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High Efficiency, 1.6-A, 2-Cell Synchronous Boost Battery Charger with Cell Balancing for 5V Input

B FEATURES
- High-efficiency 1.6-A, 800kHz Synchronous boost - E58FY1.6A 800kHZF X EXEEFHIEFcFEES
charger SVEIN. 7.2VESith, 1AZSEEEEIRT, 30%92%

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, HT4186)

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

+ Programmable charge current by external resistor

- SIFFSVEIN, (AT EREREAE SRR
AV-6ViBEINIEE T{F (&RAIRBR16V); 4-

ASVENETRAER, 6.2VIZERF

- EBjthi7EER£8.4VAN8.7VEisk

- BoIshSEEYETEE (HT4188, HT4186)

- SRR/ TR/ B/ B EF AR

- FEFEFRIR RS MERFE R REE T

- LEDREER

- GRIF: FRERERRY. O RAERIRAT. diEX
. MALE. BMARE. BHTR. BHEE.
Mg, NTCREFRIPS

- SOP8L-PP, SSOP10L-PP, SOP16L-PP£y%£

- 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, SSOP10L-PP,
SOP16L-PP

B APPLICATIONS

- Portable Speakers - POS =7 - POS# - AR

- E-Cigarette - Other portable electronic devices - XN - HftEERXBFARE

B ORDERING INFORMATION

Part Number Package Type Marking Operating;zrgperature MOQ/Shipping Package
HT4182SPET SOP8L-PP HJ\j‘V%/%S;E -40°C ~85°C Tube / 100pcs
HT4182SPER SOPSL-PP HLTJ\‘}\}&ZYSZP E -40°C ~85°C Tape and Reel / 2500pcs
HT4186SPET SSOP10L-PP HJ\‘}\}&%SZP E -40°C ~85°C Tube / 100pcs
HT4186SPER SSOP10L-PP HJ\‘}\}&%SZP E -40°C ~85°C Tape and Reel / 2500pcs
HT4188SPET SOP16L-PP HLTJ\‘}\}V%(%SZP E -40°C ~85°C Tube / 50pcs
HT4188SPER SOP16L-PP HJ\‘}\}&%SZP E -40°C ~85C Tape and Reel / 2500pcs

1 UVWXYZ is production tracking code
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B DESCRIPTION

HT4182, HT4186, HT4188 is a 5V input, two-cell
synchronous boost Li-lon battery charger. The input
terminal has UVLO and OVP protection.

HT4182, HT4186, HT4188 adopts synchronous boost
converter integrating switches to provide a high efficiency
and small size solution. The charge current (max 1.6A) is
programmable by an external resistor.

HT4182, HT4186, 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.

HT4186 and 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, SSOP10L-PP,
SOP16L-PP package.

B TYPICAL APPLICATION
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VIN current limit:

Veen < 1.1V —
STAT

VBAT>5.9V, SYSRT=H
VBAT<5.9V, SYSRT=L, SYSRT

Only HT4188
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Thermal Protection:
Vire > 75%Vin
Vire < 30%Viy

lcHe=9.8K/RicHo
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B TERMINAL CONFIGURATION

o \_/

LX [I—1 8 ] ] BAT
S |

BS [(I_2 : : 7 11 BD
[ GND |

VIN (1= I | 6 1 ] NTC
| I

sATCI i l—————- ' |E rere

HT4182SPET, HT4182SPER

X I 0] ] BAT
[—————= ]

BS [T = : : 5 1] 8D
| [

viN (T = GND N e
[ [

seN[IT—=2§ | : —7 11 vc
|
| |

STATLL 5 | ——————— [ & T ]icHG

HT4186SPET, HT4186SPER
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BS | | 4 : | 13 | | BD
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STAT T | 17 vc
SYSRT [] 8 91 ] ICHG

HT4188SPET, HT4188SPER
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B TERMINAL FUNCTION
Terminal No. Name Description
HT4182 | HT4186 | HT4188
PAD PAD 1,16 GND Ground. Hf,
No connection, recommended to connect GND plane for thermal
PAD NC consideration.
TR, FREEh, SnEEk
2, 3 The switching node pin of the boost converter. FFI&7 5, ZEFEH
1 1 LX K,
) 5 4 BS Power supply for high-side MOSFET gate driver. $&t R0 #&ii
AR 9Kz, &K 100nF 1 LX.
3 3 5 VIN Power supply input. H 5% A i o
6 VIN SENSE for Adaptive Current Limit function, the function is
4 SEN active when the voltage of SEN terminal is between 0.8-1.1V. VIN
W E B g L R R, R AE 0.8-1.1V JEEI N JE 3)
4 5 7 STAT Status indicator. JRZ W, NIFIRRES .
8 Battery status, when battery voltage is lower than 5.9V, it is pulled
SYSRT low, whenBattery voltage is higher than 5.9V, it is pulled high. Hi
WIRAS IR, HIBEEACT 5.9V I, SIEEHAC, Bk
w1 5.9V I, Sl H
5 6 9 ICHG | Charge current setting. 70 FHHLL W B i, ~1% HLBH 2.
7 10 vC Mid-Point Between 2 Cells. 3% 2 X7 A [H] £ o
11 Temperature Qualification Voltage. & & P4 % N, £ NTC H
6 8 NTC
BHL 3] 4
. 9 13 BD Blocking MOSFET Connection. %42 % N Blocking FET, #%
’ 10uF FEZ FI 4
8 10 14,15 BAT Battery Power Connection. HLth %z .

