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ABSTRACT
This application note describes system-design guidelines that should aid in increasing the system level
ESD performance of FPD-Link products in a system.
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Introduction

This application note describes the best practices that should be used in PCB layout for testing IEC
61000-4-2 on systems using FPD-Link products. Also included in this application note are suggested
additions of external components to shunt or decrease severity of the ESD charge. The majority of the
protection should come from shielding of the system as a whole. The key is to keep ground reference as

stable as possible and at the same potential throughout the whole system.

System-Level ESD PCB Guidelines and Recommendations

* Do not have any floating metal on the PCB or near the PCB. Check for floating metal on the PCB and

stitch it to the ground plane with multiple vias, or remove the floating metal.

» PCB stackup:

— At minimum, a four-layer construction is recommended (see Figure 1).

1. Top

2. Ground or power plane
3. Power or ground plane
4. Bottom

Top
GND or PWR
PWR or GND

Bottom

Figure 1. Example of Four-Layer PCB Construction

Primary component side

prepreg

Ground or power plane

core

Power or ground plane

prepreg

Secondary component side

(Layer 1)

(Layer 2)

(Layer 3)

(Layer 4)

— Do not cut up the power or ground plane, if possible; if it is not possible, minimize use of power and

ground islands. Use a ground guard when separating power planes.

— Keep power and ground plane surface areas equal in size and shape. Keep power and ground

shapes on top of each other to create board capacitance.
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* FPD-Link Il high-speed differential traces:

— Traces should be 100-Q (+5%) differential impedance of differential microstrip or differential stripline
(see Figure 2, Figure 3, and Figure 4).
IH

>

Differential Microstrip
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Zdiﬁ=2xzox[1—0.48xe H]

Figure 2. Edge Coupled Differential Microstrip
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Differential Stripline

—2.9><§

Figure 3. Edge Coupled Differential Stripline

Figure 4. Coplanar Coupled Microstrips

— Minimize snaking of differential traces. Keep differential pairs closely coupled to each other.

— Keep differential pair skews to £30 ps, but do not snake one side of the differential pair to match
skew.

— Place high-speed differential traces on an inner layer on long runs. For example, in a four-layer
PCB construction, the high-speed differential trace can be on layer two or layer three. The high-
speed vias should be constructed with controlled impedance. With the help of a 3D electromagnetic
field solver, it is possible to design a via structure with controlled impedance.

— Do not layout high-speed differential traces on the edge of the PCB.

— Use ground guards with plenty of stitching to protect the differential traces on the outer layer (top or
bottom).

— Do not run high-speed differential traces near the edge of the PCB.
— Use common-mode choke near 0.1-uF AC capacitors (for example, Murata DLW21SN900HQ2L).
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Power connections must be as short as possible and go immediately to the power plane. Power
connections must not be made with controlled impedance traces. Each power or ground lead of a high-
speed device must be connected to the PCB through a low-inductance path. For best results, one or
more vias should be used to connect a power pin or ground pin to the nearby plane. Ideally, place vias
immediately adjacent to the pin to avoid adding trace inductance. Placing a power plane closer to the
top of the board reduces the effective via length and its associated inductance. Minimize use of power
trace connections. If using a short trace, do not make trace a controlled impedance trace; Tl
recommends making a connection with the largest connection area (see Figure 5).

Via to Power
power decoupling
plane capacitor

Power pin | | u ground

\\/ = — @ plane

|
|
| |
Keep distance from power
tap to capacitor pad
minimal

/—\ —/ Vias to
O 1O

Figure 5. Example of Power Connection and Decoupling Layout Placement

Ground connections:

— Must be as short as possible and go immediately to the ground plane. Minimize use of ground trace
connections. Ground connections must not be made with controlled impedance traces.

— Use at least two vias per ground connections.

— For optimal signal integrity, connect the cable shield to ground on both sender and receiver. For
limiting the high DC currents possible in case of a ground loss, a filter can be used at the risk of bit
errors. This risk can be mitigated by dimensioning the filter so the frequency determined by the
used data rate of the FPD-Link the filter acts a hard ground.

NOTE: For direct GND connections, the traces and vias must be sized appropriately to handle
the worst-case current.

Use decoupling capacitors with low effective series resistance (ESR) and effective series inductance
(ESL) to decouple the IC power from the rest of the supply system. Add at least an additional 10-uF to
22-uyF capacitance on each power pin from the minimum recommended. Place the smallest package-
sized capacitors closest to the power pin.

