Application Report
SNLA112E-October 2008—Revised April 2013

TeEXAS
INSTRUMENTS

AN-1909 DS15BA101 and DS15EA101 Enable Long Reach

Applications for Embedded Clock SER/DES

ABSTRACT

Reduction in system size, increase in system performance and savings in system cost are valuable
benefits that SER/DES devices (Serializers and Deserializers) bring to many system designers. These
benefits are the reason why SER/DES are integral pieces of many of today’s high-speed systems. One of
the design constraints for these systems is the maximum transmission distance between a serializer and a
deserializer. While most SER/DES can support transmission over only several meters of cable, many
systems require the transmission distance between a serializer and a deserializer to be tens and even
hundreds of meters. This application report introduces the DS15BA101 and DS15EA101, a cable extender
chipset, which can enable long reach applications for SER/DES devices. It also lists Texas Instruments
SER/DES that can benefit from the chipset, discusses distance limitations of the SER/DES and the
distance gains that can be realized with the aid of the chipset in applications utilizing both single-ended
and differential interconnects.
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Cable Extender Chipset Overview

The cable extender chipset consists of the DS15BA101 and DS15EA101 devices. These are flexible
devices that can be used with LVDS, LVPECL or CML signaling and establish links over single-ended (for
example, coaxial cables) and differential (for example, twisted pair cables) media.

The DS15BA101 is a high-speed differential buffer with adjustable output amplitude. It can be used for
cable driving, level translation, signal buffering and signal repeating. It operates from DC to 1.5+ Gbps. Its
wide input common mode voltage range allows for a DC-coupled interface to most SER drivers (CML,
LVDS, LVPECL).

The DS15EA101 is an adaptive equalizer optimized for equalizing data transmitted over coaxial and
differential balanced copper cables. The operating range for the equalizer is from 150 Mbps to 1.5+ Gbps.
It automatically equalizes any cable length from zero meters to lengths that attenuate the signal by
approximately —35 dB at 750 MHz. The cables may be differential (for example, twisted pair cables) or
single ended (for example, coaxial). Figure 1 shows a typical application of the chipset. Note the three
important eye pattern locations in the example application. The serial signal is repeated and level shifted
by the DS15BA101. The eye pattern at this location has optimal launch amplitude and very low jitter. After
the losses due to the long cable, the eye pattern is essentially closed. The signal amplitude is attenuated
and jitter is excessive. The DS15EA101 provides gain that compensates for the cable losses, maintains
the DC-balance of the data, and also repeats and level shifts the recovered eye pattern. Jitter is greatly
reduced, and the signal amplitude is also recovered.

100-ohm Differential Cable

(i.e. CAT5e/6/7, Twinax)
50-ohm Coaxial Cable [\
(i.e. Belden 9914)
| DS15EA101
Max Cable Loss ~ 35 dB @ 750 MHz ‘/
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e
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DS15BA101

Serializer
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0

Figure 1. Typical Cable Extender Chipset Application

It is important to realize that the performance of the DS15EA101’s automatic equalization circuitry is
dependant on the signal amplitude at the transmitter or cable driver end of the cable, known as the launch
amplitude. For 100Q differential cables (twin-axial or twisted pair cables), the optimal launch amplitude is
+400 mV (800 mV peak-peak or differential); and for 50Q coaxial cables it is 800 mV single-ended
(Vor—Voo)- The energy detector circuitry in the DS15EA101 quantifies the energy of the incoming signal
and feeds this analog information to the automatic equalization control circuitry which compares it with the
assumed energy of the original signal and instructs the equalizer filter to apply certain amount of gain to
the high frequency components of the signal based on the comparison. Any deviation from the optimal
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launch amplitude in either direction will cause the equalizer filter to assert either excessive or insufficient
amount of gain as illustrated in Figure 2. The DS15BA101 can provide signals with optimal launch
amplitude for equalization of both, differential and single-ended cables with minimal deviation over
process, voltage and temperature. This is the reason why the serializer driver needs to be buffered by the
DS15BA101 in the example of Figure 1.
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Figure 2. DS15EA101 Output Residual Jitter as a Function of Launch Amplitude

Figure 2 shows how the launch amplitude affects the DS15EA101 output residual jitter when equalizing a
50m CATb5e cable. It is clear that having launch amplitude that is smaller or larger than the optimal
amplitude (400 mV for 100Q differential cables) results in a higher output residual jitter. The data
provided in Figure 2 was measured using a single twisted pair of the 50m CAT5e cable. The other twisted
pairs in the cable were doubly terminated with 100Q resistors to minimize reflections and crosstalk.

