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MP2625

2A Switching Charger with NVDC
Power Path Management
For Single Cell Li+ Battery

The Future of Analog IC Technology

DESCRIPTION

The MP2625 is a monolithic switch mode
battery charger with power path management
for single-cell Li-ion batteries in a wide range of
tablet and other portable devices. It integrates a
synchronous BUCK regulator to provide
regulated voltage for powering the system
output and at the same time charging the
battery. This device supports both USB and
high power DC adapter input. In USB mode, the
input current limit can be programmed to
450mA or 825mA via the logic pins to cover the
USB2.0 and USB3.0 specifications. When the
adapter input is present, the input current can
also be limited in order to avoid. overloading of
the DC adapter. Input current limit can be
programmed up to 2A.

The smart power path management allows
MP2625 to regulate the system voltage for
powering an external load and charging the
battery independently and simultaneously. This
allows immediate system operation even under
missing or deeply discharged battery. When the
input current limit is reached, the .system load is
satisfied in priority, then the charger will take
the. remaining current'to charge the battery.
Additionally, the smart power path “control
allows an internal connection from battery to the
system in order to supplement additional power
to the load in the event the system power
demand increases over the input limited power
or the input is removed.

The MP2625 features high integration with all
the power switches included.inside. No external
MOSFET, blocking diodes, or current sense
resistor is required.

Two status‘monitor output pins are provided to
indicate -the battery charge status and power
source status. ‘Other features include trickle
charge, battery temperature monitoring, timer
and thermal limiting regulation on chip.

MP2625 is available in QFN 3mmx4mm
package.

FEATURES

e 4V to 14V Operating Input Voltage

e Smart Power Path Management

e Five Control Loops: Input Current Limit,
Input Voltage Limit, Constant Charge
Current, Terminal Battery Control and
Thermal Fold-Back.

1.6MHz Switching Frequency
Programmable Input Current Limit
Programmable ‘Charge Current

Single Input for USB and AC adapter
Cover USB2.0 andUSB3.0 Input
Specification

Fully Integrated Power Switches

No External Blocking Diode and Sense
Resistor Required

Charging Operation Indicator

Built-in Programmable Charging Timer
Thermal Limiting Regulation on Chip
Battery Temperature Monitor

Tiny Package Features Small Size

APPLICATIONS

Smart Phone

E-Book

GPS

Portable Media Player
Portable Hand-held Solution
Tablet PC

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.
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MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

TYPICAL APPLICATION
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MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP2625GL

QFN 3mmx4mm

MP2625

* For Tape & Reel, add suffix —-Z (e.g. MP2625GL-2Z);

PACKAGE REFERENCE

TOP VIEW

VCC VLIM TMR ILIM

WINDERN
BSTD ENTC
Sw | 2 [E ISET
IN |3 E BATT
SW | 4 13| sys
PGND| 5 12 | SYSFB
EN E E AGND

S

MO M1 CHGOK ACOK
1 . 4
ABSOLUTE MAXIMUM RATINGS ¥ Thermal Resistance 654 65c
INSSW i i -0.3V to +20V QFN20 3mmx4mm................. 48...... 11...°C/W
BATT, SYS .. it -0.3Vio+6V
Notes:
- +

BST.......... SRR T 0.3V to +26V 1) Exceeding these ratings may damage the device.
A” Other PInS ................................. '03V tO '{26)V 2) The maximum allowable power dissipation is a function of the

; feci ; — ) maximum junction temperature T; (MAX), the junction-to-
Continuous Power D|SS|pat|on (TA +25 C) ambient thermal resistance 6;4, and the ambient temperature
QFN20 3mmx4mm ........cccocdiiiiininninnis e, 2.6W Ta. The maximum allowable continuous power dissipation at

i o any ambient temperature is calculated by Pp (MAX) = (T,
Junction Temperature.............cc..ieeeeeennn. 15000 (MAX)T.)0,.. Exceeding the maximum. allowable power
Lead Temperature ... 260°C dissipation will cause excessive die temperature, and the
Storage Temperature.......cu.... —65°C to 150°C regulator will go into thermal shutdown. Internal thermal

3) shutdown circuitry protects the device from permanent
; Y damage.

Recommended Operatl ng Conditions 3) The device is not guaranteed to function outside of its
Supply Voltage ViN....tveeeeeeiceeeeee. 4.5V to 12V operating conditions.
Operating Junction Temp. (T5)....-40°C to +125°C 4) Measured on JESD51-7, 4-layer PCB.
MP2625 Rev. 1.12 www.MonolithicPower.com 3

10/29/2013

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2013 MPS. All Rights Reserved.



mes

MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

ELECTRICAL CHARACTERISTICS

Vin = 5.0V, Ta = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Input Power (IN)
IN Operating Range Vin 4.0 149 \Y
IN Under Voltage Lockout Rising 3.65 38 | 3.95 v
Threshold Falling 3.35 3.5 3.65 \
Rising 270 310 350 mV
IN vs. BATT Threshold )
Falling 70 110 150 mV
Rising 2.75 29 3.05 Y
BST Voltage Threshold Vest-Vsw
Falling 2.6 2.75 2.9 Y
Switching Frequency 1.4 1.6 1.8 MHz
USB2.0.Mode 400 450 500 mA
USB3:0 Mode 750 825 900 mA
Input Current Limit In Default Mode 1840 2000 | 2160 | mA
Programmable Mode,
Riun=23K 1840 | 2000 | 2160 | mA
Input Current Limit Reference Vi 11 114 1.18 v
Voltage
High-side NMOS On Resistance | Ry psiony | Include the BLOCK FET 120 130 mQ
Low-side NMOS On'Resistance | R__psion 80 100 mQ
High-side NMOS Peak Current lim 3 4 5 A
Input Voltage Clamp Threshold Vi Voltage on VLIM 1.49 1.52 1.55 \/
Charger Enabled, USB2.0 Mod 2.4 5 mA
Charger-Enabled, USB3.0 28 5 mA
Mode
Input Quiescent Current Iin Charger Enable, Programmabl 38 5 mA
Mode '
Charger Enabled, Default Modg 3.8 mA
Disabled, EN=0V 3 uA
SYS t_o IN reverse current SYS=SW=4.5V,VIN=0V, monit 0.01 0.2 UA
blocking VIN leakage
SYS Output
Minimum SYS Regulation SYS voltage @ Vgart<3.4V,
Voltage Vsvs | SYSFB float 3.45 3.6 3.75 v
3.4V<Vparr=4.2V, SYSFB float 35 Vearr+ 45 Vv
SYS Regulation Voltage Veys | BATT Float 0.2V
User Programmed by SYSFB 3.5 4.4 \%
SYS Reference Voltage Vsvs rer 1.135| 1.152|1.170| V

MP2625 Rev. 1.12
10/29/2013

www.MonolithicPower.com

© 2013 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.




mes

MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

ELECTRICAL CHARACTERISTICS (continued)

VN = 5.0V, Ta = 25°C, unless otherwise noted.

