE
ADDR + W ADDR oata [N
[s] R\
PR

E DRIVEN BY THE MASTER

s

A

d

Read From a Register
‘ | s REGISTER

ADDR + W ADDR
START ACKNOWLEDGE

[B] stor NO ACKNOWLEDGE, [ oriven sy syeas
Figure6. SMBus/S¥6915 Read and Write Protocol

LO BYTE
DATA

HI BYTE

& DATA

A A

i

Byte Format

Every byte put on the SDA line must be eight bits
long and must be followed by an acknowledge bit.
Data is transferred with the most significant bit first
(MSB) and the least significant bit last (LSB).

SY6915 and SMBus

The SY6915 receives control jnputs from the SMBus
interface. The serial interface complies with the
SMBus protocols as documented in the system
management BUS specification V1.1, which can be
downloaded from www.smbus.org. The SY6915 uses
the SMBus Read-Waord ,and Write-Word protocols
(Figure 6) to communiCate with the smart battery.
The SY6915 is a. SMBus slave device and does not
initiate communication on the bus. It responds to the
7-bit  address™,0b0001001X. Read address =
0b00010014 and Write address = 0b00010010.

In addition, the SY6915 has two identification (ID)
registers; &/ 16-bit device ID register and a 16-bit
manufacturer 1D register.

The.data (SDA) and clock (SCL) pins have schmitt-
trigger inputs that can accommodate slow edges.
Choose pull-up resistors for SDA and SCL to achieve
rise times according to the SMBus specifications.
The SY6915 is controlled by the data written to the
registers described in Table 1.

SMBus communication is enabled with the following
conditions:

. Vvcc is above Vuvio ;
. VacoeT is above 0.6V.
Battery Charger Registers

The SY6915 supports four battery charger registers
that use either write-word or read-word protocols, as
summarized in Table 1. Manufacturer ID and Device
ID are “read only” registers and can be used for
identifying SY6915. On SY6915, Manufacturer ID
always returns 0x0053 (ASCII code for “SI” for
Silergy) and Device ID always returns 0x0002.
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Tablel. Battery Charger Register Summary

ig%'?ig Register Name Read/Write Description POR State
0x12 ChargeOption() Read or Write | 16-Bit Charge Option Control 0xF902
0x14 ChargeCurrent() Read or Write | 7-Bit Charge Current Setting 0x0000
0x15 ChargeVoltage() Read or Write | 11-Bit Charge Voltage Setting 0x0000
Ox3F InputCurrent() Read or Write | 6-Bit Input Current Limit Setting 0x1000
OxFE ManufacturelD() Read Only Manufacture 1D 0x0053
OxFF DevicelD() Read Only Device ID 0x0002

Enabling and Disabling Charge

After applying power to the SY6915, the internal
registers contain their POR values (see Table 1). The
POR values for charge current and charge voltage are
0x0000. These values disable charge. To enable
charge, the charge current register must be written
with a number larger than 0x007F and the charge
voltage register must be written with a number larger

than OxO3FF. Charge can be disabled by writing
0x0000 to either of-the two registers.

Charge Option_Control

Charge option'is set by writing a valid 16-bit number
to the charge option register.

Table2. Charge Option (Register 0x12)

Bit Bit Name Description
I 0: EnablexCharge (POR default)
0 Charge Inhibit 1: Inkiibit Charge
Set.this bit 1 to limit the Input current when it is out of regulation.
The’'maximum input current limit is 15A typical with10m& sense
1 ACOC Threshold Adjust resistor.
0: Function is disabled
1: 3.33 x of input current regulation limit (POR default)
5 Boost Mode Indication 0: Not in Boost mode (POR default)
(Read Only) 1: In Boost mode.
0: Disable Boost mode (POR default)
3 Boost ModgEnsle 1: Enable Boost mode
4 AC Adapter\ndication 0: AC adapter is not present (Vacper<2.4V) (POR default)
(ReadOnly) 1: AC adapter is present (Vacper>2.4V)
. 0: IMON is the 20x input current amplifier output (POR default)
> N Selection 1: IMON is the 20x charge current amplifier output
0: Disable LEARN (POR default)
6 Battery LEARN Enable 1- Enable LEARN
Short circuit protection low side MOSFET voltage drop comparator
threshold. This is also used for cycle-by-cycle current limit
7 LFET_SC Cozgz;itor Threshold protection threshold during Boost mode.
! 0: 125mV (POR default)
1: 250mV
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Bit

Bit Name

Description

HFET_SC Comparator Threshold
Adjust

Short circuit protection high side MOSFET voltage drop comparator
threshold.

