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Advanced Power Management Unit

Check for Samples: TPS658600

1 INTRODUCTION
1.1 MAIN FEATURES

« BATTERY CHARGER  Max 18V Over-Voltage Protection
— Complete Charge Management Solution for a — Power Good Monitoring on all Supply
Single Cell Li-lon/Li-Pol Cell With Dynamic Outputs

Software Reset Function
Hardware On/Off and Reboot Control
11 Channel ADC With 3 Operating Modes

Power Management and Thermal Foldback.
— Maximum 1.0A charge current
— Programmable Adapter and USB Charge

Operation » Single Conversion
* INTEGRATED POWER SUPPLIES » Peak Detection
— 3 Programmable Step-Down converters « Averaging
+ Software Controlled Enable/Forced PWM
Mode 1.2 APPLICATIONS

e Automatic Power Saving Mode
Maximum 1.2A Outputs

— 11 Programmable General Purpose LDOs
« 7 With Output Voltages of 1.25V to 3.3V  Portable Media Players

* 2 With Output Voltages of 0.725V to 1.5V
or 1.25V to 2.586V (factory configurable)

 1“Always On” With Output Voltages of

* Smart Phones
» Portable Navigation Devices

1.25V to 3.3V
* 1 With Output Voltage of 1.70V-2.475V
* DISPLAY SUPPORT FUNCTIONS MicroStar BGA ™
— 4 PWM Outputs With Programmable Chip Scale Tape BGA

UTBGA)

Frequency and Duty Cycle

— Dual RGB LED Drivers

— Constant Current WLED Driver
e 26.5V (max) at 25mA
» Over-Voltage Protection

 Programmable Current Level and
Brightness Control

* HOST INTERFACE
— Interrupt Controller With Maskable Interrupts

— External ADC Triggering and Step-Down
Converter Mode Control

*+ SYSTEM MANAGEMENT
— Dual Input Power Path
* USB Current Limiting

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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1.3 OVERVIEW

The TPS658600 provides an easy to use, fully integrated solution for handheld devices, integrating charge
management, multiple regulated power supplies, system management and display functions in a small 6x6
package. The I°C interface enables control of a wide range of subsystem parameters. Internal registers
have a complete set of status information, enabling easy diagnostics and host-controlled handling of fault
conditions.

1.4 ORDERING INFORMATION®

Ta PART NUMBER®@ ® PACKAGE® | PACKAGE DESIGNATOR | ORDERING® PACKAGE MARKING
—40°C to 85°C TPS658600 MicroStar BGA zQz TPS658600 TPS658600

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
website at www.ti.com.

(2) The TPS658600 is only available taped and reeled. Quantities are 2,500 devices per reel.

(3) Devices with distinct part numbers have unique factory configurations for supply defaults, sequencing and other functions. Consult the
factor for configuration information for each part number.

(4) This product is RoHS compatible, including a lead concentration that does not exceed 0.1% of total product weight, and is suitable for
use in specified lead-free soldering processes. In addition, this product uses package materials that do not contain halogens, including
bromine (Br) or antimony (Sb) above 0.1% of total product weight.
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2 ELECTRICAL SPECIFICATIONS

2.1 ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range (unless otherwise noted)

VALUE / UNITS

AC and USB with respect to AGND1 -0.3Vto18V

ANLG1, ANLG2, ANLG3 with respect to AGND2 -0.3Vto6.5V
V(SYS), V(VIN_CHG) with respect to AGND1 -0.3Vto6.5V
VIN_LDOO01, VIN_LDO23, VIN_LDO4, VIN_LDO678, VIN_LDO9 with respect to AGND1 -03Vto6.5V
ADC_REF with respect to AGND2 -0.3Vto3.6V
RTC_OUT with respect to V(SYS) -55Vto3.6V
RTC_OUT with respect to AGND1 -0.3Vto36V
LDOO, LDO1, LDO2, LDO3, LDO4, LDOS5, LDO6, LDO7, LDOS8, LDO9, V2V2 and TS with respect to AGND1 -03Vto36V
V32K with respect to AGND1 -0.3Vto3.6V
TS with respect to V2V2 -23Vto03V
SMO, LO, VIN_SMO with respect to PGNDO -0.3Vto6.5V
SM1, L1, VIN_SM1 with respect to PGND1 -0.3Vto6.5V
SM2, L2, VIN_SM2 with respect to PGND2 -0.3Vto6.5V
SM3, L3 with respect to PGND3 -0.3Vto29V

SM3SW with respect to PGND3 -0.3Vto29V

FB3 with respect to PGND3 -0.3Vto05V
V(BAT) with respect to AGND1, Battery power only -0.3Vto4.6V
All other pins (except AGNDn and PGNDn) with respect to AGND1 -0.3Vto6.5V
AGND2, AGND3, , DGND1, DGND2DT, PGNDO, PGND1, PGND2, PGND3 with respect to AGND1 -0.3Vto+0.3V

Input Current, AC pin

Defined by ILIM

Input Current, USB pin

Defined by ILIM

Output continuous current, SYS, VIN_CHG pins 2500 mA
Output continuous current, BAT pin —-3000 mA
Continuous Current at LO, PGNDO, L1, PGND1 1500 mA
Continuous Current at L3, PGND3 1000 mA
Continuous Current at L2, PGND2 2000 mA
Operating free-air temperature, Tp —40°C to 85°C
Maximum junction temperature, T, 125°C
Storage temperature, Tstg —65°C to 150°C
Lead temperature 1,6 mm (1/16-inch) from case for 10 seconds 260°C
HBM rating , all pins 2 kv

MM rating, all pins 100 V

(1) 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.

2.2 DISSIPATION RATINGS

PACKAGE Psi Jb Tp £25°C DERATING FACTOR Tp =55°C Tp =70°C Tp =85°C
= POWER RATING ABOVE Tp = 25°C POWER RATING | POWER RATING | POWER RATING
zQzZ 25°C/W 4000 mW 40.0°C/W 2800 mW 2200 mW 1600 mW
Copyright © 2009, Texas Instruments Incorporated ELECTRICAL SPECIFICATIONS 3
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2.3 RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
AC and USB with respect to AGND1 4.30 16.50) Y
V(SYS) with respect to AGND1 2.9 5.5 \%
V(BAT) with respect to AGND1, battery power only 2.9 4.6 \%
V(BAT) with respect to AGND1, battery connected, AC or USB 2.15 4.6 \%
power selected, Selected power source >2.9V
ANLG1,ANLG2, ANLG3 with respect to AGND2 0 2.6 \%
VIN_LDOO1, VIN_LDO23, VIN_LDO678, VIN_LDO4, VIN_LDO9 Greater of : 1.7V OR Minimum input voltage 5.5 \%
with respect to AGND1 required for LDO/Converter operation outside
dropout region
VIN_SMO with respect to PGNDO Greater of : 2.3V OR Minimum input voltage 5.5 \%
required for LDO/Converter operation outside
dropout region. 2.9V to meet parametric
specifications.
VIN_SM1 with respect to PGND1 28 \%
VIN_SM2 with respect to PGND2 28 \%
VIN_SM4 with respect to PGND4 28 \%
SM3 with respect to PGND3 28 \%
GPIOx with respect to AGND1 0 5.5 \%
All other pins (except AGNDn and PGNDn) with respect to AGND1 0 5.5 \%
Operating free-air temperature, Tp -40 85 °C
Maximum junction temperature, T;, functional operation -40 125 °C
Maximum junction temperature, T;, electrical characteristics 0 125 °C
External supply ramp rate, AC or USB pins 1 V/imSec 1 V/uSec
(1) Thermal operating restrictions are reduced or avoided if input voltage does not exceed 5V.
4 ELECTRICAL SPECIFICATIONS Copyright © 2009, Texas Instruments Incorporated
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2.4 ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)

PARAMETER I TEST CONDITIONS MIN TYP MAX]| UNIT
(QUIESCENT CURRENT - V(BAT) = 4.2V NO EXTERNAL LOADS AT SYS PIN OR SUPPLY OUTPUTS
loon) 32?5?2“2?;;;2;%Z?%th]r;:r;ﬂ g;li:?rjoﬁ Power path active, control logic in low power mode® 375 HA
looiciTay Quiescent current, control logic Control logic in high power mode® 584 716 870 HA
SMO, SM1: enabled, PFM mode, from SYS pin 14 25 HA
) . SM2: enabled, PFM mode, from SYS pin 19 32| HA
o SMO, SM1, SM2 operating quiescent current I = o Ma- enabled, PWM mode, from VINSMn pin 6 mA
disabled via I°C 1 LA
1(LDOX) = no external load 24 29 HA
oo Ia:nggudiescent current, All but one LDOx I(LDOX) i -1 mA 24 150 HA
I(LDOx) = -50 mA 160 HA
LDO disabled, T, = 85°C 1 3 LA
SM3 enabled, not switching 15 30) HA
losms) SM3 operating quiescent current® Enabled, switching 200 WA
Disabled via I°C 1 LA
Conversion active 1 mA
loaoc) ADC operating quiescent current Not converting, waiting for trigger 170 WA
ADC disabled via I°C 1 HA
RTC_OUT LDO enabled 27 45 HA
lorTc) RTC_OUT pin quiescent current RTC_OUT disabled via I°C, T, = 85°C . Externally applied®
V(RTC_OUT) = 2 V supplies real time clock counters and xtal 15 LA
oscillator
32k buffer enabled, 100 pF external load 24 HA
lovazk) V32K supply bias current , 32k buffer enabled
Disabled via I>’C 8 LA
Charger enabled, termination detected 40 50 HA
locro) Charger quiescent current Charger enabled, termination disabled, charge current=0© 2| mA
Charger disabled 10 20 HA
I°C INTERFACE TIMING — SDA, PSDA, PSCLK, SCLK®
TR SCLK/SDATA rise time 300 ns
T SCLK/SDATA fall time 300 ns
T SCLK pulse width high 600 ns
Tw SCLK Pulse Width Low 1.3 us
Tsusta) Setup time for START condition 600 ns
ThsTA) START condition hold time after which first clock 600 ns
pulse is generated Pull-up resistors connected to 2.2V
Tsu(am) Data setup time 100 ns
Th(paT) Data hold time 0 ns
Tsu(sTor) Setup time for STOP condition 600 ns
Toun Bus frge time between START and STOP 13 us
condition
FscL Clock Frequency 400 kHz
I°C BUFFERS — SDA, PSDA, PSCLK, SCLK
ViLi2c) Low level input voltage 0.4} \%
Vingzc) High level input voltage 1.15
VoLzc) Low level output voltage SDA, PSDA configured as output, I, =3mA 0.4 \%
log2c) Maximum load current® SDA, PSDA configured as output 8 mA
| ka(20) Input current V(pin)=5V or OV 1.0 HA
Cloc Input pin capacitance SDAT, SCLK, PSDAT, PSCLK pins 10 pF
Cixcaus °C bus capacitance SDAT, SCLK, PSDAT, PSCLK 400 pF

(1) Control logic in low power mode when all functions are off and no 1°C communication is on going

(2) Control logic in high power mode when one of the following events happen: 6586x in power-up/rtc/rtc_on/supplyseq states, any
converter in PWM mode, SM3 enabled, PWM driver enabled, ADC conversion on-going, 1°C communication on-going, voltage transition
for DVM supplies on-going, charger on, AC or USB supply detected, initial power-up cycle.

(3) Not production tested.

(4) External voltage supplied by supercap or coin cell connected to RTC_OUT pin, see application diagram for details.
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX]| UNIT
DIGITAL INPUT BUFFERS: RESUME, SMOEN, SM1EN, HOTRST, LDO4EN, SYNCEN
ViLoie) Low level input voltage 0.4] \%
Vinoie) High level input voltage 1.15 \%
| kc(oIG) Input current V(pin)=5V 0.1] HA
RESUME pin , pull-down to AGND 55 100 150
Roic Internal resistor kQ
HOTRST pin, pull-up to V2Vv2 55 100 150
PUSH-PULL OUTPUT BUFFERS, USER SELECTABLE OUTPUT VOLTAGE — NORTC, NOPOWER
\VerErPWR Buffer positive supply Internally connected to V32K pin 11t03.3 \%
lo.=3MA, V32K =15V 0.6
VoLosrr) Low level output voltage \%
loL = 10 YA, V32K > 1.1 V 0.1
[/ High level output voltage, referenced to output |lon = 1.4 mA, V32K =15V V32K-0.6 v
OHOBFR) buffer supply, NORTC lon = -10 A, V32K = 1.1V V32K-0.11
v High level output voltage, referenced to output low = 1.4 mA, V32K =15V V32K-0.6 v
OH(O! NOPOWER
HOBFR) buffer supply, NOPOWER lon = -10 pA, V32K = 1.1V V32K-0.11
loLoBFR) Maximum low level sink current load® V(pin) =25V 5 mA
lonosFR) Maximum high level source current load® V(pin) =0V -5 mA
(OPEN DRAIN OUTPUT BUFFERS — INT
lo.=3MA, V32K =15V 0.6
VoLosrr) Low level output voltage \%
loL = 10 YA, V32K > 1.1 V 0.1
| kc(0BFR) Output leakage current Output buffer, open-drain mode, V(pin)=5.5V 0.1] HA
PUSH-PULL OUTPUT BUFFERS — LDO4PG, SMOPG, SM1PG, CHGSTAT
lo. =3 mMA 0.6
VoLoerr) Low level output voltage \%
lop =10 pA 0.1
High level output voltage , buffer configured as |lon = 3 MA 15
Vorosrr) - \
push-pull via I°C lon = =10 pA 1.8
loL(oBFR) Maximum low level sink current load® V(pin) = 2.5V 5 mA
lon(oerr) Maximum high level source current load® V(pin) =0V -5 mA
32kHz OUTPUT BUFFER , V(32K)=1.7V (min), UNLESS OTHERWISE STATED
Vaop Externally applied bias rail for output driver® Buffer supply voltage 1.0 3.6] \%
V(32K) = 1.1V, I = 100 pA 0.05)
VoL Output low level V(32K) =1.1V, Ig. =1 mA 0.2 \%
V(32K) =15V, lop. =5 mA 0.5
V(32K) = 1.1V, lgy = -1 yA V32K-0.05
Vo Normal operation \%
V(32K) = 1.5V, oy = 5 mA V32K-0.5
Te, Tr Rise/fall time 32 kHz clock driving 50pF load cap 15 ns
Peak to peak 15
VirreR Output jitter ns
RMS 15
32kHz CLOCK AND 32K SWITCHING TIMING
s - -
Tera XTAL oscillator stabilization time® Frequency wlthln 2% of typical value, frequency defined by XTAL 2 s
characteristics
Faox Internal 32 kHz clock Frequency 28 32 36| kHz
INTERNAL REFERENCES AND POR
Vuvio Internal UVLO detection threshold V(2V2) decreasing -3% 1.85 3% \
Vuvio nys UVLO detection hysteresis V(2V2) increasing from decreasing trigger point 120 mV
Vovz) Output Voltage Always on, 21 2.2 2.3] \Y
IsHov2 Short Circuit current limit V(2V2)=0v 18 mA

(1) Not production tested.
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2.5 ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX]| UNIT
RTC_OUT LDO
Output Voltage, Selectable via 12C® VO(RTC—OUTJ;(‘Z_Zgl‘r)”ZS‘r).’:LYlé%O’ 18,25, \Y
\I?(rg;\)(osu)t:v?'tggi;e, I(RTC_OUT) =-15 mA 600 mv
Vowre_oun RTC_OUT output voltage 6‘2&?&:&?&%’1@5;’81)0:3'\3\/’ ~15mA load, 5% 5%
Load regulation, V(AC)=3.5V, 1%
load: ImA — —15mA
Line regulation, 5mA load,V(AC): 3.5V—18V, 1%
V(BAT1) =V(BAT2) =V(USB) =0V
|sHRTC Short Circuit current limit 20 mA
|V rTcco0D) ml—;ﬂggr power good fault detection Falling RTC_OUT pin voltage, set via I°C 23 2% 248 \
1.8 1.90 2.0]
VivsrTe) Power good fault detection hysteresis Rising RTC_OUT pin voltage (Referenced to V(grceoop) threshold) 50 75 131 mV
Vivio rre Internal RTC UVLO detection threshold VRTC Decreasing -10% 15 10% \%
Vuvio_rre_vs UVLO detection hysteresis VRTC Increasing 100 150 200 mV
BOOT-UP TIMING
Tror Power-on-reset delay® Fixed time, measured from 2V2>UVLO 7.2 8 8.8 ms
Fixed time 500
Teoor Boot-up time ms
Accuracy, referenced to Tgoor(rve) -10% 10%)|
THotPLUG Hot plug deglitch time Fixed time 675 750 825 ms
Twakeup Wakeup pulse width Fixed time 225 250 275 us
TcHECK RTC check wait time Fixed time 2.7 3 3.3 ms
Thax RTC_ON watchdog timer Fixed time AxTyorTC ms
R Fixed time 10
TnoRTC NORTC pin pulse width value ms
Accuracy, relative to Tyorrc (rvp) @ -10% 10%)|
KNoPOWER NOPOWER pin pulse width const. Torower = Knopower * Crorower 92 ms/nF
Pulse width accuracy, Cyopower < 400nF —25% 25%
Twarr Reboot and sleep request timeout Fixed time 18 20 22 ms
Twart 4.5 5 5.5 ms
Tsyncend Synchronization complete delay Measured from all supplies synchronized 4.5 5 5.5 ms
Regulator specific. See Table 3-17 Tswcouvaye) = 1.25, 2.5, 3.75, 15,
TsyncoLy Supply sync delay time 20, 32, 40, 64 ms
Accuracy, relative to TsyncoLvcryey @ -10 +10
POWER GOOD AND THERMAL FAULT DETECTION
Toowporn Power good deglitch time g;ﬁﬁ:igeseéoggll non-masked power good signals, output voltage 2 5 6 ms
Tshut Thermal shutdown Increasing junction temperature 150 °C
Thys(sHuT) Thermal shutdown hysteresis Decreasing junction temperature 30 °C
ToeL(rstuT) Thermal shutdown detection delay Rising temperature 15 20 25 us

(1) Setting the RTC_OUT output voltage below the RTC_OUT power good threshold will result in a NORTC pulse being always generated
during reboot cycles or when exiting sleep.
Setting the RTC_OUT output voltage below VUVLO_RTC disables the use of the internal real time clock counter and xtal oscillator.
(2) Not production tested.
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT

RESUME CONTROL TIMING
Tresume) RESUME pulse width high® 550 ms
Tresumeq) RESUME pulse width low® 1500 ms
[SEQUENCER REBOOT CONTROL

Reboot started when normal state is set and
\ViotRsT Reboot control threshold V(HOT_RST) < Vgggoor for 0.4 \%

t> Torrsn)
ThrsT(H) HOT_RST max pulse width 60| ms
TorgrsT) HOT_RST min detection pulse width HOT_RST deglitch 4 16| s
EXTERNAL SUPPLY DETECTION AND STATUS

System voltage V(SYS) decreasing. 3.0 \%
IV owsys Minimum system voltage detection threshold

Total accuracy, referenced to V(LOWSYS)TYP -2 2 %
Vivsowsys) Minimum system voltage detection hysteresis |V(SYS) increasing from decreasing trigger point 200 mV
TooLowsrs) thi/Ianeimum system voltage detection deglitch V(SYS) decreasing 5 ms
Vi !nput vqltage detection threshold. Input voltage |AC detected when V(AC)-V(BAT) > Vypr) AND V(AC) > Vacuin 180 mv

©T) increasing, referenced to battery voltage USB detected when V(USB)-V(BAT) > Viyor)
\ Input voltage removal threshold. Input voltage Qﬁerr:o\t/?::g?\??éAT) <V USB not detected when 65 mv
IN(NDT) decreasing, referenced to battery voltage V(USB)-V(BAT)< V‘N(NDT)\N(NDT)

AC voltage decreasing , AC not detected when V(AC) < Vacuin 3.5 \Y
IV acmin AC detection threshold, relative to GND

Hysteresis, AC voltage increasing 200 mV
ToeLacom) AC Power detected deglitch AC voltage increasing 225 ms
ToeLuseEn) USB Power detected deglitch USB voltage increasing 5.5 ms
Vinove) Input over voltage detection 5.8 6.0 6.3 v
ToLvanove) Input over voltage detection delay Rising AC or USB voltage 100 us
IANALOG COMPARATOR
IV comppeT Voltage threshold Enabled at sleep mode not set 1.21 1.245 1.28] v
locoeT Bias current® Always On 5 PA
T Propagation time \r\/j(ocgowlvl\jég_}ﬁjtlgo measured from input to 50 us

(1) Not production tested.
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over operating free-air temperature range (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX] UNIT
POWER PATH CURRENT LIMIT AND PROTECTION FUNCTIONS
luse100 Selected Input switch not in dropout. I’C —40°C <Ta<85°C %0 100 mA
Selected input current limit, applies to USB input | Settings: USBMODE=HI, USBLIMIT=LO —25°C < T, <85°C 92 100]
onl
| Y Selected Input switch not in dropout. I°C settings: USBMODE=HI, 435 500 mA
UsBs00 USBLIMIT=HI
Input current limit range, AC input 2.75 A
Selected input current limit, applies to AC input
Total accuracy, relative to I mcrye) —-20% 20%
|
LM Input current limit range, USB input configured with USBMODE=LO 211 A
Selected input current limit, applies to USB input
Total accuracy, relative to I mcrve) -12.5% 12.5%
Load at SYS pin: 80% of current limit value to 120% of regulation value
TovsH Input current limit transient time (linuims lussioo OF lusssoo)- Time measured from load transient to input current 20 us
within regulation limits.
Load at SYS pin: 80% of current limit value to 120% of regulation value
lovsipkuse  INput current limit overshoot (liuims lussioo OF lusssoo)s 20%
t<TovsH
Vshisys) SYS power path Short Circuit detection threshold [ All power path switches set to OFF if V(SYS) < Vgysys) 1.6 18 2.0 \4
ReLtuse) SYS short circuit recovery pull-up resistor V(SYS) < Vsysys), internal resistor connected from USB to SYS 550 Q
ReLt(ac) SYS short circuit recovery pull-up resistor V(SYS) < Vsysys), internal resistor connected from AC to SYS 550 Q
leaTsys Battery switch over-current detection 2.18 2.54] A
Short circuit detection blanked for TDGL(BATSYS), measured from batt
; » itch: OFF->ON or initial th enabl 10 110 1200 ms
TooLeatsys) Battery switch over-current detection delay switch: OFF->ON or initial sys power path enable
Battery switch already turned on or sys power path enabled 1 ms
Battery switch over-current recovery pull-up current [V(BAT) -V(SYS) > Voc(sys), internal current source connected from BAT to
Irrsvs) source SYs 30 mA
Vsupsys) Supplement detection threshold Battery switch ON at V(BAT)-V(SYS) > ysup(svs) 40 mVv
VsuenoTsvs) Supplement mode not detected threshold Battery switch OFF at V(BAT)-V(SYS)<Vgyenpr(sys) 7 mvV
POWER PATH INTEGRATED MOSFETS CHARACTERISTICS
V acoo AC switch dropout voltage VACDOi V(AC)-V(SYS); V(AC)=4V AC input current limit set to 2.0A (typ) 190 mv
losvs) = 1.0A
- g . I(SYS)+I(BAT)= 0.425A 240
Vuseoo USB switch dropout voltage Vusepo = V(USB)-V(SYS); mv
V(USB)=4.6V I(SYS)+I(BAT)= 85mA 240
Vearoooc  Battery Switch dropout voltage, discharge XE‘XFI’_‘;EC;': V(BAT)-V(SYS), V(BAT)=3V, 40 155 mv
POWER PATH TIMING CHARACTERISTICS
Tswaceary  Switching from AC to BAT No USB, AC power removed 150 us
Tswussear) Switching from USB to BAT No AC, USB power removed 150 us
POWER PATH DISCHARGE SWITCHES
Inchiac) AC pin discharge current Always ON, V(AC) > 1V 100 HA
Inchuse) USB pin discharge current Always ON, V(USB) > 1V 100 HA
ISMO, SM1, SM2 DC/DC CONVERTERS
Low input voltage detection threshold, input voltage | Converter turned OFF at V(VIN_SMn) < Vsuuy 2.0 v
[Vomuv decreasin —
9 Hysteresis , rising input voltage 100 mV
High side MOSFET on-resistance Vin smx = 3.6V, 100% duty cycle 200 mQ
o K
oS Low side MOSFET on-resistance Vin_smx = 3.6V, 0% duty cycle 200 mQ
|k Hs High side leakage current 1 A
— T,=85°C
Ik Ls Low side leakage current 1 A
SMO, SM1 1550 1860
I High side and low side current limit 2.9V £V swx £ 5.5V mA
N SM2 (snubber enabled) 1550 1860
fsw Oscillator frequency PWM mode 2.025 225 2475 MHz
Power fall.l|t detection, Voltage decreasing, referenced to programmed _13.0%  —10%  —7.0%
Vsurc Power good threshold output voltage
Hysteresis, voltage increasing, referenced to Vgype 5%
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX]| UNIT
SMO, low range, 25mV
stepe 9 Voswgrve = 0.725 t0 1.50
SM1, high range, 50mV
Adjustable output voltage range, Selectable via I’C |VIN_SMx = 2.9V to 5.5V steps 9 9 Vosmgrye =1.45 t0 3.0 v
SM2, high range, 50mV _
Vosmo steps Vosmgrve =3.0 10 4.55
. Vin smx = 2.9V to 5.5V, PFM mode -1% 1% 3%
Output Voltage Accuracy, relative to VO(SMx)TYP —
Vin_sw = 2.9V t0 5.5V, PWM mode, OmA < loyr< 1A 2% 2%
DC output voltage load regulation PWM mode, VIN_SMn>2.7V, Load<1A 0.25 %IA
DC output voltage line regulation Vin_smx = VOUT + 0.5V (min. 2.5V), PWM mode VIN_SMn>2.7V, Load<1A 0.1 %IV
SMO, SM1: typical
K Voltage change ramp constant ia 12 i ions: values:Instantaneous, 0.11, mV/us
RAMP(SMx) g l¢] P Value set via I°C, available options: 0.22, 0.44, 0.88, 1.76, 3.52, M
7.04
. Start-up time Time to start switching, measured from end of I1°C command enabling 210 us
Start converter
tramp Vour Ramp UP time Time to ramp from 5% to 95% of Vg1 250 us
Roch Discharge switch resistance SMx disabled 250 Q
VIN_SM
leementer)  LO@d current to enter PFM mode Vin_swx = 2.9V to 5.5V, duty cycle > 85% x/ A
34Q
C.c External LC capacitor® 4.7 22 uF
L.c External LC inductor® 15 4.7 uH
Csminp External Input capacitor® 10 47 uF
LDO’S : LDOO, LDO1, LDO2, LDO3, LDO4, LDOS5, LDO6, LDO7, LDOS8, LDO9
Electrical characteristics over the output current range 10(LDOXx) 2.3 5.5
VN Input voltage range® \%
Electrical characteristics specified , max load current = 75mA 1.7 5.5
looox) Output current® 300 mA
Available output voltages:
Output Voltage, Selectable via I°C. LDO6, LDOO, LDO3, LDOS, Voosyrye = 1.20 (LDOO v
LDO7,LDO8,LDO9 only), 1.25, 1.5, 1.8, 2.5, 2.7,
2.85,3.1,33
LDO1 Output Voltage, Selectable via 12C Low range, 25mV steps Viwwoyrye = 0.725t0 1.5
LDO4 Output Voltage, Selectable via High range, 25mV steps Vosrye = 1.7 t0 2.475 \%
LDO2 Output Voltage, Selectable via 1°C Low range, 25mV steps V(bozrye= 0.725t0 1.5
Dropout, V(IN)= V(i poygrye - 0.1V, V(IN)=2.3V, 250mA load. 1 LDO active at 415 mv
- A ; >
V (Loox LDOx Output Voltage, Selectable via I°C a time per input pin group®
Total accuracy, V(VIN_LDOX)= V( poxyrve + 0.5V, 10mA — 250 mA See @ 3.5%
Line Regulation, 100mA load, V(VIN_LDOX): o o
Vtoow Tvp + 0.5V— 4.7V —0.5% 0.5%
Load regulation, load change from 10mA — 250 mA See @ %
V(VIN_LDOX)> V(i poyy Tvp + 0.5V
250mA load, 1V input to output ,C, = 4.7 pF 40
PSRR(poy PSRR at 20 kHz dB
100mA load, 0.5V input to output, CL = 1 pF 40
Isc(Loox) Short circuit current limit Output grounded LDONILIM=HI 350 700 mA
Rocrooxy ~ Discharge resistor LDOx disabled 415 Q
Kravpoox) Voltage change ramp constant LDO2, LDO4 only. Fixed value, hardwired at top level 7.04 mV/us
load <100 mA 1 uF
C. External output capacitor value® Stable operation i -
compP l0ad>100 MA 0.01uF/mA, min cap value
1pF
Power good threshold LDO output voltage increasing 95%
PGOOD(LDO) N . B . .
Hysteresis Decreasing voltage from increasing trigger 5%
(1) Not production tested
(2) Dropout not measured for devices with V(IN)<2.3V because minimum VIN is 2.3V
(3) MIN =-3.2 — (0105 X | oaD / V(LDOX)TYP)! lLoap = load current in mA
(4) MIN =-2.5-(0.105 x | oap, lLoap = load current in mA
10 ELECTRICAL SPECIFICATIONS Copyright © 2009, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX]| UNIT
BATTERY VOLTAGE THRESHOLDS AND CHARGER TIMING
TcheoLy Charger turn-off delay Time delay to turn off charger or set suspend mode 25 ms
Veowan ::;::echarge to fast-charge transition , selectable via |Fast charge at V(BAT) > V| owgar Selectable ;/fg\fc, 29vor \
Total accuracy, relative to selected value -3% 3%
TooLere) Deglitch time for fast charge to precharge transition | Decreasing battery voltage 25 ms
\VireH Recharge threshold voltage \N/?éNAFI'?irg\Z:;ﬁLi::in\x;, after termination was detected 38 100 170 mV
ToeLReH) Deglitch time for battery recharge detection 65 ms
PACK INSERTION AND PACK TEMPERATURE FAULT DETECTION , V(VTSBIAS)>2V
Krhot Pack hot temperature detection constant Pack hot temp detected and charge suspended at V(TS) < V(2V2) x Kyyor 0.189 0.203  0.222
Krcop Pack cold temperature detection constant Pack cold temp detected and charge suspended at V(TS) > V(2V2) x Kycop 0.610 0.625 0.641
Knopack Pack not detected threshold V(TS) > V(2V2) x Kyopack 0.935 095 0.965
TocLteEMP Pack temperature fault/no fault detection deglitch 15 ms
ToeLEm) Pack insertion detection deglitch 10 ms
ToLvinom Pack removal detection delay 100 us
RpsTssias Integrated switch resistance Measured from VTSBIAS to V2V2 210 Q
Irs(oET) TS pin bias current VTSBIAS to V2V2 switch open -1 HA
CHARGER INTEGRATED MOSFET CHARACTERISTICS
\VeaTDOCH Battery Switch dropout voltage, charge Veatooocr = V(VIN_CHG) — V(BAT) , V(BAT) :3V, I(BAT) = -1A 100 200 mV
Increa) BAT pin discharge current %“A?B%E‘Hn:em)t“\’}(g‘z%cfi E:/”d discharge switch enabled via 1C 5 10 mA
CHARGER PROTECTION AND RECOVERY FUNCTIONS
Venwn cne) VIN_CHG Short Circuit detection threshold Sﬁﬁt'&se‘";”jmzi:w‘sﬁir if 10 12 14 v
Vshean BAT Short Circuit detection threshold BATCHG switch set to OFF if V(BAT) < Vgygar) 1.6 18 2.0 \Y
RstieaT) BAT short circuit recovery pull-up resistor V(BAT) < Vgygam), Internal resistor connected between VIN_CHG and BAT2 1 kQ
S_afety timer value, thermal and DPPM loops not active or DTC function Selectable via I2C: 4, 5,6,8 hours
Ters Charge safety timer disabled hours
Total accuracy —15% 15%)
Torcoio Precharge timer IF’re charge timer range, therrr_]al ar_\d DPPM TPCH=LO 25 30 35 min
oops not active or DTC function disabled TPCH=HI 50 60 70
Rk Timer fault recovery pull-up resistor :jnetfzergtaeldresistor connected from VIN_CHG to BAT when timer fault is 1 KO
Tstrere Charger thermal loop threshold Charge current reduced for T; > Tsrene 125 °C
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2.7 ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)
PARAMETER I TEST CONDITIONS MIN TYP MAX] UNIT
FAST CHARGE CURRENT , V(VIN_CHG) > V(BAT) + 0.2V , V(BAT) >V, qwean 1< Tcrc
lo@aT) Charge current range lo@am) = Kser/Riser DPPM/Thermal loops not active 0.1 1.03] A
11, 100% scaling 703 865 1020
Keer Charge current set factor Riser = 1 kQ, scalable via 12C, (ISET_1, ISET_0) |10 75% scaling 506 648 AL I
= 01, 50% scaling 325 432 530
00, 25% scaling 145 215 293]
PRE CHARGE CURRENT , V(VIN_CHG) > V(BAT) + 0.1V , Vgygan < V(BAT) < Viowsar » t < Terecros
loPRECHG) Precharge current range loprecte) = Kerecha/Riser DPPM/Thermal loops not active 10 170 mA
00 13 43 71
Koncor Precharge current set factor 0C<T,<125°C RISET=I kQscalable via IC, o 48 8 e [N
(IPCH_1, IPCH_0)= 10 80 126 159
11 85 166 200
CHARGE CURRENT REDUCTION - THERMAL, DPPM LOOPS ACTIVE (T; > Tstrens: V(SYS) < Vsysopem )
K THERMAL Thermal loop factor Charge Current (Icyg) = logam) X (1 = Kruerm * (Ty = Tstrene)/100) 10 %/°C
Kbppm DPPM loop factor Charge Current (Icug ) = logan) * (1 — Kpppm X 10 X (Vsysppem) = V(svs))) 0.8 %/mV
CHARGE REGULATION VOLTAGE , V(VIN_CHG) > Vogatrec) + 0.3V
RSVD4B4=HI 4.3,4.35,44,445
Voltage options, Selection via I°C RSVDABA-LO 41415 42 395 \
VoatrES) :izttery charge voltage, selectable via Accuracy, T, = 25°C, relative to selected value -0.55% 0.95%)
Total Accuracy, relative to selected value -0.85 1.2]
Total Accuracy range for selected value of 4.2 V 4.16 4.25| v
CHARGE TERMINATION, V(BAT) > Vacu, t < Trerm, VOLTAGE REGULATION MODE SET
lrerm Charge termination current range lrerm = Krerm/Riser 10 170 mA
00 18 40 50|
AC input selected |o1 42 82 112
or USBMODE=HI
_ - 170mA 10 70 140 188
Krerm Charge termination detection factor ?Iggéiﬂl:lzlml‘(rllgéﬁ)j))i scalable via I°C, 1 85 165 208 AQ
USB input selected,
(USBMODE=LO and 18 40 50
USBLIM=LO)®
TooLrerm) Deglitch time, termination detection I(BAT) < lrgrm 25 ms
CHARGER DPPM LOOP AND SM2 CONTROL
00 3.413 35 3.588
A SYs DPPM.deIQection threshold , Charge current reduced for V(S_Y5)<Vsys(opw), Vevspem Set via IC, 01 3.656 3.75 3.844 v
selectable via I°C (SYSDPPM_1, SYSDPPM_0) = 10 3.9 4.0 4.1
11 4.144 4.25 4.356
VSM2TRK SM2 output voltage Battery tracking enabled — V(BAT)+value 0.17 0.265 0.37 \
12 ELECTRICAL SPECIFICATIONS Copyright © 2009, Texas Instruments Incorporated
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2.8 ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
[SM3 BOOST CONVERTER — CONTROL CIRCUIT AND POWER STAGE
Vuinsma) Input Voltage range™ V(VIN) 25 6.5] \
Vosma) Output voltage range™ V(SM3) Vuinsms) 26.5]
Voves) Output over-voltage trip OVP detected at V(SM3) > V(oyp3 26.5 28 29| \Y
Vivsoves) Output over-voltage hysteresis \?(\gllgg)t<d$:oe::::d—a\tlwS(ovpg) 1.8 \%

