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* What Is the Physical Layer (PHY)?

» Speed Grades and Compliance Types

« SERDES Interface

 Solutions for Long/Lossy Channels

* Device Clock, SYSREF and SYNC~ Interfaces
 PCB Layout Recommendations
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What is the Physical Layer (PHY)?

* The “Physical Layer” refers to the serial data transmitter and receiver of
the JESD204B link

 Point-to-point, unidirectional serial interface
 Definition includes electrical and timing characteristics
» This presentation also considers the other signal interfaces

JESD204B Subclass 1 JESD204B Subclass 1
ADC Interfaces DAC Interfaces

Logic Logic |
Device Device

SERDES SERDES

DEV. CLOCK
SYSREE
DEV. CLOCK

| SYSREEF
DEV. CLOCK
SYSREE
DEV. CLOCK

| SYSREEF

| 'Clock Devicer | | - 'Clock Devicer |
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What is the Physical Layer (PHY)?
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Speed Grades and Compliance

 The JESD204B standard defines 3 speed grade variants

« Based on OIF Optical standards (OIF-CEI-02.0)

 Variants differ most importantly in data rate, eye mask, and BER
Parameter LV-OIF-Sx15 LV-OIF-6G-SR  LV-OIF-11G-SR

Data Rates 312.5Mbps — 3.125Gbps  312.5Mbps - 6.375Gbps  312.5Mbps — 12.5Gbps

Differential Output 500 — 1000 (mV) 400 — 750 (mV) 360 — 770 (mV)

Voltage

Output Rise or Fall Time = 50 (ps) = 30 (ps) = 24 (ps)
(20% - 80% into 100Q
load)

Bit Error Rate (BER)

« Compliance refers to AC or DC coupling and impacts the electrical
characteristics of the driver/receiver

5
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PHY Electrical Requirements

 PHY defines the I/O
electrical structure of the
driver and receiver

Common Mode
Voltage Range

Signal Swing Range

Impedance and
Return Losses

Sig+ k
T T B Dafferential
Voltage
Sig- y
Van Vhw Vh.'gh
Ground

Figure 2 — Differential peak-to-peak Voltage = 2 * (Vizn — Vigw)

Zrdiff / 2

Zddiff / 2
+
R_Vdiff

_W\,_

_W\,_

Ztt

. Vit
Zddiff / 2 Zrdiff / 2
Transmitter Model Recevier Model
Symbel Parameter Conditions Min Max Units
L Unit Interval (Note 1} 80 156.9 rs
Trise/Tfall | Fise and Fall Times 20% - 80% into 100 £2load 24 MNote 2) s
Apphes only to AC couplmg. Ternmnation
errcmt of Figure 5 applied at the Transmitter 0 18 T
ternunals and Transmitter Ground with )
parameters as per (MNote 3).
Required only if DC-Comphance 15
claimed. Termanation cirewt of Figure 5
apphed at the Transnutter terminals and T35 1135 m'V
Transouiter Ground with parameters as per
(Mote 4).
TV Output Common - - -
_wom Mode Volage Eﬂqu.l.red only 1ft DC-.(an.:lphm.ce 15
claimed. Termunation ciremit of Figure 5
apphed at the Transoutter terminals and 350 1060 mV
Transouiter Ground with parameters as per
(Mote 5).
Required only if DC-Comphance 15
claimed. Termunation cirewit of Figure 5
apphed at the Transoutter terminals and 490 850 mV
Transmitter Ground with parameters as per
(Mote 6).
1 Transmitter . ) .
Vidiff Differential Voltage Into floating 100 0 load 360 770 mVppd
Idshort Tra.n:-,u:.litter Shkort Transmutter terminal(s) shorted to each -100 +100 mA
Crremit Current other or ground, power on.
Differential AtDC s0 | 120 )
Impedance
. ifferential Output .
RlLddu - From 100MHz to 0.75*Baud Rate 8 dB
Retun Loss
RLdem Common Mode From 100MHz to 0.75*Baud Rate 6 dB
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PHY Eye/Timing Requirements

 Total jitter is composed of both random and deterministic components
« JESD204B standard identifies requirements for different types of jitter

Data-Uncorrelated

Total Jitter
(TJ)

Unbounded PDF

[

Deterministic Random Jitter/
Jitter (DJ) (RJ)

Data Dependent
Jitter (DDJ)
Inter-Symbol Duty-Cycle

Interference (ISI) |Distortion (DCD)

* “Analyzing Digital Jitter and its Components,” (Agilent Technologies)

