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The Future of Analog IC Technology =

MP2635A

2A Single Cell Switch Mode Battery Charger
with Power Path Management and Boost OTG

DESCRIPTION

The MP2635A is a highly-integrated, flexible,
switch-mode battery charge management and
system power path management device for a
single-cell Li-ion and Li-Polymer battery used in
a wide range of portable applications.

The MP2635A has two operating modes—
charge mode and boost mode—to allow
management of system and battery power
based on the state of the input.

When input power is present, the device
operates in charge mode. It automatically
detects the battery voltage and charges the
battery in the three phases: trickle current,
constant current and constant voltage. Other
features include charge termination and auto-
recharge. This device also integrates input
current limit in order to manage input power and
meet the priority of the system power demand.

In the absence of an input source, the
MP2635A switches to boost mode through the
MODE pin to power the SYS pins from the
battery. The OLIM pin programs the output
current limit in boost mode. The MP2635A also
allows an output short-circuit thanks to an
output disconnect feature, and can auto-recover
when the short circuit fault is removed.

The MP2635A provides full operating status
indication to distinguish charge mode from
boost mode.

The MP2635A achieves Ilow EMI/EMC
performance with well-controlled switching
edges.

To guarantee safe operation, the MP2635A
limits the die temperature to a preset value
120°C. Other safety features include input over-
voltage  protection, battery  over-voltage
protection, thermal shutdown, battery
temperature monitoring, and a programmable
timer to prevent prolonged charging of a dead
battery.

FEATURES

e 4.5V-to-6V Operating Input Voltage Range

¢ Integrated Input-Current-Based Power
Management Function

o Up to 2A Programmable Charge Current

e Trickle-Charge Function

e Selectable 3.6V/ 4.2V Charge Voltage with
0.5% Accuracy

o Negative Temperature Coefficient Pin for

Battery Temperature Monitoring

Programmable Timer Back-Up Protection

Thermal Regulation and Thermal Shutdown

Internal Battery Reverse Leakage Blocking

Reverse Boost Operation Mode for System

Power

Up to 91% 5V Boost Mode Efficiency @ 1A

Programmable Output Current Limit for

Boost Mode

e Integrated Short Circuit Protection for Boost
Mode

APPLICATIONS

e Sub-Battery Applications
o Power-Bank Applications for Smart-Phone,
Tablet and Other Portable Devices

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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mp5 MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

TYPICAL APPLICATION

To 5V System

5V Input

R6 ?
% i MP2635A VB l—— Battery Voltage |GND: 3.6V

Programmable Pin | High/Float: 4.2V

vee
I ACOKR —i—wW—4
IC4 —| FREQ w
BOOST [—M—MA————ovcC

ILIM TMR
AGND PGND
Rim :[CTMR Riser
L it 1

Table 1: Operation Mode

Power Source ACOK EN MODE | Operating Mode
High Charge Mode, Enable Charging
0.8V<PWIN<1.15V & V|\>Vgarr+300mV Low X
Low Charge Mode, Disable Charging
PWIN<0.8V or PWIN >1.15V or . .
Vin<Vearr+300mV High X High Boost Mode
Vin<2Vv High X Low Sleep Mode
X=Don’t Care.
MP2635A Rev. 1.01 www.MonolithicPower.com 2
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MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

ORDERING INFORMATION

Part Number*

Packag_]e

Top Marking

MP2635AGR

QFN24 (4x4mm)

MP2635

* For Tape & Reel, add suffix —-Z (e.g. MP2635AGR-2);

PACKAGE REFERENCE

TOP VIEW
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ON BACKSIDE
1 . 4
ABSOLUTE MAXIMUM RATINGS Thermal Resistance ™ 6,1  6,c
VIN Lo —-0.3V to 20V QFN24 (4%4mm)......ccceeevvennne 42........ 9..°C/W
SYS, SW .. —-0.3V to 6.5V
Notes:
BATT ..o, -0.3V t0 6.5V 1) Exceeding these ratings may damage the device.
. 2) The maximum allowable power dissipation is a function of the
ACOK, CHG, BOOST .......ccvvveeeee 0.3V to 6.5V
’ N maximum junction temperature T, (MAX), the junction-to-
All Other Pins........ccccccceininiinnnne. -0.3V to 6.5V ambient thermal resistance 8., and the ambient temperature
Junction Temperature.......cccccccvvevvveeveeeenee. 150°C Ta. The maximum allowable continuous power dissipation at
o any ambient temperature is calculated by Pp (MAX) = (T,
Lead Temperature ............ccccoeeiiiiiennnnn. 26((;)C (MAX)-TA)/8n. Exceeding the maximum. allowable  power
Continuous Power Dissipation (Ta = +25°C) dissipation will cause excessive die temperature, and the
2.97W regulator will go into thermal shutdown. Internal thermal
.-n -. -------------------------------------------------------- . Shutdown CI rcu'try protects the dev'ce from permanent
Junction Temperature..........ccccevvveeeenne. 150°C damage.
Operating Temperature —20°C to +85°C 3) The device is not guaranteed to function outside of its
""""""" operating conditions.
. ays 3 4) M d on JESD51-7, 4- PCB.
Recommended Operating Conditions ) Measured on aver
Supply Voltage VIN........cccoveeeeiiins 4.5V to 6V
Battery Voltage Vour ..vvvveeeeeennnnns 2.5V to 4.35V
Operating Junction Temp. (T,).-40°C to +125°C
MP2635A Rev. 1.01 www.MonolithicPower.com 3
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MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

