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TPS65735 PMU for Active Shutter 3D Glasses

1 Device Overview

1.1 Features

e Linear Charger » Boost Converter
— Three Charger Phases: Pre-Charge, Fast — Adjustable Output Voltage: 8 Vto 16 V
Charge, and Charge Termination — Boost Output Internally Connected to H-Bridge
— Externally Set Charge Current Which Supports Analog Switches
up to 100 mA « Full H-Bridge Analog Switches
— LED Current Sinks for Power Good and Charger — Controlled by an External Microcontroller for
Status Indication System Operation
* Low-Dropout Regulator (LDO) Supply for External « Output Pin for Divided Down Battery Voltage
Modules (Microcontroller, RF Module, IR Module) Useful for ADC or Comparator Input of an MCU

— LDO Continuous Output Current up to 30 mA

1.2 Applications
Active Shutter 3D Glasses

1.3 Description

The TPS65735 device is a power management unit (PMU) for active shutter 3D glasses consisting of an
integrated power path, linear charger, LDO, boost converter, and full H-bridge analog switches for left and
right shutter operation in a pair of active shutter 3D glasses. In addition to the power devices, a typical 3D
glasses system contains both a microcontroller and a communications front end (IR, RF, or other) in order
to handle the communication and synchronous operation along with a 3D television.

Device Information®
PART NUMBER PACKAGE BODY SIZE (NOM)
TPS65735 VSON (32) 4.00 mm x 4.00 mm

(1) For more information, see Section 10, Mechanical Packaging and Orderable Information.

1.4 Functional Block Diagram
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3 Terminal Configuration and Functions

3.1

A.

Pin Diagram
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Pins 14 and 17 = N/C. No internal connection; connect to main system ground.

Figure 3-1. 32-Pin RSN WQFN (Top View)
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3.2 Pin Functions
Table 3-1. Pin Functions
PIN
) NAME 110 DESCRIPTION
POWER MANAGEMENT CORE (PMIC)
1 BST_EN | Boost Enable Input from an MCU, High = Boost Enabled
2 DGND — Digital Ground
3 LCLP (0] H-Bridge Output for Left LC Shutter, Positive Terminal
4 LCLN (0] H-Bridge Output for Left LC Shutter, Negative Terminal
5 LCRP 0] H-Bridge Output for Right LC Shutter, Positive Terminal
6 LCRN (0] H-Bridge Output for Right LC Shutter, Negative Terminal
7 HBL2 | H-Bridge Input 2 for Left LC Shutter
8 HBR1 | H-Bridge Input 1 for Right LC Shutter
9 HBR2 | H-Bridge Input 2 for Right LC Shutter
10 BST_OUT (0] Boost Output
11 BST_SwW 0] Boost Switch Node
12 PGNDBST — Boost Power Ground
13 BST_FB | Boost Feedback Node
15 ISET 110 Fast-Charge Current Setting Resistor
16 Ts | Pin for 10-kQ NTC Thermistor Connection
FLOAT IF THERMISTOR / TS FUNCTION IS NOT USED
18 BAT 110 Charger Power Stage Output and Battery Voltage Sense Input
19 SYS (0] Output Terminal to System
20 VIN | AC or USB Adapter Input
21 VLDO (6] LDO Output
22 VLDO_SET | Sets LDO Output Voltage (see Table 5-2)
23 COMP o Scaled Battery Voltage for MCU Comparator or ADC Input (Battery Voltage Monitoring)
DO NOT CONNECT IF COMP FUNCTION IS NOT USED
24 AGND - Analog Ground
25 SWITCH | Switch Input for Device Power On/Off
26 SW_SEL | Selects Type of Switch Connected to SWITCH Pin (see Table 5-6)
2 )
& o | 6 Data i (nty sed o T ebug and e
> .
2 0 e s an 0
29 NCHG_STAT © CONNEGT 10 AROUNDTE FUNCTION IS NOT USED
30 CHG_EN | Charger Enable Input from an MCU, High = Boost Enabled
31 SLEEP 110 Sleep Enable Input from an MCU (edge triggered, only for system shutdown)
32 HBL1 | H-Bridge Input 1 for Left LC Shutter
MISCELLANEOUS AND PACKAGE
14, 17 N/C — All N/C should be connected to the main system ground.
There is an internal electrical connection between the exposed thermal pad and the AGND ground pin of
33 Thermal PAD . the d'evice. The thermal pad must be connected to'the same potgntial as the AGND pin on thg printed
circuit board. Do not use the thermal pad as the primary ground input for the device. AGND pin must be
connected to ground at all times.
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4 Specifications

4.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
Input voltage on all pins (except for VIN, BST_OUT, BST_SW, BST_FB, VLDO, LCLP, 03 7 v
LCLN, LCRP, LCRN, AGND, DGND, and PGNDBST) with respect to AGND )

VIN with respect to AGND -0.3 28 \%

BST_OUT, BST_SW, LCLP, LCLN, LCRP, and LCRN with respect to PGNDBST -0.3 18 \Y

BST_FB with respect to PGNDBST, VLDO with respect to DGND -0.3 3.6 \%

Ta Operating free-air temperature 0 60 °C
) Electrical characteristics ensured 0 85

Ty Junction temperature - - 3 °C
Functionality ensured® 0 105

Tstg Storage temperature -55 150 °C

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

(2) All voltage values are with respect to Vgg, unless otherwise noted.

(3) Device has a thermal shutdown feature implemented that shuts down at 105°C

4.2 ESD Ratings

VALUE UNIT

Human Body Model (HBM), per ANSI/ESDA/JEDEC JS001®

+1000

VEsp Electrostatic discharge Charged Device Model (CDM),

per JESD22-C101®@

+250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

4.3 Power-On Hours (POH)

See WOE®

%ﬁ)lf\l%?'l-[llgﬁ NOMINAL CVDD VOLTAGE (V) JUNCTION TEMPERATURE (T)) LIFETIME POH®
100% OPP 11 —40to 105 °C 100 K
120% OPP 1.2 —40to 105 °C 100 K
166% OPP 1.35 —40to 105 °C 49 K

(1) This information is provided solely for your convenience and does not extend or modify the warranty provided under TI's standard terms
and conditions for Tl semiconductor products.

(2) To avoid significant degradation, the device power-on hours (POH) must be limited to those specified in this table.

(3) Logic functions and parameter values are not assured out of the range specified in the recommended operating conditions.

(4) Notations in this table cannot be deemed a warranty or deemed to extend or modify the warranty under TI's standard terms and
conditions for Tl semiconductor products.

(5) POH represent device operation under the specified nominal conditions continuously for the duration of the calculated lifetime.

