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Typical Application Circuits

DCIN L ¢ »f L cn
D1 1.0uF
15~24V 100uF $
IN T
R1 = BS .,
CELL
Css
! L 22nF
VAS5176 L
PWM x L P v VBAT
Control T 2. 2uH 26::10 —Lcear Lt C2
D2 Red & [> . $1OUF $IOOUF +
Logic —
A\ STAT -
1 = y =
[ cs |
D3 Green T
BAT |
R2 =
T
AGND/PGND | S =
RNTC
<~

Figure 1. Typical Application Schematic for 3-Cells Battery (Block reverse current with a Schottky diode)
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Figure 2. Typical Application Schematic for 4-Cells Battery (Block reverse current with an external PMOSFET)
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PIN Configuration

Package PIN-OUT

VAS5176

BS —— IN | 8
STAT 7
AGND! x|

TS FGND cs :l 6
CELL L— 1 BAT | 5

SOPg-¢e

il
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PIN Description

PIN NO. | Name Description

1 BS Bootstrap 5 il
£ LX A BS Z |88 10~22nF F)&E %R .

2 STAT PR
Hi-Z High Low Blinking
PRI AR 2 FEHLTEK FEHLA S
3 TS P PR B 1, 4 30 FRL L PR 9 20 5~ (NTC),  BERANESE S i, ] LA

EEEH DU IEINTCIIRE . HEFF LR 0K NTC (B-Constant=3950K).

4 CELL 75 HL R PR S .
R 3 TR E, RN 4 TS RS AT 2 T H TR

5 BAT FEL VA R AN L 7 L T A E A A T N
BAT 5 AGND f#i [ 0.1uF HE AL, .
1% % CELL A4 3-4 i 78 Al 0T PCB B+422 S i _E—> 100uF (1) H i L 258 6 b DABH 1E

B VU IS P 0%
6 CS HRRIE AT B, CS 5 AGND #i¥3% 0.1uF bk,
7 LX TS HL I A S, i R

{87 10-22nF BS HIAE T LX 5 BS 51 [AIH T EE ISt

3 IN LR, ] 1uF B HAER: AGND.
6% CELL Jy 3-4 75 78 B IR Bl A\ B 85 15V BLEI 20T PCB B 543 s 4 i = —
A~ 100uF 10 FELfAR FEL 2 o 3t A L FL Y i N B A 2R3 o

9 PGND/  |E#BEEAE. &3S PCB .
AGND
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Order Information

Order Number | Package Type QTY/Reel Green Status Operation temp range
VAS5176IDOSE SOP§-¢ 2500 RoHS -40 °C to 85°C

vass176100 OO O
Lead Free Code
E: Lead Free

Pin Code
08: 8pins

Package Type
D: SOP

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

Absolute Maximum Ratings

Parameters Maximum Ratings
IN, CS, BAT, STAT, CELL 03V t0 24V
BS -0.3V to 28V
LX -2V t024 V
1S -0.3Vto 7V
PGND -0.3V to +0.3V
CS-BAT -0.5V to +0.5V
Junction temperature range -40°C to +150°C
Storage temperature range -65°C to +150°C
Lead Temperature 260°C
Maximum Power Dissipation W
ESD (HBM) 2000V

VAS5176, ver0.3 5
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Electrical Characteristics

SPEC
Symbol Parameter Condition Unit
Min. | Typ. | Max.
Operating Conditions
IN input voltage
Vin op operation range during 8.5 24 \Y
charging
Quiescent Current
Vin < Vuvros Vear > Vv, Tj=0°C to 85°C,
Battery discharge Sllgep M(;geL A e 20 50 uA
1 current (sum of
BAT currents into IN, CS,
BAT) V]N > VUVLOa V]N > VBAT, Charge Done 10 30 uA
VIN > VUVLO» VIN > VBAT7 Charge disabled 2 3 mA
Adapter supply current
Tac tinto IN
(Cllrren mto ) VIN > VUVLO» VIN > VBAT7 Charge enabled,
S 10 mA
switching
Charge Voltage Regulation
2 cells, measured on BAT, CELL=Float 8.4 A\
BAT regulation 3 cells, measured on BAT, CELL=Lo 12.6 A%
voltage
VBAT REG 4 cells, measured on BAT, CELL=Hi 16.8 \Y%
Charge voltage T/=-20°C to 125°C -1 1| %
regulation accuracy
Charge Current Regulation
Charge Current Full
VesBat pe Scale Sense Voltage in | Rgys=20mQ 1.5 3 4.5 mV
Pre-Charge
Charge Current Full
Scale Sense Voltage in _
VesBat cc Constant Current Rsns=20mQ 27 30 33 mV
Charge
Charge Termination
KrerMm Termination set factor |Termination of fast charge current 10 %
tTERMiDEG DCglltCh time VBAT > VRCH and ICHG < ITERM 1.3 S
Input Under-Voltage Lock-Out Comparator (UVLO)
Vuvio AC under-voltage Measure on IN 4.1 \V4
rising
VUVLO-HSY AC under-voltage Measure on IN 3.9 A%
VAS5176, ver0.3 6
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SPEC
Symbol Parameter Condition Unit
Min. | Typ. | Max.
Sleep Comparator (Reverse Discharging Protection)
VsLEEP Sleep mode threshold |Vy-Vpar falling 50 mV
VSLEEP-HYS Hysteresis VIN'VBAT rising 250 mV

