Application Note: SY6981

High Efficiency, 1.2A

Two-cell Boost Li-lon Battery Charger

S/LERGY

General Description

SY6981 is a 3.6-5.5)\, 1.2A two-cell synchronous e
Boost Li-lon battery charger which integrates 1MHz o
switching frequency and full protection functio$e
charge current up to 1.2A can be programmed bygusin e
the external resistor for different portable apguticns

and indicates the charger current information e
simultaneously. It also has a programmable charge
timeout for safety battery charge operation and ae
programmable input voltage threshold for adaptive e
input current limit. SY6981 can disconnect output e
when there is an output short circuit or shutdoWn. e
consists of 18V rating FETs with extremely low on
resistance to achieve high charge efficiency ampla
peripheral circuit design.

SY6981 along with small QFN3x3 footprint provides
small PCB area application.

Ordering Information

SY6981 (O O)O
Temperature Code
Package Code
Optional Spec Code

Features

Low Profile QFN3x3 Package

Integrated Synchronous Boost with 18V Rating
Low Rpson FETSs for High Charge Efficiency
Trickle Current / Constant Current / Constant
Voltage Charge Mode ({
Programmable Input Voltage Thres)‘%fo
Adaptive Current Limit.

Maximum 1.2A Constant Charge rent
Charge Current Information Indication.
Programmable Charge Ti t
Programmable Constant ge Current

Selectable Constant
+0.5% Battery Vo
Thermal Regulati

tage

Accuracy
rotection
Function

Out hort Circuit Protection
C e Status Indication

rmal Synchronous Boost Operation When the

tery is Removed

Applications

Cellular Telephones, PDA, MP3 Players, MP4
Players

Ordering Number Package type Note’ e Digital Camera_s |
SY6981QDC QFN3x3-16 e Bluetooth Applications
e PSP Game Players, NDS Game Players
Q e Notebook
Typical Applications
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Figurel. Schematic Diagram
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Pinout (top view)

STAT CV2 TIM NTC CVv1l VSEN

SVIN 16 | | 7 EN

PGND 15 | | 8 SGND

X 14 o9 ICHG &

_________________ & pmmmmmee
BD | B4 t__10____|e®D
BAT 12 P 11 BST
I

”””””””””””””””””””””””” (b&

(QFN3x3-19

Top Mark:cRxyz, (Device code: cRx=year code, y=week cdde, z= ot number code)

re

Name Pin Number De@iﬁ;on
STAT 1 Charge status indication pin. It is open-drain atifgin and pulled high to SVIthrough
a LED to indicate the charge in pr s. When hizege is done, the LED will be off.
Battery CV voltage selection pi gram 4 différ€V thresholds by setting different
CVv2 2 voltage on this pin and pin5. ng or groundihig pin in the application. CV2 pin
can't be pulled high to any ! voltage highentBa3V.
Charge time limit pin. €orneéct this pin with a ceipar to ground. Internal current sour
TIM 3 charge the capa C mode and CC mode’sgehtaime limit. TC charge time limit
is about 1/9 of chh\&ge time.
Thermal protec@n UTP threshold is typica?@ 6f Vsyy and OTP threshold is
NTC 4 typical 30.5% vin- Pull up to SVIN can disable charge logic and midleelC operate
as a nor st regulator. Pull down to groundstaut down the IC.
cVi 5 Battery Mltage selection pin. Program 4 difféar€V thresholds by setting different
voltage on this pin and pin2. The detailed infoliorais shown in description section.
VSEN 6 ,\4&% sense of SVIN. If the voltage drops toling 1.195V reference voltage, the
ill be clamped to setting value and inputremt will be limited.
EN 7 l.Enable control pin. High logic for enable and low logic for enable off.
SGND 8 Signal ground pin.
Charge current program pin. Pull down to GND witlesistor Ry, The mirror current
ICHG 4) about 1/10000 of the blocking FET current will dumio the external RC network
% through ICHG pin and compared to the internal remee 1V.
& S0 kc= (1V/ Rche) X10000, o= (1V/ Rcye)*1000+0.02.
BD’ Connect it to the drain of internal blocking FETypBss at least a 4.7uF ceramic cap t
HQ 10, 13 GND.
BS’T) 11 Boost-strap pin. Supply rectified FET’s gate driidecouple this pin to LX with a 0.1
ceramic cap.
BAT 12 Battery positive pin.
LX 14 Switch node pin. Connect it to the extermaluctor.
PGND 15 Power ground pin.
Analog power input pin. Connect a MLCC from this pd ground to decouple high
SVIN 16 harmonic noise. This pin has OVP and UVLO functiomake the charger operate

within safe input voltage range.
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Absolute Maximum Ratings ote1)