Copyright©2020, Jiaxing Heroic Technology Co., Ltd
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B SPECIFICATIONS'
® Absolute Maximum Ratings?
PARAMETER Symbol MIN MAX UNIT
LX, BAT, BD, STAT, NTC, BS, VIN supply voltage range Vvbp -0.3 18.0 \%
ICHG VicHG -0.3 3.6 \Y
LX current peak lLim 25 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 55 \%
LX, BAT, BD, STAT, BS voltage range Vop 0 16 \%
ICHG, NTC voltage range Vo 0 3.3 \%
LX current peak ILim 2.5 A
Operating temperature Ta -40 25 85 C

® Electrical Characteristics
PARAMETER symBoL | conpiToN | MmN | TYP [ mMAX | uNIT

Quiescent Current

Battery discharge current IBAT S:hgfgs/\fvclll\(li ’:VSOT 10 UuA
Input quiescent current N Dlssltl)'l\tla:g?/rge, 1 mA
Bias Supply

Supply voltage VIN 4 6 Vv
VIN under voltage lockout threshold Vuvio 4 \%
VIN under voltage lockout hysteresis AVuvio 0.4 \%
Input overvoltage protection Vove 6.2 Y,
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 TminoN 100 ns
Power MOSFET

RDS(ON) of LS-FET RNFET_M 80 mohm
RDS(ON) of HS-FET RNrFET 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 Sl B
e o | vimcr v
et o mosg 2| Vo z v
s e eretnS o | Voorr 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

Copyright©2020, Jiaxing Heroic Technology Co., Ltd -7- 06/2020 - V1.0
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Charge Current

gﬁ;?:nifézm for constant current lec 5.8K/RicHe A
gr;?jrge current for trickle current charge e 20% lec
Charge current in short mode IsHoRT 10% lcc
Termination current ITERM 10% lcc
Battery Voltage OVP

Output voltage OVP threshold Vove | 10506 |  110% | 115% [ Ve
Adaptive Current Limit Function

VIN Voltage threshold VIN_th 4.6

m(::?nggﬁarleference threshold of SEN Vsen i 11 v
SYSRT terminal

High logic of SYSRT VH_SYSrRT 3.3 \%
Low logic of SYSRT VL_sysrT 0 \%
SYSRT threshold Vsys_th Vear Voltage rising 5.9 \%
Hysteresis for SYSRT threshold VHy_svs 0.1 \%
Timer

Trickle current charge timeout Trc 50 min
Constant current charge timeout Tcc 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

Cell balancing current Ice Ba\tt(;elggv;it\ljclliglzer VceLx/120 A
Eﬁgsli%lﬁljncmg start VBAT voltage Vst 78 v
ﬁ:;sllt:raélgir;cmg start VBAT voltage Vs sy 0.1 Vv
v
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 C
Thermal shutdown temperature TspbHys 30 C

Copyright©2020, Jiaxing Heroic Technology Co., Ltd
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B TYPICAL OPERATING CHARACTERISTICS

Charge Efficiency Charge Efficiency
100 100.00
_/'___-—-—-\___-—-“__\_-—
80 80.00 -
VIN = 5.0V VIN = 5.0V
g 60 g 60.00
= =
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) Iar (A)
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B APPLICATION INFORMATION
1. Charge process
| | | |
BATTERY Short | Precharge | CCmode | CV mode | Temination
mode I mode | I | 8.4v
r— N F————— ; —-
Vep |
| ,
6‘4
VBAT ======= |  — = o — —— e ——— = —
|
Isat | Vin-VF
— — T——————-
| | | | o
BATTERY Short | Precharge | CCmode ! CVmode | T€mination
| | | mode
mode I mode | | I .
L Vev=8.4v
|
|
Ieng-1*1cc _ _ ———— e
. AP U S Ve _ _
VsHorT
Irc=02*1cc 22 - - L — ) T T N T Tt
0.1%Icc  _eq=2" - O
Boostoff | Booston | BFET Fullon
0A —_—— —— — ] - -l - -—— - —
Figure 1 Charge Process
2. Charge current

The charge current can be set through the resistor Ricug
pulled from ICHG pin to Ground. The charge current Iy, =

1><ICC—1><

. Once the die temperature is higher than
Ricug

125°C, the voltage of VIN is lower than 4.5V, or the peak
boost switch current reaches the limited value, the charge
current will be adaptively decreased. Do not use Ricug
smaller than 3.2k.

