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The Future of Analog IC Technology®

MP2615

2A, 1- or 2- Cell Li-ion Battery Charger

In 3mm x 3mm Package

DESCRIPTION

The MP2615 is a high efficiency switch mode
battery charger suitable for 1- or 2- cell lithium-
ion or lithium-Polymer applications. The
MP2615 is capable of delivering 2A of charge
current programmable via an accurate sense
resistor over the entire input range.

The MP2615 regulates the charge current and
full battery voltage using two control loops to
achieve high accuracy constant current (CC)
charge and constant voltage (CV) charge.

Constant-off-time (COT) mode control allows
operation up to 99% duty cycle when the
battery voltage is close to the input voltage and
in order to keep charge current always at a
relative high level.

Battery temperature and charging status are
always monitored during each charging cycle.
Two status monitor output pins are provided to
indicate the battery charging status and input
power status. The MP2615 also features
internal reverse blocking protection.

The MP2615 is available in a 3mm x 3mm 16-
pin QFN package.

FEATURES

4.75V to 18V Operating Input Voltage

Up to 99% Duty Cycle Operation

Up to 2A Programmable Charging Current
+0.75% Full Battery Voltage Accuracy
4.1V/Cell and 4.2V/Cell Selection for Full
Battery Voltage

Full Integrated Power Switches

e Internal Loop Compensation

No External Reverse Blocking Diode
Required

Preconditioning for Fully Depleted Battery
Charging Operation Indicator
Programmable Safety Timer

Thermal Shutdown Protection
Cycle-by-Cycle Over Current Protection
Battery Temperature Monitor and Protection

APPLICATIONS

e Smart Phones
e Portable Hand-held Solutions
e Portable Media Players

All MPS parts are lead-free and adhere to the RoHS directive. For MPS green
status, please visit MPS website under Products, Quality Assurance page.

“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.

ADAM (Analog Digital Adaptive Modulation) and AAM (Advanced Asynchronous
Mode) are trademarks of Monolithic Power Systems, Inc.

TYPICAL APPLICATION
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP2615GQ

QFN16 (3x3mm)

AEG

* For Tape & Reel, add suffix —-Z (e.g. MP2615GQ-2);

PACKAGE REFERENCE
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ABSOLUTE MAXIMUM RATINGS " Thermal Resistance™®  6,, 6,c
VW «vereeeeeeereeseeeeeeeeeseeeees e —0.3V to 23V QFN16 (3Xx3MM) ..., 50......12...°C/W
VN, VACOK, VCHGOK ..o —-0.3V to 23V Notes:
VBATT, VSR ettt -0.3Vto 12V 1) Exceeding these ratings may damage the device.
Vv Vew + BV 2) The maximum allowable power dissipation is a function of the
BSTreremraruns e L ELC L SW maximum junction temperature T, (MAX), the junction-to-
All Other PiNS. ..o, —-0.3VtooV ambient thermal resistance 6,4, and the ambient temperature
Junction Temperature...........cccevvvevveennnnes 150°C Ta. Thebmaﬁir?um a"otwab'? Coqtinf?uz FE)OWSF c::\aig(?tion(?t
any ambient temperature is calculated by Pp = (Ty
Lead Temperature ............cccoevveiierineennen. 2602°C (MAX)-Ta)8n. Exceeding the maximum allowable power
Continuous Power Dissipation (TA - +25°C) @) dissipation yvill cause excessive die temperature, and the
regulator will go into thermal shutdown. Internal thermal
............................................................ 2.5W shutdown circuitry protects the device from permanent
Operating Temperature............. —40°C to +85°C damage.
P g P 3) 3) The device is not guaranteed to function outside of its
i HH operating conditions.
\I;:’ecommended Op erating Con4d;t;(\)/r:s 18V 4) Measured on JESD51-7, 4-layer PCB.
N T . (0}
VBATT ................................................. 2V to 8.4V

Operating Junction Temp. (T,).—40°C to +125°C
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER

ELECTRICAL CHARACTERISTICS
Vin = 12V, Ve = 0V, Ve = 0V, C1 = 22pF, C2=22pF, T, = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min Typ ‘ Max ‘ Units
Input Voltage and Current
Veew =4V 45 5 18
Input Voltage Vin Veer = OV 8.75 12 18 v
LTJQrdeirhol dvgi';?r?; Lockout| = o 355 | 375 | 3.95 v
nder Vol Lock
EI'Jhrdeihold I-?)}:tge?esis ockout 225 mv
Iston | EN = 4V, Shutdown Current 0.27
Supply Current — - mA
la EN = 0V, Quiescent Current 1.1
Power MOS
nigh-oide  Switeh  ONI R, osom |Measured from VIN to SW 110 mQ
Iéc;v;/i-sstlgﬁce Switch On RL oson 110 ma
Switch Leakage EN =4V, Vgyw =0V 0 1 HA
Frequency and Time Parameter
Switching Frequency Fsw Vearr = 7.5V 760 kHz
Fold-back Frequency Vearr = 0V 160 kHz
Minimum Off Time Tore  |Vearr =9V 200 ns
Charging Parameter
Terminal Battery Voltage VBATT FULL VseL = OV 4.168 4.2 4.231
- Ve = 4V 4.069 4.1 4.131
Ve = 0V, Vgg =0V 8.34 8.71 9.08
Battery  Over  Voltage Vaoue VeewL = 0V, Vg =4V 8.14 8.51 8.88 V/Cell
Threshold Ve = 4V, Vgg =0V 4.17 4.36 4.54
VeewL = 4V, Ve =4V 4.07 4.26 4.44
Recharge Threshold at Vgarr| Vrech xzz ; gx :g
Recharge Hysteresis 150 mV/Cell
i VgeL = OV 3
m(r::;oldCharge votegel vy in =4V 2.91 vicel
Trickle Charge Hysteresis 225 mV/Cell
Peak Current Limit cc 3.2 A
Trickle 2.2
CC Current lec RS1 =50mQ 1.8 2 2.2 A
Trickle Charge Current It 5% 10% 15% lcc

MP2615 Rev. 1.0
1/16/2014
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER

ELECTRICAL CHARACTERISTICS (continued)
Vin = 12V, Ve = 0V, Ve = 0V, C1 = 22pF, C2=22pF, T, = 25°C, unless otherwise noted.

Parameter

Symbol

Condition

Min

Typ

Max

Units

Termination Current

Threshold

IBF

5%

10%

15%

Vi minimum Head-room
(reverse blocking)

VIN - VBATT

300

mV

Maximum Current Sense
Voltage

(CSP to BATT)

VSENSE

90

100

110

mV

CSP, BATT Current

Icsp, lsatT

Charging disabled

A

ACOK/CHGOK Open-drain
Sink Current

Vpgran = 0.3V

mA

VCC Regulator Output

VCC Output Voltage

4.35

4.5

4.65

VCC Load Regulation

AVCC

ILOAD=0 to 10mA

10

mV

EN Control

EN Input Low Voltage

0.4

EN Input High Voltage

1.8

EN Input Current

IEN

EN =4V

EN =0V

0.2

MA

Timer Protection

Trickle Charge Time

tTrickle tmr

CTMR = O47|JF

30

CC/CV Charge Time

1:Total tmr

CTMR = O47[JF

165

Mins

NTC Protection

NTC Low Temp Rising
Threshold

NTC Low Temp Rising
Threshold Hysteresis

Rnte=NCP18X103, 0°C

72

73.3

74.6

NTC High Temp Falling
Threshold

NTC Low Temp Falling
Threshold Hysteresis

Rnte=NCP18X103, 50°C

28

29.3

30.6

%Vee

Thermal Protection

Thermal Shutdown

TSHDN

150

°C

Thermal Shutdown
Hysteresis(5)

20

°C

Reverse Leakage Blocking

Battery Reverse Leakage
Current

ILEAKAGE

VCELL =0V

uA

Ve =4V

0.5

HA

Notes:
5) Guaranteed by design.

www.MonolithicPower.com 4
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2014 MPS. All Rights Reserved.

MP2615 Rev. 1.0
1/16/2014



mes

MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER

PIN FUNCTIONS

Package i
Pin # Name |Description

1 SW Switch Output

2 VIN | Power Supply Voltage.
Coarse Regulator Output. Internally generated 4.5V. Bypass with a 1uF capacitor to AGND.

3 VCC |Used to be low-side switch driver and pull-up bias voltage NTC resistive divider. Do not
connect any external load at this pin.