Copyright © 2011-2016, Texas Instruments Incorporated
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4.4 Recommended Operating Conditions

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

MIN NOM MAX UNIT
CHARGER / POWER PATH
Vuin Voltage at charger input pin 3.7 28@ Y
N Input current at VIN pin 200 mA
Cuin Capacitor on VIN pin 0.1 2.2 10 uF
Lvin Inductance at VIN pin 0 2 pH
Vsys Voltage at SYS pin 25 6.4 \%
IsysiouT) Output current at SYS pin 100 mA
Csys Capacitor on SYS pin 0.1 4.7 10 uF
VAT Voltage at BAT pin 2.5 6.4 \
Cgat Capacitor on BAT pin 4.7 10 uF
RexT(cHe sTaT)  Resistor connected to nCHG_STAT pin to limit current into pin 320 Q
BOOST CONVERTER / H-BRIDGE SWITCHES
ViNEBST sw) Input voltage for boost converter 2.5 6.5 \
VBsT out Output voltage for boost converter 8 16 \%
CgsT out Boost output capacitor 3.3 4.7 10 uF
Lest sw® Inductor connected between SYS and BST_SW pins 4.7 10® pH
LDO
CviLpo External decoupling cap on pin VLDO 1 10 uF
POWER MANAGEMENT CORE CONTROL (LOGIC LEVELS FOR GPIOs)
ViLewic) GPIO low level (BST_EN, CHG_EN, SW_SEL, VLDO_SET 0.4 Y,
and to switch H-Bridge inputs to a low, 0, level)
Vinpemic) GPIO high level (BST_EN, CHG_EN, SW_SEL, VLDO_SET 1.2 v
and to switch H-Bridge inputs to a high, 1, level)
(1) VIN pin has 28 V ESD protection
(2) See Section 5.3.4 for information on boost converter inductor selection.
(3) Design optimized for boost operation with 10 pH inductor
4.5 Thermal Information
TPS65735
THERMAL METRIC RSN (WQFN) UNIT
32 PINS
Resa Junction-to-ambient thermal resistance ® 38.9 °C/W
ReJc(top) Junction-to-case (top) thermal resistance ? 26.5 °C/W
Res Junction-to-board thermal resistance ® 9.8 °C/W
Wit Junction-to-top characterization parameter® 0.3 °C/W
Wig Junction-to-board characterization parameter® 9.8 °C/W
ReJc(bot) Junction-to-case (bottom) thermal resistance ©) 35 °C/W

(1) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as

specified in JESD51-7, in an environment described in JESD51-2a.
(2) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific JEDEC-

standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(3) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.
(4) The junction-to-top characterization parameter, g7, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Rgja, using a procedure described in JESD51-2a (sections 6 and 7).
(5) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining Rgja, using a procedure described in JESD51-2a (sections 6 and 7).
(6) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific

JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.
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4.6 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BATTERY CHARGER POWER PATH
VuvLoviny Undervoltage lockout at power | Vy: 0V — 4V 3.2 3.3 3.45 Vv
path input, VIN pin
VHYS-UVLO(VIN) Hysteresis on UVLO at power |Vyn:4V —>0V 200 300
- : mvV
path input, VIN pin
Input power detected if: (Vyy >
Input power detection Vgat * VIN-DT);
Vinor threshold Vgar = 3.6 V 40 140 mv
VV|N: 35V—-4V
. Vgar=3.6 V
VHYS-lNDT HystereSIS on VIN—DT V\B/'lAl\lT 4V 35V 20 mV
Vovp Input over-voltage protection |Vy\:5V —>7V 6.4 6.6 6.8 Vv
threshold
Vyys-ovp Hysteresis on OVP Vyn: 11V -5V 105 mV
VIN pin to SYS pin dropout Isys = 150 mA (including IgaT)
VDO(VIN-SYS) Voltage Vyn =435V 350 mV
VviN — Vsvs Vear =3.6V
BAT pin to SYS pin dropout Isys = 100 mA
VDO(BAT-SYS) Voltage Vyn =0V 150 mV
Veat — Vsvs Vear >3V
Ivingvax) Maximum power path input Vyn =5V 200
. mA
current at pin VIN
<
v Enter battery supplement v VSY546 Y
SUP(ENT) mode (Veat -
mV)
_ Vsys 2
VsupEXIT) Exit battery supplement mode (Vgat - 20 \%
mV)
Vsup(sc) Output short-circuit limit in 250
mV
supplement mode
Voiso) Output short-circuit detection 0.9 v
threshold, power-on
BATTERY CHARGER
; ; Vun=5V
lec A_ctlve supply current into VIN No load on SYS pin 5 mA
pin
VBaT > VBAT(REG)
IBAT(SC) Source current for BAT pin 1
L . mA
short-circuit detection
VBAT(sC) BAT pin short-circuit detection 1.6 1.8 2.0 v
threshold
VBAT(REG) Battery charger output voltage -1% 4.20 1% Y
Viowv Pre-charge to fast-charge 2.9 3.0 3.1 Vv
transition threshold
Charger fast charge current Vyn=5V
lche range VeaT(REG) > VBAT > Viowy 5 100 mA
Ichs = Kiser / Riser
Vun=5V
Battery fast charge current set lvinmaxy > leHe
Kiset factor Ichg = 100 mA -20% 450 20% AQ
lchg = KiseT / RiseT No load on SYS pin, thermal loop
not active.
IPRECHG Pre-charge current 0.07 x 0.10 x 0.15 x mA
lcHe Iche lche
ITERM Charge current value for Ichg = 100 mA 7 10 15 mA
termination detection threshold
Copyright © 2011-2016, Texas Instruments Incorporated Specifications 7
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Electrical Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VRcH Recharge detection threshold | Vgat below nominal charger 55 100 170 mv
voltage, Veat(rea)
IBAT(DET) Sink current for battery 1 mA
detection
Charge safety timer
feHe (18000 seconds = 5 hours) 18000 s
Pre-charge timer
tPRECHG (1800 seconds = 30 minutes) 1800 s
VDF’PM DPPM threshold VBAT + Vv
100 mV
| Leakage current for VincHg_sTaT = 4.2V 100 nA
LEAK(nCHG) nCHG_STAT pin CHG_EN = LOW (Charger disabled)
RpsonncHa) On resistance for 20 60 0
NnCHG_STAT MOSFET switch
IMAX(nCHG) Maximum input current to 50 mA
NCHG_STAT pin
BATTERY CHARGER NTC MONITOR
ITsBias TS pin bias current 75 HA
0°C charge threshold for 10-
VoL kQ NTC 2100 mvV
(B = 3490)
Vhys(coLp) Low temperature threshold Battery charging and battery / NTC 300 mv
hysteresis temperature increasing
50°C charge threshold for 10-
VhoTt kQ NTC 300 mVv
(B = 3490)
VHys(HOT) High temperature threshold Battery charging and battery / NTC 30 mv
hysteresis temperature decreasing
BATTERY CHARGER THERMAL REGULATION
T)(REG_LOWER) Charger lower thermal 75 oc
regulation limit
TI(REG_UPPER) Charger upper thermal 95 oc
regulation limit
Ti(0FF) Charger thermal shutdown 105 oc
temperature
T3(OFF-HYS) Charger thermal shutdown 20 oc
hysteresis
LDO
Maximum LDO output current, VSYS_: 4.2V
Imax(LDO) V. =22V Vyin=0V 30 mA
VLDO = < VLDO_SET=0V
Maximum LDO output current, VSYS_:SLZ v 30
Vyipo =3.0V Vv =0V mA
VLDO_SET = Vgysg
Isc(Loo) Short circuit current limit 30 100 mA
VLDO_SET = LOW
(VLDO_SET pin connected to
VvLbo LDO output voltage DGND) 2.13 2.2 2.27 \%
3.7VsVyns<65V
lLoap(LDO) = =10 MA
VLDO_SET = HIGH
(Vvibo_seT = Vsys)
VvLbo LDO output voltage 3.7V EVyn <65V 2.91 3.0 3.09 \%
lLoap(LDo) = —10 MA
Vbo(Lpo) LDO Dropout voltage Vuin - V._Do_when in dropout 200 mv
lLoap(LDO) = =10 MA
8 Specifications Copyright © 2011-2016, 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
. . 3.7VsVyns65V
Line regulation VIN —1% 1%
g lLoap(LDo) = —10 MA ’ °
. VVIN =35V _ 90, 0
Load regulation 0.1 MA £ | oap(Lo0) < ~10 MA 2% 2%
at 20 KHz, ILOAD(LDO) =10 mA
PSRR Power supply rejection ratio Vpo(Lpbo) = 0.5V 45 dB
Cvipo = 10 pF
BOOST CONVERTER
losT) Boost Enabled, BST_EN = High
Boost operating quiescent IOUT(BS_T) =0 mA_ _ 2 45 LA
current (boost is not switching)
VBAT =36V
Boost MOSFET switch on- VingsT) =25V
Rosonsn resistance Iswimainy = 200 MA 0.8 12 Q
Leakage into BST_SW pin BST_EN signal = LOW (Boost
- - disabled)
lLka@sT_sw) (includes leakage into analog vV 42V 90 nA
h-bridge switches) BST_Sw = = .
No load on BST_OUT pin
IswLiMBST) Boost MOSFET switch current 100 150 200 mA
limit
Voltage across integrated BST_EN signal = HIGH
VDIODE(®ST) boost diode during normal VesT sw=16.0V 1.0 \%
operation IssT out = —2 MA
VRer@sT) Boost reference voltage on 1.17 1.2 1.23 Vv
BST_FB pin
VREFHYS(BST) Boost reference voltage 2% 2.5% 3.2%
hysteresis on BST_FB pin
TonesT) Maximum on time detection 5 6.5 8 s
threshold H
Torr@BsT) Minimum off time detection 1.4 1.75 2.1 s
threshold H
TsHuT(BST) Boost thermal shutdown 105 oc
threshold
TSHUT-HYS(BST) Boost thermal shutdown 20 oc
threshold hysteresis
FULL H-BRIDGE ANALOG SWITCHES
loHsw) Operating quiescent current 5 LA
for h-bridge switches
RpsonHsw) H-bridge switches on 20 40 0
resistance
H-bridge switch propagation
TDELAY(HSW-H) delay, input switched from low | Vygyy =0V — Vypo 100 ns
to high state.
ToELAY(HSW-L) H-bridge switch propagation
delay, input switched from Vhgxy = Vvipo — 0V 100 ns
high to low state.
POWER MANAGEMENT CORE CONTROLLER
Low logic level for logic 10 logic level decreasing:
signals on power management | Vgys — 0 V
VIL(F’MlC) core IIN =1mA 0.4 \
(BST_EN, CHG_EN, SLEEP,
HBR1, HBR2, HBL1, HBL2)
High logic level for signals on |10 logic level increasing:
v power management core 0V — Vsgys 1.2 v
IH(PMIC) (BST_EN, CHG_EN, SLEEP, |ljy=1mA :
HBR1, HBR2, HBL1, HBL2)
Copyright © 2011-2016, Texas Instruments Incorporated Specifications 9