Parameters Symbol |Condition Min Typ Max | Units
BATT to SYS Resistance ng:;/‘i.lzs\y/s:ZOOmA, 004 | 005 | Q
BATT to SYS Current Limit Vsvs>Vaarr_800MY 3 A
SYS short 200 mA
Battery Charger
Veart>VRrech: leneSler,
Terminal Battery Voltage VearT SYSFB float B . N Y
Vsys<4.2V Programmed Vsvys-
by SYSFB Pin 0.04 X lIge
Recharge Threshold at Vaarr Vieon SYSFB Float 3.9 4.0 4.1 Y
SYSFB programmed 3.85 3.95 4.05 \%
Recharge Hysteresis 85 mV
Trickle Charge Threshold 2.9 3 31 Vv
Trickle Charger Hysteresis 200 mV
Trickle Charge Current ltRickLE 10% lcc
Termination Charger Current lge 5% 10% 15% lcc
lgr Maximum Limit 150 200 mA
Riset=1.05k 1.8 2.0 2.2 A
gﬁprsetﬁt”t Current Modg CRarge lee  |Riser=1.53k 126 | 14 154 | A
R set=4.6k 0.405 0.45 0.495 A
ISET Reference Voltage 1.1 1.15 1.2 \%
Rising 2.4 2.6 2.8 Y
Battery UVLO .
Falling 2.2 2.4 2.6 Y
Idea Diode Regulation Voltage Vsys | Supplement Mode Xg’r*;{/ mvV
BATT Leakage Current lgatT xiA:TIT:’:(;fII\IZE\)/ » SYS float, 20 30 HA
ACOK, CHGOK
ACOK, CHGOK Pin Output Low Sinking 5mA 270 | 350 | mv
Voltage
ACOK,CHGOKPIn Leakage Current Connected to 3.3V 0.1 0.5 uA
Timer
Trickle Charge Time Crvr=0.1pF, lcpe=1A 45 Min
Total Charge Time Crvr=0.1pF, lcpe=1A 6.5 Hour

MP2625 Rev. 1.12
10/29/2013

www.MonolithicPower.com

© 2013 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.




mpso MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

ELECTRICAL CHARACTERISTICS (continued)

Vin = 5.0V, Ta = 25°C, unless otherwise noted.

Parameters Symbol |Condition Min Typ Max Units
Negative Temperature Coefficient (NTC) Control
NTC Low Temp Rising Threshold |  Vr, | Ie™N <" TOXH103F 63 65 | 67 | %vCC
Hysteresis on Low Temp
Threshold 35 mv
NTC High Temp Falling Rntc=NCP18XH103F, o
Threshold VTHH 50°C 32 335 35 %6V CC
Hysteresis on High Temp
Threshold 70 T
VCC Supply
Rising 3.15 3.35 3.55 Vv
VCC UVLO
Falling 2.8 3 3.2 Vv
VCC Output Voltage OmA<lyce<25mA, 4.3 45 | 46 Vv
ViN=6V
VCC Short Circuit Current Limit 40 mA
Logic
EN Input Low Voltage 0.4 \Y
EN Input High Voltage 15 \4
_ EN=4V 4 8
EN Input Current — HA
EN=0V. -0.5 -0.1
Logic High 15 Vv
MO, M1 g. g
Logic Low 0.4 \%
Protection
Thermal Limit Temperature 120 °C
Thermal Shutdown 150 °C
Notes:
5) Using a inductor with the saturation-current larger than 6A when applying the part with higher than 12V input.
MP2625 Rev. 1.12 www.MonolithicPower.com 6
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mpso MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 5.0V, Vearr = Full Range, Default Mode, Iy Limit=2A, Vsys=4.4V, R6 and R7are float, lchc=2A,
VinClamp=4.5V, L = 1.2 pH, T, = +25°C, unless otherwise noted.

Charge Current vs. Battery Regulation vs. System Voltage Regulation
Battery Voltage Temperature vs. Temperature
25 421 3385
< 4.208 /
2 T 4.206 / 38 L
o " ‘( VBATT_3-‘-’V /
r 4204 7/ 375 / v
_ 15 9 4.202 - 4 4 v
< S 42 S 37
>
S T 4198 >’ 565 VBATT=3.0V
> 4.19 : \
0.5 W 4194 —_—
: E 4 3.6 =
< 4192
o
0 4.19 3.55
2 25 3 35 4 45 0 25. 50 75 100 125 50 -25 0 25 50 75 100 125
VearrY) TEMPERATURE(°C) TEMPERATURE(°C)
USB3.0 Input Current USB2.0 Input Current = Default Mode Input Current
Limit vs. Temperature Limit vs. Temperature < Limitvs. Temperature
< 900 2 500 E 2100
S
£ 880 £ 490 =
E E £ 2050
S 860 S 480 = B
= 840 = 470 B T |
E —T"1 E @ 2000
Z 820 Z 460 - g /
£ 800 & 450 © 1950 /
3 780 3 440 7/ g /
5 760 7 5.430 / Z 1900 /
Zz 740 Z 420 8 1850 7
§ 720 § 410 E
® 700 @ 400 = 1800
> 5025 0 25 50 75100125 - 50 25 0 25 50 75 100 125X 50 -25 O 25 50 75 100 125
TEMPERATURE(°C) TEMPERATURE(°C) u TEMPERATURE(*C)
Battery Auto-recharge Ideal Diode Regulation vs.
Threshold vs. Temperature Temperature
41 70
4,06 68
- N /
> T —
402 E 66
= "¢
E — »n
>5'3.98 7 64
Z
3.94 62

3.9 60
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125

TEMPERATURE(°C) TEMPERATURE(°C)
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mpso MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5.0V, Vgarr = Full Range, Default Mode, Iy Limit=2A, Vsys=4.4V, R6 and R7 are float, lchg=2A,
VinClamp=4.5V, L = 1.2 pH, T, = +25°C, unless otherwise noted.