4 CELL Command Input for the Number of Li-lon Cells. Connect this pin to VCC for 1-cell
application and short it to AGND or keep it floating for 2- Cell application.
Input Pin for Setting Terminal Battery Voltage:

5 SEL |SEL = Low-level or Float: Vgatr=4.2V/Cell.
SEL = High-level: Vgarr =4.1V/Cell.

6 EN On/ Off Control Input. This pin is pulled to GND with a 1Meg internal resistor.

7 N/C |NO CONNECT. Please leave this pin floating.

8 AGND |Analog Ground.

9 BATT |Positive Battery Terminal.

10 CSP |Battery Current Sense Positive Input. Connect a resistor RS1 between CSP and BATT.

11 CHGOK Charging Completion Indicator. A logic Low indicates charging operation. The pin will
become an open drain once the charge is completed or suspended.

12 ACOK Valid Input Supply Indicator. A logic Low on this pin indicates the presence of a valid input
power supply.
Thermistor Input. Connect a resistor from this pin to the pin VCC and the thermistor from

13 NTC Lo
this pin to ground.

14 ™R Internal Safety Timer Control. Connect a capacitor from this node to AGND to set the timer.
And the timer can be disabled by connecting this pin to AGND directly.
Bootstrap pin. A capacitor is needed to drive the power switch’s gate above the supply

15 BST |voltage. It is connected between SW and BST pins to form a floating supply across the
power switch driver.

16 PGND |Power Ground.

MP2615 Rev. 1.0

1/16/2014
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER
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TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 5V/9V, C1=C2=22uF, SEL=Float/High, CELL=Float/High, L=6.8uH, RS1=50mQ, Battery
Simulator, T, = 25°C, unless otherwise noted.

Charge Current vs.

Charge Current vs.

Battery Full Voltage vs.

Battery Voltage Battery Voltage Temperature
ViN=5V, 1 cell ViN=9V, 2 cell 1 cell
25 2.5 4.22
- - 42
< 2 < 2 /T
5 5 4.18 VBATT_4.2V
w W —_
x 1.5 € 15 S 416
2 2 E
&) o £4.14
W g1 >
< < 412 V, 41V
BATT_*-
5 05 S5 05 4.1
7~
0 0 4.08
0o 1 2 3 4 5 0 2 4 6 8 10 -50 0 50 100 150
BATTERY VOLTAGE (V) BATTERY VOLTAGE (V) TEMPERATURE (°C)
Battery Full Voltage vs. CC Charge Current vs. Trickle Charge Current vs.
Temperature Temperature Temperature
2 cell Rsense=50mQ RsensE=50mQ
8.45 2.0 Z 230
E
8.4 < 2.07| = 220
/< = Z o
Z 2.05 & 210
8.35—VBATT_84V o< 4
S X 2.03 — 3 200
& & 2.01 ¥ 190
> 8.25 E ~ £
VgaTT_8.2V $19 G 180
Y| - o Yy
~ o 1.97 (f) 170
8.15 1.9 © 160
50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Charge Full Current vs. Vcc Output vs. Auto_Recharge Threshold
Temperature Temperature vs. Temperature
RSENSE=50mQ 1 cell
0 4.55 3.98 ]
< 4.54 '\
E 210 N 2.06 4.2V/Cell
: 4.53
P4 |
i 200 4.52 3.94
74 _ 4.51 —
3 [ 45— < 392
< 180 — S 44 — g
z o 3.9
o 170 4.48
ol aa 4.1V/Cell
X 160 : 3.88
< 4R
I .40
O 150 4.45 3.86
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)

MP2615 Rev. 1.0
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mfs MP2615 — 2A, 1- CELL OR 2- CELL LI-lON BATTERY CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5V/9V, C1=C2=22uF, SEL=Float/High, CELL=Float/High, L=6.8uH, RS1=50mQ, Battery
Simulator, T, = 25°C, unless otherwise noted.

Battery Charge Curve Auto-Recharge Battery Charge Curve
ViN =5V, 1 Cell ViN= 5V, 1 Cell VN = 9V, 2 Cell, 4.1V/cell

ViN : : : : VIN v
5Vid T : : _ _ svian T} ] 5V/di\'/h""
VeHgok, : : : : VCHGOKm Lo :
5V/div. : : : : 5V/div. ——— :

5 .
VCHGOKﬂEEF

SV/div.

Veart |
2V/div.

VBATT : : : : VBATT E s
2Vidiv, : : : ' 2V/div. Doy _ _
lgaT | = - L : . lgaTT o : leaTT | :
1A/ _ : : : 1A/div. f R : 1A/div."|
2s/div. 2s/div. 4s/div.

