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Achieving True Universal Input Capability Using ADS1248

and ADS1148

Rajiv Mantri, Gitesh Bhagwat

ABSTRACT

In this application report, we design a simple connection scheme which can be used to connect multiple
transducers to ADS1248/1148. The scheme utilizes features of the devices such as current sources,
internal reference, and so forth, while allowing same circuitry on each channel; thus realizing true
universal input capability.

Contents

1 10T [ ox 1T P 2
1.1 ADS1146/7/8 aNd ADSL246/ 718 .. .nneeeeieeieee et eaee s eatee s saantessaann e saaannesaaannessaannnesaannnersnnnns 2

1.2 F NN I T @ o T= - L1 o P 2

2 Y 0] 0] [ T0r= U0 Tt =T g = 1o 4
3 (6= = 11T o 6
3.1 I R T (= = 1 6

3.2 B I L= AT 5 P 6

3.3 0T8T YT I 7

3.4 Thermocouple Connections (WIithOUE CJIC) ..uureiiiieieiiiiineerisinnessaannessranneessannsesssannressannneesnnn 8

3.5 Thermocouple ConNections (WIith CJC) ....uuuesiiiiieiiiieei it rare i saanrre s ssaannssaanns 8

3.6 Analog Input ConNNECHIONS (0—10 V) uuiiiuniiiiiiiee i aaie s r e s sa s s s saanr s s saann e s aaannnaaanns 9

3.7 Input Current ConNECLIONS (4-20 MA ) ettt r it taaae e s st e s saan e e sranr e s saanneeaaannness 10

4 IS5 A LTS £ 10
4.1 2-Wire RTD EMUIAHION 1 .uneeeiiiieesseseeessanee s seaneesssannnessaanneessannesaaanneesaannnessannnessnnnns 11

4.2 3-Wire RTD EMUIALION .« utiutiserseiatisiseraertnses s s r s e s s s e s et s e s rr e raneraens 12

4.3 4-Wire RTD EMUIBTION ..ttt iiseetiiisesssatessaats s s s s ss s as s s s isa s s ssaae s saaan et saannesssannnessannns 13

4.4 Current Input EmMulation 4—10 MA ..o rr e rrr s s e s raaae st s r e s raaara e aaanns 14

5 (0] o U= o o S 15
6 = =] (= o= P 15

List of Figures

1 2] (oYt D =T | = o o 2
2 Y LB 1] 1= =T 3
3 Universal INput CoNNECION SCNEIME ... .uiiiiiii i s s s s e e s s saa e s srana e st sann e s saannnesan 4
4 TWO-WIr€ RTD CONMECONS 14t uttstraeiaetsssseraesae s e s sasesar s raesr s taasraesar s e e aaraarennes 6
5 THree-Wire RTD CONNECHONS . 1. .t e tstissseruat s sse st e ssesase s saa s s sa s saas s s s st esaan e sansssnesanrsannerns 7
6 FOUr-Wire RTD CONNECLIONS .. uuttiiateeisatseesssessaasesssassssaaasessaasasssaaansssaassassssnnnssssnnsnsssnnnns 7
7 Thermocouple ConNections (WithOUE CJC) .uuuiiiieiiiiiiieesiiineessainnessaannesssanneessannnessennnnessannressennnes 8
8 Thermocouple ConNECtioNS (WIth CJIC) ..uuuiuuiiutiriieiieirie s r s raaeaannans 9
9 Analog INPUt (0—10 V) CONNECLIONS . .uutiiatetiiiattessaateesaas it e saaaa it e s sa s s e ssaas st saaanestaannnsssannnasssnnnns 9
10 Current (4—20 MA) CONNECHONS . .uuteiiineeeseianeeseainnessaannessaanressaannesseannressasnnessssnnmessssnnessssnnees 10
11 Resistance Directly Connected to EVM BOAId ......uviuiiiisiiiieiiiiiiirini i saasssisssnansssssnneans 11
12 Resistance Connected Through Switch Scheme (Internal Reference Used) ......c.ovviiiiiiiiiiiiiiiiiniininnns 11
13 Resistance Directly Connected t0 EVM B0ard ......cceiiiiiiiiiiiii i ssie s sesnes s snnneessannnessannnnennns 12
SBAA211-August 2014 Achieving True Universal Input Capability Using ADS1248/1148 1