STAT, NTC, CV1, VSEN, EN, ICHG, BD, BAT, LX, SVIN 18V
CV2, TIM, BST-LX Ay
LX Pin Continuous Current 5A
Power Dissipation, @ T, = 25°C, QFN3x3 2.6W
Package Thermal Resistance (Note2)
0.1a 38°C/W
eJC

e
-40° 125°C

Junction Temperature Range

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

Recommended Operating Condition$votes)
SVIN

%260%:
é%,c to 125°C
S

3.6V to 5.5V

STAT, NTC, CV1, VSEN, EN, ICHG, BD, BAT, LX,

-0.3Vto 16V

Cv2, TIM, BST-LX

-0.3V to 3.3V

LX Pin Continuous Current

Junction Temperature Range

5A
-40°C to 125°C

Ambient Temperature Range

-40°C to 85°C
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Electrical Characteristics
Ta=25°C, V=5V, GND=0V, Gy=4.7uF, L=0.68uH, Ruc=10kQ, Cry=470nF, unless otherwise specified.

Parameter | Symbol | Conditions | Min| Typ | Max | Unit
Bias Supply (Vsvin)
Supply Voltage Yvin 3.6 16 \
Vsyin rising and
Vsvin Under Voltage Lockout Voo measured from My to 36 Vv
Threshold
GND
Vsvin Under Voltage Lockout Measured from Wy
Hysteresis AVuvio to GND 100 mv
Vsyin rising and
Input Over Voltage Protection Np measured from ¥,yto | 5.8 & \Y
GND
Input Over Voltage Protection AV Measured from Wy Vv
Hysteresis ovp to GND
Quiescent Current
. Shut down IC,
Battery Discharge Current sAT EN=NTC=0 ‘bd 10 HA
. Disable charge,
Input Quiescent Current il EN=1,NTC=0 @ﬁ‘ 1.5 mA
Oscillator and PWM
Switching Frequency s 1000 kHz
Main N-FET Minimum Off Time | tuw_orr With IQ{ ing 100 ns
Main N-FET Maximum Off Time | twax_orr Wj@v rating 30 us
Main N-FET Minimum On Time | win_on . h 18V rating 100 ns
Power MOSFET
Ros(ony Of Main N-FET R,FEH 100 nQ
Roson) Of Rectified N-FET @_R 50 n
RDS(ON) of BIOCking N-FET @ FRIFET_B 50 n
Voltage Regulation
( Vevi>l 3V, Vevls | g 159| g2 | 8.241
floating
Battery Charge )%tage M ReG ]}I/g;%;]%AV, Vevz is 8358| 84 | 8442 Y
Vevi>1.5V, Veoyo<0.4V | 8.656| 8.7 | 8.743
Vevi<0.4V, Veoyo<0.4V | 8.756| 8.8 | 8.844
Higb‘l\e’\;éljl_ogic for CV1 e n 15
Low_Level Logic for CV1,CV2 Vv L 0.4
Recharge Threshold
Refer to \bat_rec AVren 100 200 300 mv
Trickle Current Charge Mode .
Battery Voltage Threshold V1rk Rising edge threshold 5.4 5.6 5.8 \Y
AN_SY6981 Rev. 0.9 Silergy Corp. Confidential- Prepared for Custortdee Only 4
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Battery Connect Detection
NTC Voltage Threshold for o o
Battery Detect Voer NTC Falling Edge 85% 95% | Vsvn
Detect Delay Time okt 30 ms
Charge Current
Internal Charge Current Accuragy _ i o
for Constant Current Mode oc=1000mA 10 10 &
Internal Charge Current Accuragy _ )
for Trickle Current Mode Irc=120mA 50 50 y
Termination Current lTERM lcc=1000mA 50 100 ]69] mA
Output Voltage OVP
Output Voltage OVP Threshold | Ve | | 105%]| 110%6$%| VBAT REG
Input Voltage Threshold for Adaptive Current Limit
Voltage Reference of VSEN M | | 1174 1.395] 122 | V
Timer
Trickle Current Charge Timeout | 1t G =330NF 4] o5 0.65| hour
Constant Current Charge Timeolittcc M= 45 5.82| hour
Charge Mode Change Delay Timéyc ,-3 30 ms
Termination Delay Time TERM 30 ms
Recharge Time Delay rdHG 30 ms
Short Circuit Protection
Output Short Protection ThresholdV spiors | | 1.70 | 2.00] 230] V
Linear Charger Mode
Battery Charger Current When th o 0
Blocking FET is in Linear Mode Tsc VBAT#@ORT 4% 10% be
BD Voltage Regulation b Verort <Vear< V1rk 5.8 6 6.2 \Y
Enable ON/OFF Control
High Level Logic for Enable 4
Control Ven L5 v
Low Level Logic for Enable
Control Ven gy 0.4 v
Battery Thermal Protection NTC
Under Temperature Protection . NNute 75% 76% 7%
Under Temperature Protection .
HySteI’eSiS P VNTC_UTP_HYS Fa”lng edge 6%

