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HT4182, HT4188
Boost Charger
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High Efficiency, 1.2-A, 2-Cell Synchronous Boost Battery Charger with Cell Balancing for 5V Input

B FEATURES

- High-efficiency 1.2-A, 800kHz Synchronous boost

charger
92% charge efficiency at 5V adapter, 7.2V
battery, 1A charge

+ Support 5V input and 2-cell Li-lon battery

Supports 4V-6V input voltage range with 16V
absolute maximum input voltage rating

Adaptive input current limit: 4-4.5V input

OVP protection: 6.2V

- Charge voltage selectable: 8.4V / 8.7V

- Automatic Cell Balancing (HT4188)

- Short current / trickle current / constant current /
constant voltage charge mode

- Programmable charge current by external resistor
- Status indication

- Charge timeout, Thermal regulation, Over

temperature protection, Input voltage UVLO and
OVP, Output short circuit / overcurrent / OVP
protection, NTC

- Pb-free Packages, SOP8L-PP, SOP16L-PP

B APPLICATIONS
- Portable Speakers -+ POS

- E-Cigarette - Other portable electronic devices

B ORDERING INFORMATION

- BXIA91.2A 800kHzFF X, ERRLEFHEFCEESE
S5VEIN. 7.2VEEith, 1AZEEBERIR T, 3E92%

- XIFSVERIN, AT EREXERFE TR
AV-6\VSEEINIEETLE, 4-4.5VEEHHRNG

6.2Vid [ERIP
BASTHF16VISA

- Bt 75 8.4 VAN8. 7V ik

- BB EFETNEE (HT4188)

- BN/ FFTiER/ BN/ BEFT R

- FEFEER RSN PRI RIEE T

- LEDRASE

(RPN, TRYRRIERD. diRX
Wr. MANTE. MARE. BHER. BHEE.
SRR, NTCRE(RIPE

- SOP8L-PP, SOP16L-PPt4E

R

=L - POS#, - BT
- XJHN - Bt FIRE

Operating Temperature

Part Number Package Type Marking Range MOQ/Shipping Package
HT4182sPe o are

HT4182SPET SOP8L-PP UVWXYZ1 40°C~85C Tube / 100pcs
HT4182spPE . .

HT4182SPER SOP8L-PP UVWXYZ -40°C~85C Tape and Reel / 2500pcs
HT4188sre o o

HT4188SPET SOP16L-PP UVWXYZ 40°C~85C Tube / 50pcs
HT4188spPE . .

HT4188SPER SOP16L-PP UVWXYZ -40°C~85C Tape and Reel / 2500pcs

L UVWXYZ is production tracking code

-
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HT4182, HT4188
Boost Charger

B DESCRIPTION

HT4182, HT4188 is a 5V input, 2A two-cell synchronous
boost Li-lon battery charger. The input terminal has UVLO
and OVP protection.

HT4182, HT4188 adopts synchronous boost converter
integrating switches to provide a high efficiency and small
size solution. The charge current (max 1.2A) is
programmable by an external resistor.

HT4182, HT4188 integrates multiple protection function
including: charge timeout, thermal regulation, over
temperature protection, Input voltage UVLO and OVP,
Output short circuit / overcurrent / OVP protection and NTC.
Abnormal status can be indicated by STAT terminal.

HT4188 integrates cell balancing function, which can
automatically balance the charge current and battery
voltage between two cells so that the life of the battery pack
could be extended.

The device is available in SOP8L-PP, SOP16L-PP package.

B TYPICAL APPLICATION

0

P

= GND—L
U —

HT4182, HT4188&—#5VHI N, THER
FEHEEHIC, EH TR R, HEER
ENAT SV T A H, I H BN
RIELRSF

HT4182, HT4188 X F[FI b FH K454, WHE
MOSFET, 4Nl 7t 4 a7 B o 38 i 5 5 4038 B BH,
AR AT TR AL, RS ER1.2A, R
1190%.