Submit Documentation Feedback
Product Folder Links: TPS65735


http://www.ti.com/product/tps65735?qgpn=tps65735
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAI6A&partnum=TPS65735
http://www.ti.com/product/tps65735?qgpn=tps65735

13 TEXAS
INSTRUMENTS

TPS65735
SLVSAIBA —JUNE 2011-REVISED JANUARY 2016

www.ti.com

Electrical Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VGooD(LDO) Power fault detection VyLpo decreasing 1.96 Vv
threshold
VGooD_HYS(LDO) Power fault detection VyLpo increasing 50 mv
hysteresis
Vgar = 4.2V 1.85
Vyipo =22V
VBAT =25V 1.10
V. COMP pin voltage (scaled Vvipo = 2.2V v
BATCOMP down battery voltage) Vgar = 4.2V 190
Vypo =3.0V '
VBAT =33V
VVLDO =30V 1.50
4.7 Quiescent Current
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
at 25° C
VBAT =36V
VVIN =0V
| Power management core quiescent | No load on LDO 8.6 105 A
Q(SLEEP)  current in sleep mode CHG_EN, BST_EN grounded : : H
BST_FB =300 mV
Power management core in sleep
mode / device 'off'
at 25° C
VBAT =36V
VV|N =0V
| Power management core quiescent | Boost enabled but not switching, H- 39 535 A
Q(ACTIVE)  cyrrent in active mode bridge in grounded state : H
No load on LDO
Power management core in active
mode

4.8 Typical Characteristics

9-Jun-11
12:44:23

‘9-Jun-11
12:49:09

.5 ms BlL 2 s BLIL
1 .2 v DC§& 1.2 v 0Cg
E S B * N | i ) 20 MS/s E 1 W 0OC 5 kS/s
3.1 v DC - Oc 2.08 W 3.1 v OC - Oc 2.88 W
4 .1 v DC 3§ - STOPPED 4 1 v DC§ STOPPED
ViN=5V 15-mA Load on LDO 1-mA Load on Boost ViN=5V 15-mA Load on LDO 1-mA Load on Boost
Figure 4-1. Startup Figure 4-2. Shutdown
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5 Detailed Description

5.1 Overview

The TPS65735 integrates a linear charger and a Boost Converter to create a PMIC for active shutter 3D
glasses.

5.2 Functional Block Diagram

nCHG_STAT SYS BST_SW BST_FB BST_OUT
! ! ! ! !
I.I.I e e I.I.l
n -l 3
ISET || LINEAR CHARGER > &

| ViN=37-65V

= ) BOOST
Vour =42V DC-DC CONVERTER

il =100 mA FULL _ [
CHOMAX H-BRIDGE 1_

VIN
TS

+—"—4

ViN=25-65V SWITCHES
VoyuT=8.0-16.0V -

BAT

MCU LDO

VLDO )
ViN=25-65V A LcRN
VLDO_SET Voyr=22/3.0V LCRP
louTmAx = 30 mA

LCLN

SWITCH
SW_SEL
PSDA
PSCL

— | e
T T T T \ / \ / PGNDBST
. — . G

e d d d
CHG_EN  SLEEP COMP  BST_EN HBL1 HBL2 HBR1 HBR2

PMIC CONTROL

Figure 5-1. TPS65735 Simplified Functional Block Diagram
5.3 Feature Description

5.3.1 System Operation

The system must complete the power up routine before it enters normal operating mode. The specific
system operation depends on the setting defined by the state of the SW_SEL pin. The details of the
system operation for each configuration of the SW_SEL pin are contained in this section.
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5.3.1.1 System Power Up

________________________________________________________

________________________________________________________

No Power Present
(VIN or BAT not Detected)

VIN Det. or
BAT Det.?

