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TPS65200 Li+ Battery Charger With WLED Driver and Current Shunt Monitor

1 Features

» Battery Switching Charger, WLED Driver, and
Current Shunt Monitor in a Single Package

» Battery Charger
— Charges Faster Than Linear Chargers
— High-Accuracy Voltage and Current Regulation

— Input Current Regulation Accuracy: 5%
(100 mA, 500 mA)

— Charge Voltage Regulation Accuracy:
+0.5% (25°C)
1% (0 - 125°C)
— Charge Current Regulation Accuracy: +5%
— Bad Adaptor Detection and Rejection

— Safety Limit Register for Maximum Charge
Voltage and Current Limiting

— High-Efficiency Mini-USB/AC Battery Charger
for Single-Cell Li-lon and Li-Polymer Battery
Packs

— Built-In Input Current Sensing and Limiting

— Integrated Power FETSs for Up to 1.25-A
Charge Rate

— Programmable Charge Parameters through 1°C
Interface (Up to 400 Kbps):

— Input Current

— Fast-Charge/Termination Current
— Charge Voltage (3.5V - 4.44 V)
— Safety Timer

— Termination Enable

— Synchronous Fixed-Frequency PWM
Controller Operating at 3 MHz With 0% to
99.5% Duty Cycle

— Safety Timer With Reset Control

— Reverse Leakage Protection Prevents Battery
Drainage

— Thermal Regulation and Protection
— Input/Output Overvoltage Protection
— Automatic Charging

— Boost Mode Operation for USB OTG

— Input Voltage Range (VSYS): 2.5V to
45V

— Output Voltage for VBUS: 5V
*  WLED Driver
— 35-V Open LED Protection for Up to 8 LEDs

— 200-mV Reference Voltage With £2%
Accuracy

— Built-In Soft Start for WLED Boost

— Up to 90% Efficiency
e Current Shunt Monitor
— Fixed Gain of 25 VIV

— Input Referred Offset Voltage Less Than
+40 pV Typical Enables Use of Shunt
Resistors as Low as 20 mQ

— Buffered Reference Voltage
» Package
— 36-Ball, 0.4-mm Pitch DSBGA Package

2 Applications

» Mobile Phones and Smart Phones
 MP3 Players

» Portable Navigation Devices

« Handheld Devices

3 Description

The TPS65200 device integrates a high-efficiency,
USB-friendly switched-mode charger with OTG
support for single-cell Li-ion and Li-polymer batteries,
D+D- detection, a 50-mA fixed-voltage LDO, a high-
efficiency WLED boost converter, and high-accuracy
current-shunt monitor into a single chip.

The TPS65200 comes in a tiny, 2.8-mm x 2.6-mm,
36-pin, 0.4-mm pitch die size ball grid array
(DSBGA).

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)

TPS65200 DSBGA (36) 2.60 mm x 2.90 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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intellectual property matters and other important disclaimers. PRODUCTION DATA.



I3 TEXAS
INSTRUMENTS
TPS65200
SLVSA48A —APRIL 2010—REVISED SEPTEMBER 2015 www.ti.com
Table of Contents
1 FAUIES ..o 7.4 Device Functional Modes.............ccoeeiiiiiiiiiieininns 24
2 Applications 7.5 Programming........ccccereemieenieeniee e 35
3 DESCHPLION oo 7.6 RegiSter Maps.......cccevviriieiiienie et 36
4 Revision HiStOry......ccccooviieviiiiiie e 2 8 Application and Implementation ........................ 50
5 Pin Configuration and Functions... 8.1 Apphllcatlon I.nfor.matlon ............................................ 50
6 SPECITICALIONS .vvrveeeeeeeeeeeeeeeereseeseseeeeeeeseeeeees 8.2 Typical Application
6.1 Absolute Maximum Ratings .........cccoceeeeiveeerieeeninnn. 4 9 Power Supply Recommendations
6.2 ESD RAUNGS. .vvveereeeereeereeeseeeeseeesseseeeesssssseeeeeseeees 5 10 Layout............. s s e
6.3 Recommended Operating Conditions...................... 5 10.1 Layout Guidelines ....
6.4 Thermal INfOrmation ..o, .5 10.2  Layout EXample ......ccccoeveerienieeeeneeceeeesiee
6.5 Electrical CRaraCteriStics ... 5 11 Device and Documentation Support................. 55
6.6 Data Transmission TIMING .........ccccoceeveericrrenennns 10 11.1 Device SUPPOIt........ooiiiiiiiiiic s 55
6.7 Typical CharaCteristics ...........coccerrrerereerrerrennnes 11 11.2 Community RESOUICES......coovvniiriniiniiins 55
7  Detailed DeSCIiPtioN .........coovovveveeeeeieeeeeeeeeen. 18 11.3  Trademarks ........ccceveiiiiieiienic e 55
ToL OVEIVIEW oo 18 11.4 Electrostatic Discharge Caution............ccccceecveennnes 55
7.2 Functional Block Diagram ..............cccccevevevrieernnnnnn. 19 115 Glossary
12 Mechanical, Packaging, and Orderable

7.3 Feature Description

INFOrmMAation ......vvveeeieieiee e, 55

4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Original (April 2010) to Revision A Page

* Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and
Mechanical, Packaging, and Orderable INformation SECHON ...........ouiiiiiiiii e 1

Submit Documentation Feedback

Copyright © 2010-2015, Texas Instruments Incorporated

Product Folder Links: TPS65200



13 TEXAS
INSTRUMENTS
TPS65200

www.ti.com SLVSA48A —APRIL 2010—REVISED SEPTEMBER 2015

5 Pin Configuration and Functions

YFF Package
36-Pin DSBGA
Bottom View, Top View

F (=) (=)

= | (=)
TI  =TILETTERS

D YM =YEAR/MONTH DATE CODE
LLLL = LOT TRACE CODE

S = ASSEMBLY SITE CODE

O  =Pin A1 (Filled Solid)

TPS65200

®
®
®
®

TI YMLLLLS

1 2 5 6
Pin Functions
PIN
I/0 DESCRIPTION
NO. NAME
Al BAT (0] Output of the linear charger and battery voltage sense. Connect the battery from this pin to ground.

Charge current-sense input. Battery current is sensed through the voltage drop across an external sense

A2 csouT resistor. A 0.1-pF ceramic capacitor to PGND is required.

Charge current-sense input. Battery current is sensed through the voltage drop across an external sense

A3 CSIN resistor. A 0.1-yF ceramic capacitor to PGND is required.

Internal supply for battery charger. Connect a 1-mF ceramic capacitor from this output to PGND. External load

Ad VDD o on VDD is not recommended.

The voltage on this pin defines the battery voltage for transitioning from linear charge (pre-charge) to fast
charge. A 10-pA current source is internally connected to this pin. Connect a resistor from this pin to ground to

AS VSHRT : setup VSHORT reference. If the pin is left floating or tied to VDD an internal VSHORT reference of 2.1 V is

used.

A6 DGND Digital ground

B1

B2 PGND Power ground

B3

B4 STAT o Charge status pin. lzulled _Iow when charge in progress.‘Open drain for other <_:onditiqns. This pin can also be
controlled through I°C register. STAT can be used to drive a LED or communicate with a host processor.

B5 SGND Signal ground

B6 VZERO | This pin sets the zero-current output voltage level of the current shunt monitor.

C1

C2 SwWC 0] Internal switch to inductor connection (charger)

C3

ca oTG | Boost control pin. Boost mode is turned on whenever this pin is active. Polarity is user defined through 1°C

register. The pin is disabled by default and can be enabled through I°C register bit.

Output of current shunt monitor. For positive currents (into battery) VSHNT > VZERO. For negative currents

C5 VSHNT o (out of the battery) VSHNT < VZERO.

C6 VSYS | Input supply for WLED driver and current shunt monitor
D1
D2 PMID o Connection point between reverse blocking MOSFET and high-side switching MOSFET. Bypass it with a
minimum of 1-pF capacitor from PMID to PGND. No other circuits are recommended to connect at PMID pin.
D3
D4 INT 0] Interrupt pin (open-drain). This pin is pulled low to signal to the main processor that a fault has occurred.
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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Pin Functions (continued)

PIN
I/0 DESCRIPTION

NO. NAME

D5 CTRL | Control pin of the LED boost regulator. It is a multi-functional pin which can be used for enable control and
PWM dimming.

D6 LDO o LDO output. LDO is regulated to 4.9 V and drives 60-mA of current. Bypass LDO to GND with at least a 1-uF
ceramic capacitor. LDO is enabled when VBUS is above the VBUS UVLO threshold.

El Charger input voltage. Bypass it with a 1-yF ceramic capacitor from VBUS to PGND. It also provides power to

VBUS 110 :

E2 the load in boost mode.

E3 VIO | I/O reference voltage. A VIO level above 0.6 V disables automatic D+/D- detection.

E4 DP | USB port D+ input connection

ES5 FB | Feedback pin for current. Connect the sense resistor from FB to GND.
Output of the transconductance error amplifier. Connect an external capacitor to this pin to compensate the

E6 COMP @)
regulator.

= BOOT o Boot-strapped capacitor for the high-side MOSFET gate driver. Connect a 10-nF ceramic capacitor (voltage
rating above 10 V) from BOOST pin to SWC pin.

F2 SDA I/0 | I12C interface data

F3 SCL I I2C interface clock

F4 DM | USB port D- input connection

F5 PGND Power ground

E6 SWL | This is the switching node of the LED driver. Connect the inductor from the supply to the SWL pin. This pin is
also used to sense the output voltage for open LED protection.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @@

MIN MAX UNIT
Supply voltage (with respect to PGND) | VBUS -2 20 \%
SDA, SCL, DM, DP, SWL, VZERO, VSHRT, CSIN,
CSOUT, CSOT, LDO, INT, OTG, VSYS, VSHNT, -0.3 7
VDD, VIO, BAT, CTRL
Input/Output voltage (with respect to PMID, STAT —03 20
PGND) VDD 6.5 \
SWC, BOOT -0.7 20
FB,COMP -0.3 3
SWL -0.3 44
Voltage difference between CSIN and CSOUT inputs (VCSIN -VCSOUT) +7 \%
Output current (average) SWC 15 A
Output current (continuous) LDO 100 mA
Tp Operating ambient temperature -40 85 °C
T; Max operating junction temperature 150 °C
Tc Max operating case temperature 150 °C
Tsg Storage temperature -65 150 °C

@

@)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability.