HT4182, HT4188 A £ HE R Thit: RHE
I A I B s A L kiR e T N
BN S, ol . AR
NTCIR R4S, S, @ LEDHHT =
WA

HT4188iLHE it [ 2hah 25 v & P Th RE, 7678
iF, B S 78 H E o DL S T b
P AL S A

%57 L SOP8L-PP, SOP16L-PPEf %,

Battery Pack

il

Cgar>10uF

lche=5.8kIRiche — =
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n Battery Pack
VBUS e olim
= H|‘
= gar>10UF
= 10u
GnD L >
T -
i
Cgp>10uF
Ry
AA—
Cnrec
0.1uF
VBAT>5.9V, SYSRT=H
VBAT<5.9V, SYSRT=L, SYSRT ICHG
— Gicre
— lcHe=9.8k/RicHe
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B TERMINAL CONFIGURATION

Lx [ 1

BS [I_2

VIN (T3

STAT [T

I
I
| GND
I
I

8] ] BAT

7_1]BD

6 ] ] NTC

5 1 ] ICHG

HT4182SPET, HT4182SPER

PGND [ 1

Lx [IT_—=2

Lx [IT_—=

BS [I__=

VIN (1T 5

SEN [T

STAT [T

SYSRT[I_s

EP

] ] PGND

5] ] BAT

1 ]BAT

31 ] BD

2 1] BD

1] ] NTC

0 ] ] VC

9 1] ICHG

HT4188SPET, HT4188SPER
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B TERMINAL FUNCTION

Terminal No. Name Description
SOP8L-PP | SOP16L-PP
PAD 1,16 GND | Ground. Hh.
PAD NC No‘ connecti(?r}, recommended to connect GND plane for thermal consideration.
JOEERE, EUGEEM, e
1 2, 3 LX The switching node pin of the boost converter. F%77 &1, EH K.
) 4 BS Power supply for high-side MOSFET gate driver. $21t 7] 25 % (F K 3k 3] ,
i 5% 100nF F LX.
3 5 VIN | Power supply input. FEJEH A ¥ o
6 SEN | VIN SENSE for Adaptive Current Limit. VIN ¥l (5 218 5 78 H HL 3705
4 7 STAT | Status indicator. R 2Rvi, ARSI .
8 Battery status, when battery voltage is lower than 5.9V, it is pulled low, when
SYSRT | battery voltage is higher than 5.9V, it is pulled high. HIIRZAS TR, HbHE
JRART 5.9V i, 5l AR, B E T 5.9V B, 5% H .
5 9 ICHG | Charge current setting. 7t H FEL L 130 B i, A% FELBH 213 .
10 vC Mid-Point Between 2 Cells. 4% 4 XU 5 ] 55
6 11 NTC | Temperature Qualification Voltage. B {R3 5 N, 2 NTC FEFHZIH .
Blocking MOSFET Connection. i%4% %2 N Blocking FET, #% 10uF FLZH|
7 12,13 BD b
8 14,15 BAT | Battery Power Connection. HLtZ%EFz v .

-5- 03/2020 — V0.2
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B SPECIFICATIONS'

® Absolute Maximum Ratings®

PARAMETER Symbol MIN MAX UNIT
LX, BAT, BD, STAT, NTC, BS, VIN supply voltage range Vvbb -0.3 18.0 \
ICHG VicHe -0.3 3.6 \%
LX current peak Y 2.5 A
Operating temperature range Ta -40 85 C
Operating junction temperature range TJ -40 150 C
Storage temperature range Tstc -50 150 C

® Recommended Operating Condition

PARAMETER Symbol | CONDITION MIN TYP MAX UNIT
VIN supply voltage range VIN 4.0 5.5 \%
LX, BAT, BD, STAT, BS voltage range Vbb 0 16 \Y
ICHG, NTC voltage range Vo 0 3.3 \%
LX current peak ILim 25 A
Operating temperature Ta -40 25 85 C

® Electrical Characteristics

PARAMETER syMoL | conpimoN | miN [ TYP | mAx | unIT
Quiescent Current

Battery discharge current IsaT S:hgfgi)/\,/v\r}llNC,:\gB\/;T 10 UuA
Input quiescent current IN Dls?/?ll\tla:cgzi/rge, 1 mA
Bias Supply

Supply voltage VIN 4 6 \%
VIN under voltage lockout threshold Vuvio 4 \%
VIN under voltage lockout hysteresis AVuvio 0.4 \%
Input overvoltage protection Vove 6.2 \%
Input overvoltage protection hysteresis AVovp 0.7 \%
Oscillator and PWM