238 248 258 mvV

V sm3rer) FB3 voltage sense threshold® V(FB3) below regulation point at V(FB3) < V(susrer)

1.237 1.25 1.263 \%
losma) LED current® |O(SM3) = M 0 25 mA
Current range, RF83
Diswssw) LED switch duty cycle, selectable via °C Duty cycle range Dg"g]ifg);egi/“g%sg%93;’;‘}';5;";'20 %
i LED switch duty cycle patter repetition rate, I22(2:48 pulses within repetition rate time, repetition rate set via Frep_smaytye :05:5202%32356HZ, 275Hz Hz

(REP_SM3) selectable via I1°C
Total accuracy, relative to Fgep_swayrye -12% 12%
Roson(smasw) LED switch FET on-resistance® V(VIN)=3.8 V; [(SM3SW)=20 mA 1 2 Q
| ka(smasw) LED switch FET leakage 1 4 MA
RpsoniLs) Power stage FET on-resistance V(VIN)=3.8 V; I(L3)=200 mA 300 600 mQ
I kG(L3) Power stage FET leakage 1 4 pA
Ivax(L3) Power stage FET current limit 2.5V< V(IN) <5.5V 400 500 600 mA
Tsmapwr(oN) Maximum on time detection threshold 5 6 15 us
TsmapwR(OFF) Minimum off time detection threshold 310 400 480 ns
HIGH/LOW BRIGHTNESS CONTROL
Rpson(smac) Output buffer switch on resistance V(VIN)=2.5V, I(ISM3G)=25mA 1 2 Q
| kG(1sm3c) Leakage current Hi-Z mode, V(ISM3G)=5V 1 pA
[SWITCHING FREQUENCY
Fsus Maximum switching frequency® At nominal load 1 MHz
GPIO1-4 — DIGITAL OUTPUT BUFFER
VoLcrioy Low level output voltage lo =3 mA 09 \%
lo, = 10 uA 0.1
loy = -3 MA 15
Voncrio) High level output voltage GPIO \Y
low = —10 pA 1.8
loLepio) Maximum low level sink current V(GPION)=2.5V 5 mA
lon(GPIO) Maximum high level source current® V(GPIOn)=0V -5 mA
GP101-4 — DIGITAL INPUT BUFFER
ViLGrio) Low level input voltage 0.4 \Y
VinGpio) High level input voltage 1.15 \%
GPIO1-4 - INPUT CURRENT SINK
lnerio) Input current sink Cool\rl]fii;:::;SfESGOO is not in sleep mode and GPIO is not 25 3.5 WA

(1) Not production tested
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2.9 ELECTRICAL CHARACTERISTICS (Continued)
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX]| UNIT
PWM DRIVER, PWM OPEN DRAIN OUTPUT
[ Maximum operating current® PWM driver ON 200 mA
VoL Low level output voltage IOL = 100mA , V(AVDD6)=3V 0.2 \
; Set via I°C F, =0.75,1.5
F PWM driver frequenc Frequency range (PWM)TYP il kHz
(PUA) quency quency rang 2.3,3.0,45,6.7,11.7,23.4
X Dw = 6.25% to 100%, set via
D pwiy PWM driver duty cycle Duty cycle range 2 . %
I°C, 15 steps, 6.25% minimum step
I kaPwi) Output off leakage current Output voltage = 5V, driver set to OFF 1 5] HA
LED_PWM DRIVER, LED_PWM OPEN DRAIN OUTPUT
[ Maximum operating current® PWM driver ON 200 mA
D = 0% to 99.6%, set via
Duty cycle range, 128Hz repetition rate 2 (LEDPWM) ° K _0 %
D LepPwm) LED_PWM driver duty cycle I°C, 255 steps, 0.4% minimum step
Total accuracy, relative to selected value —-10% 10%
VoLweopwm) Low level output voltage loL = 50mMA , Viavops) = 3 V 0.2 \%
|, k(LEDPWM) Output off leakage current Output voltage = 5 V, driver set to OFF 1 5 HA
RGB DRIVER, RED/GREEN/BLUE OPEN DRAIN OUTPUTS
f - ; - T =1to 8 sec, set via I°’C
T, RGB1, RGB2 Flashing period Flashing period range FLASH(RGB) ~ - ’ ' s
FLASH(RGE) ap ap 9 0.5sec minimum step, 15 steps
] ) Set via I°C, T, =0.1,0.15
T, RGB1, RGB2 Flash On Time 2 »_| FLASH(ON) : ! s
FLASH(ON) Flash on time range, value selectable by I°C 0.2,0.25 0.3 04, 05 0.6
D, RGB1, RGB2 Duty Cycle ia 12 Diros) = 0% t0 96.875%, set via o
’ L. (]
(RGB) Y Duty cycle range, value selectable via I°C C, 3.125% minimum step
Sink current, set via I°C IsinkrosyTye = 0, 3.7, 7.4, 11.1 mA
V(RED1) = Absolute accuracy relative to
IsinkRGB1) RGBL1 output sink current V(GREEN1) = selected value —-35% 35%
V(BLUE1) = 0.25V - -
Relative accuracy between sink _10% 10%)
current outputs
| =0,3.7,74,11.1,
Sink current, set via I12C S‘NK(Rff'S" TISP'G’ 23.2,27.3, mA
. V(RED2) = V(GREEN2) |Absolute accuracy relative to o o
IsinkRGE2) RGB2 output sink current = V(BLUE?) = 0.25V selected value -35% 35%
Relative accuracy between sink _10% 10%)
current outputs
Output low voltage, RED1/GREEN1/BLUEL1 pins, one current
VioreB1) Low level output voltage source ON (4 or 8 or 12mA source) ON at a time, 0.25] \%
V(AVDD6)=3V
Output low voltage, 16mA load, RED2/GREEN2/BLUEZ2 pins,
VioreB2) Low level output voltage one current source ON (4 or 8 or 16mA source) ON at a time, 0.25] \%
V(AVDD6)=3V
| k(RGE) Output off leakage current Output voltage = 5V, driver set to OFF 1 2| HA
DIG_PWM , DIG_PWM1 DRIVER , PUSH PULL OUTPUT
Frequency range 110 125 140 Hz
Fewm) PWM driver frequency
Total accuracy, relative to selected value -10% 10%|
V(DIG_PWM) at I(DIG_PWM) = -5 mA 1.7
VhioicPwivy Output level, HI \%
V(DIG_PWM) at I(DIG_PWM) = —10 pA 2.0
V(DIG_PWM) at I(DIG_PWM) = 5 mA 0.5
ViopicPwm) Output level, LO \%
V(DIG_PWM) at I(DIG_PWM) = -10 pA 0.1

(1) Not production tested
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2.10 ELECTRICAL CHARACTERISTICS
over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
IADC REFERENCE
Ta=25°C 2.595 26 2.605
VRer(aDC) Internal ADC reference voltage \%
Over full temp range 2.577 2.595 2.607|
IsHRT(ADCREF) Internal reference short circuit limit V(ADC_REF)=AGND1 3.0 4.5 mA
Crerane gllua:)ﬂ:‘;(ul[n capacitance for internal ADC reference 6.8 uF
IADC ANALOG INPUTS
Vene(cHL_6) Full scale input range Channels 1-6® Positive inputs, Full scale ~ 2.60 V 0 VRer(apc)
Vene(chr 10) Full scale input range Channels 7, 100 Positive inputs, Full scale ~ 4.622 V 0 Vreraoe) X 1.78] Vv
Vena(cHs_g) Full scale input range Channels 8, 9® Positive inputs , Full scale ~5.54 V 0 VReranc) X 2.13] \%
Cinaoc) Input capacitance (all channels) 15 pF
Rinapc(cHL_6) Input resistance (all channels) AVDD6-V(ANLG) >= 500mV 1 MQ
I kGADC(CHL_6) Leakage current (all channels) ADC disabled 0.1 1 HA
JADC — DC ACCURACY
RES(aoc) Resolution SAR ADC 10 Bits
MCD(apc) Missing codes None None None|
INL (anc) Integral Linearity Error +3 LSB
DNL apc) Differential non-linearity error +1 LSB
OFFzenogoc;  Offseterror (00001 t0 m he tdeal AGND + 2188 ) 1 i
OFFcanc) Offset error match between channels® 1 5 LSB
AN oo, Gain error (L1111) for the ul scale votage o 8 Lse
GAINGH(apc) Gain error match Any two channels 2 LSB
IADC THROUGHPUT SPEED
IADC ¢ Sampling Clock® 506 562 619 kHz
Sampling time - 9X ADCCLK 16 us
IADCrcony Sampling and conversion time
conversion and settling time -11X ADCCLK 20 us
IANLGx (USER_DEFINED INPUTS) BIAS CURRENTS
00 = 0
ADC channel 1 bias current, set via I>C 01= 3
. register ADC_WAIT bits (ADICH2_1, )
| (anLGx) ANLG1, 2, or 3 pin internal pull-up current source ADICH2_2) 10 = 10
11 = 50
Total Accuracy —20% 20%)
(1) Not production tested
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2.11 PIN DESCRIPTION, REQUIRED EXTERNAL COMPONENTS

2.11.1 Package Pinout (Top View)
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PIN FUNCTIONS
NAME PIN 1o DESCRIPTION EXTERNAL REQUIRED COMPONENTS
(See Application Diagram)
SYSTEM POWER PATH
AC Al1l, B11 | Adapter Charge Input Voltage, connect to AC_DC | 1uF(minimum) capacitor to AGNDL1 pin to minimize over-voltage
adapter positive output terminal (DC voltage) transients during AC power hot-plug events.
USB C10, | USB charge input voltage, connect to USB port 1pF(minimum) capacitor to AGND1 pin, to minimize over-voltage
C11 positive power output transients during USB power hot-plug events.
BAT D11, E11| 1/O | Battery power Connect to battery positive terminal. Connect 4.7uF capacitor
(minimum) from BAT2 pin to clean analog ground plane
SYS A10, B10 O | AC/BAT/USB Power path output. Connect to 10pF capacitor to AGND1 pin
System main power rail (system power bus)
REFERENCE SYSTEM
TNOPOWER D4 [ NOPOWER pin pulse width Capacitor to AGND1. Capacitor value sets pulse width
AVDD6 H11 (0] Internal supply rail Connect 4.7uF capacitor to AGND1
V2v2 G10 o Internal 2.2V supply rail 1pF (minimum) decoupling capacitor to AGND1
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PIN FUNCTIONS (continued)

EXTERNAL REQUIRED COMPONENTS

NAME PIN 110 DESCRIPTION (See Application Diagram)
1v25 G11 (0] Internal 1.25V reference filter capacitor 100nF (minimum) decoupling cap to AGND1
CHARGER
TS E9 /0 | Temperature Sense Input, current source output | Connect to battery pack thermistor to sense battery pack temperature
ISET F9 | Current set point when charging with AC selected. Exltemal resistor from ISET pin to AGND1 pin sets charge current
value
VTSBIAS H8 O | Thermistor network bias supply, internally Connect to external thermistor pull-up resistor
connected to 2V2 via integrated switch
VIN_CHG F10, F11 | I/O | Charger supply. Connect to SM2 converter output or SYS pin, see charger section
CHG_STAT K2 O | Charger Status Push-pull output, 2V2 level
FLTDPPM D10 | DPPM loop filter capacitor Not used, pin should be left open
SM3 BOOST CONVERTER
L3 K11 (0] Drain of the integrated boost power stage switch | 4.7uH inductor to SYS pin, external Schottky diode to SM3 pin
FB3 G9 | White LED duty cycle switch output, LED current | External resistor from FB3 pin to PGND3 pin sets LED peak current.
setting Connect 100pF (minimum) filter capacitor to PGND3 pin.
SM3_SW H9 | Integrated White LED duty cycle switch input
SM3IG H10 I/0 | General purpose input/output HI-Z Output, controlled via I2C. May be used to set SM3 current gain
step, implementing a high/low brightness control
SM3 J10 | White LED driver output over-voltage detection Connect 1pF capacitor to PGND3 pin. Connect SM3 pin to the
positive side of white LED ladder.
PGND3 Ji1 | Power ground, SM3 converter Connect to the power ground plane
DRIVERS
RED2 K8 (0] Programmable LED driver, open drain output, Connect to RED input of RGB LED
GREEN2 L8 o | currentsink output when active. Connect to GREEN input of RGB LED
BLUE2 G7 (0] Connect to BLUE input of RGB LED
RED1 K9 (0] Connect to RED input of RGB LED
GREEN1 L9 (0] Connect to GREEN input of RGB LED
BLUE1 J8 (0] Connect to BLUE input of RGB LED
LED_PWM L10 (0] LED_PWAM driver output, open drain, Can be used to drive a keyboard backlight LED or other external
programmable duty cycle. functions
PWM J9 | PWM DRIVER, open drain output May be used to control external vibrator motor
DIG_PWM L11 (0] PWM, digital push-pull output 2V2 output voltage level
DIG_PWM2 G3 (0] PWM, digital push-pull output 2V2 output voltage level
DC/DC CONVERTERS
VIN_SMO B1, B2 [ SMO synchronous buck converter positive supply | 2 x 10uF capacitor to PGNDO pin
input
SMO A2 | SMO synchronous buck converter output voltage | LC filter: 1.5uH Inductor and 10uF Capacitor. Connect capacitor to
sense PGNDO pin
LO C1,C2 (0] SMO synchronous buck converter power stage 1.5pH inductor to SMO pin
output
PGNDO D1, D2 | Power ground, SMO converter Connect to the power ground plane
VIN_SM1 G1, G2 | SM1 synchronous buck converter positive supply | 2 x 10uF capacitor to PGND1 pin
input
SM1 B4 | SM1 synchronous buck converter output voltage LC filter: 1.5uH Inductor and 10uF Capacitor. Connect capacitor to
sense PGND1 pin
L1 F1, F2 o SM1 synchronous buck converter power stage 1.5pH inductor to SM1 pin
output
PGND1 El, E2 | Power ground, SM1 converter Connect to the power ground plane
VIN_SM2 A9, B9 | _SMZ synchronous buck converter positive supply | 2 x 10uF capacitor to PGND2 pin
input
SM2 C9 | SM2 synchronous buck converter output voltage LC filter: 1.5uH Inductor, 10uF Capacitor. Connect capacitor to
sense PGND2 pin
L2 A8, B8 (0] SM2 synchronous buck converter power stage 1.5pH inductor to SM2 pin
output
PGND2 A7, B7 | Power ground pin, SM2 converter Connect to power ground plane
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PIN FUNCTIONS (continued)

EXTERNAL REQUIRED COMPONENTS

NAME PIN 110 DESCRIPTION (See Application Diagram)
ADC
AGND2 J3 | Analog ground, ADC subsystem Connect to analog ground plane
ANLG1 H5 | Analog inputl to ADC, programmable current Can be used to monitor additional system or pack parameters
ANLG2 L2 | source output
ANLG3 K3 |
ADC_REF L1 /0 | ADC internal reference filter or ADC external

reference input

Connect a maximum capacitance of 6.8uF referenced to the AGND2
pin.

EXTERNAL SYSTEM RESET AND

CLOCK OUTPUTS, ADJUSTABLE LEVEL

V32K B6 | Power supply for host interface buffers
INT K10 (0] Interruption pin nINT pin is LO when interrupt is Open drain output
requested by TPS658XX.

OUT32K C6 (0] 32kHz clock from external XTAL Push-pull output, V32K level

NOPOWER G8 O | Host reset output, LO level, adjustable width

NORTC D3 O | RTC_OUT POR pulse, LO level, fixed width

SEQUENCING CONTROL INPUTS

HOT_RST B3 I/0 | Reboot cycle request Hardware reboot cycle control

RESUME Al | Sleep on/off request Hardware sleep on/off control

LDO4EN E4 | LDO4 enable control

SMOEN D9 | Supply enable control Active low signal.

(CORECTRL)

SM1EN Cc8 | Supply enable control

SYNCEN C7 | Supply enable control

I2C INTERFACE

PSDAT G5 I/0 | Power I2C clock line Connect to external host power I2C clock. Connect 2K external
PSCLK 2 | pull-up resistor. Connect to 2V2 pin if not used
SDAT H3 /0 | 12C interface data line Connect 2K external pull-up resistor.

SCLK G4 I I2C interface clock line

RTC OSCILLATOR

XTAL1 L5 | Xtal oscillator Connect to external xtal

XTAL2 K6 |

INPUT / OUTPUT

GPIO1 L3 I/0 | General purpose input/output Input: SMO, SM1, SM2 power saving mode and output voltage setting

control

GPIO2 K4 /0 | General purpose input/output Input: ADC external trigger or LDOO, LDO1 enable
GPIO3 J5 /10 Input: LDO2, LDO3 enable

GPI04 L4 /10 Input: ADC external trigger or LDO6, LDO7, LDO8 enable
COMP Ja | General purpose comparator input, ADC input

SMOPG A3 o SMO power good status

SM1PG C4 (0] SM1 power good status

LDO4PG H4 (0] LDO4 power good status

LINEAR REGULATORS

VIN_LDOO1 J6 [ Positive supply input for LDOO, LDO1 1pF (minimum) decoupling capacitor to AGND1
LDOO K5 (0] LDOO output 1pF(minimum) capacitor to AGND1

LDO1 L6 o LDOL1 output 1pF(minimum) capacitor to AGND1

VIN_LDO23 A5 | Positive supply input for LDO2, LDO3 1pF (minimum) decoupling capacitor to AGND1
LDO2 A6 (0] LDO2 output 1pF(minimum) capacitor to AGND1

LDO3 B5 (0] LDO3 output 1pF(minimum) capacitor to AGND1

VIN_LDO4 H7 [ Positive supply input for LDO4 1pF (minimum) decoupling capacitor to AGND1
LDO4 K7 (0] LDO4 output 1pF(minimum) capacitor to AGND1

LDO5 D7 o LDO5output 1pF(minimum) capacitor to AGND1

VIN_LDO678 H1 | Positive supply input for LDOO, LDO1 1pF (minimum) decoupling capacitor to AGND1
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PIN FUNCTIONS (continued)

EXTERNAL REQUIRED COMPONENTS

RTC backup output.

super-capacitor or secondary cell, if used as a

NAME PIN 110 DESCRIPTION (See Application Diagram)
LDO6 H2 (0] LDOG6 output 1pF(minimum) capacitor to AGND1
LDO7 K1 (0] LDO7 output 1pF(minimum) capacitor to AGND1
LDO8 J1 (0] LDOS8 output 1pF(minimum) capacitor to AGND1
VIN_LDO9 J7 | Positive supply input for LDO9 1pF (minimum) decoupling capacitor to AGND1
LDO9 L7 o LDO9 output 1pF(minimum) capacitor to AGND1
RTC_OUT E10 (0] Low leakage LDO output. Can be connected to a | 1uF (minimum) capacitor to AGND1 pin or supercap

ANALOG AND DIGITAL GROUND PINS

DGND1 H6 | Digital ground pin Connect to digital ground plane

AGND1 F8 | Analog ground pin Connect to analog ground plane

AGND3 A4 | Analog ground pin Connect to analog ground plane

DGND2DT C5 I/0 | Digital ground pin Connect to analog ground plane

HSK See N/A | There is an internal electrical connection between all HSK pins of the IC. The HSK pins must be connected to the same
Package potential as the AGND1 pin on the printed circuit board. Do not use the HSK pins as the primary ground input for the
Drawing IC.
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2.11.2 Block Diagram
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2.12 TYPICAL CHARACTERISTICS

LDO9 Vout vs. lout (Temp. = 25°C) 1.250V LDO9 Vout vs. lout (Temp. = 25°C) 3.30V
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Figure 2-1. Figure 2-2.
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Figure 2-3. Figure 2-4.
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(continued)
LDO1 Vout vs. lout (Temp. = 25°C) Low Range LDO1 Vout vs. lout (Temp. = 25°C) High Range
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Figure 2-5. Figure 2-6.
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Figure 2-7. Figure 2-8.
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Vout [V]

(continued)
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Figure 2-13. Figure 2-14.
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Figure 2-15. Figure 2-16.
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(continued)
LDO7 Vout vs. lout (Temp. = 25C) 1250V
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Figure 2-17. Figure 2-18.
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Figure 2-19. Figure 2-20.
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(continued)
LDO2 0.725V DropOut at 25°C LDOO 1.25V DropOut at 25°C
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Figure 2-21. Figure 2-22.
LDOO0 3.3V DropOut at 25°C Efficiency SM0 Auto PFM Vout 1.8V at 25°C
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Figure 2-23. Figure 2-24.
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Efficiency SM0 PWM Vout 1.8V at 25°C Efficiency SM1 Auto PFM Vout 1.25V at 25°C
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Figure 2-25. Figure 2-26.
Efficiency SM1 PWM Vout 1.250V at 25°C Efficiency SM2 Auto PFM Vout 3.25V at 25°C
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Figure 2-27. Figure 2-28.
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Efficiency SM2 PWM Vout 3.25V at 25°C
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Figure 2-29.
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3 DETAILED DESCRIPTION

3.1 [I*CINTERFACE
Two I1°C configurations are implemented in the TPS658600 device:

A —Standard I1°C interface (SDAT/SCLK engine) : A single 1°C communication port provides a simple
way for an 1°C compatible host to access system status information, reset fault modes, and set supply
output voltages. The 12C port functions as a SLAVE enabling 12C compatible hosts (MASTER) to perform
WRITES and READS to/from internal registers. The I°C port is a 2-wire bidirectional interface using the
SCLK (clock) and SDAT (data) pins. The I1°C is designed to operate at SCLK frequencies up to 400 kHz.
The standard 8 bit command is supported. The CMD part of the sequence is the 8 bit register address to
read or write.

B — Power I2C interface (PSDAT/PSCLK engine): The TPS658600 supports processors that use a
dedicated I°C bus to dynamically adjust critical supply voltages by adding a second I1°C bus (Power I1°C)
connected to a second, dedicated I1°C engine. The Power I°C port is a 2-wire bidirectional interface using
the PSCLK (clock) and PSDAT (data) pins. The Power I°C is designed to operate at PSCLK frequencies
up to 400 kHz. A multiple-byte data-register pair command protocol, not compatible with the standard 1°C
protocol, is supported by the Power I°C engine. The Power I°C engine does not support read operations.

NOTE
The Standard and Power I°C engines are always reset by the sequencer when the
TPS658600 is in the POWER-UP state and when the SLEEP state is set.

3.2 I°C ADDRESS
The TPS658600 will acknowledge (ACK) addresses 0x68 (writes) and 0x69 (reads) and will NACK any
other address.

3.3 DVM REGISTER ACCESS

The sequencer state machine disables write access to specific supply voltage setting registers when the
TPS658600 is initially powered and when the integrated supplies are being sequenced. See the
sequencer functional description for details.

3.4 SCLK/SDAT AND PSCLK/PSDAT TIMEOUT

The TPS658600 monitors the SCLK/PSCLK clock lines, and it identifies a timeout condition if the clock
line is held at a logic low for longer than 30ms. The I°C engine is NOT reset when the clock line timeout is
identified.