Deglitch to disable .
tSLEEP-DC chagrge Vin-Vear falling 1 mS
tSLEEP-FALL Deglitch to enter Sleep | Vin-Vpar falling 1 mS
tSLEEP-RISE Deghtch to exit Sleep VIN'VBAT rising 1.3 S
Bat Low Comparator

2 cells, measured on BAT, CELL=Float 5.7 5.8 5.9 A%
e Pre-charge to fast
Lowv charge transition 3 cells, measured on BAT, CELL=Lo 8.5 8.7 8.9 A%
threshold
4 cells, measured on BAT, CELL=Hi 11.3 | 11.6 | 11.9 A\
2 cells, measured on BAT, CELL=Float 200 mV
Fast charge to _
Viowv-nays bre-charge hysteresis 3 cells, measured on BAT, CELL=Lo 300 mV
4 cells, measured on BAT, CELL=Hi 400 mV
toreafast Viowy rising deglitch |Delay to start fast charge current 25 mS
tastzpre Viowy falling deglitch |Delay to start pre-charge current 25 mS
VsHorT Battery short voltage |measured on BAT 2.2 \Y

Battery short voltage
VsHorT HY hysteresis measured on BAT 2.4 vV
I sHorT Battery short bias 10 mA
Re-Charge Comparator

2 cells, measured on BAT, CELL=Float 100 | 130 | 160 | mV

Re-charge Threshold,

below regulation 3 cells, measured on BAT, CELL=Lo 200 | 260 | 320 | mV
VREecHG o

voltage limit,

VBAT-REG- VBAT 4 cells, measured on BAT, CELL=Hi 300 | 390 | 480 | mV
tRECH-RISEiDEG VRECHG rising deghtch VBAT decreasing below VRECHG 25 mS
tRECH—FALLiDEG VRECHG falhng nglltCh VBAT increasing above VRECHG 25 mS

VAS5176, ver0.3 7
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SPEC
Symbol Parameter Condition Unit
Min. | Typ. | Max.
Bat Over-Voltage Comparator
\Y% Over-voltage rising As percentage of V 110 %
OV _RISE threshold p g BAT REG (
Over-voltage fallin,
Vov raLL th\r/esh\(/)l d g g As percentage of Vgar 105 %
Thermal Regulation
Ty reG Junction Temperature |Charging 125 °C
Thermal Shutdown Comparator
Thermal shutdown .. o
Tsuur temperature Temperature rising 155 C
Thermal shutdown . o
Tsuur-nys hysteresis Temperature falling 30 C
Thermal shutdown ..
{SHUT-RISE-DEG deglitch Temperature rising 25 uS
Thermistor Comparator
Its TS bias current 70 76 82 LA
Cold temperature
threshold, TS pin
Vire voltage rising Charger suspends charge 3.0 \Y
threshold
Cold temperature
V hysteresis, TS pin Charger recovery charge 2.6 \%
LTEHYS -~ yoltage falling g y & ’
threshold
Hot temperature TS
Vurr pin voltage falling Charger suspends charge 300 mV
threshold
Deglitch time for
t1s-CHG-SUS temperature out of VTS > VLTF: or VTS < VTCQ, or VTS < VHTF 1.3 S
range detection
Deglitch time for
tTS-CHG-RSM temperature out of XTS < Vire=Vireays Of Vis = Vico, Of Vs > 1.3 S
range detection HTE

VAS5176, ver0.3 8
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SPEC
Symbol Parameter Condition Unit
Min. | Typ. | Max.