Switching frequency fsw 800 kHz
Max LS-FET on Duty Dwmax 85 %
LS-FET minimum on time TwminoN 100 ns
Power MOSFET

RDS(ON) of LS-FET RNFET_M 80 mohm
RDS(ON) of HS-FET RNFET_R 40 mohm
RDS(ON) of Blocking FET RNFET_M 40 mohm
Voltage Regulation

2-Cell regulation voltage VBAT_REG 8.36 8.4 8.44 \%
2-Cell recharge voltage VBATR 8.2

e e | v
R Al e v
R Al : v
R Al v

1 Depending on parts and PCB layout, characteristics may be changed.

2 Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditions is
not implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability

-6- 03/2020 — V0.2
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Charge Current

Sﬁ;gg: r?wléggnt for constant current lee 5.8K/Ricuc A
%k(\)zrge current for trickle current charge e 20% lec
Charge current in short mode IsHORT 10% lcc
Termination current ITErRM 10% lcc
Battery Voltage OVP

Output voltage OVP threshold Vove | 105% |  110% [ 115% | Vv
Input Voltage Threshold for Adaptive Current Limit

VIN Voltage VIN_th 4.5 \%
Voltage reference of SEN therminal VSEN_th 11 \%
SYSRT terminal

High logic of SYSRT VH_sYsRT 3.3 \%
Low logic of SYSRT VL_sysRT 0 \%
SYSRT threshold Vsys_th Veat Voltage rising 5.9 \%
Hysteresis for SYSRT threshold VHy_sys 0.1 \%
Timer

Trickle current charge timeout Trc 50 min
Constant current charge timeout Tce 5.5 hour
Battery Thermal Protection NTC

Under temperature protection UTP 70% 75% 80%

Under temperature protection hysteresis Falling edge 5% VIN
Over temperature protection oTP 28% 30% 32%

Over temperature protection hysteresis Rising edge 3%

Cell Balancing

Battery with higher

Cell balancing current Ice voltage VL1 Vceux/120 A
Cell balancing start VBAT voltage

threshold Vee_th 7.8 \Y,
Cell balancing start VBAT voltage

hysteresis VeB_sys 0.1 \Y;
Cell balancing start cell voltage

difference threshold Vorre_in 0.08 v
Cell balancing start cell voltage

difference hysteresis VDIFF_sys 0.01 v
Thermal Regulation and Thermal Shutdown

Thermal regulation threshold TreG Rising threshold 125 T
Thermal regulation foldback ratio 0.25 lcc
Thermal shutdown temperature Tsp Rising threshold 160 T
Thermal shutdown temperature TspHyvs 30 T

-7- 03/2020 — V0.2
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B TYPICAL OPERATING CHARACTERISTICS
Charge Efficiency Charge Efficiency
100 100.00
_/______.\___,_—\___

T vIN=s.0v 09 TViN=5.0v

g w £ 6000
= =
40 40.00
20 ——ICHG = 1A 20.00
ICHG =1.2A ——(CV mode
——ICHG = 0.75A
0 0.00
6 6.5 7 7.5 8 0 0.2 0.4 0.6 0.8 1
Vaar (V) Igar (A)
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B APPLICATION INFORMATION

1. Charge process

I CVmode |Temination
8.4v

mode
Vev=8.4v

|

T

|

| Temination
|

|

L

|

|

|

— Vg _ _
__ Vsnort _
_ Ov
I BFET Full on I
-— - el - —

mode I mode
R '_ _____
VED — I
|
VBAT ===we==e |  ———————
Isat
|
BATTERY Short | Precharge
mode I mode
Ieng-1*1cc _ _
Irc=0.2*Icc ZZ2 277 7 2%
00 Tcc _aee=2t” | _
Boost off | Boost on
0A —_—————— -
Figure 1 Charge Process
2. Charge current

The charge current can be set through the resistor Ricua

pulled from ICHG pin to Ground. The charge current Ioys =
5.8K

— Once the die temperature is higher than 125°C or the
ICHG

voltage of VIN is lower than 4.5V, the charge current will be
adaptively decreased.