All voltage values are with respect to network ground terminal.
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6.2 ESD Ratings
VALUE UNIT
;iitrjlrsn(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all +2000
VEsp) Electrostatic discharge - S \%
Charged device model (ZCDM), per JEDEC specification +500
JESD22-C101, all pins®@
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
VBUS Supply voltage 4 6 \
SWL Output voltage VBAT 39 \
6.4 Thermal Information
TPS65200
THERMAL METRIC® YFF (DSBGA) UNIT
36 PINS
Raia Junction-to-ambient thermal resistance 54.5 °C/W
Raic(top) Junction-to-case (top) thermal resistance 0.2 °C/W
Reis Junction-to-board thermal resistance 8.5 °C/W
Wit Junction-to-top characterization parameter 0.9 °C/W
Wig Junction-to-board characterization parameter 8.5 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics
VBAT = 3.6 V £5%, T; = 27°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
INPUT CURRENTS
Charger Hi-Z mode
WLED disabled
Shunt monitor 2 10
disabled
Battery discharge current in high Charger Hi-Z mode
| Impedance mode (CSIN, 0°C <TJ<85°C, |WLED enabled, no A
DISCHARGE  CSOUT,SWC, SWL, BAT, VSYS Vgar = 4.2V load 1800 H
pins) Shunt monitor
disabled
Charger HiZ mode
WLED disabled Shunt 60
monitor enabled
Charger PWM ON 10000
VBus > VBus(min)
lvBUS VBUS supply current Charger PWM OFF 5000 pA
0°C < T;<85°C,HZ_MODE =1 15
BUS LEAK Leakage_ current from battery to 0°C < T, < 85°C, Vgar = 4.2 V HiZ mode 5 LA
— VBUS pin
VOLTAGE REGULATION
Output charge voltage Operating in voltage regulation, 35 4.44 v
programmable
Vorec _ Tp=25°C ~0.5% 0.5%
Voltage regulation accuracy
Full temperature range -1% 1%
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

VBAT = 3.6 V 5%, T, = 27°C (unless otherwise noted)

PARAMETER ’ TEST CONDITIONS MIN TYP MAX UNIT
CURRENT REGULATION -FAST CHARGE
VshrT < Vesout < Vores
Vgus > 5V, Rgns = 20 mQ, 550 1250
LOW_CHG = 0, Programmable
locHARGE Output charge current mA
Viowv = Vesout < Vorea:
Vgus > 5V, Rgns = 20 mQ, 150 200
LOW_CHG =1
CHARGE TERMINATION DETECTION
- Vesout > Vorec-vreh: Veus > 5V,
ITERM Termination charge current Rens = 20 mQ, Programmable 50 400 mA
Deglitch time for charge termination Both rising fmd falling, 2-mV overdrive, 30 ms
trises traLL = 100 ns
CHARGE CURRENT ACCURACY
Offset voltage, sense voltage
amplifier —ne o _
Vos, cHrer Charge current accuracy = Ta=0°Ct085°C 1 oomv
Vos/(IseTXRsns)
BAD ADAPTOR DETECTION
Input voltage lower limit Bad adaptor detection, Vgys falling 3.6 3.8 4 \%
vV Deglitch time for Vg rising above | Rising voltage, 2-mV over drive, 30 ms
IN(MIN) Vinvin trise = 100 ns
Hysteresis for Viyoin) Vpus fising 100 200 mV
IADET Current source to GND During bad adaptor detection 20 30 40 mA
TinT Detection interval Input power source detection 2 S
INPUT BASED DYNAMIC POWER MANAGEMENT
The threshold when input based
DPM loop kicks in Charge mode, programmable 4.2 4.76 \%
VINLOW Do 100p Kicken threshold
oop kick-in thresho oo 204
tolerance
INPUT CURRENT LIMITING
IIN_LIMIT =100 mA 88 93 98
In_LimiT Input current limiting threshold Iin_Limir = 500 mA 450 475 500 mA
liv_Lmir = 975 MA 875 925 975
VDD REGULATOR
; VBus > Vingmin) OF Vsys > Veatmin
Internal bias regulator voltage oo = 1 MA, Cypp = 1 WF 2 6.5 \%
Voo VDD output short current limit 30 mA
Voltage from BST pin to SWC pin During charge or boost operation 6.5 \%
BATTERY RECHARGE THRESHOLD
Recharge threshold voltage Below Voreg 100 130 160 mV
VRcH . . Vcsout decreasing below threshold,
Deglitch time teaLL = 100 ns, 10-mV overdrive 130 ms
STAT OUTPUT
Low-level output saturation voltage | Ig =10 mA, sink current 0.4 \%
VoL(sTAT) X —
High-level leakage current Voltage on STAT pinis 5V HA
REVERSE PROTECTION COMPARATOR
Vrey Reverse protection threshold, Vgys. 2.3V £ Vesour < Vorea, Vaus falling 0 40 100 mv
VCSOUT
Reverse protection exit hysteresis | 2.3 V £ VesouTt £ Vores 140 200 260 mV
V g . . ..
REV-EXIT Deglitch time for Vgyg rising above Rising voltage 30 ms
VRev + VRev ExiT
6 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

VBAT = 3.6 V 5%, T, = 27°C (unless otherwise noted)

PARAMETER ’ TEST CONDITIONS MIN TYP MAX | UNIT
VBUS UVLO
Vuvio IC active threshold voltage Vpus rising 3.05 3.3 3.55 \%
Vuvio Hys  IC active hysteresis Vpus falling from above Vyy o 120 150 mV
PWM
fewm PWM frequency, charger 3 MHz
Internal top reverse blocking Iin_umiT = 500 mA, 180
MOSFET on-resistance Measured from VBUS to PMID
Internal top N-channel Switching
Rpson MOSEET on-resistance Measured from PMID to SWC 120 mQ
Internal bottom N-channel
MOSFET on-resistance Measured from SW to PGND 150
Dmax Maximum duty cycle 99.5%
Dmin Minimum duty cycle 0%
Synchronous mode to .
nonsynchronous mode transition IC_OZ\II:;)d ?CM(SI)eSELIJErIent sensin 100 mA
current threshold® ycle-by-cy 9
BOOST MODE OPERATION FOR VBUS (OPA_MODE=1, HZ_MODE=0)
. 2.5V < Vpys < 4.5 V; Including line and
VBus_B Boost output voltage (to pin VBUS) load regulation over full temp range 4.75 5 5.25 \%
Igo Maximum output current for boost | Vgys g =5V, 2.5V <Vgyg<4.5V 200 mA
Cycle by cycle current limit for
lBLIMIT bgost y cy Veus g =5V, 25V <Vgys <45V 1 A
Overvoltage protection threshold for | Threshold over Vs to turn off converter 58 6 6.2 Vv
VBusove boost (VBUS pin) during boost ' '
VBUSOVP hysteresis Vpus falling from above Vgysove 200 mV
v Maximum battery voltage for boost | Vsys rising edge during boost 4.75 4.9 5.05 \%
BATMAX VBATMAX hysteresis Vsys falling from above Vgarmax 200 mV
V. Minimum battery voltage for boost | During boosting 25 v
BATMIN (VSYS pin) Before boost starts 2.9 3.05
Boost output resistance at high
impedance mode (From VBUS to HZ_MODE =1 500 kQ
PGND)
CHARGER PROTECTION
Threshold over Vgys to turn off converter
Input V threshold voltage ; BUS 6.3 6.5 6.7 \%
Vovp.n_use put Veusove 9 during charge
Vove in_use hysteresis Vgus falling from above Voyp N 140 mV
Vcsout threshold over Vogreg to turn off o o o
Battery OVP threshold voltage charger during charge (% Vorec) 110% 117% 121%
Vove Lower limit for V falling from >V
Vovp hysteresis 0 csout 9 ovp 11%
(% Vorec)
lLumiT Cycle-by-cycle current limit for Charge mode operation 1.8 2.4 3 A
charge
Vesour rising, VSHRT connected to VDD 2 21 2.2 \%
Trickle to fast charge threshold . Veus —
Resistor connected from VSHRT to GND 1.8 0.7 \%
Internal current source connected
VSHORT 0 Vaprr pin 9.4 10 10.6 HA
Vshort hysteresis Vcsour falling from above VSHORT 100 mV
Enable threshold for internal percentage of VDD 90%
VshorT reference
(1) Bottom N-channel MOSFET always turns on for approximately 60 ns and then turns off if current is too low.
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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Electrical Characteristics (continued)

VBAT = 3.6 V 5%, T, = 27°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IsHoRT Trickle charge charging current VesouT € VsHORT 20 30 40 mA
Tcr Thermal regulation threshold Charge current begins to taper down 120 °C
Tars ;Ii-rirr::aer constant for the 32-second 32 second mode 32 s
WLED VOLTAGE AND CURRENT CONTROL
VRer Voltage feedback regulation voltage 198 203 208 mV
Ve oy Voltage feedback regulation voltage Veg[4:0] = 01110 (Veg = 25%) 47 50 58| v
— under brightness control Vig[4:0] = 01110 (Veg = 10%) 17 20 23
feTrRL PWM dimming frequency 1 100 kHz
fonTRL. MIN g/lti?sizum on-time for PWM dimming 29 us
Ies Voltage feedback input bias current | Vgg = 200 mV 1 HA
fewm PWM frequency, WLED boost 600 kHz
Dmax Maximum duty cycle Vg =100 mV 90% 93%
tmin_on Minimum ON pulse width 40 ns
L Inductor 10 22 puH
Cout Output capacitor 0.47 10 uF
WLED POWER SWIITCH
Rps(on) N-channel MOSFET on-resistance |Vgys=3.6V 300 600 mQ
I[N NFET N-channel leakage current VswL =30V, Tp = 25°C 1 HA
WLED PROTECTION
Voulo Under Voltage Lock Out (VSYS pin) | Vsys falling 2.2 2.5 \%
UVLO hysteresis 70 mV
Vove Overvoltage Protection threshold 35 37 39 \%
ILim N-Channel MOSFET current limit D = Dmax 560 700 840 mA
IM_start Startup current limit D = Dmax 400 mA
tHALE LM Time step for half current limit 5 ms
tRer Vgee filter time constant 180 ps
tstep VRer ramp up time 213 ps
CURRENT SHUNT MONITOR
Vem Common-mode input range Vesin = VesouT -0.3 7 \%
CMR Common-mode rejection X&S'N =2.7V105V, Vesin —~ Vesour = 0 100 dB
Vos. csm Offset-voltage, referred to input Ta=0"C 10 60°C = & pv
' Ta =-20°C to 85°C -85 85
G Gain 25 VIV
Gain error -1% 1%
Vons (vaglsg) to positive power supply rail Vevs - Varnt 100 .
Swing to GND VsunT - Veno 100
GBW Bandwidth CrLoap = 10 pF 9 kHz
lvzero VZERO bias current Ta =-20°C to 85°C 10 nA
Voo (valtlsg) to positive power supply rail Vavs — Vaero 15 y
Swing to GND Vzero - VenD 0.7
Voulo Undervoltage lockout (VSYS pin) Vgys falling 2.2 2.5 \%
UVLO hysteresis 70 mV
8 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