Periodic Jitter
(PJ)

eterministic Jitter
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PHY Eye/Timing Requirements

e Jitter Units
— ‘peak-to-peak Unit Interval’ [p-p UlJ:
» 1 Ul is equivalent to 1 bit period at the given transfer rate
— ‘peak-to-peak seconds’ [p-p S]
— ‘peak-to-peak Root-Mean-Square seconds’ [p-p rms]
» Used to describe unbounded random |itter values

» Must specify a BER to indicate probability density function (PDF) bounds
for conversion to [p-p Ul] (i.e. 1e-15)

« Combining Jitter Components
— Random Jitter adds as sum of squares (un-correlated)
— Deterministic Jitter sums directly (correlated)

— Total Jitter is a direct sum of Random and Deterministic Components
*TJ=RJ+DJ

8
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PHY Eye/Timing Requirements

« TX and RX Eye Masks with amplitude, rise-time, and jitter requirements

* RX must recover signal after channel loss and ISl

Transmit Eye Mask

Deterministic Jitter (DJ)

Receive Eye Mask

R_Y2
YT1 e
YT2 ‘i i H i R Y1
: : S
Differential i i £ 0
Voltage : i ) 1
\ / : B RY1 I
s B
P b E | o
¥T1 ] ! ! : . < R Y2 ! I f
- o Random jitter plus Pl
0 XT1 XT2 1-XT2 1-XT1 .. . .
Deterministic Jitter 00 RX1 05 1RXI 10

Normalized Bit Time (Ul)

Time (UI)

1R X1 R Y1 RY? RSIW R SImax R BHPJ
(UD) W) V) (ppUD  (ppUD)  (ppUD
0.65 0.055 0.525 0.05 5 0.45 0.70

TJ
@-p VD

035

NOTE 1

_ - . . - NOTE 2

NOTE1 T_UCHPI] = Transmit Uncorrelated Bounded High Probability Jitter NOTE 2
NOTE2 T_DCD = Transnut Duty Cycle Distortion

NOTE3 XT1=TJ/2. NOTE 4

NOTE4 Unit Interval (UI) 1s specified in Table 6. However, for baud-rates greater than 11.1 Gsym/sec, UI shall NOTE 5

be 90.09ps.
NOTE 5 The Gaussian Jitter (GI) portion of the Total Jitter (TT) is defined with respect{Qa BER of le-15 NOTE &
(Q=7.94). NOTE7
Figure 9 Transmit Eve Mask for LV-OIF-11G-SR — based operation \

R_5I-hf = Receive Smusoidal Jitter, High Frequency

R_5J-max = Esceve Sinusoidal Jitter, Maximum

F._BHPT = Recerve Bounded High Probability Jitter — Bmakdu“ncorre]md, 0.20 Ulpp
Comelated

R XI=TI/2

Unit Interval (UT) 1s specified in Table 6. However, for baud-rates greater than 11.1 Gsym/sec, Ul shall

be 90.0%ps.

Total Jitter (TT) meludes high-frequency simusoidal jitter (B_ST-hf)
The Gaussian Jitter (GT) portion of the Total Jitter (TT) 1= defined with respect @ 2 BER of 1e-15
(Q=7.94). _—

Bit-Error Rate

9
Figure 10 — Receive Eye Mask for LV-OIF-11G-SR — based operation
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SDD21 (dB)

Solutions for Long/Lossy Channels

« Channel dielectric loss degrades the signal integrity of the signal
» Loss reduces the vertical/horizontal Eye opening and edge rate due to

attenuation

and inter-symbol interference (I1SI)

» Loss Profile mask is specified in the JESD204B standard

10

JESD204B Acceptable Loss Profile

R~

Compliant Example Compliant

Insertion Loss Channel Loss _ :
\\ (~8" FR-4 Channel @ —
\ S T —

N

% Baud % Baud % Baud
Rate Rate Rate
Frequency (GHz)

\ Example Non-Compliant ottt et
AN e etannel ose B e
1 Non-Compliant AN (~20" FR-4 Channel @ \/Results | | Freq 50 I
Insertion LOSS \/ 6 375 Gb/s) Bit Rate: 7.399000 Gh/s Pat Length: 20 hits Div Ratio: 1:20 Sre: f1
? 20in. FR4 channel @ 7.4Gb/s

10
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Solutions for Long/Lossy Channels

« Equalization can be used to pulse-shape
at TX or pulse-correct RX

« High-pass profile of equalization
counteracts low-pass loss profile of
channel

* Pre-emphasis
— AMPLIFY HIGH frequencies to achieve
high-pass profile
« De-emphasis
— ATTENUATE LOW frequencies to achieve
high-pass profile

— May require broadband amplification to
meet eye requirements at large de-
emphasis

o
Lo I o B

S-Param (dE)
- o
o

0.0 A

.._,
o
O

-12.0
-14.0

16,0 -

ﬁ___ﬂ__ﬁ_hh____d__ T= ?’? -
107

1 5”

Loss profile for ||

microstrip trace .20
lengths over FR4 ™~

(I) . 1 2 3 4 5

freq (GHz)

( dB )

&1

o (dBZB(VF("/cut™)) — 2.