0: Function is disabled.

1: 750mV (POR default).

EMI Switching Frequency Enable

0: Disable adjust PWM switching frequency (POR default).
1: Enable adjust PWM switching frequency

10

EMI Switching Frequency Adjust

Default frequency:750kHz
0: Reduce PWM switching frequency by 18% (POR default).
1: Increase PWM switching frequency by 18%.

11

BAT Depletion Comparator
Threshold Adjust [12:11]

See bit [12].

12

BAT Depletion Comparator
Threshold Adjust [12:11]

Bit [12:11] is used for LEARN function and battery over discharge
protection during Boost mode. Duririg LEARN cycle, when IC
detects battery voltage is below-depletion voltage threshold, the IC
will turn off BATFET anddurn-on blocking FETSs to power the
system from AC adapterinstead of the battery. During Boost mode,
when the IC detects battéryjvoltage is below depletion voltage
threshold, the IC will stop Boost mode. Set charge voltage register
value to OV will disable-this function.

00: Falling Threshold= 59.19% of voltage regulation limit
(~2.486V/cell)

01: Falling Threshold = 62.65% of voltage regulation limit
(~2.631V/cell)

10: Falling<Threshold = 66.55% of voltage regulation limit
(~2.795V/cell)

11: Falling Threshold = 70.97% of voltage regulation limit
(~2.981V/cell) (POR default)

14:13

WATCHDOG Timer Adjust

Set'maximum delay between consecutive SMBus Write charge
voltage or charge current command. The charge will be suspended if
the 1C does not receive write charge voltage or write charge current
command within the watchdog time period and watchdog timer is
enabled.

The charge will be resumed after receive write charge voltage or
write charge current command when watchdog timer expires and
charge suspends. During Boost mode, the timer is fixed to 175s if it
is enabled.

00: Disable Watchdog Timer.

01: Enabled, 44 s.

10: Enabled, 88 s.

11: Enable Watchdog Timer (175s) (POR default).

15

ACPRES Deglitch Time Adjust

Adjust ACPRES rising edge deglitch time. After POR, the first time
the adapter plug in occurs, the deglitch time is always 160ms no
matter if this bit is 0 or 1. This bit only sets the next ACPRES
deglitch time after ACFET turns off at least one time. To change
this option, the VCC voltage must above UVLO threshold and the
ACDET voltage must above 0.6V to enable the IC SMBus
communication.

0: ACPRES rising edge deglitch time is 160ms.

1: ACPRES rising edge deglitch time is 1.3s (POR default).
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Setting Charge Voltage

Charge voltage is set by writing a valid 16-bit
number to the charge voltage register. This 16-bit
number translates to a 65.535V full-scale voltage.
The SY6915 ignores the first 4 LSBs and uses the
next 11 bits to set the voltage DAC. The charge
voltage range of the SY6915 is 1.024V to 19.200V.
All numbers requesting charge voltage below 1.024V
or above 19.2V result in a voltage set point of zero,
which terminates charging.

Upon initial power up or reset, the charge voltage and
charge current registers are reset to 0 and the charger
remains shut down until valid numbers are sent to the

Table3. Charge

charge voltage and charge current registers. Use the
Write-word protocol to write to the charge voltage
register. The register address for charge voltage is
0x15. The 16-bit binary number formed by D15-D0
represents the charge voltage set point in mV.
However, the resolution of the SY6915 is 16mV
because the D0-D3 bits are ignored as shown in
Table 3. The D15 bit is also ignored because it is not
needed to span the 1.024V t0~19.2V range. Table 3
shows the mapping betweenthe )charge voltage set
point and the 16-bit number written to the charge
voltage register. The charge voltage register can be
read back to verify its contents.