VBAT = 3.6 V 5%, T, = 27°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
LDO
Vioo LDO Output Voltage VIN = 5.5V 4.8 4.9 5 \%
PSRR f =100 Hz, CLDO = 1.0 pF 60 dB
ILpo Maximum LDO Output Current 60 mA
Vbo Dropout Voltage VIN =4.5V, ILDO =50 mA 100 250 mv
D+/D- DETECTION
D+ voltage source 0.5 0.6 0.7 \%
Vbp_scr
D+ voltage source output current 250 HA
Ipm_siNk D- current sink 50 100 150 HA
. DM pin, switch open 4.5 5
C Input capacitance - - pF
DP pin, switch open 4.5 5
DM pin, switch open -1 1
I Input leakage - - MA
DP pin, switch open -1 1
Vpp Low DP low comparator threshold 0.8 \%
VDM_HIGH DM high comparator threshold 0.8 \%
Vbm_Low DM low comparator threshold 475 mV
LOGIC LEVELS AND TIMING CHARTERISTICS (SCL, SDA, CTRL, INT)
Output low threshold level lo = 3 mA, sink current (SDA, INT) 0.4
VoL Input low threshold level 0.4 \%
Input high threshold level 1.2
lvias) Input bias current (SCL, SDA, INT) |V|,o=18V 1 HA
fscL SCL clock frequency 400 kHz
RcTRL CTRL pulldown resistor 400 800 1600 kQ
torr CTRL pulse width to shutdown CTRL high to low 25 ms
7-bit slave address 1101 010
OSCILLATOR
Oscillator frequency 3 MHz
fosc Frequency accuracy Ta =-40°C to 85°C -10% 10%
THERMAL SHUTDOWN
Thermal trip point 165 .
TsHTown Thermal hysteresis 10 ¢

Copyright © 2010-2015, Texas Instruments Incorporated
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6.6 Data Transmission Timing
Vgar = 3.6 £5%, T, = 25 °C, C_ = 100 pF (unless otherwise noted)

MIN NOM MAX UNIT
‘ Serial clock f Standard mode 100 KH
erial clock frequenc z
(ScL) g y Fast mode 400
¢ Bus free time between stop and start | SCL = 100 kHz 4.7 S
(BUF) condition SCL = 400 kHz 13 .
o SCL = 100 kHz 50
tsp) Tolerable spike width on bus ns
SCL =400 kHz
. L low SCL = 100 kHz 47
ow time s
Low SCL = 400 kHz 13 .
. scL high SCL = 100 kHz 4
igh time s
HIGH 9 SCL = 400 kHz 06 .
. SDA - SCL setup i SCL = 100 kHz 250
— setup time ns
S(AD P SCL = 400 kHz 100
. Start condi o SCL = 100 kHz 47
art condition setup time s
SETA) P SCL = 400 kHz 06 .
. . it o SCL = 100 kHz 4
op condition setup time s
S(TO) P P SCL = 400 kHz 06 .
. SDA  SCL hold 1 SCL = 100 kHz 0 3.45
— old time s
HPAD SCL = 400 kHz 0 0.9 .
‘ Start dition hold SCL =100 kHz 4
art condition hold time s
HSTA SCL = 400 kHz 06 .
o _ SCL = 100 kHz 1000
trscL) Rise time of SCL Signal ns
SCL =400 kHz 300
_ _ SCL = 100 kHz 300
tiscy) Fall time of SCL Signal ns
SCL =400 kHz 300
. Rise time of SOA Sianal SCL = 100 kHz 1000
ise time o igna ns
(5DA) 9 SCL = 400 kHz 300
_ ) SCL = 100 KHz 300
tispa) Fall time of SDA Signal ns
SCL =400 kHz 300
\ |
" tow t * thsTa)
SCL
tsma) tHoaT ts(sTA) 1 tsisTo)
SDA
1 teur |
L P LS | S P
Figure 1. 1°C Data Transmission Timing
10 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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6.7 Typical Characteristics
Ta = 25°C, unless otherwise specified.

6.7.1 Switching Charger

Tek stop

(1 {vsys

v bl

Tek Stop

=

Figure 6. Precharge Curve

vaus— \ e s o VS e ns £ S, W S PR ey 4
o P \ A SRR AEE Mt Y A ETE
. \\. -
@i ; EfiL
@ 500V 2 J[W“”S 2.5065/5 D s J[SNOV 2009] ® 500 2 Toons 2.50G5/5 2 7 | 5Nov2009
@ 5.00V ® 100k poifits  1.30V J[15:01:04 @ 5.00V @ 1.00A O 100k points  1.30V {15:00:17
Veus =5V  Icharce = 150 mA Veus =5V  lcuarce = 150 mA
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Switching Charger (continued)
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Figure 8. Charger Efficiency
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OTG Boost (continued)

Figure 11. PWM Boost Operation
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Figure 12. PWM Boost Operation
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Figure 13. PWM Boost Operation
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Figure 14. Transient Response

Figure 15. I2C Controlled Voltage Step
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Figure 16. I2C Controlled Voltage Step
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6.7.3 LDO
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Figure 17. Turnon Delay

Figure 18. Turnoff Delay
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Figure 21. Start-Up
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LDO (continued)
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Figure 23. Transient Response Figure 24. OTG Boost Efficiency
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WLED Boost (continued)
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Figure 27. PWM Operation
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Figure 28. PWM Operation
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Figure 29. PWM Operation
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Figure 30. PWM Operation
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Figure 31. PWM Dimming Figure 32. Open LED Protection
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WLED Boost (continued)
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7 Detailed Description

7.1 Overview

The TPS65200 charger features a synchronous 3-MHz PWM controller with integrated power MOSFETS, input
current sensing and regulation, input-voltage dynamic power management, high-accuracy charge current and
voltage regulation, and charge termination. The charger charges the battery in three phases: low-current
precharge, constant current fast-charge, and constant voltage trickle-charge. The input current is automatically
limited to the value set by the host. The charger can be configured to terminate charge based on user-selectable
minimum current level and to automatically restart the charge cycle if the battery voltage falls below the recharge
threshold. A safety timer with reset control provides a safety backup for 1°C interface. The charger automatically
enters sleep mode or high impedance mode when the input supply is removed. The charge status is reported to
the host using the 1°C interface and STAT pin. The D+D- detection circuit allows automatic detection of a USB
wall-charger. If a wall-charger is detected the input current limit is automatically increased from 500 mA to 975
mA.

In OTG mode the PWM controller boosts the battery voltage to 5 V and provides up to 200-mA of current to the
USB output. At very light loads the boost operates in burst mode to optimize efficiency. OTG mode can be
enabled either through I°C interface or GPIO control.

The TPS65200 also provides a WLED boost converter with integrated 40-V switch FET, that drives up to 10
WLED:s in series. The boost converter runs at 600-kHz fixed switching frequency to reduce output ripple, improve
conversion efficiency, and allows for the use of small external components. The default WLED current is set with
a sense resistor, and the feedback voltage is regulated to 200 mV, as shown in the typical application. For
brightness dimming, the feedback voltage can be changed through the I1°C interface or by application of a PWM
signal to the CTRL pin. In the latter case the feedback voltage is regulated down proportional to the PWM duty
cycle (analog dimming) rather than pulsing the LED current to avoid audible noise on the output capacitor. For
maximum protection, the device features integrated open LED protection that disables the TPS65200 to prevent
the output from exceeding the absolute maximum ratings during open LED conditions.

A fixed-gain, high-accuracy current shunt monitor senses the voltage drop across an external, 20-mQ sense
resistor and provides an analog output voltage that is proportional to the charge/discharge current of the battery.
The sense voltage is amplified by a factor of 25 and offset by V,zro, an externally provided reference voltage.
Vzero is internally buffered to avoid loading of the reference source.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Global State Diagram

During normal operation, TPS65200 is either in STANDBY mode or ACTIVE mode, depending on user inputs. In
STANDBY mode, most functions are turned off to conserve power, but the IC can still be accessed through 1°C
bus and the current shunt monitor can be turned on and off. The bias system and main oscillator are turned off in
STANDBY mode.

The device enters ACTIVE mode whenever VBUS is asserted or the WLED driver is turned on. In ACTIVE mode,
the main oscillator and reference system are turned on. The device remains in ACTIVE mode as long as VBUS
remains high, the WLED driver is enabled or both conditions exist.
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Feature Description (continued)
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Figure 36. Global State Diagram

7.3.2 LED Driver Operation

The TPS65200 offers a high-efficiency, high-output voltage boost converter designed for driving up to 10 white
LED in series. The serial LED connection provides even illumination by sourcing the same output current through
all LEDs, eliminating the need for expensive factory calibration. The device integrates 40-V/0.7-A switch FET and
operates in pulse width modulation (PWM) with 600-kHz fixed switching frequency. For operation, see Functional
Block Diagram.

The LED driver can be enabled either through the CTRL pin or the WLED_EN bit in the CONTROL register. The
CTRL input is edge sensitive and should be pulled low at power-up. The CTRL pin allows PWM dimming of the
LEDs whereas the WLED_EN bit offers simple ON/OFF control only. The WLED_EN bit has priority over the
CTRL pin and when set to 1, the CTRL pin is ignored. If WLED_EN is set to 0 and the CTRL pin is low for
> 2.5 ms, the WLED driver is shut down.

The feedback loop regulates the FB pin voltage to the reference set by the VFB[4:0] bits in the WLED register
with a default setting of 200 mV. If any fault occurs during normal operation the driver is disabled, WLED_EN bit
is reset to 0 and the driver is put into FAULT state until the CTRL pin has been low for > 2.5 ms. The state
diagram for the WLED driver is shown in Figure 37.
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Feature Description (continued)

CTRL =L means CTRL pin is low for>2.5ms
II=OR POWER DOWN
& =AND

() =rising edge
() =falling edge

CTRL=L&
WLED_EN=0 -
DISABLED
-
WLED EN=08& WLED EN=1 ||
CTRL=L CTRL=H

BOOST is turned off

WLED BOOST
ON

Figure 37. State Diagram for WLED Driver

7.3.2.1 Undervoltage Lockout

An undervoltage lockout circuit prevents operation of the WLED driver at input voltages (CSOUT pin) below 2.2
V. When the input voltage is below the under voltage threshold, the driver is shutdown and the internal switch
FET is turned off. If the input voltage rises by 70 mV above the undervoltage lockout hysteresis, the WLED driver
restarts. An internal thermal shutdown turns off the device when the typical junction temperature of 165°C is
exceeded. The device is released from shutdown automatically when the junction temperature decreases by
10°C.

7.3.2.2 Shutdown

To minimize current consumption, the WLED driver is shutdown when the WLED_EN bit is low and the CTRL pin
is pulled low for more than 2.5 ms. Although the internal FET does not switch in shutdown, there is still a DC
current path between the input and the LEDs through the inductor and Schottky diode. The minimum forward
voltage of the LED array must exceed the maximum input voltage to ensure that the LEDs remain off in
shutdown. However, in the typical application with two or more LEDs, the forward voltage is large enough to
reverse bias the Schottky and keep leakage current low.