1Eih-"i o I1"l3'ﬁl|'n-'1l '1|3 - ""'_1'@:
freq { Hz )

High-pass emphasis profile (blue)

matches the inverse of the
channel loss profile (pink) 11
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Solutions for Long/Lossy Channels

e

e

—

o Results |

Bit Rate: 7.388000 Gh/s Pat Length: 20 hits

Div Ratio: 1:20 Srce: 11

De-emphasis disabled

[\
1

r
| =

~~~~~

d
=)

oooooooo

Volt:

De-emphasis Optimized

o Results 1 (00 Freqi.
Rate: 7.400000 Ghis Pat Length: 20 hits

-400

-54

-27 0 27 54 81 108 135 162 189 216
Time (ps)

Figure 29. Transmitted Eye at Output of 20-inch, 5-mil. FR4
Microstrip at 7.4 Gb/s With Optimized De-Emphasis
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Solutions for Long/Lossy Channels

« ADC12J4000 Pre-Emphasis Waveform @ 7 Gb/s over 7 inches FR4

P L e —
R IE g1 Rk — g el e bt

o f—
e v i et s

| i e A S SR
[ e ey e =

| ——— e—— LT ST
D L

Pre-emphasis disabled

13
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Device Clock and SYSREF Interfaces

No strict definition for electrical characteristics
— LVDS, LVPECL are common solutions

Device clock frequency may be equal to sampling rate or multiple

Noise on device clock typically sets jitter performance of converter

Attention required for DC-coupled common-mode compatibility of TX/RX

Subclass 1
— SYSREF must meet setup/hold relative to device clock

— Electrical characteristics recommended to be consistent between device
clock and SYSREF

/ 4 / \ / \

} \ / Y / \
A

/

SYSREF

« Subclass 2: SYSREF not required

14
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SYSREF Interface (Signal Types)

» Periodic
— SYSREF always ON with periodic edges

Periodic

— Risk of interferer spurs near IF due to SYSREF

Gapped-Periodic

Gapped-Periodic

— Send periodic edges for a brief pulse of time
— No spurs One-Shot

One-Shot
— Single SYSREF pulse and then leave in logic-low state
— No spurs

SYSREF pulse period equal to integer multiple of multi-frame period

Disabling and gating the SYSREF signal may be employed
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TSW1400 Captured Data, SYSREF enabled

» Periodic SYSREF has sub-harmonic relationship to ADC sampling

clock
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TSW1400 Captured Data, SYSREF disabled

ADC Input Targei Frequenay
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SYNC-~ Interface

No strict definition for electrical characteristics
— LVDS, LVPECL, CMOS are common solutions

DC coupling mandatory

Subclass 1
— SYNC-~ does not have strict timing

Subclass 2
— SYNC~ must meet setup/hold relative to device clock
— Timing requirements very difficult to meet for device clock rates > 250MHz

Frama Clock PERICD Ty,

f \ [
Intemnal Frame Clock @ TX
1 "

Device clock @ TX\ }

}724 7 T ———r—1;_r{mi}
SYNC~ Input @ TX -
Capture on Frame Clock M valid

Figure 11 - SYNC~ signal timing for Subclass 0 and Subclass 2 Devices

18
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Differential Interfaces
(Example circuits)

e Serial Lane Interface
— AC or DC Coupling
— 100Q2 differential channel

— Routing signal integrity is MOST
critical of all JESD204B interface
signals

» Device Clock / SYSREF Interface
— AC or DC Coupling
— AC coupling SYSREF requires

provision for DC balancing at receiver

— 100Q differential channel

— Match device clock and SYSREF
interface to meet setup/hold
requirement

/ AC-Coupled Serial Lane Interface \
0.01uF H

]

i 1L !

! ]

0 100Q-diff 0 100Q

1L

i 1 -

| |
Serial Lane . PCB Channel . Serial Lane
Transmitter Receiver

DC-Coupled Serial Lane Interface

) )

] ]

-—

: 100Q-diff : 1000

e °

] ]

) )
Serial Lane ] PCB Channel ] Serial Lane
Transmitter Receiver

AC-Coupled Device Clock / SYSREF Interface
i 0.1uF i Receiver

— ]

100Q-diff

Transmitter PCB Channel

DC-Coupled Device Clock / SYSREF Interface

(] (]
Vemo=1.2v 8 ! :
(] R2 (] Receiver
' i '
AA4
H 100Q-diff H |
AvA'A '
H 150Q 500
) (] ]
Transmitter ¢ [PEIB Cizmmel H Vis= 0.5V
5 . 10kQ

4*R1*R2 + 200*R1 = 100?
R2/(R1+R2) = 0.55/ Vcmo
Ipc (Each Side)= Vemo / (R1+R2)
Vemo = 1.2V: R1 = 32.3Q, R2 = 27.3Q, Ipc = 20.1mA

L/
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Differential Interfaces (Example Circuits)

* SYNC~ Interface 4 : : s~ h
— DC Coupling only : 1000-if :