2 SER/DES that can Benefit from the Cable Extender Chipset

While any SER/DES chipset that transmits/receives serialized binary data that is within the 0.15 Gbps to
1.5 Ghps range may benefit from the cable extender chipset, SER/DES that operate with a single high-
speed serial DC-balanced data stream (for example, Embedded Clock SER/DES) are best suited for
coupling with the cable extender chipset. SER/DES that operate with multiple serial data and clock
streams (for example, Parallel Clock SER/DES) may also benefit from the cable extender chipset,
however, these SER/DES typically run into channel-to-channel skew issues before they encounter cable
attenuation problems. Table 1 lists selected Texas Instruments SER/DES that may be coupled with the
cable extender chipset. For the full list of currently available SER/DES, visit ti.com.

Table 1. Selected SER/DES that can Benefit from the Cable Extender Chipset

SER/DES Chipset ‘ Clock Frequency Range Raw Serial Data Rate Range

10-Bit B-LVDS Embedded Clock SER/DES

DS92LV1021A / DS92LV1212A 16 MHz-40 MHz 192 Mbps—-480 Mbps

DS92LV1023E / DS92LV1224 30 MHz—-66 MHz 360 Mbps—792 Mbps

SCAN921025H / SCAN921226H 20 MHz-80 MHz 240 Mbps—960 Mbps

16-Bit and 18-bit B-LVDS Embedded Clock SER/DES

DS92LV16 25 MHz-80 MHz 450 Mbps—1440 Mbps

DS92LV18 15 MHz-66 MHz 300 Mbps—1320 Mbps

24-Bit FPD-Link Il Embedded Clock SER/DES

DS90C124 / DS90C241 5 MHz-35 MHz 140 Mbps—980 Mbps

DS90UR124 / DS90UR241 5 MHz-43 MHz 140 Mbps—-1204 Mbps

DS99R103 / DS99R104 3 MHz-40 MHz 84 Mbps—1120 Mbps
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SER/DES Distance Limitations

Many factors impact performance of SER/DES devices. These factors include pattern characteristics,
SER/DES 1/O characteristics, reference clock characteristics, connector and cable characteristics, power
supply noise and system noise characteristics. While all these factors need to be carefully examined when
designing systems with SER/DES, cable characteristics are typically the dominant factors that govern the
distance boundaries for SER/DES devices. Depending on the cable type, key cable characteristics may be
attenuation, crosstalk, and channel-to-channel skew.

Extensive empirical data collected using Texas Instruments Embedded Clock SER/DES and different
cable types have shown that the SER/DES devices can handle cable loss that is between —3 dB and —6
dB at the Nyquist frequency of the raw serial data rate. For example, Figure 3 shows typical performance
of the DS92LV18 when transmitting data over CAT5e cable along with the —3 dB and —6 dB curves
derived purely using the cable’s insertion loss characteristic. The chip is a representative of Texas
Instruments B-LVDS Embedded Clock SER/DES family of products. As Figure 3 illustrates, the chip can
transmit data over a single twisted pair of a CAT5e cable that is only 5-10 meters long when operating at
the upper end of the operating frequency range; at the lower frequency end, the cable may be longer.
Note that the data was collected under typical engineering laboratory conditions and using only a single
twisted pair of a CAT5e cable. There was one DS92LV18 device transmitting and another device receiving
the signal.
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Figure 3. Typical Embedded Clock SER/DES Reach over CAT5e Cable

One can only use cable insertion loss to get a rough idea of SER/DES reach capabilities. If the insertion
loss of a given cable is lower than —3 dB at Nyquist frequency, then equalization is likely not needed. All
SER/DES devices from Table 1 are able to handle that much loss. If the insertion loss is between —3 dB
and —6 dB, the SER/DES chipset may still be able to handle the loss depending on the transmitter clock
frequency (TXCLK or PCLK), however, one may consider using some type of equalization to gain
additional noise margin. If the loss is higher than —6 dB, the SER/DES link probably does not have much
noise margin left and one should definitely consider using some type of cable extender solution if a longer
transmission distance is needed.