Battery Charge Curve TC Steady State TC Steady State

VlN = 18V, 1 Cell VlN = 5V, 1 CeII, VBA'l_l' =2V VlN = 18V, 1 Cell, VBA'l_l' =29V
V|N . ] :
VBATT : : : INSE| o ] I ]
2Vidiv T S 2V/div.™ : 10%@7? : :
VeHGOK, IR TR, Vsw, . ; S| ;
10Vidiv. B ; e 2vidiv. P Al anitan 1OVIGIV [t H——
VBaTT f : : VBATT,
DN S — P e L & .
IBATT fooosimomionnd 2 E 0 N ] IBATT : o o I
(LYAIVE : 1 200mAvdiv.”! : ; 1 200mAan| ;
4s/div. 1ps/div. 400ns/div.

TC Steady State CC Steady State CC Steady State

VIN =9V, 2 Cell, VgaTT = 5.8V ViN=5V, 1 Cell, VgaTT = 3.6V V|N =18V, 1 Cell, VgarT= 3.6V
V, : V|N V, Z "
sviam®} -l b ] 2w | sovns 1 H A
Vsw s il Vsw, Vs Iy ‘ o
: : IBATT : : : lgarT
200mIAB/§!I\-IrB\- : R R 14T : = = ‘IVA/dlv. -
- : : VBA'I'I'r\ : : : BATTI
1us/div. 1us/div. 1us/div.
MP2615 Rev. 1.0 www.MonolithicPower.com 7
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =

Simulator, T, = 25°C, unless otherwise noted.

5V/9V, C1=C2=22pF, SEL=Float/High, CELL=Float/High, L=6.8uH, RS1=50mQ, Battery

CC Steady State CC Steady State CC Steady State (COT)
V|N = 9V, 2 CeII, VBA'|—|' =7.2V V|N = 12V, 2 CeII, VBA'IT =6V V|N = 4.75V, 1 CeII, VBATr =41V
......... - i >
v, : -
.............. 10V/dic.{T' : i S e
VlNﬁ-. . . i VIN
Sl o o e O AR O | I A
RIS SW. : : V,
H U ; U i :U 1 U i U 1 tovidivi L -l P
V, NI V : Co
5V/gi\\IX““”_' y AATTBrtsantoivstsitrsmbsrmefrmriess e ssionons
VBATTLL i R R ]
2Vidiv. | | v
! : o
By N0 SRS By oo S R RITIIT SRS DA T R
- 2R
; : . : iv. - y
1us/div. 1us/div. 4ps/div.
CC Steady State CV Steady State CV Steady State
(BST Refresh) VN =5V, 1 Cell, VgarT = 4.2V VN =18V, 1 Cell, VgaTT = 4.2V
VIN = 8.75V, 2 CeII, VBATT =8.2V
——T T T T
V|N VI V|N [
svidiv.}.; 2V/di\’:ﬁ T 10V/div] Ty Y
V, V. !
Y e T i R e A i R
Vaw, :
svidn B 1 b
Vearob Do b b bR
2Vi/div. | |
I BATT BATT,
o BATTE 1\/ Al BOOMATINEL e
b 2V it Vidi, i
200us/div. 1us/div. 1pus/div.
CV Steady State (COT) Power On Power OFF
VIN = 9V, 2 CeII, VBA'I_I' =8.4V VIN = 5V, 1 CeII, VBA'I_I' =3.6V VIN = 5V, 1 CeII, VBA'I_I' =3.6V
2 —— T :
- At S I .
VIN Vi : oo VIN ]
; i ; i i S
; iy ST ety brondiserdeand sV
Vsw. wl : Lo
5V/dlvﬁ‘ ] V .................... V ...........................
Vi BATT, BATT,
BATT:E Pet7/2 ! SETTETRRITURIRNY SRS AUVS PRSP PRs e SO O O O S SOOI
IBATT, BATTRE.oo s L Atk
1A/d|v.°| 1A/d|v_“| 1A/d|v."|
2us/div. 2ms/div. 20ms/div.
MP2615 Rev. 1.0 www.MonolithicPower.com
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mps MP2615 — 2A, 1- CELL OR 2- CELL LI-lON BATTERY CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5V/9V, C1=C2=22uF, SEL=Float/High, CELL=Float/High, L=6.8uH, RS1=50mQ, Battery
Simulator, T, = 25°C, unless otherwise noted.

