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The Future of Analog IC

DESCRIPTION

The MP2617A / MP2617B 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 3A.

The smart power path management allows
MP2617A and MP2617B 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 MP2617A / MP2617B features high
integration with all the power switches integrate
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

MP2617A, MP2617B

3A Switching Charger with NVDC
Power Path Management
For Single Cell Li+ Battery

and thermal limiting regulation on chip.

The MP2617A / MP2617B is available in QFN 3mmx4mm

package.

FEATURES

e 4V to 10V 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 and USB3.0 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, halogen free, and adhere to the RoHS
directive. For MPS green status, please visit MPS website under Quality
Assurance.

“MPS” and “The Future of Analog IC Technology” are Registered
Trademarks of Monolithic Power Systems, Inc.
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TYPICAL APPLICATION
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MP2617A, MP2617B — SINGLE CELL SWITCHING CHARGER WITH POWER PATH

ORDERING INFORMATION

Part Number ___Package Top Marking
MP2617AGL* QFN-20 (3mmx4mm) MP2617A
MP2617BGL QFN-20 (3mmx4mm) MP2617B

* For Tape & Reel, add suffix -Z (e.g. MP2617AGL-2);

PACKAGE REFERENCE

TOP VIEW
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PIN FUNCTIONS

Package o
Pin # Name |Description

Bootstrap. A capacitor is connected between SW and BST pin to form a floating supply

1 BST X X . s
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 ___ | Function logic control pin of the IC. Logic low to enable the part and logic high to disable the
EN |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]| resistor 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
program the system output voltage. Leave the pin float to disable the function.

13 SYS |DC-DC regulator output to power the system load and charge the battery.
14 BATT |Positive battery terminal.
Charge current program pin. A resistor from the pin to AGND can program the charge

12 SYSFB

15 ISET 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 ; ; o

ground. The thermistor is usually inside the battery pack.
17 ILIM Input current limit program pin. A resistor from the pin to AGND can program the input

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.
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ABSOLUTE MAXIMUM RATINGS

IN, SW..oiiieeeee e V to +20V
BATT, SYS...o e V to +6V
BST . V to +26V
All Other Pins.......cccvvvevieeieieeee V to +6V
Continuous Power Dissipation (Ta = +25°C) @)

QFN20 3mmx4mm.........ccccoeveveiereirierererenne 2.6W
Junction Temperature..........c..cccccoeevevennennn. 150°C
Lead Temperature.........c.cccoooeveveceeniennennnne. 260°C
Storage Temperature..................... 65°C to 150°C

Recommended Operating Conditions ©®
Supply Voltage Vin..........cccoeveveeiere. V to 10V
Operating Junction Temp. (Ty).... -40°C to +125°C

Thermal Resistance™® 0,4 Ouc

QFN-20 (3mmx4mm) ............. 48 ...... 11...°C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/0,a. Exceeding the maximum allowable power
dissipation will cause excessive die temperature, and the
regulator will go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

3) The device is not guaranteed to function outside of its
operating conditions.

4) Measured on JESD51-7, 4-layer PCB.
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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 10 \%
IN Under Voltage Lockout Rising 365 | 38 39 |V
Threshold Falling 3.35 3.5 3.65 \Y
Rising 240 280 320 | mV
IN vs. BATT Threshold .
Falling 40 70 120 | mV
Rising 2.55 2.9 3.25 \
BST Voltage Threshold Vest-Vsw
Hysteresis 150 mV
Switching Frequency 14 1.6 1.8 | MHz
USB2.0 Mode 400 450 500 | mA
USB3.0 Mode 750 825 900 | mA
Default Mode 1840 | 2000 | 2160 | mA
Programmable Mode, RiLim=23k
Input Current Limit I (MP2617B) 1840 | 2000 | 2160 | mA
Programmable Mode, RILIM=22.47k
(MP2617A) 1840 | 2000 | 2160 | mA

Programmable Mode,

RILIM=48k (MP2617A) 900 | 950 | 1000 | mA

Input Current Limit Reference

Voltage ViLm 1.1 1.14 1.18 V

High-side NMOS On Resistance| Ru_psion) |Include the BLOCK FET 120 130 | mQ

Low-side NMOS On Resistance | RiL_ps(on) 80 100 | mQ

lli-|rirg]_:;i:1-side NMOS Peak Current 38 48 58

Input Voltage Clamp Threshold Vwum  [Voltage on VLIM 149 | 1.52 1.55
Charger Enabled, USB2.0 Mode 2.4 5 mA
Charger Enabled, USB3.0 Mode 2.8 5 mA

Input Quiescent Current In Charger Enable, Programmable Mode 3.8 5 mA
Charger Enabled, Default Mode 3.8 5 mA
Disabled, EN=0V 3 5 uA

SYS _ to IN reverse current SYS=SW=4.5V,VIN=0V, monitor VIN 0.01 0.2 UA

blocking leakage

SYS Output (MP2617A)

\l\;lcl)rrg;uem SYS  Regulation Vers fSk:(aSt voltage @ Veatr<3.4V, SYSFB 345 36 375 Vv
3.4V<VgarT<4.2V, SYSFB float 35 Vearrt 463 Vv

