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Typical Application Circuits
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Figurel. Typical Application Schematic with CHY-100 Compatible Interface IC
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Figure 2. Typical Application Schematic Using Ext. Resistor Network
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PIN Configuration
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PIN Description

TQFN Name Description
PIN NO.

1 \VCC USB 2 AC &RCAsHIA . 24 VCC FAER, AABAMAJEE KT T/, f4H 10uF Q& RAE
# VCC 5 PGND.

2 REGN 5V HLRHH, —A 4.7uF P& AR S5 Eth.

3 BT _EN [BOOST MODEﬁ EEI, EHAE A,

4 ISET PRFE B E, B EVSNSEVBAT Z A R A U fil 7t i & .
Lo: 18mV / FLT: 22.5mV / Hi: 27mV

b I0ST FHEER A E . $EVBAT5VSNSZ AR LAgas i T 1E 7R s
Lo: 50mV / FLT: 75mV / Hi: 100mV

16 BVST 5 H R
Lo: 4.30V / FLT: 4.20V / Hi: 4.35V

7 STAT KA F87R(Open drain)
Hi-Z Low Blinking
70 L 5E BCEARR AL |70 H S

I8,9 NC ToiEdz.

10, 11 VOST1-2 [ ESRET I 1,2, (VOTSTLVOST2 REIT)
FLT/FLT LO/FLT LO/LO FLT/LO
5V OUT 9V OUT 12V OUT Ext. Resistor

12 AGND FEF .

13 BT_FB  [farth s R S Bt AR
VOST1=FLT, VOST2=LO, f# s BOOST H %,

14 NDRV IXZh oM N V838 MOSFET AT R AR AR Y . JHEJE 3 NDRV Jymm H-F, VOUT RIS
TR BEE AT A ZE RS, NDRV #AK . FEHLE, NDRV 48K -F .

15 TS P Y IR P SR e I, SR B R IR P Y T AR I 1 (TS), WA B i, ] DLIERE S DT
WTSIhAEE. HEFEIERILOK TS (B-Constant=3950K).

16 VBAT E&J«[{fu)\ 55 7 e U Y 0 o LB B A LI 1 1E 4 7 1 ] 22uF R ESRAIES LM ¥ F 25 55 12K

I§:

17 VSNS 7o B IS BRI FOR RN . 3B RSNS HHLBHAG T 78 Jii H LA

18 PGND Ui, N K MOSFET K20

19 LD ik %% MOSFET 3%

20 LX AN O HUB R IE R 1, i MOSFET SRz

21 BS Bootstrap 5l fifa N, i 22-47nF FERAER: LX 5 BS. * &4 —/> 1N4148 i1 REGN
25 BS pin fLAEIN#E BS A .

22 HD 3 MOSFET IKzh# .

23 VOUT Byt . @I ESR F ESL M A S BRI, HEY 44uF~470uF W] LARRIE

24 VCTR Eféi)ﬁ%%W@iEMOSFET%h&@ FLI . BRGNS, VCTRAMGHF, HIEREERE, VCTRN

.
25 EP JREBIEAL . EHE] PCB [k,
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Order Information
Order Number | Package Type QTY/Reel Green Status Operation temp range
VAS52891J24E QFN24 2500 RoHS -40 °C to 85°C

vasseso 100 OO O

Lead Free Code

E: Lead Free

Pin Code
24: 24pins

Package Type
J: QFN

Temperature Code
I: Industrial, -40°C to +85°C

Absolute Maximum Ratings

Parameters Maximum Ratings
VCC, VCTR, VOUT, STAT -0.3V to 20V
LX -2V to 15V
REGN, VBAT, BT _EN, NDRV, VSNS
ISET, BVST, IOST, TS, LD 03V TV
VOSTI, VOST2 -0.3Vto 15V
HD, BS -0.3V to 20V
GND, PGND -0.3V to +0.3V
Junction temperature range -40°C to +150°C
Storage temperature range -65°C to +150°C
Lead Temperature 260°C
Maximum Power Dissipation 2W
ESD (HBM) 2000V

