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bg500212A Low System Cost, Wireless Power Controller for WPC TX A5 or A1l

1 Features
* Proven, Qi-Certified Value Solution for Transmit-
Side Application

* Lowest Device Count for Full WPC1.1 5-V
Solution

e 5-V Operation Conforms to Wireless Power
Consortium (WPC1.1) Type A5 or A11 Transmitter
Specification

e Fully WPC Compliant, Including Improved Foreign
Object Detection (FOD) Method

* Permits X7R Type Resonant Capacitors for
Reduced Cost

» Dynamic Power Limiting™ for USB and Limited
Source Operation

» Digital Demodulation Reduces Components
» LED Indication of Charging State and Fault Status
» Low Standby and High Efficiency

2 Applications
*  Wireless Power Consortium (WPC1.1) Compliant
Wireless Chargers for:

— Qi-Certified Smart Phones and Other
Handhelds

— Car and Other Vehicle Accessories

* See www.ti.com/wirelesspower for more
information on TI's Wireless Charging Solutions
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3 Description

The bg500212A is a Qi-certified value solution that
integrates all functions required to control wireless
power delivery to a single WPC1.1 compliant
receiver. It is WPC1.1 compliant and designed for 5-V
systems as a wireless power consortium type A5 or
All transmitter. The bg500212A pings the
surrounding environment for WPC compliant devices
to be powered, safely engages the device, receives
packet communication from the powered device and
manages the power transfer according to WPC1.1
specification. To maximize flexibility in wireless power
control applications, Dynamic Power Limiting (DPL) is
featured on the bgq500212A. Dynamic Power Limiting
enhances user experience by seamlessly optimizing
the usage of power available from limited input
supplies.

The bg500212A supports both foreign object
detection (FOD) and enhanced parasitic metal object
detection (PMOD) for legacy product by continuously
monitoring the efficiency of the established power
transfer, protecting from power loss due to metal
objects misplaced in the wireless power transfer field.
The bg500212A handles any abnormal condition
development during power transfer and provides
indicator outputs. Comprehensive status and fault
monitoring features enable a low cost yet robust, Qi-
certified wireless power system design.

The bg500212A is available in a 48-pin, 7-mm x
7-mm VQFN package.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (48) 7.00 mm x 7.00 mm

PART NUMBER
bg500212A

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions
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Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
ADCREF 48 | External reference voltage input. Connect this input to GND.
BPCAP 35 — | Bypass capacitor for internal 1.8-V core regulator. Connect bypass capacitor to GND.
BUZ_AC 23 AC buzzer output. Outputs a 400-ms, 4-kHz AC pulse when charging begins.
BUZ DC 24 o DC buzzer output. Outputs a 400-ms DC pulse when charging begins. This could also be
- connected to an LED through 470-Q resistor.
CLK 10 1/10 | 10-kQ pullup resistor to 3.3-V supply. For factory use only.
COMM_A- 38 | Digital demodulation inverting input A, connect parallel to input B—.
COMM_A+ 37 | Digital demodulation non-inverting input A, connect parallel to input B+.
COMM_B- 40 | Digital demodulation inverting input B, connect parallel to input A—.
COMM_B+ 39 | Digital demodulation non-inverting input B, connect parallel to input A+.
DATA 11 1/10 | 10-kQ pullup resistor to 3.3-V supply. For factory use only.
DOUT_TX 21 | Not used. Leave this pin open.

Copyright © 2013-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
TYPE DESCRIPTION
NAME NO.
Thermal . . . .
EPAD Pad — | Flood with copper GND plane and stitch vias to PCB internal GND plane.
Set the threshold used to detect an FOD condition by connecting, through resistor, to LOSS_THR.
FOD 17 (e} :
Leave open to disable FOD.
FOD_CAL 15 O FOD calibration pin. It controls the FOD calibration setting at start-up.
31 1/0 | Reserved, connect to GND.
GND
32, 36, 47 — | Ground
| SENSE 42 | Transmitter input current, used for efficiency calculations. Use 20-mQ sense resistor and a 50-gain
- current sense amplifier.
LED_A (0] Connect to an LED through 470-Q resistor for status indication.
LED_B (0] Connect to an LED through 470-Q resistor for status indication.
LED_C 18 (0] Connect to an LED through 470-Q resistor for status indication.
LED_MODE 44 | Input to select from four LED modes.
LOSS _THR 43 | Input to program FOD and PMOD thresholds and FOD_CAL correction.
NC 4 __ | Not used. Can be left open. Can also be tied to GND and flooded with copper to improve GND
plane.
PEAK_DET 1 | Connected to peak detect circuit. Protects from coil overvoltage event.
PMOD 16 o Set the threshold used to detect a PMOD condition by connecting, through resistor, to
LOSS_THR. Leave open to disable PMOD.
PWM output A, controls one half of the full bridge in a phase-shifted full bridge. Switching
PWM_A 12 (0] .
— deadtimes must be externally generated.
PWM B 13 o PWM output B, controls other half of the full bridge in a phase-shifted full bridge. Switching
- deadtimes must be externally generated.
14,19, 41 O Reserved, leave this pin open.
25, 26 1/0 | Not used, leave this pin open.
RESERVED 21, %% 29, /0 | Reserved, leave this pin open.
20 | Reserved, connect to GND.
45 | Connect to V33D (3.3 V).
RESET | Device reset. Use a 10-kQ to 100-kQ pullup resistor to the 3.3-V supply.
SLEEP (6] Connected to 5 s interval circuit.
SNOOZE O Connected to 500 ms ping interval circuit.
SNOOZE_CAP | Connected to interval timing capacitor.
SNOOZE_CHG 22 | Connected to interval timing capacitor.
T SENSE 2 | Sensor Input. Device shuts down when below 1 V for longer than 150 ms. If not used, keep above
- 1V by connecting to the 3.3-V supply.
Analog 3.3-V Supply. This pin can be derived from V33D supply, decouple with 10-Q resistor and
V33A 34 — " )
additional bypass capacitors.
V33D 33 __ | Digital core 3.3-V supply. Be sure to decouple with bypass capacitors as close to the part as
possible.
Transmitter input voltage, used for efficiency calculations. Use 76.8-kQ to 10-kQ divider to
V_SENSE 46 | T .
- minimize quiescent current.
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT

