Block Diagram

Page 3
50 Pin Connector to EVM Board, Hot Swap controller, EEPROM
Page 4
Isolated SPI & 12C, Isolated Fly buck Power Supply for +18V_ISO, -18V_ISO, +6V_ISO and 3.3V_NON_ISO
Page 5
LDO to generate +5V_ISO and VCC & ADC
Page 6
Analog Input 1
Page 7
Analog Input 2
Page 8
Mounting holes, Fiducials Marking

2

3

Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its

Revision

Revision History

Notes

Designed for: Public Release

[Mod. Date: 6/20/2014

Project Title: Analog Input Output Module
Number: TIDA-00170 [Rev:

E1 | Sheet Titl
SVN Rev:

]

Not in version control

licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your application.

4

Drawn By:

Assembly Variant: [No Variations]

[Sheet:1 of 8
Y. File: Pg1 Index Page.SchDoc
Engineer: Amol Gadkari

*y TEXAS
INSTRUMENTS

[Size: B
Contact: http://www.ti.com/support

http://www.ti.com
© Texas Instruments 2014




NON-ISOLATED SECTION : | ISOLATED SECTION |
I I
24VDC_LIMIT | |
- I |
A
| +15Vi !
} |
1 I
| [ — -15Vi |
1 +5Vi |
1 | -
+3.3VDC | | I
! |
! |
I I
.| Protection |
GPIO " Circuit | B
- Voltage Output I
10vDC |
50 Pin Digital Isolator o) £5VDC |
Jnterface ISO7421 o | OtotovDC |
n 0 to 5VDC
(To Base ©_lcurrent Output :
Board) 3.3V0C % | 0..24mA |
0.20mA |
—1 4.20mA |
| .
- “ > EEPROM p Drlection :
Circuit |
|
|
|
I C
To OptoOS Switches |
) |
Filter h 4 Voltage Input |
+10vDC |
L -— | ] +5VDC
| rolection & - @ 1 o 0to5vDC | —
f=1=1) | Burden resistar Current Input |
Bl ) i — Lo
Filter with E? PETOS 0..24mA |
Wil
Digital Isolator [CS <—| P 2.,.:gm: I
ISO7141 -] - £0m |
|
e o o o — i —— — — e i ———— ————————————————————————————————————— — <4
D
Designed for: Public Release [Mod. Date: 9/12/2014
Project ‘_I'itle: Analog Input Output Module {i; TEXAS
_ ] ] ] _ ] _ ] _ Number: TIDA-Q0170 ] [Rev: E1 [Sheet Title: — _ . INSTRUMENTS
Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not | SVN Rev: Not in version control Assembly Variant: [No Variations] [Sheet:2 of 8
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its Drawn By: File: Pg2 Block Diagram.SchDoc [Size: B http://www.ti.com
licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your applicati‘on. Engineer: Amol Gadkari Contact: http://www.ti.com/support © Texas 2014
1 2 3 4 5 6




Interboard connector Current Limiter
Q1
+24VDC TP12 CSD18537NQ5A +24VDICYLIM\T
5
/cs0 | /CS0 1 0o o 2 Y &\ —8& Py -
} & L P
SCLK S0tk S 1o o4 0.02 7818172,
[_MISo P ? 0 O g JALARM > c79 o6
MOSI }MOS'—Q—O O_T 1nF <
EvM ID spA 11 _g 8 12EvM 1D scL
TS T = §
B 15 o = (4
17 15 o8 < 2R65
19 15 o+20 :;4 $71.5k c22
L_O o_ﬁ e =
B 15 ol 2 S 0] 2.2uF
Z 1o o & Rk | ! :
o 19 S RCLK PWR GND
2 o o2 8 ol TIMER SEN [
+24VDC 31 lo o+ 32 +24VDC
B o o2 4o ovio GATE 12
35 36
7 12 9T s 3 9
39 O O+ 20 UVLO ouT
w12 QT = 2 8 R22
O O VIN PGD WA
48 15 o4 10k
= 4 15 of46 LM5069MM-2/NOPB
A 15 o4 Iror lRres lRo4 ——css
49 | 50 3715k 314.3k $56.0k 0.47uF
—10 O
TP17
MH1
MH2 P °
ERF8-025-05.0-L.-DV-K-TR
Caibration & board ID EEPROM
+3.3V_NON_ISO +3.SVJ\AON7ISO
C55
|
[
0-1uF R77 R76
, u19 \ = sk $1ek TP15 TP21
A0 vce
2] g wppl — L
3 A2 scL 6 EVM ID_SCL]
4 VSs SDA 5 EVM ID_SDA
AT24C02C-SSHM-B