— 100Q differential channel Yo RO
— Routing VERY critical for subclass 2 \_ ' ' )

— Routing is LEAST critical for subclass 1

20
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Generating Device Clocks and SYSREF

AurE

SHOTH_GLKP 55

£ (8

« Example: LMK04828 e
— Subclass 1 capable fﬁ%

U

— 7 Device CLK / SYSREF pairs #mw= == S i
11

AUE o e Ems

— Supports Clock Distribution el —
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10 i
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= | vece et 4 240 240
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PCB Recommendations (Differential Pairs)

Route differential signal as tightly coupled W Y H,
microstrip or stripline lanes (S<=W) }:Hz

100 Q differential impedance Differential Stripline
T S. W,
Avoid 90° turns * b
— Reduces +/- trace mismatch | | 4 H
— Reduces impedance discontinuity Differential Microstrip

Recommend 0201 series components
(AC coupling) to minimize impedance
discontinuity of pads

Routing on inner layers (stripline) has
advantages:

— Better impedance control
— No speed issues with Nickel plating
— Less interference/emissions

0201 AC coupling capacitors

22

Via stitching

Wi3 TEXAS INSTRUMENTS



PCB Recommendations (Trace I\/Iatchlng)

Device Clock, SYSREF, SYNC~, and serial
lanes must be between matched +/- traces

« Device Clock and SYSREF pairs must be
matched to each other

Matched Dev. Clock and SYSREF pairs
* Serial lanes need NOT match to each other

R > 3xW

« Use wiggles to match the lengths of multiple
differential pairs.

— Keep radius of the wiggle > 3 times trace width
— Use equal number of turns in each direction /

« Use small jog-outs to correct +/- trace mismatch

Jog-out matches +/- traces

23
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PCB Recommendations (Vias)

Vias in the signal path create impedance
discontinuities that result in signal
reflections/degradation

Simulate signal path with vias to determine signal Waveform “blip” due to via
integrity before manufacturing in the signal path

Avoid changing layers where possible, but use
adjacent grounding vias where layer change is
necessary to provide return current path

Via stitch along sensitive differential signal paths
Use blind vias or back-drilling to eliminate via stubs Adjacent GND vias

Blind Via Drilled Through Via
|

GND ~ \

(back drill) Via stitching
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PCB Recommendations (Material/Stack-Up)

« Serial lane speeds > 3 Gb/s at length > 8

— Recommend low-loss, good impedance
consistency dielectric material

— Rogers-4350, Megtron-6.

7

— Use premium dielectric only where needed

« Serial lane speeds < 3 Gb/s at length < 8
— Recommend low cost materials
— FR4, 370HR

« Board shop reports that 370HR can be
used up to 10 GHz with very short traces
(1-3 inches)

”

Top side solder maskrsilkscreen
LAYER 1 | 1 0Z.COPPER PLATED UP TO 2 02
Megtron6 R-5575K ©.007°
LAYER 2 | 1 0Z.COPPER
PCL-370HR 0.004"
LAYER 3 | 1 02.COPPER
PCL-370HR
LAYER 4 | 1 02.COPPER
PCL-370HR 0.004"
LAYER § | L 0%1.COPPER
Megtraong R-5575Kk 0.007°
LAYER 6 | 1 0Z.COPPER PLATED UP TO 2 Q2
Bottom side salder maskssilkscreen
Material QTY S/board

Megtron 6 50 S660
370HR 50 S350

25
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PCB Recommendations (Reference Planes)

« Use a ground planes as the signal reference on
adjacent layers

 Avoid splits in the reference plane underneath signals
when possible

— Return current for high-speed signals follows trace on the
reference plane

— Splits require the return current to travel around,
increasing loop inductance, coupling, and interference
« When reference plane splits under differential signals
are necessary.
— Minimize split width
— Ensure tight coupling of differential pair
— Jump split at 90°
— Good GND via stitching along channel
— Avoid jumping split in vicinity of other noisy signals

26
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PCB Recommendations (Reference Planes)

« Keep analog signals separate from digital signals
— Single ground plane is recommended
1. Split ground plane at DAC/ADC into analog and digital planes
2. Route the signal traces in their respective domains
3. Recombine the two ground planes into one after routing

27