Voltage (Register 0x15)

Bit Bit Name Description
0 Not used.
1 Not used.
2 Not used.
3 Not used.
0 = AddsOmY of charge voltage.
4 Charge Voltage, DACV 0 1 = Adds 26mV of charge voltage.
0 ="Adds'OmV of charge voltage.
5 Charge Voltage, DACV 1 1 £ Adds 32mV of charge voltage.
0'=/Adds OmV of charge voltage.
6 Charge Voltage, DACV 2 1 = Adds 64mV of charge voltage.
0 = Adds OmV of charge voltage.
! Charge Voltage, DACV 3 1 = Adds 128mV of charge voltage.
0 = Adds OmV of charge voltage.
8 Charge Voltage, DACV 4 1 = Adds 256mV of charge voltage.
0 = Adds OmV of charge voltage.
9 Charge Voltage, DACV 5 1 = Adds 512mV of charge voltage.
0 = Adds OmV of charge voltage.
10 Charge Voltage, DAGY6 1 = Adds 1024mV of charge voltage.
0 = Adds OmV of charge voltage.
1 Charge Voltage, BACV 7 1 = Adds 2048mV of charge voltage.
0 = Adds OmV of charge voltage.
12 Charge VQ[tage; DACV 8 1 = Adds 4096mV of charge voltage.
0 = Adds OmV of charge voltage.
13 ChetggVoltage, DACV 9 1 = Adds 8192mV of charge voltage.
0 = Adds OmV of charge voltage.
14 Charge Voltage, DACV 10 1= Adds 16384mV/ of charge voltage, 19200mV/ max.
15 Not used.
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Setting Charge Current

SY6915 has a 16-bit charge current register that sets
the battery charge current. SY6915 controls the
charge current by controlling the ISP-ISN voltage.
The SY6915 ignores the first 6 LSBs and uses the
next 7 bits to control the current DAC. The charge-
current range of the SY6915 is 128mA to 8.128A
(using a 10mQ current-sense resistor). All numbers
requesting charge current below 128mA or above
8.128A result in a current setting of OmA and
charging termination.

The default charge current setting at power on Reset
(POR) is OmA. To stop charging, set charge current
to 0. Upon initial power up, the charge voltage and

charge current registers are reset to 0 and the charger
is disabled. To start the charger, write valid numbers
to the charge voltage and charge current registers.
The charge current register uses the Write-word
protocol. The register code for charge current is 0x14
(0b00010100). Table 4 shows the mapping between
the charge current set point and the 16-bit number
written to the charge current register. The charge
current register can be read back to verify its contents.

The ILIM voltage also can limjt the battery charge
current. The limited charge~current is given by the
equation lche=ViLim/(20XRis) in Buck mode. The
lower of the current set by ILIM and DAC is selected
for internal charge current limit.

Table4. Charge Current (Register 0x14) (10mQ Sense Resistor)

Bit Bit Name Description
0 Not used.
1 Not used.
2 Not used.
3 Not used,
4 Not used.
5 Not.Used.
0,=“Adds OmA of charge current.
6 Charge Current, DACICHG 0 I=Adds 64mA of charge current.
0 = Adds OmA of charge current.
! Charge Current, DACICHG 1 1 = Adds 128mA of charge current.
0 = Adds OmA of charge current.
8 Charge Current, DACICHG 2 1 = Adds 256mA of charge current.
0 = Adds OmA of charge current.
9 Charge Current, DACICHG 3 1 = Adds 512mA of charge current.
0 = Adds OmA of charge current.
10 Charge Current, DAGICHG 4 1 = Adds 1024mA of charge current.
0 = Adds OmA of charge current.
1 Charge Current\DACICHG 5 1 = Adds 2048mA of charge current.
0 = Adds OmA of charge current.
12 Charge Cykels) DACICHG 6 1 = Adds 4096mA of charge current, 8128mA max.
13 Not used.
14 Not used.
15 Not used.
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Setting Input Current Limit

The total power from an adapter is the sum of the
power supplied to the system and the power into the
charger and battery. When the input current exceeds
the set input current limit, the SY6915 will decrease
the charge current to provide priority to system load
current. As the system load rises, the available charge
current drops linearly to zero. Thereafter, all input
current goes to system load and input current
increases.

The internal amplifier compares the differential
voltage between ACP and ACN to a scaled voltage
set by the input current register. The total input
current is the sum of the device supply current, the
charger input current, and the system load current.
The total input current can be estimated as follows:

Iineur = lsysem +|:(ICHG XVeartery )/(VlN ><77):|

where 1 is the efficiency of the DC/DC converter
(typically 85% to 95%). To set the input current limit
use the SMBus to write a 16-bit input current register
using the data format listed in Table 5. The input

current register uses the Write-Word protocol. The
register code for input current is 0x3F (0b00111111).
The input current register can be read back to verify
its contents.