ELECTRICAL CHARACTERISTICS

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

Parameter Symbol | Condition Min Typ Max Units
IN to SYS NMOS ON Resistance | Riniosys 100 mQ
High-side PMOS ON Resistance Ry ps 72 mQ
Low-side NMOS ON Resistance R. bs 70 mQ
High-Side PMOS Peak Current | | ,\C,lgd(éharge Mode/ Boost 3.6
Limit PEAK_HS
TC Charge Mode 1.5
L_ovy—Side NMOS Peak Current Ak Ls 28
Limit -
. FREQ=0 600
Switching Frequency fow FREQ = Float/ High 1200 kHz
VCC UVLO Vee wvio 2 2.2 24 Y
VCC UVLO Hysteresis 100 mV
PWIN Lower Threshold VewiN L 0.75 0.8 0.85 \Y
Lower Threshold Hysteresis 40 mV
PWIN Upper Threshold VpwIN H 1.1 1.15 1.2 V
Upper Threshold Hysteresis 65 mV
Charge Mode
Input Quiescent Current Iin EN = 5V, Battery Float 2.5 mA
EN=0 1.5 mA
Rium = 90.9k 400 450 500
Input Current Limit In_umr | Rium=49.9k 720 810 900 mA
Rium = 15k 2400 2700 3000
Input Over-Current Threshold Iinocp) 3 A
!F}pmu;(g)ver—Current Blanking TINOGBLK 120 V&
!Pipmu;(g))ver—Current Recover TINRECYR 100 ms
Connect VB to GND 3.582 3.6 3.618
Terminal Battery Voltage VeatT_FuLL | Leave VB floating or 4179 49 | 4221 v
connect to logic HIGH
Connect to VB to GND 3.35 3.4 3.45
Recharge Threshold Vrech |Leave VB floating or 3.91 3.96 401 v
connect to logic HIGH
Recharge Threshold Hysteresis 200 mV
Battery Over Voltage Threshold 103.3% VBATT FULL
Constant Charge (CC) Current lec RST = 40mQ, Riser = 69.8k) 900 1000 1100 mA
RS1 =40mQ, Riser = 34.9k | 1800 2000 2200

MP2635A Rev. 1.01
4/27/2016
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mp5 MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

ELECTRICAL CHARACTERISTICS

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

Parameter Symbol |Condition Min Typ | Max | Units

Trickle Charge Current ltc 10% lcc
Connect to VB to GND 247 | 257 | 2.67

Trickle Charge Voltage Threshold Veatr ¢  |Leave VB floating or connect \Y
to high logic 2.9 3 3.1

Trickle Charge Hysteresis 60 mV

Termination Charge Current lsr 5% 10% | 15% lec

Input-Voltage-Regulation Reference VRkec 1.18 1.2 1.22 \Y

Boost Mode

SYS Voltage Range 4.2 6 V

Feedback Voltage 1.18 1.2 1.22 V

Feedback Input Current Ves=1V 200 nA

. Threshold over Vgys to turn
.?ﬁ?:sth%\lgs Over-Voltage Protection Vsvysove) gff the converter gnsring 5.8 6 6.2 \
oost mode
SYS Over Voltage Protection Veys falling from Vsysioue 125 my

Threshold Hysteresis

Boost Quiescent Current Isys =0, MODE = 5V 1.4 mA

Programmable Boost Output Current

Limit ACCUracy |o|_||v| RS1 = 40mQ, Ro|_||v| = 69.8k 0.9 1 1.1 A

Programmable Boost Output

Current(S) RS1 = 50mQ, Ro|_||\/|=56k 1 A

SYS Over-Current Blanking Time® | Tsysocsik 120 us

SYS Over-Current Recover Time® | Tsysrecvr 500 us

Weak-Battery Threshold VeatT(Low) During boosting 2.5 v
Before Boost starts 2.9 3.05 Vv

Sleep Mode

Battery Leakage Current | EAKAGE Vearr = 4.2V, SYS Float, 15 30 pA

Viy= 0V, MODE = 0V

Indication and Logic

ACOK, CHG BOOST pin output low Sinking 1.5mA 400 mvV

ACOK, CHG, BOOST pin leakage Connected to 5V 1] A
current

NTC and Time-out Fault Blinking

Frequency® Crwr = 0.1pF, lcne = 1A 13.7 Hz

EN Input Logic Low Voltage 0.4

Mode Input Logic Low Voltage 04

\Y
EN Input High Voltage 1.4 V
\Y
\Y

Mode Input Logic High Voltage 14

MP2635A Rev. 1.01 www.MonolithicPower.com 5
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mp5 MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

ELECTRICAL CHARACTERISTICS

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

Parameter | Symbol |Condition | Min | Typ | Max | Units
Protection

Cwvr=0.1uF, remains in TC

Trickle Charge Time Mode, lone= 1A 60 Min
Total Charge Time Crmr=0.1uF, Iche= 1A 360 Min
NTC Low Temp, Rising o
Threshold 65% 66% 67%

— Rntc=NCP18XH103(0°C)
NTC Low Temp, Rising

0,
Threshold Hysteresis 1%

Vv
NTC High Temp, Rising SvS

Threshold 34% 35% 36%
, — Rntc=NCP18XH103(50°C)
NTC High Temp, Rising

i 1%
Threshold Hysteresis °
Charging Current Foldback

harge M 120 °C

Threshold® Charge Mode
Thermal Shutdown Threshold"” 150 °C
Notes:
5) Guaranteed by design.
MP2635A Rev. 1.01 www.MonolithicPower.com 6
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mps MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER
TYPICAL CHARACTERISTICS

Cin=Cgarr=Csys=C3=22pF, C1=C2=1puF, L1=4.7yH, RS1=50mQ, C4=Cyr=0.1pF, Battery Simulator,
unless otherwise noted.

Charge Current vs.
RISET,Charge Mode

VIN=5V, VBATT FuLL=4-2V,
VBATT=3.7V, FSW=1 .2MHz

Charge Current vs.

Temeprature, Charge Mode

VIN=SV, VBATT FuLL=42V,
VBATT=3.7V, ICHG=2A

Charge Current vs.
Input Voltage, Charge Mode

VIN=5Y, VBATT FuLL=4-2V,
VeaTT=3.7V, IcHG=2A, Temperature=85°C

25 25 1.00%
2 \ T 2 z 0.00%
\ Z \ £ 1.00%
- 15 \ Y15 \ &
< \ = \ & 2.00%
5 1 © y ©
= L L
N\ Q & -3.00%
o o —
0.5 ~. £ o5 \ <
- — 59 \ 5-4.00%
0 0 -5.00%
0 40 80 120 160 60 80 100 120 140 4 45 5 55 6
RSET (k) TEMPERATURE (OC) INPUT VOLTAGE (V)
Vce vs. Switching Frequency vs.