Designed for: Public Release [Mod. Date: 6/20/2014

Project Title: Analog Input Output Module

Number: TIDA-00170 [Rev: E1

Sheet Title:

Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its
licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your application.

SVN Rev: Not in version control

Assembly Variant: [No Variations] [Sheet:3 of 8

Drawn By:

File: Pg3 Interboard conn, HS & EEPROM.SchDoc | Size: B

{J TEXAS
INSTRUMENTS

http://www.ti.com

Y:
Engineer: Amol Gadkari

Contact: http://www.ti.com/support

2 3 4

© Texas Instruments 2014




Isolated power supply and Signal Isolation l
| Isolated from IO controller
TP7 I
+24VDC._LIMIT |
C1_||2.2uF C7 || 1000pF
L2 [ III
1 v 2a C15 ||22uF  § = I SGND +18V_ISO TP13
3.3)H | 1 D13 f T
™ 9 2 1 _DFLS1200-7
e C2 |[047uF & +6V_1S0
> ¢ P14
C13 SR62 ® 6 2 1 D12
10pF SR59 356.2k C34
291.0k u3 C21 0.01pF cr2 7 PMEG6010CEH, 115 2.2uF
L bl ¢ 1 o g
: 3R58 2 8 0.1uF ® 3
260.4k VIN sw ® l
6 1 3
4 | ron e DD SGND
rg L ==c73
D21 3300pF 10 ® 4 c3
3 uvo RTN — 4 1 2 . 2.2uF
ep 0 5 1
SDM10U45-7-F 9.3V_NON_ISO -18V_1SO
T D3  DFLS1200-7
3R57 LM5017MRE/NOPB 61 e 2 1 2
24.87k 750342178 @
ok
=—C20 $R5 ——C31
1uF 227.0k 10pF |
i i i | +5V_ISO
I ce2 A
3
| 0.1uF
SGND u17
+3.3V_NON_ISO | +5V_ISO +5V1SO 16 [eo B |L_OPTO AN3 —omrm ey
c52 u15 c51 R79
I ! 1o I 15
+3.3V_NON_ISO ] @ VCC1 | VCC2 4 ] v(v)v QA Qc OPTO_AN2
9.3V_NXN_ISO TP8 TP19 A 0.1uF 2_[pe— | GNDzﬂ 0.1uF MOSI iso 14 |0 Qo |3 OPTO ANI [ OPTOAND
—_— —_— SGND SGND
NA | ouTA Bt -oe qe (—4+—OFTOAN 610 ANo >
o) e 13 Ré2y\ 0 soikso s RO 12 lpgik aF (2O asiie
- o
= Lo INC outc VS0 _SCLK iso 11 fgpek qe |-&{CS2 iso
= 2
3 TPS70933DBVT +3.3V_NON_ISO (Hise M=o 6 p—. | D wsowo  isg o] YISO Rsl""‘mk 10 | _creir Qn T i
——C36 =——C40 3 ——c45 Ra7 7 10 R48 49 o O ) 8
1uF 0.1uF —= EN 10pF 0.1uF 1(5& EN1 | EN2 107( YWk QH! GND
2 0 8 oot | o2 2 SN74HCB95PW o
< z ISO7141(iCDBQ J;
= SGND
o <t
— +3.3V_NON_ISO | +5V_1SO
A I A
c58
b | &C60||_0.1uF
0.1uF uts TP27
= veeir | veez TFIZG SGND
OUTA | INA @ [ALARI o JALARM iso | T
e e Reok w0
4 GND1 GND2
|so7421cl
—_— SGND

Designed for: Public Release [Mod. Date: 9/12/2014

Project Title: Analog Input Output Module

Number: TIDA-00170

[Rev:

E1 | Sheet Title:

Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its
licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your application.