3. Short Mode

If Vgar is lower than Vsuorr (Typically 2V) and the input
power is normally supplied, the HS-FET turns off, Blocking
FET works in linear mode, and the battery will be charged
through body diode of HS-FET by 10% Icc .

4, Pre-charge / Trickle charge mode

If Vgar is higher than Vsuorr (Typically 2V) but lower than
the threshold of trickle charge (Typically 6V) and the input
power is normally supplied, the boost converter activates and
regulates the Vpp at 6V, and the blocking FET wokrs in
linear mode, the charge current will be 20% Icc. If the
duration of trickle charge exceeds 50min, and the VBAT is
still lower than the threshold of trickle charge (Typically 6V),
the charge mode turns off, abnormal status is indicated
through STAT.

7E ICHG 5 il s~ H2HLFBH Ricng, A4
E_?E EE%KEE?EM ?EEEEE?EICHG = %o E%?ﬁ
HEi. VIN HIEMKT 4.5V Z&4E00F, 78 B AR

ES S

TE 5 N IR IE % B2 NI, 45 Vear /M T
Vshort(HLUE 2V), HS-FET B4 55H], 5 Fil
it HS-FET — 4k 7, Blocking FET ik A%k
PR, FFHRAE 10% loc IO HLIR S FE M 78 L .

RSN YR IEH NI, b i R AT
Vshort fl Vrre [0, F+EJE ), Vep EETE 6V
HETi7E A, Blocking FET 1/3IH ATkt
B, PR 20% loc AU HRZ R e . 2R
T 7o FE A R AE L 50 28, i H b HEL R TS i
A Vire BIME, 7 RBEE G IHAE STAT
IR
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S. Constant current charge mode

If Var is higher than the threshold of trickle charge
(Typically 6V) and the input power is normally supplied, the

device works in constant current charge mode, the boost
5.8K

converter remains active, the charge current is Ioyq = —
ICHG

6. Constant voltage charge mode

If Vsar reaches threshold of constant voltage charge
(Typically 8.4V) and the input power is normally supplied,
the device works in constant volage charge mode, the boost
converter remains active, the charge current is decreased
consequently.

7. Charge termination

Once the charge current is lower than the termination current
threshold Iterm (typically 10% Icc), STAT is hight-Z to
indicate the battery is fully charged, all FETs are turned off,
and the charge current falls to zero.

8. Status indicator
(1) Charge-in-process, STAT is low.
(2) Charge termination, STAT is high-Z.

(3) Fault, STAT is alternatively switched between low
and high-Z with 1Hz frequency.

Fault conditon includes: VIN OVP, UTP/ OTP in NTC
terminal, and charge timeout.

An LED diode can be placed between VIN and STAT, so that
the LED can indicate the status:

(1) Charge-in-process, LED on.
(2) Charge termination, LED off.
(3) Fault, LED flashing.

9. Protection Principle

When the input over voltage protection, the output over
voltage protection, the thermal protection or the timeout
protection happens, the LS-FET of the boost charger is
turned off immediately. The HS-FET and the blocking FET
are turned off later when the current is down to zero.

When the Vpar is lower than Vsporr, the short circuit
protection happens, the LS-FET is turned off firstly, the
blocking FET enters linear mode with 10% Icc charging
current. When Vpar recovers back to be higher than Vsuorr,
the boost charger restarts to work and regulates Vgp at 6V.
The linear charge current is increased from 10% Icc to trickle
current.

10.  Adaptive input current limit

i R Virre UL, 8 HE TR
R, FHEVIIHE 3, 78 R oye =%°

2 H i H R M R TR Ve BRI (LY
8.4V), & Frit NE R R i, AR IHE 3,
78 HL FL BT RN o

FEPE R 78 AR, 5 IR 7 R R
Ny TR RN T IS AL R B Trerme (SRR
5 10% lcc) B, STAT %t v PH R R Hit 78
W, S ki e, FEHLIN 0. i
HUR RIS 2 8.2V LR, RGUR EFran it e .

(1) 7o STAT Fifik;
(2) FoH5EM: STAT i

(3) SFHIIR: STAT BRAZE, S 1Hz.