NO

POWER UP State

SYS Above UVLO?

!

Turn Internal Sleep Control
Supervisor On

Internal
Sleep
Supervisor
On?

SLEEP / DEVICE IDLE

Refer to specific system
state diagrams for switch
specific operation

SLEEP State

Sleep control supervisor = ON
Boost = OFF

LDO = OFF

Charger / Power Path = ON
H-Bridge = 'Grounded State'

Figure 5-2. System Power Up State Diagram
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5.3.1.2 System Operation Using Push Button Switch

SLEEP State

> SLEEP Sleep control supervisor = ON
Boost = OFF

LDO = OFF

Charger / Power Path = ON
H-Bridge = 'Grounded State'

AC Detected

Resistor divider tracking BAT voltage
for comparator input is disabled

(tprESS < 32 ms) Push
Button

Pressed?

- Charger enabled

YES

: - MCU LDO = ON
: (tprESS > 32 ms)

ACTIVE State

Reset Internal Logic
Load OTP
LDO turned ON
(Boost not enabled)

AC Detected

- MCU LDO = ON ¢

- Charging status - MCU Controlling BST_EN signal
depends on state of - H-bridge in grounded state
CHG_EN pin and BAT

voltage

Thermal shutdown,

VvLpo < VGoob(Lpoy
SWITCH "off" event,

or SLEEP signal high to Boost enabled <
low level transition: H-bridge state defined by MCU GPIOs [~

Return to SLEEP state

NO
Push (tpRrESS < 32 ms)
Button

Pressed?

YES

Boost disabled
(This step gives visual indication to user
that device is OFF)

Push Button Switch Released
(SWITCH not connected to AGND)

Figure 5-3. Push Button State Diagram
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5.3.1.3 System Operation Using Slider Switch

: SLEEP State
! —2 SLEEP Sleep control supervisor = ON !
! Boost = OFF
: AC Detected: LDO = OFF :
' Charger / Power Path = ON !
' -MCU LDO = ON H-Bridge = 'Grounded State'
' - Charger enabled Vv ; Resistor divider tracking BAT voltage |
' 9 ¢ SYS SSJ\IIigL for comparator input is disabled !
! State? '
ACTIVE State
Reset Internal Logic
Load OTP
AC Detected: LDO turned ON
Boost not enabled
- MCU LDO = ON ‘b
- Charging status
depends on state of 5 MCU Controlling BST_EN signal

CHG_EN pin and BAT
voltage

H-bridge in grounded state

Thermal Shutdown,
VvLpo < VGoobp(Lboy
SWITCH "off" event,
or SLEEP signal high to

low level transition:

Return to SLEEP state Boost enabled

H-bridge state defined by MCU GPIOs

State?

GND

Figure 5-4. System Operation Using Slider Switch
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5.3.2 Linear Charger Operation

This device has an integrated Li-lon battery charger and system power path management feature targeted
at space-limited portable applications. The architecture powers the system while simultaneously and
independently charging the battery. This feature reduces the number of charge and discharge cycles on
the battery, allows for proper charge termination, and enables the system to run with a defective or absent
battery pack. It also allows instant system turn-on even with a totally discharged battery.

The input power source for charging the battery and running the system can be an AC adapter or USB
port connected to the VIN pin as long as the input meets the device operating conditions outlined in this
datasheet. The power-path management feature automatically reduces the charging current if the system
load increases. Note that the charger input, VIN, has voltage protection up to 28 V.

5.3.2.1 Battery and TS Detection

To detect and determine between a good or damaged battery, the device checks for a short circuit on the
BAT pin by sourcing Igat(sc) to the battery and monitoring the voltage on the BAT pin. While sourcing this
current if the BAT pin voltage exceeds Vgar(sc), @ battery has been detected. If the voltage stays below
the Vgat(sc) level, the battery is presumed to be damaged and not safe to charge.

The device will also check for the presence of a 10-kQ NTC thermistor attached to the TS pin of the
device. The check for the NTC thermistor on the TS pin is done much like the battery detection feature
described previously. The voltage on the TS pin is compared against a defined level and if it is found to be
above the threshold, the NTC thermistor is assumed to be disconnected or not used in the system. To
reduce the system quiescent current, the NTC thermistor temperature sensing function is only enabled
when the device is charging and when the thermistor has been detected.

VbD

VcoLb
o0— - nCOLD

TS

VHoT
o— - nHOT

Rt +

P

Figure 5-5. Thermistor Detection and Circuit

5.3.2.2 Battery Charging

The battery is charged in three phases: conditioning pre-charge, constant-current fast charge (current
regulation), and a constant-voltage tapering (voltage regulation). In all charge phases, an internal control
loop monitors the IC junction temperature and reduces the charge current if an internal temperature
threshold is exceeded. Figure 5-6 shows what happens in each of the three charge phases:
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PRECHARGE | CONSTANT CURRENT CONSTANT VOLTAGE DONE
FAST CHARGE TAPER

Battery Voltage

VBAT(REG)

lo(cHG)

Viowv

l(PRECHG) (TERM)

Figure 5-6. Battery Charge Phases

In the pre-charge phase, the battery is charged with the pre-charge current that is scaled to be 10% of the
fast-charge current set by the resistor connected to the ISET pin. Once the battery voltage crosses the
Vi owy threshold, the battery is charged with the fast-charge current (Icyc). As the battery voltage reaches
Veat(rec), the battery is held at a constant voltage of Vgarres) and the charge current tapers off as the
battery approaches full charge. When the battery current reaches Itggrym, the charger indicates charging is
done by making the nCHG_STAT pin high impedance. Note that termination detection is disabled
whenever the charge rate is reduced from the set point because of the actions of the thermal loop, the
DPM loop, or the Vyiowv) loop.

5.3.2.2.1 Pre-charge

The value for the pre-charge current is set to be 10% of the charge current that is set by the external
resistor, R,set. Pre-charge current is scaled to lower currents when the charger is in thermal regulation.

5.3.2.2.2 Charge Termination

In the fast charge state, once Vgar 2 Vearreg), the charger enters constant voltage mode. In constant
voltage mode, the charge current will taper until termination when the charge current falls below the |rggrm)
threshold (typically 10% of the programmed fast charge current). Termination current is not scaled when
the charger is in thermal regulation. When the charging is terminated, the nCHG_STAT pin will be high
impedance (effectively turning off any LED that is connected to this pin).