VAS5289, ver0.2 5
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Electrical Characteristics

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
OPERATING CONDITIONS
VCC input voltage
Vvee op operating range 4.5 15 V
during charging.
QUIESCENT CURRENT
I Adapter supply VCC=5V 1.5 2 mA
N current ’
Battery discharge Vear=4.2V, standby
Tt current mode 40 60 HA
CHARGE VOLTAGE REGULATION
BAT regulation
VBAT REG voltage Measured on BAT 4.2 A\
Charge voltage TJ = -20°C to 85°C 1% 1%
regulation accuracy
Reeulati 1t BVST=FLT, 4.20 A%
egulation voltage _
VBATiA[)J Adjustment BVST LO 4.30 \Y%
BVST=Hi 4.35 \%
CURRENT REGULATION
Icng Fast charge current ﬁgﬁg?ﬁr;%ble 2.7 A
Charge current TJ = -20°C to 85°C ~10% 10%
regulation accuracy
ch c ¢ Full ISET=FLT, RSNS=10mQ 22.5 mV
arge Current Fu — —
Vvsns-veat Scale Sense Voltage ISET=Lo, RSNS=10m& 18 mV
ISET=Hi, RSNS=10mQ 27 mV
Output “fast charge” | Vg AT REG > Vpar > Vysxsveat / RSNS A
formula LOWYV>
%quick_cHe CQlll;;(él;_tCharge VCC>7.5V 150 Yorcuag-cc
Input voltage drop
VCC pewmi to reduce charge (\)/r?\(;C<C7.5V, Measured 4.60 A%
current
Input voltage drop
VCC ppmi to reduce charge xgg > 7.5V Measured on 8.30 Vv
current
CURRENT REGULATION -PRE- CHARGE
YoPRECHG Ig‘r;:llllta;gteﬁflugrrent, Viar < Viowv 10 YorcHe-cc
CHARGE TERMINATION
Termination
%TERM threshold current, VBAT > VRECHG 5 10 15 %ICHG-CC
default setting
Deglitch time
tTERM DEG termination (both ?]BAT > Vrecng and Ieng < 100 ms
edges) TERM
BAT LOWY COMPARATOR
Precharge to fast
Viowv charge transition Measured on BAT 2.90 2.95 3.00 A%
threshold
RECHARGE COMPARATOR
VRECHG Recharge threshold, Measured on BAT 75 100 150 mV
VBAT REG'VBAT
VAS5289, ver0.2 6
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PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
BAT OVER-VOLTAGE COMPARATOR
v Battery over-voltage | As percentage of 110 o
BOV_RISE rising threshold VBAT REG 0
e Battery over-voltage | As percentage of 105 o
BOV_FALL falling threshold VBAT REG 0
BAT SHORT COMPARATOR
Batt hort ..
VBSHORTﬁRISE h;stzzs?s 0 VBAT rising 24 2.5 Vv
Batt hort .
VBSHORT FALL th?e:glil or Vgar falling 2.0 2.2 Vv
Battery short
Iosiorr | weakly pull high | /AT VBsHorr measure 10 15 20 mA
current BAT
INPUT OVER-VOLTAGE COMPARATOR (ACOYV)
AC over-voltage
Vacov rising threshold to VCC rising 16.0 16.8 17.4 A\
disable charge
AC -volt .
VACOVﬁHYS falllggeﬁ‘y\;?CI'ZfleS VCC falhng 500 mV
INPUT UNDER-VOLTAGE LOCK-OUT COMPARATOR (UVLO)
Vuvio AC under-voltage Measure on VCC 4.0 \Y%
rising
AC under-voltage
VuvLo-HsY hysteresis Measure on VCC 300 mV
SLEEP COMPARATOR(REVERSE DISCHARGING PROTECTION)
SLEEP mode :
VSLEEP threshold VCC - VBAT falllng 100 mV
SLEEP mod ..
VSLEEPiHYS hysteresiso ¢ VCC - VBAT rising 200 mV
VBT_EN output
Varex 1o | ow voltage | YCC < Veart Vs 0.1 v
VBT_EN output VOuT
VBT BN HI high ;oltagz pu VCC > Vgart+Vsieer ays 01 v
THERMISTOR COMPARATOR
It TS bias current 72 80 88 LA
Cold temperature
Vitr E/h(fli:}églg’sglsg pm Charger suspends charge 3.0 v
threshold
Cold temperature
VLtE Bys }\}glstt aegzst{:il;fnsgpln Charger recovery charge 2.6 \Y
threshold
Hot temperature TS
Vurr pin voltage falling Charger suspends charge 300 mV
threshold
Hot temperature
hysteresis, TS pi
Vurr nys vgftae;f:s;féing pm Charger recovery charge 400 mV
threshold
VAS5289, ver0.2 7
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PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
Boost mode, hot
t ture TS pi
Vit nrr :(ﬁ}[g Zreafglrﬁng PIM 1 Booster suspends output 200 mV
threshold
Boost mode, hot
temperature
VBT HTF HYS hysteresis, TS pin Booster recovery output 300 mV
voltage rising
threshold
Disable TS pi