SVN Rev:

Not in version control

Assembly Variant: [No Variations] [Sheet:4 of 8

Drawn By:

File: Pg4 1SO Power Supply, I2C & SPI Isolators.ScHBe: B

Engineer: Amol Gadkari

{J TEXAS
INSTRUMENTS

http://www.ti.com

Contact: http://www.ti.com/support

© Texas Instruments 2014

2

3

4

o
o




TP10

+18V_ISO +15V_ISO
iy iy
U6 L3
5N ouT - TS * *
IN out 1000 OHM
13 3 R9
L13 o en SENSE [-2— c28 4.7k
4.7F C30
14 0.1uF
NR -
e 4 6pav2 1 cos Lo « & 08
fH-7uF S 6pavt NG (2 W T O T youF 06 DZ2W18000L
£ 32y NG —i& o
8 17 Green
=2 1pev Ne - N
~2— 0P8V NC —2- N
] 0P4V 7
0Py ono L - J
PRy IPAD SGND SGND SGND
TPS7A4700RGW
SGND SGND SGND SGND
18V 180 TP6
SGND -15V_180
U1 A
TPS7A3001DGNR L1
* 8 VN 2 ourt - ® ® ® ® ®
L 5 = 1000 OHM
N, Rd
7 ¢ g ) cs Ir2 7K
one £ F 2 FB 0.014F 3110k c16 c18
4.7uF 0.1pF
c4 —_C11 of <« o ) C12 7 °
0.1pF
TuF 10uF wo
c63 X[ o1 DZ2W18000L
R1 Green  ~[ 18V
0.01pF 29.42k
] o~
v
SGND SGND SGND
v
SGND SGND SGND SGND
+6V_ISO P16
ut1 +5V_1S0
TPS7A1650DGNR
L4
4 8 IN ouT 1 2 2 . 2
. ) 1000 OHM
DELAY FB/DNC - RA40
o 3 1.2k
NC PG |- ca3 PTZTE255.68
ca2 car L _cse 5 A ca1 A70F cas o 5.9V
22F 0107 Tho00pF EN GND 22F 0.1uF D16
v Green
SGND SGND N SGND
o) DN
SGND
SGND SGND SGND SGND

Designed for: Public Release

[Mod. Date: 9/12/2014

licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your application.

Project Title: Analog Input Output Module % TEXAS
Number: TIDA-00170 [Rev: E1 | Sheet Title: INSTRUMENTS
Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not | SVN Rev: Not in version control Assembly Variant: [No Variations] [Sheet:5 of 8
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its Drawn By: File: Pg5 LDO.SchDoc [Size: B http://www.ti.com