5.3.2.2.3 Recharge

Once a charge cycle is complete and termination is reached, the battery voltage is monitored. If Vga <
Veat(reo) - Vrer: the device determines if the battery has been removed. If the battery is still present, then
the recharge cycle begins and will end when Vgar 2 Vearrec)-

5.3.2.2.4 Charge Timers

The charger in this device has internal safety timers for the pre-charge and fast charge phases to prevent
potential damage to either the battery or the system. The default values for these timers are found as
follows: Pre-charge timer = 0.5 hours (30 minutes) and Fast charge timer = 5 hours (300 minutes).
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During the fast charge phase, the following events may increase the timer durations:

1. The system load current activates the DPM loop which reduces the available charging current

2. The input current is reduced because the input voltage has fallen to V yow)

3. The device has entered thermal regulation because the IC junction temperature has exceeded T;geg)

During each of these events, the internal timers are slowed down proportionately to the reduction in
charging current.

If the pre-charge timer expires before the battery voltage reaches V,owy, the charger indicates a fault
condition.

5.3.2.3 Charger Status (nCHG_STAT Pin)

5.3.3

The nCHG_STAT pin is used to indicate the charger status by an externally connected resistor and LED
circuit. The pin is an open drain input and the internal switch is controlled by the logic inside of the
charger. This pin may also be connected to a GPIO of the system MCU to indicate charging status. The
table below details the status of the nCHG_STAT pin for various operating states of the charger.

Table 5-1. nCHG_STAT Functionality

CHARGING STATUS NCHG_STAT FET / LED
Pre-charge / Fast Charge / Charge Termination ON
Recharge OFF
OVP OFF
SLEEP OFF

LDO Operation

The power management core has a low dropout linear regulator (LDO) with variable output voltage
capability. This LDO is used for supplying the microcontroller and may be used to supply either an
external IR or RF module, depending on system requirements. The LDO can supply a continuous current
of up to 30 mA.

The output voltage (Vv po) of the LDO is set by the state of the VLDO_SET pin. See Table 5-2 for details
on setting the LDO output voltage.

Table 5-2. VLDO_SET Functionality

VLDO_SET STATE B OU(I/F\’/[I:IJO;/OLTAGE
Low (VLDO_SET < VIL(PMIC)) 22V
ngh (VLDO_SET > VIH(PMIC)) 30V

5.3.3.1 LDO Internal Current Limit

The internal current limit feature helps protect the LDO regulator during fault conditions. During current
limit, the output sources a fixed amount of current, defined in the Electrical Characteristics table. The
voltage on the output in this stage can not be regulated and will be Voyr = Iyt X Rioap- The pass
transistor integrated into the LDO will dissipate power, (V\y - Vout) X lumit, until the device enters thermal
shutdown. In thermal shutdown the device will enter the SLEEP / POWER OFF state which means that
the LDO will then be disabled and shut off.

Copyright © 2011-2016, Texas Instruments Incorporated Detailed Description 17

Submit Documentation Feedback
Product Folder Links: TPS65735


http://www.ti.com/product/tps65735?qgpn=tps65735
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAI6A&partnum=TPS65735
http://www.ti.com/product/tps65735?qgpn=tps65735

13 TEXAS

TPS65735 INSTRUMENTS
SLVSAI6A —JUNE 2011-REVISED JANUARY 2016 www.ti.com

5.3.4 Boost Converter Operation

The boost converter in this device is designed for active shutter 3D glasses. This load is typically a light
load where the average current is 2 mA or lower and the peak current out of a battery is limited in
operation. This asynchronous boost converter operates with a minimum off time / maximum on time for
the integrated low side switch, these values are specified in the Electrical Characteristics table of this
datasheet.

The peak output voltage from the boost converter is adjustable and set by using an external resistor
divider connected between BST_OUT pin, BST_FB pin, and ground. The peak output voltage is set by
choosing resistors for the feedback network such that the voltage on the BST_FB pin is Vgeggsm = 1.2 V.
See Section 6.2.1.2.2 for more information on calculating resistance values for this feedback network.

The efficiency curves for various input voltages over the typical 3D glasses load range (2 mA and lower)
are shown below. All curves are for a target Vqyr of 16 V. For output voltages less than 16 V, a higher
efficiency at each operating input voltage should be expected. Note that efficiency is dependent upon the
external boost feedback network resistance, the inductor used, and the type of load connected.

100 100
90 90
80 » 80 P
T -7
70 =il 70 il
X 60 Pl X 60 /
S - S >
g 5 / g 5 pd
o v o /
£ 40 £ 40
L L
30 30
20 20
[ [
01 vy=30v —_— Vour=160V 0 yy=37v —_— Vour=160V
0 0
0.01 0.1 1 2 0.01 0.1 1 2
Output Current (mA) 00 Output Current (mA) 00
V|N =30V VOUT =16V V|N =37V VOUT =16V
Figure 5-7. Boost Efficiency vs loyt Figure 5-8. Boost Efficiency vs loyt
100 100
90 90
—, ]
80 //,,7 80 prey
70 70
S e S /"
S 60 S 60
5 s 5 i
c 50 c 50
g v g L/
€ 40 € 40
L L
30 30
20 20
[ [
0] vy=42v — Vour=16.0V 0] vy=55Vv — Vour=16.0V
0 0
0.01 0.1 1 2 0.01 0.1 1 2
Output Current (mA) 00 Output Current (mA) 00
V|N =42V VOUT =16V V|N =55V VOUT =16V
Figure 5-9. Boost Efficiency vs loyt Figure 5-10. Boost Efficiency vs lgyt

5.3.4.1 Boost Thermal Shutdown

An internal thermal shutdown mode is implemented in the boost converter that shuts down the device if
the typical junction temperature of 105°C is exceeded. If the device is in thermal shutdown mode, the
main switch of the boost is open and the device enters the SLEEP / POWER OFF state.
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5.3.4.2 Boost Load Disconnect

5.35

When the boost is disabled (BST_EN = LOW), the H-bridge is automatically placed into the OFF state. In
the OFF state the high side H-bridge switches are open and the low side switches of the H-bridge are
closed. The OFF state grounds and discharges the load, potentially prolonging the life of the LC shutters
by eliminating any DC content (see Section 5.3.5.1 for more information regarding the H-bridge states).
The disconnection of the load is done with the H-Bridge and can be seen in the next figure (Figure 5-11).

o
" LINEAR CHARGER | T " | DC-DC BOOST CONVERTER |
|

|
VIN U ' [ $—D—+—g—{ 18T 0UT
| | |
T
TS I | L |
Power | |
Boost PGNDBST
ISET (;?;ngr —0 | | Converter Control |
NCHG_STAT Eaptic [ | 1 I
| | |
BAT N

Load isolation done

o —o | _/with H-Bridge switches
S Y I O S
”
4 ’;n— —|E] -LI— N

LCRN

I I
7
- e o do e oo e -] | LCRP
: LCLN
—{Le
|
|
|
|
|
|

|
|
VLDO T
| | woawpo | |
VLDO_SET Conte) |
|
|

Figure 5-11. Boost Load Disconnect

An advantage to this topology for disconnecting the load is that the boost output capacitor is charged to
approximately the SYS voltage level, specifically Vsys - Vpiope@st), When the boost is disabled. This
design ensures that there is not a large in-rush current into the boost output capacitor when the boost is
enabled. The boost operation efficiency is also increased because there is no load disconnect switch in
the boost output path. A load disconnect switch would decrease efficiency because of the resistance that it
would introduce.