Voltage applied at V33D to GND -0.3 3.6

Voltage applied at V33A to GND -0.3 3.6 \Y
Voltage applied to any pin @ -0.3 3.6

Storage temperature, Tgyg —-40 150 °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 voltages referenced to GND.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 @) +2000
Veeso) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101? +750 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
\Y Supply voltage during operation ’ V33D, V33A 3 3.3 3.6 \%
Ta Operating free-air temperature -40 110 °C
T, Junction temperature 110 °C
6.4 Thermal Information
bg500212A
THERMAL METRIC® RGZ (VQFN) UNIT
48 PINS
Rosa Junction-to-ambient thermal resistance 28.4 °C/W
Roscopy  Junction-to-case (top) thermal resistance 14.2 °C/IW
Ross Junction-to-board thermal resistance 5.4 °C/IW
LAL Junction-to-top characterization parameter 0.2 °C/IW
Vi Junction-to-board characterization parameter 5.3 °C/IW
Roschoyy  Junction-to-case (bottom) thermal resistance 14 °C/IW

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

report.
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6.5 Electrical Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY CURRENT
lvaza V33A =33V 8 15
lvaap Supply current V33D =33V 44 55| mA
lroTaL V33D =V33A =33V 52 60
INTERNAL REGULATOR CONTROLLER INPUTS AND OUTPUTS
V33 3.3-V linear regulator Emitter of NPN transistor 3.25 3.3 3.6 v
V33FB 3.3-V linear regulator feedback 4 4.6
lvasrs Series pass base drive Viy = 12 V; current into V33FB pin 10 mA
Beta Series NPN pass device 40
EXTERNALLY SUPPLIED 3.3 V POWER
V33D Digital 3.3-V power Ta=25°C 3.6 v
V33A Analog 3.3-V power Ta=25°C 3.6
V33Slew V33 slew rate v :'S"{’/;‘;tg between 2.3 V10 2.9V, 0.25 Vims
DIGITAL DEMODULATION INPUTS COMM_A+, COMM_A—, COMM_B+, COMM_B—
Vpias COMM+ bias voltage 15 \
ggmmt Modulation voltage digital resolution 1 mV
Rea Input impedance Ground reference 0.5 15 3| MQ
lorFseT Input offset current 1-kQ source impedance -5 HA
ANALOG INPUTS V_SENSE, I_SENSE, T_SENSE, LED_MODE, LOSS_THR, SNOOZE_CAP, PWR_UP
VADDR_OPEN Voltage indicating open pin LED_MODE open 2.37
Vaoor_sHort ~ Voltage indicating pin shorted to GND LED_MODE shorted to ground 0.36 \%
VaDC_RANGE Measurement range for voltage monitoring All analog inputs 0 25
INL ADC integral nonlinearity -2.5 2.5 mV
Rin Input impedance Ground reference 8 MQ
Cin Input capacitance 10 pF
DIGITAL INPUTS/OUTPUTS
VoL Low-level output voltage loo=6mA, V33D =3V DGNDL1 + 0.25
VoH High-level output voltage loy =—6 mA, V33D =3V V33D -0.6 V v
ViH High-level input voltage V33D =3V 2.1 3.6
Vi Low-level input voltage V33D =35V 14
lon(MAX) Output high source current 4 A
loL(MAX) Output low sink current 4
SYSTEM PERFORMANCE
VRESET Voltage where device comes out of reset V33D pin 2.4 \
treSET Pulse width needed for reset RESET pin 2 us
fsw Switching Frequency 112 205 | kHz
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6.6 Typical Characteristics
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Copyright © 2013-2016, Texas Instruments Incorporated Submit Documentation Feedback 7
Product Folder Links: bg500212A


http://www.ti.com/product/bq500212a?qgpn=bq500212a
http://www.ti.com
http://www.ti.com/product/bq500212a?qgpn=bq500212a
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBD6D&partnum=bq500212A