3. Short Mode

If Vgar is lower than Vshorr (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.

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 Vp at 6V, and the blocking FET wokrs in
linear mode, the charge current will be 20% Icc. If the
duration of trickle charge exceeds S0min, and the VBAT is
still lower than the threshold of trickle charge, the charge
mode turns off, abnormal status is indicated through STAT.

Pre-charge / Trickle charge mode

£ ICHG 3| s s 1 N F2 B BH. Ricug, FJ ¥
BRI, 7 B e = Sﬂ . EEER

WL VIN HUEKT 4.5V, ﬂ}fﬂiaéﬂl EEE/FL
PR EEEREN T, FRHBME/DN. Ricac H
FEANEL /N T 3.2k

1E %0 N B YR IE 8 NI, 35 Vear /M T
VsHort(#HUE 2V), HS-FET #5461, & Fil
it HS-FET —#¢# 7cHi, Blocking FET #k A%k
PERER, FEHRAE 10% lec FO LI ZA Fa L 78 HL o

TEH N R IR H NI, 2 H b B R AT
Vsrort Ml VTre 2 [8], F+1E A3, Vep X EE 6V
HEAT 7S AL, Blocking FET 43IHALT 2kt
R, IR 20% lcc RS B A H . a1 f
i 76 e R N 1AL 50 2 %d, i Lt L TG
LB Vire BIE, 78BS R HIIEAE STAT
AR
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5. 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 Iopq = —
ICHG

6. Constant voltage charge mode

If Vpar 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 Vsgorr, the short circuit
protection happens, the LS-FET is turned off firstly, the
blocking FET enters linear mode with 10% Icc charging
current. When Vgar recovers back to be higher than VsnorrT,
the boost charger restarts to work and regulates Vgp at 6V.
The linear charge current is increased from 10% Icc to
29%lcc current.

M R Ve BIE, O EEATER
A, FHEVIEES), BRI = Ri.c%"

9 F I A RO B ME R AR Vev E (32
8.4V), & gk NE R TR B, FHERAIHE 30,
78 H FL LB TR )N o

FEfE e A, S I A IR
AN, HFEE BN T 7 A L Trerm (IR
8 10% lcc) B, STAT fHiHi AN BHR R B
T, S OCTE IE R, AE A 0. I
MRS 2 8.2V DL, KRG B Hgh T

(1) 78 STAT Hifik;

(2) FEHL5ER: STAT =kl

(3) FHRAS: STAT HRA#, SR 1Hz.
FHORASALFE: VINOVP,NTC K4 iRk

IR CHT, 78 LB .

A[{E VIN 5 STAT [a]i%#% LED, W LET wJ
(1) 7o : LED %5

(2) smHL5ER: LED 7K

(3) FHRAS: LED INKR.

MEINGE R LR S R AR IR AR
JEENIN, LS-FET XM, b5 %% 0, HS-
FET Al blocking FET 554 .

24 VBAT & T VsHort, 5 {RY A5, LS-
FET 348, blocking FET AL A, 7er
HLI 10% Ieco 24 VBAT T VsHort i, FHEJE
3, Veo WETE 6V AT BB, Blocking
FET {51HAb T 2RI, H424E 20% lcc IH
M FE .
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10.  Adaptive input current limit

HT4182, HT4186, 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 peum (typically 4.5V) , the charging current is
deceased so that the VIN would recover back.

When the voltage of SEN pin derived from VIN is lower than
1.1V, the adaptive input current limit function will so be
active and the charging current will be deceased.

11. NTC terminal

HT4182, HT4186, 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
(Vurr) or OTP (Vire). The temperature sensing network is
showed as below.

Choose R and Rnrc to program the proper UTP and OTP
points. If NTC function is not used, R; = 100k, Rntc = 100k.