For example, consider the loss characteristic of the CAT5e cable given in Figure 4 and the need for
transmitting a 500 Mbps NRZ serial bit stream. For a 500 Mbps NRZ signal, Nyquist frequency is

250 MHz. The loss curve provided in Figure 4 shows that the CAT5e insertion loss at 250 MHz is
approximately —0.35 dB/m. Knowing this loss per length information, it is easy to calculate that 8.5m and
17m of CAT5e introduce —3 dB and —6 dB of loss, respectively. Therefore, it can be concluded that any
SER/DES chipset from Table 1 should be able to transmit a 500 Mbps raw serial data over 8.5m to 17m of
CATb5e cable; however, to ensure that there is enough timing and noise margin available for reliable
operation, one should consider using some type of equalization if transmission distance in excess of 8.5m
is desired.
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Figure 4. CAT5e Maximum Attenuation per TIA/EIA-568-B.2

Based on the data presented in this section, it is evident that the signal transmission between a serializer
and a deserializer is limited to relatively short distances. The following sections show how the
DS15BA101/DS15EA101 chipset can extend the transmission distance of the SER/DES and the distance
gains that can be realized.

Extending the Reach of Embedded Clock SER/DES over Differential Balanced
Cables

As the previous section has demonstrated, SER/DES devices have relatively short reach over copper
cables. Applications that require longer reach may benefit from the cable extender chipset. This section of
the application report shows how to design a SER/DES link with the cable extender chipset and 100Q
differential balanced cables. The application report AN-1826 specifically addresses the extension of the
FPD-Link Il Embedded Clock SER/DES links over CAT5e cable.

Interface Details

The 10-bit, 16-bit and 18-bit SER devices (see Table 1) output raw serial data without DC-balancing;
therefore, their differential outputs need to be DC-coupled to the DS15BA101 inputs as illustrated in
Figure 5. A 100Q termination resistor placed as close to the DS15BA101 inputs as possible is all that is
needed when interfacing the SER outputs to the DS15BA101 inputs. The DS15BA101 wide input common
mode voltage range (1V to 3.3V) allows for a DC-coupled interface with LVDS, B-LVDS and CML drivers.

OoUT+ 100Q2 Differential T-Line

|
O
IN-

OuT-

DS15BA101

Figure 5. The 10-bit, 16-bit, and 18-bit SER Outputs Need to be DC-coupled to the DS15BA101 Inputs

SNLA112E-October 2008—Revised April 2013 AN-1909 DS15BA101 and DS15EA101 Enable Long Reach Applications for 5
Submit Documentation Feedback Embedded Clock SER/DES

Copyright © 2008-2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNLA112E

13 TEXAS
INSTRUMENTS

Extending the Reach of Embedded Clock SER/DES over Differential Balanced Cables www.ti.com

100Q

In case of the 24-bit SER devices (see Table 1), the interface to the DS15BA101 input may be AC-
coupled as they provide well DC-balanced raw serial data. Coupling capacitors should be 0.1 pF or
greater. The example AC-coupled interface is shown in Figure 6.

OUT+ 1000 Differential T-Line 1uF N+

SER Output 100Q DS15BA101

Figure 6. The 24-bit SER Outputs May be AC-coupled to the DS15BA101 Inputs

The DS15BA101 device requires an external resistor, R, t0 Vpp, to set the optimal launch amplitude. A
value of 953Q) is recommended for differential 100Q applications. The DS15BA101 outputs also require
two 50Q resistors pulled to Vpp. All three resistors need to have 1% or better tolerance to ensure minimal
variation of the launch amplitude. The long reach cable needs to be AC-coupled at both ends to provide

maximum isolation of the source and sink ends due to cable faults. The detailed connection diagram is
shown in Figure 7.

The DS15EA101 device requires an external filter cap as shown and recommended in the datasheet. The
DS15EA101 features built-in DC-offset correction circuitry, so even though the B-LVDS Embedded Clock
SER device does not DC-balance the raw serial data, the equalizer can recover the data without errors.