Battery Charge Curve Auto-Recharge USB IN Battery Charge Curve
ISYS =0A ISYS =0A USB2.0 Mode, ISYS =0A
P Lo Vgyg oot U
e et 3 y svs Foo
- C ] : o : : 1V/div.
‘X/B/GTT ] : : I 1
IV, [ brrr b b re b b H T t T t t + t + b + i i i + + +
CHGOK : : 1 cheok | L : . ] CHGOK ]
2V/div. 3] 2V/div. @ ; L e e ZV/dW-L
VlNIh : - o Vino} Co : : V.an-
1Vidiv. | : - S V/div.%\... Moy i 1\>//d'V-;
e oy o
iv. . : ] [ pATTE}
) LB/ QTT? il : " 1,IL\B/§iI\-,rW [ ] 500mA/div. R ‘
v 2s/div. ' 2s/div. 2s/div.
USB IN Battery Charge Curve  TC Steady State TC Steady State
USB3.0 Mode, Igyg = 0.5A VBATT = 2.6V, Isys = 0.5A USB2.0 Mode,VgarT = 2.6V
Igys = 0.5A
ﬁ &
P S——— VBarT
VSYS L e s R . o 2V/div. mf VBA'|—|' 8 §
1V/div. i ; Vsvys | 1V/div. - 1 §
2Vidiv. 5 SysH} - -
2V/div.
1 + + + + + 3 g VSWﬁ\ + + - + + + + H i + + -+
CHGOK 2Vidiv." Vew u U u LJ . u u . L
2V/div. BT i Wik e b e e el
INET 2V/div. : :
Idiv.=} § .
BATT T 5 : :
V. b e | 0O, T L
500mAd. nl lgaTT Lo ' 500m,|A/d|v. .
’ - - 200mA/div. s . L . . 200mAB/(}-iI\-II.-m\ . . : .
2s/div. 400ns/div. 400ns/div.
CC Steady State CC Steady State CC Steady State
VpatT = 3.8V, Igys = 1.5A @ 3upp|ement Mode USB3.0 Mode,VgarT = 3.8V
VgaTT = 3.8V, Igys = 3A Isys = 1.5A
VBaTT VearT VBATT
2v/div. T} 2vidiv. T} || 2v/div. B}
Vavs V.
2vidw 3} agysal | Viaw ||
VSW VSW ; ; ; ; ; ; ; Vsw. i
2V/div. -l S i I 2vrdiy, Pp
lgaral ] I
I N : | 1A | 200mAan ]
1A/div. . ks Iy [ TP RS PPURS FURY: SPRS PRI P
IgaTT S : { 1Adv. : .| s00mA/div.
1A/div. ] P : - ST I TR L
400ns/div. 400ns/div. 400ns/div.
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mpso MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5.0V, Vearr = Full Range, Default Mode, Iy Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
L =1.2 yH, To = +25°C, unless otherwise noted.

CV Steady State
VBaTT =4.2V, Igys =0A

CV Steady State Battery Full Steady State
VIN=9V, VBaTT=4.2V, Igys=1.5A VparT =4-2V, Igyg = 1.5A

PN =
V, Veart |-
2\5/3H it Vsw 2v/div. af :
Zw%\i(\?@, R 5V/div. Tk : . . zv\llsd\i(‘?@.. R ETRES S S ERRER S 11
V. [} VBA'I'I' FEEEEEEENES ERES A SEEEEREE ERN TR RS £ e SW“ b ki
Vidv. V/div. ; ; 2V/div.
Vsys g}
1Vidiv.
IL IL : ; ; I
S00mA/div: V. BE o ' : -+ s00mA/dive: |
. . . BATru ¥
s0omA, ' v - i i 500mA/div.
1ps/div. 400ns/div. 400ns/div.
Battery Float Steady State Input Current Limit Input Current Limit
No Battery, Isys = 1.5A VeaTT = 3.7V, Ramp up Igys USB2.0 Mode, VgarT=3.7V
Ramp up Isys
t ] L T
AT T - —
| ‘ ‘ ‘ ‘ ‘ ‘ i! 2V/\<:IN - [ 2V/\<:'IN
2v/div. I : ; 2vidn, : : 2\/|/de L
; ' § SYS it
v 2N 2N/djv. “
IN
v 1 ST I soomaidn 7]
N lpaTT *
1A/div. 1A/Mdiv. |
I
PPy A SRR IPEIE 21\3//3‘;"{@\
1V/div. ‘ ‘ ‘ i SR :
2s/div. 2s/div. 2s/div.
Input Current Limit Input Voltage Limit System Current Transient
USB3.0 Mode,VgarT = 3.7V 5V/1AAdapter IN,VgarT = 4.2V Battery Full,lgys = 1-2A transient,0.05A/ys
Ramp up Isys Ramp up Igys
ey y :
{ Veysac b ol oot
100mV7div. * r
ViN i i
2V/div. ViN
Veys B 2vidiv. BT
2V/div. Vsys
Isys 2V/div. 5 ——
2A/div. Isys : : : I gt
IIN 3} AV, b 1Adiv. "}
1A/div. ™ 1 /d'INB' : : : |
IBATT 3} WVogdo el SYS
1A/div. 1AB/§||\-IF : : : 1f\ld iv.
: : : BATT [2f-
1A/div.
2s/div. 2s/div. 1ms/div.
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MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5.0V, Vearr = Full Range, Default Mode, Iy Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
L =1.2 yH, To = +25°C, unless otherwise noted.

Plug in Adapter Remove Adapter Plug in USB
VBarT = 3.7V, Igyg = 2A VBATT = 3.7V, Igyg = 2A |USB 3.gAM0de, VearT=3.7V
SYs =
e e e R P
: ! V,
Vin | IN -1 R ! v,
5Vidiv. i} o SVidiv. s Y
VeaTTH} o VeaTTRE B U R RS TR Voso 0
2vidiv. | = Vidiv. [T BATT [if
! SN I 2y/div.
: BATT
lgarT lpaTT : 1A/div.
2A/div.“f 2A/div. 2\\5/3(}(3@‘
V.
Vsys t Vsys b
1V/di]/.“ v Bp
_ | o
2Ndi\kq'” ) 2A/di\k@' 1A/di\k@"”' st
1ms/div. 1ms/div. 1ms/div.
Plug in Adapter Plug in Adapter En On
No Battery, Vgyg = 4.2V, Igyg = 0.5A V|N = §V/MA Adapter, VBarT =3.7V, Igsyg = 0A
VBATT = 3.7V, Igys = 0.5A (VBATT & Vsys has 2.5V Offset)
oF Vsys EN
1V/div. Vi d'l‘,fi
ViNg 2Aidiv. B _
2V/div.” I "_"_"“(
2A/eiv. v S
V IN 5} : BATT
Widiv. Qi 500mV/div.
[} M—— BATT i ] Svs gl
1\\;,%‘[3 1Vidiv. - s00mVidv. |
) lpaTT B} BaTT |
1Aldi:k 1A/div. 2A/div.
40ms/div. 20ms/div. 1ms/div.
En Off En On Charge On
VBarT = 3.7V, Igyg = 0A VBATT = 3.7V, Igyg = 1.5A VIN = 9V, No Battery, Igyg = 0.5A
(VBATl' & VSYS has 2.5V Offset) (VBATr & VSYS has 2.5V Offset)
VEN -—.-J Lo : VEN : - ISET f =
5V/\d/iv.E R S svidiv, o 5V/\‘}'I":§
IN : IN i} | ~—
FVCLO B 2vidv. A svidw.
BATT I TN BATT . =
500mVidiv. f s00mVidiv. f T v
e
2V/div.
stsﬂ ] stsﬁ\, VBATT
SOOmY/div. | 500m\|/ldiv. : 2V/div.
BATT*
2A/dIV. 2;%?{9" v b
: ‘ i 1Avdiv, oL s
1ms/div. 1ms/div. 4ms/div.
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mpso MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VN = 5.0V, Vearr = Full Range, Default Mode, Iy Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichs=2A,
L =1.2 yH, To = +25°C, unless otherwise noted.