7.3.2.3 Soft-Start Circuit

Soft-start circuitry is integrated into the WLED driver to avoid a high inrush current during start-up. After the
device is enabled, the voltage at FB pin ramps up to the reference voltage in 32 steps, each step takes 213 ps.
This ensures that the output voltage rises slowly to reduce the input current. Additionally, for the first 5 ms after
the COMP voltage ramps, the current limit of the switch is set to half of the normal current limit specification.
During this period, the input current is kept below 400 mA (typical).

7.3.2.4 Open LED Protection

Open LED protection circuitry prevents IC damage as the result of white LED disconnection. The TPS65200
monitors the voltage at the SWL pin during each switching cycle. The circuitry turns off the switch FET and shuts
down the WLED driver as soon as the SWL voltage exceeds the Vqyp threshold for eight clock cycles. As a
result, the output voltage falls to the level of the input supply. The WLED driver remains in shutdown mode until it
is enabled by toggling the CTRL pin or the WLED_EN bit of the CTRL register.
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Feature Description (continued)
7.3.2.5 Current Program

The FB voltage is regulated to a low 200-mV reference voltage. The LED current is programmed externally using
a current-sense resistor in series with the LED string. The value of the RSET is calculated using Equation 1.

V.
ILED = R;:j

where
e |l gp = output current of LEDs
* Vg = regulated voltage of FB
¢ Rger = current sense resistor B

The output current tolerance depends on the FB accuracy and the current sensor resistor accuracy.

7.3.2.6 Brightness Dimming

The TPS65200 offers two methods of LED brightness dimming. When the CTRL pin is constantly high, the FB
voltage is regulated to the value set in the WLED register which ranges from 0 mV to 200 mV and is divided into
32 steps. For applications requiring higher dimming resolution, a PWM signal can be applied to the CTRL pin to
reduce this regulation voltage and dim LED brightness. The relationship between the duty cycle and FB voltage
is given by Equation 2.

V.s = duty cycle « VFB[4:0]

where
e Duty = duty cycle of the PWM signal
« VFB[4:0] = internal reference voltage, default = 200 mV (2)

The IC chops up the internal reference voltage at the duty cycle of the PWM signal and filters it by an internal low
pass filter. The output of the filter is connected to the error amplifier as the reference voltage for the FB pin
regulation. Therefore, although a PWM signal is used for brightness dimming, only the WLED DC current is
modulated, which is often referred to as analog dimming. This eliminates the audible noise which often occurs
when the LED current is pulsed in replica of the frequency and duty cycle of PWM control. The regulation voltage
itself is independent of the PWM logic voltage level which often has large variations.

VFB[4:0]
_M.IL CTRL :
WLED_EN j
1 >—<—> FB
[— |

Figure 38. WLED Analog Dimming Circuit

7.3.2.7 Inductor Overcurrent Protection

The overcurrent limit in the boost converter limits the maximum input current and thus maximum input power for
a given input voltage. Maximum output power is less than maximum input power due to power conversion losses.
Therefore, the current limit setting, input voltage, output voltage and efficiency can all change maximum current
output. The current limit clamps the peak inductor current and the maximum DC output current equals the current
limit minus half of the peak-peak current ripple. The ripple current is a function of switching frequency, inductor
value and duty cycle. Equation 3 through Equation 5 are used to determine the maximum output current.

D=1-tn
VOUT
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Feature Description (continued)

where
» D = duty cycle of the boost converter
* Vi = Input voltage
e Vgur = Output voltage of the boost converter. It is equal to the sum of VFB and the voltage drop across LEDs.

©)
I _ VYIN ® D
PP L .f;
where
* lpp = inductor peak to peak ripple
e L =inductor value
« f, = switching frequency (4)
1
V/N ° (]LIM - % ) ° n
I —
OUT(MAX) V()UT

where
*  loutewax) = maximum output current of the boost converter
e Iym = overcurrent limit
« n = efficiency ©)

For instance, for V,y = 3 V, 7 LEDs output equivalent to Vg1 of 23 V, an inductor value of 22 pH, a current limit
of 700 mA, and an efficiency of 85%, the maximum output current is ~65 mA.

7.3.3 HVLDO

TPS65200 provides a 4.9-V LDO that is powered off the VBUS input. The LDO is enabled whenever Vygys >
Vyvio (3.3 V) and disabled when Vygys > Vovp.n uss (6.5 V). LDO output voltage follows VBUS for Vygys < 4.9 V
and is regulated to 4.9 V when Vygys > 4.9 V. In"any case output current is limited to 100 mA. The LDO can also
be disabled by the host by setting the LDO_EN bit of the CONTROL register to 0. An operational flow chart of

the LDO enable is shown in Figure 39.

||=OR

& =AND

) =rising edge
() = falling edge

LDO EN =0 LDO EN = 1

Figure 39. State Diagram for the HV LDO
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Feature Description (continued)

7.3.4 Interrupt Pin

The interrupt pin is used to signal any fault condition to the host processor. Whenever a fault occurs in the IC,
the corresponding fault bit is set in the INT1, INT2, or INT3 register, and the open-drain output is pulled low. The
INT pin is released (returns to HiZ state) if any of the INT1, INT2, INT3 registers is accessed by the host, but
fault bits are cleared only by reading the INTX register containing the bit. However, if a failure persists, the
corresponding interrupt bit remains set but no new interrupt is issued. The TSD bit (thermal shutdown) is auto
cleared which means that the bit is reset to 0 automatically after the chip has cooled down below the thermal
shutdown release threshold.

The MASK1, MASK2, and MASK3 registers are used to mask certain events or group of events from generating
interrupts. The MASKXx settings affect the INT pin only and have no impact on protection and monitor circuits
themselves.

7.3.5 Current Shunt Monitor

TPS65230 offers an integrated high-precision current shunt monitor to measure battery charging and discharging
currents. The inputs of a low-offset amplifier are connected across an external low-value shunt resistor. This
shunt voltage is gained up by a factor of 25 and added to a reference voltage connected to the VZERO terminal.

Vsuunt > Vzero for currents flowing into the battery and Vsyunt < Vzero for currents flowing out of the battery.
The reference voltage is buffered by a low-offset, high impedance input buffer.

VSHUNT = 25 ° (VCSIN - VCSOU7) + VZERO + V()FFSET

where
*  Vgyunt is the output voltage of the current shunt monitor
e Vg is the charger side of the shunt resistor
*  Vcsourt is the battery side of the shunt resistor
e Vzego is the O-current reference voltage
*  Voeeser IS the offset of the differential amplifier (6)

The offset of the differential amplifier introduces a measurement error of +40 pV input referred, equivalent to +2
mA assuming a 20-mQ shunt resistor which can be calibrated out by the system.

The shunt monitor is disabled by default and can be enabled by the host by setting the SMON_EN bit in the
CONTROL register to 1.

7.4 Device Functional Modes

7.4.1 Charge Mode Operation

For current limited power source, such as a USB host or hub, the high efficiency converter is critical in fully
utilizing the input power capacity and quickly charging the battery. Due to the high efficiency in a wide range of
the input voltage and battery voltage, the switching mode charger is a good choice for high speed charging with
less power loss and better thermal management.

The TPS65200 is a highly-integrated synchronous switched-mode charger with reverse boost function for USB
OTG support, featuring integrated MOSFETs and small external components, targeted at extremely space-limited
portable applications powered by 1-cell Li-ion or Li-polymer battery pack.
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Device Functional Modes (continued)
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Figure 40. State Diagram of USB Charger Circuit

The TPS65200 has three operation modes: charge mode, boost mode, and high impedance mode. In charge
mode, the TPS65200 supports a precision Li-ion or Li-polymer charging system for single-cell applications. In
boost mode, TPS65200 will boost the battery voltage to VBUS for powering attached OTG devices. In high
impedance mode, the TPS65200 charger stops charging or boosting and operates in a mode with very low
current from VBUS or battery, to effectively reduce the power consumption when the portable device is in
standby mode. Through carefully designed internal control circuits, TPS65200 achieves smooth transition
between different operation modes.

The global state diagram of the charger is shown in Figure 40 and the detailed charging algorithm in Figure 41.
HiZ mode is the default state of the charger where Q1, charger PWM and boost operation is turned off. If any
fault occurs during charging, the CH_EN[1:0] bits in the CONTROL register are reset to 00b (OFF), fault bits are
set in the INT2 register, an interrupt is issued on the INT pin, and HiZ mode is entered. Charging is re-initiated by
either host control or automatically if VBUS is power cycled.

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 25
Product Folder Links: TPS65200



13 TEXAS
INSTRUMENTS
TPS65200

SLVSA48A —APRIL 2010—REVISED SEPTEMBER 2015 www.ti.com

Device Functional Modes (continued)
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Figure 41. Detailed Charging Flow Chart
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7.4.1.1 Input Current Limiting and D+/D- Detection

By default the VBUS input current limit is set to 500 mA. When VBUS is asserted the TPS65200 performs a
charger source identification to determine if it is connected to a USB port or dedicated charger. This detection is
performed 200 ms after VBUS is asserted to ensure the USB plug has been fully inserted before identification is
performed. If a dedicated charger is detected the input current limit is increased to 975 mA, otherwise the current
limit remains at 500 mA, unless changed by the user.

Automatic detection is performed only if VIO is below 0.6 V to avoid interfering with the USB transceiver which
may also perform D+/D- detection when the system is running normally. However, D+/D- can be initiated at any
time by the host by setting the DPDM_EN bit in the CONTROL register to 1. After detection is complete the
DPDM_EN bit is automatically reset to 0 and the detection circuitry is disconnected from the DP DM pins to avoid
interference with USB data transfer.

The input current limit can also be set through the 1°C interface to 100 mA, 500 mA, 975 mA, or no limit by
writing to the CONFIG_B register. The effective current limit will be the higher of the D+D- detection result and
the 1IN_LIMIT[1:0] setting in CONFIG_A register. Whenever VBUS drops below the UVLO threshold
[IN_LIMIT[1:0] is reset to 100-mA setting to avoid excessive current draw from an unknown USB port.

Once the input current reaches the input current limiting threshold, the charge current is reduced to keep the
input current from exceeding the programmed threshold. The host can choose to ignore the D+D- detection
result by setting the LMTSEL bit of the CONFIG_A register to 1.
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Device Functional Modes (continued)
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Figure 42. Adaptor Identification Algorithm and Block Diagram

7.4.1.2 Bad Adaptor Detection/Rejection (CHBADI)

At the beginning of the charge cycle, the IC will perform the bad adaptor detection by applying a current sink to
VBUS. If Vygys is higher than Viygny for 30 ms, the adaptor is good and the charge process will begin. However,
if Vygus drops below Vywiny, @ bad adaptor is detected. Then, the IC will disable the current sink, issue an
interrupt and set the CHBADI interrupt in the INT2 register. After a delay of TINT (2s), the IC will repeat the
adaptor detection process, as shown in Figure 44.