FHCRASMFE: VINOVP,NTC KA Eif ek
IRIE DG, 7 HEE I

A[YE VIN 5 STAT [f)i&E4; LED, M| LET #J
BRRE:

(1) e LED #5%;

(2) mHESEM: LED 4TK;

(3) FHIIRA: LED WK,

EEL PO NE R SR T s PO NA T /AN VR R A
Ja s, LS-FET ¢, BEfE MrHifif%Z 0, HS-
FET Al blocking FET %],

4 VBAT X T Vshort, FLE&ERY B3N, LS-
FET 5], blocking FET #E AR, 7o
HLIL 10% Ieco 24 VBAT T Vshort i, FHEJA
5], Vep WETE 6V AT, Blocking
FET V3IR AL T2, Ff4eft 20% lcc HIHL
TR HL 7R H

-10-
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HT4182, HT4188 has adaptive input current limit function.
Once the deivce starts to charge, the output charging current
Icc is ramped up softly and the VIN drop is monitored
simultaneously.

When the input voltage drop is too large and VIN is lower
than Vin ppum (typically 4.5V) , the charging current, the
charging current is deceased so that the VIN would recover
back.

11. NTC terminal

HT4182, HT4188 monitors battery temperature by
measuring NTC voltage. The controller triggers the UTP or
OTP when the volage of NTC reaches the threshold of UTP
(Vutr) or OTP (Vitr). The temperature sensing network is
showed as below.

Choose R and Rntc to program the proper UTP and OTP
points.

B IR E R AR H A RE ST, 2 VIN HLE
/INTF 4.5V B, FEHETCE 2N, #F VIN 1]
PLEHAIZE 4.5V [HHLE .

HLh IR i NTC 51 I RN S5 2],
WAE NTC 5lIFIHL 2 [A#—A 100nF %
A . NTC MIHEH—4> NTC HFHFIZMY)
HLFH > R 2315 3, SRR TS MHE, MHEE
AF Vire A Vure Z[BIE, SOYFFEH. 05 dibh
IR PR X AN X ], SO s b 7 e, BB
PE R Vire F Vire Z 18]

Cure
0.1uF

Figure 2 NTC Terminal Configuration

12. Cell Balancing (HT4188)

When VBAT is higher than 7.8V, HT4188 detects the volatge
difference between the 2 batteries. Once the voltage

difference is higher than 80mV, cell balancing function starts.

The balancing current Ics = VceLLx/120, in which Vcgrix is
the battery voltage with higher voltage.

13.  Application information

(1) Input capacitor Ciy
The ripple current through input capacitor is greater
than
Vin X Vour — Vin)
2V3 X L X Fgyy X Vour

X5R or X7R ceramic capacitors with greater than 4.7uF
capacitance are recommended to handle this ripple current.

1 CIN_.RMS =

D R 7.8V, B IR R 5,
O ARSI R T A R an LR — AT Rt F R
I AT R 80mV, M ThEEE 3,
I Ic = Ve 120, Veewx N L & )
I R

(1) BWINHEAECK
BN FLAS IR SR R
Vin X Vour — Vin)
23 X L X Fgyy X Voyr
FEUAE T 4. 7uF (188 LA AR B A H

1 CIN_.RMS =

-11-
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(2) Output capacitor Cour
The output capacitor is selected to handle the output
ripple noise requirements. This ripple voltage is
related to the capacitance and its equivalent series
resistance (ESR). For the best performance, it is
recommended to use X5R or better grade low ESR
ceramic capacitor. The voltage rating of the output
capacitor should be higher than the maximum output
voltage. The minimum required capacitance can be
calculated as:

ICC

Cour =
Fsyw X Vouyr X VrippLE

VrippLE 1S the peak to peak output ripple, Icc is the

setting charge current.

For HT4182, HT4188, output capacitor is paralleled by Cgp
and Cgar, for smaller output ripple noise, each

capacitor with greater than 10uF capacitance is
recommended.

(3) Inductance L
There are several considerations in choosing this inductor:

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

Vin ., Vour = Vin)
Vour Ice X Foyy X 40%
Where Fsw is the switching frequency and Icc is

L=(

the setting charge current.