All IC pins should be connected and never left floating. For example, input pins must be tied to a HIGH
or LOW logic state; do not float input pins.

Minimize current loops. An electrical circuit is always a closed loop. Every signal path has a return path
back to the source (also called the return current). With DC, the return current takes the lowest
resistance path back. With higher frequency, the return current flows along the lowest impedance (that
is directly beneath the forward signal path [12]). Current loops in the layout generate noise and should
be minimized by keeping forward and return currents together; this helps EMI and ESD performance.
Solid ground plane provides a continuous, low-impedance path for return current.

Associated regulators should be as close as possible to the IC. If using a regulator that has a FB
(feedback pin), add an upper and lower capacitor to the resistor divider network. For example, if a
resistor divider network has a 1:2 ratio, the capacitor should have a 2:1 ratio.

High-speed connectors:

— Use connectors that have complete shielding around the connector interface. For example, a
Rosenberger HSD type connector (such as D4S20A-40ML5-Z or D4S10A-400L5-Y) or equivalent.

High-speed cables:

— Use cables with high shield coverage. For example, a DACAR 535-2 (such as a Rosenberger LD5-
101-xx000-Z-Z_flex cable, where xx is in meters) or equivalent.
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System-Level ESD PCB Guidelines and Recommendations

External ESD protection components include passive components like series resistors, decoupling
capacitors, ferrite beads, and suppression devices (such as filters, transient voltage suppressors
(TVS), varistors, thyristors, diodes, polymers, SCRs, and so on). These components block ESD
currents, clamp ESD-induced voltages, and shunt ESD-induced currents in the system, minimizing the
effects of ESD pulses in the system. Guidelines for choosing onboard ESD protection devices that help
to minimize ESD effects in a system:

— Serial resistors

.

Use series resistors to attenuate indirect or secondary ESD stress in the system. Series
resistors have proven to be effective for system-level ESD protection and can be used with
voltage clamps and decoupling capacitors.

NOTE: If series resistors are forced to conduct currents from direct ESD events, large
voltages can build up across the resistors, causing arcs between the terminals and
potentially shorting these series resistors; therefore, for handling direct discharges in
the system use primary clamping devices (TVS devices) in addition to the series
resistor or use resistors designed for high voltages (which will usually come in larger
footprint sizes). These passive components should be placed as close as possible to
the potential ESD stress points in the layout.

NOTE: Small SMD passive components usually do not provide good protection against direct
8-kV IEC pulses, but they can be used to protect against secondary pulses in the
system [2].

Identify the maximum capacitance that can be applied to signal lines in the system and place
appropriate filters or TVS on sensitive signals (like resets, interrupts, edge triggered signals, and
SO on).

» Place filters or transient suppressors on off-board receivers and drivers for cables that are
susceptible to direct discharge (including signals that enter opto-isolators).

» Choose protection components for the system based on clamping voltage levels achievable,
breakdown voltage, response time, capacitance, dynamic resistance, and ability to withstand
multiple ESD strikes. Texas Instruments™ offers a wide range of ESD and EMI protection
devices and solutions. For more information regarding the ESD and EMI protection product
portfolio, see Reference [5].

— TVS diodes

.

TVS diodes have lower capacitance and lower dynamic resistance values compared to other
transient suppression devices. They demonstrate high ESD multi-strike absorption capability;
that is, once the ESD strike is absorbed, the protection device returns to its high-impedance
state very quickly. These devices offer low clamping and breakdown voltages and have
excellent response times.

— Varistors

°

When an ESD event occurs, the varistors resistance changes from a high standby value to a
low conducting value, absorbing the ESD energy and limiting ESD-induced voltages. Varistors
typically have trigger voltages over 50 V, clamping voltages over 100 V, and a dynamic
resistance over 20 Q (after turn on)[2]. Varistors feature lower capacitance but have significant
leakage currents after an ESD stress.

— Polymers

°

These devices are similar to varistors in operation but have low capacitance (0.05 to 1 pF),
making them a good fit for high-frequency applications. The breakdown voltages are higher
(compared to varistors) and have lower endurance to multiple ESD strikes.
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» ESD protection using series resistors

— Consider a system where an IC is interfaced to an LCD that is susceptible to ESD (secondary or
residual ESD stress in the system). In this case, LCD pins represent the ESD entry points in the
system; Tl recommends placing series resistors on the LCD pins. When an ESD event occurs in
the system, the series resistor limits the current that finally strikes the IC 1/0 pin. The larger the
value of resistance, the lower the residual current seen at the interface 1/0 pin.