Hot Insertion Hot Insertion Power On
VIN =5V, 1 Cell, VgaTT = 4.2V VN =12V, 1 Cell, VgaTT = 3.6V VN =12V, 1 Cell, VgarT = 4.2V
ﬁ‘ e — e —3

" . ! . o = e

IN IN : VIN
sv\ngVH\ m_ Ve IVH\ _ 1 OV/dIVE\ ”’f .....
swf o Vg frormetemmemsaeri Vaw
BV [ AR 10V/div e . THE RS —

10V/div. ]
: VBATT : ; : :
| . Ll oo ] NES : I ] . S SR 0
LE’,GE% W NN ] 1?/’3}1‘1 : 500%;\/qu medl
2\/B/ﬁiv_ | IR R TI i i 2v/div. SUNEIN I :
1ms/div. 2ms/div. 2ms/div.
Power On Power Off Hot Insertion
VIN=9V, 2 Cell, VIN=9V, 2 Cell, VIN =9V, 2 Cell,
VBaATT =7.2V, 4.1V/cell VBaTT = 7.2V, 4.1V/cell VBATl' 8.2V, 4.1V/cell
..... YT T T —
. . . L-.. 4
. 4 . v . ] I Y §
! SIS NENRNNE RN Y NSRS O N 1w
5V/div. ; : mllm'— 5V\$d iv.- ; ; 5V/div..
Vew .| v
10V/d|vri““ FORE TRSRSR I A ek} 1oviam, et presstrecstionnd 10\//%\‘/’\@
VBATT : : : VBATT, : : Do :
5V/d|vF . w . 5V/d|vr\ . . 5V/d|VP ....... .
IBATTF. 3 ] IBA'l'l'p... e i IBATI' . L Ee ]
2A7div.” : : o 2A/div.” : : : 1A/dw.“| : : o :
1ms/div. 20ms/div. 1ms/div.
Hot Insertion Power On Power On
VIN = 9V, 2 CeII, VIN = 18V, 2 CeII, VBA'I'I' =7.2V VIN = 18V, 2 CeII, VBA'I'I' =8.4V

VBATl' = 82\/, 4.1V/cell

[
4 V|N
............. A 1OV
ViN
5V/div.” v
VSW SW, VSW
10V/div. 10vidiv? 10V/div. ]

VBATT VpaTT VBATT
5V/d|VP .......... 5V/dlvp' 5V/d|VF

IsATT : lgATT IBaTT,
1A/d|V=1 .......... 1A/d|\lﬁ\ 1A/d|vr‘

1ms/div. 2ms/div. 1ms/div.

MP2615 Rev. 1.0 www.MonolithicPower.com 9
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5V/9V, C1=C2=22uF, SEL=Float/High, CELL=Float/High, L=6.8uH, RS1=50mQ, Battery
Simulator, T, = 25°C, unless otherwise noted.

Power Off En On

En Off

V|N =18V, 2 CeII, VBATT =8.4V

V|N =5V, 1 CeII, VBATr =3.6V

V|N =5V, 1 CeII, VBATT =3.6V

ﬁ H i
: [T A Vil Vi 1.
; sV 5VIdiv. :
mw‘éil\r:@_.. VLTI
V) Vsw, s
5Vidiv. 5V/div.*fi
Vg \/ Vi
10V/dNE ; Py ANES Vi,
. alvB/ﬁH@"' ...... | |
| BATT, BATT
500mABIﬁH”|" BREE 2Ald iv.l1" 2Ald iv.i’l-
20ms/div. 400us/div. 20us/div.
En On En On En Off
V|N = 5V, 1 CeII, VBATT =42V VlN = 9V, 2 CeII, VBATl' =7.2V le = 9V, 2 CeII, VBATT =8.4V
Vi b LIl Vi k- Vin 1
sVIdiv.H : B : 5VIdi\';.{T 5VIdiv. ;
: s : V. V.
______ ] e oo T
V) ; R ]
v ] : :
5V/3i‘\':\.'@"' """ E T . v v
: S : AT
............ svidvF 5\2/3':\7@
IBATT. IBaATT, I
2A/div."|" o - 1A/d iv."l" 1/5’35""
400ps/div. 400ps/div. 20ps/div.
NTC Fault Control Timer Out Charge Full Indication
VIN = 5V, 1 CeII, VBATT =3.6V VIN = 9V, 2 CeII, VIN = 5V, 1 CeII, VBATT =42V