The HT4182, HT4188 is quite tolerant of different ripple
current amplitude. Consequently, the final choice of
inductance can be slightly off the calculation value without
significantly impacting the performance.

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

Vour 2 o WVour = Vin)

Vi
Ispr > —— X I + X
SaT = Ty cc (VOUT) 2% Fgy X L

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.

(2) FINHAECN

i A R EE RSO R, ZHE
U AN A A SRR P (ESRD FHK.
AUE X SREL#H TEAKESR LA, kil F Lt
IR . AT R AE T A T R
JE o A BRI AR AT R

ICC

Cour =
Fsyw X Voyr X VrippLE

H A Vrippre 251 H UK IEAE, Teord BEE M)
FEHHE. X THT4182, HT4188, #irth 752
Cep M CparlPFEEL. L FH PN 10uF &
A

(3) HLEKL
TE 16 5 FL BRI 75 5 8

P BE R BRSO » VAT IR AL
W B AR BT I40%, HBMETTET
VIN 2 % (VOUT - VIN)
Vour Icc X Foyy X 40%

HAFewie TR, Tecie W iE ) 70 B H
Wio AESLHEXTHTA182, HT4188 K4 MHR /)N,
K] 1 5 2 P R A B T DA TH 5 T 22

FEL B P VAL R L YL 0 2 L W A7 e A B A 2
[[E322 R/ Ty NN

VOUT 2 (VOUT - VIN)

ISAT>_XICC+(VIN) X

ZERIBCRI TR, HEFIDCR R E 21
/N, ZINT 10mohme

L=(

-12-
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14. Typical Circuit Diagram
HT4182
) BAT 2
= | L
JX1
5
ED 4 VBUS
ID
D+ 3
D- i VBUS R4
VBUS 0
Sheild
MICRO-USB i
1 ' [
1
2 EDll BD .
— C5
- UL = 10UF
— L HT4182
I LX L LX BAT 8__BAT
#cs —t CH [rf—2— s BD (—L—20
| 10uF | 10uF R1 VIN 3 6 NTC
] o——1 l l VIND NTC
—— C3 _\FCZ - 4 STA% IcHG f—2—1CHG o
- 10uF | 1uF |
L —
[e] ¢R3 =
___?'2, 10k
R2 - p—
AL {>I STAT = '
et —
E1l, -_—
HT4188
BAT 2
—
X1 T
5
G'\:g 7 VBUS
D+ 3 T
p. [ veus - |:]R4
VBUS - - D1 BE
sheild —2 T - o = Ul = NI
MICRO-USB i co ——cs Llcs ca [IRs o
= TlOUF 10UF |1 L 1 penD PGND |—=8 l I 10uF 10uF 0.1uF]
)| A~ Ly 2 | ¢ BAT |15 SAT 4
PR A
R1 —lﬁ_ I D 12 BD —
1 ¢ SEN 6 | N BD M1 X7 g ’
il STAT 7 2 R 10 VC _T_L
1 c6 SysRT 8| AT Ve ™5 iche c2 €3
> 10uF 1u } SYSRT ICHG 10uF 10uF
ai R HT41885 R3 =
- PS . 10k
R7 p—
D2 —
77

13-

03/2020 — V0.2



’lﬁﬁ\ ENMREEREERAS HT4182, HT4188

Boost Charger

15. PCB Layout
HT4182
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B PACKAGE OUTLINE
SOP8L-PP

N

_ é__ii__:_ 1l
RR S
SOP16L-PP .

e a”jﬂ =l ff

gl =y

A2

/
| =
— 4 -
_[ *\ '
= L
s )
i Min Max
A 1.45 1.75
Al 0.05 0.15
A2 1.35 1.55
b 0.3 0.5
c 0.22 0.28
D 4.7 0.1
E 5.8 6.2
El 3.85 4.05
L 0.4 1.27
.E' 03 83
e 1. 270 (BSC)
h 2.4
g 3.3
R~
gﬁ: Min Max
Al 0.1 0.25
A2 1.25 1.55
b 0.33 0.51
E 3.8 4
El 5.8 6.2
D 9.8 10.2
e 1. 27BSC
C 0.17 0.25
L 0.4 1.27
6 0° 8°
D1 4.3 4.6
E2 2.3 2.5
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