13 TEXAS
INSTRUMENTS
bg500212A

SLUSBD6D —JULY 2013—-REVISED JULY 2016 www.ti.com

7 Detailed Description

7.1 Overview

The principle of wireless power transfer is simply an open-cored transformer consisting of transmitter and
receiver coils. The transmitter coil and electronics are typically built into a charger pad, and the receiver coil and
electronics are typically built into a portable device such as a cell phone. When the receiver coil is positioned on
the transmitter coil, magnetic coupling can occur when the transmitter coil is driven. The flux is coupled into the
secondary coil, inducing a voltage, causing current to flow. The secondary voltage is rectified, allowing power to
be transferred effectively to a load wirelessly. Power transfer can be managed through any of the various closed-
loop control schemes.

7.2 Functional Block Diagram

g P 6 | SLEEP
bg500212A —
- »| 7 | LED A
g - 8 | LED B
LED Control/ | < »| 9 | SNOOZE
COMM A+ | 37 Low Power I
- Interface |« P 15| FOD_CAL
COMM_A- o [t - 18| LED _C
Digital —
Demodulation - » 16 | PMOD
COMM_B+ —
[t - 17 | FOD
COMM_B-

PWM-A
PWM-B

Controller pb——» PWM
,—>

PEAK _DET
- A A
V_SENSE
|_SENSE i
12-bit BUZ_AC
T_SENSE ADC Buzzer
Control
BUZ DC
LOSS_THR
LED_MODE DATA

\ J
POR
» I°C
J_‘ CLK
1> ]
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7.3 Feature Description
7.3.1 Principles of Operation

7.3.1.1 Fundamentals

The principle of wireless power transfer is simply an open-cored transformer consisting of primary and secondary
coils and associated electronics. The primary coil and electronics are also referred to as the transmitter, and the
secondary side the receiver. The transmitter coil and electronics are typically built into a charger pad. The
receiver coil and electronics are typically built into a portable device, such as a cell phone.

When the receiver coil is positioned on the transmitter coil, magnetic coupling occurs when the transmitter coil is
driven. The flux is coupled into the secondary coil which induces a voltage, current flows, it is rectified and power
can be transferred quite effectively to a load wirelessly. Power transfer can be managed through any of various
familiar closed-loop control schemes.

7.3.1.2 Wireless Power Consortium (WPC)

The Wireless Power Consortium (WPC) is an international group of companies from diverse industries. The WPC
standard was developed to facilitate cross compatibility of compliant transmitters and receivers. The standard
defines the physical parameters and the communication protocol to be used in wireless power. For more
information, go to www.wirelesspowerconsortium.com.

7.3.1.3 Power Transfer

Power transfer depends on coil coupling. Coupling is dependant on the distance between coils, alignment, coll
dimensions, coil materials, number of turns, magnetic shielding, impedance matching, frequency, and duty cycle.

Most importantly, the receiver and transmitter coils must be aligned for best coupling and efficient power transfer.
The closer the space between the coils, the better the coupling, but the practical distance is set to be less than
5 mm (as defined within the WPC Specification) to account for housing and interface surfaces.

Shielding is added as a backing to both the transmitter and receiver coils to direct the magnetic field to the
coupled zone. Magnetic fields outside the coupled zone do not transfer power. Thus, shielding also serves to
contain the fields to avoid coupling to other adjacent system components.

Regulation can be achieved by controlling any one of the coil coupling parameters. For WPC compatibility, the
transmitter coils and capacitance are specified and the resonant frequency point is fixed at 100 kHz. Power
transfer is regulated by changing the operating frequency between 110 kHz to 205 kHz. The higher the
frequency, the further from resonance and the lower the power. Duty cycle remains constant at 50% throughout
the power band and is reduced only once 205 kHz is reached.

The WPC standard describes the dimension and materials of the coils. It also has information on tuning the coils
to resonance. The value of the inductor and resonant capacitor are critical to proper operation and system
efficiency.

7.3.1.4 Communication

Communication within the WPC is from the receiver to the transmitter, where the receiver tells the transmitter to
send power and how much. In order to regulate, the receiver must communicate with the transmitter whether to
increase or decrease frequency. The receiver monitors the rectifier output and using Amplitude Modulation (AM),
sends packets of information to the transmitter. A packet is comprised of a preamble, a header, the actual
message and a checksum, as defined by the WPC standard.

The receiver sends a packet by modulating an impedance network. This AM signal reflects back as a change in
the voltage amplitude on the transmitter coil. The signal is demodulated and decoded by the transmitter side
electronics and the frequency of its coil drive output is adjusted to close the regulation loop. The bgq500212A
device features internal digital demodulation circuitry.