SYS Regulation Voltage Vgys |BATT Float 0.2V
User Programmed by SYSFB 4.22 4.63 Vv

SYS Reference Voltage Vsys Rer 1135 | 1152|1170 | V




9
‘I \$;€JE MP2617A, MP2617B — SINGLE CELL SWITCHING CHARGER WITH POWER PATH

N
I ——

ELECTRICAL CHARACTERISTICS (continued)

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

Parameters | Symbol |Condition | Min | Typ | Max |Units
SYS Output (MP2617B)

SYS voltage @ Vearr<3.4V,

Minimum SYS Regulation Voltage| Vsys 3.45 3.6 3.75 \%

SYSFB float

3.4V<Vgarr<4.2V, SYSFB float 35 Vpar+ 45 Vv
SYS Regulation Voltage Vgys  |BATT Float 0.2v

User Programmed by SYSFB 4.08 4.4 \Y
SYS Reference Voltage Vsvys Rrer 1135| 1.152| 1170 | V
Battery Discharge
BATT to SYS Resistance ViN=0V, Isys=200mA, Veatr=4.2V 40 50 mQ
BATT to SYS Current Limit Vsys>Vearr—800mV, Veatr=4.2V 4 5 6 A

SYS short 230 mA

Battery Charger Voltage Spec (MP2617A)

Veatt>VRecH, Icheslsr, SYSFB float | 4.328 | 4.35 | 4372 | V

Terminal Battery Voltage VBATT | Vsys<4.2V Programmed by (;/(S)ZS;( y
SYSFB Pin .IBF
SYSFB Float 404 | 414 | 4.24 \Y
Recharge Threshold at Vearr VRecH  [SYSFB programmed 399 | 409 | 419 | V
Recharge Hysteresis 85 mV
Trickle Charge Threshold 3.01 | 3.1 3.21 \Y
Trickle Charger Hysteresis 200 mV

Battery Charger Voltage Spec (MP2617B)

VeaTT>VRECH, |CHGS|BF, SYSFB float | 4.179 4.2 4.221 \Y

Terminal Battery Voltage VBATT | Vsys<4.2V Programmed by 8/(3)23;( y
SYSFB Pin '|BF
SYSFB Float 3.9 4.0 4.1 \Y
Recharge Threshold at Vearr VRECH  [SYSFB programmed 385 | 3.95 | 405 | V
Recharge Hysteresis 85 mV
Trickle Charge Threshold 2.9 3 3.1 V
Trickle Charger Hysteresis 200 mV
Battery Charger Current Spec
Trickle Charge Current lTRIcKLE 10% lcc
Termination Charger Current lsr 5% | 10% | 15% | lcc
Isr Maximum Limit 150 200 | mA
Riser=760 2475| 275 | 3%
Constant Current Mode Charge lec
Current Riser=1.53k 1.26 14 1.54 A
RiseT=4.6k 0405 | 0450 | 0495 | A
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ELECTRICAL CHARACTERISTICS (continued)

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

Parameters Symbol |Condition Min Typ Max | Units
ISET Reference Voltage 1.1 1.15 1.2 Vv
Rising 24 2.6 2.8 \
Battery UVLO :
Falling 2.2 2.4 2.6 \Y
Idea Diode Regulation Voltage Vsys | Supplement Mode Xg/:;{/ mV
VBATT=4.2V, SYS float,
BATT Leakage Current lgatT Vin=PGND 20 30 MA
ACOK, CHGOK
ACOK, CHGOK Pin Output Sinking 5mA 270 350 | mV
Low Voltage
ACOK,CHGOKPIn Leakage Connected to 3.3V 0.1 0.5 pA
Current
Timer
Trickle Charge Time Ctmr=0.1uF, Iche=1A 45 Min
Total Charge Time Ctvr=0.1uF, lche=1A 6.5 Hour
Negative Temperature Coefficient (NTC) Control
NTC Low Temp Rising v Rnre=NCP18XH103F 0°C 63 65 67 | %V
Threshold THL NTC ovee
Hysteresis on Low Temp
Threshold 35 mv
NTC High T Falli o
Threchon P refing Vimy | Rurc=NCP18XH103F, 50°C 32 335 35 | %Vee
Hysteresis on High Temp
Threshold 70 mv
VCC Supply
Rising 3.15 3.35 3.55 \
VCC UVLO
Falling 2.8 3 3.2 \Y
VCC Output Voltage OmA<Ilvcc<25mA, Vin=6V 4.3 45 4.6 Vv
VCC Output Current Limit 40 mA
Logic
EN Input Low Voltage 0.4 \Y
EN Input High Voltage 15 Vv
_ EN =4V 4 8
EN Input Current — HA
EN =0V -0.5 -0.1
Logic High 1. \Y
MO, M1 ogic Hig 5
Logic Low 0.4 Vv




-

—
/ \$¥H9 MP2617A, MP2617B — SINGLE CELL SWITCHING CHARGER WITH POWER PATH

ELECTRICAL CHARACTERISTICS (continued)
VIN = 5.0V, TA = 25°C, unless otherwise noted.

Parameters Symbol Condition Min Typ Max | Units
Protection

Thermal Limit Temperature 120 °C
Thermal Shutdown 150 °C
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TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 5.0V, Vearr = Full Range, Default Mode, Iin Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
Vin Clamp=4.5V, L = 1.2 yH, Ta = +25°C, Test in MP2617B, unless otherwise noted.