Full H-Bridge Analog Switches

The TPS65735 has two integrated full H-bridge analog switches that can be connected to GPIOs of a host
microcontroller. There is an internal level shifter that manages the input signals to the H-Bridge switches.

5.3.5.1 H-Bridge Switch Control

The H-Bridge switches are controlled by an external microcontroller for system operation - specifically to
control charge polarity on the LCD shutters. Depending on the state of the signals from the
microcontroller, the H-Bridge will be put into 4 different states. These states are:

e OPEN: All Switches Opened

« CHARGE+: Boost Output Voltage Present on Pins LCLP or LCRP

« CHARGE-: Boost Output Voltage Present on Pins LCLN or LCRN

«  GROUNDED: High Side Switches are Opened and Low Side Switches are Closed
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If CHARGEH+ state is followed by the CHARGE- state, the voltage across the capacitor connected to the
H-Bridge output terminals will be reversed. The system automatically switches to the GROUNDED state
when the boost is disabled by the BST_EN pin - for more details see Section 5.3.1.

Table 5-3. H-Bridge States from Inputs

HBx2 [HBL2 & HBR2] | HBx1[HBL1 & HBRI] HéiszgEe
0 0 OPEN
0 1 CHARGE +
1 0 CHARGE -
1 1 GROUNDED
OPEN CHARGE + CHARGE - GROUNDED
VBST ouTt VBST ouT VBST ouT VBST ouT

1 1
D I P O I

Figure 5-12. H-Bridge States

g
T

LCLP.

LEFT
CHARGE+
LEFT
I . CHARGE-
- RIGHT
= ” CHARGE+
Lorn RIGHT
CHARGE-

Figure 5-13. H-Bridge States from Oscilloscope
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5.3.6 Power Management Core Control

Various functions of the power management core can be controlled by GPIOs of an external MCU or by
setting the default state by connecting these function pins to a logic high or low level on the PCB.

5.3.6.1 SLEEP / Power Control Pin Function

The internal SLEEP signal between the power management device and the MSP430 can be used to
control the power down behavior of the device. This has multiple practical applications such as a
watchdog implementation for the communication between the sender (TV) and the receiver (3D glasses)
or different required system on and off times; typically when the push-button press timing for an off event
is a few seconds in length, programmable by software in the system MCU.

If there is a requirement that the push-button press for system on and off events are different, the SLEEP
signal must be set to a logic high value (Vsigep > Vigemic)) upon system startup. This implementation
allows the device to power down the system on the falling edge of the SLEEP signal

(when: Vs gep < Vipmic))-

Ywpo pbri /4 ——mam 1 mm™ ™ ™™M™——— - - - - - - - - -

SLEEP ‘j
GND f - - - - - - - - - o o o oo oo oo oo oo -
Power down MCU with
falling edge of SLEEP
VwLDO \ ;j
VLDO \

GND

Figure 5-14. SLEEP Signal to Force System Power Off

5.3.6.2 COMP Pin Functionality

The COMP pin is used to output a scaled down voltage level related to the battery voltage for input to a
comparator of a microcontroller. Applications for this COMP feature could be to generate an interrupt on
the microcontroller when battery voltage drops under a threshold and the device can then be shut down or
indicate to the end user with an LED that the battery requires charging.

BAT PMIC

Closed when device
is in ACTIVE state

RescL1

{]compP

RescL2

Figure 5-15. COMP Pin Internal Connection
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Table 5-4. Scaling Resistors for COMP Pin Function
(Vvipo =2.2V)

SCALING RESISTORS FOR
COMP PIN FUNCTION YALUIE
RescL1 3.0 MQ
RescL2 2.36 MQ

Table 5-5. Scaling Resistors for COMP Pin Function
(Vvipo =3.0V)

SCALING RESISTORS FOR
COMP PIN FUNCTION YL
RpscL1 3.0 MQ
RpscLz 2.48 MQ

Using the designed values in Table 5-4 or Table 5-5, the voltage on the COMP pin will be: Veomp = 0.5 %
Vyvipo + 300 mV. This ensures that the COMP pin voltage will be close to half of the LDO output voltage
plus the LDO dropout voltage of the device. The COMP pin can also be used as the input to an ADC
channel of an external microcontroller if additional accuracy or functionality is desired over a simple
comparison.

5.3.6.3 SW_SEL Pin Functionality

The SW_SEL pin is used to select what type of switch is connected to the SWITCH pin of the device.
Selection between a push-button and a slider switch can be made based on the state of this pin.

Table 5-6. SW_SEL Settings

SW_SEL STATE TYPE OF SWITCH SELECTED
Low . .
Slider Switch
(Vsw_seL < ViLewmic))
High
Push-button
(Vsw_seL > ViHemic)

When the push button switch type is selected, the device will debounce the SWITCH input with a 32-ms
timer for both the ON and OFF events and either power on or off the device. Using the push-button switch
function, the ON and OFF timings are equal; toy = torg. If the system requirements are such that the on
and off timings should be different, toy # toer, then refer to the following section for the correct system
setup: Section 6.2.1.2.3.When the slider switch operation is selected, the SWITCH pin must be externally
pulled up to the SYS voltage with a resistor and the output connected to the slider switch. When the
SWITCH pin is pulled to ground, the device will turn on and enter the power up sequence.

5.3.6.4 SWITCH Pin

The SWITCH pin behavior is defined by the SW_SEL pin (Section 5.3.6.3) which defines the type of
switch that is connected to the system; either a slider switch or push-button.

5.3.6.5 Slider Switch Behavior

If a slider switch is connected in the system then the system power state and VLDO output (which can
power an external MCU) is defined by the state of the slider switch. If the slider is in the off position than
the SWITCH pin should be connected to the SYS pin. If the slider is in the on position than the SWITCH
pin should be connected to ground. Figure 5-16 details the system operation using the slider switch
configuration.
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SWITCH Power On-Off Behavior
Slider Switch

Vsys - - """ - - - - - - - -----------

SWITCH

e }p - - - b -

VYWwpo - --- -+
VLDO / \\ \-«—~— V/LDO turns off MCU
GND e N

VLDO turns on MCU

>
time
Figure 5-16. SWITCH, Slider Power On-Off Behavior

5.3.6.6 Push-Button Switch Behavior

The system is powered on or off by a push-button press after a press that is greater than 32 ms. The
following figures (Figure 5-17 and Figure 5-18) show the system behavior and the expected VLDO output
during the normal push-button operation where the ON and OFF press timings are the same value,

ton = torr

SWITCH Power On Behavior
Push-button, Normal

Vsys i e [
SWITCH r
GNDfF - - - b— -

tPRESS <32ms fo——————PRESS > 32 MS oo}
VWIDOf - - - - - -~ - ----“----------------~-
VLDO / \VLDO turns on MCU
e prrrroronrmn—————~———— -
>

time

Figure 5-17. SWITCH, Push-button Power On Behavior
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SWITCH Power Off Behavior
Push-button, Normal

Vsys e e Tl e
SWITCH r
[cINoJ S SN -

tpPRESS <32 ms je——————tPRESS > 32 MS e}
wmop— - - - -
VLDO \* "\ VLDO turns off MCU
GND F - - - - - - & & o o o L L o o o oo oo oo oo
>

time

Figure 5-18. SWITCH, Push-Button Power Off Behavior

5.4 Device Functional Modes

5.4.1 SLEEP State
If the device is in the SLEEP State or Device IDLE mode, the Sleep control supervisor and the battery
charger/power path remain active. The Boost and LDO are disabled.