The modulated impedance network on the receiver can either be resistive or capacitive. Figure 5 shows the
resistive modulation approach, where a resistor is periodically added to the load and also shows the resulting
change in resonant curve which causes the amplitude change in the transmitter voltage indicated by the two
operating points at the same frequency. Figure 6 shows the capacitive modulation approach, where a capacitor
is periodically added to the load and also shows the resulting amplitude change in the transmitter voltage.
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Feature Description (continued)

Rectifier

Receiver *
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Receiver Coil Capacitor

||
g 1] Modulation

Resitor ! ;
— A Operating state at logic “0”

A(1 Operating state at logic “1”
x O
! hd F:

a) b)
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Figure 5. Receiver Resistive Modulation Circuit
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Figure 6. Receiver Capacitive Modulation Circuit

7.3.2 Dynamic Power Limiting

Dynamic Power Limiting (DPL) allows operation from a 5-V supply with limited current capability (such as a USB
port). When the input voltage is observed drooping, the output power is dynamically limited to reduce the load
and provides margin relative to the supply's capability.

Anytime the DPL control loop is regulating the operating point of the transmitter, the LED indicates that DPL is
active. The LED color and flashing pattern are determined by the Table 2. If the receiver sends a Control Error
Packet (CEP) with a negative value, (for example, to reduce power to the load), the WPTX in DPL mode
responds to this CEP through the normal WPC control loop.

NOTE
The power limit indication depends on the LED_MODE selected.
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Feature Description (continued)
7.3.3 Shut Down Through External Thermal Sensor or Trigger

Typical applications of the bq500212A device do not require additional thermal protection. This shutdown feature
is provided for enhanced applications and is not only limited to thermal shutdown. The key parameter is the 1-V
threshold on T_SENSE pin. Voltage below 1 V on T_SENSE pin for longer than 150 ms causes the device to
shutdown.

The application of thermal monitoring through a Negative Temperature Coefficient (NTC) sensor, for example, is
straightforward. The NTC forms the lower leg of a temperature dependant voltage divider. The NTC leads are
connected to the bg500212A device, T_SENSE pin and GND. The threshold on T_SENSE pin is set to 1 V,
below which the system shuts down and a fault is indicated (depending on LED mode chosen).
To implement this feature follow these steps:
1. Consult the NTC data sheet and find the resistence vs temperature curve.
2. Determine the actual temperature where the NTC is placed by using a thermal probe.
3. Read the NTC resistance at that temperature in the NTC data sheet, that is R_NTC.
4. Use Equation 1 to determine the upper leg resistor (R_Setpoint):

R_Setpoint=2.3xR_NTC 1)
The system restores normal operation after approximately five minutes or if the receiver is removed. If the feature
is not used, this pin must be pulled high.

NOTE
T_SENSE pin must always be terminated; otherwise, erratic behavior may result.

3V3_VCC

Optional

Temperature R_Setpoint
Sensor -

T [2 T_SENSE

O
|_
Z I

AGND
AGND

Figure 7. Negative Temperature Coefficient (NTC) Application

7.3.4 Fault Handling and Indication

Table 1 provides approximate durations for the time before a retry is attempted for end power transfer (EPT)
packets and fault events. Precise timing may be affected by external components, or shortened by receiver
removal. The LED mode selected determines how the LED indicates the condition or fault.

Table 1. Fault Handling

CONDITION (BEE(‘;';'EE(;?RY) HANDLING

EPT-00 Immediate Unknown

EPT-01 5s Charge complete
EPT-02 Infinite Internal fault

EPT-03 5 minutes Over temperature
EPT-04 Immediate Over voltage

EPT-05 Immediate Over current

EPT-06 Infinite Battery failure
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Table 1. Fault Handling (continued)

CONDITION (BEES';AET@?RY) HANDLING
EPT-07 Not applicable Reconfiguration
EPT-08 Immediate No response

OC (over current) 1 minute

NTC (external sensor) 5 minutes
PMOD/FOD warning 12s 2lsOLS|5LDEarDbour;|)z/ér

PMOD/FOD 5 minutes

7.3.5 Power Transfer Start Signal

The bg500212A device features two signal outputs to indicate that power transfer has begun. BUZ_AC pin
outputs a 400-ms duration, 4-kHz square wave for driving low-cost, AC-type ceramic buzzers. BUZ_DC pin
outputs logic high, also for 400 ms, which is suitable for DC type buzzers with built-in tone generators, or as a
trigger for any type of customized indication scheme. If not used, these pins can be left open.

7.3.6 Power On Reset

The bg500212A device has an integrated Power On Reset (POR) circuit which monitors the supply voltage and
handles the correct device start-up sequence. Additional supply voltage supervisor or reset circuits are not
needed.

7.3.7 External Reset, RESET Pin

The bg500212A device can be forced into a reset state by an external circuit connected to the RESET pin. A
logic low voltage on this pin holds the device in reset. For normal operation, this pin is pulled up to 3.3 V¢ with a
10-kQ pullup resistor.

7.3.8 Trickle Charge and CS100

The WPC specification provides an End-of-Power Transfer message (EPT-01) to indicate charge complete. Upon
receipt of the charge complete message, the bg500212A device changes the LED indication. The exact
indication depends on the LED_MODE chosen.