Charge Current vs. Battery Regulation vs. System Voltage Regulation

Battery Voltage Temperature vs. Temperature
25 4.21 y 385
< 4.208
h4 ( VearT=3.5V /
r E 4.204 / 375 /--_.;_ " 4
15 0 4202 — L Pt
< 2 a2 S a7
= &
& 1 E 4198 > VBATT=3.0V
365
% 4.19% o Y
05 E 4.194 3.6 |-=——"1
< 4192
0 4.19 355
2 25 3 35 4 45 0 25 50 75 100 125 50 25 0 25 50 75 100 125
Vaarr(Vl TEMPERATURE(°C) TEMPERATURE(°C)

USB3.0 Input Current USB2.0 Input Current Default Mode Input Current

Limit vs. Temperature Limit vs. Temperature < Limit vs. Temperature
z 900 g 500 £ 2100
£ 880 E 490 2
E = o 2050
S 860 S 480 E /
-l -l
2 840 2 470 = & 2000
Z 820 ~ & 460 - s /
g 800 '?5‘ 450 © 1950 A
3 80— 3 440 12 g /
5 7601/ 5 430 [/ = 1900 /
£ 140 Z 420 Q 1850 [
o 720 S 410 Z
& 700 & 400 = 1800
S 750 256 0 25 50 75100125 © 50 25 0 25 50 75 100126 50 26 O 25 50 75 100 125
TEMPERATURE(°C) TEMPERATURE(°C} u TEMPERATURE(°C)

Program Mode Input Current
Limit vs. Temperature
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w
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o

N
©0
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N
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[
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I‘\’? N
g £
o =]

50 -25 0 25 50 75 100 125
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DEFAULT MODE INPUT CURRENT LIMIT(mA)

41

4.06

402

394

Battery Auto-recharge
Threshold vs. Temperature

39
60 25 0 25 50 75 100 125

TEMPERATURE(°C)

70

66
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62

Ideal Diode Regulation vs.
Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5.0V, Vearr = Full Range, Default Mode, Iin Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
Vin Clamp=4.5V, L = 1.2 yH, Ta = +25°C, Test in MP2617B, unless otherwise noted.

Battery Charge Curve Auto-Recharge USB IN Battery Charge Curve
lgys = 0A lgys = 0A USB2.0 Mode, Igys = 0A

Vgyg e s o ol e v
1Vidv T — st st

2vid : . : CHGOK J : : 2Vidiv y 1
V.3 3 ’ TR ZstlV 2 AT S ;
ViNg) INT

1] 5 i £ SV [
. : : : Widiv | g 1
1Vidv.g} , : VLT SR NS S M E:l o] P56

Veart
'sys ; i i T : : : : b
Widiv, Foefeiion Boiioei P e o Widv | = 1}'2%‘_'[ R T T B SR R

lBATrE
1AMdiv.

BATT |
1A/div

2s/div. 2s/div. 2sidiv.

USB IN Battery Charge Curve TC Steady State TC Steady State
USB3.0 Mode, Igys = 0.5A VBATT = 2.8V, Isys = 0.5A USB2.0 Mode,VpaTT = 2.6V
Isys = 0.5A

T, : i

PR VBATT fon rmssmr: ’ :
VSYS B B g a g 3 v — e Wfdivﬁ‘-" Sl e s N
WVidv. ¢ ; , Vays |l bl b Al

2Vidw Gf

TR RERRTURYREINESE I szﬁ\
CHGOK 2vidv " v u
2vidv.z s i 3 SW(y,

IN Bt ¢ : Vidv
BATT

=il uﬂ ur ﬂ ﬂ ﬂ:

0

[
1Vidv 500mA/div
500mA/div. lpaTT .
200mA/div. -

IL
BOOmARG B s s o

lBATT 5
200mA/div

2s/div. 400ns/div. 400ns/div.

CC Steady State CC Steady State CC Steady State
Vpart = 3.8V, Igys = 1.5A @ 5upp|ement Mode USB3.0 Mode,VparT = 3.8V
VearT =38V, Igyg = 3A Igys = 1.5A

VBATT | e : VBATT _ i s VBATT 3 el : i
szdiv.ﬁ’/f" SN g  paee - ot Vi BT e Vi B e
V. ) i Vgys : Sl : :
Vewpt. .. b AN R VSW i Erlfioscbig o VWY M i . —

2Vidiv : ; 2Vidiv ; 2vidiv.

IBATT rbor e vt e B D e | :
L BN ' v 200mAldY 1
TAIIV. [T ittt i

% & :
m-l L2

lpaTT - 1A/div 500mA/div

1A/div

[0/ B 111117 < [V —————AUOnsldv
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5.0V, Vearr = Full Range, Default Mode, Iin Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
L =1.2 yH, Ta = +25°C, Test in MP2617B, unless otherwise noted.