NOTE: If standalone resistors are used for primary ESD protection, they must withstand the full
electrostatic voltage; this requires resistors that are designed for high voltages, and these
resistors usually have a larger footprint. The series resistors can be combined with
additional diodes and primary clamping devices for added protection. The diodes at the
I/O pins divert the ESD current to the primary clamp (between VCC and VSS), and only
the residual stress appears at the device I/O pins. The decoupling capacitor at the supply
pins helps limit the initial fast transients of the ESD pulse.

NOTE: The simple series resistor protection technique works for low levels of ESD stress
(secondary protection of indirect ESD or residual ESD current); however, for higher ESD
stress (primary protection of direct ESD), suppression devices (such as TVS diodes,
varistors, and polymers) should be considered.

3 General System-Level ESD Guidelines and Recommendations
System-level ESD protection strategies depend strongly on physical design, operational requirements, and
overall cost of the end-product. There are different disciplines of protection that can be considered to
minimize ESD coupling into the system. A robust ESD system design involves factoring multiple elements,
such as:
* Enclosure
* PCB design and layout
» ESD ground paths
* On-board ESD protection devices
» System wiring and interconnects
« Software design
« ESD testing
The key to an ESD-robust system design is to consider the effects of ESD in the system early on during
design and development of the board by following ESD-immune design guidelines. ESD testing
throughout development helps identify and fix weak ESD spots in the system through different stages.

3.1 Enclosures
Identifying the ESD entry points in the system and designing enclosures such that any direct or indirect
electrostatic discharge into the system is minimized, is key to any system-level ESD protection design.
Figure 6 through Figure 11 show various enclosure cases and respective ESD entry scenarios.

6 System-Level ESD Design Guidelines for FPD-Link Serializers and SNLA278—September 2017
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Figure 6 represents an ideal case where the conductive enclosure is properly shielded and grounded;
ESD does not influence the system at all. This is an ideal case, but it is not applicable in most systems.

Figure 7 represents the direct discharge case where a conductive block in the system is protruding out of
the enclosure and the electrostatic discharge gets coupled onto the system right through this block. A
good design would make sure that the conductive block penetrating out of the enclosure is properly
shielded to minimize ESD coupling.

Figure 8 represents the indirect discharge case where the electromagnetic fields that are generated enter
the system through the enclosure holes. These electromagnetic fields can couple to internal circuits or
wires and propagate through the system. Providing sufficient a air gap between the enclosure holes and
the electronics within the enclosure can help minimize this coupling effect.

Figure 9 represents direct discharge to cables that in turn generate electromagnetic fields in the system.
See Section 3.1.2 for recommended design guidelines.

Figure 10 represents secondary discharge from isolated metal bracket or panel that gets coupled to the
system. See Section 3.1.1 for recommended design guidelines.

Figure 11 represents electrostatic discharge close to a plastic enclosure that generates an
electromagnetic field. Keeping a sufficient air gap between the non-conductive enclosure and the
electronics within the enclosure can help minimize electromagnetic noise coupling into the system.

Discharge current
— X,

—1 — —1
— —

Figure 6. Enclosure Scenario (Ideal Case) Figure 7. Enclosure Scenario (Direct Discharge)
Discharge current Discharge current
— % —
NS
& \

— N — N

Figure 8. Enclosure Scenario (Electromagnetic Figure 9. Enclosure Scenario (Direct Discharge to
Influences Through Holes) Cables)
% |§_ e R —
I N NS

N —

Figure 10. Enclosure Scenario (Secondary Discharge Figure 11. Enclosure Scenario (Discharge Close to
From Isolated Metal) Plastic Case)
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3.11

Enclosure Openings

The following are general enclosure guidelines that can help to minimize ESD and EMI coupling onto the
system (a PCB, in this case):

Provide direct ground path to conductive enclosures to minimize ESD coupling into the system. The
direct ground path should be short with a low inductance.

Choosing plastic and other non-conductive enclosures, air space and insulation can prevent ESD arcs
from penetrating inside the system.

Keep sufficient air gap between points on the enclosure that are susceptible to ESD (including
ventilation holes, mounting holes, seams, and so on) and the PCB.

Choose switches and user controls with plastic shafts or cover metal shafts with plastic knobs.