Engineer: Amol Gadkari

Contact: http://www.ti.com/support

© Texas Instruments 2014

2 3 4




u13
+5V_ISO ADS8688DBT
* [MOSLiso »—MOSLiso yyy i‘;g L soi cs~ |38 /CS0_iso ]
lr73 R72 RSUPD 2 | pstzipp7 soik L SCLK iso_]
347.0k RT1 - DAISY 3 | asy spo |36 MISO
REFSEL D2 Chessi d
REFSEL 4 | perselz Ne ¢ essis gronn
2R7
27 %k 5 | REFIO pvop —2 ; a
. SMBJ18CA o)
¢s6 5| REFGND DGND 33
v 10pF c57 C9 ca4 282834-2
SGND 22uF 1uF7 REFCAP AGND 32 10pF c67
+5V_ISO_AVDD ~ SGND « | 4
FB3 1000 OHM 8 | oD AnD 31 +5V_ISO_AVDD 1 [
2 SGND 1000pF 2 )
SGND 9 30 /CSO iso TP18 C93
oy AVDD AVDD o —_— ) | SE5E84-2
u
10 AUX_IN AGND 29 MISO iso ( TP23 1000pF
1 28 J0pF
SGND AUX_GND AGND SGND
12 AN 6P AIN_5P 2L SGND /77
13| AIN_6GND AIN_5GND —22—¢
14 | AN 7P AIN_4p 28 SGND
SCGND 15 | AIN_7GND AIN_4GND —24
AlND TS 16 | AN oP AIN_3p 23 .
—T—059 17 2 C39
IN AINO N RAEA% I 0.01uF AISOCHD ANLEERD I 0.01uF Rﬁl IN_AIN3 N
1.10k ° 18 21 * 1.10k
AN R41 'fcss AIN_1P AIN_2P THBO R33 AN
19 20
IN AINT N Rﬁi _I 0.01pF AL ANEEND _I 0.01uF Rgi IN AIN2 N
1.10k 1.10k
ADS8688DBT
1 IN_AINO
: 2 IN_AINO IN_AINO 514 ° Rgi o o ~AINO IN_AIN2 53? ° ° ° RAiGA' ° o AIN2
° 3 IN_AIN1 100E 1.00l 100E 1.00k
Ps 4 IN AIN1 N -
- 5 IN_AIN2 R78 R69
1 N AINZ N JR50 C95 $10.0Meg D14 R30 C89  $10.0Meg
ol 7 IN_AINS D17 C92 45V ISO 3200 CDSOD323-T12C C85 45V 1SO 200 2700pF
15 N AN CDSOD323-T12C 0.027F 2700pF| 19 0.027uF
A4 u16 u10
1 e 4? SGND  -15VISO R 1 e 4 SGND  -15V_ISO
IR70 |R63 A o6t ¥ cag
20 0 ) 1000pF ) 1000pF
2 =] 3 2 ) 3
SGND
RS6 TLP3123(F) R34 TLP3123(F)
SGND SGND
I ant RS . R32 " o AINT wans R0 o o R o o AIN3
100E 1.001 100E 1.00k
R74 - R67
D15 IRa7 C90 $10.0Meg D11 LR21 c84  $10.0Meg
CDSOD323-T12C C87 45V ISO 3200 2700pF CDSOD323-T12C C82 45V 1SO 3200 2700pF
0.027F 19 0.027pF
u14 us
1 . 49 SGND  -15V' SO o 4 . A d SGND 15V 1SO TP28
W cs4 W c37
) 1000pF 4 1000pF
2 —] 3 2 —] 3
SGND SGND
- TLP3123(F) R6 TLP3123(F)
SGND SGND

Designed for: Public Release [Mod. Date: 6/20/2014

Project Title: Analog Input Output Module % TEXAS
Number: TIDA-00170 [Rev: E1 | Sheet Title: INSTRUMENTS
Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not | SVN Rev: Not in version control Assembly Variant: [No Variations] [Sheet:6 of 8
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its Drawn By: File: Pg6 ADC.SchDoc [Size: B http://www.ti.com
licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your application. Engineer: Amol Gadkari Contact: http://www.ti.com/support © Texas Instruments 2014
2 3 4 5 6