CV Steady State CV Steady State
VearT =42V, Igys = 0A ViN=9V, VparT=4.2V, Igys=1.5A

Battery Full Steady State
VearT=42V, Igyg = 1.5A

2\\,}%1.3 g | Vew 2v/dv. i}
Vsw i VBaTT _ SWpt Wi
2vidv 1Vidv. " 2vidv ;
g SYS 3}
1Vidv
IL IL IL : §
soomaiay 7| wav ¥ { Soomaray. b
500mA/dN T - 1Ry SO S, soomAdy ss0cs e
1us/div. 400ns/div. 400ns/div.
Battery Float Steady State Input Current Limit Input Current Limit
No Battery, Igyg = 1.5A VaarT = 3.7V, Ramp up Igys USB2.0 Mode,VparT = 3.7V
Ramp up Isys
! \ \ I8 TEMi U! : i L —
Vew | ‘ ‘ ‘ Il ‘ ‘ ‘, 2vidv. | » 2V/div.
SW ' I Vvs Bl Vsys gt
2Vidiv. 1 2vidv 2\1.'div.
| i ; i ; ; i i b
o el g = o~ s
: k : ] IN 2 :
| 7 !
wa.‘\'?'r-“ 1AE,QTJ
| i 2 i ]
1Vidv . -
2sldiv. 2s/dv. 2s/div.
Input Current Limit Input Volitage Limit System Current Transient
USB3.0 Mode,VgarT = 3.7V 5V/AAdapter IN,VpaTT = 4.2V Battery Full,lgys = 1-2A transient,0.05A/ys
Ramp up Igys Ramp up Igys
e e e i | SRR e SRR A} ARG
. T : ; : : : ., 5
7777777 : o e Voyn ap |
100mVidv: o
vV £ B
IN :
2vidiv ViN & ;
Veys Bt v 2vrdiv.
2Vidiv SYS
lsys 2 2\1.'d\v. o | AR b Frrr e
md\:ﬁ 287w | wav® : Lo b
1‘|A.fdiv‘ ; 1Wd'NBI | Z v
BATT [if. - Wev. a1 BYS oo banmemn v emifoms
1A/div LT 1A/ : o
IBATT [ttt e
: . 1A/div. ;
Zardiv. GIA Tms/dv.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 5.0V, Vearr = Full Range, Default Mode, Iin Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
L =1.2 yH, Ta = +25°C, Test in MP2617B, unless otherwise noted.

Plug in Adapter Remove Adapter Plug in USB
VearT =37V, Igys = 2A VBATT =37V, Igyg = 2A USB 3.0 Mode, VgarT=3.7V

Isys ~ 24
—— e s A
V g - i,F ” 2 " - V|N m 7 3 4 o
N BT g b o ) vy i ]

N i i o VN
Wfdlv.gw g I : SWGNH‘ . o 5Vfdiv]

PV VR —— : Vidv. [T — ;\m B
= - ; ; ' IV
ZABJ'Q-II\-II- ety e 2Aldiv |2 ; TR : R 4 Vsys B}
' i 2vidiv

Veyrst : .- Vsvs
1Wdiv‘r“: : 1 ey 1wa\r“*“

I .
2A/div. " |

L- ; - IL -
My B e anav oF

1ms/div. 1ms/div.

Plug in Adapter Plug in Adapter En On
No Battery, Vgys = 4.2V, Igyg = 0.6A VN = 5VIMA Adapter, VearT=3.7V, Igyg =0A
VearT = 3.7V, Igys = 0.5A (VeaTT & Vsys has 2.5V Offset]

e AU §

Vengl ]

Vsvs L., ; ' sweivl
‘ L

=4

4 1Vidiv - p

3 7 3 N 3
L T - R e T Boseieplgma oo

: : s E ] 2N$\V‘ : Vi
1\2’213 : ; s 1Vidiv 0 a 500mV/div.
Vigyg Pewrmmmen 1 Vam'r;;l i 1s V;o‘in:‘g

wvidv | : i 1de‘v 1o . §
: : 2A/div

|
1N¢J‘ : : Lo 1A/dv
I 1 [ A— 71 1T/ [ — e msTdv.

En Off En On Charge On
VBATT = 3.7V, Igyg = 0A VBaTT =37V, Igyg = 1.5A Vin =9V, No Battery, Igys = 3A
(VBaTT & Vsys has 2.5V Offset] (VBaTT & VsYs has 2.5V Offset]

T —

VEN
svidv. "] ; S o v
VN, et ViNg

BATT W e el Veart
s00mV/dy | P s0omVid

Vsys ' Vsys /
500mv/idv. B} ot spomvidiv, B . : 2Vidiv

IBATT® ; e | . B3 : ; VBarT
-1 Hg S S SRR S T . 25‘31:'9' it e el oo oo avidv 7}

1ms/div. 1ms/div. 4ms/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 5.0V, Vearr = Full Range, Default Mode, Iin Limit=2A, Vsys=4.4V, R6 and R7 are float, Ichc=2A,
L =1.2 yH, Ta = +25°C, Test in MP2617B, unless otherwise noted.