Input Voltage, Charge Mode

VBATT_FuLL=4-2V, IcHG=2A

Battery Voltage, Charge Mode
VIN=SV, VBATT_FuLL=4.2V, IcHG=2A

6 I I 5 1200 200k & 3.6V ful—|
BATT=Float <
| W1 = 1000
5.6 3
BATT=2y & 800
S 52 ) A
S e} /| 1200k & 4.2V ful
0 & 600
O
> 4.8 / w /
. O]
/ \‘ Z 400
s BATT=3.5Y 5 l
‘ E 200 (=
%
4 0
4 4.5 5 5.5 6 0.5 1 15 2 25
INPUT VOLTAGE (V) BATTERY VOLTAGE (V)
System Current vs. System Current vs. System Current vs.
ROLIM, Boost Mode Temeprature, Boost Mode Battery Voltage, Boost Mode
Vsys_seT=5V, VeaTT=4.2V, Vsys_seT=5V, VearT=4.2V, Vsys_seT=5V, VearT=4.2V,
Fsw=1.2MHz Fsw=1.2MHz, ROLIM=56.2kQ Fsw=1.2MHz, ROLIM=56.2kQ
1.5 1.2 9 5.00
\ 5
<12 z ! \ 2 300
|_
=\ 7o g
x 0.9 \ 4 \ 2 1.00 ——
o 14 = | —
Q06 \ 3 \ R —
oY = g
é I~ E 0.4 )
o3 ~ 5 o 300
» O 0.2 >
=
0 0 o -5.00
40 70 100 130 160 190 220 80 100 120 140 @ 3 3.4 3.8 42
ROLIM (kQ) TEMPERATURE (°C) BATTERY VOLTAGE (V)

www.MonolithicPower.com
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mps MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS

V|N=5V, C|N=CBATT=C3YS=C3=22|.IF, C1=C2=1 |.IF, L1=22|.IH, RS1=50mQ, C4=CTMR=0.1|.IF, Battery
Simulator, unless otherwise noted.

Battery Charge Curve Auto Recharge Battery Float Steady State
VBATT FuLL = 4.2V VBATT FuLL = 4.2V VBATT FuLL = 4.2V
CHGOK _[ | : : :
! ; VBaATT of i ; ; ; |
A ; 4 100mVidiv. B Vew
Vearr | : | _ 2vidiv.
1V/div. p| Vin_f i : : CHGOK
Vin i T Riegh
1l ¥ ' ' 200mvidiy.
lchg il - . - . " . lCHG 3 ] ‘T
iy f : | 1Adiv. 200mA/dil/ ’
; | L ; ; ; ; ; ; [ ) ; ; ; ; ; ;
2s/div. 2s/div. 100ms/div.
TC Charge Steady State CC Charge Steady State CV Charge Steady State
VBATT_FULL = 4.2V, VBATT = 2V, VBATT_FULL = 4.2V, VBaTT = 3.7V, VBATT_FuLL = 4.2V, VaTT = 4.2V,
Faw = 600kHz Fsw = 600kHz Fsw = 600kHz
I T e
ViN : ] VIN o | : ] ViN : 1 | :
2V/div.ﬁ\" A R R TR T IS R A8 S L] 2V/div.ﬁ\' RS R ERERPPE L FPTS T I RN ERRT R SRR ARE 2V/div.ﬁ\" b
V. : ] \Y S
e e o e v gl :L ; L: : 1 L : J ; :l v : J M T
e e : :
oy DRI AR N v S T e T T v
2Vid. B S NN v : | 2V B,
1AV, : : I IL
i i 1A/div. ot T TR 1A/div. ! i i
1us/div. 1ps/div. 1us/div.
Constant Current Constant Voltage
Charge Efficiency Charge Efficiency
VBATT_FuLL = 4.2V, VparT = 0.5-4.2V, VBATT_FuLL = 4.2V, VpaTT = 4.2V,
Faw = 600kHz Fsw = 600kHz
100 100
V|N=4.5V
90 A / IN
| vinzasy LA _ os—=
E\i VIN=5V E\i
> 80 L2 >
> 2 90
w _ Ll
5 70 ViN=5.8V 5
[V [V
i / i g5
60 /
50 80
0 1 2 3 4 5 0 0.5 1 15 2
BATTERY VOLTAGE (V) CHARGE CURRENT (A)
MP2635A Rev. 1.01 www.MonolithicPower.com 8
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mps MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER
TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N=5V, cIN=cBATT=cSYS=C3=22”F, C1=C2=1 |.IF, L1=22|.IH, RS1=50mQ, C4=CTMR=0.1|.IF, Battery
Simulator, unless otherwise noted.

Power On, Charge Mode
VBATT_FULL=4.2V, VBATT=3.7V,

Power Off, Charge Mode En On, Charge Mode

VBATT_FULL=4.2V, VBATT=3.7V, VBATT_FULL=4.2V, VBATT=3.7V,
IcHG=2A IcHG=2A

k]

\_ 5V/div.

Vbl
2v/div. "]

VN
2\\//d|v. -

Vsysh e

2V/div. ' Vsys oo
e _ _ : RIS S

Vearrgh ot [k VeatT b VeATTef

oVidiv. | Sl 1 2vidiv.’ ] 5 2V/div.

[ SRUPR TSRS SRR 14 SRR AU SIS I S
200mA/div.'1 1A/div.°| : : 1A

4ms/div. 200ms/div.

400us/div.

En Off, Charge Mode
VBATT_FuLL=4.2V, VBATT=3.7V,
lcHg=2A

Input Current Limit,
Charge Mode

Input Over Voltage Protection,

Charge Mode
V|N=5V to 12V, Rgys LoaD=25Q,

VBATT_FuLL=4.2V, VBATT=3.7V |
Battery Float, Enabled Charge

I e N
Ven Coi L S
P e 4
A B rm———— A I S A Vsys
VS‘(S : : : IIN oo o 2V/div.
2VV/d|vE--- S e ARV e y
2V/div.®' : § 1A/div.“"f' VIV
I : : : Isys : ., : . ] ViN
400us/div. 1ms/div. 2s/div.
System Short Protection System Short Protection
VBATT FuULL=4.2V, VBaTT=2V, Zoom In
Fsw=600kHz VBATT_FuLL=4.2V, VaTT=2V,
Fsyw=600kHz
]
-
L T s R — Wiy, Bfremssessrtunnst .
L VIN b :
/Zilxr;‘ v Do
BATTR. ..ot
o | veE T
aSrs?] 2AJdiv. s
40ms/div. 100ps/div.
MP2635A Rev. 1.01 www.MonolithicPower.com 9
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mps MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N=5V, C|N=CBATT=C3YS=C3=22|.IF, C1=C2=1 |.IF, L1=22|.IH, RS1=50mQ, C4=CTMR=0.1|.IF, Battery
Simulator, unless otherwise noted.