%

VBA'I_I' =8.4V, CTMR = 220pF

VTMR Vaco
v 2Vidiv. 2\\;Id |\le 3
NTC
2vidiv.'f Vi
V. VS i ; ; h i ;
svidv. | 10v/div. AU MR
Vehsokgt .
...... VA ; I
Vearrgf LD VBATT : :
2V/div. 2V/div. 4
loarr b i lBATT ] lsaTT
1A/div.”} 1A/div. 500mA/div.”|
200ms/div. 40ps/div. 400ms/div.
MP2615 Rev. 1.0 www.MonolithicPower.com
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MP2615 — 2A, 1- CELL OR 2- CELL LI-ION BATTERY CHARGER

FUNCTIONAL BLOCK DIAGRAM

VIN |§§
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OPERATION

The MP2615 is a peak current mode controlled
switching charger for 1- or 2- cell lithium-ion and
lithium-polymer battery. The MP2615 integrates
both the high-side and low-side switches of the
synchronous BUCK converter to provide high
efficiency and save on PCB area.

Charge Cycle (Mode change: TC> CC-> CV)

The MP2615 regulates the charge current (lcug)
and battery voltage (Vsarr) using two control
loops to achieve highly-accurate constant current
(CC) charge and constant voltage (CV) charge.

As shown in Figure 2, when the Vgarr < V1, the
MP2615 stays in trickle-charge mode and the
output of charge current loop COMPI dominates
the control. The battery is charged by a trickle-
charge current |¢ until the battery voltage

reaches Vrc. If the charger stays in the trickle-
charge mode till the trickle-charge timer is
triggered, charging will be terminated.

The MP2615 will enter constant-current charge
mode once the battery voltage rises higher than
V+c. In this mode the charge current will increase
from |+¢ to Icc to fast charge the battery.

When the battery voltage rises over full battery
voltage Vearr ruL, the charger enters into
constant-voltage mode. In constant voltage mode,
the battery voltage is regulated at Vsarr rulL
precisely and the charge current will fall naturally
due to the existing equivalent internal resistance
of the battery. For the operation flow chart,
please also refer to Figure 4.

cvenarged L s A
Threshold Pid Yee-s Peee "'
Auto-recharge 0% =2, CC Charge
Threshold o’ \ Current
L4
4
IcHa & | /"\
o’ Veatr
"
CC Charge
Threshold [oee=** |BF
N TC Charge
Current
Trickle CC Ccv Charge Auto-
* Charge ™% 7 Charge ~ P Charge > Full recharge
Figure 2: Li-ion Battery Charge Profile
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Charge Full Termination and Auto-Recharge

When the charge current drops below the
termination threshold (Ig¢) during the CV charge
phase, the charger will stop charging and the
CHGOK pin becomes open drain. The timer will
also be reset and turned off. Once the battery
voltage decreases below the recharge threshold
VgecH (4.0V/Cell while connect SEL-pin to
AGND), recharging will automatically kick in and
the timer restarts a new charge cycle.

COT Charge Mode

The MP2615 uses the floating ground method to
drive the high-side MOSFET of the buck
converter. During the off-time of the high-side
MOSFET, the BST capacitor is recharged and
the voltage across it is used as the HS-MOS gate
drive. Thus a minimum off-time 200ns is required
to maintain sufficient voltage at BST capacitor.
When200ns minimum off-time is achieved due to
large duty cycle, the MP2615 will enter COT
(constant off-time) charge mode. In this mode of
operation, switching frequency is slightly
decreased in order to achieve 99% duty cycle.
Charge Status Indication

The MP2615 has two open-drain status outputs,
CHGOK pin and ACOK pin. The ACOK pin
goes low when the input voltage is 300mV larger
than battery voltage and over the under voltage

lockout threshold. Pin CHGOK is used to indicate
the status of the charge cycle. Table 1

summarized the operation of both CHGOK and
ACOK according to the status of charge.

Table 1: Charging Status Indication

ACOK CHGOK Charger Status
Low Low In charging
End of charge;
. NTC fault;
Low im |;:hge?nce '@er out:
P EN disable;
Thermal shutdown;
High High V\y absent;
impedance | impedance | Viy = Vgarr < 0.3V

Safety Timer Operation

The MP2615 has an internal safety timer to
terminate charging during time out. The capacitor
Crwr connected between the TMR pin and GND
is used to set the internal oscillator period,

T-(seconds) = 0.46 x G5 (UF) (1)

This timer limits the max trickle charge time to
8192 internal oscillating periods. If the charger
stays in trickle charge mode for longer than the
max oscillating periods, it will be terminated and

the CHGOK becomes open drain to indicate the
timer-out fault. If charge cycle successfully goes
through trickle charge within the allowed time
limit, it enters into the CC charge mode and the
timer continues to count the oscillating periods.
When the battery is charged full, the timer turns
off and clears the counter, waiting for the auto-
recharge to restart.