Battery Insertion Battery Insertion Time Suspend @ NTC Fault
VearT =37V, Igys = 0A USB 2.0 Mode, VgaTT =3 7V, Igys = 0A VBaTT = 3.8V, Igyg = 0A, Criyr = 150pF
2ms/div. 4ms/div. 40ps/div.

e - _ 5

‘r . .
ooty : : VIR
; ] 1V/div. -

2yjdv ? : 2w E : ! | : |
SYS [Ffrrrierndrmdinnd NSRRI Vgysg Bfrteerbrmbed bbb b ; bbbt bbb g
Idiv. : C ] 2Vidiv. VBMT Rk M

i : = | - | 2ga

g :{legﬁ ‘[‘_\V.. R e ey 2Vidiv. |
lBATT : : Y iv. ™ : |

Timer Refreshed @ Battery Full Thermal Shutdown Indication @ Charge On/Off
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OPERATION
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Figure 1—Function Block Diagram
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Introduction

The MP2617A and MP2617B 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 MP2617A and MP2617B includes 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 MP2617A and MP2617B 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
MP2617A and MP2617B 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 the
MP2617A and MP2617B.

DC-DC Step Down Converter
The DC-DC converter is a 1.6MHz 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
280mV 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. VeaTT.

System voltage can also be regulated to any
value between 4.08V to 4.4V in MP2617B (4.22V
to 4.63V in MP2617A) by using a resistor divider
on the SYSFB pin. This is shown as R6 and R7
in Figure 10. If the SYSFB is left floating, the
system program is invalid, and Vsys is 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 to Vsys.

A
4.4v
4.2V
VSYS
200mV
3.6V
Veatr
3.4V s
Figure 2 — MP 2617B 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 a threshold. 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 MP2617A and MP2617B
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 input 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 (Vsys) 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 Veatr. 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
MP2617A and MP2617B can continue operation,
providing the maximum power to its load. User
can program 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 4.8A. 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

Roka) ™

Iy =114 x

When USB input, the input current limit is set
internally and the programmed value is invalid.
The MP2617A and MP2617B 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 2 according to its input specification.

17



YXD

FHIL

MP2617A, MP2617B — SINGLE CELL SWITCHING CHARGER WITH POWER PATH

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

Table 2—Input Current Limit Setting

MO0 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):

Vo o=152x TR2 )

IN_LIvI _RZ_

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 MP2617A and MP2617B 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 MP2617A and
MP2617B 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 “trickle
charge timer period”, 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 (MP2617B) and
4.35V (MP2617A) (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 Isr (1/10 programmed charge current),
the battery is fully charged and charge cycle is
terminated.

If the charge current drops below | bBchause of

any limit condition, the MP2617A and MP2617B
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 MP2617A and MP2617B to

terminate charging CHGOK is blinking to indicate
the fault condition.

If system voltage is programmed lower than 4.2V
(MP2617B) and 4.35V (MP2617A) 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.

Automatic Recharge

Once the battery charge cycle is completed, the
MP2617A and MP2617B 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 Vrche 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.
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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 MP2617A and
MP2617B is programmed using a single resistor
from ISET pin to ground. The program resistor
and charge current are calculated using the
following equations:

1800
loye = 1.19x RSET(kQ)(mA)
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, Isatr. The charge current
can be calculated by monitoring the ISET pin
voltage with the following formula:

= VISET X|
IBATT 1 . 1 5 CHG

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, lsr has a 150mA maximum
limit which can not be exceeded.

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
MP2625B controls the charge switch to work at
the ideal diode mode regulating Vsys to Veamr-
65mV when Vsys is 40mV lower than Vearr is
detected. Only when Vsys is 40mV higher than
VeatT, the charger switch exits the ideal diode
mode, and the charge cycle softly restarts.

Vearr-40mV + Enable Ideal Diode Mode

Veys —¢

- Disable Ideal Diode Mode

VBATT+4O mV —— +

Figure 3— Ideal Diode Mode Enable/Disable
Logic Control

The MP2617A and MP2617B have 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
on to 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 MP2617A
and MP2617B can be realized as Figure 4. In this
way, the user can choose logic low to be “off’
signal or logic high to be "on” signal with a N-
MOSFET.

ISET

QFF[ON*

RISET

Figure 4— ISET Logic 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
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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 (EHGOR)

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 to the 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
in the event the battery is in supplement mode

caused by the insufficient input power, CHGOK
keeps low to avoid providing false charge full
indication.

Table 2 shows the ACOK and CHGOK status
under different charge conditions.

Table 2—Charger Status Indication

ACOK | CHGOK | Charger Status
low low In charging, supplement
mode
low high End of charge, ISET
9 disable charger only.
low bllng:g at | NTC fault, timer out
zZ
high high Vin absent, EN disable,
thermal shutdown

Timer Setting

The MP2617A and MP2617B 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 char%(;a time is:
trickie =45 x ™R (min) (lope= 1A
Trickle _ TMR 01 U(F ) ( CHG )
The total charge time is:

— CTMR
= OSSN (oe = 14)

tTotaI_TMR

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 MP2617A
and MP2617B 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
result of the insufficient input power. When the
timer out condition occurs, the MP2617A and
MP2617B terminates the charge at once and

CHGOK blinks to indicate the fault status. If one
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of the following events happens, the timer is
refreshed and the MP2617A and MP2617B re-
starts the charge cycle.

e Input re-startup

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

The NTC pin allows MP2617A and MP2617B 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 MP2617A and MP2617B 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 MP2617A and MP2617B 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 MP2617A and MP2617B 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 MP2617A
and MP2617B 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 MP2617A and MP2617B will stop
charging if the junction temperature rises above

150°C as the
protection.