If the battery voltage is high (> 3.8 V), it is possible that the input voltage drops below the battery voltage during
adaptor rejection test. In this case, the reverse protection will kick-in and disable the charger. Also note that the
30-mA current sink is turned on for 30 ms only. If the input capacitance is > 500 pF (not recommended), the
adaptor may be accepted although it is not capable of providing 30-mA of current. In these cases, the VDPPM
loop will limit the charging current to maintain the input voltage.
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Figure 44. Bad Adaptor Detection Flow-Chart

7.4.1.3 Input Current Limiting at Start-Up

The LOW_CHG bit is automatically set when VBUS is asserted to limit the charge current to 150 mA. This
ensures that a battery cannot be charged with high currents without host control.

7.4.1.4 Charge Profile

In charge mode, TPS65200 has five control loops to regulate input voltage, input current, charge current, charge
voltage, and device junction temperature. During the charging process, all five loops are enabled and the one
that is dominant will take over the control. The TPS65200 supports a precision Li-ion or Li-polymer charging
system for single-cell applications. Figure 46 indicates a typical charge profile without input current regulation
loop and it is similar to the traditional CC/CV charge curve, while Figure 47 shows a typical charge profile when
input current limiting loop is dominant during the constant current mode, and in this case the charge current is
higher than the input current so the charge process is faster than the linear chargers. For TPS65200, the input
current limits, the charge current, termination current, and charge voltage are all programmable using 1°C
interface.

7.4.1.5 Precharge to Fast Charge Threshold (VSHORT)

A deeply discharged battery (Vgatr < Vsnort) IS charged with a constant current of Igyort (typically 30 mA) until
the voltage recovers to > Vgyort at which point fast charging begins. The pre-charge to fast-charge threshold
has a default value of 2.1 V and can be adjusted by connecting a resistor from the VSHRT pin to ground. An
internal current source forces a 10-yA current into the resistor and the resulting voltage is compared to half the
battery voltage to determine if the battery is deeply discharged or shorted. Therefore the voltage on the VSHRT
pin equals half of Vgyort threshold. For example a 100-kQ resistor connected from VSHRT to GND results in a
2-V precharge to fast charge transition point. If the VSHRT pin is left floating or is shorted to the VDD pin, an
internal reference voltage of 1.05 V is used resulting in a 2.1-V pre-charge to fast-charge threshold.
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| VSHRT :I>—> VBAT >VSHRT

90% VDD

1.05V o—-I

VSHORT can be adjusted by an external resistor. Note that the VSHRT pin voltage equals
half VSHORT threshold. When VSHRT pin is left floating or is tied to VDD, an internal
reference of 1.05V is used resulting in a 2.1-V pre-charge to fast-charge transition threshold.

Figure 45. Precharge to Fast-Charge Transition Threshold (VSHORT)
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Figure 46. Typical Charging Profile of TPS65200 Without Input Current Limit
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increases. This mode ensures fastest charging of the battery without exceeding the
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Figure 47. Typical Charging Profile of TPS65200 With Input Current Limit

7.4.1.6 PWM Controller in Charge Mode

The TPS65200 provides an integrated, fixed 3-MHz frequency voltage-mode controller with feed-forward function
to regulate charge current or voltage. This type of controller is used to help improve line transient response,
thereby simplifying the compensation network used for both continuous and discontinuous current conduction
operation. The voltage and current loops are internally compensated using a Type-lll compensation scheme that
provides enough phase margin for stable operation, allowing the use of small ceramic capacitors with very low
ESR. There is a 0.5-V offset on the bottom of the PWM ramp to allow the device to operate between 0% to
99.5% duty cycles.

The TPS65200 has two back-to-back common-drain N-channel MOSFETSs at the high side and one N-channel
MOSFET at the low side. An input N-MOSFET (Q1) prevents battery discharge when VBUS is lower than
Vcsout- The second high-side N-MOSFET (Q2) behaves as the switching control switch. A charge pump circuit is
used to provide gate drive for Q1, while a boot strap circuit with external boot-strap capacitor is used to boost up
the gate drive voltage for Q2.

Cycle-by-cycle current limit is sensed through the internal sense MOSFETSs for Q2 and Q3. The threshold for Q2
is set to a nominal 1.9-A peak current. The low-side MOSFET (Q3) also has a current limit that decides if the
PWM controller will operate in synchronous or non-synchronous mode. This threshold is set to 100mA and it
turns off the low-side N-channel MOSFET (Q3) before the current reverses, preventing the battery from
discharging. Synchronous operation is used when the current of the low-side MOSFET is greater than 100 mA to
minimize power losses.

7.4.1.7 Battery Charging Process

During precharge phase, while the battery voltage is below the Vgyort threshold, the TPS65200 applies a short-
circuit current, Isyort, t0 the battery. When the battery voltage is above Vgyort and below Vogee, the charge
current ramps up to fast charge current, locharce: OF @ charge current that corresponds to the input current of
v umit- The slew rate for fast charge current is controlled to minimize the current and voltage over-shoot during
transient. Both the input current limit (default at 100 mA), I,y umiT,» and fast charge current, locharce, Can be set
by the host. Once the battery voltage is close to the regulation voltage, Vores, the charge current is tapered
down as shown in Figure 46. The voltage regulation feedback occurs by monitoring the battery-pack voltage
between the CSOUT and PGND pins. TPS65200 is a fixed single-cell voltage version, with adjustable regulation
voltage (3.5 V to 4.44 V) programmed through 1°C interface.
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The TPS65200 monitors the charging current during the voltage regulation phase. When the termination
threshold, ltggry, is detected and the battery voltage is above the recharge threshold, the TPS65200 terminates
charge. The termination current level is programmable and charge termination is disabled by default. To enable
the charge current termination, the host can set the charge termination bit TERM_EN of CONFIG_C register to 1.
Refer to 1°C section for details.

A new charge cycle is initiated when one of the following events occur:

» VBUS is power-cycled.

e« CH_ENJ1:0] = 11b and the battery voltage drops below the recharge threshold (TERM_EN = 1).
 The RESET bhit is set (host controlled).

e The device is in CHARGE DONE state (see Figure 40) and the TERM_EN bit is set from 1 to 0.

7.4.1.8 Thermal Regulation and Protection

During the charging process, to prevent overheating of the chip, TPS65200 monitors the junction temperature,
T,, of the die and begins to taper down the charge current once T, reaches the thermal regulation threshold, T¢r.
The charge current will be reduced to zero when the junction temperature increases about 10°C above Tqg. At
any state, if T; exceeds Tsyrpwn, TPS65200 will suspend charging and enter HiZ state. Charging will resume
after T; falls 10°C below Tsytpwn-

7.4.1.9 Safety Timer in Charge and Boost Mode (CH32MI, BST32SlI)

The TPS65200 charger hosts a safety timer that stops any boost or charging action if host control is lost. The
timer is started when the CH_ENT[1:0] bits are set to anything different from 00 and is continuously reset by any
valid I°C command. If the timer exceeds 32 s and boost mode is enabled (CH_EN[1:0] = 01b), the boost is
disabled, CH_EN][1:0] is set to 00b, boost time-out fault is indicated in the INT2 register, and an interrupt is
issued. Similarly, once the timer exceeds 32 minutes and the charger is enabled (CH_EN[1:0] = 10b or 11b), the
charger is disabled, CH_EN[1:0] is set to 00b, charger time-out fault is indicated in INT2 register and an interrupt
is issued. Time-out faults affect CH_EN[1:0] bits only and not charger parameters. The safety timer flow chart is
shown in Figure 48.
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Figure 48. Timer Flow Chart for TPS65200 Charger

7.4.1.10 Input Voltage Protection in Charge Mode

7.4.1.10.1 Input Overvoltage Protection (VBUSOVPI)

The TPS65200 provides a built-in input overvoltage protection to protect the device and other components
against damage if the input voltage (voltage from VBUS to PGND) gets too high. When an input overvoltage
condition is detected, the TPS65200 turns off the PWM converter, sets the VBUSOVPI bit in the INT1 register
and issues an interrupt. Once Vygys drops below the input overvoltage exit threshold, the fault is cleared and
charge process resumes.

7.4.1.10.2 Reverse Current Protection (CHRVPI)

The TPS65200 charger enters Hi-Z state if the voltage on VBUS pin falls below Vegour + Vrey, and Vgys is still
higher than the poor source detection threshold, Viywminy)- The CHRVPI bit is set in the INT2 register and an
interrupt is issued. This feature prevents draining the battery during the absence of Vgys. In Hi-Z mode, both the
reverse blocking switch Q1 and PWM are turned off.
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7.4.1.10.3 Input Voltage Based Dynamic Power Management (CHDPMI)

During normal charging process, if the input power source is not able to support the charging current, Vgys
voltage will decease. Once Vygys drops to V,y Low (default 4.36 V), the charge current will taper down to prevent
further drop of Vgys. This feature makes the IC compatible with adaptors with different current capabilities.
Whenever the VDPM loop activates, the CHDPMI interrupt is set in the INT2 register and the INT pin is pulled
low. The CHDPMI interrupt is delayed by 32 ms to prevent the interrupt to occur when the charging source is
removed.

7.4.1.11 Battery Protection in Charge Mode

7.4.1.11.1 Battery Charge Current Limiting

Whenever a valid power source is connected to the charger, the LOW_CHG bit of the CONFIG_C register is set
to 1 which limits the charging current to 150 mA. Once the host detects that that charging source has been
inserted it needs to reset the LOW_CHG bit to 0 to achieve a higher charging current. This feature prevents
charging of a battery at high currents when system voltage is too low for the system to boot.

7.4.1.11.2 Output Overvoltage Protection (CHBATOVPI)

The TPS65200 provides a built-in overvoltage protection to protect the device and other components against
damage if the battery voltage gets too high, as when the battery is suddenly removed. When an overvoltage
condition is detected, TPS65200 turns off the PWM converter, sets the CHBATOVPI bit in the INT2 register,
issues an interrupt, and enters HiZ mode. Once Vgout drops to the battery overvoltage exit threshold, charging
resumes.

7.4.1.11.3 Battery Short Protection

During the normal charging process, if the battery voltage is lower than the short-circuit threshold, VgyorT, the
charger will operate in short circuit mode with a lower charge rate of IsyorT-

7.4.1.12 Charge Status Output, STAT Pin

The STAT pin is used to indicate charging status of the IC and its behavior can be controlled by setting the
STAT_EN bits of the CONTROL register. In AUTO mode, STAT is pulled low during charging and is high-
impedance otherwise. STAT pin can also be forced low or to Hi-Z state by setting the STAT_EN bits accordingly.
The STAT pin has enough pulldown strength to drive a LED and can be used for visual charge status indication.