In some battery charging applications there is a benefit to continue the charging process in trickle-charge mode
to top off the battery. There are several information packets in the WPC specification related to the levels of
battery charge (Charge Status). The bg500212A device uses these commands to enable top-off charging. The
bg500212A device changes the LED indication to reflect charge complete when a Charge Status message is
100% received, but unlike the response to an EPT, it does not halt power transfer while the LED is solid green.
The mobile device can use a CS100 packet to enable trickle charge mode.

If the reported charge status drops below 90% normal, charging indication is resumed.
7.4 Device Functional Modes

7.4.1 LED Indication Modes

The bg500212A device can directly drive up to three LED outputs (LED_A, LED_B, and LED_C) through a
simple current limit resistor (typically 470 Q), based on the mode selected. The current limit resistors can be
individually adjusted to tune or match the brightness of the LEDs. Do not exceed the maximum output current
rating of the device. The resistor in Figure 8 connected to LED_MODE and GND selects the desired LED
indication scheme in Table 2.

e LED modes permit the use of one to three indicator LED's. Amber in the 2-LED mode is obtained by turning
on both the green and red.

e LEDs can be turned on solid or configured to blink either slow (approximately 1.6 s period) or fast
(approximately 400 ms period).

» Exceptin modes 2 and 9, the charge complete state is only maintained for 5 seconds after which it reverts to
idle. This permits the processor to sleep in order to reduce standby power consumption. In other modes,
external logic, such as a flip-flop, may be implemented to maintain the charge complete indication if desired.
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Device Functional Modes (continued)

Table 2. LED Modes

LED LED OPERATIONAL STATES

ngﬁgﬁ' %Eé-;gpooé\l DESCRIPTION LED STANDBY T:ﬁ(\)l\\:\éiFéR Cg-l\blAPFIz_(é'IE'E FAULT EPIY’\O;\I}IEIII’\E:‘{ FOD Warning
LED1, green

X <365k Reserved, LED2, red — — — — — —
LED3, amber
LED1, green Off Blink slow On Off Blink slow Off

1 42.2 kQ Choice number 1 LED2, red Off Off Off On Blink slow Blink fast
LED3, amber — — — — — —
LED1, green On Blink slow On Off Blink slow Off

2 48.7 kQ Choice number 2 LED2, red On Off Off On Blink slow Blink fast
LED3, amber — — — — — —
LED1, green Off On Off Blink fast On On

3 56.2 kQ Choice number 3 LED2, red — — — — — —
LED3, amber — — — — — —
LED1, green Off On Off Off Off Off

4 64.9 kQ Choice number 4 LED2, red Off Off Off On Blink slow Blink fast
LED3, amber — — — — — —
LED1, green Off Off On Off Off Off

5 75 kQ Choice number 5 LED2, red Off On Off Off On On
LED3, amber Off Off Off Blink slow Off Off
LED1, green Off Blink slow On Off Off Off

6 86.6 kQ Choice number 6 LED2, red Off Off Off On Off Blink fast
LED3, amber Off Off Off Off Blink Slow Off
LED1, green Off Blink slow Off Off Off Off

7 100 kQ Choice number 7 LED2, red Off Off On Off Off Off
LED3, amber Off Off Off On Blink slow Blink fast
LED1, green Off Off On Blink slow Off Off

8 115 kQ Choice number 8 LED2, red Off On Off Blink slow On On
LED3, amber — — — — — —
LED1, green Off Blink slow On Off Blink slow Off

9 133 kQ Choice number 9 LED2, red Off Off Off On Blink slow Blink fast
LED3, amber — — — — — —
LED1, green Off On Off Blink fast Blink slow On

10 154 kQ Choice number 10 LED2, red Off Off On Off Off Off
LED3, amber — — — — — —

7.4.2 Low Power Mode

During standby, when nothing is on the transmitter pad, the bg500212A device pings the surrounding
environment at fixed intervals. The ping interval can be adjusted; the component values selected for the
SNOOZE circuit determine this interval between pings. The choice of the ping interval effects two quantities: the
idle efficiency of the system, and the time required to detect the presence of a receiver when it is placed on the
pad. A trade-off must be made which balances low power (longest ping interval) with good user experience
(quick detection through short ping interval) while still meeting the WPC requirement for detection within

0.5 seconds.

The system power consumption is approximately 300 mW during an active ping, which lasts approximately
90 ms, and 40 mW for the balance of the cycle. A weighted average can thus be used to estimate the overall
system's idle consumption:

If T_ping is the interval between pings in ms, P_idle in mW is calculated with Equation 2.
P_idle (mW) = (40 x (T_ping — 90) + 300 x 90) / T_ping (2)
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7.5 Programming

7.5.1 Option Select Pins

Several pins on the bg500212A device are allocated to programming the FOD and PMOD Loss Threshold and
the LED mode of the device. At power up, a bias current is applied to pins LED_MODE and LOSS THR and the
resulting voltage measured in order to identify the value of the attached programming resistor. The values of the
operating parameters set by these pins are determined using Table 4. For LED_MODE, the selected bin
determines the LED behavior based on Table 2; for the LOSS_THR, the selected bin sets a threshold used for
PMOD (see PMOD, FOD, and FOD Calibration). See Table 2.

bg500212A
LED _MODE
44
Resistors LOSS THR
to set 23 To 12-bit ADC
options

FOD PMOD FOD_CAL
17 16 15

UDG-13119

Figure 8. Option Select Pin Programming

7.5.2 Current Monitoring Requirements

The bg500212A device is WPC1.1 ready. To enable the FOD or PMOD features, current monitoring circuitry
must be provided in the application design.