IC enters thermal shutdown

Battery Discharge Protection

When the input power is removed 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 MP2617A and MP2617B integrates
battery discharge protection. If the battery
discharge current is larger than the discharge
current limit threshold Iois (5A), 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 230mA. In the event of a short from
system to GND the discharge current from the
battery to the system is also limited to 230mA.
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 up
even with a drained battery connected, Vsvs 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
MP2617A and MP2617B 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
MP2617A and MP2617B will turn on the 40mQ
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MOSFET allowing the battery to power the
system load to keep the operation of the portable

device.
Operation Flow Chart

Chip Enable?

Yes
Vy>3.0V7
No, >
Yes, POR="T"
POR="0"
[z )
BGOK="1" BGOK="0"
y
Enable VREF LDO

< onn V52>

Y

Taking the MP2617B for example, Figure 5
shows the operation flow chart of the MP2617B

while Figure 6 shows the operation process.

Vearr*Vearr vvio?

Battery power system
Enable discharge limit

Systern shuts down
No power to system

es,
UVLO="0"
n>Vearrt280m
—

No
Yes

Enable DC-DC
DC-DC soft starts

Veys rer=max(Vearr+
200mV,3.6V)

sYs>VBatT 7
SET OK?
No

Yesy

BATT-to-SYS

Enable Battery
Charger

i
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Yes Clamp DC-DC

EAOto regulate
the part
at the limit state

A4

Vearr>3.0V?

Vearr<3.4V?

No Yes
Yes No Trickle Charge | | v
- 0,
v lerne=10%lcc Vsvs drops down, Decrease |
< Charge switch CHC,
—I——> cc/cV Charge | € o fi"y o Keep Vevs=3.6V

A4
Satisfy System current
Chargethe batterywith
remaining current

A

No @
Yes
o

Disable
N - Ideal DiodeMode
Charge Full, EOC=1 CV mode and
3 TMR off, | <|ae?
ld CHG ~'BF ¢
clear the counter
DC-DC keepswork Yes

Vsys>Vearr+40mV?
Vsys<Vearr-40mV?

No

No
VeaTT<VRcHa?

Yes Yes

A\ 4

A 4

Ideal Diode Mode Battery switch shutsdown

Vsys=Vearr-65mV, DC-DC in over load

Enable discharge| condition,
current limit Vsys drops down

Figure 5— MP2617B Operation Flow Chart under No Fault Condition
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Normal
operation
voltage

uvLo
uvLo
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Vin
0
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Figure 6— MP2617B Operation Process under No Fault Condition
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APPLICATION INFORMATION
COMPONENT SELECTION
Setting the Input Current Limit

First the input current limit can be set by the M0
and M1 pins refer to the Table 1, the exact
current value in minimum, typical and maximum
is listed in the EC table.
Under program mode, 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 Equation (1) which is
shown in foIIowing again:____
I =1.14 x (mA) (1)

S Rim(kQ)

For MP2617A/B, lumis not over 3A.
The tolerance is £8% of the input current limit
setting.

So for a required minimum input current limit
value, just calculate its typical value first, then
calculate the setting resistor based on Equation
(1). Also the maximum value can be calculated
according to the tolerance. 1% accuracy
resistor is used for this setting. Also, for a given
resistor of Riuwm, the input current limit can be
calculated. Following table is an example:

Table 3: Example of Rium setting

Resistor (IT('E;") l(':ﬁ% 8% -8%

Typ. 54.9 830.601 | 897.049 | 764.153
Min. 54,351 | 838.991 | 906.11 | 771.872
Max. 55.449 | 822.377 | 888.168 | 756.587

Therefore, if customer selected a 54.9k in 1%
accuracy resistor for the input current limit
setting, then the typical input current limit value
is 830.6mA, the minimum is 756.6mA and the
maximum is 906mA.

Setting the Charge Current

Riser connecting from the ISET pin to AGND
sets the charge current (lctc). The relationship
between the charge current and setting resistor
is as Equation (2) which is shown in following
again:

lene _1.15x—1890 1) (2)
Rser (k)

For example, if the typical Iche is designed as
2A, then the Rser is calculated at 1.05kQ. The
tolerance of the lche setting is +10%. If the
minimum or maximum charge current is
required, first the typical value should be
calculated according to the tolerance. After that,
calculate the resistor according to formula (2).
1% accuracy resistor is used for this setting.

For a given setting resistor, the charge current
can be calculated by the same way did in the
input current limit setting. 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:
_ Vin Xl x (A) 3)
TC
vvnere vTcIs UiCKIe cnarge tnresnoia (sv) anan
is the current charge efficiency. Assume
Vin=5.5V, lum=1A, suppose n=83%, thus
lcc_max=1.52A.
Figure 7 shows a calculating charge current
curve by limiting the input current limit.

Icc _MAX

A
2A ///m:144A 4
5
£ Dms 1T
3 U]
5
3V 4.2V >

Battery Voltage

Figure 3—Iche Variation 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
x_“2 4
rRi+R2\") @)

Viw = VINﬁLIM
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Thus the input voltage is:

R1+R2 )
R2

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

R1= R2x Vinam © Viuw (V)
Vi

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

The minimum value and the maximum value of
the input voltage Ilimit can be calculated
according to the accuracy of the resistor and
the tolerance of Vwum. 1% accuracy resistors
are used for R1 and R2.