Submit Documentation Feedback

Copyright © 2014, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAA211

Introduction

13 TEXAS

INSTRUMENTS

www.ti.com

14 Resistance Connected Through Switch Scheme (Internal Reference Used) .......cvvveviiiiiiiiniiiiininnnnnns 12
15 Resistance Directly Connected to EVM BOard ......uvvueiiisiiiisiisiiiriiisi s isisisssinssnssnnneans 13
16 Resistance Connected Through Switch Scheme (Internal Reference Used) ......c.vvviiiiiiiiiiiieiiiiinninnnnns 13
17 ADC Excitation Current On (Drop ACrosS R4 = 300 MV) cuuiuutiiiuiiiieiineiairisiisssisssareaassannesannsns 14
18 ADC Excitation Current On (Drop ACrosS R4 = 900 MV) uuiuuiiiuiiiteinseiierisiisssissarsassiannesanrins 14
19 ADC Excitation Current On (Drop ACroSS R4 = 1.9 V) 1.ttt i ssite s snnne s sannneenas 15

List of Tables

1 LS (o I 0 1o 5
2 IS = 10

1 Introduction
1.1 ADS1146/7/8 and ADS1246/7/8
The ADS1146, ADS1147, and ADS1148 are highly-integrated, precision, 16-bit analog-to-digital
converters (ADCs). The ADS1146/7/8 feature an onboard, low-noise, programmable gain amplifier (PGA),
a precision delta-sigma ADC with a single-cycle settling digital filter, and an internal oscillator. The
ADS1147 and ADS1148 also provide a built-in voltage reference with 10-mA output capacity, and two
matched programmable current digital-to-analog converters (DACs). The ADS1146/7/8 provide a complete
front-end solution for temperature sensor applications including thermal couples, thermistors, and
resistance temperature detectors (RTDs).
The ADS1246, ADS1247, and ADS1248 are similar devices with 24-bit analog-to-digital converters
(ADCs).
We will now discuss the detailed operation of the ADS1248. Similarities can be drawn to other devices.
1.2 ADS1248 Operation
The block diagram for ADS1248 is shown in Figure 1.
REFPO/ REFNo/ | ADS1248 Only
AVDD  GPIOO GPIO1 {REFP1 REFN1! VREFOUT VREFCOM DVDD
Burnout 5_..... N ......i
Detect | | T T ADS1247
Iv_l VREF Mux | Voltage ADS1248
BIAS Reference
[N —{GPIO]
AINO/IEXC System SCLK
AIN1/IEXC Monitor . DIN
AIN2/IEXC/GPIO2 /" ard Order Adjustable Serrflal ROV
AIN3/IEXC/GPIO3 Ilclput PGA> < a2 | pigtar '”tzngce DOUT/DRDY
| AIN4/IEXC/GPIO4 O} > \ Modulator Filter Control cs
! AIN5/IEXC/GPIOS (- / START
| AIN6/IEXC/GPIOS (- >@ oAl RESET
| AIN7/IEXC/GPIO7 (- o @ DACs
: ADS1248 Only g A2 Internal Oscillator
e UBRGOETEEEEREREEES o Burnout
Detect I_i
AVSS IEXC1 IEXC2 | CLK DGND
| ADS1248 Only |
Figure 1. Block Diagram
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The ADS1246, ADS1247, and ADS1248 are highly integrated 24-bit data converters. They include a low-
noise, high-impedance programmable gain amplifier (PGA), a delta-sigma (AZ) ADC with an adjustable
single-cycle settling digital filter, internal oscillator, and a simple but flexible SPI-compatible serial
interface.

The ADS1247 and ADS1248 also include a flexible input multiplexer with system monitoring capability and
general-purpose /O settings, a very low-drift voltage reference, and two matched current sources for
sensor excitation.

The block diagram for the multiplexer is shown in the Figure 2.