Battery Insertion Battery Insertion Time Suspend @ NTC Fault
VBATl' =3.7V, ISYS =0A USB 3.0 Mode, VBA'l-l' =3.7V, ISYS =0A VBA'|'|'= 3.8V, |sys =0A, CTMR = 150pF
frrsimsetiirntiimiy . vTMRﬁ‘«,
B : : 1V/div. -
VIN et it ssesrimerreereseremmmmsnd Vin g :
2. Lo E 2ydiv. 0 ; - ]
SYS B bt bbbttt Vgys £ et b it . ™
13/21“-’& o : 2V/div. : VBaTT -.-----J s 1
R 1 Vearr | : el 2Vidiv, |
IsaTT S B : 4 1V/div. Y IgATT :
2ms/div. 4ms/div. 40ps/div.
Timer Refreshed @ Battery Full Thermal Shutdown Indication @ Charge On/Off
VearT =4.2V, Igys = 0A, C1yR = 150pF VBaTT = 3.7V, Igyg = 0A VparT = 3.7V, Igyg = 0A
Increase the Ambier Temperature slowly
VIMR . L - v, } L VISET_.?...........
1v/div. 1 : o 1 vt | v L [
ZVdiV. 0 . CHGOK : Lo 4
SYS [Tftttbitatbbtr b FhE 2V/div. Bl it ; forprfeep e
: Lo ; 2V/dlil. : :
Vsys -} U AU T ] Lo G ACOKGELC
2V/div. : S 1 200mA/div. 2V/div. :
Vearr b 0 b . :
2y/div. _ B : | : |
1AB/§II\_II—W\ b 100mAB/§iI\-II.-1“ . e » ZAB/G-II\-II-H\
2ms/div. 40ms/div. 40ms/div.
Indication @ NTC Fault Indication @ Timer Out Indication @ Supplement
VBATl' = 3.7V, ISYS =0A VBA'l-l' = 3.7V, ISYS =0A VBA'|'|'= 3.7V, |sys =0A
VBATT v e e
2vidiv. | - : e L
V. ; M VBarT |
S : TMR : : 2V/div.
1V/div. : : VSYSF
ACOK (tfrersramramsrmiermnf oo ASYStY
vidiv. | O LR v ‘ e ACOK
esook £ BT [T Ay ‘ e 2V/d.
2Vidiv. gl et L ] B SO TURSTUTS FUUPEVOOS: SOOUS DR PP PRI C?\?/EKM
ACOK S : : : iv.
Vv, [ s : : : 4 500m;-\BIGErm
A : I : :
- o
1A/div. R P TR N L L ;
200ms/div. 100us/div. 4pus/div.
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MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

PIN FUNCTIONS

Package I
Pin # Name |Description
Bootstrap. A capacitor is connected between SW and BST pin to form a floating supply
1 BST . . . o
across the power switch driver to drive the power switch’s gate above the supply voltage.
3 IN Power input of the IC from adapter or USB.
2,4 SW | Switch output.
5 PGND |Power ground.
6 EN Function logic control pin of the IC. Logic low to enable the part and logic high to disable the
part.
7 MO |[Mode Select Input Pin, in combination with-M1 pin, setting the input current limit:mode.
8 M1 [Mode Select Input Pin, in combination with MO pin, setting the input current limit mode.
9 _________|Open drain output. It is pulled low during charging. And it is pulled high through an‘external
CHGOK | esistor to VCC to indicate charge completed.
Open drain output. It is‘pulled low to indicate.the presence of a valid input power supply.
10 ACOK |Otherwise, it is pulled high through an external resistor to VCC to indicate invalid input or
removed input.
11 AGND |Analog ground.
SYS voltage program. pin. Connect a resistor divider from.the-pin to SYS and AGND to
12 SYSFB . 4 i
program the:system output voltage. Leave the pin float to disable the function.
13 SYS |DC-DCregulator output to power the system load and charge the battery.
14 BATT |Positive battery terminal.
15 ISET Charge current program pin. A resistor from the pin to AGND can program the charge
current during CC charge. Float the pin will disable the charge function.
Thermistor input.. Connect a resistor /from this_pin to VCC and the thermistor from this pin to
16 NTC ; ; -
ground. The thermistor is usually inside the battery pack.
Input current limit program pin. A _resistor from the pin to AGND can program the input
17 ILIM A .
current limit'with adapter input.
18 TMR | Set timer out period. Connect TMR pin to AGND to disable the internal timer.
19 VLIM |Input'voltage clamp program pin.
20 VCC |Supply voltage of the.IC.

MP2625 Rev. 1.12
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OPERATION
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Figure 1—Function Block Diagram
MP2625 Rev. 1.12 www.MonolithicPower.com 13
10/29/2013 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2013 MPS. All Rights Reserved.



mes

MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

Introduction

The MP2625 is a switching charger IC, with
integrated smart power path management for
powering the system and charging a single cell
battery simultaneously and independently.

The MP2625 includes a high-voltage (up to 14V)
input DC-DC step down converter for wide range
of DC sources and USB inputs. It has precision
average input current limit to make maximum use
of the allowable input power. This feature allows
fast charging when powering from an USB port,
and ensures the input current never exceeds the
input power specification especially when the
input power comes from a USB port. Additionally,
the input current limit threshold can < be
programmed by logic inputs or a resistor to
ground from the ILIM pin.

The MP2625 implements an on-chip. 40mQ
MOSFET which works as a full-featured linear
charger with trickle charge,  high accuracy
constant current and constant voltage charge,
charge termination, auto recharge, NTC monitor,
built-in timer control, charge status indication,
and thermal protection. The charge current can
be programmed’ by an external " resistor
connected from the ISET pin to AGND. The IC
limits the .charge-current when the die
temperature exceeds 120°C.

The 40mQ MOSFET works as an ideal diode to
connecting the battery.to the system load when
the input power is not enough to power the
system load. When the input is removed, the
40mQ MOSFET is turned on allowing:the battery
to power up the system.

With smart power path management, the system
load is satisfied in priority then the remaining
current is used to charge the battery. The
MP2625 will reduce charging current or even use
power from the battery to satisfy the system load
when its demand is over the input power
capacity.

Figure 1 shows the function block diagram of
MP2625.
DC-DC Step'Down Converter

The 'DC-DC converter is a 1.6MHz constant
frequency step-down switching regulator to
provide the input power to the SYS, which drives

the combination of the system load and battery
charger. The regulator contains input current
measurement and control scheme to ensure the
average input current-remains below the level
programmed via ILIM pin or logic inputs MO&M1.
This meets the adapter capacity limit or stays in
compliance with USB specification.

When the input voltage is higher than UVLO and
310mV -higher than the battery voltage, input

voltage OK signal is active (ACOK turns low) and
the DC-DC converter soft-starts. If the input
power. is sufficient to supply the combination of
the system load and battery charger, and-the
input current limit" loop is not-triggered. The
converter output voltage Vsys Will be regulated:

1) If BATT>3.4V, Vsys is approximately 0.2V
above the battery voltage to minimize the power
loss of the battery charger during fast charging.

2) If BATT<3.4V, Vsys is fixed at 3.6V to power
the system immediately even when a drained
battery is inserted to be charged. Figure 2 shows
the relationship-of Vsys VS. Vearr.

System voltage' can also be regulated to any
value between 3.6V to 4.4V by using a resistor
divider on the SYSFB pin. This is shown as R6
and R7.in Figure 9. If the SYSFB is left floating,
the system program is invalid, and Vgys Iis
regulated as Figure 2.