Vs DISABLE thlrsez;h(fld pin Vi1s < Vrs pisaBLE 30 50 70 mV
REGN REGULATOR

VREGN REG VR(ﬁggeregulator Veee > 7V 5.2 5.4 5.6 %

IREGNiLIM REGN current limit VREGN =0 V, VVCC >T7V 100 mA
INTERNAL PWM
Fsw cng | DWMSwitching | yroocure at LX 900 1000 1100 KHz
- Frequency
SAFETY TIMER
TrrE-cHARGE Pre-charge timer 4822 5400 6048 Sec
Traper-cHarGe | Taper-charge timer 4822 5400 6048 Sec
DC/DC STAGE
Vi Input voltage range | Vpar input voltage 2.8 5.5 A%
Vour siokr gl‘rléfs’ﬁglsé“’“ Vour falling, Boost off 3.8 v
Battery low voltage | VBAT voltage
Vearovio | jockout decreasing, Boost off 275 2.8 2.85 v
fsw Oscillator frequency 550 600 650 kHz
IstpRY Standby current VBAT =4.2 V, Boost off 40 60 HA
QC 2.0 Mode
V\/OSTl/VVOSTQZFLT/FLT
Measure at Vour >-10 v
Vvosri/Vvost2= Lo/FLT,
Vour Output voltage Measure at Vour 9.0 \"
Vvosri/Vvost2= Lo/Lo,
Measure at Vour 12.0 v
Output regulation | 1y _ »goc 1 85°C 2% 2%
accuracy
Output overvoltage ..

Vsvour vo threl;hol J g Vourrising, NDRV off 6.0 \V4
VSVOUTfVOfHYS g?;gﬁg&vervouage VOUT falling, NDRYV on 5.82 A\
¢ Output overvoltage Vour >Vour vo ) ms

SVOUTOV.DEG | deglitch to NDRV off
Output under-volt .

Vivour v | gredold e | Vour falling, NDRV off 4.25 \%
Output under-voltage .