! AVDD  AVDD i
| _|IDAC2 | IDACt !
! I
: @ (D : System Monitors
AVSS AVDD | I gVBIAS e e bttt bl
| 1
? % e ? g ! / ] -\ AVDD  AVDD !
AINO i . —t 2 —+° I
1 o 1
AVSS AVDD | | O VBIAS I Temperature
: / / | g T o0—O VREFP Diode 1
P / o—t 9 : 0—0 VREFN !
AIN1  — | o o - | O !
1 T — — 1
1 1 I - - - I
I | e O I
————————————————————— 1 e ———————— 1 1
! 1 1 1
| ADS1247/480nlY 55 AVDD Q VBIAS [ : o—0 VREFP1/4 !
i ? % | N g / i 9 0—O VREFN1/4 !
o—7o 1 1
i AIN2 —e i 1 i L5 O VREFPO/4 i
! L% : : s :
! AVSS ? %AVDD Q VBIAS R S VREFNO/4 !
! Lo e 1 t 0—O AVDD/4 1
' 4 — |
1 41_/
: AIN3  — - L — ! s | 0—O0 AVSS/4 !
U O ES il : 0—O0 DVDD/4 !
| | ADS1248 Only N I S s i
o AVSS AVDD g VBIAS L I I
e o o o o o o e o e - - 4
! i AIN4 - i ! AVDD
! [
D AVSS i %AVDD g VBIAS ! i Burnout Current Source
[ 0.5uA, 2uA, 10uA)
ol 0 / 1l (0.5uA, 2uA, 10u
11 T T o1+l
AN M
i i i o AN, ]
11 P
' | .
L AVSS AVDD g VBIAS i : ANy PGA ADC
| i [ e !
Il ANe ——e ¢ +——s Al
: : 1 : Burnout Current Source
o AVSS AVDD g VBIAS i (0.5uA, 2uA, 10uA)
[
: : '/T '/T / - ==
o AIN7  — * s 1 AVSS
11
T
Figure 2. Multiplexer
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2 Application Schematic

Figure 3 gives the proposed application schematic which shows the different connections required for
implementing a universal input scheme.
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Figure 3. Universal Input Connection Scheme
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Application Schematic

Using this scheme, each device can be used to connect 4 differential inputs, thus enabling 4 transducer
connections. A total of 20 SPST and 5 SPDT switches are required in the scheme. These can be
manually operated DIP switches or electronically controlled FET switches, depending on the accessibility
of the unit.

The sheet in Table 1 details on the different switch positions for different transducer options:

Table 1. Switch Positions

(e e Internal Internal
p Termination S/W Connections Ul MUX Current Current MCU ADC
Type Int/Ext -
Connection Value
S1 S2 S3 S4 S5 S6 S25
2F-zv¥||r3e (2,3) RTD Close | Open Open Open N/O Open | Do not care | Do not care External Ch o0 15 mA NA
3,%".‘;'{; (2,3) RTD, 4 Exc | Close | Open Open Open N/C Open | Do not care | Do not care External ChOand1 15 mA NA
4-wire (2,3) RTD, (1,4) IOUT 1 (pin
RTD Exc Close | Open Open Open N/C Open N/O A0 External 20) 15 mA NA
TC (2,3) TC Close | Open Open Open N/O Open | Do not care | Do not care External Ch1l 15 mA NA
T‘éj‘”c"h (2:3)TC, 1 Temp | Close | Open | Open | Open | N/O | Open NIC A0 External ch1 15 mA F";;n‘:'r‘)’ in
0-10V ‘ 2 l Open ‘ Close ‘ Close ’ Open ‘ N/C | Open | Do not care l Do not care l Internal ’ Ch 0 and1 | 0.1 mA ‘ NA
4-20 mA ‘ 2 l Close ‘ Open ‘ Open l Close ‘ N/C | Close | Do not care l Do not care l Internal l Ch1l | 1mA ‘ NA
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3 Operation
Now we take a look at the operation of the scheme for different switch positions for a few of the
transducers.
3.1 Two-Wire RTD
Figure 4 shows the connection diagram for a 2-wire RTD connection. The dotted red lines show the
current flow path. The excitation current flows out of Ch0 of the device, through the RTD and into the 833-
Q resistor to ground. The magnitude is set to 1.5 mA, thus giving a drop of 1.25 V across the resistor. This
voltage is used as the reference to eliminate any inaccuracies due to variation of the excitation current
value.
18 lvce A
13 1o Asl2
Eru o ala
13 1p0 arls
12 {pn asls
. 11so E
: 10451 VEE
i sz =y
i U2
i ADS1248PW
' tpvwoo scuk|-28
i Hoeo D27
i A ADS1248PW e
: ! drEser DROV|2S \
; i S{rerPocP0 =2 S25
i i Yrernoceon START|-* TO_MCU_ADC
E i 7 lgerp AVDD|-22
i +—E {REFN1 avssf 21
: I : alvreFouT 0UTH
il Vi 0)wrercon ouT2{-9
; T ANVEXC/GPI B
833:5 12 1 ANtEXC ANZEXCIGPI2|LL
.g 1| ANYEXCIGPIO4 ANTIEXCIGPIOT| 16
i L] ANSEXCIGPIOS ANSEXCIGPIOS |5
v
v
Figure 4. Two-Wire RTD Connections
3.2 Three-Wire RTD
Figure 5 shows the connection diagram for a 3-wire RTD connection. The dotted red lines show the
current flow path. The excitation current flows out of Ch0O and Ch1l of the device. The current from ChO
flows into the RTD and then into the 833-Q resistor to ground. The current from Ch1l flows into one of the
leads of the RTD, then through the 833-Q resistor into ground.
Differential measurement between Ch0 and Chl gives the RTD drop. This includes the drop because of
the leads.
The single channel reading of Ch1l gives the drop of the leads which can be used to offset the differential
reading for better accuracy.
The voltage across the 833-Q resistor is 2.5 V and can be used as a reference to eliminate any
inaccuracies due to variation in the excitation current value.
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18 dvce Al
15 a0 asl2
14 pg a
13 fap ke
2 a0 asls
so ~E
10 4sq VEE
s2 GND
[17]
ADS1248PW
Yowoo SCLK]
Z{oco DN|27
How ADS1248PW 3
rEser 5
5 {ReFPOGPIO0 o $25
S {REFNIGPION STARTH? TO_MCU_ADC
I {rerpP1 AvDD |22
8 lrern avssp2!
LvREFOUT UT
10 vREFCOM puTz}9
i AnEXC/GPIOaHE
—12 JaniExc ANEXCIGPI02|- 1T
i 13 | ANUEXCIGPIO ANTEXCIGPIT| 18
; LU ANSEXCIGPIOS ANSEXCIGPIOS S

Figure 5. Three-Wire RTD Connections

3.3 Four-Wire RTD

Figure 6 shows the connection diagram for a 4-wire RTD connection. The dotted red lines show the
current flow path. The excitation current flows out of excitation current pin 1. This flows through the RTD,
then through the 833-Q resistor, into ground. Thus, there is no current flow through the measurement
leads connected on Chl and Chl, eliminating any drops. Here as well, the drop across the 833-Q resistor
can be used as the reference.

18 fvce

15 a2

e 1

rr—————e— —— ol

o i §14 100554-0,0_ 2l

';l; Z el 104s1
'T 4 [ Ls2
= = R S S —— &0

DVDD

LK ADS1248PW
RESET

REFPOIGPIOD $25

REFNO'GPIO1

REFP1

TO_MCU_ADC

REFN1

[l I o O

<
B

e

AR

FEF
:
g
g

Figure 6. Four-Wire RTD Connections

SBAA211-August 2014 Achieving True Universal Input Capability Using ADS1248/1148 7

Submit Documentation Feedback
Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAA211