Power On, Boost Mode Power Off, Boost Mode Power On, Boost Mode
Vsys_seT=5V, VBaTT=3.7V, Vsys_seT=5V, VaTT=3.7V, Vsys_seT=9V, VarT=3V,
No SYS Load No SYS Load Rsys_LoAD=5Q
v | B Lol B o
VBATT i VBATTF : RN & '
2V/diV.||‘—_~—_ ] ovidiv. i S . y [EER SR I STRRIE L .
: Vi,
Vsys - i Vaysgl . T Veyspaf. .
Vi T 2Vidiv, : 2Vidiv. | :
g ,IL..rWWW : Isys g
200mA/div. 200mA/div. : 500mA/div. ~
4ms/div. 400ms/div. 4ms/div.
Power Off, Boost Mode Mode On, Boost Mode Mode Off, Boost Mode
Vsys_seT=3V, VBaATT=3V, Vsys_seT=9V, VBaATT=3.7V, Vsys_seT=5V, VBATT=3.7V,
Rsys_LoAD=5Q No SYS Load No SYS Load
S U S SR o A
MODEFE | MODET e
] svidiv. ~ | 5V/div.
VBATT gl b e s ; R TR AR VBATT oL
1V/div. L A v T PR ov/div, B
\V} . . . . BATT [ . . : :
ovid °F - B - 2V/div. °f y
. . . . VS =f . . . . SYS
vidw, o i S 2vidiv,
Isvs A : | [ Lo Lo Isys
s00mAdiv. [ T : 500mAd. 2} — — 500mA/div. °F
200ms/div. 1ms/div. 20ms/div.
Mode On, Boost Mode Mode Off, Boost Mode SYS Output Current Limit,
Vsys seT=9V, VBaTT=3.7V, Vsys_seT=5V, VBaTT=3.7V, Boost Mode
Rsys_LoAD=5Q Rsys_LoAD=5Q Vsys_seT=5V, VBarT=3.7V,
loLim_seT=1A
R | o S Do
TR : o ;/\/B/QTT_.
S S MODE ol _ V.
MODE __________J I SR IUO SO SROPE S S ettt Vsys
sviw. [T : Svidiv. B r—— 1V/div.,
VBATT ;
pr . 2V/div. e e
;/\?/GTTM.. I A . L s\ 7
Y RTRETE :
Vsys Vsysgl. o ; L I
2Vidiv. Vi | e 500mA/dly
[ i Isysml. .o -
500mAdN: 500mA/div.”| S I DI
Tms/div. 100ps/div. 2s/div.
MP2635A Rev. 1.01 www.MonolithicPower.com 10
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mps MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

V|N=5V, C|N=CBATT=C3YS=C3=22|.IF, C1=C2=1 |.IF, L1=22|.IH, RS1=50mQ, C4=CTMR=0.1|.IF, Battery
Simulator, unless otherwise noted.

SYS Short Circuit Entry, SYS Short Circuit Recovery, SYS Over Voltage Protection,
Boost Mode Boost Mode Boost Mode
Vsys_seT=5V, VearT=3.7V Vsys_seT=5V, VBaTT=3.7V Vsys_seT=6.5V, VpaTT=3.7V
v ; ; ;
1V/Sd\i(\§ : ¥ : : v : v : :
VBATT o amenis VBATT L oo ‘ : 5 5
Widiv, [ e 1Vidiv. | i} S ST S
: : : J ]
L : 1 : ISR T SOOI SO P VBATT et :
: : : avidv. | : )
: Vsys
o ; 1V/Sd\i(\? B 2V/div.

I

o BOOST 3
2V/div.

I
500mA/div. [

500mA/div. s e I ;
200ps/div. 400ps/div. 1ms/div.
SYS Load Transient, SYS Load Transient, SYS Load Transient,
Boost Mode Boost Mode Boost Mode
Vsys_seT=5V, VBaTT=3.7V, Vsys_seT=5V, VBaTT=3.7V, Vsys_seT=5V, VarT=3.7V,
Isys= 100mA to 1A Isys= 500mA to 1A Isys= 250mA to 750mA
W v ? S v R v
Vgyg/AC ghmmes: uivn M AN Vgys/AC gl ot Nt — Vgys/AC zf
200mVidiv. | © | 200mVidiv. : : - | 200mVidiv. : :
Veart |- : VBATT : : : VBATT : o : o
Vidiv. .. Gd : 1V/div. "] : . : idiv. ™ _ : .
- : : : » 1
Isys : : Isys of : : : Isysf " TR T
500mA/div. ] 500mAVdiv, "I : : -] 500mA/div. “l
400ps/div. 400ps/div. 400ps/div.
Efficiency, Boost Mode Efficiency, Boost Mode
Vsys_seT=5V, Vsys=5V, Vsys_seT=5V, Vgys=5V,
Fsw=1.2MHz Fsy=600kHz
100 | | | 100
e
90 90 =
S g0\ VBATTAV VEar=3TV_] o g
; VeaTT=2.9V ;
o 70t o 70H
zZ Z |
L I L |
O 60 O 60 [
: e
w 50 ] 50
40 40
30 30
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
SYSTEM CURRENT (A). SYSTEM CURRENT (A).
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mp5 MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

PIN FUNCTIONS

Pin# | Name |Description

Connect to GND to program the operating frequency to 600kHz. Leave floating or connect to

L FREQ HIGH to program the operating frequency to 1.2MHz.

2 VIN | Adapter Input. Place a bypass capacitor close to this pin to prevent large input voltage spikes.

Internal Circuit Power Supply. Bypass to GND with a 100nF ceramic capacitor. This pin can

3 vee not carry external load higher than 5mA.

Input Current Set. Connect to GND with an external resistor to program input current limit in

4 ILIM charge mode.

5 PWIN | AC Input Detect. Detect the presence of valid input power.

Oscillator Period Timer. Connect a timing capacitor between this pin and GND to set the

6 MR oscillator period. Short to GND to disable the Timer function.
Input Voltage Feedback. Connect to tap of an external resistor divider from VIN to GND. The
7 REG L . .
voltage on this pin should be always exceeded 1.2V during normal operation.
---------------- Valid Input Supply Indicator. Logic LOW on this pin indicates the presence of a valid power
8 | ACOK |
supply.
9 FB System voltage feedback input.
10 NTC |Negative Temperature Coefficient (NTC) Thermistor.
11 ISET |Charge Current Set. Connect an external resistor to GND to program the charge current.
12 OLIM Boost Output-Current Limit Set. Connect an external resistor to GND to program the system

current in boost mode.