The TPS658600 monitors the SDAT/PSDAT data lines. The I2C engine will be reset when the data line is
held at a logic low for more than 30ms.

3.5 I°C BUS RELEASE
The TPS658600 I°C engine does not create START or STOP states on the I°C bus during normal
operation.

3.6 I°C BUS ERROR RECOVERY

The I°C bus specification does not define a method to be used when recovering from a host side bus
error. During a read operation the SDAT pin can be left in a LO state if the host has not sent enough
SCLK pulses to complete a transaction (i.e. host side bus error). The TPS658600 will clear any SDAT LO
condition if 10 SCLK pulses are sent by the host, enabling recovery from host side bus error events.
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3.7

I°C COMMUNICATION PROTOCOL

The following conventions will be used when describing the communication protocol:

CONDITION CODE
START sent from host S
STOP sent from host P
TPS658600 I°C slave address sent from host (WRITE) hAO
TPS658600 register address sent from TPS658600 (READ) hAl
Non-valid I?C slave address sent from host hA_N
Valid TPS658600 register address sent from host HCMD
Non-valid TPS658600 register address sent from host HCMD_N
I/O data byte (8 bits) sent from host to TPS658600 hDATA
I/O data byte (8 bits) sent from TPS658600 to host bgDATA
Acknowledge (ACK) from host hA
Not acknowledge (NACK) from host hN
Acknowledge (ACK) from TPS658600 bgA
Not acknowledge (NACK) from TPS658600 bgN

STOP sT4R . - . R P sTor
CONDITION CONBITION N Bire 3',_3 ‘I,,:tw‘t:;. Bl conortion
(Pl 11 iy ot : 1Pl &
B ; /
A A

SCL
SDA
oo Ll BIT? i o = - P
COMDITION CONDITION i BITE ] . ACKNOWLEDGE ANDITICN
® 151 I or ban} A
! ! {
A
A A
- s
T LiNe . scL [ |

STABLE

(]| F \
b ) |
SDA \‘wf X A XX

Figure 3-1. I°C Conditions

For normal data transfers, the data line (SDAT or PSDAT) is allowed to change only when the clock line
(SCLK or PSCLK) is low, and one clock pulse is used per bit of data. The data line must remain stable
whenever the clock line is high, as data changes when the clock is high are reserved for indicating the
start and stop conditions. Each data transfer is initiated with a start condition and terminated with a stop
condition.

When addressed, the TPS658600 device generates an acknowledge bit after the reception of each byte
by pulling the data line Low. The master device (microprocessor) must generate an extra clock pulse that
is associated with the acknowledge bit. After the acknowledge/not acknowledge bit, the TPS658600
leaves the data line high, enabling a STOP condition generation.

3.8 I°C READ AND WRITE OPERATIONS
The TPS658600 supports the standard 1°C one byte Write. The basic I>C read protocol has the following
steps:
1. Host sends a start and sends TPS658600 address
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2. TPS658600 ACK’s that this is a valid I°C address and that the bus is configured for write
3. Host sends TPS658600 register address
4. TPS658600 ACK's that this is a valid register and stores the register address to be read
5. Host sends a repeated start and TPS658600 I°C slave address, reconfiguring the bus for read
6. TPS658600 ACK's that this is a valid address and that bus is reconfigured
7. Busis in read mode, TPS658600 starts sending data from selected register

The 1°C write protocol is similar to the read, without the need for a repeated start and bus being set in
write mode. In a WRITE, it is not necessary to end each 1 byte WRITE command with a STOP as a
START will have the same effect (repeated start).

The host can complete a READ or a WRITE sequence with either a STOP or a START.

NOTE
Read operations are not supported for the PSDAT/PSCLK I2C engine.

o [Fo (UL E e LT AL

SDAT A6 |sd A0 [RW | AC | | R7 |od RO | A€ A6 =4 A0 |Rw | AC | D7 |od Do | AC A
K K K K
| 0 . 0 i 1 0 | Slave Master Drives
1 | { RBQIS[CI’ i i 5 i 1
Start Slave Address | | Address i Slave Address | 15“5951' ACK 0 Sy
e—  hA0 — bgA{ i@ hCMD—= bgAi S [«——hA1 —bgh ;-—hq"mig—--; hA P

Repeated Start, can be replaced by a
STOP and START

b FLFLFL AL P00

SCLK_ +_+—

SDAT} AB | A5 |Adwmw AD [ RIW "‘KC R7 | R6 | RS |=ss RO “KC‘ D7 | D6 |D5 |===D0 “KC (
00 : Register 0 Host Sends 0 i
i Slave Address i | 4 Address Data

Start = hao » hgAl e hCMD =i bgA - hDATA » bgAi P

Figure 3-2. I°C Read/Write Example

3.9 VALID WRITE SEQUENCES (SDAT/SCLK, PSDAT/PSCLK)

The TPS658600 will always ACK its own address. If CMD points to an allowable READ or WRITE
address, the device writes the address into its RAM address register and sends an ACK. If CMD points to
a non-allowed address, the device does NOT write the address into its RAM address register and sends a
NACK.
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| s | hao | bga | | s | hro | bga [ hevp | boa | | s | nao | bgA | hcMD_N | bgN |
3.10 ONE BYTE WRITE (SDAT/SCLK, PSDAT/PSCLK)
The data is written to the addressed register at the end of the bq ACK, ending the one byte write
sequence when the RAM address and the data byte are stored in the I°C registers. The host can cancel a
WRITE by sending a STOP or START before the trailing edge of the ACK clock pulse.
\ B \ hAO \ bgA \ hCMD \ bgA \ hDATA | bgA
3.11 VALID READ SEQUENCES (SDAT/SCLK ONLY)
The TPS658600 will always ACK its own address.
\ s | hAl \ bgA |
Upon receiving hAl, TPS658600 starts at the current location of the RAM address register. The START
and the STOP both act as priority interrupts. If the host has been interrupted and is not sure where it left
off, it can send a STOP and reset the TPS658600 state machine to the WAIT state; once in the WAIT
state, the TPS658600 will ignore all activity on the SCLK and SDAT lines until it receives a START. A
repeated START and START in the 1°C specification are both treated as a START.
\ S \ hAO \ bgA \ hCMD \ bgA \ P |
| s | pro | bgA | hemp | bga | s | ha1 | bgA | bgDATA | hN P ]
3.12 VALID READ SEQUENCES (SDAT/SCLK ONLY)
\ S | hAl | bgA | bgDATA | hN | P |
Incremental read sequences
s | pa1 [ bgA | bgpata | hA [ bgpATA | ha [ ... [ bgpATA | N [ P ]
3.13 NON-VALID SEQUENCES
START and non-hAO or non-hAl Address: A START followed by an address which is not hAO or hA1 will
be NACKED.
\ s | hA_1 \ bgN |
Attempt to Specify Non-Allowed READ Address
If the CMD points to a non-allowed READ address (reserved registers), bq will send a NACK back to the
host and it will not load the address in the RAM address register. Note that the TPS658600 NACKS
whether a stop is sent or not.
| s | nao | bgA [ hecvDN [ bga | P ] | s | nao | bga | hcMD N | bgN |
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Attempt to Specify Non-Allowed WRITE Address

If the host attempts to WRITE to a READ-ONLY or non-accessible address, the TPS658600 ACKS the
CMD containing the allowed READ address, loads the address into the address register and ACKS after
the host sends the next data byte. A subsequent hA1 READ could read this address, but the data sent by
the host will not have been written.

] s \ hAO \ bgA \ hCMD \ bgA \ hDATA | bgA \

3.14 INCREMENTAL READ (SDAT/SCLK ONLY)

The SDAT/SCLK I°C interface supports incremental read operations. Each register must be accessed in a
single read operation. A valid WRITE address is required to write to the RAM, and a valid READ address
is required to specify the initial RAM address where the READ starts. Once a read command is received,
the RAM data for the specified address is output to the host. If the host chooses, it can loop through the
remaining addresses; the address is automatically incremented by one at the end of each read. If the loop
gets to the top address, it automatically rolls over to address 0x00 and the sequence stops.

3.15 [°C COMMUNICATION PROTOCOL — POWER I°C INTERFACE, PINS PSDAT/PSCLK

The Power I°C interface is designed to support fast write operations using multiple register-data pair
sequences. The Power I°C engine is a write-only engine, and it does not support read operations.

During a write sequence, the host sends the start command, followed by the TPS658600 address. Then
the host sends the register address byte, followed by eight bits of the data for the respective register
(Registerl Address/Data in Figure 3-3). From this point on the TPS658600 will accept all the following 2
byte pairs as a random register address, followed by the data content to be written to that register. This
process continues until the host sends a valid stop condition after the last register (Register N in
Figure 3-3) is written. A typical multi-byte sequence is shown in Figure 3-3.

PSDAT AC R -« Dol AC ¥ ) —— " AC . polAC
} ABunn P;‘R/W K R7 RO K D7 = DO K R7==s RO K D7 DO K R7=== RO K D7=nn DO K

{ Slave | { Register Host Sends ! Register Host Sends i Register Host Sends

{ Address | 0 {0 | Address | O Data 0:i Address i 0 Data 0 i Address i 0 Data 0

i hAa0 i i | hCMD hDATA { hCMD hDATA | hCMD hDATA

Start | i ibgA bgA baA: | bgA bgA! bgA bgAi P
REGISTER 1 L REGISTER 2 = i REGISTER N
ADDRESS, DATA ADDRESS, DATA ADDRESS, DATA

Figure 3-3. Power I1°C Protocol

3.16 SIMULTANEOUS STANDARD AND POWER I°C OPERATION

The TPS658600 has individual address pointers for the Power 1°C engine and Standard I°C engine. The
value written to the register will be defined by the relative timing between read/write pulses when
simultaneous I°C read/write operations happen. Simultaneous write/read operations to the same register
will be handled as follows:

1. Both Standard I°C and Power I2C are executing operations accessing distinct registers at the same
time (simultaneous read/read, read/write, write/read or write/write): No conflict exists in this case.
2. Power I°C writes and Standard I°C reads the same register at the same time

(a) Standard I°C will read the old register value if the Standard 1°C read pulse is generated at least
110nsec (typ) before the Power 1°C write pulse happens.

(b) Standard I°C will read the new register value if the Standard I°C read pulse is generated at least
110nsec (typ) after the Power I1°C write pulse happens.

3. Power I°C and Standard I°C write to the same register at the same time

Copyright © 2009, Texas Instruments Incorporated DETAILED DESCRIPTION 33
Submit Documentation Feedback
Product Folder Link(s): TPS658600


http://focus.ti.com/docs/prod/folders/print/tps658600.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA37&partnum=TPS658600
http://focus.ti.com/docs/prod/folders/print/tps658600.html

TPS658600 I3 TEXAS

INSTRUMENTS

SLVSA37-DECEMBER 2009 www.ti.com

(a) If both write operations are more than 110nsec (typ) apart, the register final value will be set by the
engine that executes the last write operation.

(b) a. If both write operations are less than 110nsec (typ) apart, the priority will be given to the Power
I2C engine. The value from the Power 1°C engine will be written into the register, and the data
received by the Standard 1°C operation is not written to the TPS658600 internal memory.

THERE IS NO CLOCK STRETCH FUNCTION IN EITHER SCLK OR PSCLK WHEN A CONFLICT
SITUATION HAPPENS. THE CONFLICT IS HANDLED INTERNALLY BY GIVING PRIORITY TO
PSDAT/PSCLK ENGINE.

3.17 POWER PATH

3.17.1 RAM Control Bits

The power path circuit connects one of the power sources plugged into the AC, USB or BAT pins to the
SYS pin. The supply selection is made based on system parameters monitored by the power path circuit
and internal RAM control bits in register 0x4C.

Table 3-1. Power Path Control

PPATH1 [Addr 0x4C] Defaults in BOLD|
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name USBSUSP USBDCH ACDCH RSVD4B4 BOOTOFF USBLIMIT USBMODE PWRSYS
USB INPUT AUTO SYS
) USB SUSPEND CHARGE USB INPUT ILIMIT USB INPUT
Function SPARE SPARE CURRENT LIMIT POWER
MODE VOLTAGE RANGE| at BOOT PHASE LM currenTLmiT | FOWER
When 0 SUSPEND OFF NOT USED NOT USED 395v-a2v [ SETBY LSBLMIT 100mA SET BY USBLIMIT|  BAT TO SYS
SET BY

When 1 SUSPEND ON NOT USED NOT USED 4.3V-4.45V USBMODE AND 500mA 2.25A AUTO MODE

USBLIMIT ENABLED

The input power priority is hard-wired internally, with the AC input having the higher priority, followed by
the USB input (2nd) and the battery pack (3rd). The SYS pin voltage is not regulated and it will be equal
to the input voltage (AC, USB or BAT value) minus the voltage drop across the switch that is ON when the
selected input current limit is not active.

Setting the control bit PWRSYS (bit 0) to 0, the user can override the power path priority, connecting the
battery to the SYS pin even if AC or USB are detected. When PWRSYS is 0 and the battery is removed,
the SYS pin will not be connected back to the AC or USB inputs and thereby will discharge to ground.

The USB power will be ignored when USBSUSP (bit 7) is 1, connecting only the AC or BAT power
sources to the SYS pin. If neither AC nor BAT is connected the SYS pin, it will discharge to ground.

The USB input current is limited to the maximum value programmed by the host via the I°C interface by
setting bits USBLIMIT (bit 2) and USBMODE (bit 1) as shown in Table 3-2.

Table 3-2. Power Path Current Limit

USBMODE USBLIMIT USB INPUT CURRENT LIMIT AC INPUT CURRENT LIMIT
0 0 100 mA max
0 1 500 mA max 2.2 A min
1 X 2.1A min
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If the system current requirements exceed the input current limit, the SYS pin voltage will be reduced until
the power path is set in supplement mode (if pack is connected).

3.18

SYSTEM STATUS DETECTION

The TPS658600 has integrated comparators that monitor the BAT, AC, USB and SYS pin voltages. The
data generated by the comparators is used by the power path control logic to define which of the
integrated power path switches will be active. Table 3-3 lists the system power detection conditions:

Table 3-3. Power Path Detection Functions

SYSTEM STATUS

DETECTION CONDITIONS®

AC input voltage detected

ViN

ove) > V(AC) > V(BAT) + ViyoT)

USB input voltage detected

Vinove) > V(USB) > V(BAT) + Vi)

AC over-voltage detected

V(AC) > Vinovp)

USB over-voltage detected

V(USB) > Vinove)

SYS pin short detected

V(SYS) < Vsysys)

Battery switch over-current detection

I(BAT) > Igatsys

Supplement mode detection

V(SYS)<V(BAT)-Vsup(sys) AND I(BAT)< Igatsys

(1) VinoT) VsHisys) Veatsh: Vinove) Vsupsys) are TPS658600 internal references, refer to the electrical characteristics for additional

details
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Figure 3-4. Simplified Power Path Block
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The I2C control bits and system status are used by the power path control logic to define the state of the
power path switches as shown below; a fault condition will be detected when the SYS pin is shorted or a
battery switch over-current condition is detected.

Table 3-4. Power Path Control

AC USB FAULT AC USB SYS PIN
6586x MODE | PWRSYS | USBSUSP DETECTED DETECTED DETECTE SWITCH | SWITCH | BATTERY SWITCH CONNECTED TO

UVLO X X X X X OFF OFF OFF NONE
NOT UVLO X X X X YES OFF OFF OFF PULL-UP RES/ISRC
NOT UVLO X YES X NO ON OFF ON if Supplement AC

mode is required,

NOT UVLO L 0 NO YES NO OFF ON OFF otherwise usB
NOT UVLO NO YES NO OFF OFF ON BATTERY
NOT UVLO X NO NO NO OFF OFF ON BATTERY
NOT UVLO 0 X X X NO OFF OFF ON BATTERY

When a fault condition is detected, the fault recovery method (resistor or current source) is defined by the
input power supply detection:

Table 3-5. Power Path Fault Recovery Control

AC DETECTED USB DETECTED RECOVERY METHOD
YES X AC PULL-UP RESISTOR ON
NO YES USB PULL-UP RESISTOR ON
NO NO 30mA CURRENT SOURCE ON

3.19

3.20

POWER PATH STATUS

The power path status is available at register 0xB9, bits BATSYSON, ACSWON, USBSWON , and
register 0xBB, bits LOWSYS, ACDET, USBDET, AC_OVP and USB_OVP. See the STATUS REGISTER
section for bit function description.

BATTERY CHARGER

The TPS658600 has an integrated linear charger that is designed to enable the implementation of two
distinct configurations. The TPS658600 has been configured such that the Charger input power is
supplied by the SM2 output. In this mode, the SM2 acts as a pre-regulator to the charger input. The
Charger is active when the device is in the SLEEP state.

Charger input power supplied by power path output : The SM2 voltage is set to the voltage
programmed by the host via register SUPPLYV2 control bits VSM2[4:0] at all times. The charger input pin
VIN_CHG must be connected to the power path output SYS pin. This topology has lower efficiency when
compared to the pre-regulator configuration, but it enables the use of SM2 as a stand alone converter in
systems where lower charge rates are required.
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Figure 3-5. Linear Charger Configured as Stand-Alone

SM2 acting as a pre-regulator to the linear charger input: The charger and internal control logic are
configured to work together such that during fast charge, the SYS pin voltage is down-converted by SM2
to VBAT+ 0.26V (typ), tracking the battery voltage as it increases during the charge process . This
topology achieves overall efficiency close to a switched mode charger topology. When the system is on
battery power operation, pre-charge or the thermistor is removed, the SM2 tracking mode is disabled and
SM2 down converts the battery voltage to the voltage programmed by the host via register SUPPLYV2
control bits VSM2[4:0]. When the charger is configured to turn ON in sleep mode, the SM2 output voltage
should be set using the SUPPLY2 control bits VSM2[4:0] to a voltage 250mV (typ) above the charge
regulation voltage.
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Figure 3-6. Linear Charger Configured with SM2 as Pre-Regulator

3.21 OPERATING MODES

The TPS658600 supports charging of single-cell Li-lon or Li-Pol battery packs. The charge process is
executed in three phases: pre-charge (or pre-conditioning), constant current and constant voltage.
Protection circuits reduce the charge current when the IC junction temperature exceeds 125°C (typ,
thermal loop), or when the SYS pin voltage drops below a user-selectable threshold (DPPM loop).

When the charger is enabled, the control loops limit the BAT pin current to the programmed charge
current value (charge current loop) or regulates the BAT pin voltage to the programmed charge voltage
value (charge voltage loop). If V(BAT) < V| owsaT, the BAT pin current is internally set to the programmed
pre-charge current value. A typical charge profile is shown below, for an operation condition when the
thermal and DPPM loops are not active.

If the operating conditions cause the IC junction temperature to exceed 125°C or the SYS pin voltage
collapses, the charge cycle is modified, with the activation of additional control loops. The DPPM and
thermal loops will override the other charger control loops and reduce the charge current. A modified
charge cycle, with the thermal or DPPM loop active, is shown in Figure 3-7 and Figure 3-8.
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3.22 DETECTING THE SYSTEM STATUS

The TPS658600 has integrated comparators that monitor the voltages at the BAT, TS, and VIN_CHG
pins, as well as the charge current. The data generated by those comparators is used by the control logic
to detect fault conditions and control SM2 operation. Table 3-6 lists the system power detection

conditions. Vsywin_cHe): Viowsat, and Vsyear are TPS658600 internal references (refer to the electrical
characteristics for additional details).

Table 3-6. System Status Detection Conditions

STATUS DETECTION REQUIREMENTS
VIN_CHG pin short detected V(VIN_CHG) < Vsyvin_cHe)
Battery voltage below pre-charge threshold V(BAT) < Vi owgaT
Battery short detected V(BAT) < VshaT)
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Figure 3-9. Simplified Charger Block Diagram
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3.23 CHARGER RAM REGISTERS

The charger has control bits that enable user configuration of multiple charger parameters, as shown

below:
Table 3-7. Charger Control
CHG1 [Addr 0x49] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name CHGTMR[1] CHTMRI0] BATDCH TSON ISET[1] ISET[0] TERMOFF CHSUSP
BATTERY | THERMISTOR CHARGE
Function | CHARGE SAFETY TIMER VALUE | DISCHARGE BIAS CHARGE CFLLRC'?FEONRT SCALING | 1ERMINATION SCUHSAPFE([J\‘ED
SWITCH CONTROL STATE
NOT
When 0 00 = 4 Hrs 01 = 5 Hrs OFF OFF 00 =0.25 10 = 0.75 TERM ON SUSPENDED
10 = 6 Hrs 11 = 8 Hrs 01=0.50 11 = 1.00
When 1 ENABLED ON TERM OFF SUSPENDED
CHG2 [Addr Ox4A] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name DTCON VPCHG TSBYP CHTMREN VCHGI[1] VCHGI[0] CHGONI[1] CHBOOT
CHARGER
Functi DYNAMIC PRE-CHARGE ENABLE CHARGE CHARGE VOLTAGE CHARGER OPERATION
unction TIMER VOLTAGE CHARGER SAFETY SELECTION ON/OFF DURING
FUNCTION LDO MODE TIMER B
ooT
When 0 OFF 25V OFF OFF SEE VCHG SETTING TABLE | SEE CHARGE OFF
When 1 ON 2.9V ON ON SEE VCHG SETTING TABLE | ENABLE TABLE ON
CHG3 [Addr 0x4B] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name CHGONI[O] SYSDPPM[1] | SYSDPPMI0] TPCHG ITERM[1] ITERM[O] IPCHGI[1] IPCHGI0]
PRE-CHARGE
. CHARGER SYSTEM POWER PATH DPPM TERMINATION CURRENT
Function ON/OER THRESHOLD TIMER FAGTOR PRE-CHARGE CURRENT FACTOR
SCALING
When 0 SEE CHARGE 00=3.5V 01=3.75V 30 MIN 00=0.04 01=0.10 00=0.04 01=0.1
When 1 ENABLE TABLE 10=4.0V 11=4.25V 60 MIN 10=0.15 11=0.20 10=0.15 11=0.2
Table 3-8. VCHG Settings
RSVD4B4® VCHG[1] VCHGIO0] CHARGER REGULATION VOLTAGE®
0 0 0 4.10
0 0 1 4.15
0 1 0 4.20
0 1 1 3.95
1 0 0 4.30
1 0 1 4.35
1 1 0 4.40
1 1 1 4.45

(1) The charge voltage range is set by bit RSVD4B4, located on register PPATH1, 0x4C (bit B4)

Table 3-9. Charge Enable Control

SM2 CHGON[1] CHGONIO0] CHA}EGSELIEEMPODE CH;?“R'\?OERRM'\QOLDE
OFF X X OFF OFF
ON 0 0 OFF OFF
ON 0 1 OFF OFF
ON 1 0 ON OFF
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3.24

3.25

3.26

3.27

3.28

3.29

Table 3-9. Charge Enable Control (continued)

CHARGER MODE CHARGER MODE
SM2 CHGON[1] CHGONJ[0] IN SLEEP IN NORMAL
ON 1 1 ON ON

SUPPLEMENT MODE DETECTION

The TPS658600 charger does not have a supplement mode. The charger power mosfet will NOT turn on
when the charger is disabled and V(VIN_CHG) < V(BAT).

SHORT CIRCUIT DETECTION

The BAT pin is monitored for a short circuit condition. If V(BAT) < Vgygar) » the BATCHG switch is turned
OFF and an internal resistor is connected from VIN_CHG pin to BAT pin.

DPPM FUNCTION

Internal circuits monitor the voltage at the SYS pin and reduce the charge current when V(SYS) <
Vsyspepw)- This function assures that the external power is used to run the system. The threshold
Vsyspppwm) Can be programmed using the I2C bits SYSDPPM<1:0> in register CHG3.

BATTERY DETECTION, TEMPERATURE QUALIFICATION

Battery pack insertion and battery pack temperature are detected by three comparators that monitor the
thermistor voltage. The thermistor supply is enabled via I°C when control bit TSON=HI in register CHG1.
This control bit enables the host software to turn on the thermistor bias when the charger is off and the
pack temperature needs to be measured via the ADC, minimizing system quiescent current when
operating under battery power. When the charger is activated, the thermistor power is enabled
independent of the state of bit TSON.

The host software must disable the charger by setting bit CHGON(1)=0 when the battery pack removal is
detected by the TPS658600. This procedure is required in order to avoid undesired transients when a
battery pack is hot-plugged in the system.

BATTERY PRE-CONDITIONING

The TPS658600 applies a pre-charge current lyprechg) to the battery if the battery voltage is below the
Vi oweat threshold, pre-conditioning deeply discharged cells. The resistor, Riset, connected between the
ISET and AGND pins, determines the pre-charge rate. The pre-charge rate programmed by Rget is
always applied to a deeply discharged battery pack, independent of the input power selection (AC or
USB). The pre-charge current can be calculated as shown in Equation 1:

KprecHG
R
ISET (1)

loPrRECHG)

where Kpreche is the pre-charge current scaling factor in AQ.

The pre-charge current is set by the resistor on the ISET pin and can be scaled via I°C register CHG3 bits
IPCH_1, IPCH_O to a percentage (20%, 15%, 10%, or 4%) of the value set by R,ser. The pre-charge
voltage is selectable via bit VPCHG, register CHG2.

CONSTANT CURRENT CHARGING

The constant charge current mode (fast charge) is set when the battery voltage is higher than the
pre-charge voltage threshold. The fast charge current regulation point is defined by the external resistor,
RseT, connected to the ISET pin as shown in Equation 2.
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[ = KSET
O(BAT) R
ISET 2

where Kger is the charge current scaling factor in AQ.

The charge current is set by the resistor on the ISET pin and can be scaled via I°C register CHG1 bits
ISET1[1:0] to a percentage (100%, 75%, 50% or 25%) of the value set by RigeT.

The ISET resistor will always set the maximum charge current if the AC input is selected. When the USB
input is selected the maximum charge current will be defined by the USB input current limit and the
programmed charge current. If the USB input current limit is lower than the Iogar value, the battery switch
will be set in the dropout region and the charge current will be defined by the input current limit value and
system load, as shown in Figure 3-10.

Battery Charging Battery Discharging
USB ILIM = 2.75A USB ILIM = 500mA USB Supplement
| _Ep—l
I(USBJ 1000mA
800mMA
IBAT L I 750mA
800mA set by Rget i 500mA
300mA

Isys 200mA
OmA

-250mA

Figure 3-10. USB Supplement Mode

3.30 BATTERY VOLTAGE REGULATION, CHARGE VOLTAGE

The Voltage regulation feedback is implemented by sensing the BAT pin voltage, which is connected to
the positive side of the battery pack. The TPS658600 monitors the battery-pack voltage between the BAT
and AGNDL1 pins. When the battery voltage rises to the Vogatres) threshold, the voltage regulation phase
begins and the charging current tapers down.

The charging voltage can be selected via I°C, with bits VCHG<1:0> (register VCHG1) and RSVD4B4
(register PPATH1, 0x4C)

3.31 LDO MODE OPERATION

The LDO mode makes it possible to run critical subsystems connected directly to the battery node (BAT
pin) when the battery is removed and the end equipment is powered by the AC or USB input.

The SM2 voltage must be programmed by the host via register SUPPLYV2 control bits VSM2<4:0> to a
value 100mv above the programmed charge voltage before the LDO mode is enabled, and it should be
left at that value while LDO mode is in use. The SM2 voltage can be set to any other value after the LDO
mode is disabled.

The charger LDO Mode operation is enabled when termination is disabled (TERMOFF bit is 1 in CHG1)
and thermistor removal detection is ignored (setting TSBYP bit to 1 in CHG2).
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When the LDO mode is set, termination is disabled, all safety timers are held in reset, and the battery
discharge switch is disabled. The BAT pin voltage will regulate to Vogartreg) When all the following
conditions are true: the charger is enabled (VIN_CHG > Vggatres) and input power is present (AC or
USB input power detected). Under these conditions the BAT pin voltage will be regulated to the charge
voltage Voeatreg) if the charger current loops are not active.

The charger current limit loop will still be enabled, and the current that can be supplied by the BAT pin in
LDO mode will be dependent on the BAT pin voltage, as shown in Table 3-10.

Table 3-10. Battery Charge Current

BAT PIN VOLTAGE BATTERY CHARGE CURRENT
< ViowsaT lo(PRECHG)
> ViowsaT loaT)

In LDO mode, both the thermal loop and DPPM loop are also enabled. These loops, when active, limit the
current available at the BAT pin. The BAT pin voltage will collapse if the charge current available is lower
than the current required to run subsystems connected to the BAT pin.

The battery tracking function is disabled when the thermistor is not detected; the BAT pin will, as a result,
track the SM2 output voltage when V(SM2) is set below Vo garrec)-

3.32 CHARGER CONTROL LOGIC AND OPERATING MODES
The charger control logic monitors system parameters and control signals to define when the charger is
enabled. The table below lists the charger operating modes. Note that when the charger is set to OFF all
timers are reset. The charge is enabled by setting bit CHGON to 1 in register CHG2.
The timer fault and termination detection events are latched internally to the charger control logic, and
after that the charger is set to OFF. The only way to reset a timer fault and termination detection is to start
a new charge cycle.
Table 3-11. Charger Mode Control
TPS658600 | INPUT POWER SM2 CHUSSER | charce | SRS Ty pacK TERM CHARGER
MODE DETECTED MODE® DETECTED ENABLED CMD DETECTED EAULT DETECTED MODE
UVLO X X X X X X X X OFF
NO X X X X X X X OFF
YES OFF X X X X X X OFF
YES ON YES X X X X X OFF
YES ON NO NO X X X X OFF
NOT UVLO YES ON NO YES NO NO NO NO ON
YES ON NO YES NO YES X X OFF
YES ON NO YES NO X X YES OFF
YES ON NO YES YES NO X NO SUSPEND
YES ON NO YES NO NO YES NO SUSPEND

(1) When SM2 is not configured as the charger pre-regulator the SM2 mode does not affect the charger mode.