13 TEXAS

INSTRUMENTS
Operation www.ti.com
3.4 Thermocouple Connections (without CJC)
Figure 7 shows the connection diagram for a thermocouple without cold junction compensation. The
dotted red lines show the current flow path. The excitation current flows out of Ch1l of the device. This
current flows through the 833-Q resistor to ground and is used to generate a common mode voltage
greater than 100 mV to meet the minimum requirement of the device (page 3 of device data sheet).
The voltage across the thermocouple adds on to this voltage and care should be taken to ensure that the
total value does not exceed the maximum value of common mode voltage.
However, this does not impact the temperature measurement as the thermocouple voltage is differential
across Ch0 and Ch1.
18 jvce JY|&]
15 fao As|-2
14 Jaq ala
13 lapy AT|S
J)JJ $140 —-K4—-’v\4 100Es4 9 - &l i
Ri 18K 11dso ~E}§
4 10451 Ve[
> 1[' RS En S ! als, cols
s o [k ss0] } i -
Rig & 2 K S x '_i{ : ovoo scikj22
% lo o e —— i Hoow o2’
T 3 @ : ' Hew ADS1248PW DOUTDRDY-2® ¢
i reser ovk2s |\
AV % QL i : S{REFPOIGPIO0 osh2e $25
i i & {rernoiGeIot sTARTIZ? TO_MCU_ADC
E : 7 |rerpi AvDD|22
i i £ 1ReFNT Avssp21
i ] lvrerout ouTY
i ?7 1vrercom ouT2H9
: : 1 anoExc ANVEXCIGPOa|-1E
833?5 '._____tz XC ANEXCIGPI02|-T
. 12 | ANaEXCIGPIOE ANTEXCIGPIOT| 18
i LU ANSEXCIGPIOS ANSEXCIGPIOS|S
+
Figure 7. Thermocouple Connections (Without CJC)
3.5 Thermocouple Connections (with CJC)
Figure 8 shows the connection diagram for a thermocouple with cold junction compensation. The
connection scheme is the same as in the previous case of measurement without CJC. The only additional
connection is that of CJC input which is routed to the MCU ADC through the external multiplexer and
switch S25. The CJC input is connected on pin 1 of external connector JO.
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: S 10 JVREFCOM U2}
i : L EXC ANvEXCIGPIR-LE
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Figure 8. Thermocouple Connections (with CJC)

3.6 Analog Input Connections (0-10 V)

Figure 9 shows the connection diagram for an analog voltage from 0-10 V. The scheme steps down the
input voltage by a factor of 10. This is done through the voltage divider formed by resistors R1 and R2.
The 0- to 10-V input is scaled down to 0-1 V. It also ensures that the minimum common-mode voltage
requirement is met.

18 dvee A
15 e As2
dag =
5 S - T 13 ATH
10w JJ r)__,vv . 2p3 As|S
Input I— 5 Rl 18K 1150 |5
: v I N P S A —— i 104sq vee
L P [r !,_.-,_.E. ................. ., ._._._._._._._._._..! : alsp o o) =3
wes | i 50 il
ne e lie 1 e ADS1243PW

9 g2!( Tik 1 g

P [ e

@ [ : P Yo ADS1248PW PO =

]’ ¢ il e T
vV VvV H[i a{rerroicrioo = &
E & {rernniGPIOt sTaRT2* To_Mcu_Apc
i 7 |eerpt AvDD|-22
; 8 |rernt Avssf21
& : vReFouT UTH

1 1edvrercom ouT2(=?

i L= | oexc AnvEXC/GRioa|-1E

833E| i L——2lanuExc ANZEXCIGPI02|-LL

L angvExcioros ANTEXCIGPIOT|-18

LU ANSEXCIGPIOS ANSEXCIGPIOS|-15

Figure 9. Analog Input (0-10 V) Connections
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3.7

Input Current Connections (4-20 mA )

Figure 10 shows the connection diagram for a 4- to 20-mA current voltage. The scheme converts input
current into voltage across the resistor (R4).The same is measured through Ch0 and Ch1l of ADS1248.

4 Test Results

A few of the previously mentioned transducer connections have been emulated and tested. The details for
the emulated test setup and the summarized readings are given in Table 2.