5.4.2 NORMAL Operating Mode

Once the system completes the power up routine, it enters the normal operating mode. The specific
system operation is set by the SW_SEL pin.
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6 Application and Implementation

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

6.1 Application Information

This PMIC is designed specifically for active shutter 3D glasses.
6.2 Typical Application
6.2.1 Active Shutter 3D Glasses

AC or USB See tables for settings
Adapter SYS VLDO
S VIN

/ J22uF ovs VLDO_SET (Slider or Pushqunon

Y Pushbutton = AGND

T [arwr SW_SEL puts device in 'ON' state)
VLDO
RVIN_LED PY | 2.2 F SWITCH
: T

BAT CHG_EN From MCU
Optional
BST_EN From MCU
NTC Svs
BST_SW
BST_OUT
P
l—w\/—[] ISET BST_OUT
P 4.7 uF
R
FB1 1‘P
BST_FB [
svs | TPS65735
Fadt
T—N—wv—[] NCHG_STAT
_/
RncHG_STAT
LCRP
From MCU ) [] SLEEP Right LC Shutter
LCRN
From MCU HBL1
LCLP
From MCU HBL2
Left LC Shutter
From MCU HBR1 LGLN
From MCU HBR2
PSCL COMP [ }—p»——— ToMCU
PSDA AGND PGNDBST DGND
D

'
Figure 6-1. TPS65735 Applications Schematic

6.2.1.1 Design Requirements

The design parameters are located in Table 6-1.

Copyright © 2011-2016, Texas Instruments Incorporated Application and Implementation 25
Submit Documentation Feedback
Product Folder Links: TPS65735


http://www.ti.com/product/tps65735?qgpn=tps65735
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAI6A&partnum=TPS65735
http://www.ti.com/product/tps65735?qgpn=tps65735

13 TEXAS

TPS65735 INSTRUMENTS
SLVSAI6A —JUNE 2011-REVISED JANUARY 2016 www.ti.com

Table 6-1. Design Parameters

PARAMETER EXAMPLE
Input Voltage, V| 37t06.4V
Input Voltage, Vbat BAT 25t06.4V
Output Voltage, LDO VLDO 2.2 (default) or 3.0 V
Output Voltage Boost, BST_OUT 8to 16 V, 10 V default
Charge Current Ichg=Kiset/Riset 5 to 100 mA, 70 mA default
Input Voltage Low V,_ 0.4V
(BST_EN, CHG_EN, SW_SEL, VLDO, HBRx, HBLX)
Input Voltage High V|4 12V

(BST_EN, CHG_EN, SW_SEL, VLDO, HBRX, HBLx)

6.2.1.2 Detailed Design Procedure

6.2.1.2.1 Reducing System Quiescent Current (lg)

This PMU device has been optimized for low power applications. If an even lower quiescent current is
desired, the following circuit and configuration can be utilized to reduce system off / sleep quiescent
current further. Please note that this will cause a slight efficiency drop to the overall system due to the
addition of the resistance of the FET that has been added. With this circuit, achieving an I of less than 1
HA is possible. Please refer to the datasheet of the MCU used in the system to determine the system Iq
that is possible.

BAT

PMU

GND

/
Slider or Push Button
Switch Input

Figure 6-2. Reducing System Ig with Addition of a FET

Along with this system configuration, the MCU code must be written such that the MCU sits in the lowest
power state that can support an interrupt on a GPIO from a switch (slider or push button). After a valid
button press or switch action, the device can begin the power on sequence and open the FET in the
previous figure (Figure 6-2). This will allow power flow into the PMU and the system can then operate
normally.

6.2.1.2.2 Boost Converter Application Information

6.2.1.2.2.1 Setting Boost Output Voltage

To set the boost converter output voltage of this device, two external resistors that form a feedback
network are required. The values recommended below (in Table 6-2) are given for a desired quiescent
current of 5 pA when the boost is enabled and switching. See Figure 6-3 for the detail of the applications
schematic that shows the boost feedback network and the resistor names used in the table below.

26

Application and Implementation Copyright © 2011-2016, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: TPS65735


http://www.ti.com/product/tps65735?qgpn=tps65735
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAI6A&partnum=TPS65735
http://www.ti.com/product/tps65735?qgpn=tps65735

13 TEXAS
INSTRUMENTS TPS65735

www.ti.com SLVSAI6A —JUNE 2011-REVISED JANUARY 2016

L SYS
BST_SW []_/VVV‘\J

BST_OUT
BST_OUT [

ReB1 b
BST_FB [

RrB2

P

Figure 6-3. Boost Feedback Network Schematic

Table 6-2. Recommended Rgg; and Rgg, Values (for Iggg) = 5 HA)

TARGETED Vgst our Regy W Reg2™®
8V 1.3 MQ 240 kQ
10V 1.8 MQ 240 kQ
12V 2.2 MQ 240 kQ
14V 2.4 MQ 240 kQ
16V 3.0 MQ 240 kQ

(1) Resistance values given in closest standard value (5% tolerance, E24 grouping).

These resistance values can also be calculated using the following information. To start, it is helpful to
target a quiescent current through the boost feedback network while the device is operating (Igrg)). When
the boost output voltage and this targeted quiescent current is known, the total feedback network
resistance can be found.

The value for Rgg, can be found by using the boost feedback pin voltage (Veg = 1.2 V, see Section 4.6)
and lggg) Using Equation 1:

Reg1 + Rego = VBST_OUT/ IQ(FB) 1)

Resz = (1.2 V) / g (2
To find Regy, simply subtract the Reg; from Regror) as shown in Equation 3.

Reg1 = Regrom - Res2 (3

6.2.1.2.2.2 Boost Inductor Selection

The selection of the boost inductor and output capacitor is very important to the performance of the boost
converter. The boost has been designed for optimized operation when a 10 pH inductor is used. Smaller
inductors, down to 4.7 pH, may be used but there will be a slight loss in overall operating efficiency. A few
inductors that have been tested and found to give good performance can be found in the following list.