The SY6915 ignores the first 6 LSBs and uses the
next 6 bits to control the input current DAC. The
input-current range of the SY6915 is from 128mA to
8.064A. All 16-bit numbers requesting input current
below 128mA or above 8/064A will terminate
charging. The default input“currént limit setting at
POR is 4.096A. When choosing the current-sense
resistor, carefully calculate jits power rating. Take
into account variation$~in the system’s load current
and the overall accuracy of the sense amplifier. Note
that the voltage drop_across this resistor contributes
additional power-_loss, which reduces efficiency.
System currents{normally fluctuate as portions of the
system are powered up or put to sleep. Without input
current regulation, the input source must be able to
deliver ‘the “maximum system current and the
maximum~charger-input current. By using the input
current fimit circuit, the output-current capability of
the AG.wall adapter can be lowered, reducing system
Ccost.

Table5. Input Current Limit (Register 0x3F) (10mQ Sense Resistor)

Bit Bit Name

Description

Not used.

Not used.

Not used.

Not used.

Not used.

Not used.

ool |~ jwWIN|FHL|O

Not used.

Input Current, DACIHN 0

0 = Adds OmA of input current.
1 = Adds 128mA of input current.

Input Current, DACIIN 1

0 = Adds OmA of input current.
1 = Adds 256mA of input current.

Input Current, DACIIN 2

0 = Adds OmA of input current.
1 = Adds 512mA of input current.

10 Input Current, DACIIN 3

0 = Adds OmA of input current.
1 = Adds 1024mA of input current.

11 Input Current, DACIIN 4

0 = Adds OmA of input current.
1 = Adds 2048mA of input current.

12 Input Current, DACIIN 5

0 = Adds OmA of input current.
1 = Adds 4096mA of input current, 8064mA max.
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Bit Bit Name Description
13 Not used.
14 Not used.
15 Not used.

SY6915 Data Byte Order

Each register in SY6915 contains 16-bits or 2, 8 bit
bytes. All data sent on the SMBus is in 8 bit bytes
and 2 bytes must be written or read from each
register in SY6915. The order in which these bytes

Writing to the Internal Registers

In order to set the charge current, charge voltage or
input current, valid 16-bit numbers must be written to
SY6915’s internal registers via the SMBuSs.

To write to a register in the SY6915, the master sends
a control byte with the R/W bit set to 0, indicating a
write. If it receives an Acknowledge from the
SY6915 it sends a register address byte setting the
register to be written (i.e. 0x14 for the charge current
register). The SY6915 will respond with an
Acknowledge. The master then sends the lower data
byte to be written into the desired register. The
SY6915 will respond with an Acknowledge. The
master then sends the higher data byte to be written
into the desired register. The SY6915 will respond
with an Acknowledge. The master then issues a Stop
condition, indicating to the SY6915 that the current
transaction is complete. Once this transaetion
completes the SY6915 will begin operating~at the
new current or voltage.

SY6915 does not support writing meresthan one
register per transaction.

are transmitted appears reversed from the way they
are normally written. The LO hyte is sent first and the
HI byte is sent second. For‘example, when writing
0x41A0, 0xAO0 is written first and 0x41 is sent second.

Reading from the Internal Registers

The SY6915 has the ability to read from 6 internal
registers. Prior<to~reading from an internal register,
the master{must first select the desired register by
writing te_it*and sending the register address byte.
This process begins by the master sending a control
byte with)the R/W bit set to 0, indicating a write.
Oncegjitireceives an Acknowledge from the SY6915 it
sends a register address byte representing the internal
register it wants to read. The SY6915 will respond
with an Acknowledge. The master must then respond
with a Stop condition. After the Stop condition the
master follows with a new Start condition, then sends
a new control byte with the SY6915 slave address
and the R/W bit set to 1, indicating a read. The
SY6915 will Acknowledge then send the lower byte
stored in that register. After receiving the byte, the
master Acknowledges by holding SDA low during
the 9th clock pulse. SY6915 then sends the higher
byte stored in the register. After the second byte
neither device holds SDA low (No Acknowledge).