3.33 CHARGE SUSPEND
The charge may be suspended anytime by setting CHSUSP to 1 in register CHG1 or when the pack
temperature is out of range and 1°C control bit TSBYP is 0. This will disable the charger stage and hold
the safety timers at their current count. Normal operation resumes when a temperature fault is not
detected.

44 DETAILED DESCRIPTION Copyright © 2009, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Link(s): TPS658600


http://focus.ti.com/docs/prod/folders/print/tps658600.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA37&partnum=TPS658600
http://focus.ti.com/docs/prod/folders/print/tps658600.html

I,

www.ti.com

TEXAS

TPS658600

INSTRUMENTS

SLVSA37-DECEMBER 2009

3.34 CHARGE TERMINATION

The TPS658600 monitors the charging current during the voltage regulation phase. Charge is terminated
when the charge current is lower than an internal threshold, set to 10% (typ) of the fast charge current
rate. The termination point applies to both AC and USB charging, and it can be calculated as shown in
Equation 3.

KTERM

I =
TERM
Riset

©)
where Krgry is the termination constant detection factor.
The termination current may be scaled using I°C register CHG3 bits ITERM[1:0].

The termination detection is internally deglitched by Tpg| (term) » 25ms typ. When the charge current drops
below the internal termination threshold for t > Tpg (rermy, the bit ITERM is set to 1 in the status register
STAT, indicating that termination was detected. ITERM is not affected by the state of TERMOFF control
bit, and it will always report the charge current status. If the termination is enabled (TERMOFF cleared to
0) and termination is detected, the charge cycle ends and the charger is turned off.

Table 3-12. Termination Detection Conditions

CHARGE CURRENT DPM OR DPPM OR TERMINATION TERMINATION
BELOW TERMINATION THERMAL LOOP CHARGER MODE DETECTION ENABLED DETECTED,

THRESHOLD ACTIVE VIA 12C I((BAT) < lrgrm

NO X X X NO

YES X OFF X NO

YES X SUSPEND X NO

YES X ON NO NO

YES YES ON YES NO

YES NO ON YES YES

3.35

3.36

The termination detection is latched and it will be reset only when a new charge cycle starts.

The I2C charge status bits in the STAT2 register only indicate DONE state when termination is detected.

STARTING A NEW CHARGE CYCLE

A new charge cycle will start only if the voltage on the BAT pin falls below the V(gcy) threshold for a time
longer than TpgrcH): 25Ms (typ). A new charge cycle also starts when bit CHGON (CHG1 register)
changes from 0 to 1, or if both AC and USB input power are removed and then one or both are
re-inserted.

After termination is detected a new battery pack insertion detection will not start a new charge cycle, even
if V(BAT) < V(rchy.

PRE-CHARGE SAFETY TIMER

The TPS658600 activates an internal safety timer during the battery pre-conditioning phase. The
pre-charge safety timer value is set internally to a fixed value, Tprechg, 30 min or 60 min typ, selectable
via I°C. The pre-charge safety timer is disabled when the termination is disabled via 1°C (bit
TERMOFF=HI, register CHG1) or when CHTMREN=0 at the 1°C register CHG2.

When the charger is in suspend mode the pre-charge safety timer is put on hold (i.e., charge safety timer
is not reset). Normal operation resumes when the charger exits the suspend mode. If V(BAT) does not
reach the internal voltage threshold V(prechg) Within the pre-charge timer period a fault condition is
detected and the charger is turned off.
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3.37

3.38

3.39

3.40

3.41

CHARGE SAFETY TIMER

As a safety mechanism the TPS658600 has a user-selectable timer that measures the total fast charge
time. This timer (charge safety timer) is started at the end of the pre-conditioning period. The following
values are available: 4, 5, 6, 8 hours, selectable via I°C register CHG1 bits CHGTMR. The charge safety
timer is kept in reset mode when CHTMREN=0 at the I°C register CHG2. The charge safety timer is
disabled when TERMOFF=1, in register CHG1. When the charger is in suspend mode, set via I°C register
CHG_CONFIG bit CHGON or set by a pack temperature fault, the charge safety timer is put on hold (i.e.,
charge safety timer is not reset). Normal operation resumes when the charger exits the suspend mode. If
charge termination is not reached within the timer period a fault condition is detected, and the charger is
turned off.

TIMER FAULT RECOVERY

The TPS658600 provides a recovery method to deal with timer fault conditions. The following summarizes
this method:

Condition 1: Charge voltage above recharge threshold (V(rcy)) and timeout fault occurs.

Recovery The IC waits for the battery voltage to fall below the recharge threshold. This could

method: happen as a result of a load on the battery, self-discharge or battery removal. Once
the battery falls below the recharge threshold, the IC clears the fault and starts a new
charge cycle.

Condition 2: Charge voltage below recharge threshold (V(rcy)) and timeout fault occurs.

Recovery Under this scenario, the IC connects an internal pull-up resistor from VIN_CHG pin to

method: BAT pin. This pull-up resistor is used to detect a battery removal condition and
remains on as long as the battery voltage stays below the recharge threshold. If the
battery voltage goes above the recharge threshold, the IC disables the pull-up resistor
connection and executes the recovery method described for condition 1.

All timers will be reset and all timer fault conditions are cleared when a new charge cycle is started
either via I°C (toggling bit CHGON in register CHG1) or by cycling the input power. All timers are
reset and all timer fault conditions are cleared when the TPS658600 enters the UVLO mode or if the
LDO mode is set.

DYNAMIC TIMER CONTROL

When the charger, thermal loop or DPPM loop are active the charge current is reduced. To avoid a false
termination detection when those loops are active the charger logic doubles the period of the clock used
by the charge safety timer.

The clock frequency is divided by 2 when any of those loops are active and DTCON=1. The dynamic timer
control may be disabled by setting control bit DTCON=0, at the CHG2 I°C register.

BATTERY DISCHARGE SWITCH

An internal switch will discharge the BAT pin to ground when the battery is not detected. This switch is
enabled via I>C control bit BATDCH on register CHGL1.

CHARGER STATUS

Charger status information is available at registers 0xB9, bits PACK_HOT, PACK_COLD, BATDET and
BATCHGSWON; register 0xBA, bits TMRFLT, DPPM_ON, TH_ON, ITERM, STAT1 and STAT2 . See
STATUS REGISTERS section for bit functional description. The charger status also is indicated at pin
CHG_STAT , this pin can be used as a logic level output (2v2 level) or it can be connected to an external
LED.
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Table 3-13. Charger Status Pin States

?éf:%]) ?SXTBAAT[;]) CHARGER STATE CHG_STAT LEVEL
0 0 Pre-Charge HI
0 1 Charge Done LO
1 0 Fast Charge HI
1 1 Charge Suspend, Timer fault LO

3.42 TPS658600 OPERATING MODES

The TPS658600 has an internal state machine that sets the operating modes based on the system status
and host commands. The state machine directly controls the state of the integrated supplies during
power-up sequences and normal operation. It also can change the on/off state of all integrated power
supplies and peripherals to implement protection functions or execute external hardware control or host

software commands.
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V(AC) > Vuuo NO POWER
OR
POWER UP® V(USB) > Vo AL
ALL REGISTERS RESET TO R SUPPLIES
DEFAULT V(BAT) > Vuvo OFF
ENABLE POWER PATH  J#————{|  1pses8sx
OPERATION INUVLO
nNOPOWER=LO MODE
{[ INPUT POWER(AC OR USB):
NOT DETECTED > DETECTED] OR V(SYS) > Viowsvs AND t>Teor V(2V2) < Voo
[RESUME=HI FOR 550ms (min) DETECTED]
OR
[RTC_ALARM=HI] } CYCLE=
AND INITIAL POWER UP
[V(SYS) > Viow sys AND
SLEEP NOT SET BY THERMAL

FAULT]

AND
INITIAL POWER UP CYCLE DONE

RTC®
ALL SUPPLIES OFF
FORCE RTC_OUT LDO OFF
nNOPOWER=LO
RESET/START T ceck TIMER

t>Twar

CYCLE= INITIAL POWER UP
AND

V(SYS) > Viow sys AND

t> Teec

CYCLE=POWER UP DONE
AND

V(SYS) > Viow svs AND
> Tereck

HARD REBOOT

ALL SYNC SUPPLIES OFF
nNOPOWER=LO
RESET/START Tuwar TIMER

WAIT®
FORCE RTC_OUT LDO ON
nNOPOWER=LO
ALL SUPPLIES OFF
ALL REGISTERS RESET TO DEFAULT
RESET/START TIMERS: Tyorrc »
Thorewus, Teoor

RTC_ON®
ALL SUPPLIES OFF
FORCE RTC_OUT LDO ON
ENABLE nNOPOWER TIMER
RESET/START T yax TIMER

SLEEP STATE
nNOPOWER=LO
SUPPLIES OFF
RTC REGISTERS RESET IF RTC_OUT < Vyyio_rro
EE-LOADABLE REGISTERS ARE
NOT RESET (KEEP VALUES)

ALL OTHER REGISTERS RESET TO DEFAULT

t>Twar

REBOOT REQUEST
V(RTC_OUT) > VrreLow TO HARD REBOOT

BOOT TIMER EXPIRES
R OR t> T ENABLED

NO 12C COMMUNICATION

OR

[HOTPLUG TIMER EXPIRES AND
V(SYS) < Viow_svs FOR 5mSEC AND
SLEEP BY LOWSYS ENABLED]

SUPPLYSEQ®
FORCE RTC_OUT LDO ON
RTC REGISTERS NOT RESET (KEEP VALUES)
ALL OTHER REGISTERS RESET TO DEFAULT
RESET/START TIMERS: Tworrc , THotpLuG: TeooT
EXECUTE SUPPLY SEQUENCING

t> Twar — Twart
nNOPOWER=LO

t> Twams

RESET/START TIMER T synceno WHEN
SEQUENCING IS COMPL

SUPPLY
SEQUENCING
COMPLETE
AND

t> Tsvncenn

BOOT TIMER EXPIRES

oR
[HOTPLUG TIMER EXPIRES AND
V(SYS) < Viow sve FOR 5mSEC AND
SLEEP BY LOWSYS ENABLED]

PGOOD FAULT\

DETECTED

POWER GOOD CHECK®
FORCE RTC_OUT LDO ON

NO PGOOD FAULT

NO THERMAL FAULT

REBOOT SET VIAI2C OR
nHOTRST PIN LO PULSE
DETECTED

\

AND
SLEEP EXIT SET VIAI12C NORMAL MODE

REBOOT
REQUEST

AND
CYCLE=POWER UP DONE

AN

[RESUME = HI FOR 400ms (min) DETECTED] OR
THERMAL FAULT [PGOOD FAULT AND NORMAL MODE SET] OR

ENABLE WRITE TO DVM REGISTERS
RTC REGISTERS RESET IF RTC_OUT < Vo grc
TURN OFF ENABLE PIN PULL-DOWN RESISTORS,
ENABLE SUPPLY OUTPUT DISCHARGE
RESISTORS

SLEEP REQUEST

RESET/ START
Twar TIMER

RESET/ START
Twar TIMER
nNOPOWER=LO

SLEEP MODE SETVIA12C WHEN ANY OF THE BOOT PHASE® STATES ARE SET:

[HOTPLUG TIMER EXPIRED AND
V(SYS) < Viow svs FOR 5mSEC AND 1 - WRITE TO DVM REGISTERS IS DISABLED
SLEEP BY LOWSYS ENABLED VIA 12C] 2 - SMOEN, SM1EN, SYNCEN,LDO4EN PULL-DOWN RESISTORS ON

3 - SUPPLY OUTPUT DISCHARGE RESISTORS ON

Figure 3-11. TPS658600 Operation Mode State Machine

The state machine transitions for the TPS658600 have been defined as shown below.
1. Supply sequencing started only when LDO4EN voltage level is a logic high

2. REBOOT REQUEST state transitions to the HARD REBOOT state

3. Supply sequencing is considered complete only if SMO is turned ON

4

. Sequencer goes into sleep during initial power-up cycle and ONLY RESUME pin can trigger exit from
sleep state

3.44 STATE MACHINE DESCRIPTION

In a normal power-up sequence the state machine will step through the following states:
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POWER-UP: If the internal digital supply (2V2) is below the internal UVLO threshold, Vv, o (2V typ), all IC
blocks are disabled and the TPS658600 is not operational. When the 2V2 supply voltage rises above
Vuvios the POWER-UP state is entered, an internal delay (Tpor, 8ms typ) is started and the SYS power
path is enabled. The SYS pin voltage is sensed by an internal comparator, and compared to the internal
threshold V| ow sys- When the power-on-reset delay expires and V(SYS) > V| ow sys the TPS658600
enters the RTC mode. -

RTC: When the RTC state is set the nNOPOWER pin is pulled to ground, discharging the external
capacitor connected to pin TNOPOWER and resetting the NOPOWER timer. The RTC_OUT LDO is
turned off, and the voltage at pin RTC_OUT is flagged as low if V(RTC_OUT) < Virrclow The RTC state
ends when the timer Tcyeck €xpires.

RTC_ON: When the state RTC_ON is set the integrated current source connected to the TNOPOWER pin
and the RTC_OUT LDO are enabled. If the RTC_OUT voltage was flagged as low in the RTC state the
TnorTe timer is enabled, and the NORTC pin is pulled low until V(RTC_OUT) > Vrrc pgoop- The TyorTe
timer starts counting when RTC_OUT > VgrcLow, and NORTC will be set to hi when t > Tyogrrc.

The TNOPOWER current source will remain ON until a new reboot cycle or sleep cycle is set, charging
the external capacitor connected to the TNOPOWER pin. The NOPOWER pin will be at a low logic level
until the TNOPOWER pin voltage is above an internal threshold (1.23v typ). When NOPOWER pin
transitions from LO—HI, a 250usec (typ) positive going pulse is generated at CHG_STAT pin. The
TNOPOWER external capacitor is discharged whenever the sequencer sets the NOPOWER pin to a low
state.

The RTC_ON state ends when V(RTC_OUT) > Vgrc pcoop OF wWhen the internal watchdog timer Tyax
expires.

WAIT: The TPS658600 will go into the WAIT state when exiting the RTC state during the initial power-up
cycle. To avoid undesired lockup conditions this operational mode should be used only when the boot
timer is enabled.

Three internal timers are started when the state machine enters the WAIT state. These timers run

independent of the sequencing state and have the following functionality:

» BOOT Timer (Tgoot): Sets the TPS658600 in the SLEEP REQUEST state if it expires during WAIT
state.

 HOTPLUG Timer (ThotpLug): SLEEP REQUEST state set by V(SYS) < V| owsys IS inhibited until this
timer expires

* NORTC Timer (TyorTc): NORTC pin will be set to a logic low level until this timer expires

The BOOT timer value is set to 500ms and the NORTC pulse width is set to 10ms.

SUPPLYSEQ: During the SUPPLYSEQ state all the internal supplies, with exception of RTC_OUT, are

initially turned off and then turned on according to a pre-programmed internal sequencing. Three internal

timers are started when the state machine enters the SUPPLYSEQ state. These timers run independent

of the sequencing state and have the following functionality:

» BOOT Timer (Tgoot): Sets the TPS658600 in the SLEEP REQUEST state if it expires during
SUPPLYSEQ state.

 HOTPLUG Timer (ThotpLug): SLEEP REQUEST state set by V(SYS) < V| owsys IS inhibited until this
timer expires

* NORTC Timer (TyorTc): NORTC pin will be set to a logic low level until this timer expires
The BOOT timer value is set to 500ms and the NORTC pulse width is set to 10ms.

The I12C engines are available while the device is in the SUPPLYSEQ state, however write operations to
the DVM registers are disabled, refer to DVM register section for more details. The TPS658600 remains in
this state until all the supplies are sequenced and the internal delay Tsyncenp (5ms typ) has expired.
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POWER GOOD CHECK: Supplies that were powered up during the SUPPLYSEQ state will have their
power good flags checked during the POWER GOOD CHECK state (with exception of RTC_OUT Ido).
The POWER GOOD CHECK state ends and the NORMAL state is set when a power good fault is not
present. If a power good fault is detected, the POWER GOOD CHECK state will move to the SLEEP
REQUEST state when the boot timer expires.

NORMAL STATE: In this state write operations to the DVM registers are enabled and the external host
controls all the TPS658600 functions. The normal state operation ends if a fault condition (defined as
either a thermal fault, V(SYS) < V,ow sys Or a supply power good fault) is detected or if hardware or
software commands trigger a sleep or reboot request. While in NORMAL mode, the host can mask any of
the power supply power good fault detection via 1°C registers PGFLTMASK1 and PGFLTMASK?2. Supplies
that have their power good fault detection masked will not end the normal state operation. However, the
status bit for the supply indicates that the output voltage is out of regulation. A RTC_OUT LDO power
good fault does not trigger a transition to SLEEP REQUEST.

Table 3-14. Sequencer Power Good Fault Masking

PGFLTMASK1 [Addr 0x4D]

Defaults in BOLD

Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name MASK_PLDO8 | MASK_PLDO7 | MASK_PLDO6 | MASK_PLDO4 | MASK_PLDO3 | MASK_PLDO2 | MASK_PLDO1 | MASK_PLDOO
Function MASK MASK MASK MASK MASK MASK MASK MASK
PGOODLDO8 | PGOODLDO7 | PGOODLDO6 | PGOODLDO4 | PGOODLDO3 | PGOODLDO2 | PGOODLDO1 | PGOODLDOO
When 0 UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED UNMASKED
When 1 MASKED MASKED MASKED MASKED MASKED MASKED MASKED MASKED

PGFLTMASK?2 [Addr Ox4E]

Defaults in BOLD

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name MASK_PSM3 | MASK_PSM2 | MASK_PSM1 | MASK_PSMO | MASK_PLDO9 | MASK_PLDO5 | RSVD4EL RSVD4EQ
. MASK MASK MASK MASK MASK MASK
Function PGOODSM3 | PGOODSM2 | PGOODSM1 | PGOODSMO | PGOODLDO9 | PGoopLpos | NOT USED NOT USED
When 0 UNMASKED MASKED UNMASKED | UNMASKED | UNMASKED | UNMASKED NOT USED NOT USED
When 1 MASKED UNMASKED MASKED MASKED MASKED MASKED NOT USED NOT USED

SLEEP REQUEST: The SLEEP REQUEST state is set at anytime when a thermal fault condition is
detected. It is also set when the TPS658600 is in the NORMAL state followed by one of the events shown
below.

1. A hardware sleep request is detected at the RESUME pin.

2. A power good fault is detected at any of the integrated supplies

3. V(SYS_IN) <V 0w sys and the HOTPLUG timer has expired (t > TyorpLuc)

4. SLEEP MODE is 1 (register 0x14, bit B3)

When the SLEEP REQUEST state is set an internal timer is started and bit SLEEPREQ=1 is set in

register STAT3 (address OxBB). Writing EXITSLREQ to 1 (0x14, bit B1) returns the TPS658600 to the
NORMAL state. If no action is taken by the host, while SLEEP_REQUEST state is set, the NOPOWER pin

is pulled low when Ty €xpires and the SLEEP state is entered after the Tyt timer expires.

Table 3-15. Sequencer Control, LDO5/LDO9 Enable

SUPPLYENE [Addr 0x14] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name LDO9_ON LDO5_ON SYSINEN HOTDLY SLEEP MODE RSVD EXITSLREQ SOFT RST
SYS_IN LOW SLEEP

Function LDO9 ON/OFF | LDO5 ON/OFF VOLTAGE HOT RESET TPS635§g00 IN REQUEST SOFZ-EI-SV;VEAFRE

CONTROL CONTROL SETS SLEEP DEGLITCH SLEEP MODE EXIT CONTROL
MODE CONTROL
S5usec min, GO TO SLEEP
When 0 OFF OFF DISABLED 16psec max NOT ACTIVE at T>T ot NOT ACTIVE
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Table 3-15. Sequencer Control, LDO5/LDO9 Enable (continued)

FORCE

TRANSITION REBOOT

When 1 ON ON ENABLED S5ms SET SLEEP TO NORMAL REQUEST
STATE

SLEEP STATE: When the SLEEP state is set all supplies are set to OFF mode (with exception of
RTC_LDO) and the NOPOWER output is pulled low. A few internal blocks are still active, enabling
detection of system status changes that trigger the SLEEP state exit.

All I°C engines are reset and all RAM registers are reset to their default condition when the SLEEP state
is set. The RAM bits that have a default set via the non-volatile memory will keep the value they had
before the SLEEP state was set.

The SLEEP state ends when one of the following sequences is executed:

A. If SLEEP was set by thermal fault: The SLEEP state will end only when all external input supplies and
battery pack are removed and an UVLO condition is detected by the TPS658600, setting the POWER
UP state.

B. If SLEEP was not set by thermal fault: The SLEEP state will end when a hardware sleep exit request is
detected at RESUME pin

EXITING THE SLEEP STATE: The figure below shows the timing relationship needed on the RESUME
pin to exit the sleep mode. This applies for all cases where the sleep mode entry was triggered by any
event other than a thermal fault.

T
TRESUME(H) RESUMEQ)

i TRESUME(H)
RESUME PIN P :
TPS6586x i
MODE NORMAL:MODE SLEEP MODE / ! NORMAL MODE
SET SLEEP \
ENTER/EXIT
SLEEP EXIT SLEEP

Figure 3-12. Entering and Exiting Sleep Mode Resume

REBOOT REQUEST: The REBOOT REQUEST state is entered from the NORMAL state. It can be set via
software (SOFT_RST set to 1, register 0x14 Bit BO) or by a V,_level detection at HOTRST pin. When the
reboot request state is set an internal timer Tyt (10ms typ) is started, and the NOPOWER pin is pulled
to ground. The reboot request ends when t > Tyyar. The REBOOT REQUEST will transition the device
state machine to the HARD REBOOT state. The REBOOT REQUEST is set if the HOTRST low pulse
width is greater than 10usec (typ).

The status bit COMPDET=1 (register STAT2, address 0xBA) when the NORMAL state is entered after a
reboot cycle triggered by the HOTRST pin. The status bit COMPDET=0 when the NORMAL state is
entered, after a power-up, sleep cycle or software triggered reboot cycle.

The bit COMPDET is reset to 0 when bit SPARECCO0=1, in register SPARE2 (address OxCC). After
resetting the COMPDET bit the host needs to set SPARECCO0=0 to enable detection of another reboot
cycle set via the HOTRST pin.
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An interrupt is generated when the TPS658600 transitions from the POWER GOOD CHECK state to the
NORMAL state , COMPDET=1 and IMASK_COMP=0 in register INTMASK4 (address 0xB3). An interrupt
request is generated after the NORMAL state is set if IMASK_COMP=0 and COMPDET value changes
from 1 to O.

Table 3-16. Reboot Flag Control

SPARE2 [Addr 0xCC] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name SPARECC7 | SPARECC6 | SPARECC5 | SPARECC4 | SPARECC3 | SPARECC2 | SPARECC1 | SPARECCO
RESET
Function SPARE SPARE SPARE SPARE SPARE SPARE SPARE RIE-|BO(?F(F)22'I|'3Y
STATUS BIT
When 0 NOT USED NOT USED NOT USED NOT USED NOT USED NOT USED NOT USED DR?E’S\II?'IT

When 1 NOT USED NOT USED NOT USED NOT USED NOT USED NOT USED NOT USED RESET

3.45

3.46

3.47

HARD REBOOT: The HARD REBOOT state powers down all the TPS658600 supplies, with exception of
the RTC_OUT LDO.

SUPPLYLOAD: When the SUPPLYLOAD state is set all the registers are reset to their defaults, and the
non-volatile memory is reloaded into the RAM. The supplies are not sequenced, and they will return to
their on/off and output voltage defaults upon entering the SUPPLYLOAD state (on/off, default voltages).
The timers TgooT: ThoTteLug @nd Tsyncenp are reset and started. The SUPPLYSEQ state ends when t >
Tsyncenp, and the POWER GOOD CHECK state is set.

Cropower CAPACITOR DISCHARGE

The external capacitor connected to the TNOPOWER pin is always discharged when the sequencer sets
NOPOWER=LO in the following states: POWER-UP, RTC, REBOOT REQUEST, HARD REBOOT and
SLEEP. For large capacitance values (above 330nF) the external capacitor may not be fully discharged
during reboot cycles, and as a result the NOPOWER pulse width may be slightly reduced when compared
to the value indicated in the parametric tables.

SEQUENCER STATUS

Sequencer status information is available at registers 0xBA, bit COMPDET and register OxBB bits
SLEEPREQ and RESUME. See STATUS REGISTERS section for functional description of these bits.

SUPPLY SEQUENCING AND HOST INTERFACE

3.47.1 Integrated Supply Sequencing

The TPS658600 enables the implementation of complex supply sequencing. With the exception of
RTC_OUT, the integrated power-up sequencing starts when the TPS658600 state machine enters the
SUPPLYSEQ state. The RTC_OUT LDO is always enabled in the RTC state, which occurs before the
SUPPLYSEQ state, and the output of this LDO can be used to power an external processor or circuitry in
systems where the supply sequencing is controlled externally using pins SMOEN, SM1EN or SYNCEN.

Each supply rail is controlled by a combination of its default status (ON or OFF), its assigned sequencing
trigger group (INTERNAL, SMOEN, SM1EN or SYNCEN), and a delay time.

The default status (ON or OFF) of each rail is shown in Table 3-17.

If the default for a supply rail is ON the trigger group associated to the supply determines the control
signal that initiates the delay time to the start of the rail power up. There are four trigger groups, one
internal and three external pins:
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INTERNAL This group is controlled by an internal signal that goes high when the TPS658600 goes
from the RTC_ON state to the SUPPLYSEQ state.

SMOEN This group is controlled by the falling edge of the SMOEN pin and starts when the pin
voltage is below its V,_level.
SM1EN This group is controlled by the rising edge of the SM1EN pin and starts when the pin

voltage is above its V4 level.

SYNCEN This group is controlled by the rising edge of the SYNCEN pin and starts when the pin
voltage is above its V|, level.

The trigger group of each rail and its associated delay is shown in Table 3-17. If a supply rail has a default
state of ON and the appropriate trigger is high, the rail will be turned on after the delay time for that rail
has expired. The delay time starts when the trigger signal for that supply has gone high, while
SUPPLYSEQ state is set. No delays are available after NORMAL mode is set.

Table 3-17. TPS658600 Integrated Supply Power-Up Defaults

TPS658600 SETTINGS
DEFAULT DEFAULT

SUPPLY STATE VOLTAGE TRIGGER DELAY
LDOO ON 2.85V SM1EN 15ms
LDO1 ON 1.2V INTERNAL Value applies to LDOO, LDO1
LDO2 ON 1.2v INTERNAL oms
LDO3 OFE 1.8V SM1EN Value applies to LDO2, LDO3
LDO4 OFF 1.8V INTERNAL 2.5ms
LDO6 ON 2.85Vv SYNCEN

2.5ms
LDO7 OFF 2.85v INTERNAL Value applies to LDO6, LDO7 and LDO8
LDO8 ON 2.85V SYNCEN
LDO5 OFF 2.85V SM1EN 3.75ms
LDO9 OFE 2.85V Trigger applies to both LDO5 and LDO9 Value applies to LDO5, LDO9
SMO0 ON 1.2v SMOEN 2.5ms
SM1 ON 1.8V SM1EN 15ms
SM2 OFF 4.4V INTERNAL 15ms
3.48 INTEGRATED SUPPLY SEQUENCING — SUPPLY ENABLE CONTROL

The ON or OFF mode for each supply is defined by the supply enable RAM control bits and enable pins
SMOEN, SM1EN and LDO4EN. The supply enable bits are located in registers SUPPLYENA,
SUPPLYENB, SUPPLYENC, SUPPLYEND, SUPPLYENE (see supply functional description for more
details). The functionality of the RAM bits and enable pins is dependent on the state set in the state
machine as follows:

When the NORMAL state is NOT set : The pins SM1EN , SMOEN and LDO4EN will always control the
ON or OFF modes for all supplies that use them as triggers. The supply enable RAM bits will control the
ON or OFF modes for the supplies.

When the NORMAL state is set: The supply enable RAM bits will always control the ON or OFF modes
for the supplies. The pins SM1EN, SMOEN and LDO4EN may control the ON or OFF modes for supplies
SM1, SMO and LDO4. The enable pins do not control the ON or OFF modes of any other supplies.

During sequencing, the following RAM bits control the supply ON/OFF mode: LDO2 RAM bits, LDO4 RAM
bits, SMO RAM bits and SM1 RAM bits.

When the NORMAL mode is set, SMOEN controls the SMO ON/OFF mode, SM1EN controls the SM1
ON/OFF mode and LDO4EN controls the LDO4 ON/OFF mode.
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3.49

3.50

3.51

3.52

3.53

INTEGRATED SUPPLY SEQUENCING — POWER-DOWN

To start a power down sequence the SLEEP REQUEST or REBOOT REQUEST states must be set. Once
one of those two states is set the trigger pins are active again and they will control the ON/OFF state of
the supplies associated with that trigger group. The device will enter the SLEEP or HARD REBOOT state
10ms after the SLEEP REQUEST or REBOOT REQUEST is initiated. Any supply still active when the
SLEEP or HARD REBOOT state is entered will be immediately disabled. This is the default turn off
condition for any supply associated with the INTERNAL sequencing trigger group.

For example, if a supply has a default state of OFF and it has SM1EN as the selected factory trigger: this
supply will not power up during the SUPPLYSEQ state when SM1EN goes high. If it is enabled during the
NORMAL state and is still enabled when the SLEEP REQUEST or REBOOT REQUEST states are
entered, this supply will be turned off on the falling edge of SM1EN as this is its assigned trigger group
programmed at the factory.