Vsvin
Over Temperature I&atéction N oTp 29.5% | 30.5% | 31.5%
Over Temperat otection .
Hysteresisp @ Vrc_ote_nyvs | Rising edge 2%
Thermal Eold-back and Thermal Shutdown
Thgr‘h@?’old-back Threshold Fdld Rising edge 120 °C
T al Fold-back Threshold o
Hysteresis Trold_Hvs 20 C
Thermal Fold-back Ratio 0.25 ccl
Thermal Shutdown Temperature| spl Rising edge 160 °C
Thermal Shutdown Temperature o
Hysteresis Tso_nvs 30 C

Note 1 Stresses beyond the “Absolute Maximum Ratingsy weuse permanent damage to the device. These are
stress ratings only. Functional operation of thei@eat these or any other conditions beyond tldieated in the
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operational sections of the specification is noplied. Exposure to absolute maximum rating condgidor
extended periods may affect device reliability.

Note 2 0,5 is measured in the natural convection at=T25°C on a low effective four-layer thermal contivity
test board of JEDEC 51-3 thermal measurement stdnda

Note 3 The device is not guaranteed to function outsiglejterating conditions.
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Typical Performance Characteristics
(Ta=25°C, Vin=5V, Rche=10kQ, unless otherwise specifigd.

Efficiency vs. Bat Voltage (CC Mode)

Efficiency vs. Charge Current (CV Mode)
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Power ON (CC Mode)

STAT 5V/div

BAT 5V/div

2A/div

5V/div

Time (400ms/div)

Power ON (CV Mode)

5V/div

5V/div

Time (400ms/div)

Adaptive Input Current Lim(’ 0

(5V/1A Adapter)
Vin 2V/div
lo 0.5A/div
[
I 1A/div
B LX 5V/div
d

2

Time (1ps/div)

Power OFF (CC Mode)

STAT 5V/div.

BAT

5V/div

LX 5V/div :

O 7
Time (2ms/div)&

Power Oi@’ Mode)
E S ———

o

STAT 5V/div

5V/div

5V/div

Time (4ms/div)

Boost Mode (Null load)

STAT  2V/div

BAT 5V/div

Time (20ps/div)
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General Function Description loop and voltage loop are active both.

SY6981 is a 3.6-5.5), 1.2A two-cell synchronous
Boost Li-lon battery charger which integrates 1MHz
switching frequency and full protection functions.

Basic Protection Principle
SY6981 has fully battery charging protection. When
the input over voltage protection, the output over
Th.e charge current up to.1.2A can b.e programmed by voltage protection, the thermal protection or the
using the externall regstor for different portable timeout protection happens, the Boost charger will
applications and indicates the charger current stop switching immediately. When the,) is lower
“{E
h

information S|multaneogsly. It also has a than Vsport, the short circuit protection will*happen.
programmable charge timeout for safety battery The main FET will be turned off firstly: lock
charge operation and a programmable input voltage