SY6915 does not support reading more than one
register per transaction.
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Application Information

The following battery charger design refers to the
“Schematic Diagram” (see Figure 1.). This section
describes how to select the external components
including the inductor, input and output capacitors,
switching MOSFET.

Inductor Selection

The SY6915 has three selectable fixed switching
frequencies. Higher switching frequency allows the
use of smaller inductor and capacitor values. Inductor
saturation current should be higher than the charge
current

(Iche) plus half of the ripple current (Iripple):

SAT —

> | 1 I
CHG "‘EX Ripple

The inductor ripple current depends on input voltage
(ViN), duty cycle (D = Vour/ViN), switching
frequency (fsw) and inductance (L):

_VyxDx(1-D)
Ripple —
foy xL
The maximum inductor ripple current happens with
D = 0.5 or close to 0.5. For example, the battery
charge voltage range is from 9V to 12.6V for 3-cell

battery pack. For 20V adapter voltage, 10V battery.
voltage gives the maximum inductor ripple current.

Usually inductor ripple is designed in the rangeof
(20-40%) maximum charge current as a trade-off
between inductor size and efficiency for a practical
design.

Output Capacitor Selection

The output capacitor in parallel with the battery is
used for absorbing the high frequency switching
ripple current and smooth the output voltage. The
RMS value of the output gipple’ current lgms is
calculated as follow.

VIN

- 2><\/§>< Lx fa

Where the duty cyele~D is the ratio of the output
voltage (battery veltage) over the input voltage for
CCM mode which is typical operation for the battery
charger. During the battery charge period, battery
voltage varies from its initial battery voltage to the
rated voltage. Take 20V adapter voltage and 3 cell
battery for example, the duty cycle varies from 0.375
for the minimum battery voltage of 7.5V to 0.63 for
the maximum battery voltage of 12.6V. The

D' (1- D)

RMS

maximum RMS value of the output ripple current
occurs at the duty cycle of 0.5 and is expressed as
follow.

VIN

8x+/3x Lx fow

For Vin = 25V, 3 cell battery, L = 3.3uH, and
fsw=750 kHz, the maximum RMS current is 0.729A.
A typical 20uF ceramic capaditorsis a good choice to
absorb this current and also™has very small size.
Organic polymer capacitors~have high capacitance
with small size and have-a significant equivalent
series resistance (ESR). Although ESR adds to ripple
voltage, it also createsva high frequency zero that
helps the closed loop operation of Buck converter.

IRMS_MAX =

Input Capacitot Selection

The input capaeitor absorbs input ripple current from
the Buck.conwverter, which is given by below equation.

Y« \A/OUT x(Viy —Vour)

RMSy— | CHG
V
IN

This/RMS ripple current must be smaller than the
rated RMS current in the capacitor datasheet. Non-
tantalum chemistries (ceramic, aluminum, or OSCON)
are preferred due to their resistance to power-up
surge currents when the adapter is plugged into the
battery charger. For notebook battery charger
applications, it is recommended that ceramic
capacitors or polymer capacitors from Sanyo be used
due to their small size and reasonable cost.

Power MOSFET Selection

Two external NFETs are used for synchronous
switching charger. The gate drivers are internally
integrated into the sample with 5.5V of gate drive
voltage. 30V or higher voltage rating MOSFETSs are
preferred for 19-20V input voltage.

Figure of merit (FOM) is usually used for selecting
proper MOSFET based on a tradeoff between the
conduction loss and switching loss.

FOM =R X Q,

The lower the FOM value, the lower the total power
loss. Usually lower Ras(on) has higher cost with the
same package size.

The high side NFET loss includes conduction loss
and switching loss. It relates with duty cycle(D),
charge current (Ichg), MOSFET's on resistance
(Rdsom), input voltage (Vin), switching frequency
(fsw), turn on time (ton) and turn off time (toff):
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Parer =
2 1
Dxlge” % Rds(on) +§><V|N X oy x (&, +t, ) x g,

The first part represents conduction loss. Usually
MOSFET Rds(on) increases by 50% with 100<C
junction temperature rise. The second part represents
switching loss. The MOSFET turn on time and turn
off time are defined as:

_Quw ¢ _Quw
r ! tf -

Ir I f

where Qsw is the switching charge, Iris the turn on
gate driving current and Ifis the turn off gate driving
current. If Qsw is Not given in the datasheet, it can
be estimated by gate-to-drain charge (Qgd) and gate-
to-source charge (Qgs):

1
QSW :di +EXQgs

Gate driving current can be estimated by VDD
voltage (Vvop), MOSFET plateau voltage (Vplateau),
total turn-on

gate resistance (Ry_on) and turn-off gate resistance
(Ry_off) of the gate driver:

| = VVDD _VPIateau | = VPIateau
r— L
R Ry o

g_on 9_

t

The conduction loss of the low-side MOSFET is
calculated with the following equation when -it
operates in synchronous CCM mode.