For proper scaling of the current monitor signal, the current sense resistor must be 20 mQ and the current shunt
amplifier must have a gain of 50, such as the INA199A1. For FOD accuracy, the current sense resistor must be a
quality component with 1% tolerance, at least 1/4-W rating, and a temperature stability of +200 PPM. Proper
current sensing techniques in the application hardware must also be observed.

If WPC compliance is not required current monitoring can be omitted. Connect the | _SENSE pin to GND.

7.5.3 All Unused Pins

All unused pins can be left open unless otherwise indicated. The NC pin can be tied to GND and flooded with
copper to improve ground shielding. See Pin Configuration and Functions for further more information.
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8 Application and Implementation

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

8.1 Application Information

The bg500212A device is a wireless power transmitter controller designed for 5-W WPC compliant applications.
The device has has all features required to support receivers that are compliant with WPC 1.0, 1.1, and Low
Power 1.2. Additional tools and application information can be found in the bg500212A product folder. The
following section highlight some of the system design considerations.

8.2 Typical Application
Figure 9 shows the application schematic for the transmitted with reduced standby power.

NOTE
Check the bg500212A product page for the most up-to-date application schematic and list
of materials package before starting a new design.

3.3V Current
LDO ¢ ¢ Sense

Snooze bq500212A Power
|————— Wireless ——P .
CLK Section
Power Controller
Sleep -« COMM
CLK |

CKT

Copyright © 2016, Texas Instruments Incorporated

Figure 9. bg50012A Block Diagram

8.2.1 Design Requirements
For this design example, use the parameters listed in Table 3 as the input parameters.

Table 3. Design Parameters

PARAMETER EXAMPLE VALUE
WPC coil type All and A5
Input voltage 5V 5% (5-V input to A11 / A5 TX)
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8.2.2 Detailed Design Procedure

8.2.2.1 PMOD, FOD, and FOD Calibration

The bg500212A device supports improved FOD (WPC1.1) and enhanced PMOD (WPC 1.0) features.
Continuously monitoring input power, known losses, and the value of power reported by the RX device being
charged, the bg500212A device can estimate how much power is unaccounted for and presumed lost due to
metal objects placed in the wireless power transfer path. If this unexpected loss exceeds the threshold set by the
FOD or PMOD resistors, a fault is indicated and power transfer is halted. Whether the FOD or the PMOD
algorithm is used is determined by the ID packet of the receiver being charged.

As the default, both PMOD and FOD resistors must set a threshold of 400 mW (selected by 56.2-kQ resistors
from FOD and PMOD to LOSS_THR. 400 mW has been empirically determined using standard WPC FOD test
objects (disc, ring, and foil). Some tuning might be required as every system is slightly different. This tuning is
best done by trial and error, use the set resistor values given in the table to increase or decrease the loss
threshold and retry the system with the standard test objects. The ultimate goal of the FOD feature is safety; to
protect misplaced metal objects from becoming hot. Reducing the loss threshold and making the system too
sensitive leads to false trips and a bad user experience. Find the balance which best suits the application.

If the application requires disabling one function or the other (or both), it is possible by leaving the respective
FOD pin and PMOD pin open. For example, to selectively disable the PMOD function, PMOD must be left open.

NOTE
Disabling FOD results in a TX solution that is not WPC compliant.

Resistors of 1% tolerance must be used for a reliable selection of the desired threshold.

The FOD and PMOD resistors program the permitted power loss for the FOD and PMOD algorithms respectively.
The FOD_CAL resistor, can be used to compensate for any load dependent effect on the power loss. Using a
calibrated test receiver with no foreign objects present, the FOD_CAL resistor must be selected such that the
calculated loss across the load range is substantially constant (within approximately 100 mW). After correcting
for the load dependence, the FOD and PMOD thresholds must be reset above the resulting average by
approximately 400 mW for the transmitter to satisfy the WPC requirements on tolerated heating. Contact Tl for
more information about setting appropriate FOD, PMOD, and FOD_CAL resistor values for your design.

Table 4. Option Select Bins

BIN NUMBER RESISTANCE (k) LOSS T(I:n'TNE)SHOLD
0 <36.5 250
1 42.2 300
2 48.7 350
3 56.2 400
4 64.9 450
5 75 500
6 86.6 550
7 100 600
8 115 650
9 133 700
10 154 750
11 178 800
12 205 850
13 >237 Feature Disabled
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8.2.2.2 Coils and Matching Capacitors

The coil and matching capacitor selection for the transmitter has been established by WPC standard. These
values are fixed and cannot be changed on the transmitter side.