With plastic being used as the enclosure material, LEDs and LCDs that are exposed through the
nonconductive cases form a direct discharge path to the system. This is less severe in cases where
the enclosure material is metal, as an ESD would arc to the metal case instead of the LED or LCD. In
cases where the plastics is used as the enclosure material, because there is no metal panel available,
the ESD would arc the exposed LEDs or LCD and their leads connected to the system directly. This
discharge path can mostly be avoided by:

— Using gaskets around LCD openings in the enclosures

— Shielding LEDs that are exposed on plastic enclosures with transparent and non-conductive lens
covers (see Figure 12)

[ Plastic | Plastic
panel panel
Lens
cover
Pa)r BeTer

Figure 12. Shielding LEDs

Upon direct discharge to enclosures with an isolated metal bracket or panel (which represent a high
impedance path to ground):

— Secondary discharge occurs within the enclosure, thus coupling the ESD to the PCB.

— High-frequency electromagnetic noise is generated and can couple onto the internal wiring or PCB.
A good design should properly ground the isolated metal brackets to minimize ESD or EMI
coupling.

8
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3.1.2

» Physical Opening: Reduce the overall aperture of the physical opening in the enclosure to minimize
ESD coupling or electromagnetic noise coupling onto the system within (see Figure 13).

Poor Better

Figure 13. Enclosure Opening Considerations

« Beneath plastic bezels air discharge can reach metal back-plates beneath the plastic bezels and
generate secondary discharges that can couple to the PCB behind. In this case, spraying conductive
coating to the back of the plastic bezel can help direct the discharge to the enclosure ground and
minimize ESD coupling onto the system.

Enclosure Cables

ESD can arc to the connectors on the cables, while indirect ESD can couple into cables through induction
or radiation. General enclosure cable guidelines that can help to minimize ESD coupling onto the system
(PCB in this case) are as follows (see Figure 14):

« Shield connector cables to reduce coupling (use foil or foil and braid shields).
» Keep cables as short as practicable.

» Ground cables entering the enclosure.

» Use transient suppressors and filters at cable entry points.

The best case in Figure 14 shows use of varistors as discharge suppressors at the cable entry points.

— ——[V—— — [ [ ! [ 1 [ﬁ£

| ) N

Poor Better Best

Figure 14. Enclosure Cable Considerations

3.2 PCB Design and Layout

Good PCB design and layout can be effective in suppressing ESD in the system. The following are

general guidelines for ESD- and EMI-immune PCB layouts:

» Use ground planes instead of ground traces where possible to lower the current-path inductance.

* Use multipoint and thicker grounds where you want ESD currents to flow, and single-point and thinner
grounds where you don't.

« Ifitis not practicable to create a continuous ground plane by using copper pour in the layout, then
create smaller copper pour sections that are in turn connected to the rest of the ground. However, do
not create isolated copper pour islands; they can induce noise and arc in presence of ESD.

» If possible, use multi-layer PCBs with paired power and ground planes.

» If possible, place solid or filled vias into power and ground planes. These vias provide excellent
thermal dissipation in case of an ESD event and also ensure good electrical and power supply
connections. For the plated through-hole components, use thermal vias.

» Keep traces as short as possible to reduce trace inductance.

SNLA278—September 2017 System-Level ESD Design Guidelines for FPD-Link Serializers and 9
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» Avoid routing traces at right angles to component pins or other traces. Right angle traces should be
avoided as they are known to cause more radiation; this becomes more critical in high-speed designs

(see Figure 15).
[EERNARNRE! M

|RERERRRRRRE FErrrrrrrrTl
Poor Better

Figure 15. Avoid Right-Angle Traces

» Keep sensitive signal traces away from PCB edges.
* Place all connectors and external wires on one edge of the PCB.

» Place ESD susceptible circuitry at the center of the PCB away from the edges of the board, external
wires, connectors, and power.

» Decoupling (see Figure 16):

— Use decoupling capacitors with low effective series resistance (ESR) and effective series
inductance (ESL) to decouple the IC power from the rest of the supply system.

— Place the decoupling capacitor close to the IC power pins.
— Keep the traces from decoupling caps to GND as short (and thick) as possible.

g
o LIl

Poor Better

Poor Better

Figure 16. Decoupling Basics

*  Current loops

An electrical circuit is always a closed loop. Every signal path has a return path back to the source; also
called the return current. With DC, the return current takes the lowest resistance path back. With higher
frequency, the return current flows along the lowest impedance; that is directly beneath the forward signal
path [12]. Current loops in the layout generate noise and should be minimized by keeping forward and
return currents together. It helps both EMI and ESD performance. Solid ground plane provides continuous,
low-impedance path for return current.