2
Prer =@=D)x lgys” % Rds(on)
Layout Design

The rise and fall time of switching node LX-are.important
for switching loss. Proper layout can ‘minimize high
frequency current path loop. This s important to
prevent electrical and magnetic field radiation and
high frequency resonant problems: Below is list for
proper layout.

1. Place input capacitor as close as possible to
switching MOSFET’s supply-and ground connections
and use shortest copper.traee)connection. These parts
should be placed on.thé/same layer of PCB instead of
on different layers«and using vias to make this
connection.

2. The IC should be placed close to the switching
MOSFET’s gate terminals and keep the gate drive

signal traces short for a clean MOSFET drive. The IC
can be placed on the other side of the PCB of
switching MOSFETS.

3. Place inductor input terminal to switching
MOSFET’s output terminal as close as possible.
Minimize the copper area of this trace to lower
electrical and magnetic field radiation but make the
trace wide enough to carry the charge current. Do not
use multiple layers in parallel~for this connection.
Minimize parasitic capacitance.from this area to any
other trace or plane.

4. The charge current_sensing resistor should be
placed right next to<the inductor output. Route the
sense leads connected acfoss the sensing resistor back
to the IC in samelayer, close to each other (minimize
loop area) and do not route the sense leads through a
high-current path: Place decoupling capacitor on
these traces next’to the IC

5. Place putput capacitor next to the sensing resistor
output and-ground.

6. Qutput capacitor ground connections need to be
tied™to the same copper that connects to the input
¢apaeitor ground before connecting to system ground.

7. Use single ground connection to tie charger power
ground to charger analog ground. Just beneath the I1C
use analog ground copper pour but avoid power pins
to reduce inductive and capacitive noise coupling

8. Route analog ground separately from power
ground. Connect analog ground and connect power
ground separately. Connect analog ground and power
ground together using power pad as the single ground
connection point. Or using a 0Q resistor to tie analog
ground to power ground (power pad should tie to
analog ground in this case if possible).

9. Decoupling capacitors should be placed next to the
IC pins and make trace connection as short as
possible

10. It is critical that the exposed power pad on the
backside of the IC package be soldered to the PCB
ground. Ensure that there are sufficient thermal vias
directly under the IC, connecting to the ground plane
on the other layer.
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Recommended-PCB layout
(Reference only)
Notes: All dimension in millimeter and exclude mold flash & metal burr.
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Taping orientation
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Taping & Reel Specification
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2. Carrier Tape & Reel specification for packages
Reel
Size
\
Tape width Pocket Reel size Trailer Leader length Qty per
Package types (mm) pitch(mm) (Inch) length(mm) (mm) reel
QFN3.5x3.5 12 8 13" 400 400 3000
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 consequencgs, 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 cu§tomer’s third-party buyers. Customer will
fully indemnify Silergy, its subsidiaries, and their representatives against any famages arising out of the use of any Silergy
components in safety-critical applications. It is also buyers’ sole responsibilify,to Warrant and guarantee that any intellectual
property rights of a third party are not infringed upon when integrating Silergy-preducts into any application. Silergy assumes no
responsibility for any said applications or for any use of any circuitry other thanCircuitry 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 @ ‘implied, as to the accuracy or completeness of such
information and shall have no liability for the consequences of use«ef stch information. In no event shall Silergy be liable for
any indirect, incidental, punitive, special or consequential damages,/ncluding but not limited to lost profits, lost savings, business
interruption, costs related to the removal or replacement of anysproducts 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-anid 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 suppoft, 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 1o 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 fat http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual
agreement specifically agreed to inswfriting 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 ar{license. Nothing in this document may be interpreted or construed as an offer to sell products that is
open for acceptance-ofsthe grant, conveyance or implication of any license under any copyrights, patents or other industrial or
intellectual property Tights. 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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