13 AGND |Analog Ground

Programmable Battery-Full Voltage. Connect to GND for 3.6V. Leave floating or connect to

14 VB logic HIGH for 4.2V

15 BATT |Positive Battery Terminal / Battery Charge Current Sense Negative Input.

16 CSP |Battery Charge Current Sense Positive Input.

17 | sRsss Boost Mode indicator. Logic LOW indicates boost mode in operation. The pin becomes an
BOOST open drain when the part operates in charge mode or sleep mode.

------------ Charge Completion Indicator. Logic LOW indicates charge mode. The pin becomes an open

18 CHG | grain once the charging has completed or is suspended.
PGND,
19 | Exposed |Power Ground. Connect the exposed pad and GND pin to the same ground plane.
Pad

20 SW | Switch Output Node.

System Output. Please make sure the enough bulk capacitors from SYS to GND. Suggest

21,22 SYS 4.7yF at least.

23 MODE |Mode Select. Logic HHGH—boost mode. Logic LOW—sleep mode. Active only when ACOK is
HIGH (input power is not available).

Charge Control Input. Logic HIGH enables charging. Logic LOW disables charging. Active only

24 EN ) ) )
when ACOK is low (input power is OK).
MP2635A Rev. 1.01 www.MonolithicPower.com 12
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Figure 1: Functional Block Diagram in Charge Mode
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Figure 2: Functional Block Diagram in Boost Mode
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OPERATION FLOW CHART
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Figure 3: Mode Selection Flow Chart
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OPERATION FLOW CHART (Continued)
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Figure 4: Normal Operation and Fault Protection in Charge Mode
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OPERATION FLOW CHART (Continued)

Normal Operation
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Figure 5: Power-path Management in Charge Mode
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OPERATION FLOW CHART (Continued)
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Figure 6: Operation Flow Chart in Boost Mode
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START UP TIME FLOW IN CHARGE MODE

Condition: EN = 5V, Mode = 0V, /ACOK and /CHG are always pulled up to an external constant 5V
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Figure 7: Input Power Start-Up Time Flow in Charge Mode
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START UP TIME FLOW IN CHARGE MODE
Condition: V|y = 5V, Mode = 0V, /ACOK and /CHG are always pulled up to an external constant 5V.
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Figure 8: EN Start-Up Time Flow in Charge Mode
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START UP TIME FLOW IN BOOST MODE

Condition: V\y = 0V, Mode = 5V, /Boost is always pulled up to an external constant 5V.
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Figure 9: Battery'Power Start-Up Time Flow in Boost Mode

MP2635A Rev. 1.01 www.MonolithicPower.com 21
4/27/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2016 MPS. All Rights Reserved.



mp5 MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

START UP TIME FLOW IN BOOST MODE

Condition: V\y = 0V, /Boost is always pulled up to an external constant 5V.
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Figure 10: Mode Start-Up Time Flow in Boost Mode
MP2635A Rev. 1.01 www.MonolithicPower.com 22
4/27/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2016 MPS. All Rights Reserved.



mes

MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

OPERATION
INTRODUCTION
The MP2635A is a  highly-integrated,
synchronous, switching charger with bi-

directional operation for a boost function that can
step-up the battery voltage to power the system.
Depending on the VIN value, it operates in one of
three modes: charge mode, boost mode and
sleep mode. In charge mode, the MP2635A
supports a precision Li-ion or Li-polymer charging
system for single-cell applications. In boost mode,
MP2635A boosts the battery voltage to Vsys to
power higher-voltage systems. In sleep mode,
the MP2635A stops charging or boosting and
operates at a low current from the input or the
battery to reduce power consumption when the
IC isn’t operating. The MP2635A monitors VIN to
allow smooth transition between different modes
of operation.

CHARGE MODE OPERATION

Charge Cycle (Trickle

Charge—~>CV Charge)

In charge mode, the MP2635A has four control
loops to regulate the input current, charge current,
charge voltage, and device junction temperature.
It charges the battery in three phases: trickle
current (TC), constant current (CC), and constant
voltage (CV). While charging, all four loops are
active but only one determines the IC behavior.
Figure 11(a) shows a typical battery charge
profile. The charger stays in TC charge mode
until the battery voltage reaches a TC-to-CC
threshold. Otherwise the charger enters CC
charge mode. When the battery voltage rises to
the CV-mode threshold, the charger operates in
constant voltage mode. Figure 11(b) shows a
typical charge profile when the input-current-limit
loop dominates during the CC charge mode, and
in this case the charge current exceeds the input
current, resulting in faster charging than a
traditional linear solution that is well-suited for
USB applications.

Charge~>CC

CC>>>CV !
Threshold L f===1 Constant
— = 1 Charge
e | Current
ICHG\ e '\ |
',." Vear |
TC>>>CC - I .
Threshold [e====" | | Trickle
Charge
Current
Trickle charge  CC charge CV charge Charge Full
a) Without input current limit
Constant
Charge
CC>>>CV
Threshold -..{ Current
lene
Input
Current
Limit
TC>>>CC .
Threshold fee===" Trickle
Charge
Current
Trickle charge  CC charge CV charge Charge Full

b) With input current limit
Figure 11: Typical Battery Charge Profile
Auto-Recharge

Once the battery charge cycle completes, the
charger remains off. During this process, the
system load may consume battery power, or the
battery may self discharge. To ensure that the
voltage falls below the auto-recharge threshold
and the input power is present. The timer resets
when the auto-recharge cycle begins.

During the off state after the battery is fully
charged, if the input power re-starts or the EN
signal refreshes, the charge cycle will start and
the timer will reset no matter what the battery
voltage is.

Battery Over-Voltage Protection

The MP2635A has battery over-voltage
protection. If the battery voltage exceeds the
battery over-voltage threshold, (103.3% of the
battery-full voltage), charging is disabled. Under
this condition, an internal current source draws a
current from the BATT pin to decrease the
battery voltage and protect the battery.

MP2635A Rev. 1.01
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Timer Operation in Charge Mode

The MP2635A uses an internal timer to terminate
the charging. The timer remains active during the
charging process. An external capacitor between
TMR and GND programs the charge cycle
duration.