7.4.2 Boost Mode Operation

In 32 second mode, when CH_EN[1:0] = 01 in CONTROL register, TPS65200 operates in boost mode and
delivers power to VBUS from the battery. In normal boost mode, TPS65200 converts the battery voltage (2.5V to
4.5 V) to VBUS-B (5 V) and delivers a current as much as IBO (200 mA) to support other USB OTG devices
connected to the USB connector. Boost mode can also be enabled through the OTG pin. By default the OTG pin
is disabled and can be enabled by setting the OTG_EN bit to 1. The polarity of the OTG pin is user
programmable through the OTG_PL bit. Both bits are located in the CONFIG_C register. The OTG pin allows the
USB transceiver to take control of the boost function without involvement of the main processor.

7.4.2.1 PWM Controller in Boost Mode

Similar to charge mode operation, in boost mode, the TPS65200 provides an integrated, fixed 3-MHz frequency
voltage-mode controller to regulate output voltage at PMID pin (Vpyp). The voltage control loop is internally
compensated using a Type-lll compensation scheme that provides enough phase margin for stable operation
with a wide load range and battery voltage range.

In boost mode, the input N-MOSFET (Q1) prevents battery discharge when VBUS pin is over loaded. Cycle-by-
cycle current limit is sensed through the internal sense MOSFET for Q3. The threshold for Q3 is set to a nominal
1.0-A peak current. The upper-side MOSFET (Q2) also has a current limit that decides if the PWM controller will
operate in synchronous or non-synchronous mode. This threshold is set to 75 mA and it turns off the high-side N-
channel MOSFET (Q2) before the current reverses, preventing the battery from charging. Synchronous operation
is used when the current of the high-side MOSFET is greater than 75 mA to minimize power losses.
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7.4.2.2 Boost Start Up

To prevent the inductor saturation and limit the inrush current, a soft-start control is applied during the boost start
up.

7.4.2.3 PFM Mode at Light Load

In boost mode, TPS65200 will operate in pulse skipping mode (PFM mode) to reduce the power loss and
improve the converter efficiency at light load condition. During boosting, the PWM converter is turned off once
the inductor current is less than 75 mA; and the PWM is turned back on only when the voltage at PMID pin drops
to about 99.5% of the rated output voltage. A unique pre-set circuit is used to make the smooth transition
between PWM and PFM mode.

7.4.2.4 Safety Timer in Boost Mode (BST32SlI)

At the beginning of boost operation, the TPS65200 starts a 32-second timer that is reset by the host through any
valid 1°C transaction to the IC. Once the 32-second timer expires, TPS65200 will turn off the boost converter,
issue an interrupt, set the BST32SI bit in the INT3 register, and return to Hi-Z mode. Fault condition is cleared by
POR or reading the INT3 register.

7.4.2.5 Protection in Boost Mode

7.4.2.5.1 Output Overvoltage Protection (BSTBUSOVI)

The TPS65200 provides a built-in overvoltage protection to protect the device and other components against
damage if the VBUS voltage gets too high. When an overvoltage condition is detected, TPS65200 turns off the
PWM converter, resets CH_ENJ[1:0] bits to 00b (OFF), sets the BSTBUSOVI bit in the INT3 register, issues an
interrupt, and enters HiZ mode. Once VVBUS drops to the normal level, the boost will start after host sets
CH_EN[1:0] = 01b.

7.4.2.5.2 Output Over-Load Protection (BSTOLI)

The TPS65200 provides a built-in over-load protection to prevent the device and battery from damage when
VBUS is over loaded. Once an over load condition is detected, Q1 will operate in linear mode to limit the output
current while VPMID is kept in voltage regulation. If the over load condition lasts for more than 30 ms, the over-
load fault is detected. When an over-load condition is detected, TPS65200 turns off the PWM converter, resets
CH_ENTJ1:0] bits to 00b (OFF), sets the BSTOLI bit in the INT3 register, and issues an interrupt. The boost will
not start until the host sets CH_EN[1:0] = 01b or the OTG pin is toggled.

7.4.2.5.3 Battery Voltage Protection (BSTLOWVI, BSTBATOVI)

During boosting, when battery voltage is above the battery overvoltage threshold, Vgatmax, Or below the minimum
battery voltage threshold, Vgarmin, TPS65200 will turn off the PWM converter, reset CH_EN[1:0] bits to 00b
(OFF), set the BSTLOWVI or BSTBATOVI bit in the INT3 register, and issues an interrupt. Once the battery
voltage goes back to the normal level, the boost will start if the host sets CH_EN[1:0] = 01b or the OTG pin is
toggled.

7.4.3 High Impedance Mode

When CH_ENIJ1:0] bits in the CONTROL register are set to 00b, TPS65200 will operate in high impedance mode,
with the impedance looking into VBUS pin higher than 500kQ.
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7.5 Programming

7.5.1 1°C Bus Operation

The TPS65200 hosts a slave I°C interface that supports data rates up to 400 kbit/s and auto-increment
addressing and is compliant to I°C standard 3.0.

Slave Address + R/nW Sub Address Data

|Start|G3|G2|G1|GO|AZ|A1|A0|R/nW|ACK S7|SG|SS|SA|S3|SZ|31|SO|ACK D7|D6|D5|D4|D3|D2|D1|D0|ACK Stop

Figure 49. Subaddress in I°C Transmission

Start — Start Condition ACK — Acknowledge

G(3:0) — Group ID: Address fixed at 1101 S(7:0) — Subaddress: defined per register map
A(2:0) — Device Address: Address fixed at 010 D(7:0) — Data; Data to be loaded into the device
R/nW — Read / not Write Select Bit Stop — Stop Condition

The 1°C bus is a communications link between a controller and a series of slave terminals. The link is established
using a two-wired bus consisting of a serial clock signal (SCL) and a serial data signal (SDA). The serial clock is
sourced from the controller in all cases where the serial data line is bi-directional for data communication
between the controller and the slave terminals. Each device has an open drain output to transmit data on the
serial data line. An external pull-up resistor must be placed on the serial data line to pull the drain output high
during data transmission.

Data transmission is initiated with a start bit from the controller as shown in Figure 50. The start condition is
recognized when the SDA line transitions from high to low during the high portion of the SCL signal. Upon
reception of a start bit, the device will receive serial data on the SDA input and check for valid address and
control information. If the appropriate group and address bits are set for the device, then the device will issue an
acknowledge pulse and prepare the receive subaddress data. Subaddress data is decoded and responded to as
per the Register Map section of this document. Data transmission is completed by either the reception of a stop
condition or the reception of the data word sent to the device. A stop condition is recognized as a low to high
transition of the SDA input during the high portion of the SCL signal. All other transitions of the SDA line must
occur during the low portion of the SCL signal. An acknowledge is issued after the reception of valid address,
sub-address and data words. The IC interface will auto-sequence through register addresses, so that multiple
data words can be sent for a given I2C transmission.

W L U B W e\
START CONDITION ACKNOWLEDGE STOP CONDITION
Figure 50. I°C Start/Stop/Acknowledge Protocol
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7.6 Register Maps

Table 1. Register Address Map

REGISTER AD(BE)E)SS NAME D&;ﬁSET DESCRIPTION
0 0 CONTROL 0000 1010 Enable control register
1 1 CONFIG_A 0000 0001 Charger current register
2 2 CONFIG_B 0001 1001 Charger voltage register
3 3 CONFIG_C 1000 1010 Special charger settings
4 4 CONFIG_D 0100 0000 Charger safety limits settings
5 5 WLED 0001 1111 WLED feedback voltage setting
6 6 STATUS_A 0100 0000 Status register A
7 7 STATUS_B 0000 0001 Status register B
8 8 INT1 0000 0000 Interrupt bits
9 9 INT2 0000 0000 Interrupt bits (charger)
10 0A INT3 0000 0000 Interrupt bits (boost)
11 0B MASK1 0000 0000 Interrupt masking bits
12 oc MASK2 0000 0000 Interrupt masking bits
13 0D MASK3 0000 0000 Interrupt masking bits
14 OE CHIPID 0000 0000 Chip ID register
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7.6.1 Control Register (CONTROL)

Address — 0x00h

DATA BIT o7 | Ds D5 D4 D3 D2 D1 | DO
FIELD NAME STAT_EN[1:0] SMON_EN WLED_EN LDO_EN DPDM_EN CH_EN [1:0]
READ/WRITE R/W R/W R/W R/W R/W R/W R/W R/W

RESET VALUE 0 0 0 0 1 0 1 0
FIELD NAME BIT DEFINITION
STAT enable bits
00 — AUTO (controlled by charger status)
STAT_EN[1:0 |01 - ON (low impedance)
10 — OFF (high impedance)
11 - not defined
Shunt monitor enable bit
SMON_EN 0 — Disabled
1 - Enabled
WLED enable bit
WLED EN 0 — Disabled
- 1 - Enabled
NOTE: WLED can also be enabled through CTRL pin.
LDO enable bit
LDO_EN 0 — Disabled
1 - Enabled
D+/D- detection enable
DPDM EN 0 — Disabled
- 1 - Enabled
NOTE: Bit is automatically reset after detection is completed.
Charger enable bits
00 — Disabled / HiZ mode
CH_ENT[1:0] 01 — Boost mode
10 - Charge
11 — Charge with automatic recharge
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 37

Product Folder Links: TPS65200



13 TEXAS
INSTRUMENTS
TPS65200

SLVSA48A —APRIL 2010—REVISED SEPTEMBER 2015 www.ti.com

7.6.2 Charger Config Register A (CONFIG_A)
Address — 0x01h

DATA BIT D7 D6 | D5 | D4 D3 D2 D1 | DO
FIELD NAME | LMTSEL VICHRGI[3:0] VITERM[2:0]
READWRITE | RW RIW RIW RIW RIW RIW RIW RIW

RESET VALUE 0 0 0 0 0 0 0 1

FIELD NAME BIT DEFINITION®
Input Current Limit selction

LMTSEL 0 — Input current limit is set to the higher of IIN_LIMIT[1:0] (CONFIG_B) and D+D- det. result
1 — IIN_LIMIT[1:0] (CONFIG_B) applied, D+D- detection result is ignored
Charge current sense voltage (current equivalent for 20 mQ shunt)

0000 — 11 mV (550 mA)

0001 — 13 mV (650 mA)

0010 — 15 mV (75 mA)

0011 — 17 mV (850 mA)

0100 — 19 mV (950 mA)

0101 — 21 mV (105 mA)

VICHRG[3:0] | 0101 — 21 mV (1050 mA)

0110 — 23 mV (1150 mA)

0111 — 25 mV (1250 mA)

1000 — 27 mV (1350 mA)

1001 — 29 mV (1450 mA)

1010 — 31 mV (1550 mA)

1111 — 31 mV (1550 mA)

Termination current sense voltage (current equivalent for 20 mQ shunt)
000 — 1 mV (50 mA)

001 — 2 mV (100 mA)

010 — 3 mV (150 mA)

VITERM[2:0] | 011 — 4 mV (200 mA)

100 — 5 mV (250 mA)

101 - 6 mV (300 mA)

110 — 7 mV (350 mA)

111 — 8 mV (400 mA)

(1) During charging the lower value of VMCHRGJ[3:0] (CONFIG_D register) and VICHRG[2:0] applies.
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7.6.3 Charger Config Register B (CONFIG_B)

Address — 0x02h

DATA BIT o7 | Ds D5 | D4 D3 | D2 D1 DO
FIELD NAME IIN_LIMIT[L:0] VOREG[5:0]
READWRITE | RW RIW RIW RIW RIW RIW RIW RIW
RESET VALUE 0 0 0 1 1 0 0 1

FIELD NAME

BIT DEFINITION®

IIN_LIMIT[1:0]

Input current limit setting

00 — 100 mA
01 — 500 mA
10 - 975 mA

11 — No input current limit

VOREG[5:0]

Battery regulation voltage / boost output voltage

00 0000 - 3.50 V/4.425 V
00 0001 -3.52V/4.448 V
000011 -3.56V/4.471V

01 1000 -3.98 V/4.077 V

011001 -4.00V/5V

011010 -4.02V/5.023 V

101111 -4.44V/55V

111111 -4.44V/55V

(1) During charging the lower value of VMREG[3:0] (CONFIG_D register) and VOREG[5:0] applies.