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PHY Debug (Test Patterns)

« Test patterns can verify the PHY layer signal integrity

PRBS7 /15 /23 /31 Long pattern performance
Deterministic Jitter (1SI)
01010101010 (D21.5) Random Noise

 PRBS and D21.5 patterns available on all TI JESD204B devices

« Most FPGA giga-bit transceivers have built-in PRBS
generators/detectors

28
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Handling Link Errors

Error Type Effect on Serial | Link Error Link Response
Stream Detection

Jitter/ISI Single bit error 8b/10b decoding - Output previous good frame
Single bit error fails - SYNC asserted for 2 frames
(not-in-table error)

Jitter/ISI Multi-bit error, - Not-in-table error - Depends on specific error
Multi-bit error foss'b'y across many . Disparity error - SYNC asserted >= 2 frames
rames

- Control Char error - Link re-initialization likely*
- Frame alignment
error

ADC Core None. No error detected  No change

Erroneous sample is
Sample Error encoded, transmitted,

received as usual.

« The list of errors which require link re-initialization is implementation
specific

29
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Tl Devices SERDES Summary

Device

Max

Conversion

Max Bit Rate | Min #Lane/Ch.
(at full MSPS)

Emphasis /
Equalization?

ADC16DX370
ADS42JB69
ADS42JB46

ADC3K Family
(Preview)

ADC12J4000
ADC12J2700
DAC38J84

Rate
370 MSPS
250 MSPS
160 MSPS
160 MSPS

4000 MSPS
2700 MSPS
2500 MSPS

*Decimation Factor Dependent

7.4 Gb/s
3.125 Gb/s
3.125 Gb/s
3.125 Gb/s

8 Gh/s
10 Gb/s
12.5 Gbl/s

R PN R

0.25

TX De-emphasis
Not needed
Not needed
Not needed

TX Pre-Emphasis
TX Pre-Emphasis

RX Adaptive
Equalizer

30
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Summary

« The Physical Layer refers to the electrical and timing characteristics of
the TX and RX and their ability to send and recover data

« Equalization and (pre-/de-) emphasis can be used to enhance signal
integrity of the link for longer lengths and higher bit rates

« Device Clock, SYSREF, and SYNCDb interfaces and not strictly defined
In the standard, but common guidelines are provided

* Very high speed layout techniques for the serial lanes are critical to
ensure impedance matching and minimization of signal reflections

« Test patterns such as D21.5 and PRBS usually patterns are available
for physical layer debug
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More Educational Resources

www.ti.com/Isds/ti/data-converters/high-speed-adc-greater-10msps-jesd204b.page

Eile Edit Yiew History Bookmarks Tools Help

‘9 High Speed Data Converter.. % | =

\ (' ) @ www.ti.com/lsds/ti/ data-converters/hi gh-speed-adc-greater-10msps-overview.page

'.'C||Qti

Data Converters

Product Tree

Analog to Digital
Converter (833)

Precision ADC
[<=10MSP5) (500)

High Speed ADC
{>10MSPS) (312)

High Speed ADC
(>=1G5P5) (28)

Isolated ADC {11)
Current Input ADC (10)

Capacitance to Digital
Converter (&)

Digital to Analog
Converter (294)
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Overview for High Speed ADC (>10MSPS)

Tl is a trusted technology leader in high speed data converters producing a wide portfolio of parts that are designed to meet
your toughest requirements. Qur porifolios are designed to have the lowest power, highest speed and maximum dynamic range
in the industry.

Find products

‘Combining high-performance with easy
product selection.

Find products by:

+ Speed and resolution

* Parameters

°See Parametric Search Tables

Learn

Explore TI's technical training for data
converters.

Take short video courses on new
technology such as JESD204E and RF
Sampling in the High Speed Signal
Chain University

Explore a broad array of topics related
to data converters in the Data
Converter Learning Center

Q5ee more technical documents

Get support

Search Tl's E2E Community to find
answers.

Featured forum posts:

» ADC16DX370 unused channel

* How to properly clock ADS4249EVM
from FPGA

« TSW14J56EVM Firmware

QVisit the High Speed ADC Forum
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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.

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI 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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