If charging remains in TC mode beyond the
trickle-charge time, Trrickie TMr, charging will
terminate. The following determines the length of
the trickle-charge period:

) v 1A
0.1uF lona (A)

TIRICKLE_TMR — 60minsx

(1)

The maximum total charge time is:

Crur (1F) % 1A
0.1uF  loye(A)

Negative Temperature Coefficient (NTC) Input
for Battery Temperature Monitoring

The MP2635A has a built-in NTC resistance
window comparator, which allows the MP2635A
to monitor the battery temperature via the
battery-integrated  thermistor. Connect an
appropriate resistor from Vgsys to the NTC pin and
connect the thermistor from the NTC pin to GND.
The resistor divider determines the NTC voltage
depending on the battery temperature. If the NTC
voltage falls outside of the NTC window, the
MP2635A stops charging. The charger will then
restart if the temperature goes back into NTC
window range.

TToTAL_TMR = 6Hours x

()

Input-Current Limiting in Charge Mode

The MP2635A has a dedicated pin that programs
the input-current limit. The current at ILIM is a
fraction of the input current; the voltage at ILIM
indicates the average input current of the
switching regulator as determined by the resistor
value between ILIM and GND. As the input
current approaches the programmed input
current limit, charge current is reduced to allow
priority to system power.

Use the following equation to determine the input
current limit threshold,

_40.5(kQ)

ILIM_W(A) 3)

Input Over-Current Protection

The MP2635A features input over-current
protection (OCP): when the input current
exceeds 3A, Q2 is controlled linearly to regulate
the current. If the current still exceeds 3A after a
120us blanking time, Q2 will turn off. A fast off
function turns off Q2 quickly when the input
current exceeds 7A to protect both Q1 and Q2.

Setting the Charge Current

The external sense resistors, RS1 and Riger,
program the battery charge current, lcye. Select
Riser based on RS1:

o (A)= 70(kQ)  _40(mV) @
T Reer(kQ) RS1(MQ)

Where the 40mV is the charge current limiting
reference.

Battery Short Protection

The MP2635A has two current limit thresholds.
CC and CV modes have a peak current limit
threshold of 3.6A, while TC mode has a current
limit threshold of 1.5A. Therefore, the current limit
threshold decreases to 1.5A when the battery
voltage drops below the TC threshold. Moreover,
the switching frequency also decreases when the
BATT voltage drops to 40% of the charge-full
voltage.

Thermal Foldback Function

The MP2635A implements thermal protection to
prevent thermal damage to the IC and the
surrounding components. An internal thermal
sense and feedback loop automatically
decreases the programmed charge current when
the die temperature reaches 120°C. This function
is called the charge-current-thermal foldback. Not
only does this function protect against thermal
damage, it can also set the charge current based
on requirements rather than worst-case
conditions while ensuring safe operation.
Furthermore, the part includes thermal shutdown
protection where the ceases charging if the
junction temperature rises to 150°C.

Full-Operation Indication

The MP2635A integrates indicators for the
following conditions as shown in Table2.

MP2635A Rev. 1.01
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Table 2: Indicator for Each Operation Mode

BOOST MODE OPERATION

Low-Voltage Start-Up

The minimum battery voltage required to start up
the circuit in boost mode is 2.9V. Initially, when
Vsys < VgatT, the MP2635A works in down mode.
In this mode, the synchronous P-MOSFET stops
switching and its gate connects to Vgart statically.
The P-MOSFET keeps off as long as the voltage
across the parasitic Cps (Vsw) is lower than Vgarr.
When the voltage across Cps exceeds VparT, the
synchronous P-MOSFET enters a linear mode
allowing the inductor current to decrease and
flowing into the SYS pin. Once Vsys exceeds
Vearr, the P-MOSFET gate is released and
normal closed-loop PWM operation is initiated. In
boost mode, the battery voltage can drop to as
low as 2.5V without affecting circuit operation.

SYS Disconnect and Inrush Limiting

The MP2635A allows for true output disconnect
by eliminating body diode conduction of the
internal P-MOSFET rectifier. Vsys can go to 0V
during shutdown, drawing no current from the
input source. It also allows for inrush current
limiting at start-up, minimizing surge currents
from the input supply. To optimize the benefits of
output disconnect, avoid connecting an external
Schottky diode between the SW and SYS pins.
Board layout is extremely critical to minimize
voltage overshoot at the SW pin due to stray
inductance. Keep the output filter capacitor as
close as possible to the SYS pin and use very
low ESR/ESL ceramic capacitors tied to a good
ground plane.

Operation ACOK CHG BOOST
In Charging Low
End of Charge, ; .
Charge Mode charging disabled Low High High
NTC Fault, Timer Blinking
Out
Boost Mode High High Low
Sleep Mode, VCC absent High High High
Boost Output Voltage

The MP2635A programs the output voltage via
the external resistor divider at FB pin, and
provides built-in output over-voltage protection
(OVP) to protect the device and other
components against damage when VSYS goes
beyond 6V. Should output over-voltage occur,
the MP2635A turns off the boost converter. Once
VSYS drops to a normal level, the boost
converter restarts again as long as the MODE pin
remains in active status.

Boost Output-Current Limiting
The MP2635A integrates a programmable output
current limit function in boost mode. If the boost
output current exceeds this programmable limit
threshold, the output current will be limited at this
level and the SYS voltage will start to drop down.
The OLIM pin programs the current limit
threshold up to 1A as per the following equation:
o (A)= 70(kQ) y 40(mV) (5)
Roum(kQ) RS1(mQ)

Where the 40mV is the charge current limiting
reference.

SYS Output Over-Current Protection

The MP2635A integrates three-phase output
over-current protection.

Phase one (boost mode): when the output
current exceeds the output current limit, the
output constant current loop controls the output
current, the output current remains at its limit of
loum, @and Vsys decreases.

Phase two (down mode): when Vsys drops below
Vearrt100mV and the output current loop
remains in control, the boost converter enters

MP2635A Rev. 1.01 www.MonolithicPower.com 25
4/27/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2016 MPS. All Rights Reserved.



mp5 MP2635A — 2A SINGLE CELL SWITCH MODE BATTERY CHARGER

down mode and shutdown after a 120us blanking
time.