Setting the System Voltage

The system voltage can be regulated to any
value between 4.08V to 4.4V (MP2617B) by the
resistor divider on SYSFB pin as R6 and R7 in

Figure 10. RE4+R7
V. =V X 6+
210 1o _nNer _R7_
Where Vsys rer is 1.152V, the reference voltage

of SYS. With a typical value for R7, 10kQ, R6
can be determined by:

R6 = R7 x sys~ Vsys_REF (V)

VSYS _REF

VIN_LIM = VVLIM x

®)

(6)

(7)

(8)

For example, for a 4.2V system voltage, R7 is
10kQ, and R6 is 26.5kQ. 1% resistors are
selected for the R5 and R6.

Be noted that, the minimum Vsys is limited to be
higher than the maximum value of the auto-
recharge threshold which is 4.05V.

Selecting the Inductor

Inductor selection trades off among cost, size,
and efficiency. A lower inductance value
corresponas 10 a smaier size, DUl resuits In
higher ripple currents, higher magnetic
hysteretic  losses, and higher  output
capaciiances. From a pracucal stanapoint, mne
inductor ripple current does not exceed 30% of
the maximum load current under worst cases
conditions. For example, if the Ichg is setting to
3Ain MP2617B, then, Al is general set at 0.9A.

However, for the light load condition, the
inductor ripple current will be very small which
may cause unstable operation due to the peak
current mode control of the IC. For stable
operation, the experienced minimum limit value
for inductor current ripple is 0.5A. Therefore, the
inductor current ripple is the maximum one of
30% times lcnc and 0.5A.

And the inductance can be calculated according
to Equation (9):
vV -V 4
| — IN Sys SYs
Al wax  Vinx fs(MHz)
The peak current of the inductor is calculated
as Equation (10): T
I =1 x (1+ oripple (mA)
LOAD(MAX) 2 )
Where VN, Vsvs, and fs are the typical input
voltage, the output voltage, and the switching
frequency, respectively.

(1iH) (9)

(10)

PEAK

Following Table 4 provides the selection guide
of the inductance based on different input
voltage.

Table 4: Inductance Selection Guide under different Input Voltage

SPEC Inductance Selection
ViN _ Vi =Vsys Vsys Lmn | Lumax L Saturation DCR
L= WH) | wH) | uH) | current (A)Y® | (mq) | Package
Al Vi< Is(MHz Application
5V 0.367 | 1.25 | 1.0 >3.95 <50 .
Required
Ali=max (0.3*IcHgs,0.5A) .
oV Aliwin=0.5A 15 | 28 | 22 >3.95 <50 | Application
AILMAX=0-9 ReqUIred
A
NOTE:

5) Saturation Current of the inductor should be higher than the IPEAK, add 0.5A margin here.
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Selecting the Input Capacitor

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

by

Wirex Vin_wo= Vi) () (11

IRMSfMAX = IcchAx>< ;
IN_ MAX

For lcc max=2A, V1c=3V, Vi max=10V, 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 10uF capacitor.
Besides, usually a small cap with at least 1uF
(C1) from IN to GND is required to be put as
much close as possible to the IC. For the input
voltage is high to 10V, consider the spike when
input insert, select the input capacitors (both the
22uF and 1uF) in 25V rating.

Selecting the Output Capacitor

The output capacitor Csys from the typical
application circuit is in parallel with the SYS
load. Csys 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:

1—-V%

ar=2Vsrs Y o (12)
Vavs 8 x C2 xf “xL

1IN oraer 1o guararntee e xu.o07 syslern volilage
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.

The output capacitor can be calculated with
Equation (13):

1— sts_ MIN
Coys =—™ (13)

8x f32 xL x Ar
When SYSFB pin is floating, output voltage
ripple is the main concern to select the output
capacitor (Csys), refer to Table 5 for detail
selection guide about the SYS capacitance
selection under typical inputs.

Table 5: SYS Capacitance Selection Guide

SPEC SYS Capacitance (Csys) Selection
V. Csys_min (UF) ? Csys min (MF) o
Vin Lalvin When SYSFBis | When SYSFB gﬁ;“rggtr:rt‘g:i Package
Cevs = 85T 2 XL < Ar Floating is Programmed ISt
S . .
5V 13.6 20 X5R;x7R | Application
Ar=0.1% Required
L=1uH @Vin=5V Applicati
_ g _ pplication
9V L=2.2uH @Vin=9V 13.3 20 X5R;X7R Required

NOTE:

6) For different voltage rating, capacitance will have different DC bias characteristic. Suppose a general condition, capacitance drops

40% under Vsys=4.4V under 10V rating, and 50% at 6.3V rating.
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When SYSFB is programmed using external
resistors, the control loop function is changed.
A zero point is added around the cross over
frequency of the DC gain, and this may result in
the phase margin varied a lot, which may cause
the unstable operation. To avoid this condition,
a minimum capacitance requirement should be
satisfied to make the pole point to compensate
the zero point. This minimum capacitance is
20uF for a general application.