NP SR AR e BE 7, = VIN B
N 45V I, RSN, fE VIN AT
DAEHALTE 4.5V [ HLE

FAk, ZMVIN 45y A3 21K SEN AT
T 1.4V 1, 78 AL RFE 2980, PLRIIE VIN
HL S AR EE T B

HELIEL A F NTC 5] BRI o R I =15 2, 43
WAE NTC 5] Az A4 —1~ 100nF H%&F
H%5. NTC MR EEH—4 NTC HFHFISMBH
> R #1538, SR HLE NTC B L, 2
JEALF OTP (Virg) 1 UTP (Vurr) ZIHJES, fO¥F
70 HL o G SR EL I R R X AN IXTE], 8 R
7, HEHEMEEZ RS OTP (Virs) A UTP
(Vurr)Z [

EFEER R1 A1 RNTC {E, LLiA#F| OTP
I UTP . # NTC Zhae A&, Re=100k,
RnT1c=100k,

CNTC
0.1uF

Figure 2 NTC Terminal Configuration

12. Cell Balancing (HT4186 and 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 Icg = VcgLLx/120, in which Vcgrix is
the battery voltage with higher voltage.

13.  Application information
(1) Input capacitor Cn

Y b B R AR 7.8V, HLIhI T £ B B,
O F ARSI 7 EL YR P P o G L — T L e
HER A AN 80mV, M ThAEJE S,
P IR Ioe = VeeLx/120, VeeLx N T = 1
TR T .

The ripple current through input capacitor is

Copyright©2020, Jiaxing Heroic Technology Co., Ltd -12-
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greater
than

Vin X Vour — Vin)
23 X L X Fgyy X Vour

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

lein rRus =

(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 Vour X VeippLE

VrirreE 18 the peak to peak output ripple, Icc is the
setting charge current.

For HT4182, HT4186, 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 |, % (Your = Vin)
Vour Icc X Foyy X 40%
Where Fsw is the switching frequency and Icc is

L=(

the setting charge current.

The HT4182, HT4186, 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 » . Wour = Vi)

Igar > L % ] +(V”V) X
ST iy T Wour 2 X Fsy 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

(1) MANHAECN

i N LA IR SU i IS

Vin X (Vour — Vin)

23 X L X Fgyy X Voyr
VS AR 4. 7uF (1) 5 7 R A A 3X A H

B -

lein rus =

(2) HINHZCN

iy LR R A FR R R SO TR R, 1Z R
S AN A E SRR BCRE (BESR) MK
A E A XSREE EARESRAHZE, SKikFIEL
B IIRCR . AT EAE TR T oK
JEo s A E AT

ICC

Cour =
Fsw X Voyr X VeippLe

HAVrippLe 2 f H SO AR, Tecrg BB
FEHL L. X THT4182, HT4186, HT4188, i
H HL 2 S Cop M Cpar I T . EE S FH P /N R i
10uF & Fr FL % o

with DCR<10mohm to achieve a good overall
efficiency.

Copyright©2020, Jiaxing Heroic Technology Co., Ltd -13-
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(3) HLEL

E 16 FUER I 75 25 18

164 F B R B B0 - T LR SU X BLAE
PRI II40%, HUBME TR .
Vin |, Your — Vin)
Vour Icc X Fsy X 40%

HpFsw@HFRAE, IecR B BRI TR HEER. ANFE
LU ATHT4182, HT4186, HT4188 [ FZMAR /1N, Rl fe 2%

L=(

) B R AR 43 T AR5 i 22
LR A P AR L Y DA 20 B T A7 kT AR B 2R

UG HL YA K

Vou Vour = Vin)
Ioar > 2 x 1 X
sar > 7 =% lec + (VOUT) 2 X Fay X L

SRR TR, HUEKIDCRT 228

N, ZINF 10mohme.
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14. Typical Circuit Diagram
HT4182
X1 T
GND >
4
ID
D+ 3
2 VBUS
D- T -
VBUS 5
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15. PCB Layout
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B PACKAGE OUTLINE
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IMPORTANT NOTICE

Jiaxing Heroic Electronic Technology Co., Ltd (HT) reserves the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any products or services.
Customers should obtain the latest relevant information before placing orders and should verify that such information is
current and complete.
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HT assumes no liability for applications assistance or customer product design. Customers are responsible for their
products and applications using HT components.
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HT products are not authorized for use in safety-critical applications (such as life support devices or systems) where a
failure of the HT product would reasonably be expected to affect the safety or effectiveness of that devices or systems.
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The information included herein is believed to be accurate and reliable. However, HT assumes no responsibility for its
use; nor for any infringement of patents or other rights of third parties which may result from its use.
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Following are URLs and contacts where you can obtain information or supports on any HT products and application
solutions:
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Jiaxing Heroic Electronic Technology Co., Ltd.

Hohib: WA R TR AYE R 3339 5 IRC R EARE ==

Add: A 3rd floor, JRC Building, No. 3339, LingGongTang Road, Jiaxing, Zhejiang Province
Sales: 0573-82585539, sales@heroic.com.cn

Support: 0573-82586151, support@heroic.com.cn

Fax: 0573-82585078

Website: www.heroic.com.cn; wap.heroic.com.cn

Wechat MP: HEROIC_JX
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