If LDO4EN is set LO by the host when the TPS658600 enters the SLEEP REQUEST or REBOOT
REQUEST states, the LDO4 supply will turn off only when the HARD REBOOT or SLEEP states are set.
The LDO4PG pin will be pulled low when LDO4EN is below V, , with no delay.

All the supplies are turned off at the same time when the TPS658600 enters the SLEEP or HARD
REBOQOT state.

HOST INTERFACE

The TPS658600 devices have multiple signals that can be used by the external system to execute power

sequencing operations or verify the system status. Those signals are generated as follows:

1. Power supply status (2V2 logic level) : SMOPG, SM1PG, LDO4PG — A HI level indicates that the
supply is on and the regulation voltage is valid. A LO level indicates either that the supply voltage is
out of regulation or that the supply has been disabled.

2. External system and host control (V32K pin logic level): The NOPOWER, NORTC, and OUT32K pins
may be used to interface to external hosts, controlling the host reset and executing host-controlled
power-up sequencing.

EXTERNAL 32 kHz

The TPS658600 outputs a 32 kHz clock (pin OUT32K) that can be used by the external system. The
OUT32K output starts when the NORTC pin is above V), and V32K is valid. The 32 kHz can be derived
either from an internal 32kHz oscillator or from a crystal-based clock, selectable via I1>C using bit 6 of the
RTC_CTRL (Addr OxCO) register (see the Real Time Clock section). However, only the crystal-based
clock is output to the OUT32K pin.

SUPPLY INPUT PIN CONNECTION

The input pins for all supplies (VIN_LDOO1, VIN_LDO23, VIN_LDO4, VIN_LDO678, VIN_LDQO9) enable
optimization of the overall system power architecture by connecting lower output voltage supplies to
intermediate rails or external rails. Care must be taken to ensure that the input pin for each integrated
supply is powered when the supply is enabled during the power-up sequencing. Failure to do so will result
in a power good fault detection with a potential lock-up situation. The input pins VIN_SMO, VIN_SM1,
VIN_SM2 must be connected to the SYS pin

HOST INTERFACE

The TPS658600 may be used in systems where the sequencing is controlled by an external host or
housekeeping circuit, as well as in systems where stand-alone sequencing is a requirement. For host
controlled systems the RTC_OUT LDO can be used as the supply that powers the external sequencing
control and the NOPOWER and NORTC pin signals are used as resets for the external circuit.
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Figure 3-14. TPS658600 Controlled Startup

3.54 INTEGRATED SUPPLIES — ENABLE CONTROL, DVM CONTROL

3.54.1 DVM and Non-DVM Supplies

The TPS658600 has two types of voltage control for the integrated supplies:

HOST CONTROLLED
SEQUENCING :

RTC_OUT SUPPLIES
EXTERNAL CIRCUIT
THAT DRIVES SUPPLY
POWER-UP USING
TRIGGER PINS SMOEN,
SM1EN, SYNCEN

6586X SEQUENCING :

HOST IS KEPT IN
RESET MODE UNTIL
6586X SEQUENCES ALL
SUPPLIES FOLLOWING
INTERNAL,
PRE-DEFINED TIMING.
ALL ENABLE PINS
CONNECTED TO 2v2

1. DVM supplies: SM0, SM1, LDO2 and LDO4 are DVM supplies with dedicated register sets that enable
a controlled transition from an initial voltage to a final voltage. The initial voltage, final voltage, and
voltage transition start time are set via 1°C. SM0 and SM1 have I°C programmable slew rate.
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2. NON-DVM supplies: LDOO, LDO1, LDO3, LDO5, LDO6, LDO7, LDOS8, LDO9, SM2 and RTC_OUT
outputs can be changed, but without slew rate and transition start time control. The output of these
supplies will be changed to the new value as soon as TPS658600 sends the ACK of the I1°C command
setting the new output voltage.

3.54.2 DVM and Non-DVM Supply Enable

All the integrated supplies can be turned on/off by RAM enable bits. All the supplies (with exception of
LDO5, LDO9 and RTC_OUT LDQO's) have two enable bits on distinct registers (registers 0x10, 0x11, 0x12,
0x13, 0x14). A supply will be enabled when ANY of its enable bits, in the registers below, are set to 1.
Each supply will be disabled when ALL of the enable bits for that supply are set to 0. For example: SMO
enabled: SMO_ENA=1 OR SMO_ENB=1, SMO disabled: SMO_ENA=0 AND SMO0_ENB=0

Table 3-18. SM0-2, LDOO0-9 Control

SUPPLYENA [Addr 0x10]

Defaults in BOLD

Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name RSVD107 RSVD106 RSVD105 RSVD104 LDO2_ENA1 | LDO2_ENAO SMO_ENA SM1_ENA
. LDO2 LDO2 SMO SM1
Function NOT USED NOT USED NOT USED NOT USED CONTROL CONTROL CONTROL CONTROL
SUPPLYENB [Addr 0x11] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name RSVD117 RSVD116 RSVD115 RSVD114 LDO2_ENB1 | LDO2_ENBO SMO_ENB SM1_ENB
. LDO2 LDO2 SMO SM1
Function NOT USED NOT USED NOT USED NOT USED CONTROL CONTROL CONTROL CONTROL
SUPPLYENC [Addr 0x12]
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name SM2_ONC | LDO8_ONC | LDO7_ONC | LDO6_ONC | LDO4 ONC | LDO3 ONC | LDO1_ONC | LDOO_ONC
Function SM2 LDO8 LDO7 LDO6 LDO4 LDO3 LDO1 LDOO
CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL
SUPPLYEND [Addr 0x13]
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name SM2_OND | LDO8 OND | LDO7 _OND | LDO6 OND | LDO4 OND | LDO3_OND | LDO1_OND | LDOO_OND
Function SM2 LDO8 LDO7 LDO6 LDO4 LDO3 LDO1 LDOO
CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL
SUPPLYENE [Addr 0x14] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name LDO9_ON LDO5_ON SYSINEN HOTDLY f\;ALoESEP SETNORMAL | EXITSLREQ SOFT RST
SYS_IN LOW SET SET SLEEP
. LDO9 LDOS VOLTAGE | HOT RESET | TPS658600 | TPS658600 | REQUEST | SOFTWARE
Function ON/OFF ON/OFF RESET
CONTROL CONTROL SETS SLEEP | DEGLITCH IN SLEEP IN NORMAL EXIT CONTROL
MODE MODE MODE CONTROL
Susec min NORMAL GO TO
When 0 OFF OFF DISABLED H ! | NOT ACTIVE | MODE NOT SLEEP at NOT ACTIVE
16psec max .
SET T>Twait
FORCE
ENABLE
TRANSITION REBOOT
When 1 ON ON ENABLED 5ms SET SLEEP NORMAL TO NORMAL | REQUEST
MODE STATE
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LDO5 and LDO9 will be turned on when LDO5_ON is 1 or LDO9 ON is 1, respectively. The RTC_OUT
LDO enable bits are located in the RTC control register, see real time clock section for details.

The supply enable defaults are unique for each device. See App Notes for device specific settings.

3.54.3 DVM Supplies - Voltage Transition Control

The output voltage for the DVM supplies can be set to one of the values programmed in the voltage
setting registers SMOV1, SMOV2, SM1V1, SM2V2, LDO2AV1, LDO2AV2, LDO2BV1, LDO2BV2, LDO4V1
and LDO4V2 in registers VCC1 and VCC2.

The voltage change for the DVM supplies is usually done with 2 I2C write commands:

1. The host writes the new voltage to the voltage setting register for the supply(s) that will have an output
voltage modification.

2. The voltage change starts by setting specific control bits in registers VCC1 and VCC2.

Bits VS in registers VCC1 and VCC2 select the next voltage for the DVM supplies. A voltage change is
started when ANY of the GO bits for the supply is set to 1. At the end of the voltage transition the GO bits
are cleared by the internal logic.

Table 3-19. DVM Supply Control

VCC1 [Addr 0x20] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name | LDO4VS LDO4GO LDO2AVS2 | LDO2AGO2 | SMovsi SM0GO1 SM1VS1 SM1GO1
Function LDSC|)54L\E/8IT_|TOAI\(|3E LDO2 VOLTAGE SELECTION | SMO VOLTAGE SELECTION | SM1 VOLTAGE SELECTION
VoLTAGE | HOLD Hop | (LR | Hob | e | HOLD
When 0 ooy | CURRENT | NOTUSED | CURRENT | VOLTASE | current | VOLTACE | CURRENT
S oan | VOLTAGE VOLTAGE v VOLTAGE oA VOLTAGE
SELECT RAMP TO 5SLMTPA-CI—5% SELECT RAMP TO SELECT RAMP TO
When1 | VOLTAGE | VOLTAGE | o Usep | seiierep | VOLTAGE | VOLTAGE | VOLTAGE | VOLTAGE
SETBY | SELECTED = SETBY | SELECTED | SETBY | SELECTED
LDO4V2 | BY LDO4VS LbOsbvsy | SMOV2 | BYSMOVSL | SMiv2 | BY SM1VSl
VCC2 [Addr 0x21] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name | LDO2BVS1 | LDO2BGO1 | LDO2AVS1 | LDO2AGO1 | SMOVS2 SM0GO2 SM1VS2 SM1GO2
Function LDs%zL\éng_E\?E LDO2 VOLTAGE SELECTION | | SMO VOLTAGE SELECTION | SM1 VOLTAGE SELECTION
VBLTAGE | HOLD oo | (LERR | wowp | (RLERE | HoLD
When 0 oe1my | CURRENT | NOTUSED | CURRENT | VorIACE | CURRENT | VOLTACE | CURRENT
ey, | VOLTAGE VOLTAGE oo VOLTAGE o VOLTAGE
SELECT 58["&2% \5SEAT|TA—(I;OE SELECT | RAMPTO | SELECT | RAMPTO
When1 | VOLTAGE | JOLTASE | on | ootASE | VOLTAGE | VOLTAGE | VOLTAGE | VOLTAGE
SET BY oy v SETBY | SELECTED | SETBY | SELECTED
LDO2BVZ | | [ootcr Doabvsy | SMOV2 | BYSMOVS2 | SMIV2 | BY SM1VS2

Table 3-20. SMO and SM1 Voltage Selection Register Settings

SMO OUTPUT VOLTAGE SELECTION SM1 OUTPUT VOLTAGE SELECTION
SM0GO1=1 OR SM0GO2=1 STARTS SM1G0O1=1 OR SM1G02=1 STARTS
SMOVS1 | SMOVS2 VOLTAGE TRANSITION SMOVS1| SMOVS2 VOLTAGE TRANSITION
TO VALUE SET BY REGISTER : TO VALUE SET BY REGISTER
SMOV1 0 0 SM1v1
0 1 SMOV2 0 1 SM1Vv2
Copyright © 2009, Texas Instruments Incorporated DETAILED DESCRIPTION 57

Submit Documentation Feedback
Product Folder Link(s): TPS658600


http://focus.ti.com/docs/prod/folders/print/tps658600.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA37&partnum=TPS658600
http://focus.ti.com/docs/prod/folders/print/tps658600.html

TPS658600 I3 TEXAS

INSTRUMENTS
SLVSA37—-DECEMBER 2009 www.ti.com
Table 3-20. SMO and SM1 Voltage Selection Register Settings (continued)
SMO OUTPUT VOLTAGE SELECTION SM1 OUTPUT VOLTAGE SELECTION
SMOV2 1 0 SM1v2
SMOV2 1 1 SM1v2

Table 3-21. SMO Voltage Selection by SMOEN

SMO ACTIVE LEVEL SMOEN SMO OUTPUT VOLTAGE
0 0 1.2v
0 1 OFF

The SMO output voltage value and transition is controlled by the SMOEN pin and SMOVS1/SMVS2.

NOTE
During a HI to LO transition of SMOEN (enabling SMO0), the SMO output will power up to
the pre-defined default state regardless of the setting set via 1°C prior to SMO being
disabled.

Table 3-22. SMO Output Voltage Settings Available for SMOEN Selection

RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
0.725V-1.50V 00000 0.725 01000 0.925 10000 1.125 11000 1.325
00001 0.750 01001 0.950 10001 1.150 11001 1.350
00010 0.775 01010 0.975 10010 1.175 11010 1.375
00011 0.800 01011 1.000 10011 1.200 11011 1.400
00100 0.825 01100 1.025 10100 1.225 11100 1.425
00101 0.850 01101 1.050 10101 1.250 11101 1.450
00110 0.875 01110 1.075 10110 1.275 11110 1.475
00111 0.900 01111 1.100 10111 1.300 11111 1.500

Table 3-23. LDO4 Voltage Selection Register Settings

LDO4 OUTPUT VOLTAGE SELECTION
LDO4VS LDO4GO=1 STARTS VOLTAGE TRANSITION TO
VALUE SET BY REGISTER
0 LDO4V1
LDO4v2

The LDO2 output voltage selection and GO bit functionality is shown below.
1. LDO2AGOn bits are not active

2. LDO2BGO1=1 starts a voltage transition to the voltage selected by LDO2BV1, LDO2BV2 and
LDO2BVS1

3. LDO2 voltage transition starts when SMOEN is set to LO

When the LDO2 output voltage is controlled by the SMOEN (CORECTRL) pin, registers LDO2AV2 and
LDO2AV1 define the output voltage:
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3.54.4 DVM Supply Voltage Transition

During a voltage transition the output voltage will be stepped from the currently programmed voltage to the
new target voltage as shown below. The slew rate from the initial voltage to the final voltage for SMO and
SM1 can be selected using the I2C registers SMOSL (ADDRESS = 0x25) and SM1SL (ADDRESS = 0x28)
respectively. LDO2 and LDO4 have the slew rate fixed internally to 7mV/uSec(typ).

1.5V 1.5V
25mV/STEP 25mV/STEP
1.375V 1.375V
78us/STEP 78us/STEP
SLEW RATE = (1.5V-1.375V)/(78us*5) = 3.52mV/us
1.5V 1.5V
25mV/STEP 25mV/STEP
1.375V 1.375V

39us/STEP 39us/STEP

SLEW RATE = (1.5V-1.375V)/(39ps*5) = 7.04mV/us

Figure 3-15. SMO and SM1 Dynamic Voltage Slew Rate Example

3.55 SMO, SM1, SM2 CONVERTERS

The TPS658600 has three highly efficient step down synchronous converters. The integration of the power
stage switching FETs reduces the external component count, and only the external output inductor and
filter capacitor are required. The integrated power stage supports 100% duty cycle operation. The
converters have two possible modes of operation: a 2.25MHz fixed frequency pulse width modulation
(PWM) mode at moderate to heavy loads, and a pulse frequency modulation (PFM) mode at light loads.
The converters SMO, SM1 and SM2 output voltages are programmable via I°C registers SMnV1 and
SMnV2 (SM0 and SM1) and SUPPLYV2 (SM2):

NOTE
VIN_SMO, VIN_SM1 AND VIN_SM2 PINS SHOULD ALWAYS BE EXTERNALLY
CONNECTED TO SYS PIN

3.55.1 SMO, SM1 DVM Buck Converters - Output Voltage Registers

Table 3-24. DVM Supply Voltage and Slew Rate Selection — SM0 and SM1

SM1V1 [Addr 0x23]

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD237 RSVD236 | RSVD235 | SM1vVi[4] SM1V1[3] SM1V1[2] SM1V1[1] SM1V1[0]
Function | NOT USED | NOT USED | NOT USED SM1 SUPPLY OUTPUT VOLTAGE
SM1V2 [Addr 0x24]
Bit Number | B7 | B6 B5 B4 B3 B2 | B1 | BO
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Table 3-24. DVM Supply Voltage and Slew Rate Selection — SMO and SM1 (continued)

Bit Name RSVD247 RSVD246 RSVD245 SM1V2[4] | SM1v2[3] \ SM1v2[2] \ SM1v2[1] | SM1V2[0]
Function NOT USED | NOT USED | NOT USED SM1 SUPPLY OUTPUT VOLTAGE
SM1SL [Addr 0x25]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD257 RSVD256 RSVD255 RSVD254 RSVD253 SM1SL[2] SM1SL[1] SM1SL[0]
Function NOT USED | NOTUSED | NOTUSED | NOTUSED | NOT USED SM1 SUPPLY RAMP RATE
SMOV1 [Addr 0x26]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD267 RSVD266 RSVD265 SMOV1[4] SMOV1[3] SMOV1[2] SMOV1[1] SMOV1[0]
Function NOT USED | NOT USED | NOT USED SMO SUPPLY OUTPUT VOLTAGE
SMOV2 [Addr 0x27]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD277 RSVD276 RSVD275 SMOV2[4] SMOV2[3] SMOV2[2] SMOV2[1] SMOV2[0]
Function NOT USED | NOT USED | NOT USED SMO SUPPLY OUTPUT VOLTAGE
SMOSL [Addr 0x28]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD287 RSVD286 RSVD285 RSVD284 RSVD283 SMOSL[2] SMOSL[1] SMOSL[0]
Function NOT USED | NOTUSED | NOTUSED | NOTUSED | NOT USED SMO SUPPLY RAMP RATE
The available output voltages and slew rates are shown below.
Table 3-25. SM0OV1[4:0] / SMOV2[4:0] / Output Voltage Settings
RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
0.725V-1.50V 00000 0.725 01000 0.925 10000 1.125 11000 1.325
00001 0.750 01001 0.950 10001 1.150 11001 1.350
00010 0.775 01010 0.975 10010 1.175 11010 1.375
00011 0.800 01011 1.000 10011 1.200 11011 1.400
00100 0.825 01100 1.025 10100 1.225 11100 1.425
00101 0.850 01101 1.050 10101 1.250 11101 1.450
00110 0.875 01110 1.075 10110 1.275 11110 1.475
00111 0.900 01111 1.100 10111 1.300 11111 1.500
Table 3-26. SM1V1[4:0] / SM1V2[4:0] Output Voltage Settings
RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
1.45V-3.0V 00000 1.45 01000 1.85 10000 2.25 11000 2.65
00001 1.50 01001 1.90 10001 2.30 11001 2.70
00010 1.55 01010 1.95 10010 2.35 11010 2.75
00011 1.60 01011 2.00 10011 2.40 11011 2.80
00100 1.65 01100 2.05 10100 2.45 11100 2.85
00101 1.70 01101 2.10 10101 2.50 11101 2.90
00110 1.75 01110 2.15 10110 2.55 11110 2.95
00111 1.80 01111 2.20 10111 2.60 11111 3.00
Table 3-27. SMOSL[2:0] and SM1SL[2:0] Slew Rate Settings
SMxSL SLEW RATE SMxSL SLEW RATE SMxSL SLEW RATE SMxSL SLEW RATE
[2:0] (mV/ps) [2:0] (mV/ps) [2:0] (mV/ps) [2:0] (mV/ps)
000 INSTANTLY 001 0.11 010 0.22 011 0.44
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Table 3-27. SMOSL[2:0] and SM1SL[2:0] Slew Rate Settings (continued)

SMxSL SLEW RATE SMxSL SLEW RATE SMxSL SLEW RATE SMxSL SLEW RATE
[2:0] (mV/ps) [2:0] (mV/ps) [2:0] (mV/ps) [2:0] (mV/ps)
100 0.88 101 1.76 110 3.52 111 7.04

Table 3-28. Non-DVM supply Voltage selection - SM2, LDOS8
SUPPLYV2 [Addr 0x42]

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name VLDOS8|[2] VLDOSJ[1] VLDOS8[0] VSM2[4] VSM2[3] VSM2[2] VSM2[1] VSM2[0]
Function LDO8 OUTPUT VOLTAGE SM2 OUTPUT VOLTAGE

Table 3-29. VSM2[4:0] Output Voltage Settings
RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
3.0V—4.55V 00000 3.000 01000 3.400 10000 3.800 11000 4.200
00001 3.050 01001 3.450 10001 3.850 11001 4.250
00010 3.100 01010 3.500 10010 3.900 11010 4.300
00011 3.150 01011 3.550 10011 3.950 11011 4.350
00100 3.200 01100 3.600 10100 4.000 11100 4.400
00101 3.250 01101 3.650 10101 4.050 11101 4.450
00110 3.300 01110 3.700 10110 4.100 11110 4.500
00111 3.350 01111 3.750 10111 4.150 11111 4.550

3.55.2 PWM Operation

During PWM operation the converters use a fast response voltage mode controller scheme with input
voltage feed-forward, enabling the use of small ceramic input and output capacitors. At the beginning of
each clock cycle the high side channel MOSFET switch is turned on, and the oscillator starts the voltage
ramp. The inductor current will ramp-up until the ramp voltage reaches the error amplifier output voltage,
when the comparator trips and the high-side channel MOSFET switch is turned off. Internal adaptive
break-before-make circuits turn on the integrated low-side MOSFET switch after an internal, fixed
dead-time delay, and the inductor current ramps down, until the next cycle is started. When the next cycle
starts the ramp voltage is reset to its low value and the high-side channel MOSFET switch is turned on

again.
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Figure 3-16. PWM Control

3.55.3 PFM Mode Operation

The TPS658600 SM0O, SM1 and SM2 buck converters can be set to operate only in PWM mode or to
switch automatically between PFM and PWM modes, via the I12C interface. While in the Pulsed Frequency
Mode the converters operate with reduced switching frequency and with a minimum quiescent current to
maintain high efficiency.

In PFM mode the converter will regulate the output voltage to 1% above the nominal output voltage. To
determine when to transition between the modes, the inductor current is monitored, and the PFM mode is
set when the inductor ripple current approaches zero. For duty cycles above 85% the PFM mode is
entered for load currents below the threshold IPFM(ENTER).

| _ VviN_smy)
PFMENTER) — — ap~

34Q )
In PFM mode the output voltage is monitored by a voltage comparator, which regulates the output voltage
to the programmed value Vqsuy). If the output voltage is below Vv the PFM control circuit turns on the
power stage, applying a burst of pulses to increase the output voltage. When the output voltage exceeds
the target regulation voltage Vosw1) the power stage is disabled, and the output voltage will drop until it is
below the regulation voltage target, when the power stage is enabled again.

The PFM operation is disabled and PWM operation set if one of the following events happens during PFM
operation:
1. The burst operation exceeds 7ys, typ.

2. The output voltage falls below 3% of the target regulation voltage in PFM mode (2% of the nominal
output voltage in PWM mode)

3.55.4 Setting the PWM/PFM Mode

In TPS658600 the PWM mode can be forced for each converter by setting the bit SMn_PWM to 1 in the
SMODEU1 register. If bits SMn_GPIO is 1, the GPIO will control the PWM or PFM mode setting, and bits
SMn_PWM are ignored.
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Table 3-30. SM0,SM1, SM2 PWM/PFM Mode Selection

SMODEL [Addr 0x47] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name RSVD477 SM2_GPIO | SM1_GPIO | SMO_GPIO RSVD473 SM2_PWM | SM1_PWM | SMO_PWM
Function SPARE SM2 AUTO SM1 AUTO SMO AUTO SPARE SM2 PWM SM1 PWM SMO0 PWM
PFM PFM PFM MODE ON MODE ON MODE ON
CONTROL CONTROL CONTROL
SELECTION | SELECTION | SELECTION

Table 3-31 details how the GPIO control is implemented. Note that the GPIO1 polarity indicated in
Table 3-31 is controlled by bit GPIOINV, register Ox5E.

Table 3-31. GPIO1 PWM/PFM Mode Control

SMx_GPIO SMx_PWM GPIO1 POLARITY GPIO1 CONVERTER MODE
0 0 X X Auto PWM/PFM
0 1 X X PWM Only
1 X Inverted 0 PWM Only
1 X Inverted 1 Auto PWM/PFM
1 X Not Inverted 0 Auto PWM/PFM
1 X Not Inverted 1 PWM Only

3.55.5 Output Discharge Switches

When the SM0O, SM1 and SM2 converters are disabled, an integrated switch automatically discharges the
converter output capacitor.

The converter output discharge switches are always enabled when NORMAL state is set and during the
SUPPLYSEQ state.

3.55.6 Dynamic Voltage Positioning

This feature reduces the voltage under/overshoots at load steps from light to heavy load and vice versa. It
provides more headroom for both the voltage drop at a load step and the voltage increase at a load
throw-off. This improves load transient behavior.

At light loads, in which the converter operate in PFM Mode, the output voltage is regulated typically 1%
higher than the nominal value. In case of a load transient from light load to heavy load, the output voltage
will drop until it reaches the COMP LOW threshold set to 2% below the nominal value and enters PWM
mode. During a load throw off from heavy load to light load, the voltage overshoot is also minimized due to
active regulation turning on the low-side channel switch.
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Figure 3-17. Voltage Positioning

3.55.7 Soft Start

SMO, SM1 and SM2 have an internal soft start circuit that limits the inrush current during start-up. An initial
delay (170us typ) from the converter enabled command to the converter effectively being operational is
required to ensure that the internal circuits of the converter are properly biased. At the end of that initial
delay the soft start is initiated and the internal compensation capacitor is charged with a low value current
source. The soft start time is typically 250us, with the output voltage ramping from 5% to 95% of the final
target value.

3.55.8 Dropout Operation at 100% Duty Cycle

The TPS658600 buck converters offer a low input to output voltage difference while still maintaining
operation when the duty cycle is set to 100%. In this mode of operation the high-side FET is constantly
turned on to enable operation with a low input voltage. The dropout operation will start if :

Vin_smg S Vs + lix X ®psoneswx + R

where I, is the output current plus % inductor ripple current and R, is the DC resistance of the inductor.

3.55.9 Output Voltage Monitoring

The output voltage of converters SMO, SM1 and SM2 is monitored by internal comparators, and an output
low voltage condition is detected when the output voltage is below 90% of the programmed value. The
power good comparator is disabled for all converters during output voltage transitions. The power
comparator on SM2 power good is also disabled when battery tracking mode is set.

3.55.10 Phase Control in PWM Mode

By default the SM0O, SM1 and SM2 converters operate with phased clocking when they are in PWM mode,
with converter SMO as the master. Converters SMO and SM1, when enabled, will run 90 and 180 degrees
out of phase with SMO.

3.55.11 Integrated Snubber and Current Limit

The SM2 converter has an integrated electronic snubber that is used to improve transient response when
operating under conditions which cause the inductor current to flow in the negative direction (into the Ln
node) . This is especially true when SM2 is configured as the pre-regulator stage to the charger.

64

DETAILED DESCRIPTION Copyright © 2009, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Link(s): TPS658600


http://focus.ti.com/docs/prod/folders/print/tps658600.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA37&partnum=TPS658600
http://focus.ti.com/docs/prod/folders/print/tps658600.html

13 TEXAS

INSTRUMENTS

www.ti.com

TPS658600

SLVSA37-DECEMBER 2009

3.56 LINEAR REGULATORS

The TPS658600 offers ten integrated linear dropout regulators (LDOs), designed to be stable over the
operating load range with use of external ceramic capacitors. The output voltage can be programmed via
I2C. All of the LDOs, with the exception of LDO5 and RTC_OUT LDO, have uncommitted input power
supply pins (VIN_LDOO1, VIN_LDO23, VIN_LDO4, VIN_LDO678, VIN_LDO9) which should be externally
connected to a number of system rails including SYS and the output of SM2.

The LDO5 and RTC_OUT regulators are internally connected to the SYS pin.

3.56.1 Output Voltage Monitoring

Internal power good comparators monitor the LDO outputs and detect when the output voltage is below
95% of the programmed value. This information is used by the TPS658600 to generate interrupts or to
trigger distinct operating modes, depending on specific I°C register settings. See interrupt and sequencing
controller section for additional details.

3.56.2 LDO2 DVM LDO - Output Voltage Registers

Registers 0x29, 0x2A, 0x2F and 0x30 set the output voltage for LDO2. The slew rate is internally fixed to
7mV/uSec (typ).

Table 3-32. DVM Supply Voltage Selection — LDO2

LDO2AV1 [Addr 0x29]

Defaults in BOLD

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD297 RSVD296 RSVD295 | LDO2AV1[4] | LDO2AV1[3] | LDO2AV1[2] | LDO2AV1[1] | LDO2AV1[Q]
Function NOT USED | NOTUSED | NOT USED LDO2 SUPPLY OUTPUT VOLTAGE (See Table 3-33)
SM1V2 [Addr 0x24] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD2A7 RSVD2A6 RSVD2A5 | LDO2AV2[4] | LDO2AV2[3] | LDO2AV2[2] | LDO2AV2[1] | LDO2AV2[0]
Function NOT USED | NOTUSED | NOT USED LDO2 SUPPLY OUTPUT VOLTAGE (See Table 3-33)
LDO2BV1 [Addr Ox2F] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD2F7 RSVD2F6 RSVD2F5 | LDO2BV1[4] | LDO2BV1[3] | LDO2BV1[2] | LDO2BV1[1] | LDO2BV1[0]
Function NOT USED | NOTUSED | NOT USED LDO2 SUPPLY OUTPUT VOLTAGE (See Table 3-33)
LDO2BV2 [Addr 0x30] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD307 RSVD306 RSVD305 | LDO2BV2[4] | LDO2BV2[3] | LDO2BV2[2] | LDO2BV2[1] | LDO2BV2[0]
Function NOT USED | NOTUSED | NOT USED LDO2 SUPPLY OUTPUT VOLTAGE (See Table 3-33)
The available output voltages for LDO2 are shown below:
Table 3-33. LDO2AV1/2[4:0] and LDO2BV1/2[4:0] Settings
RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
0.725V-1.50V 00000 0.725 01000 0.925 10000 1.125 11000 1.325
00001 0.750 01001 0.950 10001 1.150 11001 1.350
00010 0.775 01010 0.975 10010 1.175 11010 1.375
00011 0.800 01011 1.000 10011 1.200 11011 1.400
00100 0.825 01100 1.025 10100 1.225 11100 1.425
00101 0.850 01101 1.050 10101 1.250 11101 1.450
00110 0.875 01110 1.075 10110 1.275 11110 1.475
00111 0.900 01111 1.100 10111 1.300 11111 1.500
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3.56.3 LDO4 DVM LDO - Output Voltage Registers

Registers 0x32 and 0x33 set the output voltage for LDO4. The slew rate is internally fixed to 7mV/uSec
(typ).