Copyright © 2010-2015, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: TPS65200

39



TPS65200

SLVSA48A —APRIL 2010—REVISED SEPTEMBER 2015

13 TEXAS
INSTRUMENTS

www.ti.com

7.6.4 Charger Config Register C (CONFIG_C)

Address — 0x03h

DATA BIT

D7 D6 D5 D4 D3

D2

D1

DO

FIELD NAME

VS_REF | OTG_PL| OTG_EN TERM_EN LOW_CHG

VSREG[2:0]

READ/WRITE

R/W R/W R/W R/W R/W

R/W

R/W

R/W

RESET VALUE

1 0 0 0 1

1

FIELD NAME

BIT DEFINITION

VS_REF

VSHORT reference select
0 — Internal (2.1 V) reference

1 — Current source on VSHRT pin is enabled. Pin voltage is used as 0.5 x VSHORT threshold.

OTG_PL

OTG pin polarity
0 — Active low
1 — Active high

OTG_EN

OTG pin enable
0 — Pin is disabled
1 - Pin is enabled

TERM_EN

Charge termination enable
0 — Disabled
1 - Enabled

LOW_CHG

Low charge current enable bit (current equivalent for 20 mQ shunt)
0 — Normal charge current sense voltage per register CONFIG_A
1-3 mV (150 mA)

VSREGI[2:0]

Input voltage DPM regulation voltage
000 —4.20 V
001-4.28V
010-4.36 V
011-4.44V
100 -4.52V
101 -4.60 V
110-4.68 V
111 -4.76 V
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7.6.5 Charger Config Register D (CONFIG_D)

Address — 0x04h

DATA BIT o7 | Dpe | D5 | D4 D3 D2 | D1 DO
FIELD NAME VMCHRG[3:0] VMREG[3:0]
READMWRITE | RMW RIW RIW RIW RIW RIW RIW RIW
RESET VALUE 0 1 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®

VMCHRG[3:0]

Maximum charge current sense voltage (current equivalent for 20 mQ shunt)
0000 — 11 mV (550 mA)
0001 — 13 mV (650 mA)
0010 — 15 mV (750 mA)
0011 — 17 mV (850 mA)
0100 — 19 mV (950 mA)
0101 — 21 mV (1050 mA)
0110 — 23 mV (1150 mA)
0111 — 25 mV (1250 mA)
1000 — 27 mV (1350 mA)
1001 — 29 mV (1450 mA)
1010 — 31 mV (1550 mA)

1111 — 31 mV (1550 mA)

VMREGI[3:0]

Maximum battery regulation voltage
0000 — 4.20 V
0001 -4.22V
0010 -4.24V

1100 - 4.44 V

1111 -4.44V

(1) CONFIG_D register is reset to its default value when Vcgoyt Voltage drops below Vsyort threshold (typ.2.05 V). After Vcsout recovers

to Vesout > Vsnort CONFIG_D register value can be changed by the host until one of the other registers is written to. Writing to any
other register locks the CONFIG_D register from subsequent writes. If CONFIG_D is not the first register to be written after reset, the
default values apply. During charging the lower value of VMCHRGJ3:0] and VICHRG[2:0] (CONFIG_A register), and VMREG[3:0] and

VOREG[5:0] (CONFIG_B register) apply.
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7.6.6 WLED Control Register (WLED)
Address — 0x05h

DATA BIT D7 D6 D5 D4 D3 | D2 | D1 DO
FIELD NAME | Not used | Not used Not used VFB[4:0]
READ/WRITE R R R RIW RIW RIW RIW RIW
RESET VALUE 0 0 0 1 1 1 1 1

FIELD NAME BIT DEFINITION

Not used N/A

Not used N/A

Not used N/A
WLED feedback voltage
0 0000 — 0%
00001 - 2.5%
00010 - 4%
00011 - 5.5%
00100 - 7.5%
00101 - 8.5%
00110 - 10%
00111 - 11.5%
0 1000 - 13%
01001 — 14.5%
01010 - 16%
01011 - 17.5%
01100 - 19%
01101 -22%
01110 - 25%
VFBI[4:0 01111 - 28%
1 0000 - 31%
1 0001 - 34%
10010 - 37%
10011 - 40%
10100 - 43%
10101 - 46%
10110 - 49%
10111 - 52%
11000 - 58%
11001 - 64%
11010 - 70%
11011 - 76%
11100 - 82%
11101 - 88%
11110 - 94%
11111 - 100%
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7.6.7 Status Register A (STATUS_A)
Address — 0x06h
DATA BIT D7 D6 D5 D4 \ D3 | D2 D1 DO
FIELD NAME | Not used STA\L\'DB MONITOR CHSTAT [2:0] LDO WLED
READ/WRITE R R R R R R R
RESET VALUE 0 1 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®
Not used N/A

Standby status indicator
STANDBY 0 — Device is in ACTIVE mode
1 — Device is in STANDBY mode

Current shunt monitor status indicator
MONITOR 0 — Current shunt monitor is disabled
1 — Current shunt monitor is enabled

Charger status bit

000 — High impedance mode

001 — Charge in progress (fast charge)
010 — Charge done

CHSTAT [2:0] | 011 — Boost mode

100 — Charge in progress (pre charge)
101 — Not defined

110 — Not defined

111 — Not defined

LDO status bit
LDO 0 - LDO is disabled (OFF)
1-LDO is enabled (ON), no fault

WLED status bit
WLED 0 — WLED disabled (OFF)
1 - WLED enabled

(1) Default values reflect state after Power-ON Reset, no charger plugged in, no faults present.

Copyright © 2010-2015, Texas Instruments Incorporated
Product Folder Links: TPS65200

Submit Documentation Feedback

43



TPS65200

I

SLVSA48A —APRIL 2010—REVISED SEPTEMBER 2015

TEXAS
INSTRUMENTS

www.ti.com

7.6.8 Status Register B (STATUS_B)

Address — 0x07h

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME RESET | Not used Not used Not used Not used DPDM_D DPDM_R OTG
READ/WRITE W R R R R R R R

RESET VALUE 0 0 0 0 0 0 0 1
FIELD NAME BIT DEFINITION®
Reset
RESET 0 — No effect
1 — Reset all parameters to default values
NOTE: Read always returns “0”
Not used N/A
Not used N/A
Not used N/A
Not used N/A
D+/D- detection done bit
DPDM_D 0 — DPDM detection in progress or not started after initial power-up reset
1 — DPDM detection is complete
D+D- detection result
DPDM_R 0 — Standard USB port (500-mA current limit)
1 — USB charger (1000-mA current limit)
OTG pin status
oTG 0 — OTG pin at low level
1 - OTG pin at high level
(1) Default values reflect state after Power-ON Reset, no charger plugged in, no faults present, OTG pin high..
7.6.9 Interrupt Register 1 (INT1)
Address — 0x08h

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FELDNAME | TSDI | VBUSOVPI | Notused | Notused! ot used Not used! | Not used! WLEDI
READ/WRITE R R R R/W R/W R/W R/W R

RESET VALUE 0 0 0 0 0 0 0 0
FIELD NAME BIT DEFINITION
TSDI Thermal shutdown fault. Set if die temperature exceeds thermal shutdown threshold. Reset when die
temperature drops below TSD release threshold.
VBUSOVPI VBUS overvoltage protection. Set when Vgys > Vovyp.n_uss is detected.

Not used N/A
Not used / Reserved N/A / Reserved
Not used / Reserved N/A / Reserved
Not used / Reserved N/A / Reserved
Not used / Reserved N/A / Reserved

WLEDI WLED driver over voltage
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7.6.10 Interrupt Register 2 (INT2)
Address — 0x09h

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME CHRVPI CHBADI CHB?TOV CHTERMI CHRCHGI CH32MI CHTREGI CHDPMI
READ/WRITE R R R R R R R R

RESET VALUE 0 0 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®
CHRVPI Charger fault. Reverse protection (VVgys > Vinoviny @nd Vygys < VesouT+vrey (fault)
CHBADI Charger fault. Bad adaptor (Vgys < Vinwminy)
CHBATOVI Charger fault. Battery OVP
CHTERMI Charge terminated
CHRCHGI Recharge request (Vcsout < VOREG — VRCH)
CH32MI Charger fault. 32 m time-out (fault)
CHTREGI Charger warning. Thermal regulation loop active.
CHDPMI Charger warning. Input voltage DPM loop active.

(1) All charger faults result in disabling the charger (CH_ENJ[1:0] = 00). Recharge request disables the charger only if CH_EN[1:0] = 10.