Vovour v | rerhold 8¢ | Vour falling, back to 5V 7.8 \Y%

Vivourpy | bt undervolage |y falling, back to 5V 10.5 v

¢ Output under-voltage | Vour <Vour uv 4 ms

VOUT UV DEG | deglitch to NDRV off

VASS5289, ver0.2 8
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PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
IOST=FLT
’ 75 mV
Battery output RSNS=10mQ
VvBAT-vsNsI current limit sense I0ST=Lo, RSNS=10m®Q 50 mv
voltage @ Vga1=3V
10ST=Hi, RSNS=10m< 100 mV
Battery output
“current limit” 4.20V> VBI}T g Vveat-vsnst / RSNS A
formula VyBat uvLo;
External Resistor Feedback Mode (Vyosti1/Vvost2= FLT/Lo)
Output volt
Vour rBrEG ra;llgpn: votage Vvosti/Vyost2= FLT/Lo 4.5 13 \%
Vvosti/Vvost2= FLT/Lo,
A Feedback voltage Measure at BT FB 1.245 1.265 1.285 \Y%
Output
Vvour uv under-voltage Vour falling, NDRV off 425 \%
threshold
Output
Vour <V,
tVOUTfUVfDEG unde:r-voltage tOOI[\JI]b R\? [éTffIJV 4 ms
deglitch
IOST=FLT
’ 87.5 mV
Battery output RSNS=10mQ
VVBAT-vsNs2 current limit sense I0ST=Lo, RSNS=10mQ 75 mV
voltage @ Vga1=3V
I0ST=Hi, RSNS=10mQ 100 mV
Battery output
“current limit” 4\1/'20\/ ~ VB’.\T ~ Vvaart-vsns2 / RSNS A
formula VBAT_UVLO;
CONTROL STAGE
NDRYV output low
VxDrv_oL voltage 0.1 \Y%
v NDRY output high vVOouT v
NDRV_HI voltage -0.1
BT _EN logic low
Vi threshold 04 v
BT _EN logic high
Vi threshold 14 v
BT EN logic low
tBT_EN DEG deglitch time 15 >0 mS
VOST1,2 Floating
Vostia rr Output Voltage 0.8 v
VOST1,2 logic low
Vostia threshold 0.4 v
VOST1,2 logic low
Vostiz m threshold 14 v

VAS5289, ver0.2
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VOST1,2 Control (0: floating, 1: pull down)

1.  VOSTI & VOST2 set boost converter as a typical 5V output or enter QC2.0 class-A mode which can fully
compatible with V1, V2 logic state of CHY-100 charger interface IC.

2. Fora QC2.0 design, VAS5289 uses internal divider and skips external feedback network to simplify the design
and BOM.

3. During QC2.0 9V/12V operation, any overload condition happened will exit the QC mode and boost converter
automatically return to 5V output mode, regardless of continuing QC instruction from interface IC. Disconnect
load to restart a new D+/D- handshaking or do BT _EN toggle to reboot boost converter to back to QC out
mode.

4.  For considering traditional ext. feedback network regulation or supporting other interface IC control, keep
VOST!1 floating and pull down VOST2 to enable BT EN pin function for a feedback input with a 1.265V
voltage.

5. To avoid an accidental large peak current, an internal cycle-by-cycle current limit is adopted. The low-side
switch is turned off immediately as soon as the switch current touches the limit. The peak switch current limit
also help to control total input power of Boost DC/DC converter, can be set by Rsns resistor and status of
IOST pin. The relationship between the power limit ratio verses IOST and “OUTPUT MODE” are shown as
below table, see “EC table” for detail threshold of current limit.

Power Limit Ratio
VOSTL VOST2 MODE IOST=Lo | IOST=FLT | IOST=FLT
0 0 5V 0.75 1.00 1.25
0 1 Ext. Resistor Feedback 0.75 1.00 1.25
1 0 9V (QC2.0) 1 1.125 1.25
1 1 12V(QC2.0) 1 1.125 1.25

BT _EN Control

1.

BT EN is the enable logic input. Logic high level enables the device. Logic low level disables the device and
turns it into shutdown mode.

The logic low at BT _EN can reset VOST1 and VOST2 state and immediately stop step-up switching and
NDRYV goes low to disconnect load.

VASS5289, ver0.2 10
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Application Information
€  Charge Management
1. Typical Operation Theory

The charger of VAS5289 is optimized for charging 1-cell Li-ion or Li-polymer batteries. It charges a battery with
constant current (CC) and constant voltage (CV) profile. In CV mode, if charge current reaches 1/10 constant
current threshold, STAT goes Hi-Z to indicate charge full. The typical charge profile is illustrated as below.