High-Side FET Over-Current Comparator (Cycle by Cycle)

Current limit on
Tocp nsrET HSFET Measure on HSFET 4.0 A
Internal PWM
Fow PWM switching 0.80 | 1.0 | 1.05 | MHz

frequency
Tsw-DEAD Driver dead time Vin> 5V 20 nS
RDS-HI ngh Side RON VBs-VSW:SV 150 mQ
RDS-LO Low Side RON VREGNZSV 150 mQ
Safety Timer
Tpre.cuarge | Pre-charge timer 52 60 68 min
Traper-cuarGe | Taper-charge timer XiBg?lT > Vren and leng < Irerw, STAT goes 34 | 40 | 46 | min

VAS5176, ver0.3 9
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Application Information

1. Typical Operation Theory

The charger of VAS5176 is optimized for charging 2-4 cells 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 to indicate charge full. The typical charge profile is illustrated as below.

Precharge Fastcharge Constant

Current Current Voltage Termination
Regulation Regulation Regulation
Phase Phase Phase
Regulation Voltagg——4—-——m——————— e e — -
VRcH A
‘
IcHRG v
Y
/
/ Battery
/
4 Current
Charge / ,
Current / 4
/
/
/
/7
/
/
/ Charge
/
/ Voltage Battery Full
// STAT=>Hi-Z
Viowv /
/
10% S
IcHRG ’
/
/
’
/
/
/

Precharge ]
Timer Taper Charge Timer

Figure 3. Typical Charging Profile

2. Battery Voltage Regulation

The VAS5176 offers a high accuracy voltage regulator for the charging voltage. Battery regulation voltage could be
selected for 8.4V, 12.6V and 16.8V by setting CELL pin configuration, see “Electrical Characteristics Table” for the

detail.

3. Battery Current Regulation

Battery current is sensed by current sensing resistor Rgys connected between CS and BAT. The full-scale differential
voltage between CS and BAT is 30mV. The equation for charge current is:
VC S—BAT_CC

Iene =
Rgps

Under high ambient temperature, the charge current will fold back to keep IC temperature not exceeding 125°C.

4. Battery Pre-charge Current Regulation

On Power-up, if the battery voltage is below the VLOWYV threshold, the VAS5176 applies the pre-charge current to
the battery. This pre-charge feature is intended to revive deeply discharged cells. If the VLOWYV threshold is not
reached within 60 mins of initiating pre-charge, the charger turns off and a FAULT is indicated on the status pins.

For VAS5176, the pre-charge current is set as 10% of the fast charge rate.

VASS5176, ver0.3 10
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0.1 * Ves_par cc

IprecHG = R
SNS

5. Charge Termination
The charger monitors the charging current during the voltage regulation phase. Termination is detected when the
BAT voltage is higher than recharge threshold and the charge current is less than the termination current threshold,

as calculated below. Termination only indicate “Charge Complete” at STAT pin with Hi and chip will not stop
switching charge loop until40 mins taper charge timer expired.

0.1 Ves_par cc

IrgrM =
Rgns

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
B The battery is removed and reinserted, and then the charge current is above 0.2C.

8. Safety Timers

As a safety backup, the charger also provides an internal fixed 60 minutes pre-charge safety timer. And fixed 40
minutes 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. The soft-start consists of
stepping-up the charge regulation current into 8 evenly divided steps up to the programmed charge current.

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. A 10K TS with B-Constant around
3950k is recommended for application.

VASS5176, ver0.3 11
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Package Information(SOP8-e)

3.800(0.150)
4.000(0.157)
D: 2.31300.081) :D I ]
,_" 25130099 _|'
| |
L N‘: : —- 1.270(0.050)__4_ T | 4-700(0.185)
gls e 5.100(0.200
I gfl | | F TYP I ( )
| @ . |
| = ' ) 0.330(0.013)
11
0.510(0.020) 5 950(0.002)
5.800(0.228) 0.150(0.006)
6.200(0.244) 1.350(0.053)
1.550(0.061)
- _| 1.350(0.053)
0° 1.750(0.069)
8° | 0.400(0.016)
! 1.270(0.050)
'ﬁ; | |
1
t | L~ 1 l
0.170(0.007) |

0.250(0.010)
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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) 217°C
Time at liquidous (tL) 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

8 minutes max.

/ Supplieer 2T,

UseerﬁTc

\ Te
T.-5°C
|-<— Supplier t 4>-|

P

-

Te -5°C

§r j AN
Max. Ramp Up Rate = 3°C/s P
Max. Ramp Down Rate = 6°C/s
° 3 / \
- L | t )
= 3 »
- Tsmax Preheat Area / \
© ¥ ¥
-
Q
o
] !
[} ts
=
25

f———Time 25°C to Peak

Time —>

Figure 21. Classification Profile

VAS5176, ver0.3

13



o\ u*f‘ oS

£ 0 RlIMKXERRBERAST ACSQA S
W SHENZHENSHI YONGFUKANG TECHNOLOGY CO.,LTD Va\ue A VA551 76

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.]

VASS5176, ver0.3 14