An up to date list of available and compatible A5 or A1l transmitter coils can be found in bgTESLA Transmitter
Coil Vendors (SLUA649):

Capacitor selection is critical to proper system operation. A total capacitance value of 400 nF is required in the
resonant tank. A 400-nF capacitor is not a standard value and therefore several must be combined in parallel. Tl
recommends to use 4 x 100 nF, as these are very commonly available.

NOTE
A total capacitance value of 400 nF/50 V is required in the resonant tank to achieve a 100-
kHz resonance frequency.

To achieve the 400-nF total capacitance in the resonant tank, the bq500212A device sensitive demodulation
circuitry allows the use of 3 lower cost 100-nF/X7R type capacitors in parallel with one (1) high quality 100-
nF/COG type, thereby reducing system cost from competitive solutions requiring four COG types.

The capacitors chosen must be rated for 50 V operation. Use quality capacitors from reputable vendors such as
KEMET, MURATA or TDK.

8.2.2.3 Design Checklist for WPC1.1 Compliance With the bq500212A

» Coil and capacitor selection matches the A5/A11 specification.

» Total 400-nF resonant capacitor requirement is composed of: (3 x 100nF/X7R) + (1 x 100nF/C0OG) types.
» Precision current sense amp used, such as the INA199A1. This is required for accurate FOD operation.

» Current shunt resistor 1% and <200 PPM. This is required for accurate FOD operation.

8.2.2.4 Input Regulator

The bg500212A device requires 3.3 VDC to operate. A buck regulator or a linear regulator can be used to step
down from the 5-V system input. Either choice is fully WPC compatible, the decision lies in the user's
requirements with respect to cost or efficiency.

For lowest cost, TI recommends the TLV70033 linear regulator.

8.2.2.5 Power Train

The bg500212A device drives a phase-shifted full bridge. This is essentially twin half bridges and the choice of
driver devices is quite simple; a pair of CSD97376 Integrated Power Stages are used. Other combinations using
discrete driver and MOSFETs can work and system performance with regards to efficiency and EMI emissions
vary. Any alternate MOSFETSs chosen must be fully saturated at the 5-V system gate drive voltage available and
be sure to pay attention whether or not to use gate resistors; some tuning might be required.
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8.2.3 Application Curves
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Figure 10. Efficiency vs Power bg51003 Figure 11. Efficiency vs Power bq51013B

9 Power Supply Recommendations

The bg500212A IC is designed to operate from a well regulated 3.3-V power supply. This can be a low switching
power supply or linear regulator. The 3.3-V supply is integrated into a total transmitter solution that is powered
from a 5-V supply capable of supporting the output load of 5 W plus conversion losses in the system.

10 Layout

10.1 Layout Guidelines

A good PCB layout is critical to proper system operation. There are many references on proper PCB layout
techniques.

Generally speaking, the system layout requires a 4-layer PCB layout, although a 2-layer PCB layout can be
achieved. The following list is a proven and recommended approach to the layer stack-up:

» Layer 1, component placement and as much ground plane as possible
e Layer 2, clean ground
» Layer 3, finish routing
e Layer 4, clean ground

Thus, the circuitry is virtually sandwiched between grounds. This minimizes EMI noise emissions and also
provides a noise free voltage reference plane for device operation.

Keep as much copper as possible. Make sure the bg500212A GND pins and the power pad have a continuous
flood connection to the ground plane. The power pad must also be stitched to the ground plane, which also acts
as a heat sink for the bq500212A device. A good GND reference is necessary for proper bq500212A operation,
such as analog-digital conversion, clock stability and best overall EMI performance.

Separate the analog ground plane from the power ground plane and use only one tie point to connect grounds.
Having several tie points defeats the purpose of separating the grounds.

The COMM return signal from the resonant tank must be routed as a differential pair. This is intended to reduce
stray noise induction. The frequencies of concern warrant low-noise analog signaling techniques, such as
differential routing and shielding, but the COMM signal lines do not need to be impedance matched.

Typically a single-chip controller solution with integrated power FET and synchronous rectifier is used. To create
a tight loop, pull in the buck inductor and power loop as close as possible. Likewise, the power train, full-bridge
components must be pulled together as tight as possible. See the bg500212AEVM-550, bqTESLA Wireless
Power TX EVM User's Guide (SLVU536) for layout examples.

18 Submit Documentation Feedback Copyright © 2013-2016, Texas Instruments Incorporated
Product Folder Links: bg500212A


http://www.ti.com/product/bq500212a?qgpn=bq500212a
http://www.ti.com
http://www.ti.com/product/bq500212a?qgpn=bq500212a
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBD6D&partnum=bq500212A
http://www.ti.com/lit/pdf/SLVU536
http://www.ti.com/lit/pdf/SLVU536

13 TEXAS

INSTRUMENTS
bg500212A

www.ti.com SLUSBD6D —JULY 2013—-REVISED JULY 2016

Layout Guidelines (continued)

Use a ground flood connection for the ground plane under the device. Connect the device ground pins to the
thermal pad. Flow the ground plane between the thermal pad and top layer ground. Use multiple vias to connect
the thermal pad to the internal ground layer. Verify that the solder mask under the device is removed for good
connection to the thermal pad.