Table 3-34. DVM Supply Voltage Selection — LDO4

LDO4V1 [Addr 0x32]

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD327 RSVD326 RSVD325 | LDO4V1[4] | LDO4V1[3] | LDO4V1[2] | LDO4V1[l] | LDO4V1[0]
Function NOT USED | NOT USED | NOT USED LDO4 SUPPLY OUTPUT VOLTAGE (See Table 3-35)

LDOA4V2 [Addr 0x33]

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD337 RSVD336 RSVD335 | LDO4V2[4] | LDO4V2[3] | LDO4V2[2] | LDO4V2[1] | LDO4V2[0]
Function NOT USED | NOT USED | NOT USED LDO4 SUPPLY OUTPUT VOLTAGE (See Table 3-35)

The available output voltages are shown below:

Table 3-35. LDO4V1[4:0] and LDO4V2[4:0] Output Voltage Settings

RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
1.7V-2.475V 00000 1.700 01000 1.900 10000 2.100 11000 2.300
00001 1.725 01001 1.925 10001 2.125 11001 2.325
00010 1.750 01010 1.950 10010 2.150 11010 2.350
00011 1.775 01011 1.975 10011 2.175 11011 2.375
00100 1.800 01100 2.000 10100 2.200 11100 2.400
00101 1.825 01101 2.025 10101 2.225 11101 2.425
00110 1.850 01110 2.050 10110 2.250 11110 2.450
00111 1.875 01111 2.075 10111 2.275 11111 2.475

3.56.4 LDO Output Discharge Switches

All LDO's, with exception of RTC_OUT LDO, have internal discharge resistors that are connected to
ground via internal switches when the LDO is turned OFF, thus discharging the output capacitor.

The LDO output discharge switches are always enabled when NORMAL state is set and during the
SUPPLYSEQ state.
3.56.5 Non-DVM Supply Voltage Settings

Registers SUPPLYV1, SUPPLYV2, SUPPLYV3, SUPPLYV4 and SUPPLYV6 define the voltage settings
for the non-DVM supplies.

Register SUPPLYV4 has two bits that control the RTC_OUT LDO functionality. The RTC_OUT LDO will
be enabled when LDORTC_ON is 1. The power good threshold for the RTC_OUT LDO can be set as
follows: 2.4V (RTC_PGOOD is 1), 2.0V (RTC_PGOQD is 0).

Table 3-36. Non-DVM Supply Voltage Selection

SUPPLYV1 [Addr Ox41]
BitName | VLDOO[2] | VLDOO[1] | VvLDOO[O] | VLDO1[4] | vLDO1[3] | vLDO1[2] | vLDOL[1] | VLDO1[O]
Function | LDOO OUTPUT VOLTAGE (See Table 3-38) LDO1 OUTPUT VOLTAGE (See Table 3-37)

SUPPLYV3 [Addr 0x43]

BitName | LDO7 SW | LDO6_SW vLDO7[2) | VLDO7[1] | vLDO7[0] | VLDO6[2] | VLDOS[1] | VLDOS[O]
Function SPARE SPARE LDO7 OUTPUT VOLTAGE (See Table 3-38) | LDO6 OUTPUT VOLTAGE (See Table 3-38)
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Table 3-36. Non-DVM Supply Voltage Selection (continued)

SUPPLYV4 [Addr 0x44]
Bit Name |LDORTC_ON | RTC_PGOOD | VRTC[2] \ VRTC[1] \ VRTC[O0] VLDO3[2] \ VLDO3[1] \ VLDO3[0]
Function RTC_LDO RTC_OUT | RTC OUTPUT VOLTAGE (See Table 3-38) | LDO3 OUTPUT VOLTAGE (See Table 3-38)

ONJ/OFF LOW

CONTROL | VOLTAGE

THRESHOLD

SUPPLYV6 [Addr 0x46]
Bit Name | RSVD467 RSVD466 VLDO9[2] \ VLDO9[1] \ VLDO9I[0] VLDO5[2] \ VLDO5[1] \ VLDOS[0]
Function | NOTUSED | NOTUSED | LDO9 OUTPUT VOLTAGE (See Table 3-38) | LDO5 OUTPUT VOLTAGE (See Table 3-38)

The available output voltages for the non-DVM supplies are shown below:

Table 3-37. VLDO1[4:0] Settings

RANGE [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V) [4:0] VOUT (V)
0.725V-1.50V 00000 0.725 01000 0.925 10000 1.125 11000 1.325
00001 0.750 01001 0.950 10001 1.150 11001 1.350
00010 0.775 01010 0.975 10010 1.175 11010 1.375
00011 0.800 01011 1.000 10011 1.200 11011 1.400
00100 0.825 01100 1.025 10100 1.225 11100 1.425
00101 0.850 01101 1.050 10101 1.250 11101 1.450
00110 0.875 01110 1.075 10110 1.275 11110 1.475
00111 0.900 01111 1.100 10111 1.300 11111 1.500
Table 3-38. VLDO3/5/6/7/8/9[2:0] and VRTCJ[2:0] Settings
VLDOx[2:0] VOUT (V) VLDOx[2:0] VOUT (V)
000 1.25 100 2.70
001 1.50 101 2.85
010 1.80 110 3.10
011 2.50 111 3.30
Table 3-39. VLDOOQ[2:0] and VRTCJ[2:0] Settings
VLDOX[2:0] VOUT (V) VLDOX[2:0] VOUT (V)
000 1.20 100 2.70
001 1.50 101 2.85
010 1.80 110 3.10
011 2.50 111 3.30

Setting the RTC_OUT output voltage below the RTC_OUT power good threshold will result in a NORTC
pulse always being generated during the reboot cycle or when exiting sleep. Setting the RTC_OUT output
voltage below Vyy o rrc disables the use of the internal real time clock counter and xtal oscillator.

3.57 BOOST CONVERTER

The TPS658600 has an integrated boost converter (SM3) that is optimized to drive white LED’s connected
in a series configuration. Up to six series white LED’s can be driven, with programmable current and duty
cycle adjustable via a dedicated 1°C register.
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The SM3 boost Converter (SM3) has a 29v, 500mA low side integrated power stage switch, which drives
the external inductor. Another integrated 29V, 25mA switch (LED switch) is used to modulate the external
white LED’s brightness.
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[ sma SYS,L 3 S”H L3 ,L
'_EJ - !
VSM3 4
12¢ + IpEAK(L3) PETECTION
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Figure 3-18. Boost Converter Block Diagram

The SM3 boost converter operates in a pulse frequency modulation (PFM) scheme with constant peak
current control. This control scheme maintains high efficiency over the entire load current range and
enables the use of small external components, as the switching frequency can reach up to 1 MHz
depending on the load conditions. The LED current ripple is defined by the external inductor size.
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The converter monitors the sense voltage at pin FB3, and turns on the integrated power stage switch
when V(FB3) is below the 250mV (typ) internal reference voltage. The integrated power switch turns off
when the inductor current reaches the internal peak current limit or if the switch is on for a period longer
than the maximum on-time of 6 ys (typ).

As the integrated power switch is turned off the external Schottky diode is forward biased, delivering the
stored inductor energy to the output. The main switch remains off until the FB3 pin voltage is below the
internal 250mV reference voltage, when it is turned on again.

This PFM peak current control sets the converter in discontinuous conduction mode (DCM), and the
switching frequency depends on the inductor, input/output voltage and LED current. Lower LED currents
reduce the switching frequency, with high efficiency over the entire LED current range. This regulation

scheme is inherently stable, allowing a wide range for the selection of the inductor and output capacitor.

3.57.1 SM3 RAM Registers

Table 3-40. SM3 Control

SM3_SETO [Addr 0x57]

Defaults in BOLD

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name SM3_SET7 SM3_SET6 SM3_SET5 SM3_SET4 SM3_SET3 SM3_SET2 SM3_SET1 SM3_SETO
Function SM3 PWM SWITCH DUTY CYCLE
When 0 ADD 0 TO DUTY CYCLE
When 1 ADD 6.25% ADD 3.125% | ADD 1.5625% | ADD 0.78125% ADD 0.390% | ADD 0.195% | ADD 0.0976% ADD 0.048%

SM3_SET1 [Addr 0x58]

Defaults in BOLD

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
BitName | SM3SOFTOFF | SM3 ILIM | SM3_PRESC1 | SM3 PRESCO | SM3_IGAIN | SM3 SET10 | SM3_SET9 SM3_SETS
SORTSTART SM3 SM3PWM SM3PWM ISM3G
Function i CURRENT | REPETITION | REPETITION | OUTPUTBUFF SM3 PWM DUTY CYCLE
LIMIT RATE[1] RATE[0] ER MODE
When 0 ENABLED 300 mA SEE SM3 PT‘Q’\“QLFEEPET'T'ON Hi-z ADD 0 TO DUTY CYCLE
When 1 DISABLED 500 mA SEE SM3 PYIV REPETITION Lo ADD 50% ADD 25% ADD 12.5%
Table 3-41. SM3 PWM Repetition Settings
SM3PRESC[1] SM3PRESC[0] REPETITION RATE (Hz)
0 0 550
0 1 366
1 0 275
1 1 220

The internal LED switch, in series with the external LED’s, disconnects the LEDs from ground during
shutdown. In addition, the LED switch is driven by a PWM signal generated internally, enabling adjusting
the average LED current by setting the LED switch duty cycle. The duty cycle is adjusted with control bits
SM3_SET, on register SM3_SETO0. With this control method the LED brightness depends on the LED
switch duty cycle only and is independent of the boost converter operating frequency. The duty cycle
control used in the SM3 converter LED switch is implemented by a single PWM pulse with a fixed
repetition rate. An example of distinct duty cycles is shown IN Figure 3-19
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Figure 3-19. SM3 Duty Cycle Example

The repetition period can be set using control bits SM3_PRESCnh in the register SM3_SET1 to either
220/275/366/550 Hz (HI). Each repetition period has a total of 2048 steps, enabling a resolution of 0.05%
when programming the duty cycle.

3.57.2 Peak Current Control (Boost Converter)

The SM3 integrated power stage switch is turned on until the inductor current reaches the DC current limit
Imax(z) (500 mA or 300mA, typ), selectable via bit SM3_ILIM , register SM3_SETL. Due to internal delays,
typically around 100ns, the actual current exceeds the DC current limit threshold by a small amount. The
typical peak current limit can be calculated as follows:

Vs
(6)
The peak current will be directly proportional to the input voltage and inversely proportional to the inductor
value. The internal current limit may be set to either 300mA or 500mA via IC.

Note that under PWM operation the slew rate of the converter output (SM3) is dependent of the lyaxs)
value selected.

3.57.3 Soft Start

All inductive step-up converters exhibit high in-rush current during start-up. If no special precautions are
taken voltage drops can be observed at the input supply rail during start-up, with unpredictable results in
the overall system operation.

The SM3 boost converter limits the inrush current during start-up by increasing the current limit in two
steps, starting from lyaxws /4 for 256 power stage switch cycles (lcycle=power stage switch
OFF—ON—OFF) to Iyaxes) /2 for the next 256 power stage switch cycles and then full current limit
Imax(Lz)- The softstart function can be disabled via control bit SM3SOFTOFF, in register SM3_SET1.

3.57.4 Enabling the SM3 Converter

The converter is enabled when an 1°C command sets the duty cycle to a value different than zero.
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3.57.5 Overvoltage Protection

The output voltage of the boost converter is sensed at pin SM3, and the integrated power stage switch is
turned OFF when V(SM3) exceeds the internal over-voltage threshold Voyp3). The converter returns to
normal operation when V(SM3) < V(ovpz) — Viysovrs)-

3.57.6 Under Voltage Lockout Operation
The power stage mosfet switch and the LED switch are open (off) when the TPS658600 enters the sleep
mode or if the SM3 converter is set to OFF mode.

3.57.7 SM3 Output Current - High and Low Current Settings

A dedicated, open-drain pin (ISM3G) enables I°C selection of a low and high brightness setting for the
SM3 output current, by modifying the external FB3 resistor value. See application diagram for details. This
pin is configured as an open drain and it can be turned on/off with bit SM3_IGAIN on register SM3_SET1.

3.58 RGB AND PWM DRIVERS

The TPS658600 has integrated open drain and push-pull drivers with programmable duty cycle and
frequency, targeted at driving external RGB drivers, keyboard LED's, vibrator motor and other system

peripherals.
o
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Figure 3-20. RGB and PWM Driver Blocks
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The TPS658600 offers one high current (150mA max) open-drain PWM driver. The PWM driver is enabled
when PWM_EN is 1 in register PWM.

Table 3-42. PWM Control

PWM [Addr 0x5B] Default to 0
Bit
Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name PWM_EN PWM_F[2] | PWM_F[1] | PWM_F[O] | PWM_D[3]| PWM_D[2] | PWM_D[1] PWM_DI0]
Function | PWM DRIVER ON/OFF PWM DRIVER FREQUENCY PWM DRIVER DUTY CYCLE
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The PWM frequency and duty cycle are defined by the PWM register settings as shown below.

Table 3-43. PWM Settings

PWM_F[2:0) FREQUENCY (kHz) PWM_D[3:0] DUTY CYCLE (%) PWM_D[3:0] DUTY CYCLE (%)

000 234 0000 6.25 1000 56.25
001 11.7 0001 125 1001 62.5
010 6.7 0010 18.75 1010 68.75
011 45 0011 25 1011 75

100 3.0 0100 31.25 1100 81.25
101 2.3 0101 375 1101 87.5
110 15 0110 43.75 1110 93.75
111 0.75 0111 50 1111 100

3.58.2 DIG_PWM, DIG_PWM2 Drivers

The TPS658600 provides two push-pull outputs with programmable duty cycle at pins DIGPWM and
DIGPWM2. The DIG_PWAM register controls the DIGPWM pin duty cycle, register DIG_PWM2 controls the
DIGPWM2 pin duty cycle. The DIG_PWM functions and register bit controls detailed below apply to the
DIGPWM2 pin and DIG_PWM2 register as well. Both registers default to 0x00 upon power-up.

Table 3-44. DIGPWM, DIGPWM2 Control

DIG_PWM [Addr Ox5A] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name DPWM_MODE DPWM_SET[6] DPWM_SET[5] DPWM_SET[4] DPWM_SET[3] DPWM_SET[2] DPWM_SETI[1] DPWM_SET[0]
DIG_PWM2 [Addr 0x5C] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name DPWM2_MODE | DPwM2_SET[6] | DPwM2_SET[5] | DPwM2_SeT[4] | DPwMm2_SeT[3] | DPwMm2_SeT[2] | DPwMm2_SeT[1] | DPWM2_SET[0]

Mode 0 (DPWM_MODE is 0): The pulse width modulated output is a single PWM pulse of the selected
duty cycle, with a nominal 250Hz repetition rate. The DIG_PWM register bits [6:0] sets the pulse width
value as shown below:

DPWM_SET([6:0]

Ton(ms) = =

, if DPWM_SET[6:0] < 126

7
Ton(ms) = Always On, if DPWM_SET[6:0] = 127)

Mode 1 (DPWM_MODE is 1): The bit DPWMx_SET][6] of the DIG_PWMx register selects the pulse time
range, bits DIG_PWMx[5:3] set the ON times and bits DIG_PWMx[2:0] set the off times.

Table 3-45. Digital PWM Settings, DPWM_MODE=1

DPWMx_SET[ 6] = 0 DPWMx_SET[ 6] = 1
DIG_PWMx[5:3] | ONTIME (us) | DIG_PWMx[2:0] OFFmZ')ME DIG_PWMX[5:3] O’\('Jy;"E DIG_PWMx[2:0] | OFF TIME (ms)
000 31 000 0.49 000 5 000 40
001 61 001 1.01 001 10 001 60
010 92 010 1.50 010 15 010 80
011 122 011 2.01 011 20 011 100
100 153 100 2.50 100 30 100 120
101 183 101 2.99 101 40 101 140
110 214 110 4.00 110 50 110 160
111 244 111 5.00 111 60 111 180
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3.58.3 LED_PWM Diriver

The LED PWM open drain pin has the duty cycle set by a pulse width modulation circuit. The LED_SET
register bits (7:0) set the pulse width value in 256 steps. The pulse width modulated output is not a single
pulse of the selected duty cycle but a collection of semi-equally spaced pulses that sum to the required
duty cycle, with repetition rate of 125Hz (typ)

Table 3-46. LEDPWM Control

LED_PWM [Addr 0x59] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name | LED_SET[7] | LED_SET[6] | LED_SET[5] | LED_SET[4] | LED_SET[3] | LED_SET[2] | LED_SET[1] | LED_SETI[0]

_ LED_SET[7:0]
32

Ton(ms) , if LED_SET[7:0] < 254
©

Ton(Mms) = Always On, if LED_SET[7:0] = 255

3.58.4 RGB Drivers

The TPS658600 has two dedicated drivers for RGB external LED's. Three outputs are available for each
driver (pins REDn, GREENN, BLUEN), with I>C selection of operation mode and LED current.

3.58.5 RGB1 Driver

The RGBL1 driver is enabled when RGB1_EN=HI, in RGB1_GREEN register. Each RGB1 pin (RED1,
GREENL1 or BLUE1) will sink the current selected by RGB1_ISET[1:0], RGB1_RED register.

The RGBL1 driver can be set in a flashing mode, the flash operation parameters are configured in register
RGB1FLASH. During the flashing ON time the duty cycle for each driver can be set individually using
control bits PWMIR[4:0], PWMIG[4:0] and PWMIB[4:0] on registers RGB1 RED, RGB1_GREEN and
RGB1_BLUE. The modulated output is not a single pulse of the selected duty cycle but a collection of
semi-equally spaced pulses that sum to the required duty cycle, with repetition rate of 160Hz (typ). The
start of 1 of the modulated pulses on RGB1 can be phased by 200 ps from the others so that for duty
cycles below 50% the ON times of 2 of the LEDs will not overlap. When RGB1 PHASE is 0
(RGB1_GREEN]J6]), the Red and Blue are drivers are in phase and Green is out of phase. For
RGB1_PHASE is 1 the Red and Green are in phase and Blue is out of phase.

Table 3-47. RGB1 Control

RGB1FLASH [Addr 0x50] Default is 0}
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD507 FLASH1_ON[2] FLASH1_ON[1] FLASH1_ON[0] | FLASH1_PER[3] | FLASH1_PER[2] | FLASH1_PER[1] | FLASH1_PER[0]
Function SPARE RGB1 RED/BLUE/GREEN FLASHING ON-TIME RGB1 RED/BLUE/GREEN FLASHING PERIOD
RGB1RED [Addr 0x51] Default is 0}
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD517 RGB1_ISET[1] RGB1_ISET[0] PWM1R[4] PWM1R([3] PWM1R[2] PWM1R[1] PWM1RI[0]
- RGB1 RED/BLUE/GREEN DRIVER
Function NOT USED CURRENT SINK RGB1 RED DRIVER INTENSITY CONTROL
RGB1GREEN [Addr 0x52] Default is 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RGB1_EN RGB1_PHASE RSVD535 PWM1G[4] PWM1G[3] PWM1G[2] PWM1G[1] PWM1G[0]

RGB1 DRIVERS
. DRIVER ON TIME
Function ON/OFF PHASE CONTROL NOT USED RGB1 GREEN DRIVER INTENSITY CONTROL

CONTROL
RGB1BLUE [Addr 0x53] Default is 0}
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVD537 RSVD536 RSVD535 PWM1B[4] PWM1B[3] PWM1B|[2] PWM1B[1] PWM1B[0]
Function NOT USED NOT USED NOT USED RGB1 BLUE DRIVER INTENSITY CONTROL
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Table 3-48. RGB1 Sink Current Settings
RGB1_ISET[1:0] RGB1 SINK CURRENT (mA)
00 0
01 3.7
10 7.4
11 11.1
Table 3-49. FLASH1_ON Settings
FLASH1_ON[2:0] FLASH ON TIME (s)
000 0.10
001 0.15
010 0.20
011 0.25
100 0.30
101 0.40
110 0.50
111 0.60
Table 3-50. FLASH1_PER Settings
FLASH1_PER[3:0] FLASH PERIOD (s) FLASH1_PER[3:0] FLASH PERIOD (s)
0000 1.0 1000 5.0
0001 15 1001 5.5
0010 2.0 1010 6.0
0011 25 1011 6.5
0100 3.0 1100 7.0
0101 3.5 1101 7.5
0110 4.0 1110 8.0
0111 4.5 1111 Always On

Equation 11 and Equation 12 indicates the duty cycle values for each driver, set with bit PWM1R[4:0],
PWM1G[4:0] and PWM1B[4:0]:

Ton(ms) = PWMIR/G/BI4:0] i pywm1R/G/B[4:0] < 30

Ton(ms) = Always On, if pwm1r/g/b[4:0] = 31

3.58.6 RGB2 Driver

The RGB2 driver is enabled when RGB2_EN is 1, in RGB2_GREEN register. Each RGB2 pin (RED2,
GREEN2 or BLUE?2) will sink the current selected by RGB2_ISET[2:0], set in RGB2_RED register.

The RGB2 does not support a flashing mode, and will be turned on when RGB2_EN is 1. When turned
ON the duty cycle for each driver can be set individually using control bits PWMIR[4:0], PWMIG[4:0] and
PWMIB[4:0] on registers RGB2_RED, RGB2_GREEN and RGB2_BLUE. The modulated output is not a
single pulse of the selected duty cycle but a collection of semi-equally spaced pulses that sum to the
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required duty cycle, with repetition rate of 160Hz (typ). The start of one of the modulated pulses on RGB2
can be phased by 200 ps from the others, so that for duty cycles below 50% the ON times of 2 of the
LEDs will not overlap. When RGB2_PHASE is 0 (RGB2_GREEN][6]), the Red and Blue drivers are in
phase and Green is out of phase. When RGB2_PHASE is 1 the Red and Green are in phase and Blue is
out of phase.

Table 3-51. RGB2 Control

RGB2RED [Addr 0x54] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RGB2_ISET[2] RGB2_ISET[1] RGB2_ISETI[0] PWM2R[4] | PWM2R[3] | PWM2R[2] PWM2R[1] PWM2R[0]
Function RGB2 RED/BLUE/GREEN DRIVER CURRENT SINK RGB2 RED DRIVER INTENSITY CONTROL
RGB2GREEN [Addr 0x55] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RGB2_EN RGB2_PHASE RSVD565 PWM2G[4] | PWM2G[3] | PWM2G[2] PWM2G[1] PWM2G[1]

RGB2 DRIVERS RGB2 DRIVERS

Function ON/OFF CONTROL ON TIME PHASE SPARE RGB2 GREEN DRIVER INTENSITY CONTROL
CONTROL
RGB2BLUE [Addr 0x56] Default to O
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name RSVD577 RSVD576 RSVD575 PWM2B[4] PWM2B[3] PWM2B[2] PWM2B[1] PWM2B[1]
Function NOT USED NOT USED NOT USED RGB2 GREEN DRIVER INTENSITY CONTROL

3.59

Table 3-52. RGB2 Sink Current Settings

RGB2_ISET[2:0] RGB2 SINK CURRENT (mA)

000 0

001 3.7
010 7.4
011 11.1
100 14.9
101 18.6
110 232
111 27.3

The on time for each driver, set with bits PWM2R[4:0], PWM2G[4:0] and PWM2B[4:0], is set by the
equations:

Ton(ms) = PWM2R/G/BI4:0] i p\wim2R/G/B[4:0] < 30

Ton(ms) = Always On, if PWM2R/G/B[4:0] = 31

REAL TIME CLOCK

The TPS658600 has an integrated real time clock circuit that maintains an accurate timer/counter register
under all potential operating conditions (AC power input, USB power input, main battery power, backup
coincell / SuperCap power source, or any combination of the above). The internal oscillator for the RTC
can be driven by an external 32.768 kHz crystal. The TPS658600 has also been design with integrated,
I2C selectable, capacitors which can be used with the external 32.768 kHz crystal such that a wide range
of commercial crystals can be used without the need for external load capacitors.
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Figure 3-21. Simplified RTC Block

The following functions are provided:

» A 40-bit counter, driven by a low-power 32 kHz oscillator

« The 32 kHz oscillator can be switched using 1°C, RTC_CTRL Register bit 6 (OSC_SRC_SEL),
between the TPS658600 internal (RC) oscillator source and the crystal driven oscillator source.

» Externally biased buffer to supply the crystal driven oscillator to an external device via the OUT32K
pin.

» Selectable pre-scaler divides the raw (32KHz) oscillator output, enabling clocking the RTC counter at
1.024 kHz or 32 kHz

* A 24-bit alarm register (ALARM1)
* A 16-bit alarm register (ALARM2)
The RTC registers are accessible only via the 1°C bus. When an I°C read access is in progress, the RTC

counter update is postponed. At the end of the I°C read access, the accumulated missing counts are
added to the RTC counter.

NOTE
The RTC registers (0xC0-0xCA) ARE NOT reset when the TPS658600 is in the POWER
DOWN or SLEEP STATE as long as V(RTC_OUT) is greater than Vyy, g rrc - All the RTC
registers will be reset to their default settings, independent of the TPS658600 state, when
V(RTC_OUT) is less than Vyy g rrc-

The host software must read all five RTC counter bytes when accessing the RTC counter data, as the
counter update is postponed starting at the first 1°C byte read of a sequential 1°C read of the five
RTC_COUNT bytes and negated on the fifth I2C byte read.

To assure proper operation of the RTC counter the following steps should always be followed:

1. The I>C address pointer must not be left pointing in the range 0xC6 to OXCA
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2. The maximum time for the address pointer to be in this range is 1 ms

3. Always read RTC_ALARM?2 in the following order to prevent the address pointer from stopping at
0xC6: RTC_ALARM2_LO, then RTC_ALARMZ2_HI

When the RTC_OUT voltage falls below the internal RTC circuit Power On Reset threshold, Vyyi o rres
the RTC_CTRL register is reset. The host can identify this situation by reading the bit, POR_RESET _N,
which will be 0.

The clock selection is controlled by OSC_SRC_SEL (RTC_CTRL [6]). The internal 32kHz oscillator is
connected to the RTC when the OSC_SRC_SEL bit is reset. Once the processor is running, the software
can set this bit to 1, thereby connecting the 32.768 kHz crystal oscillator clock to the RTC. After being set,
the OSC_SRC_SEL bit will remain 1 selecting the crystal oscillator clock, as long as the VRTC_OUT
voltage remains above the RTC _OUT Power On Reset threshold. POR_RESET N=HI when
OSC_SRC_SEL is set HI, indicating to the host that the crystal clock is being delivered to the RTC.

The RTC_ENABLE (RTC_CTRL [5]) bit is cleared to 0 by the RTC_OUT Power On Reset, disabling the
RTC counter. To enable incrementing of the RTC_COUNT [39:0] from an initial value set by the host, the
RTC_ENABLE bit should be written to 1 only after the RTC_OUT voltage reaches the operating range.
The RTC_ENABLE bit must be cleared to 0 before any new value is written to the RTC_COUNT register.

Table 3-53. RTC Control®

RTC_CTRL [Addr 0xCO]

Defaults in BOLD]

Bit Number

B7

B6

B5

B4

B3

B2

B1

BO

Bit Name POR_RESET_N OSC_SRC_SEL | RTC_ENABLE BUF_ENABLE PRE_BYPASS CL_SEL[1] CL_SEL[0] RSVDC00
Function RESET RTC 32K CLOCK RTC COUNTER | 32KHZ BUFFER | RTC COUNTER |INTERNAL XTALL, PIN RTC_ALARM2
COUNTER SELECTION CLOCK AND ENABLE SCALING XTAL2 CAPACITANCE DETECTION
ALARM1/2 EXITS SLEEP
When 0 RESET RTC INTERNAL 32K DISABLED DISABLED USE 32K/32 SEE CL_SEL SETTINGS TABLE DISABLED
COUNTER

When 1

OSC_SRC_SEL BIT =
1

CRYSTAL 32K

ENABLED

ENABLED

USE 32K

SEE CL_SEL SETTINGS TABLE

ENABLED

(1) B7is READ ONLY, all other bits have Read/Write access

The selected 32KHz clock is applied to a prescaler that can divide it by 32, resulting in a timer tick
resolution of either 32,768 ticks per second (pre-scaler disabled, PRE_BYPASS is 1) or 1,024 ticks per
second (pre-scaler enabled, PRE_BYPASS is 0). The 32,768 Hz or 1024 Hz clock increments a 40 bit
counter that tracks the real time and which can be read at anytime via I1°C. With the prescaler enabled, the
RTC count has a range of approximately 34 years. The RTC counter and alarm registers are shown

below, the 40 bit RTC Counter is cleared only on when RTC_OUT is below the UVLO threshold.