Phase three (short circuit mode). when Vsys
drops below 2V, the boost converter shuts down
immediately once the inductor current hits the
fold-back peak current limit of the low side N-
MOSFET. The boost converter can also recover
automatically after a 500us deglitch period.

Thermal Shutdown Protection

The thermal shutdown protection is also active in
boost mode. Once the junction temperature rises
higher than 150°C, the MP2635A enters thermal
shutdown. It will not resume normal operation
until the junction temperature drops below 120°C
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APPLICATION INFORMATION
COMPONENT SELECTION
Setting the Charge Current in Charge Mode

In charge mode, both the external sense resistor,
RS1, and the resistor Risgt connect to the ISET
pin to set the charge current (Ichg) of the
MP2635A (see the Typical Application circuit).

Given Icye and RS1, the regulation threshold,
V|rer, across this resistor is:

Viger (MV) = RSIMQ) x Iy (A) (6)
Riset sets Virer as per the following equation:
70(kQ2)
Riser (KQ)
So, the Riset can be calculated as:

70(kQ)
Virer (MV)

Virer (MV) = x40(mV) (7)

Riser (kQ) = x 40(mV) (8)

For example, for Iche=2A, and RS1=50mQ, thus:
V|REF=1OOmV, SO R|SET=28kQ.

Setting the Input Current Limiting in Charge
Mode

In charge mode, connect a resistor from the ILIM
pin to AGND to program the input current limit.
The relationship between the input current limit
and setting resistor is as following:

40.5
lIN_LIM(A)

Where Rium must exceed 15kQ), so that Iin_ Limis in
the range of 0A to 2.7A.

For most applications, use Rym = 45kQ
(luse_Lm=900mA) for USB3.0 mode, and use Ry
=81kQ (|USB_|_||\/|=500mA) for USB2.0 mode.

Setting the Input Voltage Range for Different
Operation Modes

RILIM = (kQ) (9)

A resistive voltage divider from the input voltage
to PWIN pin determines the operating mode of
MP2635A.

R6
R4 +R6

If the voltage on PWIN is between 0.8V and
1.15V, the MP2635A works in the charge mode.
While the voltage on the PWIN pin is not in the
range of 0.8V to 1.15V and VIN > 2V, the
MP2635A works in the boost mode (see Table

1)).
For a wide operating range, use a maximum

input voltage of 6V as the upper threshold for a
voltage ratio of:

(V) (10)

Vewin = Viy X

115  R6

VPWIN _

- - (11)
Vin 6 R4 + R6
With the given R6, R4 is then:
R4 - Vi~ Vown | pe (12)

VPWIN

Consider these resistors as the dummy load at
the input port. Use resistors in the hundreds of
ohms range to shorten the power-off time. For a
typical application, start with R6=51Q, R4 is
215Q.

REG Voltage Setting

REG pin is the feedback input of the input
voltage. Connect this pin to external resistor
divider from VIN to GND. The voltage on this pin
should be always higher than 1.2V when normal
operation.

R5
Vies = R3+R5 X \/IN_MIN >1.2V (1 3)

Consider these resistors as the dummy load at
the input port. Use resistors in the hundreds of
ohms range to shorten the power-off time. If
V|N_M|N=4-25V! given R5=51Q, R3=127Q.

NTC Function in Charge Mode

Figure 12 shows that an internal resistor divider
sets the low temperature threshold (V) and high
temperature threshold (Vi) at 65%Vsys and
35%Vsys, respectively. For a given NTC
thermistor, select an appropriate Ry and Ry, to
set the NTC window.

Vo, _ RTZ//RNTC_CoId —TL=65% (14)

VSYS RT‘1 + RTZ//RNTcicoId
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VTH — RT2//RNTC_HOt — TH — 35% (1 5)
Vevs Ry + R /IRt hot

Where Rnrc_Hot is the value of the NTC resistor at
the upper bound of its operating temperature
range, and Rnrc cold iS its lower bound.

The two resistors, Rry and Ry, independently

determine the upper and lower temperature limits.

This flexibility allows the MP2635A to operate
with most NTC resistors for different temperature
range requirements. Calculate Ry and R, as
follows:

R. — RNTC_Hot X RNTC_CoId x(TL-TH) (16)
™=
THxTL x (RNTC_CoId - RNTC_Hot)

R. - (TL=TH)xRyre cow™ Rure ot (17)
™ (1-TL)x THx RNTCﬁCoId' (1-TH)xTLx RNTCfHot

For example, the NCP18XH103 thermistor has
the following electrical characteristic:

At OOC, RNTC_CoId = 27445kQ,
At 50°C, Rytc_Hot = 4.1601kQ.

Based on equation (16) and equation (17),
R11=6.47kQ and Rtz = 21.35kQ are suitable for
an NTC window between 0°C and 50°C. Chose
approximate values: e.g., Rm1=6.49kQ and
RT2=21.5kQ.

If no external NTC is available, connect Ry and
R, to keep the voltage on the NTC pin within the
valid NTC window: e.g., Rt1 = Rtz = 10kQ.

SYS
< Low Temp Threshold
R Vo
NTC
. D— T
»’I. <
Ry, < Rnrc
ke
$ High Temp Threshold
Vrh

Figure 12 NTC Function Block

Setting the System Voltage in Boost Mode

In the boost mode, the system voltage can be
requlated to the value customer required
between 4.2V to 6V by the resistor divider at FB
pin as R1 and R2 in the typical application circuit.

R1+R2
Veve =1.2V 18
sYs x R2 (18)

Where, 1.2V is the voltage reference of SYS.
With a typical value for R2, 10kQ, R1 can be
determined by:

R1=VSYS—1.2V><
1.2V
For example, for a 5V system voltage, R2 is

10kQ, and R1 is 31.6kQ.

Setting the Output Current Limit in Boost
Mode

R2 (19)

In boost mode, connect a resistor from the OLIM
pin to AGND to program the output current limit.
The relationship between the output current limit
and setting resistor is as follows:

70(kQ) x 40(mV)

Roum(k€2) = loum (A) x RSI(MQ)

(20)

Where Roum is supposed to be greater than 56kQ,
so that loum can be programmed up to 1A.

Selecting the Inductor

Inductor selection trades off between cost, size,
and efficiency. A lower inductance value
corresponds with smaller size, but results in
higher ripple currents, higher magnetic hysteretic
losses, and higher output capacitances. However,
a higher inductance value benefits from lower
ripple current and smaller output filter capacitors,
but results in higher inductor DC resistance (DCR)
loss.