Vee Vee

- ‘_
v 500 500 é J‘ 0.1 uF 1
1

9530 0.1 pF

100Q2 Differential TP Cable
IN+ 1pF 1uF
| —{ ~+ ouT+ —o
DS15BA101 DS15EA101
1uF 1uF
| o ~- ouT- jJo—o
IN-
CAP+  CAP-

W

Figure 7. Cable Extender Chipset Connection Diagram for 100Q Differential Balanced Cables
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The DS15EA101 differential outputs include internal 50Q pull up resistors. The DS15EA101 differential
outputs can be DC-coupled directly to the 10-bit, 16-bit and 18-bit DES inputs as they have 0V to 3.3V
input common mode voltage range. Recall that the data from their compatible SER is not DC-balanced,;
therefore, the DC-coupled interface to the DES device is a must. Figure 8 illustrates DC-coupled interface
between the DS15EA101 output and a DES input.

DS15EA101 Output

Vee

s00 s00 100Q2 Differential T-Line
OuT+ IN+

Figure 8. The DS15EA101 Outputs Need to be DC-Coupled to the 10-bit, 16-bit, and 18-bit DES Inputs

On the other side, the 24-bit DES devices do not have a wide input common mode voltage range but their
compatible SER devices do output DC-balanced data, so the DS15EA101 differential outputs must be AC-
coupled for compatibility reasons. The example AC-coupled interface is shown in Figure 9.

DS15EA101 Output

Vee

S0 S0 100Q Differential T-Line
ouT+ 1uF IN+

100Q DES Input
1uF

Figure 9. The DS15EA101 Outputs Need to be AC-Coupled to the 24-bit DES Inputs

The transmission line between the DS15EA101 outputs and the DES inputs needs to be terminated. The
100Q termination should be placed as close to the DES inputs to minimize any resulting stub lengths.
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4.2 Distance Gains

Extensive empirical data was collected using Texas Instruments Embedded Clock SER/DES and the
cable extender chipset to show what kind of distance gains can be realized. For example,

Figure 10 shows typical distance gains one can achieve with the cable extender chipset for the
DS92LV18 when transmitting data over CAT5e cable.

As Figure 10 illustrates, the DS92LV18+DS15BA101/DS15EA101 solution can transmit data over a single
twisted pair of a CAT5e cable that is in the excess of 100 meters long when operating at the lower
frequency end. In the upper frequency band (50 MHz—66 MHz), the solution can transmit data over the
distances of 25 to 50 meters. This is a 3-4 time increase in transmission distance when compared to the
solution without the cable extender chipset (See Figure 3).

The empirical data in Figure 10 was collected under typical engineering laboratory conditions using the
following evaluation boards: DriveCable02EVK, LVDS-18B-EVK, and DS91C176EVK. System designers
should use this information as a guideline only and perform additional measurements to quantify the
maximum transmission distance of SER/DES in their systems.

70 1400
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50 N 1000
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v N 800
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30 600

MAX TXCLK FREQUENCY (MHz)
MAX RAW SERIAL RATE (Mbps)

N
20 400
10 200
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Figure 10. Typical Embedded Clock SER/DES + DS15BA101/DS15EA101 Reach over CAT5 Cable
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5.1

100Q

5.2

Extending the Reach of Embedded Clock SER/DES over Coaxial Cables

As it was mentioned in Section 1.0, the DS15BA101/DS15EA101 chipset is able to work with both, single-
ended and differential transmission media. This section of the application report shows how to design a
SER/DES link with the cable extender chipset and 50Q coaxial cables.

Interface Details

Most of the recommendations given in Section 4.1 apply to the SER/DES + DS15BA101/DS15EA101
solution with 50Q coaxial cables as well. The major difference of the connection diagram of Figure 11 from
the connection diagram of Figure 7 is the value of the R, resistor. When the R, is set to 487Q, the
DS15BA101 output provides optimal launch amplitude for the DS15EA101 when equalizing 50Q coaxial
cables. The optimal launch amplitude for equalization of 50Q coaxial cables is 800 mV single-ended.

The only other difference is the termination network on the DS15EA101 inputs. The input that is
connected to the cable is terminated with a 50Q resistor to GND. The unused input is terminated with a
25Q resistor to GND. This way, both DS15EA101 inputs “see” similar load. The detailed connection
diagram is shown in Figure 11.