The customer must choose a full-bridge option to design the power section. Figure 13, based on the bgq500212A
EVM, uses a power stage device, which is an integrated drive and two MOSFETS.

10.2 Layout Example

Multiple Vias to GND Plane

Connect IC GND Pins to : i 2 'O
Thermal Pad [ U1 ' o é
Solder Mask Opening for
Thermal Pad

Continuous Top Layer
GND

RA

Figure 12. bg500212A IC Ground Connections
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Layout Example (continued)
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Figure 13. bg500212A Power Section Using CSD9794Q4M or CSD97376Q4M Power Stage
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

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

11.2 Documentation Support

11.2.1 Related Documentation

For related documentation see the following:

e Building a Wireless Power Transmitter (SLUA635)

* Wireless Power Consortium, www.wirelesspowerconsortium.com

» Integrated Wireless Power Supply Receiver, Qi (Wireless Power Consortium) Compliant (SLUSAY6)

11.3 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.4 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 Tl's views; see TlI'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.

11.5 Trademarks

Dynamic Power Limiting, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
11.7 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)

BQ500212ARGZR ACTIVE VQFN RGZ 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 110 BQ500212A
& no Sh/Br)

BQ500212ARGZT ACTIVE VQFN RGZ 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 110 BQ500212A
& no Sh/Br)

HPA02243RGZR ACTIVE VQFN RGZ 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 110 BQ500212A - I
& no Sh/Br) amples

@ 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 Sb/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): TI'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 Sb/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.
@ 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 Tl'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
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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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ500212ARGZR VQFN RGZ 48 2500 330.0 16.4 7.3 7.3 1.1 12.0 | 16.0 Q2
BQ500212ARGZT VQFN RGZ 48 250 180.0 16.4 7.3 7.3 11 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ500212ARGZR VQFN RGZz 48 2500 367.0 367.0 38.0
BQ500212ARGZT VQFN RGZz 48 250 210.0 185.0 35.0
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MECHANICAL DATA

RGZ (S—PVQFN—N48) PLASTIC QUAD FLATPACK NO—-LEAD
I 7,15 N
* 685
7,15
Y 7
PIN 1 INDEX AREA
1,00 TOP AND BOTTOM
080 L 0,20 REF.
‘ L SEATING PLANE
0,08 j % w: f

0,00

0,50 0,50
48X 030 ﬂ <

1
EEVAVAVEVRURUIIURURURUAIAI
*isb ‘ 13
D) THERMAL PAD d
) ‘ -
) ‘ -
) | d
- SIZE AND SHAPE -
> SHOWN ON SHPARATE SHEET
) | -
) ‘ -
) | d
) ‘ d
37D ‘ T (24
niaNaNaNaNaliaNaNaNalali
5,5032 > } o 87353

4204101/F 06/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RGZ (S—PVQFN—-N48) 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.

PIN 1 INDICATOR

C 0,30 1 12
ENGVAVASEVAVACI SRS RS ACACAS,
48% . 13
t D) ! } Exposed Thermal Pad
™ -
™ d
™ d
5,15+0,10 g - + — g
™ d
™ d
™ d
I ™ | d
=P ' 24
ANNANANNANNNIN
36 25
l—— 5,15+0,10 ———

Bottom View

Exposed Thermal Pad Dimensions
4206354-2/Z 03/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RGZ (S—PVQFN—N48) PLASTIC QUAD FLATPACK NO-LEAD
Example Stencil Design
Example Board Layout 0.125 Thick Stencil
(Note E)
Note D 0,25— [~— 44x0,50 48x0,8 I=—0,25
000000000000 | | [000000papooT_—
) = = —= =0, =
[} (@ = (o
= - 48xo,23j = 1,45 —
D |-——5,15 = — =
[} (@ — o
}-D 1o —
= -—-J—5,15—-—% 6,1 7,8 TS IHC S 6,15 7,75
- ' (| — —
0.25-5 = 0.7 = RIEERS
—— (e | —) O 3__ (@
) N — - 2 I =
[["Ionoohapnoond: sax0 5| |000000000000
81— [\ 6,15
=78 —— "\ 7,75
! . (71% Printed Solder Coverage by Area)
| N,
i Non Solder Mask Defined Pad . Example Via Layout Design
| AN Via layout may vary depending
| /// ”””” —~-. ~ on layout constraints
‘// \\ Example Solder Mask Opening N (Note D, F)
) . 20x1,0
/, \\ (Note F) N |
/ 0,08 085 " 25%¢0,3—~ 0 0 ¢ o o
[/ RO%4 ~ U9\ o d o o
! D \\'\ —|S-6- - -
l — ~ Pad Geometry o o ¢ oo
\ 02 TG 20x1,0 .
\ 007 / o 0o ¢ oo
\ All Around y i
. /
\\\ //,
~ . -
o 4207624-2/T 06/14
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 © 2017, Texas Instruments Incorporated
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