Table 3-54. RTC Counter

RTC_COUNT4 [Addr 0xC6] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RTC[39] RTC[38] RTC[37] RTC[36] RTC[35] RTC[34] RTC[33] RTC[32]
RTC_COUNT3 [Addr 0xC7] Default to 0
BitName | RTC[31] | RTC[30] | RTC[29] | RTCl28] | RTC[27] | RTC[26] | RTC[25] | RTC[24]
RTC_COUNT?2 [Addr 0xC8] Default to 0
BitName | RTC[23] | RTC[22] | RTCl21] | RTCl200 | RTCl19] | RTC[18] | RTC7] | RTC[16]
RTC_COUNT1 [Addr 0xC9] Default to 0
Bit Name RTC[15] | RTC[14] RTC[13] RTC[12] | RTC[11] RTC[10] RTCl9] | RTC[
RTC_COUNTO [Addr OxCA] Default to 0
BitName | RTC[7] | RTCl6] | RTC[s] | RTC4l | RTclBl | RTC2l | RTCH] | RTC[0]
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The alarm logic compares the RTC_ALARM1 register bits to the RTC_COUNT registers as follows:
With prescaler enabled: ALM1[23:0] is compared to RTC[23:0]
With prescaler disabled: ALM1[23:0] is compared to RTC[28:5]
An interrupt is sent to the host (if enabled via I°C, see interrupt controller section) when the alarm logic
detects that the RTC_COUNT value is equal to the pre-programmed ALARM1 register value.
The alarm logic compares the RTC_ALARM2 register bits to the RTC_COUNT registers as follows:
With prescaler enabled: ALM2[23:0] is compared to RTC[22:7]
With prescaler disabled: ALM2[15:0] is compared to RTC[27:12]
An interrupt is sent to the host (if enabled via I°C, see interrupt controller section) and the sleep mode

ends when the alarm logic detects that the RTC_COUNT value is equal to the pre-programmed ALARM2
register value.

Table 3-55. RTC Alarm

RTC_ALARML_HI [ADDRESS=0xC1] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name ALM1[23] | ALM1[22] | ALM1[21] | ALM1[20] | ALMI1[19] | ALM1[18] | ALM1[17] | ALM1[16]
RTC_ALARM1_MID [Addr 0xC2] Default to O
BitName | ALM1[15] | ALMI1[14] | ALM1[13] | ALM1[12] | ALM1[11] | ALML10] | ALML9] | ALM1fg]
RTC_ALARM1_LO [Addr 0xC3] Default to O
BitName | ALM7] | ALmie] | ALMi5] | ALM1[4] | AMIE] | ALML2] | ALMLL] | ALMI[]
RTC_ALARM2_HI [Addr 0xC4] Default to O
BitName | ALM2(15] | ALM2[14] | ALM2[13] | ALM2[12] | ALmM2[11] | ALM2{10] | ALM2[9] | ALM2[g]
RTC_ALARM2_LO [Addr 0xC5 Default to 0
BitName | ALM2[7] | ALM2(6] | ALM25] | ALM2[4] | ALM2[3] | ALM2[2) | ALM2[1] | ALM2[0]

3.60 SWITCHING BETWEEN INTERNAL AND CRYSTAL CLOCK

When switching between the internal clock to the crystal clock, an internal logic extends the LO time of the
clock sent to the counter to avoid undesired glitches. A typical clock switching timing diagram is shown
below:

SELECT CRYSTAL
CLOCK

INTERNAL 32K

CRYSTAL CLOCKJ

RTC CLOCK

3.61 CRYSTAL OSCILLATOR

The crystal oscillator has internal load capacitances, in order to allow a typical 32K crystal to operate as
described in the electrical characteristics tables. The TPS658600 has four integrated capacitors that can
be connected to the XTAL1, XTAL2 pins as defined by control bits CL_SEL[1:0] in register RTC_CTRL,
effectively applying a load capacitance to the external crystal.
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Table 3-56. CL_SEL[1:0] Setting
(Default in bold)

CL_SEL[1]

CL_SELJ[0]

(typ)

Total C_LOAD [pF]

15

6.5

7.5

0
0
1
1

RO || O

12.5

3.62 ADC FUNCTIONAL OVERVIEW

The TPS658600 ADC is capable of running in a variety of modes programmable via 1°C. The ADC control
and data registers are accessible only by the standard 1°C interface (SDA/SCLK). An internal 11:1 analog
multiplexer is used to allow a single SAR converter to sequentially monitor up to 11 analog inputs, as
shown inTable 3-57.

Table 3-57. ADC Channel Settings

CHANNEL CONNECTION PARAMETER SAMPLED VOLTAGE RANGE SPECIAL FEATURES FURLELA%(I:,\'IA(;‘E
CH1 ANLGL1 pin 0-2.6V Internal pull-up current 26V
CH2 ANLG?2 pin User defined AVDD6-V(ANLG)> | SOurce programmable 26V
CH3 ANLGS3 pin 400mv 12C: 0/ 3/10/50 A 26V

. Voltage proportional to 0V (charger off) to .
CH4 ISET pin charge current 2.5V(fast charge) 26V
. Voltage proportional to pack 0V (short) to 2.2V (no )
CH5 TS pin temperature thermistor) See Charger Section 26V
CH6 RSVD N/A N/A — 26V
CH7 LDO_RTC pin Internal LDO output voltage 0V to 3.3V — 4.622V
CH8 SYS pin System Power bus voltage 0V to 5.5V — 5.547 V
CH9 VIN_CHG pin System Power bus voltage 0V to 5.5V — 5.547 V
CH10 BAT pin Battery pack positive 0V to 4.6V — 4622V
terminal voltage
CH11 COMP pin COMP pin voltage oV - 2.6V — 26V
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A simplified block diagram for the ADC analog section is show in Figure 3-22.

VANLG1

CH1

VANLG2

CH2

YANLGI

CH3

VISET cHe
13 GHs
|_ASVD cne INPUT
VLDORTC LT MUX
VSYS e
VIN_CHG o
VBAT cHia
—LOHE CHI1

$ L
d

IBIAS

VANLG1 () * LOGIC 12
-
VANLGZ G)"‘_
VANLG3
VREF < VADC REF
10 BIT SAR
LDO
REFEN
DADCEN

-

!

12C

Figure 3-22. Simplified ADC Block

3.62.1 ADC External Input Pins — Bias Current Settings

The external pins ANLG1, ANLG2 and ANLG3 may be biased using internal pull-up current sources, with
current source value set by register ADCANLG. The current sources are turned OFF when the ADC

reference is disabled.

Table 3-58. ADC Input Bias Selection

ADCANLG [Addr 0x60] Default to O
Bit Name ANLG2FLT | ANLG3FLT IANLG3[1] IANLG3[0] IANLG2[1] ‘ IANLG2[0] IANLG1[1] IANLG1[0]
Function SPARE SPARE ANLG3 BIAS CURRENT SOURCE | ANLG2 BIAS CURRENT SOURCE | ANLG1 BIAS CURRENT SOURCE

Table 3-59. ANLG3/2/1 Current Source Settings

IANLG[1] IANLG[O] Current (pA)
0 0 0
0 1 3
1 0 10
1 1 50

The COMP pin has no internal pull-up current source.

3.62.2 ADC Timing Engine Overview

The ADC timing engine can be configured to perform either one reading, a single-trigger multiple set of
readings, or to operate continuously until high or low limits are violated on any channel.

A conversion cycle includes the following steps:
1. Program the timing engine mode (single sample, multiple sample, etc.) and triggers
2. Enable the internal ADC reference and conversion start delay
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3. Select the channel to be used as the SAR input and start the conversion cycle

The timing engine has an internal ALU that stores the converted data in an internal accumulator,
executing mathematical operations with the stored data. A conversion cycle ends when the accumulator
data is transferred to the TPS658600 ADC RAM data registers.

When the conversion cycle is completed, an interrupt request corresponding to indicate end of conversion
operation is generated. The interrupt controller subsystem will set the ACK_ADC (bit B1, register 0xB6) to
indicate the source of the interrupt was the ADC subsystem. Additional information is available in the
ADCO_INT register (Ox9A).

3.62.3 Configuring the ADC Conversion Cycle

3.62.3.1 Number of Samples and ADC Input Setup

Register ADCO_SET controls the following parameters for a conversion cycle: conversion start, continuous
or fixed-interval sampling mode, number of samples to be taken and channel selection.

Setting the ADCO_EN bit to 1 will start the conversion process. While a conversion cycle is being executed
(and conversions are being taken) the ADCO_INT register cannot be externally accessed.

The ADC engine has a BUSY signal generated by the ADC Digital Control Logic to indicate this condition.
If the ADCO_EN bit is cleared to 0 during a conversion, the conversion cycle will continue until the number
of samples specified with the RD_MODE bits has been taken so that the SUM (average) value from the
accumulator will be valid. The ADCO_EN bit must be set to 0 before a new conversion configuration is set

up.
Table 3-60. ADCO Conversion Selection

ADCO_SET [Addr 0x61] Default in BOLD
Bit
Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name ADCO_EN REPEATO RDO_MODE[1] RDO_MODE[0] | CHSELO[3] | CHSELO[2] | CHSELO[1] | CHSELO[0]
. ADCO CONVERSION ADCO REPEAT
Function START MODE ENABLE READINGS IN A CONVERSION ADCO INPUT CHANNEL SELECTION
When 0 DISABLED DISABLED
SEE ADC READING SETTINGS SEE ADC CHANNEL SELECT SETTINGS
When 1 ENABLED ENABLED

Table 3-61. ADC Readings Setting
(Default in bold)

RDO_MODE[1] RDO_MODE[0] NRUE"Q?DTSG%F
o 0 1
o 1 16
1 0 32
1 1 64

Table 3-62. ADC Channel Select Settings (Default in bold)

CHSELN([3:0] CHANNEL CHSELN([3:0] CHANNEL
0000 CH1 1000 CH9
0001 CH2 1001 CH10
0010 CH3 1010 CH11
0011 CH4 1011 AGND
0100 CH5 1100 AGND
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Table 3-62. ADC Channel Select Settings (Default in bold) (continued)

CHSELN[3:0] CHANNEL CHSELN[3:0] CHANNEL
0101 CH6 1101 AGND
0110 CH7 1110 AGND
0111 CH8 1111 AGND

Continuous sampling mode can be set by writing REPEAT to 1 and RDO_MODE[1:0]=00. With those
settings the conversions will be performed as single samples, without wait times, until the ADC_EN bit is
cleared by the host or a limit violation occurs. If fixed-interval sampling mode (REPEATO = 0) is chosen,
the conversion cycle will consist of a specific number of samples (1, 16, 32, or 64) as specified by the
RDO_MODE[1:0] bits. When a multiple sample conversion cycle is selected the time interval between
individual samples is defined by the WAIT bits (register ADCO_WAIT). To exit the continuous conversion
mode before a limit violation occurs, the host must first set the REPEAT bit to LO, and then set the
ADCO_EN bit to 0.

3.62.4 Timing and ADC Reference Setup

The ADCO_WAIT register controls the ADCO timing engine reset, wait time value and the converter
internal reference voltage enable. The ADC reference and SAR are disabled when AUTO_REF=0 AND
REF_EN=0. The use of external references for the ADC is not supported.

Table 3-63. ADCO Conversion Timing

ADCO_WAIT [Addr 0x62] Defaults in BOLD
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name ADC_RESET RSVD626 AUTO_REF REF_EN WAITO[3] WAITO[2] WAITO[1] WAITO[0]
RESET
) ) WAIT TIME BETWEEN INDIVIDUAL CONVERSIONS,
Function COI\CIZ\\/(IEITEION NOT USED ADC Conversion Control REPEAT MODE ENABLED (ms)
ALL ADC
When 0 ENGINES NOT USED o
ACTIVE Function is based on ADC SEE WAITO SETTINGS TABLE
RESET ALL Conversion Control
When 1 ADC ENGINES NOT USED
Table 3-64. ADC Conversion Control
(Default in bold)
AUTO_REF REF_EN DESCRIPTION
0 0 Reference and ADC disabled
0 1 Manual control of the Reference. WAIT=0 is not valid. 8ms must occur between REF_EN=1 and ADCO_EN=1
1 0 Automatic control of the Reference. Automatically enabled 8 ms before an ADC conversion is started.
1 1 Not a valid state

The relative timing between enabling the internal ADC reference / ANLGn pin bias currents and the start
of a conversion cycle is controlled by bits AUTO_REF and REF_EN. Those bits allow implementation of a
software only reference enable control or automatic reference enable control, as shown below:

Software enables ADC reference: Clear AUTO_REF bit to 0. Software must set REF_EN to 1 at least 8
ms before enabling an ADC engine and not clear REF_EN until all ADC engines are stopped.

Automatic ADC reference enable, internal or external trigger, wait time < 8ms : Set AUTO_REF bit to
1. The ADC logic will keep the ADC reference always on.

Automatic ADC reference enable, internal trigger, wait time > 8ms : Set AUTO_REF bit to 1. The ADC
logic enables the ADC reference 8 ms before the programmed wait time is reached
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Setting ADC_RESET to 1 will return ALL the ADC timing engine to the idle state, ready to be re-enabled
for a new conversion cycle. During the conversion cycle the ADC_RESET bit is internally set to LO prior to
the first ADC conversion being started. WAIT[3:0] sets the time interval between samples in the case
where a multiple-sample conversion cycle is being executed. WAIT[3:0] should be set LO in single sample
conversion cycles.

Table 3-65. ADCO Conversion Wait Settings (Default in bold);
Valid for All Timing Engines

WAITO[3:0] WAIT TIME (ms) WAITO[3:0] WAIT TIME (ms)
0000 0.000 1000 8.000
0001 0.062 1001 16.00
0010 0.125 1010 32.00
0011 0.250 1011 64.00
0100 0.500 1100 128.0
0101 1.000 1101 256.0
0110 2.000 1110 512.0
0111 4.000 1111 1024

3.62.5 External Trigger Setup

The ADC conversion cycle can be started via an internal or external trigger when using the ADCO timing
engine. The trigger is selectable by setting bits ADCO_TRIG4, ADCO_TRIG2 in registers ADCO_DELAY.

Table 3-66. Trigger Settings

ADCO_DELAY [Addr 0x67] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name ADCO_TRIG4 ADCO_TRIG2 ADCOHOLD ADCO_EDGE | RSVD673 | DELAYO[2] | DELAYO[1] | DELAYO[O]
Function GPIO4 IS ADCO GPIO2 IS ADCO ADC HOLDOFF NOT USED | NOTUSED | ADC EXTERNAL TRIGGER DELAY (us)
EXT TRIGGER EXT TRIGGER | ON/OFF CONTROL
When 0 DISABLED DISABLED OFF NOT USED | NOT USED 000=00 001=50 010= 100 011=150
When 1 ENABLED ENABLED ON NOT USED | NOT USED 100=200 101=250 110=350 111450

When more than one GPIO trigger source is selected the GPIO signals are OR'ed prior to trigger
detection. When both of those bits are cleared to 0 the internal trigger is selected.

ADCO_HOLDOFF (ADCO_DELAYI[5]) enables the GPIOx trigger source to be used as a level-sensed
gating signal which will suspend conversion cycles when the trigger source is low. The default for this bit
is 0. When ADCOHOLD is 0, the conversion cycle will continue for the preset number of conversions
selected with the RD_MODE bits once the initial trigger occurs. If the ADCOHOLD bit is 1, any pending
conversion cycle can be suspended if the GPIO trigger goes low (and resumes once the trigger signal
goes high again and the trigger delay time has been met). ADCO_DELAY[2:0] are used to set the initial
wait interval from the trigger event until the first conversion in a cycle is started. This delay may be from 0
to 450us.

When the GPIO's are selected as external triggers the ADC conversion start will be dependent on the

GPIO configuration. Table 3-67 shows the possible options:

Table 3-67. ADCO GPIO Trigger Settings

ADCO_TRIG2 = 1, ADCO_TRIG4 = 0 ADCO_TRIG2 = 0, ADCO_TRIG4 = 1
ADC TRIGGER _ ADC TRIGGER WHEN
GPIO2 PIN SOURCE WHEN HOLDOFF=H GPIO4 PIN SOURCE HOLDOFF=HI
SUSPEND
GPIO2 SUSPEND TRIGGER at GPIO4
NON-INVERTED | posiTive Epce GPI02=LO NON-INVERTED | posiTive EDGE T;'ffgﬁig‘
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Table 3-67. ADCO GPIO Trigger Settings (continued)

ADCO_TRIG2 = 1, ADCO_TRIG4 = 0 ADCO_TRIG2 = 0, ADCO_TRIG4 = 1
GPIO2 SUSPEND
INVERTED NEGATIVE SUSPE(';\‘l'DDIJZR_'S?ER at INVERTED GP'O“E'BECEAT'VE TRIGGER at
EDGE = GPIO4=HI
ADCO_TRIG2=HI,ADCO_TRIGA4=H
GPIO2 PIN GPIO4 PIN ADC TRIGGER SOURCE WHEN HOLDOFF=H

NON-INVERTED

NON-INVERTED

GP102 OR GPIO4 POSITIVE
EDGE

SUSPEND TRIGGER at GPI02
= LO AND GPIO4 = LO

NON-INVERTED

INVERTED

GPIO2 POSITIVE EDGE OR
GP104 NEGATIVE EDGE

SUSPEND TRIGGER at GPIO2
= LO AND GPIO4 = Hi

INVERTED

NON-INVERTED

GPI102 NEGATIVE EDGE OR
GPIO4 POSITIVE EDGE

SUSPEND TRIGGER at GPI102
= HI AND GPIO4 =LO

INVERTED

INVERTED

GPIO2 OR GPIO4 NEGATIVE
EDGE

SUSPEND TRIGGER at GPIO2
= HI AND GPI04 = HI

The procedure to start an externally-triggered conversion cycle has the following steps:

1. Verify that the current conversion cycle has ended (ADCO_BUSY is 0, I°C register STAT4)
2. Clear ADCO_EN to 0 (ADCO_SET[7]).
3. Set the appropriate bit in the corresponding ADCO_DELAY register (example — write 1 to

ADCO_DELAY bit B7 to use GPIO4 as trigger source for ADCO0). Ensure that the selected GPIOs have
the appropriate input and polarity selection — see GPIOSET1 and GPIOSET? registers.

4. Set ADCO_ENto1

After step 4 the ADC will be armed, waiting for an external trigger detection to start a conversion cycle. In
triggered mode the current cycle will not expire if the converter is armed and an external trigger is not

detected.
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Figure 3-23. ADC Operation Example

3.62.6 ADC ALU Unit and Result Registers

The ALU performs mathematical operations on the ADC output data. It can execute average (SUM)
calculations and minimum / maximum detection for a conversion cycle. The result of the SUM calculations
is stored in a 16 bit accumulator register (ADCOSUM2, ADC0_SUM1) and the MIN/MAX data is stored in
10-bit registers (ADCO_MAX2, ADCO_MAX1, ADCO_MIN2, ADCO_MIN1).

Equation 15 indicates how to translate the register data into a voltage reading for each channel:
ADC_OUTPUT_COUNTS = [ADC_INPUT_VOLTAGE / FULL_SCALE_READING] x 1023

Table 3-68. ADCO Output Data

ADCO_SuUM2® [Addr 0x94]
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name AVG[15] AVG[14] AVG[13] AVG[12] AVG[11] AVGI[10] AVGI9] AVGI[S]
ADCO_SUM1 [Addr 0x95]
BitName | Avel] | Avelsl | Avels] | Aveld] | Avelsl | Avelzl | Ave[l] | Ave[o]
ADCO_MAX2 [Addr 0x96]
BitName | RSVD967 | RSVD966 | RSVD965 | RSVD964 | RSVD963 | RsSVD962 | MAX[9] | MAX(8]
ADCO_MAX1 [Addr 0x97]
(1) All bits in ADCO_SUM2 are read only.
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Table 3-68. ADCO Output Data (continued)
BitName | MAX[7] | MAX6] | MAXs] | MAX@4] | wmAX[@E] | MAX[2l | MAX{] | MAX[]
ADCO_MIN2 [Addr 0x98]
BitName | RSVD987 | RSVD986 | RSVD985 | RSVD984 | RSVD983 | RSVDE82 | MIN[9] |  MIN[g]
ADCO_MIN1 [Addr 0x99]
BitName | MIN[7J | MiN6l | mMiN] | MmNl [ mIN@B] [ MINZI | MINGD | MIN[O]

3.62.7 Limit Check Setup

The ADCO timing engine has configurable low and high thresholds to interrupt the host when conversion
values, stored in registers ADCO_MAX and ADCO_MIN exceed a pre-selected range . A limit violation will
be detected and an interrupt sent to the host when the sampled value stored in registers ADCO_MAX2,
ADCO_MAX1 exceeds the maximum value set in registers ADCO_HILIM2, ADCO_HILIM1 or when the
minimum sampled value stored in registers ADCO_MIN2, ADCO_MINL1 is lower than the minimum value
programmed in registers and ADCO_HILIM2, ADCO_HILIM1.

Limit violations can not occur if Low Limit = 0x000 and High Limit = OXFFF.

Table 3-69. ADCO Limit Selection

ADCO_HILIM2 [Addr 0x63]

Bit Number B7 B6 B5S B4 B3 B2 Bl BO
Bit Name RSVD637 | RSVD636 | RSVD635 | RSVD634 | HILIMA[L1] | HILIMA[10] | HILIMA[9] | HILIMA[S]
ADCO_HILIM1 [Addr 0x64]
BitName | HILIMA7] | HILIMA[S] | HILIMA[S] | HILIMA[4] | HILIMA[3] | HILIMA[2] | HILIMA[L] | HILIMA[O]

ADCO_LOLIM2 [Addr 0x65]

BitName | RSVD657 | RSVDE56 | RSVDE55 | RSVD654 | LOLIMA[L1] | LOLIMA[10] | LOLIMA[S] | LOLIMA[8]
ADCO_LOLIM1 [Addr 0x66]

BitName | LOLIMA[7] | LOLIMA[6] | LOLIMA[5] | LOLIMA[4] | LOLIMA[3] | LOLIMA[2] | LOLIMA[1] | LOLIMA[0]

The limit detection ADC conversion cycle should be configured with internal trigger and sampling
sequences as follows:

1. To detect when an individual sample violates the max/min limits: Set RD_MODE[1:0] to 00 and
REPEAT to 1. With these settings the ALU will compare the 10-bit ADC data returned from the SAR
engine to the 10 bit values loaded in the ADCO_LIMIT values. The conversion sequence will repeat
until either a violation interrupt occurs or the ADCO_EN bit is written to O.

2. To detect when the average value violates the max/min limits: Set RD_MODE[1:0]) to 01, 10 or 11 and
REPEAT to 1. At the end of the multiple sample conversion cycle the ALU will calculate the 12 bit
average of the sample values by shifting the AVG[15:0] register (shift right 2 if 16 samples, shift right 3
if 32 samples and shift right 4 if 64 samples) . The shifted 12-bit average value is then compared to the
value programmed in registers ADCO_LIMIT.

3.62.8 ADC Status Registers

The ADC conversion status for the timing engine is available in the ADCO_INT register. The ADCO_INT
register is read-only. Reading the ADCO_INT register clears the ADCOINT bit in the STAT4 register
(ADCOINT=0).

Table 3-70. ADC Conversion Status

ADCO_ INT [Addr 0x9A]
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name ADCO_ DONE ADCO_ HILIMO_FLT LOLIMO_FLT RSVD9A3 RSVD9A2 ADCO_GPIOA4ST | ADCO_GPIO2ST
ERROR
Function CONVERSION ADC_STATUS HI LIMIT LO LIMIT FAULT | NOT USED NOT USED GPIO4 LEVEL GPIO2 LEVEL
CYCLE STATUS FAULT AT ADCO EOC AT ADCO EOC
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Table 3-70. ADC Conversion Status (continued)

ADCO_ INT [Addr 0x9A]
When 0 BUSY NO ERROR NOT NO DETECTED | NOTUSED | NOT USED LOW LOW
DETECTED
When 1 DONE ERROR DETECTED DETECTED NOT USED | NOT USED HIGH HIGH
3.63 GPIO

The TPS658600 integrates 4 general purpose push-pull ports (GPIOs) which can be configured as
selectable inputs or outputs via register GPIOSET1 bits. When the GPIO is not configured the pull-down
current source (2.5UA typ) is connected to the GPIOn pin. When configured as an input the GPIO can be
set as inverting or non-inverting via bits GPIOnINV in the GPIOSET2 register.

When configured as an output, the GPIO output level is defined by bits GPIONOUT in the GPIOSET2

register.
Table 3-71. GPIO Control®
GPIOSETL1 [Addr 0x5D] Default to 0
Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name GPIO4_MODE | GPIO4_MODE | GPIO3_MODE | GPIO3_MODE | GPIO2_MODE | GPIO2_MODE | GPIO1_MODE | GPIO1_MODE
1 0 1 0 1 0 1 0
Function GP104 CONFIGURATION GPIO3 CONFIGURATION GPIO2 CONFIGURATION GPI0O1 CONFIGURATION

GPIOSET2 [Addr Ox5E]

Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name GPIO4INV GPIO3INV GPIO2INV GPIO1INV GPIO2_MODE | GPIO2_MODE | GPIO1_MODE | GPIO1_MODE
1 0 1 0
Function GPIO4 INPUT | GPIO3 INPUT | GPIO2 INPUT | GPIO1 INPUT GPIO4 GPIO3 GPIO2 GPIO1
BUFFER BUFFER BUFFER BUFFER VOLTAGE, VOLTAGE, VOLTAGE, VOLTAGE,
MODE MODE MODE MODE CONFIGURED | CONFIGURED | CONFIGURED | CONFIGURED
AS OUTPUT AS OUTPUT AS OUTPUT AS OUTPUT
When 0 NON- NON- NON- NON- LO LO LO LO
INVERTING INVERTING INVERTING INVERTING
When 1 INVERTING INVERTING INVERTING INVERTING HI HI HI HI

(1) All GPIO's default to the same configuration.

Table 3-72. GP104/3/2/1_MODE Settings

GPIOXx_MODE[1] GPIOXx_MODE[0] GPIO4 Config GPIO3 Config GPIO2 Config GPIO1 Config
0 0 Not Configured Not Configured Not Configured Not Configured
0 1 Output Output Output Output
1 0 Input ADC Trigger Input Not Used Input ADC Trigger Input PWM/PFM Control
1 1 Input LDOG6/7/8 Enable Input LDO2/3 Enable Input LDO0/1 ENABLE Input Not Used

3.64 STATUS REGISTERS

The system status is accessible via I°C registers listed below. The STATn registers are read only.

Table 3-73. Status Registers

[ADCO_ INT [Addr 0x9A]

Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name ADCO_ DONE ADCO_ ERROR HILIMO_FLT LOLIMO_FLT RSVD9A3 RSVD9A2 ADCO_GPIO4ST | ADCO_GPIO2ST
Function CONVERSION ADC_STATUS HI LIMIT FAULT LO LIMIT FAULT NOT USED NOT USED GPIO4 LEVEL AT | GPIO2 LEVEL AT
CYCLE STATUS ADCO EOC ADCO EOC
When 0 BUSY NO ERROR NOT DETECTED | NOT DETECTED NOT USED NOT USED LOW LOW
When 1 DONE ERROR DETECTED DETECTED NOT USED NOT USED HIGH HIGH

STATL [Addr 0xBY]
Bit Number B7 B6 | B5 | B4 | B3 | B2 B1 | BO

Copyright © 2009, Texas Instruments Incorporated DETAILED DESCRIPTION 87
Submit Documentation Feedback
Product Folder Link(s): TPS658600


http://focus.ti.com/docs/prod/folders/print/tps658600.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSA37&partnum=TPS658600
http://focus.ti.com/docs/prod/folders/print/tps658600.html

TPS658600

SLVSA37-DECEMBER 2009

13 TEXAS
INSTRUMENTS

www.ti.com

Table 3-73. Status Registers (continued)

Bit Name BATSYSON ACSWON USBSWON BATCHGSWON RSVDB83 PACK_HOT PACK_COLD BATDET
Function BATTOSYS |AC SWITCH ON/OFF| USB SWITCH | BAT TO VIN_CHG SPARE PACK TEMP PACK TEMP | BATTTERY PACK
SWITCH ON/OFF STATUS ON/OFF STATUS | SWITCH ON/OFF EXCEEDS HOT | BELOW COLD | TS THERMISTOR
STATUS STATUS THRESHOLD THRESHOLD DETECTION
When 0 OFF OFF OFF OFF NOT USED NO NO NOT DETECTED
When 1 ON ON ON ON NOT USED YES YES DETECTED
STAT2 [Addr OxBA]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name TMRFLT DPPM_ON(4) TH_ON ITERM SLEEPTSHUT STATL STAT2 COMPDET
Function PRE-CHARGE OR | CHARGER DPPM CHARGER CHARGE NOT USED CHARGE STATUS NHOTRST PULSE
CHARGE TIMER LOOP STATUS | THERMAL LOOP |CURRENT BELOW, GENERATED
TIMEOUT STATUS TERMINATION REBOOT CYCLE
THRESHOLD
When 0 NO OFF OFF NO NOT USED 00= PRE-CHARGE ON NO
01=CHARGE DONE
When 1 YES ON ON YES NOT USED 10-FAST CHARGE ON YES
11= CHARGE SUSPEND,
TIMER FAULT, CHARGER OFF
STAT3 [Addr 0xBB]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name SLEEPREQ LOWSYS RESUME RTC_ALARM ACDET USBDET AC_OVP USB_OVP
Function SLEEP REQUEST LOWSYS RESUME SPARE AC INPUT POWER|  USB INPUT AC INPUT OVP | USB INPUT OVP
STATE SET DETECTION DETECTION STATUS POWER STATUS DETECTION DETECTION
STATUS STATUS
When 0 NO NOT DETECTED | NOT DETECTED SPARE NOT DETECTED | NOT DETECTED NO OVP NO OVP
When 1 YES DETECTED DETECTED SPARE DETECTED DETECTED OVP DETECTED | OVP DETECTED
STAT4 [Addr 0xBC]
Bit Number B7 B6 B5 B4 B3 B2 B1 BO
Bit Name RSVDBC7 RSVDBC6 RSVDBC5 ADCOBUSY RSVDBC3 RSVDBC2 RSVDBC1 ADCOINT
Function SPARE SPARE SPARE ADC ENGINE 0 SPARE SPARE SPARE ADC ENGINE 0
MODE INTERRUPT
When 0 SPARE SPARE SPARE IDLE SPARE SPARE SPARE NOT ACTIVE
When 1 SPARE SPARE SPARE BUSY SPARE SPARE SPARE ACTIVE

The interrupt controller monitors the system status bus and internal signals continuously, generating an
interrupt (INT = ‘0’) when a system status change is detected. Individual bits that generated the interrupt
will be set to 1 in the INT_ACK registers (read only registers), indicating which parameters generated the
interrupt.