7.6.11 Interrupt Register 3 (INT3)
Address — 0x0Ah

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME BSTaUSO BSTOLI BSTI‘IOWV BSTBATOVI BST32SI Not used Not used Not used
READ/WRITE R R R R R R R R

RESET VALUE 0 0 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®
BSTBUSOVI Boost fault. VBUS OVP (VBUS > VBUSOVP)
BSTOLI Boost fault. Over load.
BSTLOWVI Boost fault. Battery voltage is too low.
BSTBATOVI Boost fault. Battery over voltage.
BST32SI Boost fault. 32-s time-out fault.
Not used N/A
Not used N/A
Not used N/A
(1) Al BOOST faults result in disabling the boost converter (CH_EN[1:0] = 00).
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7.6.12
Address — 0x0Bh

Interrupt Mask Register 1 (MASK1)

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME TSDM VB|L3J,\S/|0V Not used Not used Not used Not used Not used WLEDM
READ/WRITE R/W R/W R/W R/W R/W R/W R/W R/W

RESET VALUE 0 0 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®
TSD fault interrupt mask
TSDM 0 — Interrupt not masked
1 — Interrupt masked
VBUS OVP fault interrupt mask
VBUSOVPM 0 — Interrupt not masked
1 — Interrupt masked
Not used N/A
Not used N/A
Not used N/A
Not used N/A
Not used N/A
WLED fault interrupt mask
WLEDM 0 — Interrupt not masked
1 — Interrupt masked

(1) Setting any of the interrupt mask bits does not disable protection circuits. When set, the respective fault will not be signaled on the INT

pin.
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7.6.13

Interrupt Mask Register 2 (MASK?2)
Address — 0xOCh

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME CHRVPM | CHBADM CHB,\AATOV CHTERMM CHRCHGM CH32MM CHTREGM CHDPMM
READ/WRITE R/W R/W R/W R/W R/W R/W R/W R/W

RESET VALUE 0 0 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®
Charger reverse protection interrupt mask
CHRVPM 0 — Interrupt not masked
1 — Interrupt masked
Charger Bad adaptor interrupt mask
CHBADM 0 — Interrupt not masked
1 — Interrupt masked
Charger battery overvoltage interrupt mask
CHBATOVM 0 — Interrupt not masked
1 — Interrupt masked
Charge terminated interrupt mask
CHTERMM 0 — Interrupt not masked
1 — Interrupt masked
Charger recharge request interrupt mask
CHRCHGM 0 — Interrupt not masked
1 — Interrupt masked
Charger 32m timeout interrupt mask
CH32MM 0 — Interrupt not masked
1 — Interrupt masked
Charger thermal regulation loop active interrupt mask
CHTREGM 0 — Interrupt not masked
1 — Interrupt masked
Charger input current DPM active interrupt mask
CHDPMM 0 — Interrupt not masked
1 — Interrupt masked

(1) Setting any of the interrupt mask bits does not disable protection circuits. When set, the respective fault will not be signaled on the INT

pin
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7.6.14 Interrupt Mask Register 3 (MASK3)
Address — 0xODh

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME BSTB,\;JSOV BSTOLM BST"MOWV BSTBATOVM | BST32SM Not used Not used Not used
READ/WRITE RIW RIW RIW RIW RIW RIW RIW RIW
RESET VALUE 0 0 0 0 0 0 0 0
FIELD NAME BIT DEFINITION®

Boost VBUS overvoltage interrupt mask
BSTBUSOVM | 0 — Interrupt not masked
1 — Interrupt masked

Boost over load interrupt mask
BSTOLM 0 — Interrupt not masked
1 — Interrupt masked

Boost low battery voltage interrupt mask
BSTLOWVM 0 — Interrupt not masked
1 — Interrupt masked

Boost battery overvoltage interrupt mask
BSTBATOVM | O — Interrupt not masked
1 — Interrupt masked

Boost 32s time out interrupt mask
BST32SM 0 — Interrupt not masked
1 — Interrupt masked

Not used N/A
Not used N/A
Not used N/A
(1) Setting any of the interrupt mask bits does not disable protection circuits. When set, the respective fault will not be signaled on the INT
pin.
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7.6.15 Chip ID Register (CHIPID)

Address — 0xOEh

DATA BIT o7 | Ds D5 | D4 \ D3 D2 | D1 DO
FIELD NAME VENDOR([1:0] CHIP[2:0] REV[2:0]
READ/WRITE R R R R R

RESET VALUE 0 0 0 0 0 0 0 1@
(1) Device dependent.
FIELD NAME BIT DEFINITION
Vendor code 00 — default
VENDOR[1:0]
00 — Default
Chip ID
000 — TPS65200
CHIP[2:0] 001 — Future use
111 — Future use
Revision code
000 — Revision 1.0
001 — Revision 1.1
REV[2:0]
010 - Future use
111 — Future use
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TPS65200 device is designed to serve as a Li+ battery charger with an additional WLED driver and current
shunt monitor. A typical application design for this usage will be described in Typical Application.

8.2 Typical Application
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Figure 51. Typical Application Schematic

8.2.1 Design Requirements

The key elements to identify for the design are the value of Rget, Rgyrt, and Rgys as well as the desired LED
brightness. All other values should reflect those required in Pin Configuration and Functions or in Functional
Block Diagram.
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Typical Application (continued)
8.2.2 Detailed Design Procedure

To determine the value for Rge, sSimply take the desired I gp and divide it by the FB voltage. The FB voltage is
200 mV by default, but can be changed by the VFB[4:0] bits.

To determine the value for RgyrT, the desired pre-charge to fast-charge voltage threshold must be known. From
there, divide the voltage by two to account for an internal divider and then by the reference current for Vgyry Of
10 uA to determine the resistance value.

To determine the value for Rgyg, determine the desired output voltage for the current being monitored. Divide this
voltage by the gain, 25 V/V, and the output current to determine the sense resistor value.

Finally, the LED brightness is a function of either changing the feedback voltage through I°C or applying a PWM
signal to the CTRL pin.[Current Figure 43 WLED Dimming Linearity] gives some estimate as to the VFB level as
a function of the duty cycle of the input PWM. This should be fine-tuned for the particular LEDs being used.

Table 2. Recommended External Components®

PART NO. | VALUE | SIZE | MANUFACTURER
CHARGER INDUCTOR
NR3012T1RON 1pH 3x3x1.2 Taiyo Yuden
CPL2512T1ROM 1 uH 2.5x15x1.2 TDK
MDT2520CN 1 uH TOKO
WLED BOOST INDUCTOR
ELL-VGG100M 10 pH 3x3x15 Panasonic
VLF4010ST-100MR80 10 pH 43x4x1 TDK
1098AS-100M 10 pH 3x32x12 TOKO
WLED BOOST SCHOTTKY DIODE
MBRO540 SOD-123 ON-SEMI
ZHCS400 SOD-323 ZETEX

(1) Over operating free-air temperature range (unless otherwise noted).

8.2.3 Application Curves
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Figure 52. I°C Controlled Start-Up Figure 53. I°C Controlled Start-Up
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Figure 58. Transient Response

Figure 59. Transient Response
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9 Power Supply Recommendations

This device should be connected to a single cell Li+ battery or to a 5-V VBUS supply. The current required from
VBUS will depend on the desired limit, maximum of 1.55 A.

10 Layout

10.1 Layout Guidelines

As for all switching power supplies, the layout is an important step in the design, especially at high peak currents

and switching frequencies. If the layout is not carefully done, the DCDC converters might show noise problems

and duty cycle jitter. The input capacitors on VBUS and PMID pins should be placed as close as possible to the

input pins for good input voltage filtering. The inductors should be placed as close as possible to the switch pins

to minimize the noise coupling into other circuits. The output capacitors must be placed directly from the inductor

(charger buck) or Schottky diode (WLED boost) to GND to minimize the ripple current in these traces. All ground

pins must be connected directly to the ground plane as should all passive components with ground connections.

Figure 60 and Figure 61 show one example for placement and routing of the critical components on a four-layer

PCB. In this example all components are placed on the top layer and all routing is done on the top layer or

bottom layer. Layer 2 is a solid ground plane and layer 3 is not used for layout. All IC pin connections are notes

as [pin number]. For example, the VSYS pin is referenced as [C6].

* Place C9 and C10 (VSYS) as close to L2 as possible, with short connections to ground.

» Place C4 close to the IC. Trace current is low (<1 mA).

» Place C8 as close to the IC as possible. Maximum trace current is 60 mA.

» Keep C6 - [E6] trace shielded from SWL node to avoid noise coupling.

» Place C2 and C3 as close to the IC as possible.Connections for C2 - [A3] and C3 - [A2] must not be in any
current path; and, must be kept as short as possible. Traces must connect directly to sense resistor R5.

» Place L1 as close to the IC as possible. Keep traces between L1, D1 and [F6] short and wide.Maximum trace
current is 700 mA.

* Pins [Al1] and [A2] must not be shorted at the IC. Route them separately to R5.

* Place C12 (PMID) as close to the IC as possible.

* Place input capacitor C7 (VBUS) as close to the IC as possible.

» Place C1 close to D1 and keep the trace short and wide.

» Keep [C1], [C2], [C3] (SWC) to L2 connection shortand wide. Adding vias is OK. Maximum trace current is 2
A.

» Keep VSYS to L1 connection short and wide. Maximum trace current is 700 mA.
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10.2 Layout Example
Figure 61. Layout Example — Bottom PCB Layer
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y'\ during storage or handling to prevent electrostatic damage to the MOS gates.

115 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
TPS65200YFFR NRND DSBGA YFF 36 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS65200
& no Sh/Br)
TPS65200YFFT NRND DSBGA YFF 36 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS65200
& no Sh/Br)
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS65200YFFR DSBGA YFF 36 3000 180.0 8.4 276 | 3.02 | 0.83 | 4.0 8.0 Q2
TPS65200YFFT DSBGA | YFF 36 250 180.0 8.4 276 | 3.02 | 0.83 | 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65200YFFR DSBGA YFF 36 3000 182.0 182.0 20.0
TPS65200YFFT DSBGA YFF 36 250 182.0 182.0 20.0
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% PACKAGE OUTLINE

YFFO0036 DSBGA - 0.625 mm max height
DIE SIZE BALL GRID ARRAY
BUMP Al— |
CORNER
D
}
0.625 MAX  {
OO0 U0O_ 1t
0.30 BALL TYP
0.12
2P ——
| SYMM |
| ¢ |
~ 600000
EOOO\OOO D: Max = 2.87 mm, Min = 2.81 mm
i E: Max = 2.612 mm, Min =2.552 mm
0|0 0 010 O O sy
w OO 0O0000
4000000
A OO O Q| %
[04]TYP il 2l 374 5 6 (& [0.0159 [c[A9 [60 |
—=+—o0.4]TYP
4222008/A 03/2015
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFFO0036 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

LAND PATTERN EXAMPLE
SCALE:25X

(©0.23)
SOLDER MASK
OPENING

(gé)-TZA?B =— 0.05 MAX 0.05 MIN ﬂ r

SOLDER MASK Tt \ METAL UNDER
OPENING SOLDER MASK
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4222008/A 03/2015

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFFO0036 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP —f=—
| (R0.05) TYP
36X (J0.25) ‘j |
1 2
A
—

(0.4)
TYP
y B

METAL = ==
TYP cl ) 1 \

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4222008/A 03/2015

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

O View [[PS65200YFFR on WIN SOURCE

@ |! exas Instrument§ Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/texas-instruments/tps65200yffr.html
https://www.win-source.net/manufacturer/texas-instruments