Precharge Fastcharge Constant o
Current Current Voltage Termination
Regulation Regulation Regulation
Phase Phase Phase
Regulation Voltagge——4—m7m7m8m —————— - ————————— ——— ——— — ———-
7/
VRcH —~
IcHRG -
/
’
/ Battery
/
4 . Current
Charge / ,
Current / 4
/
/
/
/7
/[
/’ Charge
/
/ Voltage Battery Full
// STAT=>Hi-Z
Viowv /
/
10% A
IcHRG /
/
/
/
a
/
/
Precharge

Timer Taper Charge Timer

Figure 4. Typical Charging Profile
2. Battery Voltage Regulation

The VAS5289 offers a high accuracy voltage regulator for the charging voltage. Battery regulation voltage could be
adjusted by setting BVST level for 4.2V, 4.30V and 4.35V selection, see “Electrical Characteristics Table” for the
detail.

3. Battery Current Regulation

The ISET input sets the maximum charging current. The ISET level selects charge current sense voltage as 18mV,
22.5mV or 27mV, see “Electrical Characteristics Table” for the detail. The equation for charge current is:

Lo = Wsns—vBar
CHG = —p—
SNS

Give a 10mQ RSNS and set ISET floating for a 22.5mV Vygsns.vear Will be able to get 2.25A charge current, for
instance. Considering high voltage input for QC in application, VAS5289 detection voltage at VCC pin, once VCC

VASS5289, ver0.2 11
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voltage is above 7.5V, then device adjust the charge current to 1.5 times to the present value to optimize the
charging rate.

4. Battery Pre-charge Current Regulation

If the battery voltage is below the Vggporr threshold, the switching loop stop and the VAS5289 applies a weak
15mA charge current to the battery. This weak charge feature is intended to revive deeply discharged cells. If the
battery voltage is greater than VBSHORT and less than Vi gwy threshold, the battery will be charged by pre-charge
cycle with a 1/10 of fast charge current. If battery is not reached Vi owy within 90 minutes of initiating pre-charge,
the charger turns off and a FAULT is indicated on the status pins.

5. Charge Termination

The charger monitors the charging current during the voltage regulation phase. Termination is detected when the
charge taper down to 1/10 of the fast charge rate.

6. Input Voltage Regulation

The input voltage can be limited in order to avoid overloading of DC adapter or USB power source, for normal 5V
input, when the voltage on VIN pin drops and hits the threshold voltage of 4.6V, the charging current will be
decreased and input voltage will be clamped to this value. In QC in mode with 9V/12V input, the DPM voltage will
be adjusted to 8.3V.

7. Re-Charge
A new charge cycle is initiated when one of the following conditions occurs:

B The battery voltage falls below the recharge threshold
B A power-on-reset (POR) event occurs

8. Timers

As a safety backup, the charger also provides an internal fixed 90 minutes pre-charge safety timer. And fixed
90minutes taper charge timer for additional charge capacity, it start once termination is happened.

9. Soft-Start Charger Current

The charger automatically soft-starts the charger regulation current every time the charger goes into fast-charge to
ensure there is no overshoot or stress on the output capacitors or the power converter.

10. Temperature Qualification

The TS pin output a zero TC current to bias a negative temperature coefficient thermistor (TS) which connect to
AGND. The controller continuously monitors battery temperature by measuring the voltage between the TS pin and
AGND, it compares this voltage against its internal thresholds to determine if charging is allowed. To initiate a
charge cycle, the battery temperature must be within the VLTF to VHTF thresholds. If battery temperature is outside
of this range, the controller suspends charge and waits until the battery temperature is within the VLTF to VHTF
range. The controller suspends charge by turning off the PWM MOSFETs. In the Boost mode, battery cell
temperature qualification still works with a different VHTF threshold, typically more 10 degree C range compare to
charge cycle. A 10K TS with B-Constant around 3950k is recommended for application.