Vee Vee

L

0.1 uF

50Q Coaxial Cable 1uF

IN+
— v+ ouT+ b—o

DS15BA101 500 DS15EA101

L I—O IN- ouT- jJo—o

CAP+  CAP-
1pF

Figure 11. Cable Extender Chipset Connection Diagram for 50Q Coaxial Cables

25Q

Distance Gains

When it comes to transmission over coaxial cables, the achievable transmission distance may vary
significantly from one coaxial cable type to the other. For example, Heliax LDF6-50 by Andrew is an ultra
low loss cable. Its insertion loss at 400 MHz is only —1.76 dB / 100m. This means that you can transmit an
800 Mbps NRZ signal over about 170 meters and only observe about —3 dB of loss. As the embedded
clock SER/DES can tolerate the interconnect loss that is as high as —6 dB, one could transmit the signal
over 340 meters without introducing some type of equalization. However, this exceptional cable
performance does not come for free. Its cost alone makes it unfit for many applications. The use of the
DS15BA101/DS15EA101 chipset enables similar transmission distances over more economical coaxial
cables. For example, Figure 12 shows typical distance gains one can achieve with the cable extender
chipset for the DS92LV18 when transmitting data over a low loss 50Q coaxial cable (Belden 9914).

As Figure 12 illustrates, the DS92LV18+DS15BA101/DS15EA101 solution can transmit data over Belden
9914 that is in the excess of 200 meters. As the transmission over coaxial cables without the cable
extender chipset is not recommended for the DS92LV18, as its high speed I/Os are differential, the
maximum reach of the DS92LV18 alone over Belden 9914 was not empirically determined. However,
Belden 9914 insertion loss characteristic provided in Figure 13 allows us to determine the theoretical limit.
Simple calculation reveals that about 55m long Belden 9914 cable introduces —6 dB at 660 MHz (Nyquist
frequency of the DS92LV18 maximum raw serial rate).

The empirical data in Figure 12 was collected under typical engineering laboratory conditions using the
following evaluation boards: DriveCable02EVK and LVDS-18B-EVK.
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Figure 12. Typical Embedded Clock SER/DES + DS15BA101/DS15EA101 Reach over Belden 9914
(A Low Loss 50Q Coaxial Cable)

In addition to Belden 9914 loss characteristics, Figure 13 shows the insertion loss of a couple of other
standard 50Q) coaxial cables that have higher loss but are more economical: Belden 7807A (RG-58/U
type) and Belden 7805 (RG-174/U type). Based on the empirical data of Figure 12 and the insertion loss
characteristics of the two cables compared to the loss characteristics of Belden 9914, one can roughly
estimate the transmission distance that could be achieved with the DS92LV18 + DS15BA101/DS15EA101
solution over the two cables. For example, the empirical data of Figure 12 shows that the solution can
transmit a 1.2 Gbps signal (60 MHz TxCLK) over 300m Belden 9914. At Nyquist frequency of 600 MHz,
the 300m Belden 9914 introduces about —30 dB of loss. This means that the solution can handle
approximately —30 dB of interconnect loss. As Belden 7807A introduces approximately —0.25 dB/m at

600 MHz, it is easy to calculate that the solution can roughly handle about 120 meters of the 7807A cable.
Similarly, the reach estimate for the Belden 7805 is only 50m as this is the cable with the highest insertion
loss (—0.6 dB/m at 600 MHz) out of the three cables.

0
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S 03 -
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S \
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zZ 07
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Figure 13. Attenuation of Standard 50Q Coaxial Cables: Belden 7805 (RG-174/U, 25 AWG),
Belden 7807A (RG-58/U, 17 AWG), and Belden 9914 (RG-8/U, 10 AWG)
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6 Conclusion

Texas Instruments Embedded Clock SER/DES bring many benefits to system designers; however their
achievable transmission distance is limited. The DS15BA101/DS15EA101 chipset not only extends the
transmission distance greatly, but also enables transmission over both single-ended (for example, coaxial
cables) and differential (for example, twisted pair cables) interconnects.
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DS15BA101 1.5 Gbps Differential Buffer with Adjustable Output Voltage (SNLS234)
DS15EA101 0.15 to 1.5 Gbps Adaptive Cable Equalizer with LOS Detection (SNLS235)

AN-1826 Extending the Reach of a FPD-Link Il Interface with Cable Drivers and Equalizers Application
Report (SNLA103)

AN-1898 LVDS Repeaters and Crosspoints Extend the Reach of FPD-Link Il Interfaces Application Report
(SNLA111)

AN-1347 PCB Layout Techniques for Adaptive Cable Equalizers Application Report (SNLA069)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve 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. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

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

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

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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