A - FET will enter linear mode with 1/1
threshold for adaptive input current limit. SY6981 o ! w

di h h . h current. When ¥, returns to be hig
can disconnect output when there is an output short . 5o charger will restart to
circuit or shutdown. It consists of 18V rating FETs ﬁ

at light doa
charge current
rns to be higher

ith Y ! hi high and regulate M, at 6V. Th
with extremely low on resistance to achieve hig will keep 1/10 & When \4

charge efficiency and simple peripheral circuitiges than Visk, the Boost SWi@Dg charger will take over.
Charging Status Indication Description Adaptive Input Curr@mit Principle
e input DC source from over

1. Charge-in-process — Pull and keep STAT pin  SY6981 can DfOtfﬁd
: loop control. The high charging

low; load by the sp
2. Charge Done — Pull and keep STAT pin high; current will g% a voltage drop at SVIN when the
3. Fault Mode — Output high and low voltage input is over load. When VSEN drops
alternatively at the frequency of 1.3Hz. Connect below@ ternal 1.195V reference, SY6981 will

a LED from SVIN to STAT pin, LED on means ease'the duty cycle to reduce the chargingourr
charge-in-process, LED off means charge done,

LED flashing at 1.3Hz means fault mode. % stant Voltage Threshold Program Principle

Fault Mode includes Input OVP, BAT OVP, 6981 can program the constant voltage threshold
BAT Short Circuit, NTC(UTP/OTP), Therm thru the CV1 and CV2. When gV, is higher than
Shutdown and Charge Timeout. 1.5V and CV2 is floating, the constant voltage

threshold is 8.2V; when M) is lower than 0.4V and
CV2 is floating, the constant voltage threshold is
Switching Mode Boost Charg asic f‘H”'V?SVZ\e/“ :ﬁw is higth t{‘a” I%-5V ?ﬂd é(ﬁ ilsd'O_W38r v
an 0.4V, the constant voltage threshold is 8.7V;
Operation Description when Vzy; and &y, are lower than 0.4V both, the
Switching Mode Control Strate constant voltage threshold is 8.8V.
SY6981 is a switching mode_Boost charger for the
applications with USB pow! ut. The 1MHz fixed . . .
frequency is easy for ize minimization of Appllcatlons Information

peripheral circuit desi

Because of the high integration of SY6981, the
Operation Principle application circuit based on this regulator ICather
SY6981 can ally work with or without Li-lon simple. Only input capacitor (& output capacitor
battery. Cout, inductor L, NTC resistors R1, R2, input

voltage threshold resistorsyR Roown and timer
Battg%ent capacitor @v need to be selected for the target
W@N battery is present, SY6981 will work on applications specifications.
|

tr current charge, constant current charge and
constant voltage charge mode according to the NTC Resistor

battery voltage. SY6981 monitors battery temperature by measuring
the input voltage and NTC voltage. The controller
Battery Absent will trigger the UTP or OTP when the rate K (K=

If there’s no battery connection detected through  Vnrc/Vsvin) reaches the threshold of UTP ufik or
NTC pin, SY6981 will operate as a normal switching OTP (Kor). The temperature sensing network is
mode Boost converter. The internal constant current  showed as below.
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Choose R1 and R2 to program the proper UTP and
OTP points.

SVIN

SY6981 R1

NTC

RNTC

The calculation steps are:

1. Define Kur, Kur =75~77%

2. Define Kor, Kor=29.5~31.5%

3. Assume the resistance of the battery NTC
thermistor is Rr at UTP threshold and dr at
OTP threshold.

4. Calculate R2,
R2:KOT(l-KUT)RUT-KUT(l-KOT)ROT

Kur-Kor

5. Calculate R1
R1=(1/Kor-1)(R2+R |

If choose the typical values u&76% and

Kor=30.5%, then
R2=0.16Rt -1.16Br
R1=2.3(R2+Rr

Input Voltage Threshold for Adaptive Current
Limit 4
SY6981 will monitor input voltage by measuring the
VSEN voltage, when VSEN drops below, nternal
1.195V reference, SY6981 will
cycle to reduce the charging curr

decr the duty
eit_ &
The input voltage sense netw shows below,

on

choose 8p, Roown to set the input voltage threshold
VinT: &
SVIN ‘ )
SY6981 Rup

_ VsenX (R downt+ R u;)
Rdown

VinT unit: V

Vsenis 1.195V.