VASS5289, ver0.2 12
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€ Boost Converter
1. Typical Operation Theory

The VASS5289 integrates a boost converter powered by a one-cell Li-lon or Li-polymer battery. The converter
provides high efficient power conversion with two external low on resistance NMOSFETs and is capable of output
5V to 12.6V voltage and delivering power up to 25W. The implemented boost converter is based on a fixed
frequency, in moderate to heavy load condition, the device works in the pulse width modulation (PWM) mode, in
light load condition, the device works in the pulse frequency modulation (PFM) mode to improve the efficiency.

2. Soft Start

The boost automatically soft-starts the switching current to load to ensure there is no overshoot or inrush stress on
the output capacitors, the boost switch current limit is set to 50% of its normal value to avoid high peak current at
battery during soft-start period. When the output voltage is reached, the voltage regulator takes control and switch
current limit is set back to 100%.

3. Power Limit

The maximum peak current in the boost switch is set by the resistance of Rgys and sense voltage Vypat.vsns that
according to IOST level, the unique input and output voltage compensation peak current detection help to control
maximum [IOUT in constant current mode regardless of input/output voltage variation if it reached to maximum
tripped value. The sense voltage Vypar.vsns limit the boost input current at 3.0V VBAT, with the gradual increase in
VBAT voltage, current limit will be gradually reduced, in order to achieve the first stage input constant power
control, the controller continuously monitors VOUT voltage add compensation to sense current to achieve the
second stage output constant current control. In other words, with Vygat.vsns and Rgys decide the current limit if
VBAT equal to 3.0V, consider converting efficiency can get output current limit tripped point. With this setup, the
VBAT and VOUT voltage vary will change current limit very small, can be regarded as a constant current mode.

4. Over-load & Short Protection

If the output current reaches the over-current point, output current begins to start limiting and then voltage fall down,
when the voltage dropped below 3.8V, NDRYV shut down immediately and disconnect the output, but boost does not
latch-off, but if output consistently below 4.25V for more than 2ms, the boost circuit locked and needed to be restart.

In QC2.0 mode, if over-load condition makes output voltage drop below the threshold, boost will stop QC mode and
regulate output back to 5V typical.

5. Over-voltage protection

In 5V operation, the controller continuously monitors the output voltage, if the voltage is higher than 6.0V, NDRV
disconnect the load immediately to protect the device. In QC 2.0 mode, 6.0V protection will be blocked.

6. Low Battery & battery under-voltage lockout

If the boost converter input voltage dropped lower than 3.10V, then no matter what mode had set by VOST1,2,
devices will be forced return to 5V mode. Once voltage at VBAT pin drop to 2.8V, VAS5289 will do latch-off
protection, this protection requires input DC charging is performed and can be released.

VASS5289, ver0.2 13
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Classification Reflow Profiles

Profile Feature

Pb-Free Assembly

|Preheat & Soak Temperature min (Tsmin) Temperature
max (Tsmax)

Time (Tsmin to Tsmax) (ts)

150°C

200°C

60-120 seconds

(Average ramp-up rate (Tsmax to Tp)

3°C/second max.

Liquidous temperature (TL)

Time at liquidous (tL)

217°C

60-150 seconds

|Peak package body temperature (Tp)*

Max 260°C

Time (tp)** within 5°C of the specified classification
temperature (Tc)

Max 30 seconds

[Average ramp-down rate (Tp to Tsmax)

6°C/second max.

Time 25°C to peak temperature
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Figure 21. Classification Profile
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CAUTION

Storage Conditions

1) This product should be used within 12 months after delivered. Store in manufacturer’s package keeping the seal
of aluminum coated baggage or tightly re-closed box with the following conditions.

[Temperature:8°C...30°C ,Humidity:30%...70% R.H.]

2) Keep the seal of aluminum coated baggage immediately before usage.

3) After breaking the seal of aluminum coated baggage, this product should be used within 1 week on the following

conditions.
[Temperature:<30°C, Humidity: <60% R.H.]
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