3.3 Onboard ESD Protection Devices
External ESD protection components include passive components like series resistors, decoupling
capacitors, ferrite beads, suppression devices such as filters, transient voltage suppressors (TVS),
varistors, thyristors, diodes, polymers, SCRs, and so on. These components block ESD currents, clamp
ESD-induced voltages and shunt ESD-induced currents in the system, thus minimizing the effects of ESD
pulses in the system. Here are some general guidelines towards choosing on-board ESD protection
devices that help to minimize ESD effects in the system.

10 System-Level ESD Design Guidelines for FPD-Link Serializers and SNLA278—September 2017
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3.4 Circuit Design and Software Considerations
Because the majority of the system-level ESD failures are soft failures (system upset without any physical
damage), circuit design and software considerations should be taken to identify and handle these soft
failures and also enable for safe recovery. The following sections list general guidelines for circuit design
and software considerations.
34.1 Circuit Design
* Properly terminate unused pins of the IC.
* Avoid connecting sensitive signals (such as reset, interrupts, or edge-triggered signals) to long traces
or cables.
« If possible avoid edge-triggered logic in the system.
» Isolate outside signals by using opto-couplers or transformers.
» If required, include deglitch filters to prevent inadvertent triggers in the system (such as power
monitors).
» Allow for the system to reset or recover from deadlock state after an ESD event (for example, by using
watchdog timers or non-maskable interrupts).
3.4.2 Software Considerations
» Use watchdog timer to monitor any software lockups. Ensure software does not stop watchdog timer
once started. Design the software or firmware to reset the watchdog timer periodically (preferably in
one or two places in the main loop).
» Enable smaller time-outs in functions to identify fault states and regain control (before watchdog timer
time-outs).
» Oversample critical hardware inputs and do simple averaging of results to confirm input states.
» Check parity and framing on incoming data.
* Acknowledge reception of correct data; else return error code for incorrect data reception.
* Retransmit data if acknowledge is not received.
3.5 ESD Testing
ESD testing throughout design and development helps identify and fix weak ESD spots in the system.
Onboard LEDs and switches can be used to debug different ESD failure categories. Listed below are the
different system-level ESD failure criteria as per IEC 61000-4-2 [1] and example failure conditions when
using an FPD-Link Ill device in the system:
* Normal performance within specification limits
— FPD-Link Il is not affected by the system-level ESD stress and continues to execute without any
intervention.
« Temporary degradation or loss of function or performance which is self-recoverable
— Device reset can occur (for example, caused by low pulse on the FPD-Link Ill reset pin that causes
the device to reset).
— Oscillator disturbance can occur (for example, caused by on-board crystal dropping out). This
condition can be identified by on-chip watchdog or oscillator fault detection.
NOTE: In this case, the onboard LEDs and the reset interrupt vector (that helps identify the last
cause of a reset: BOR, POR, or PUC) can be used to the identify the failure and recovery
conditions.
» Temporary degradation or loss of function or performance that requires operator intervention or system
reset.
— Device upset that requires user to manually apply a low pulse on the reset pin or a power-cycle.
SNLA278—-September 2017 System-Level ESD Design Guidelines for FPD-Link Serializers and 11
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NOTE: In this case, onboard switches can be used on the test board to recover the device.

» Degradation or loss of function that is not recoverable due to damage of equipment (components) or
software, or loss of data.

— Damage of FPD-Link III I/O pin structure. This might result in system upsets such as non-
operational interrupts associated with the 1/O pins.

— Increased leakage current caused by degradation or damage of integrated components and circuits
connected to 1/O pins or power supply pins.

— Loss of CODE or DATA on device RAM or non-volatile memory.
— Device enters deadlock state by poorly designed software.

See |IEC standards [1] for the standard system-level ESD tests, thresholds, and ratings.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘T1”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “T| Resources”) are intended to assist designers who are
developing applications that incorporate Tl products; by downloading, accessing or using any particular Tl Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it 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 TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all Tl products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have 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. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular Tl Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such Tl 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 Tl 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 Tl 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 Tl Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI 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 YOU 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 TI 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.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to Tl Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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