All the parameters monitored by the interrupt controller can be masked by registers INT_MASK
(O=unmasked, 1=masked). Masked parameters do not generate an interrupt when their state changes.
When the host reads the INT_ACK registers, the interrupt is reset causing the INT pin to go to a logic 1
and the INT_ACK register bits are cleared.

The power good signals from the integrated supplies are level sensitive, and they will continue to cause an
interrupt until the power good condition returns or the signal is masked. For non-masked power good
parameters the INT_ACK bit will indicate the present state of the power good signals. The INTMASK
register bits are cleared to O upon power-up.

Table 3-74. INT_ACK registers

INT_ACK1 [Addr OxB5]

Bit Number B7 B6 B5 B4 B3 B2 B1 BO

Bit Name | ACK_PLDO7 ACK_PLDO6 ACK_PLDO5 ACK_PLDO4 ACK_PLDO3 ACK_PLDO2 ACK_PLDO1 ACK_PLDOO
INT_ACK2 [Addr 0xB6]

Bit Name IACK_PSMS ACK_PSM2 ACK_PSM1 ACK_PSMO ACK_PLDO9 ACK_PLDO8 ACK_ADC ACK_ COMPDET®

INT_ACK3 [Addr 0xB7]

(1) ACK_COMPDET= ACK INT BY HOTRST FLAG SET
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Table 3-74. INT_ACK registers (continued)

| Bit Name | ACK_PP | ACK_CHGTEMP | ACK_CHGSTATl ACK_BATDET | ACK_ACDET | ACK_USBDET | ACKACUSBOVP | ACK_RTCALM1
|INT_ACK4 [Addr 0xBS8]
I Bit Name ] RSVDB87 ] RSVDB86® ] IMASKLOWSYS I IMASKRESUMEI IMASKRTCALML ] IMASKACDET ] ACK_LOWSYS ] ACK_RESUME

(2) RSVDB86= ACK INT BY SLEEP REQUEST

Table 3-75. INTMASK Registers

INTMASK1 [Addr 0xBO]

Default to 1 (Masked)

Bit Name | IMASK_PLDO7 | IMASK_PLDO6 | IMASK_PLDO5 | IMASK_PLDO4 | IMASK_PLDO3 | IMASK_PLDO2 | IMASK_PLDO1 | IMASK_PLDOO
INTMASK2 [Addr 0xB1] Default to 1 (Masked)
Bit Name | IMASK_PSM3 | IMASK_PSM2 | IMASK_PSM1 | IMASK_PSMO | IMASK_PLDO9 | IMASK_PLDO8 | IMASKADC | RSVDB10
INTMASK3 [Addr 0xB2] Default to 1 (Masked)

Bit Name | IMASKSYSSW | IMASKACSW | IMASKUSBSW | IMASKBCHGSWI RSVDB83 | IMASK_HOT | IMASK_COLD | IMASKBATDET
INTMASK4 [Addr 0xB3] Default to 1 (Masked)

Bit Name | IMASK_TMRFLTI IMASK_DPPM | IMASK_THON | IMASK_TERM | IMASK_TSHUT | IMASKCHSTAT | IMASKRTCALMZI IMASK_COMP
INTMASKS [Addr 0xB4] Default to 1 (Masked)
| Bit Name | RSVDB47 | IMASKLOWSYS | IMASKRESUME | IMASKRTCALMlI IMASKACDET | IMASKUSBDET | IMASKAC_OVP | IMASKUSB_OVP

The interrupt controller can monitor either level or edge transitions to generate the interrupt request:

PARAMETER STATUS BIT SET INT_ACK BIT ON MASK reg/bit INT_ACK reg/bit ACK clear at

LDOO power good fault None PGOOD FAULT DETECTED | INTMASK1 / INT_ACK1 / ACK_LDOO Read INT_ACK1
IMASK_PLDOO

LDO1 power good fault None PGOOD FAULT DETECTED | INTMASK1/ INT_ACK1/ACK_PLDO1 Read INT_ACK1
IMASK_PLDO1

LDO2 power good fault None PGOOD FAULT DETECTED | INTMASK1/ INT_ACK1 / ACK_PLDO2 Read INT_ACK1
IMASK_PLDO2

LDO3 power good fault None PGOOD FAULT DETECTED | INTMASK1/ INT_ACK1 / ACK_PLDO3 Read INT_ACK1
IMASK_PLDO3

LDO4 power good fault None PGOOD FAULT DETECTED | INTMASK1 / INT_ACK1 / ACK_PLDO4 Read INT_ACK1
IMASK_PLDO4

LDOS5 power good fault None PGOOD FAULT DETECTED | INTMASK1 / INT_ACK1 / ACK_PLDO5 Read INT_ACK1
IMASK_PLDO5

LDO6 power good fault None PGOOD FAULT DETECTED | INTMASK1 / INT_ACK1 / ACK_PLDO6 Read INT_ACK1
IMASK_PLDO6

LDO7 power good fault None PGOOD FAULT DETECTED | INTMASK1/ INT_ACK1 / ACK_PLDO7 Read INT_ACK1
IMASK_PLDO7

LDO8 power good fault None PGOOD FAULT DETECTED | INTMASK2 / INT_ACK2 / ACK_PLDO8 Read INT_ACK2
IMASK_PLDO8

LDO9 power good fault None PGOOD FAULT DETECTED | INTMASK2 / INT_ACK2 / ACK_PLDO9 Read INT_ACK2
IMASK_PLDO9

SMO power good fault None PGOOD FAULT DETECTED | INTMASK2 / IMASK_PSMO | INT_ACK2 / ACK_PSMO0 Read INT_ACK2

SM1 power good fault None PGOOD FAULT DETECTED | INTMASK2 / IMASK_PSM1 | INT_ACK2 / ACK_PSM1 Read INT_ACK2

SM2 power good fault None PGOOD FAULT DETECTED | INTMASK2 / IMASK_PSM2 | INT_ACK2 / ACK_PSM2 Read INT_ACK2

SM3 over-voltage detection None SM3 OVER-VOLTAGE INTMASK2 / IMASK_PSM3 | INT_ACK2 / ACK_PSM3 Read INT_ACK2

DETECTED
HOT RESET FLAG STATUS | STAT2 bit 0 HI—LO OR LO—HI INTMASK4 / IMASK_COMP | INT_ACK2 / Read INT_ACK2
ACK_COMPDET

BATSYS switch STATUS STAT1 bit 7 HI—LO OR LO—HI INTMASK3 / IMASKSYSSW | INT_ACK3 / ACK_PP Read INT_ACK3

ACSYS SWITCH STATUS STAT1 bit 6 HI—LO OR LO—HI INTMASK3 / IMASKACSW | INT_ACK3 /ACK_PP Read INT_ACK3

USBSYS SWITCH STATUS | STAT1 bit5 HI—LO OR LO—HI INTMASK3 / IMASKUSBSW | INT_ACK3 /ACK_PP Read INT_ACK3

BATCHG SW STATUS STAT1 bit 4 HI—-LO OR LO—HI INTMASK3 / IMASK_TERM | INT_ACK3 /ACK_PP Read INT_ACK3

PACK HOT DETECTION STATL1 bit 2 HI—-LO OR LO—HI INTMASK3 / INT_ACK3 Read INT_ACK3
IMASK_TSHUT /ACK_CHGTEMP

PACK COLD DETECTION STAT1 bit 1 HI—-LO OR LO—HI INTMASK3 / INT_ACK3 Read INT_ACK3
IMASKCHSTAT /ACK_CHGTEMP

BATTERY INSERTION STAT1 bit 0 HI—LO OR LO—HI INTMASK3 / INT_ACK3 /ACK_BATDET | Read INT_ACK3
IMASKBATDET

charger timer fault STAT2 bit 7 HI—LO OR LO—HI INTMASK4 / INT_ACK3 Read INT_ACK3
IMASK_TMRFLT IACK_CHGSTAT
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PARAMETER STATUS BIT SET INT_ACK BIT ON MASK reg/bit INT_ACK reg/bit ACK clear at
DPPM loop STATUS STAT2 bit 6 HI—LO OR LO—HI INTMASK4 / IMASK_DPPM | INT_ACK3 Read INT_ACK3
/IACK_CHGSTAT
thermal loop STATUS STAT2 bit 5 HI—-LO OR LO—HI INTMASK4 / IMASK_THON | INT_ACK3 Read INT_ACK3
/IACK_CHGSTAT
termination STATUS STAT2 bit 4 HI—-LO OR LO—HI INTMASK4 / IMASK_TERM | INT_ACK3 Read INT_ACK3
/ACK_CHGSTAT
charger STAT2 STAT2 bit 1 HI—-LO OR LO—HI INTMASK4 / INT_ACK3 Read INT_ACK3
IMASKCHSTAT IACK_CHGSTAT
charger STAT1 STAT2 bit 2 HI—LO OR LO—HI INTMASK4 / INT_ACK3 Read INT_ACK3
IMASKCHSTAT IACK_CHGSTAT
SLEEP and tshut detected STAT2 bit 3 HI—LO OR LO—HI INTMASK4 / INT_ACK3 Read INT_ACK3
IMASK_TSHUT IACK_CHGSTAT
SLEEP REQUEST STAT3 bit7 HI—LO OR LO—HI INTMASK2/RSVDB10 INT_ACK4 / RSVDB86 Read INT_ACK4
DETECTED
AC DETection STAT3 bit 3 HI—-LO OR LO—HI INTMASKS5 / IMASKACDET | INT_ACK3 / ACK_ACDET Read INT_ACK3
USB DETection STAT3 bit 2 HI—LO OR LO—HI INTMASKS / INT_ACK3/ Read INT_ACK3
IMAKSUSBDET ACKACUSBOVP
AC OVP STAT3 bit 1 HI—-LO OR LO—HI INTMASKS5 / INT_ACK3/ Read INT_ACK3
IMAKSAC_OVP ACKACUSBOVP
USB OVP STAT3 bit 0 HI—-LO OR LO—HI INTMASKS5 / INT_ACK3/ Read INT_ACK3
IMASKUSB_OVP ACKACUSBOVP
RTC ALARM1 NONE ALARM1 DETECTED INTMASKS5 / INT_ACK3/ Read INT_ACK3
IMAKSRTCALM1 ACK_RTCALM1
RTC ALARM2 NONE ALARM2 DETECTED INTMASK4 / INT_ACK4 / Read INT_ACK4
IMASKRTCALM2 ACK_RTCALM2
RESUME command STAT3 bit 5 HI—LO OR LO—HI INTMASKS / INT_ACK4 / ACK_RESUME | Read INT_ACK4
IMASKRESUME
LOWSYS detection STAT3 bit 6 HI—LO OR LO—HI INTMASKS / INT_ACK4 / ACK_LOWSYS | Read INT_ACK4
IMASKLOWSYS
DADCOINT STAT4 bit 0 LO—HI ONLY INTMASK2 / IMASKADC INT_ACK4 / ACK_ADC Read ADCO_INT

3.66 DEVICE ID RAM REGISTER
Each device has a unique 8-bit identifier stored in the read only register VERSIONID.

Table 3-76. Device ID Register

VERSIONID [Addr OxCD]

Bit Number B7 B6 B5 B4 B3 B2 Bl BO
Bit Name VCRC7 VCRC6 VCRC5 VCRC4 VCRC3 VCRC2 VCRC1 VCRCO
Device Number VERSION IDENTIFICATION, FACTORY SET
TPS658600 0 0 0 0 0 0 1 0
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3.67 RAM MEMORY MAP

MEMORY AREA ADDR REGISTER R/W | DESCRIPTION
NAME
SUPPLY CONTROL AND | 0x10 | SUPPLYENA R/W | LDO2, SMO, SM1 ENABLE CONTROL
MOLTAGE SETTING 0x11 | SUPPLYENB R/W |LDO2, SMO, SM1 ENABLE CONTROL
0x12 | SUPPLYENC R/W | LDOO, LDO1. LDO3, LDO4, LDO6, LDO7, LDO8, SM2 ENABLE
CONTROL
0x13 | SUPPLYEND R/W | LDOO, LDO1. LDO3, LDO4, LDO6, LDO7, LDO8, SM2 ENABLE
CONTROL
0x14 | SUPPLYENE R/W | TPS658600 OPERATION MODE, LDO5, LDO9 ENABLE CONTROL
0x20 | vccl RW | SMO, SM1, LDO2, LDO4 VOLTAGE SELECTION / CHANGE
CONTROL
ox21 | vce2 R/W | SMO, SM1, LDO2, LDO4 VOLTAGE SELECTION / CHANGE
CONTROL
0x23 | SM1V1 R/W | SM1 VOLTAGE SETTING #1
0x24 | SM1v2 R/W | SM1 VOLTAGE SETTING #2
0x25 | SM1SL R/W | SM1 SLEW RATE
0x26 | SMOV1 R/W | SMO VOLTAGE SETTING #1
0x27 | SMOV2 R/W | SMO VOLTAGE SETTING #2
0x28 | SMOSL R/W | SMO SLEW RATE
0x29 | LDO2AV1 R/W | LDO2 VOLTAGE SETTING #1
0x2A | LDO2AV2 RW | LDO2 VOLTAGE SETTING #2
0x2F | LDO2BV1 R/W | LDO2 VOLTAGE SETTING #1
0x30 | LDO2BV2 R/W | LDO2 VOLTAGE SETTING #2
0x32 | LDO4V1 RW | LDO4 VOLTAGE SETTING # 1
0x33 | LDO4V2 R/W | LDO4 VOLTAGE SETTING # 2
CONVERTER SETTINGS | 0x41 | SUPPLYV1 R/W | LDO1, LDOO OUPUT VOLTAGE
0x42 | SUPPLYV2 RW | SM2, LDO8 OUTPUT VOLTAGE
0x43 | SUPPLYV3 R/W | LDO6, LDO7 OUTPUT VOLTAGE
Ox44 | SUPPLYV4 RW | RTC_LDO, LDO3 OUTPUT VOLTAGE, RTC_LDO ON/OFF
0x45 | SUPPLYV5 RW | SPARE
0x46 | SUPPLYV6 R/W | LDOS, LDO9 OUTPUT VOLTAGE
0x47 | SMODEL R/W | SMO, SM1, SM2, PWM/PFM MODE SETTING
0x48 | SMODE?2 RW | SPARE
CHARGER SETUP RAM | 0x49 |CHG1 RW | CHARGER SETTINGS
Ox4A | CHG2 RW | CHARGER SETTINGS
0x4B | CHG3 RW | CHARGER SETTING
POWER PATH SETUP 0x4C | PPATH2 RW | OUT POWER PATH SETTINGS
RAM
TPS658600 0x4D | PGFLTMSK1 R/W | POWER GOOD FAULT MASK
SEQUENCING OX4E | PGFLTMSK2 RW | POWER GOOD FAULT MASK
0XCC | SPARE2 R/W | REBOOT CYCLE FLAG RESET
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MEMORY AREA Ar?e[)’(R REGISTER NAME ACC | DESCRIPTION
PERIPHERAL 0X50 | RGB1FLASH RIW RGB1R/G/B DRIVERS FLASH MODE SETTINGS
CONTROL RAM [ 0x51 | RGBLIRED RW | RGBL RED DRIVER INTENSITY CONTROL
0X52 | RGB1GREEN RIW RGB1 GREEN DRIVER INTENSITY CONTROL
0X53 | RGB1BLUE RIW RGB1 BLUE DRIVER INTENSITY CONTROL
0X54 | RGB2RED RIW RGB2 RED DRIVER INTENSITY CONTROL
0X55 | RGB2GREEN RIW RGB2 GREEN DRIVER INTENSITY CONTROL
0X56 | RGB2BLUE RIW RGB2 BLUE DRIVER INTENSITY CONTROL
0X57 | SM3_SETO R/W | WHITE LED DUTY CYCLE SETTINGS
0X58 |SM3_SET1 R/W | WHITE LED DUTY CYCLE SETTINGS
0X59 |LED_PWM RIW LED_PWM DRIVER DUTY CYCLE SETTINGS
0X5A | DIG_PWM RIW DIG_PWM DRIVER DUTY CYCLE SETTINGS
0X5B | PWM RIW PWM DRIVER DUTY CYCLE SETTINGS
0X5C | DIG_PWM1 RIW DIG_PWM1 DRIVER DUTY CYCLE SETTINGS
0X5D | GPIOSET1 RIW GPIO CONFIGURATION
OX5E | GPIOSET2 RIW GPIO CONFIGURATION
ADCO ENGINE 0x60 | ADCANLG R/W adc input bias and filter control
SETUP RAM 0X61 | ADCO_SET RW | ADCO CONVERSION CYCLE SETUP
0X62 | ADCO_WAIT R/W | ADCO CONVERSION CYCLE SETUP
0X63 | ADCO_HILIMIT2 R/W | ADCO HI LIMIT THRESHOLD
0X64 |ADCO_HILIMIT1 R/W | ADCO HI LIMIT THRESHOLD
0X65 | ADCO_LOLIMIT2 R/W | ADCO LO LIMIT THRESHOLD
0X66 |ADCO_LOLIMIT1 R/W | ADCO LO LIMIT THRESHOLD
0X67 | ADCO_DELAY R/W | ADCO TRIGGER MODE
ADCO ENGINE 0x94 |ADCO_SUM2 R SUM OF ALL SAMPLES
DATA RAM 0x95 | ADCO_SUM1 R SUM OF ALL SAMPLES
0x96 |ADCO_MAX2 R MAX SAMPLE VALUE
0x97 |ADCO_MAX1 R MAX SAMPLE VALUE
0x98 | ADCO_MIN2 R MIN SAMPLE VALUE
0x99 |ADCO_MIN1 R MIN SAMPLE VALUE
O0x9A | ADCO_INT R ADCO STATUS
INTERRUPT 0xBO | INT_MASK1 RIW INT_MASK
CONTROL RAM [ 5,81 [ INT_MASK2 RW | INT MASK
0xB2 | INT_MASK3 RIW INT MASK
0xB3 | INT_MASK4 RIW INT MANAGEMENT
0xB4 | INT_MASK5 RIW INT MANAGEMENT
0xB5 |INT_ACK1 RIW INT MANAGEMENT REGISTER
0xB6 | INT_ACK2 RIW INT MANAGEMENT REGISTER
0xB7 |INT_ACK3 RIW INT MANAGEMENT REGISTER
0xB8 | INT_ACK4 RIW INT MANAGEMENT REGISTER
SYSTEM 0xB9 | STAT1 R power path switches, pack status
STATUS RAM OxBA | STAT2 R charger status
OxBB | STAT3 R rtc, input power status
O0XBC | STAT4 R ADC STATUS
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ADDR

MEMORY AREA
hex

REGISTER NAME ACC DESCRIPTION

RTC 0xCO0 |RTC_CTRL R/W RTC CONTROL REGISTER
0XC1l |RTC ALARM RTC ALARM

0xC2
0xC3
0xC4
0xC5
0xC6 | RTC COUNTER R/W RTC DATA
0xC7
0xC8
0xC9
OxCA
DEVICE ID 0XCD | VERSIONCRC R Device identification
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4 APPLICATION INFORMATION

4.1 DC/DC CONVERTER OUTPUT FILTER

4.1.1 Inductor Selection

The typical value for the converter inductor is 2.2uH output inductor. Larger or smaller inductor values can
be used to optimize the performance of the device for specific operation conditions. The selected inductor
has to be rated for its DC resistance and saturation current. The DC resistance of the inductance will
influence directly the efficiency of the converter. Therefore an inductor with lowest DC resistance should
be selected for highest efficiency. See document SLVA157 for more information on inductor selection.

Equation 16 calculates the maximum inductor current under static load conditions. The saturation current
of the inductor should be rated higher than the maximum inductor current as calculated with Equation 16.
This is recommended because during heavy load transient the inductor current will rise above the
calculated value.

Vout
_ - Vin _ Al
AlL = Vout x W ILmaX - Ioutmax+7

(16)

with:
f = Switching Frequency (2.25MHz typical)
L = Inductor Value
Al = Peak to Peak inductor ripple current
I max = Maximum Inductor current

The highest inductor current will occur at maximum Vin.

Open core inductors have a soft saturation characteristic and they can usually handle higher inductor
currents versus a comparable shielded inductor. A more conservative approach is to select the inductor
current rating just for the maximum switch current of the corresponding converter. It must be considered,
that the core material from inductor to inductor differs and will have an impact on the efficiency especially
at high switching frequencies.

Refer to Table 4-1 and the typical applications for possible inductors.

Table 4-1. Inductors

SUPPLY | INDUCTOR TYPE INDUCTANCE SUPPLIER TYP DIMENSIONS

[pH] [mm]
SMo LPS4012-152 15 Coilcraft axax1
VLS4012-1R5N1R5 15 TDK axax1
SM1 LPS4012-152 15 Coilcraft axax1
VLS4012-1R5N1R5 15 TDK axax1

SM2 LPS4414-152MLx 15 Coilcraft 4x4x1.5

1008PS-152Kx 1.5 Coilcraft 4x4x2.5
SM3 D02010-472 47 Coilcraft 2x2x1
VLS3012-47M1R0O 47 TDK 3x3x1

4.1.2 Output Capacitor Selection

The advanced Fast Response voltage mode control scheme of the two converters allow the use of small
ceramic capacitors with a typical value of 22pF, without having large output voltage under and overshoots
during heavy load transients. Ceramic capacitors having low ESR values result in lowest output voltage
ripple and are therefore recommended. Refer to for recommended components.
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If ceramic output capacitors are used the capacitor RMS ripple current rating will always meet the
application requirements. Just for completeness the RMS ripple current is calculated as:
_ Vout

Vin 1
L xf 2 x J§

1

lrmscout = Vout x
17

At nominal load current the inductive converters operate in PWM mode and the overall output voltage
ripple is the sum of the voltage spike caused by the output capacitor ESR plus the voltage ripple caused
by charging and discharging the output capacitor:

3 Vout
_ Vin 1
AVout = Vout x X + ESR
Lxf 8 x Cout x f

(18)
Where the highest output voltage ripple occurs at the highest input voltage Vin.

At light load currents the converters operate in Power Save Mode and the output voltage ripple is
dependent on the output capacitor value. The output voltage ripple is set by the internal comparator delay
and the external capacitor. The typical output voltage ripple is less than 1% of the nominal output voltage.

4.1.3 Input Capacitor Selection
Because of the nature of the buck converter having a pulsating input current, a low ESR input capacitor is
required for best input voltage filtering and minimizing the interference with other circuits caused by high
input voltage spikes. The converters need a ceramic input capacitor of 10uF. The input capacitor can be
increased without any limit for better input voltage filtering.
Table 4-2. Capacitors
22 uF 0805 TDK C2012X5R0J226MT Ceramic
22 uF 0805 Taiyo Yuden JMK212BJ226MG Ceramic
10 uF 0805 Taiyo Yuden JMK212BJ106M Ceramic
10 uF 0805 TDK C2012X5R0J106M Ceramic
4.2 XTAL OSCILLATOR PCB — GENERAL GUIDELINES
Table 4-3. External Crystal Specifications
EXTERNAL CRYSTAL REQUIREMENTS [TYP CRYSTAL — EPSON MC146]
PARAMETER DESCRIPTION MIN TYP MAX UNIT
Fosc Nominal crystal resonant frequency 32.768 kHz
Frequency Tolerance AF/Fosc -20 20 ppm
B Parabolic Temp Co 0.04x1078 | 1/°C2
ESR Equivalent Series Resistance 65 kQ
CLoap Load Capacitance 7 pF
CsHunT Shunt capacitance 0.5 0.8 1.2 pF
Pprive Drive power 0.5 1 W
Aging -3 3 ppm/Yr

The jitter observed in the OUT32K pin is heavily dependent on the board layout close to the XTAL1 and
XTAL2 pins. The following layout/assembly procedures are recommended :

» Layout a good ground plane around the oscillator pins.
» Prevent crosstalk from other clock or data lines into oscillator pins XIN and XOUT.
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» Avoid running PCB traces underneath or adjacent to the XIN and XOUT pins.
» Use assembly materials and praxis to avoid any parasitic load on the oscillator XIN and XOUT pins.

» If conformal coating is used, ensure that it does not induce capacitive/resistive leakage between the
oscillator pins.

» External capacitance is recommended for precision real-time clock applications.
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4.3 APPLICATION CIRCUIT

4.3.1 Power Path , Charger, ADC, RTC and Ground Plane

XTAL2
ADC_R
AGND2
ANLG1
ANLG2
ANLG3

AVDD6

AGND
v

2.2pF

SYSTEM CORE
POWER BUS

| VSYS I

2V2
AGND

AGND! I

22uF sYs

AC_DC ADAPTER

OUTPUT 1uF

R
»—||£1

AC

4o o

&

USB POWER

| VSM2 or VSYS :

BATTERY

ISET

TPS6586x

EF

FLTDPPM

AGNDn DGNDn

THERMISTOR

AGND

GND

SUPPLY GROUND PLANE

ANALOG
GROUND
PLANE

DIGITAL
GROUND
PLANE

DGND
POWER GROUND PLANE

!

GND

(1) VIN_CHG should be connected to VSYS when SM2 is not configured as the charger
Figure 4-1. Power Path, Charger, ADC, RTC C

1111

GROUND STAR P1P2P3 P4
OONECTION
SEE PCB LAYOUT

GUIDELINES
pre-regulator stage

onnections
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4.3.2 Integrated Supplies
VSYS
TPS6586x VIN_SMo
Lo 0 VSMO
SMo
PGNDO
VIN_SM1
L O Vsms
SM1
PGND1
VIN_SM2
L2 VSM2
SM2
PGND2
RTC_OUT
LDO5
VINLDO23
VINLDO23
LDO2
LDO3
VINLDO678
VINLDO678
LDO8
LDO6
LDO7
VINLDO4
VIN_LDO4
LDO4
VINLDO4
VIN_LDOO1
LDOO
LDO1
VINLDO9
<~ AGND
o gLeOB
LDO3
o LDO2
VLDOS
o VRTC ouT
(1) VIN_SMn pins must be always connected to VSYS .

@

The supply input pins must be connected to VSYS or to the output of a supply which is powered from VSYS

Figure 4-2. Supply Rail Connections
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4.3.3 Display and Peripherals

TPS6586x

VRAIL
LED_PWM —w2K
SM3SW 2.7uH
L3 : VSYS
% AAA A AN
SM3
WHITE LEDS
FB3 L1
=ioo F%RFss __100pF
PGND3 [ PP 33
Regsa = P3
ISM3G
15
_N_
PWM —@«
DIGPWM >
TO DIGITAL INPUT
DIGPWM2 »
RED1 ("« RGB LED
GREEN1 "
BLUE1 L
RED2 [« rReBLED
GREEN2 b
BLUE2 )

(1) PWM pin shown as driving an external vibrator motor, with vibrator supply connected to LDOn output
(2) VRAIL can be the output of any of the TPS658600 integrated supplies or the SYS pin
(3) 1. DIGPWM, DIGPWM2 are push-pull outputs

Figure 4-3. Display and PWM Connections
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4.3.4 Host Connections

Vi2C

4

2ka
AWV
AW

2kQ
2kQ
2kQ

VIO

100k

HOST

HOST SEQUENCING AND
RESET CONTROL

cNOPOWER

z 1]

TPS6586x

SCLK
SDAT
PSCLK

PSDAT
nINT

GPIO1
GPI102
GPIO3
GPIO4

V32K
32KOUT
CHG_STAT
nNORTC
nNOPOWER

LDO4EN
SM1EN
SMOEN
SYNCEN

SMOPG
SM1PG
LDO4PG

RESUME
nHOTRST

TNOPOWER

(1) Those are generic connections only, see App Notes for host specific connectivity
(2) VIO should be connected to the TPS658600 rail that powers the host I/O domain
(3) VI2C should be connected to 2v2 or to the TPS658600 rail that powers the host I°C engine domain

Figure 4-4. Generic Host and Sequencing Circuit Connections
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4.3.5 Sequence Connections

TPS6586xx

V2V2 vav2

SM1EN

LDO4EN

nCORECTRL nCORECTRL

M

V32K

SYNCEN

2828 L1

VSM1

SM1

PGND1

"
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4.3.6 Sequence Timing (TPS658600)
RTC_OUT { At
2.2V
NORTC (
RESUME 4/_—\
LD02 ’7 2.2V
1.2V
SMo /
1.8V

SM1
LD06 3.3V
LDO8 T 288V
LDOO 2.85V
LDO1 1.2V

| WP § 4 &, 4 Y Y &, 4, Py 4

1 =L 1 1 1 1 1 1 1 1 1 7

Power 0 25 50 75 100 125 150 175 200

Applied Time (ms)

Figure 4-5. Sequence Timing
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

TPS658600ZQZR PREVIEW  BGA Ml ZQZ 120 2500 TBD Call Tl Call Tl
CROSTA
R JUNI
OR

TPS658600ZQZT PREVIEW  BGA Ml ZQZ 120 250 TBD Call Tl Call Tl
CROSTA
R JUNI
OR

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sbh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current ROHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

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 TI 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 TI
to Customer on an annual basis.
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MECHANICAL DATA
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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