Choose an inductor that does not saturate under
the worst-case load condition.

1. In Charge Mode
When MP2635A works in charge mode (as a

Buck Converter), estimate the required
inductance as:
L = Vin = Vearr % Vearr (21)
AIL_MAx Vin x fs
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Where Vn, Veatt, and fs are the typical input
voltage, the CC charge threshold, and the
switching frequency, respectively. Al yax is
the maximum inductor ripple current, which is
usually designed at 30% of the CC charge
current.

With a typical 5V input voltage, 30% inductor
current ripple at the corner point between
trickle charge and CC charge (Vgart=3V), the
inductance is 1.67uH (for a 1.2MHz switching
frequency) and 3.33uH (for a 600kHz
switching frequency).

2. In Boost Mode

When the MP2635A is in Boost mode (as a
Boost converter), the required inductance
value is calculated as:

L = Vearr X (Vsys — Vearr) (22)
Vgys x fg x A||__|\/|A><

AILJ\/|Ax =(30% —40%) x IBATT(MAX) (23)

Vevs Xlsvs (24)
Vearr XM

Where Vgarris the minimum battery voltage,
fsw is the switching frequency, and Al_ vax is
the peak-to-peak inductor ripple current,
which is approximately 30% of the maximum
battery current IBATT(MAX), ISYS(MAX) is the
system current and n is the efficiency.

IBATT(MAX) =

In the worst case where the battery voltage is
3V, a 30% inductor current ripple, and a
typical system voltage (Vsys=5V), the
inductance is 1.8uH (for a 1.2MHz switching
frequency) and 3.6uH (for a 600kHz switching
frequency) when the efficiency is 90%.

For best results, use an inductor with an
inductance of 1.8uH (for a 1.2MHz switching
frequency) and 3.6uH (for a 600kHz switching
frequency) with a DC current rating that is at
least 30% higher than the maximum charge
current for applications. For higher efficiency,
minimize the inductor’s DC resistance.

Selecting the Input Capacitor Cyy

The input capacitor C\y reduces both the surge
current drawn from the input and the switching
noise from the device. The input capacitor
impedance at the switching frequency should be
less than the input source impedance to prevent
high-frequency-switching current from passing to
the input. For best results, use ceramic
capacitors with X5R or X7R dielectrics because
of their low ESR and small temperature
coefficients. For most applications, a 22uF
capacitor will suffice.

Selecting the System Capacitor Csys

Select Csys based on the demand of the system
current ripple.

1. Charge Mode

The capacitor Csys acts as the input capacitor
of the buck converter in charge mode. The
input current ripple is:

\/VTC x (VIN_MAX Vi)

VIN_MAX

(25)

IRMS_MAX = ISYS_MAX x

2. Boost Mode

The capacitor, Csys, is the output capacitor of
boost converter. Csys keeps the system
voltage ripple small and ensures feedback
loop stability. The system current ripple is
given by:

8 \/VTC X (Vsvs_max — Vrc) (26)

VSYS _MAX

IRMSfMAX = ISYSfMAX

Since the input voltage is passes to the system
directly, Vin_max=Vsys max, both charge mode and
boost mode have the same system current ripple.

For ICC_MAX=2A; VTC=3V, V|N_MAX=6V, the
maximum ripple current is 1A. Select the system
capacitors base on the ripple-current temperature
rise not exceeding 10°C. For best results, use
ceramic capacitors with X5R or X7R dielectrics
with low ESR and small temperature coefficients.
For most applications, use a 22uF capacitor.

MP2635A Rev. 1.01
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Selecting the Battery Capacitor Cgarr

Cearr is in parallel with the battery to absorb the
high-frequency switching ripple current.

1. Charge Mode

The capacitor Cgarr is the output capacitor of
the buck converter. The output voltage ripple
is then:

AT’ _ AVBATT _ 1- VBATT / VSYS (27)
BATT = = 2
Vearr  8xCpgyrp xfg™ xL

2. Boost Mode

The capacitor Cgarr is the input capacitor of
the boost converter. The input voltage ripple
is the same as the output voltage ripple from
equation (27)

Both charge mode and boost mode have the
same battery voltage ripple. The capacitor Cgarr
can be calculated as:

1- VTC / VSYS_MAX

C =
BATT 5
8><AI‘BATT7MAX xfy” xL

(28)

To guarantee the +0.5% BATT voltage accuracy,
the maximum BATT voltage ripple must not
exceed 0.5% (e.g. 0.1%). The worst case occurs
at the minimum battery voltage of the CC charge
with the maximum input voltage.

For Vsys wax=6V, Vcc min=Vrc=3V, L=3.9uH,
f3=600kHZ or 12MHZ, ArBATTfMAX =0.1%, CBATT is

22uF (for a 600kHz switching frequency) or 10uF
(for a 1.2MHz switching frequency).

A 22uF ceramic with X5R or X7R dielectrics
capacitor in parallel with a 220uF electrolytic
capacitor will suffice.

PCB LAYOUT GUIDE

PCB layout is very important 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 VIN and PGND pins. The local power input
capacitors, connected from the SYS to PGND,
must be placed as close as possible to the IC.

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 power pads
for IN, SYS, SW, BATT and PGND should be
connected to as many coppers planes on the
board as possible. The exposed pad should
connect to as many GND copper planes in the
board as 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 (e.g., two vias per capacitor for
power-stage capacitors, one via per capacitor for
small-signal components). If possible, add vias
inside the exposed pads for the IC. A star ground
design approach is typically used to keep circuit
block currents isolated (power-signal/control-
signal), which reduces noise-coupling and
ground-bounce issues. A single ground plane for
this design gives good results.

4) Place ISET, OLIM and ILIM resistors very
close to their respective IC pins.

MP2635A Rev. 1.01
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e

TN

Top Layer

Bottom Layer
Figure 13 PCB Layout Guide

DESIGN EXAMPLE

Below is a design example following the
application guidelines for the specifications:

Table 3: Design Example

Vin 5V
Vour 3.7V
fsw 1200kHz

Figure 14 shows the detailed application
schematic. The Typical Performance
Characteristics section shows the typical
performance and circuit waveforms. For more
possible applications of this device, please refer
to the related Evaluation Board datasheets.
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Figure 14: The detailed applicaiion circuit of MP2635A
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PACKAGE INFORMATION
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NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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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