+15V_ISO

+5VAISO -15V_ISO
C65 C64
| I
C9 [ 1
1 0.1uF 0.1uF
0||1 . C5 C6
s [ 3
OPA188AIDBVT
C66 4.7uF v 4.7uF
< | SGND
I C69 b
4.TuF -15V_ISO +15V_ISO +15V_ISO
v 01uF ¢
SGND SGND -15V_ISO D5
£R60 Q ~
310k TP2 DESD1PORFW-7
1 a 24
2 é\\?g% § VSS\\I/:Q 23 Pac) VOUTO 0 & ® P ® ® &—~0UT0
JALARM_jso ARl 31 ALARM VSENSE+ [—22—SEND o8 1000 OFIM
4 GND1 VOUT 21 VOUTO 0 cis
| . S CLR-SEL BOOST (22 .| DESDTPORFW-7 0.14F - -
CLR - WA CLR IouT
- /CS1 iso 7 18 HARTO TP5 D7
B e 5 LAToH HART.IN |7 — e —— ces o7
[_SI_DACt SI_DACt 9 SDI DVDD-EN 6 A -15V_ISO +15V_ISO SGND -15V_ISO 1000pF SMBJ18CA 1000pF
SDO_DAC1 R10 13‘* 1? SDO REFIN i R8 OE
| RN el T .
- 3900pF
IRrs
OB DACB760IPWP R == ouo o R
Y] 10E SGND
D19
DESD1PORFW-7
v v v N
SGND SGND SGND SGND
-15V_ISO
2
AOUT1 1 L0
)
AOUTO 3 1 o
4
O
v 282834-4
SGND
+15V_ISO
+5VAISO -15\%\80 +15\xISO Cc81
C75 C76
¢ b SGND
c27
I I 0.1pF < 0.1uF
0.1pF
Cc23 SGND c24
¢rs L b OPA188AIDBVT
¢ | C80 > +15V_ISO +15V_ISO
| 4.TuF 4.7uF 0.1pF 1
4.7WF \ D10
v SGND -15V_ISO TP9 ~
SGND DESD1PORFW-7
£R80 9 FB2
sR16 310k P 20 VOUT1 1 ° PR ° @ AOUT1
i T Avss 9 avop 24 1000 OHM
JALARM jso —Lu o D T Ve [ G AnF _
4 21 VOUT1 1 | DESD1PORFW-7 W - D9
GND1 VOUT
S CLR-SEL BOOST (—22 Cra e
[CcRr R14,, OE 6 CLR’ OUT 19 1000pF SMBJ18CA 1000pF
[ /Cs2 iso /CS2_iso 7 LATCH HART-IN 18 HART1 ( TP11 -15V_ISO SGND -15V_ISO
SCLK iso 8 SCLK cMP 17
SDO_DAC1 9 6 AAA +15V_ISO
miso R19 O DVDD-EN 5 RT5OE
=0 L 4 7] SPo REFIN —+
10. GND2 REFOUT L
2_{ GND3 ISET-R [—2 26 N
R12 B 3900pF
1.00k us R18 c32 13 SGND
DAC8760IPWP 15k -0 1uF 10UT1 P) A
D22
SCLK iso ( DESD1PORFW-7
TP20 v v v -
MOSI_iso. : SGND SGND SGND SGND SGND
TP22
IALARM_iso % -15V_ISO
TP3
/CS1 iso (
TP25 Designed for: Public Release [Mod. Date: 9/12/2014
/CS2_iso ¢ Project Title: Analog Input Output Module % TEXAS
TP24 Number: TIDA-00170 [Rev: E1 | Sheet Title: INSTRUMENTS
Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Instruments and/or its licensors do not | SVN Rev: Not in version control Assembly Variant: [No Variations] [Sheet:7 of 8
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an implementation. Texas Instruments and/or its Drawn By: File: Pg8 Analog Output.SchDoc [Size: B http://www.ti.com

licensors do not warrant that the design is production worthy. You should completely validate and test your design implementation to confirm the system functionality for your application.

Engineer: Amol Gadkari

Contact: http://www.ti.com/support

© Texas Instruments 2014

2

3

4




Fiducials

Fos [ Fo2 DN e]
Fp4 [ FDs [ Fs [}

Mounting holes
H2 H1

MH1

=

H2

MH32mm  MH3)

Y

mm

NY PMS 4400025 PH  NY PMS 4400025 PH NP THMTG HOLES

PTH MTG HOLES

PCB
LOGO

Texas Instruments

LBL1

PCB Label
Size: 0.65"x0.20 "

ZZ1

Label Assembly Note
This Assembly Note is for PCB labels only

272
Assembly Note

These assemblies are ESD sensitive, ESD precautions shall be observed.

773
Assembly Note

These assemblies must be clean and free from flux and all contaminants. Use of no clean flux is not acceptable.

274
Assembly Note

These assemblies must comply with workmanship standards IPC-A-610 Class 2, unless otherwise specified.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, 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 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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.
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