Recommended 10-pH inductors:

« TDK VLS201612ET-100M (10 pH, Iyax = 0.53 A, Rpc = 0.85 Q)
« Taiyo Yuden CBC2016B100M (10 pH, lyax = 0.41 A, Rpe = 0.82 Q)

6.2.1.2.2.3 Boost Capacitor Selection

The recommended minimum value for the capacitor on the boost output, BST_OUT pin, is 4.7 pF. Values
that are larger can be used with the measurable impact being a slight reduction in the boost converter
output voltage ripple while values smaller than this will result in an increased boost output voltage ripple.
Note that the voltage rating of the capacitor should be sized for the maximum expected voltage at the
BST_OUT pin.

Copyright © 2011-2016, Texas Instruments Incorporated Application and Implementation 27
Submit Documentation Feedback
Product Folder Links: TPS65735


http://www.ti.com/product/tps65735?qgpn=tps65735
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAI6A&partnum=TPS65735
http://www.ti.com/product/tps65735?qgpn=tps65735

13 TEXAS

TPS65735 INSTRUMENTS

SLVSAIGA —JUNE 2011 -REVISED JANUARY 2016 www.ti.com

6.2.1.2.3 Bypassing Default Push-Button SWITCH Functionality

If the SWITCH pin functionality is not required to power on and off the device because of different system
requirements (when the SWITCH timing requirements of system will be controlled by an external
microcontroller), then the feature can be bypassed. The following diagram shows the connections required
for this configuration, note that INT. I/O refers to an interruptible I/O on the microcontroller.

PMIC
SWITCH PMIC Control
I d
PUSH BUTTON d
- VLDO lSLEEP
06V {1
Reir o
+
/
/
Due to MCU input low logic level, oy
VpIoDE < (/3 X V| po) VCC hlleTA 1/10 MCU
INT. /0 Timer Module
Ton and Topg programmable by timer

r[I]GROUND

Figure 6-4. Bypassing Default TPS65735 Push Button SWITCH Timing

In a system where a different push-button SWITCH off timing is required, the SLEEP pin is used to control
the power off of the device. After system power up, the MCU must force the SLEEP pin to a high state
(VsLeer > Vinemicy)- Once the SWITCH push-button is pressed to shut the system down, a timer in the
MCU should be active and counting the desired toer time of the device. Once this tore time is detected,
the MCU can assert the SLEEP signal to a logic low level (Vg gep < Vi pmicy)- It is on the falling edge of
the SLEEP signal where the system will be powered off (see Figure 6-5).
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SWITCH Power Off Behavior
SLEEP Controlling Off

VsYs pm—— - - - - - - - - - - - - - - - - - - - - - 1

SWITCH

Ggnp pp - - 0o e - - - - -
Je— tpRESS > (time defined for custom topf timing) ——ej

VvLDo ----

SLEEP *\
] T R
Power off after falling
edge of SLEEP
VvLbo {-_/

GND

VLDO

Figure 6-5. SWITCH Press and SLEEP Signal to Control System Power Off

6.2.1.3 Application Curves

27-May-11 TRIGGER SETUP 2-Jun-11
5:53:38

18:02:01
SMART

trigger on
12346t
Ext10 Line
coupling 1 . . [
A SRR B
LFREJ HFREJ

I

Coupling |
Z00M
FIND

CHAMNEL

Trace

OFF

=lope 1
f teg

e
Window

ir

warishle

i Grids
T - - - Ousl
.5 ms BlL Time Ewts|| -2 MS BliL Ouad Octal

o ldoFF:
¥
[I 18 m\ AC & 1 5 ¥ DG
2 1 v OCj 20 M5/s 2 5 Vv O 280 M5/
3 5 Vv OC§ — oc 2my 3 2 v oACgd T OC 2.8 W
45 voocs STOPPED 4.5 v oacg STOPPED
Vbat =-3.2V 1-mA Load on Boost Vbat = 3.6 V No Load 0.5 ps/div
Figure 6-6. Boost Output Ripple Figure 6-7. Switchnode
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7 Power Supply Recommendations

An DC Input Voltage range of 3.7 to 6.4 V is required on V,y and a range of 2.5 V to 6.4 V is required on
BAT.

V|y requires a 2.2-yF capacitor.
SYS requires a 4.7-uF capacitor.
BAT requires a 10-uF capacitor.
VLDO requires a 2.2-uF capacitor.

8 Layout

8.1

Layout Guidelines

The layout is an important step in the design process. Proper function of the device demands careful
attention to the PCB layout. Care must be taken in board layout to get the specified performance. If the
layout is not carefully done, the regulators may show poor performance including stability issues as well
as EMI problems. It is critical to provide a low impedance ground path. Therefore, use wide and short
traces for the main current paths. The input capacitors must be placed as close as possible to the IC pins
as well as the inductor and output capacitor.

Keep the common path to the ground pins which return the small signal components and the high current
of the output capacitors as short as possible in order to avoid ground noise.

8.2 Layout Example
VSYS
Cin
PGNDBST
OXOX0;
—
i)
>
o
@)
L
Figure 8-1. Boost Layout
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9 Device and Documentation Support

9.1

Device Support

9.1.1 Third-Party Products Disclaimer

9.2

9.3

9.4

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

Community Resources

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

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

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

Trademarks

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

Electrostatic Discharge Caution

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘I \ during storage or handling to prevent electrostatic damage to the MOS gates.

9.5

Glossary

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

10 Mechanical, Packaging, and Orderable Information

10.1 Packaging Information

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

Copyright © 2011-2016, Texas Instruments Incorporated Mechanical, Packaging, and Orderable Information 31

Submit Documentation Feedback
Product Folder Links: TPS65735


http://www.ti.com/product/tps65735?qgpn=tps65735
http://www.ti.com
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAI6A&partnum=TPS65735
http://www.ti.com/product/tps65735?qgpn=tps65735

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 16-May-2018

PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS65735RSNR NRND QFN RSN 32 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 65735
TPS65735RSNT PREVIEW QFN RSN 32 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
& no Sh/Br) 65735
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS65735RSNR QFN RSN

32

3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0

Q2
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65735RSNR QFN RSN 32 3000 552.0 367.0 36.0
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MECHANICAL DATA

RSN (S—PWQFN—N32) PLASTIC QUAD FLATPACK NO—-LEAD

—p ]

1 t 415
3,85
PIN 1 INDEX AREA ﬁ
TOP AND BOTTOM 1
838 0,20 NOMINAL
: 1 LEAD FRAME
LDWDJL¢ SEATING PLANE
~Joos[c] 4 +
0,05
0,00
0,45
f 32X 57
1 ‘ 8
UUUUUUUU]
2D ‘ {m
D d
B WRMALPAD—‘ =
[ (@]
o (@]
= | {——i
= ‘ NRET
alalalalialalaly
j Y 0,40
0,25
32X 05
(10,10 @[c[A]B]
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NOTES: All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

A

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.
D
E

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RSN (S—PWQFN—N32) PLASTIC QUAD FLATPACK NO—LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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Bottom View

Exposed Thermal Pad Dimensions

4209775-2/F 03/14

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RSN (S—PWQFN—-N32) PLASTIC QUAD FLATPACK NO-LEAD

Example Stencil Design
Example Board Layout 0.125 Thick Stencil or Thinner
(Note E)
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NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
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.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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