If the charge time during CC/CV mode exceeds
49152 oscillating periods and the battery full has
not been qualified, the charger will be terminated
and a timer-out fault is also indicated by floating
the CHGOK . The charger can exit the timer-out
fault state and the on-chip safety timer restarts
counting when one of the following conditions
occurs:

e The battery voltage falls below the auto-
recharge threshold Vgegh.

e A power-on-reset (POR) event occurs;

e EN pin is toggled.

The timer can be disabled by pulling TMR-pin to
AGND.

Thus, the trickle mode charge time is:
t (minutes) =62.8 xC;z(UF) (2

Trickle_tmr

If connect a Cryr of 0.47uF, the trickle charge
time is about 30 minutes.
The CC/CV mode charge time is:

tTotaLtmr(hourS) =6.28 x Gz (UF) 3)

If connect a Cryr of 0.47uF, the CC/CV charge
time is 2.95 hours.

MP2615 Rev. 1.0
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Negative Thermal Coefficient (NTC)
Thermistor

The NTC pin allows the MP2615 to sense the
battery temperature using the Negative Thermal
Coefficient (NTC) resistor available in the battery
pack to ensure safe operating environment of the
battery. . A resistor with appropriate value should
be connected from VCC to NTC pin and the
thermistor is connected from NTC pin to AGND.
The voltage on the NTC-pin is determined by the
resistor divider whose divide-ratio depends on
the battery temperature. When the voltage at the
NTC pin falls out of the NTC window range, the
charging will pause until the battery temperature
goes back to normal operating conditions.

As a result the MP2615 will stop charging and
report this condition to the status pins. Charging
will automatically resume after the temperature
falls back within safe range.

Short Circuit Protection

The MP2615 has an internal comparator to check
for battery short circuit. Once Vgarr falls below 2V,
the device detects a battery-short status and the
cycle-by-cycle peak current limit falls to about
2.2A to limit the current spike during the battery-
short transition. Furthermore, the switching
frequency also folds back to minimize the power
loss.

Thermal Shutdown Protection

To prevent the chip from overheating during
charging, the MP2615 monitors the junction
temperature, T,, of the die. Once T, reaches the
thermal shutdown threshold (Tsytpown) Of 150°C,
the charger converter turns off. Once the T, falls
below 130°C the charging will restart.

MP2615 Rev. 1.0 www.MonolithicPower.com 14
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INPUT POWER UP START UP TIMING FLOW
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OPERATION FLOW CHART
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Figure 4: Operation Flow Chart
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APPLICATION INFORMATION
COMPONENT SELECTION
Charge Current Setting

The constant charge current (Icc) of the MP2615
can be set by the sense resistor RS1 (see
Typical Application). The equation to determine

the programmable CC-charge current s
expressed as following,
100mV
- (A 4
ce RS1(mQ)( ) @

To get 2A Icc, a RS1 of 50mQ should be selected.

Accordingly, the trickle charge current (lt¢c) can
be obtained by the following equation,

10mV
lrc =10%ls = m(A) (5)

Inductor Selection

To select the right inductor, a trade off should be
made between cost, size, and efficiency. An
inductor of lower inductance value corresponds
with smaller size, but it results in higher ripple
currents, higher magnetic hysteretic losses, and
higher output capacitances. Conversely, higher
inductance value is beneficial to getting a lower
ripple current and smaller output filter capacitors,
but resulting in higher inductor DC resistance
(DCR) loss. Based on practical experience, the
inductor ripple current should not exceed 30% of
the maximum charge current under worst cases.
For the MP2615 with a typical 12V input voltage
to charge a 2-cell battery, the maximum inductor
current ripple occurs at the corner point between

trickle charge and CC charge (Vgarr = 6V).
Inductance estimations are as follow:
L= Vin = Vearr Vearr (6)

AIL_MAx VlN'fS

Where Vi, Vearr, and fs are the typical input
voltage, the CC charge threshold, and the
switching frequency, respectively. And Al, ,y is
the maximum inductor ripple current, which is
usually 30% of the CC charge current.