The converter adopts fixed off-time control to
extend the duty cycle (close to 100%) when the
input of the converter is close t0 Vsys.

A

4.4V
4.2V

VSYS

200m
3.6V
VBATT
|
3.4V 4.2V

Figure 2 — SYS Regulation Output
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Close to 100% duty operation, BST refresh
operation makes sure the driver voltage of the
HS will be charged by turning on the LS until
negative IL hit about 400mA. If the input power is
insufficient to supply the combination of the
system load and battery charger, the DC-DC
converter will limit the total power requirement by
restricting the input voltage, input current and the
peak current through the MOSFET. The power
path management will reduce the charge current
to satisfy the external system load in priority.
According to this feature, the USB specification is
always satisfied first. Even if the charge current is
set larger than the USB input current limit, the
real charge current will be reduced as needed.

Input Limit State

If the input power is insufficient to supply the
combination of the system load and battery
charger, the MP2625 implements three input limit
control loops to reduce the charge current and
satisfy the external system load in priority. The
input in this case might be limited as follows:
input current limit, input voltage limit and DC-DC
peak current limit.

Input Current Limit: When.the system current is
higher than the programmed input current limit
the input current limit loop takes the control of the
converter and-regulates the input. current at
constant value. When the battery voltage is over
3.4V, the output voltage (Vsvs) will drop down
according to the increase of the system current,
and the charge current drops down ‘after the
BATT-to-SYS switch (40mQ MOSFET) is fully on
according to Vsys dropping down. During this
process, the system voltage .is slightly higher
than Vgarr. When the battery voltage is lower
than 3.4V, to maintain the minimum system
voltage and ensure the system operation, the
input current limit control will pull down the
charge current directly to reduce the load of the
converter so that the system current is satisfied
in priority.

Input Voltage Limit: A resistor divider from IN pin
to VLIM pin.to AGND is used for the input voltage
limit control. When the voltage on VLIM pin hits
the reference voltage of 1.52V, the output of the
input voltage limit error amplifier will drop in

to control the operation duty. In this mode, the
input voltage will be clamped according to the
value set by the resistor divider.. The control to
the system voltage and. charge current is the
same as the one explained in the input current
limit. Charge current drops down to satisfy the
system current request first. This feature
provides a second. protection to the input power
and ensures. the safe operation of the input
adapter. Even if a wrong adapter is inserted, the
MP2625 can.continue operation, providing the
maximum power to its load. User can jprogram
the.input voltage limit value through the resistor
divider from IN to VLIM to AGND.

Peak Current Limit: The peak current of the high
side switch of the DC-DC converter is sensed
during_every cycle, it is compared to the
reference: 4A, if the “peak  current hits the
threshold, ' the peak. current limit mode is
triggered. The control-of.the. charge current is the
same with the above two limits.

Input Current Limit Setting

The current. at ILIM is a precise fraction of the
adapter input.current. When a programming
resistor is connected from ILIM to AGND, the
voltage on ILIM represents the average input
current of the PWM converter. And the input
current approaches the programmed limit, ILIM
voltage reaches 1.14V.

The average input current limit can be set

through the resistor connecting from ILIM to

AGND according to the following expression:
40000

=1.14x———(mA
IN_LIM X RILIM(kQ)( )

When USB input, the input current limit is set
internally and the programmed value is invalid.
The MP2625 provides typical of 450mA input
current limit for USB2.0 specification and a
typical of 825mA for USB3.0 specification
respectively.

The user can choose to set the input current limit
through the two logic pins MO and M1 as shown
in Table 1 according to its input specification.

MP2625 Rev. 1.12
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When both MO and M1 are float, they are pulled
to the logic high, under this condition, the input
current is limited to a default value of 2A.

Table 1—Input Current Limit Setting

MO M1 Mode

Low Low USB2.0 Mode

Low High USB3.0 Mode

High Low Programmable Mode
High/Float | High/Float | Default Mode

Input Voltage Limit Setting

The input voltage can be limited at a value set by
a resistor divider from IN pin to VLIM pin to
AGND according to the following expression
(Typical Application Circuit):

+
Vi =152 o R2

%

When the voltage on VLIM pin drops and hits the
reference voltage 1.52V, the input voltage will be
clamped to the setting value.

Battery Charger

The MP2625 completes charge operation consist
of trickle charge,’ automatic charge termination,
charge status® indication, timer control, NTC
indication, .automatic recharge, ~and thermal
limiting.

When‘the PWM converter is.out of soft start; the
battery charge cycle begins, the MP2625 first
determines if the battery is deeply discharged. If
the battery voltage is lower than the trick charge
threshold (typical 3.0V), the battery charger starts
in “trickle charge mode”. The trickle charge
current is limited to 10% .of the.programmed
charge current until the battery voltage reaches
3.0V. If the charge stays in the “trickle charging
mode” for longer than 45 minutes, the “timer out”
condition is triggered, the charge is terminated

and CHGOK will start blinking to indicate that the
battery is ~unresponsive. When the battery
voltage is above 3.0V, the charger is operating at
“constant current mode.” The current delivered to
the battery ~will try to reach the value
programmed by the ISET pin. Depending on the
available- input power and system load
conditions,

the battery charger may or may not be able to
charge at the full programmed rate. The system
load is always satisfied first -over the battery
charge current. If the system load requirement is
low, the battery can be charged at full constant
current.

When the battery voltage reaches the battery full
threshold, the charger enters the “constant
voltage mode” operation.

End.of Charge (EOC) and Indication

In constant voltage charge mode, the battery
voltage:is regulated at 4.2V (when SYSFB is float
or SYS is programmed higher than battery full
threshold) and the charge current decreases
naturally. Once ‘the charge current hits the
battery full threshold Iz (1/10 . programmed
charge current), the battery. is fully charged and
charge cycle is terminated.

If the charge current drops below Igr because of
any limit condition, the MP2625 will come out of
CV mode, and the charge full detection is invalid.

A safe timer starts at the beginning of each new
charge cycle and it monitors if the whole charge
period is within the programmed time limit. After
each charge cycle, when the battery is indicated
as full, the timer counter will be reset. If the time
is expired while the charging is still on going, the
timer will force the MP2625 to terminate charging

CHGOK is blinking to indicate the fault condition.

If system voltage is programmed lower than 4.2V
by the resistor divider at the SYSFB pin, the
battery will be charged most close to Vsys until
the charge current reaches the Igr threshold.

During charging, the PWM converter continues to
power the system at the same time, if the system
load increases over the input current limit, the
battery charger will change to “ideal diode mode”.
Two comparators between Vsys and Vgarr are
used to detect this condition. If Vsys<Vgarr-40mV
is triggered, the ideal diode mode is enabled,
else, if Vgys increases back to Vsys>Vearr+40mV,
the ideal diode mode is disabled as shown in
Figure 3.

MP2625 Rev. 1.12
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Vearr-40mV + Enable Ideal Diode Mode

Vsys —e

- Disable Ideal Diode Mode

VearrH40mV ——— +

Figure 3— Ideal Diode Mode Enable/Disable

In summary, the terminal battery voltage is 4.2V
(typical) when SYSFB is float or programmed
higher than battery full threshold-4.2V, and Vsys-
lgex40mQ when SYSFB is connected to the
resistor divider- programmed lower than 4.2V.