«C

e

Timer Capacitor Cmm

The charger also provides a programmable charge
timer. The charge time is programmed by the
capacitor connected between the TIM pin and GND.
The capacitance is given by the formula:
Crm=2x10"1Sx T unit; F

Tccis the target constant charge timenit: s.

Input Capacitor Cin

The ripple current through input capaci (r%geeat
than
Vinx(VourV N Q

RM

Zx/éx Lx FswXx Vour &
X5R or X7R ceramic cap t@ with greater than
4.7uF capacitance are rec ended to handle this
ripple current. 6
Output Capacitor Ca’&@

The output capa@&u is selected to handle theututp
ripple noise rements. This ripple voltage is

lc,

related to acitance and its equivalent serie
resist R). For the best performance, it is
recommeénded to use X5R or a better grade low ESR
ce ic ‘capacitor. The voltage rating of the output

tor should be higher than the maximum output
age. The minimum required capacitance can be
alculated as:
leeX(Vour=V iy
Fswx VourXV rippLE

VriprLEis the peak to peak output rippleclis the
setting charge current.

For SY6981, output capacitor is paralleled by, C
and Gar, for smaller output ripple noise, each
capacitor with greater than 10uF capacitance is
recommended.

Co

ut =

Inductor L

There are several considerations in choosing this

inductor.

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

( Vin )2 (Vour =V i)

L

Vour ) lcexFswx40%

Where kyy is the switching frequency anglis

the setting charge current.

The SY6981 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.

AN_SY6981 Rev. 0.9
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3)
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The saturation current rating of the inductor must
be selected to be greater than the peak inductor
current under full load conditions.

[VOUT) [ VN ) (Vour=Vn

Isatmin > Xlcc+ X

VN Vour )] 2xFswxL

The DCR of the inductor and the core loss at the
switching frequency must be low enough to

achieve the desired efficiency requirement. It is
desirable to choose an inductor with

DCR<10mohm to achieve a good overall

efficiency.

Layout Design
The layout design of SY6981 regulator is relatively

simple. For the best efficiency and to minimizeseoi

problems, we should place the following components
close to the IC: G, L, Gsp.

1)

2)

3)
4)

5)

The loop of main MOSFET, rectifier diode, and
Cgp must be as short as possible

It is desirable to maximize the PCB copper area

connected to GND pin to achieve the best
thermal and noise performance.

Csvin must be close to pin SVIN and Qﬂ@
The PCB copper area associate X pin
must be minimized to avoid th tial noise
problem. g

IC

The small signal compone Rue and
Rpoown Must be placed m the IC and must
not be adjacent to the on the PCB layout
to avoid the noise p

[ Top Layer

Bottom Layer

Drill

Figure2. PCB Layout Suggestion

AN_SY6981 Rev. 0.9
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QFN3x3-16 Package Outline Drawing

%\\ Bottom View

Notes:

_| 2.90-310 ————~
;% J:D.SC—C 50 “
] L—D—[I—[I—[I—D—Dl|
| o0s ] S
<7
Top View \Q Side View
o (P
_E%_..S_l[D]T \,K 0,400 =—=] 0,450 j=— —| 0251
—| 0.45 |=— ‘ 014026 —| |—| posc-ose ¥ D D D D D D
* L| U I‘J L| |J U rn.;a—n.PS _L | S
| : 1 o
el | i ° ;T| | -
E T_ ) :l’ ru.ees (Tyn.) - T
: e Tl | |
| S
| i—j: [ — [ 020-0.40 T _"j HJ:L_ %
T _' 7; ! 1.680 ! ! L1 ! z
—| 087-107 — 1.38-158 I 3

Recommentl®CB layout
(Reference only)

All dimension in millimeter and exclude mad flash & metal burr.
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Taping & Reel Specification
1. Taping orientation
QFN3x3
—1,65/1,85 %———3.&-‘4.1—-—| s
O ™ AT ' ™ ™
o & & O C ,

[—_————11.7/12

3.75/3 45— f——=

3.25/345—

2. Carrier Tape & Reel specification for p

Feeding direction —— &Q}é

Eb‘a\k%es

0,881,254

: Tape width Pocket Reel size Trailer Leader length Qty per
P@ek&}type (mm) pitch(mm) (Inch) length(mm) (mm) reel
QFN3x3 12 8 13" 400 400 5000
3. Others: NA
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