Al \yax =30%Iec (7)
Based on the condition where Igc = 2A, Viy = 12V,
Vearr = 6V and f; = 760kHz the calculated

inductance is 6.6puH. The inductor saturation
current must exceed 2.6A at least and have

some tolerance. To optimize efficiency, chose an
inductor with a DC resistance less than 50mQ.
NTC Resistor Divider Selection

Figure shows that an internal resistor divider is
used to set the low temperature threshold and
high temperature threshold at 73.3%-VCC and
29.3%-VCC, respectively. For a given NTC,
thermistor, select appropriate Ry and Ry to set
the NTC window.

VCC

Low Temp Threshold
>
Rt

NTC
Rross RNTC%

Figure 5: NTC Function Block

VTH Low

DF— T

l}!—-vl “A._. .

High Temp Threshold
VTH_High

The thermistor (NCP18XH103) noted above has
the following electrical characteristic:

L] At OOC, RNTC_Cold = 27445kQ,
o At 5000, RNTCfHot =4.1601kQ.

The following equations are derived assuming
that the NTC window is between 0°C and 50°C:

R T2//R NTC_Cold VT H_Low

Ry, +Rrp/Rurc s VREF33

R..JIR Vin wi
o) NTC Hot  _ _ "TH High =29.3% 9)
Rry+Rro/Ryrc v VREF33

According to Equation (8) (9), and the required
battery temperature range to calculate Ry and

T2-

=73.3% (8)
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Input Capacitor Selection

The input capacitors C1 from the typical
application circuit absorbs the maximum ripple
current from the buck converter, which is given
by:

\/VTC(VIN_MAX - VTC)
laws_wax = loc (10)
VIN_I\/IAX

For a given ICC = 2A, VTC = 6V, VINiMAX = 18V, the
maximum ripple current is 1A. Select the input
capacitors so that the temperature rise due to the
ripple current does not exceed 10°C. Use
ceramic capacitors with X5R or X7R dielectrics
because of their low ESR and small temperature
coefficients. For most applications, use a 22uF
capacitor.

Output Capacitor Selection

The output capacitor C2 (see the typical
application circuit) is in parallel with the battery.
C2 absorbs the high-frequency switching ripple
current and smoothes the output voltage. ltis
impedance must be much less than that of the
battery to ensure it absorbs the ripple current.
Use a ceramic capacitor because it has lower
ESR and smaller size.. The output voltage ripple
is given by,

1. Yo
AV, V
OAry=—2= > (11)
Vo,  8C.fsL

In order to guarantee +0.5% full battery voltage
accuracy, the maximum output voltage ripple
must not exceed 0.5% (e.g., 0.1%). The
maximum output voltage ripple occurs at the
minimum battery voltage of the CC charge and
the maximum input voltage.

For Vin max = 18V, Vee uin = Ve =6V, L = 6.8pH,
fs = 760kHz, Arg max = 0.1%, the output capacitor
can be calculated as,

VTC

C. - VIN_MAX
0~ qf2
8f, LArQ,\,IAX

We can then approximate this value and choose
a 22uF ceramic capacitor.

PCB Layout Guide

PCB layout is important to meet specified noise,
efficiency and stability requirements. The
following design considerations can improve
circuit performance,

1) Route the power stage adjacent to the
grounds. Aim to minimize the high-side
switching node (SW, inductor), trace
lengths in the high-current paths and the
current-sense resistor trace. Keep the
switching node short and away from the
feedback network.

2) Connect the charge current sense resistor
to CSP (pin 10), BATT (pin 9). Minimize
the length and area of this circuit loop.

3) Place the input capacitor as close as
possible to the VIN and PGND pins. Place
the output inductor close to the IC as and
connect the output capacitor between the
inductor and PGND of the IC. This
minimizes the current path loop area from
the SW pin through the LC filter and back
to the PGND pin.

4) Connect AGND and PGND at a single
point.

5) Figure 6 is a PCB layout reference design.

1-
=21.3uF (12)
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Figure 6: MP2615 PCB Guild Design
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TYPICAL APPLICATION CIRCUITS

L

RS1

VIN A AA
SW

T« Vi T T 6.8uH 50m

R2 qan - C4 | 100nF
—/ W —»—— CHGOK BST
1k R1 A _ 1L
ACOK - CSP
MP2615 —
c1 T —\Wﬂo—\/\/\/nl— vee BATT €2 2 Cell
22uF Rurc| R3 10k 22uF Battery
c3Ll 10k NTC TMR
1uF _
O—— EN SEL|—™0O
oo AGND 1uF [ Crum
PGND CELLF—1mn
Figure 7: Typical Application Circuit to Charge a 2 Cell Battery with 12V.
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PACKAGE INFORMATION
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