Automatic Recharge

Once the battery charge cycle is completed, the
MP2625 turns off indicating the battery full status.
During this process, the battery power may be
consumed by the system load or self discharge.
If the input power is always.on, to ensure the
battery not to be exhausted, the new charge
cycle will automatically begin when the battery
voltage falls below the auto-recharge threshold
Vrehe Which is typically 4V when the SYSFB is
float, and 50mV lower if the SYSFB is connected
to a resistor.divider.“The timer will. re-start when
the auto-recharge cycle begins.

During the charge off state when the battery is
fully charged, if the input power is recycled, or
the EN signal is refreshed, the charge cycle will
re-start and the timer will refresh even if the
battery voltage is above the -auto-recharge
threshold.

Charge Current Setting

The charge current.of the MP2625 is
programmed using a single resistor from ISET
pin to ground. The program resistor and charge

current are calculated  using the following
equations:
lore =1.15xﬂ(mA)
I:QSET(kg))

At either constant current mode or constant
voltage mode, the voltage at the ISET pin is
proportional to the actual charge current
delivered to the battery, lgarr. The charge current

can be calculated by monitoring the ISET pin
voltage with the following formula:

| _ VISET

BATT 7 1 15 lCHG

Additionally, the actual-battery charge current
may be lower than the programmed current due
to limited input power available and prioritization
of the system load.

Battery charge full current threshold Igr is' set
internally at 10% of the programmed charge
current. However, lgz has a 150mA._maximum
limit which can not be exceeded.

Logic Control

The MP2625.has two separate enable control
pins.

EN 'is a ‘logic control pin_ that controls the

operation of the whole IC. When EN is low, the
IC is enabled and the PWM converter output

powers the system and the charger. When EN is
high, both the PWM converter and the charger
are disabled. The BATT to SYS switch turns fully
onto connect the battery to power the system.

The ISET pin can be also used to control the
operation of the charger. Setting ISET pin floating
will-disable the charger function while the output
of PWM converter will continue supply power to
system. On the other hand, a resistor from ISET
to AGND will enable the charging at the
programmed charge current.

The logic control of the ISET pin of the MP2625
can be realized as Figure 4. In this way, the user
can choose logic low to be “on” signal or logic
high to be "off” signal with a N-MOSFET.

ISET

QFF[ON*

RISET

Figure 4— ISET Logic Control

MP2625 Rev. 1.12
10/29/2013

www.MonolithicPower.com 17
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2013 MPS. All Rights Reserved.



mes

MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

Input Power Status Indication (ACOK)

An internal under voltage lockout circuit monitors
the input voltage and keeps the IC in off state
until the input rises over the rising threshold
(3.8V). When the input voltage decreases below
threshold (3.5V), the IC will turn off, and the
system load will be powered by the battery

automatically. ACOK is an open-drain, active-
low output that indicates the status of input
power. The input is considered valid when the
input voltage is over the UVLO rising threshold,
and 310mV higher than the battery voltage to
ensure both the converter and the charger can
operate normally. If the input voltage from an
adapter or from a USB port is indicated OK;,

ACOK will turn low.
During EN off or thermal shutdown ‘conditions,

the ACOK turns high to indicate no power is

provided by the input to the system. The ACOK
signal indicates if input supplies power to the
system load or not. Any-other .condition can not

affect the ACOK indication as long as the input
power is present.

Charge Status Indication (CHGOK)

CHGOK is-an open-drain, active-low output that

indicates the-status of charge. CHGOK will. be
low during. normal charging operation, turn high
after charge full, and blink if a fault condition
happens including NTC fault (battery temperature
invalid) and timer out (bad battery).

In the event of a fault <condition;, CHGOK
switches at 6Hz with the "'50%. duty cycle and
enter “blinking” mode. The user should check the
application circuit to find out the root cause of the
fault condition if the “blinking” signal is asserted.

For no battery condition, CHGOK is blinking
according tothe transition between charging and
charge full.: The blinking frequency is determined
by the cycle of charge and discharge of the
output capacitor.

When the charge current to the battery is low or

Table 2 shows the ACOKand CHGOK status
under different charge conditions.

Table 2—Charger _Status Indication

ACOK | CHGOK | Charger Status
low ol In.charging, supplement
mode
; End of charge, ISET
low high disable charger only.
low bligking at NTC fault, timer out
6Hz
high high V\\ absent, EN disable,
thermal shutdown

Timer Setting

The MP2625-uses an internal.timer to terminate
charge if the timer times out. The timer duration
is programmed by an external capacitor at the
TMR pin and related to the real charge current.

The trickle mode charge time is:

C .
ke TR = 45 x ﬁ'ﬁ:(mm) (Iene =1A)
The total charge time is:
Lol TMR = G-SXM(hr) (Ieve =1A)
- 0.1uF

The above equations are based on 1A charge
current. As a result of power path management
control, charge current might vary during normal
operation, under this condition, the MP2625
automatically takes into account this variation
and adjust the timer period accordingly.

When the charge current is set larger than 1A,
the safe timer period is reduced accordingly with
the same TMR capacitor. If the charge current is
reduced because of insufficient input power, the
timer period is increased proportionally by the
same rate at which the charge current is reduced.
If charge is stopped due to high system load, the
timer is temporarily suspended.

This feature avoids indicating a false trigger
indication for bad battery indication when there is
little charge current delivered to the battery as a

in. the-event the battery is in supplement mode  result of the insufficient input power.
caused by the insufficient input power, CHGOK

keeps low to avoid providing false charge full

indication.
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When the timer out condition occurs, the MP2625

terminates the charge at once and CHGOK
blinks to indicate the fault status. If one of the
following events happens, the timer is refreshed
and MP2625 re-starts the charge cycle.

e Input re-startup

e Refresh EN /ISET signal
e Auto-Recharge
NTC Thermistor

The NTC pin allows MP2625 to sense the battery
temperature using the Negative Thermal
Coefficient (NTC) thermistor usually 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 and the NTC resistor is from NTC pin to
AGND. The voltage on NTC pin_is determined by
the resistor divider whose divide ratio as the
different resistance of the. NTC. thermistor
depends on the ambient. temperature of  the
battery.

The MP2625 has an -internal NTC. voltage
comparator to set the upper and lower limit.of the
divide ratio. If NTC.pin voltage-falls out of this
range it means the temperature is outside the
safe operating range,

As a result, The MP2625 will stop charging and
report it ~on indication. pins. Charging will
automatically resume after the temperature falls
back'into the safe range.

Thermal Protection

The MP2625 implements thermal protection to
prevent the thermal damage to the IC or
surrounding components. An internal thermal
sense and feedback loop will automatically
decrease the charge  current when the die-
temperature rises to-about 120°C. This function is
referred as charge current thermal fold-back.
This feature protects the MP2625 from excessive
temperature due to high power operation or high
ambient thermal conditions. Another benefit of
this feature’ is charge current can be set
according to the requirement rather than worst-
case conditions for a given application with the
assurance of safe operation. The MP2625 will
stop charging if the junction temperature rises

above 150°C as the IC enters thermal shutdown
protection.