So, for the SYSFB programmed condition, the
Csvys should be selected as max (Csys min, 20uF),
Csys min is calculated from the formula of
equation (13), as shown in Table 5. For better
stability margin, select a 47uF ceramic
capacitor with 6.3V and above voltage rating as
the output capacitor in this case.

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 Rrs
and R to set the NTC window:

R /INre cod . Y THL 65% (14)
R, +R,// RNTCfCold vCC
Ry /Ryre ot VTHH 33.5% (15)

R +Ry, // RNTC_Hot VCC

RnTc_Hot is the value of the NTC resistor at high
temperature of the required temperature
operation range, and Rntc_cold is the value of
the NTC resistor at low temperature.

The two resistors, Rt1 and Ry, allow the high
temperature limit and low temperature limit to
be programmed independently. With this
feature, the MP2625B can fit most type of NTC
resistor and different temperature operation
range requirements.

Rr1 and Rt values depend on the type of the
NTC resistor:

R _ 0.3xRyr¢_coia*Rure_ ot (16)
T2 0'1225XRNTC Cold _O 4225><RNTC Hot
0.3%Ryr¢_tot XRure_cold (17)

ne 0. 2275X(RNTC_CoId - RNTC_Hot)
For example, for the thermistor NCP18XH103,

it has the following electrical characteristic:
At OOC, RNTC_CoId = 27.445kQ;
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
Rr1=7.15kQ and Rr2.=25.5kQ.

VCC
Low Temp Threshold
Ry y'd VL
NT
> Fia
3 % >
Rn$ Rure
é7 High Temp Threshoid
VK

Figure 4—NTC Function Block

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 node (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

d as SSIble h|s roves [1
ormanc ecause eboa conducs

away from the IC.
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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

ON|OFF
VILIM M M1 EN
5V Input N ° sw L SYSLoad
1.0uH
ol R3% er | c3
1u,i CHGOK BST — Csvs
b1k - P—ACOK sYs 22uF
VCC
MP2617B  gsysrl——
C|N - RT1
10uF |R2 c2 | 10k NTC PGND | 1
10k 1uF|Rrz BATT ﬂ? . - VBATT
10K TMR c I
Cr ISET BATT
100nF AGND ILIM 22uF]
RiLm
30.9k
= v ~ i 0 l_ = =

Figure 9: Typical Charge Application Circuit for 5V input with NTC Resistor Fixed

Table 6: The Key BOM of Figure 9.

Qty Ref Value | Description Package | Manufacture
1 Cin 10uF ggg"?ricxgspac"om OV | 1206 Any
1 o 1uF | Seramic Sapaciior10Vi | gg03 Any
1 c2 1uF | Seramic Sapaciior®.3V: | 0603 Any
1 c3 100nF | eramic Capacitor16V; | gg03 Any
1 Crur | 100nF | Feramic Capacitor®3Vi | o603 Any
2 | Cove,Conrr | 224F ggg"?ricxggpac"om OV | 1206 Any
2 Rr11,Rt2 10k Film Resistor;1% 0603 Any
T o D s s [ o
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TYPICAL APPLICATION CIRCUITS

i

ON|OFF
R5 100k L
VILIM MO M1 EN
9V Input IN sw L SYS Load
BSTH—
1“i CHGOK 100nF Csys
1 RAdo x| _____ °
1 - P— ACOK SYSR6 <. 26 5k ca | 22uF
R7
vee MP2617B  sysFs 4.76FT
Cn Rr4
220F |Ro c2 |10k NTC PGND | - L
pu— CHG =
10k 1uF [Rr2 BATT VBATT
10k |__ TMR .
Crur ISET BATT
100nF AGND ILIM R 22uF
ISET
R||_||v| 1.05K
30.9k

+ < ~ i 0 ]—_ = =

Figure 10: Typical Charge Application Circuit for 9V Input and 1.5A Input Current Limit

Table 7: The Key BOM of Figure 10.

Qty Ref Value | Description Package | Manufacture
1 Ci 22uF iggg‘r";(%pac'tom 6Vl 1206 Any
1 C1 1F | eramic SapacitonToVs | ogo3 Any
Ceramic Capacitor;

1 C2 WF | 53v: X5R o X7R 0603 Any
Ceramic Capacitor;25V;,

1 C3 100nF X5R or X7R 0603 Any
Ceramic Capacitor;

1 c4 4TWF | SoVe X5R orpX7R 0603 Any

1 Crur | 100nF | SSramic Capacior 0603 Any
Ceramic Capacitor;10V;

2 | Covs,Cearr | 220F | yep of X7Rp 1206 Any

1 R6 26.5k | Film Resistor;1% 0603 Any

3 | Rm,Rm,R7 10k Film Resistor;1% 0603 Any
Inductor;2.2uH;Low

1 L1 2.2uH DCR_ISAT>6*A SMD Any
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PACKAGE INFORMATION

QFN-20 (3mmX4mm)

O
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TOP VIEW
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Vel
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I T
0.20
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BOTTOM VIEW

NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS

2) EXPOSED PADDLE SIZE DOES NOT INCLUDE
MOLD FLASH.

3) LEAD COPLANARITY SHALL BEO0.10
MILLIMETERS MAX.

4) JEDEC REFERENCE IS MO-220.

5) DRAWING IS NOT TO SCALE.

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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