Ideal Diode Mode

If the system current requirement increases over
the preset limit .of the PWM converter, the
additional current will be drawn from the battery
via the BATT-to-SYS switch. To avoid very large
currents being drawn from the battery which
might affect the reliability of the device, .the
MP2625 controls the charge switch to work at the
ideal diode mode regulating Vsys to Vearr-65mV
when Vsys is 40mV lower than Vgarr is detected.
Only when Vsys-is 40mV higher than Vparr,-the
charger switch exits the ideal diede mode, and
the charge cycle softly restarts.

Battery Discharge Protection

When the. input power is remaoved or invalid, the
system load will draw.power from the battery via
the battery switch. Under ‘this condition, the
battery switch is-fully on to minimize the power
loss. The MP2625 ‘integrates battery discharge
protection. /If the battery discharge current is
larger than the discharge current limit threshold
Iois (3:3A), the current will be regulated at the
preset limited value. And if the current increases
further, .the SYS voltage starts to decrease.
When Vsys drops to about 800mV lower than
Veatt, SYS short condition is detected. Under this
condition, the discharge current is limited at
200mA. In the event of a short from system to
GND the discharge current from the battery to
the system is also limited to 200mA.

Furthermore, battery voltage UVLO is always
monitored. If the battery voltage is lower than the
battery UVLO threshold, the battery switch is
turned off immediately. This feature makes sure
the battery from over-discharged.

Dynamic Power Path Management (DPPM)

In the presence of a valid input source, the PWM
converter will supply the current to both the
system and the battery charger.

The voltage Vsys is regulated based on the value
of the battery voltage. When Vgarr is higher than
3.4V, Vsys is regulated 200mv above Vgarr to
charge the battery. When Vgarr is lower than
3.4V, to ensure the system can still be powered

MP2625 Rev. 1.12
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up even with a drained battery connected, Vsys is
regulated at constant 3.6V.

When the input source is overloaded, either the
current exceeds the input current limit or the
voltage falls below the input voltage limit, the
MP2625 then reduces the charge current until
the input current falls below the input current limit
and the input voltage rises above the input
voltage limit. If the system current increases
beyond the power allowed by the input source,
additional power will be drawn from the battery

via an on-chip 40mQ MOSFET working as an
ideal diode.

Additionally, if the input source is removed, the
MP2625 will turn on the 40mQ MOSFET allowing
the battery to power the system load to keep the
operation of the portable device.

Operation Flow Chart

Figure 5-/shows the operation flow chart of the
MP2625.

Figure 6 shows the operation process.
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Chip Enable?

Viy>3.0V?
No, g
Yes, POR="1"
POR="0"y
Enable BG
> Vear>Vearr uvio? Yes Battery power system
BGOK="1" BGOK="0 Enable discharge limit

Enable VREF LDO

System shuts down
No power to system

UVLO="0"y

Nn>Vearr+310mV?7

No

Yes \

Enable DC-DC
DC-DC soft starts

4

Vsys rerFmmax(Vearr+
200mV,3.6V)

BATT-t0-SYS
switch turns off

C-DC starts rea

No

Yes

4

Enable Battery
Charger

i

MP2625 Rev. 1.12 www.MonolithicPower.com 21
10/29/2013 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2013 MPS. All Rights Reserved.



mpso MP2625 — SINGLE CELL SWITCHING CHARGER WITH POWER PATH CONTROL

Yes Clamp DC-DC
——» EAO to regulate
the part
at the limit state

Varr<3.4V?

No Yes
Trickle Charge | |
lere=10%lcc Vsys drops down,
B . Charge switch Decrease ki,
—»| CC/CV Charge | < is fully on Keep Vors=3.6V

v

Satisfy System current
Charge the battery with [€
remaining current

—

Yes
Disable
NO  [Charge Ful, EOC=1 Yes harge No Ideal Diode Mode
< CV.mode and >«
N TMR off, o <l
clear the counter cHemBE
DC-DC keeps work » |Yes Yes
i
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Yes Yes
No —_—» VearVeatr uvio?
’—’l

Ideal Diode Mode: Battery switch shuts down,
Vsys=Vearr-65mV, DC-DC in over load

Enable discharge condition,

current limit Vsys drops down
Figure 5— MP2625 Operation Flow Chart under No Fault Condition
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Figure 6—MP2625 Operation Process under No Fault Condition
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APPLICATION INFORMATION
COMPONENT SELECTION

Setting the Input Current Limit

Connect a resistor from the ILIM pin to AGND
to program the input current limit for different
input ports. The relationship between the input
current limit and setting resistor is as following:

40000
I, =1.14x ———(mA) (1)
" IQILIM(kgz)
Where Rimis greater than 22.8k, so that liumis

not over 2A.

For USB input, the input current limit is set by
the MO and M1 logic, the setting resistor by
ILIM pin is invalid.

Setting the Charge Current

Riser connecting from the ISET pin to AGND
sets the charge current (Icrnc). The relationship
between the charge current and setting resistor
is as following:

1800
l...=1.15x————(mA 2
CHG e Re., (kQ)( ) (2)

Assume ICHG:2A’ thus: RISET:1-05kQ-
Usually in USB mode, the charge current is

always set over.the USB input limit specification.

Then the-MP2625 regulates the ‘input current
constant at the limitation value. Thus the real
CC charge current is .not the setting value, ‘it
varies with different input and battery voltages.
The. maximum CC . charge value can. be
calculated as:

lec wax = M(A) (3)

- Vie

Where Vrcis trickle charge threshold (3V) and n
is the current charge. efficiency. Assume
Vin=5.5V, lum=1A, N=83%;,.thus lcc_max=1.52A.
Figure 7 shows_a calculating charge current
curve by limiting the‘input current limit.

N
>

Charge Current

|_\
>

T

|

|

|

|

|

|

Y PN

PNy I

|

i

|

\/

3V 4.2V
Battery Voltage

Figure 7—IsncVariation with Different Input
Current Limit

Setting the Input Voltage Limit

The input clamp voltage is set using a resistive
voltage divider-from the input voltage to VLIM
pin. The voltage divider divides the input
voltage down to the limit voltage by the ratio:

R2

VVL|M = VlN_LlM X R1+ R2 (\/) (4)
Thus the input voltage is:
R1+R2
VIN_LIM = VVLIM x R2 (\/) (5)

The voltage clamp reference voltage Vyw is
1.52V, and a typical value for R2 can be 10kQ.
With this value, R1 can be determined by:

V) (6)

For example, for a 4.65V input limit voltage, R2
is 10kQ, and R1 is 20.6kQ.

VIN_LIM - VVLIM

R1=R2x

Setting the System Voltage

The system voltage can be regulated to any
value between 3.6V to 4.4V by the resistor
divider on SYSFB pin as R6 and R7 in Figure 9.

R6 + R7
Veye = V. X ———— 7
sYs SYS_REF R7 (7)

Where Vsys grer is 1.152V, the reference voltage
of SYS. With a typical value for R7, 10kQ, R6
can be determined by:
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R6 = R7 x VSYS VSYS_REF (V) (8)
SYS_REF
For example, for a 4.2V system voltage, R7 is
10kQ, and R6 is 26.5kQ.

Selecting the Inductor

Inductor selection trades off among cost, size,
and efficiency. A lower inductance value
corresponds to a smaller size, but results in
higher ripple currents, higher magnetic
hysteretic  losses, and higher  output
capacitances. Choosing a higher inductance
value benefits from lower ripple current and
smaller output filter capacitors, but results in
higher inductor DC resistance (DCR) loss. From
a practical standpoint, the inductor ripple
current does not exceed 30% of the maximum
load current under worst cases conditions. For
the MP2625 operating with a typical 5V .input
voltage, the maximum inductor. current. ripple
occurs at the corner point between trickle
charge and CC charge (Veat1=3V). Estimate the
required inductance as:

— VlN — VBATT VBATT

Al yax Vin xTs(MHZ)

%ripple
lpear = lLoapvaxy ¥ (&+ %) (mA) (10)

Where Vin, Vearty and fs are the typical input
voltage, the TC to CC charge threshold, and.the
switching frequency, respectively. Al, uax is the
maximum inductor..ripple current, which. is
usually 30% of the CC.charge current.

For Iche=2A, ViNn=5V, VBat=3V and fs=1.6MHz,
the calculated inductance <is  1.3uH. The
maximum inductor peak current exceeds 2.3A.
To optimize efficiency, chose an inductor with a
DC resistance less than 50mQ. Choose the
inductor 7447745012 from-Wurth with ratings at
L=1.2uH/4.6A /121mQ.

Selecting the'lInput Capacitor

The input: capacitor C1 from the typical
application circuit absorbs the maximum ripple
current from the PWM converter, which is given

by

(uH) ©

Wrex M =Vie) (a) (11

IRMS_MAX :ICC_MAX X V.
IN_MAX

For lcc max=2A, Vt1c=3V, Vinmax=14V, 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.

Selecting the Output Capacitor

The output capacitor C2 from the typical
application circuit is in parallel with the SYS
load: C2 absorbs the high-frequency switching
ripple current and smoothes the output voltage.
Its impedance must be much less than that of
the system load to ensure it properly absorbs
the ripple current.

Use a ceramic capacitor because it has lower
ESR and smaller size that allows us to ignore
the -ESR of the output capacitor. Thus, the
output.voltage ripple is given.by:

V,

1— 'sys
Ar = AVevs _ VlN2 % (12)
VSYS 8XC2XfS XL
In order to guarantee the £0.5% system 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 system voltage and the maximum
input voltage.

For V|N=14V, VSYS_MIN=3-6V1 L=12lJ.H,
fs=1.6MHz, Ar =0.1%, the output capacitor can
be calculated as:

1— VSYS_MIN
_ Vi
8xfy® xL x Ar
We can then choose a 22uF ceramic capacitor.

Cc2 (13)

Resistor Choose for NTC Sensor

Figure 8 shows an internal resistor divider
reference circuit to limit the low temperature
threshold and high temperature threshold at
65%-VCC and 33.5%-VCC, respectively. For a
given NTC thermistor, select appropriate Rt
and Ry, to set the NTC window.
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Ryo/Ryrc co Viu ton
T2TNTC Cold _ YTH Low _ 65% (14)
R+ RTZI/R NTC_Cold VCC

RT2//R NTC_Hot _ VTH_High
Rt RTZ//R NTC_Hot VCC

=33.5% (15)

Rntc_mot IS the value of the NTC resistor at high
temperature of the required temperature
operation range, and Ryrc coqd iS the value of
the NTC resistor at low temperature.

The two resistors, Rr; and Ry, allow the high
temperature limit and low temperature limit to
be programmed independently. With this
feature, the MP2625 can fit most type of NTC
resistor and different temperature operation
range requirements.

Rt and Ry, values depend on the type of the
NTC resistor:

R - 0.3x RNTC_CoId X RNTC_Hot
T 0.1225x RNTC_Cold -0.4225x RNTC_HOt
0.3x RNTC_Hot “ RNTC_CoId

™ 0.2275x (RNTC_Cold N RNTC_Hot)

(16)

a7)

For example, for the.thermistor NCP18XH103,
it has the following electrical characteristic:

At OOC, RNTC_C0|d = 27445kQ,

At 50°C, RNTC_Hot =4.1601kQ.

The following equations are derived assuming
that the NTC window is between 0°C and 50°C.
According to the above equations to calculate
RT1:6.47kQ and RT2=2135kQ

VvCC

> Low Temp Threshold

>
< VTH_Low
NT
i 1 17
R Rntc
T24 <
g JE ~
% High Temp Threshold

% VTH_High
Figure 8—NTC Function Block

By
4
=
AAM
\

PCB Layout Guideline

It is important to pay special attention to the
PCB layout to meet specified noise, efficiency
and stability requirements. The following design
considerations can improve circuit performance:

1) Route the power stage adjacent to their
grounds. Aim to minimize the high-side
switching nede (SW, inductor), trace lengths in
the high-current paths and the current sense
resistor trace.

Keep the switching node short and away from
all small control signals, especially the feedback
network.

Place the input_capacitor as‘close as possible
to the IN-and PGND pins.

Place the output inductor. close to the IC and
connect ‘the output. capacitor between the
inductor and PGND:of the IC.

2) For high-current.applications, the balls for the
power pads (IN, SW, SYS, BATT and PGND)
should be connected to as much copper in the
boardas  possible. This improves thermal
performance because the board conducts heat
away-from'the IC.

3) The PCB should have a ground plane
connected directly to the return of all
components through vias (two vias per
capacitor for power-stage capacitors, one via
per capacitor for small-signal components). It is
also recommended to put vias inside the PGND
pads for the IC, if possible. A star ground
design approach is typically used to keep circuit
block currents isolated (high-power/low-power
small-signal) which reduces noise-coupling and
ground-bounce issues. A single ground plane
for this design gives good results. With this
small layout and a single ground plane, there is
no ground-bounce issue, and having the
components segregated minimizes coupling
between signals.
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TYPICAL APPLICATION CIRCUITS

Adapter /USB input

C1I ON| OFF
R = IN MO M1 EN SYS -
VLM \SYSFBg
R2 ILIM %R? SYS Load
RlLIM — (YW\
= MP2625  SW L
= (:6 -
R4 AN | C2
CHGOK B l
iy <l BATT 9 Vear
ACOK _I_ J_
Battery
VCC Cﬁ I
R3 ISET]| = =
NTC TMR _GND Riser
Rntc C4J'

Figure 9—Typical Charge Application Circuit with-Vsys Programmed by SYSFB Pin
Adapter /USB input

c1I L__]ON OFF
R1 = IN MO M1 ENSYS >
VLIM SYSFB
R2 ILIM R7
RILIM
P
A

= SYS Load
Sw = L
MP2625

S 0
CHGOK

ACOK BATT]

1
vce
l ISET| ml
| NTC TMR__GND %RISET

11

Figure 10—Application with Charger Disabled under No Battery Condition
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PACKAGE INFORMATION
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RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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