18 vee mp
EER ) nsl2
14 fay ala
13 lap AT
12 Jan as|s
11]so €f5
10 1s1 VEE[T
y Us2 [=1s] =
i [17]
: ADS1248PW
i Lovoo scux|28
; 2lpano onf-27
! Houe ADS1248PW OUIRDTL 2 ¢
i i DROV}-25 \
i S{REFPOIGPIO0 Tsp24 §25
; EREFNOIGPION STARTH23 TO_MCU_ADC
: 7 |rerpt AVDD|-22
: 8 1REFN1 Avss| 21
E LvrerouT oUT
T{? 10)vrercom out2}9
' 1 ANVEXC/GPIa|-18
833E| i 12 | amexc ANEXCIGPIR| A
.-.-‘—EL ANAEXC/GPIO ANTEXCIGPIOT|-18
L4 ANSEXCIGPIOS ANSEXC/GPIOGHLS

Figure 10. Current (4—20 mA) Connections

Table 2. Test Data

Measured Value - MIERILITEE VEIE =
Sr. No. Emulatgd Tappue Connection Commeeien Test Setup Comments
Scenario Directly to EVM Through Proposed
Scheme

1 2-wire RTD 49.8 mV 50.8 mV 470-Q resistor (5% tolerance) connected between Ch0O and
Ch1; 100-pA current into Ch0; Ch0 and Ch1 connected as
inputs to ADC; internal reference used, external reference
(generated by ChO current into 833-Q resistor) use should
help improve results.

2 3-wire RTD 49.8 mV 50.8 mV 470-Q resistor (5% tolerance) connected between ChO and
Ch1; 100-pA current into Ch0 and Ch1; Ch0 and Chl
connected as inputs to ADC; internal reference used,
external reference (generated by ChO0,1 currents into 833-Q
resistor) use should help improve results.

3 4-wire RTD 45.2 mV 46.1 mV 470-Q resistor (5% tolerance) connected between ChO and
Ch1; 100-pA current into loutO; ChO and Ch1l; connected as
inputs to ADC; internal reference used, external reference
(generated by loutO current into 833-Q resistor) use should
help improve results.

4 4 to 20-mA current | Differential voltage Differential voltage Test Setup Comments

input measured - decimal measured - analog value
4.1 4 mA input 4750 298 mV 800 mV supply connected to channel 2 of external connector
JO, drop measure across R4 = 100 Q
4.2 10 mA input 14412 904 mV 2-V supply connected to channel 2 of external connector JO,
drop measure across R4 = 100 Q
4.3 20 mA 30207 19V 4-V supply connected to channel 2 of external connector JO,
drop measure across R4 =100 Q
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4.1 2-Wire RTD Emulation
Figure 11 and Figure 12 use 100 pA current into ChO; Ch0 and Ch1 inputs.

ADS1148EVM-PDK

Figure 11. Resistance Directly Connected to EVM Board
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Figure 12. Resistance Connected Through Switch Scheme (Internal Reference Used)
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4.2 3-Wire RTD Emulation

Figure 13 and Figure 14 use 100 pA current into ChO; ChO and Ch1 inputs; one terminal of external
resistance directly connected to ground.
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Figure 13. Resistance Directly Connected to EVM board
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Figure 14. Resistance Connected Through Switch Scheme (Internal Reference Used)
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4.3 4-Wire RTD Emulation
Figure 15 and Figure 16 use 100 pA connected to channel from current source- loutO.

woor T e TR W

File EVM Test Tools Settings Help

Figure 15. Resistance Directly Connected to EVM Board
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Figure 16. Resistance Connected Through Switch Scheme (Internal Reference Used)
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4.4  Current Input Emulation 4-10 mA
Figure 17 shows the current input emulation settings for 4-mA input.

%p ADCPro

File EVM Test Tools Settings Help
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Figure 17. ADC Excitation Current On (Drop Across R4 = 300 mV)

Figure 18 shows the current input emulation settings for 10-mA input.
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Figure 18. ADC Excitation Current On (Drop Across R4 =900 mV)
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Figure 19 shows the current input emulation settings for 20-mA input.
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Figure 19. ADC Excitation Current On (Drop Across R4=1.9V)

5 Conclusion

Using the arrangement shown in this report, ADS1248/1148 and other similar devices can be used to
design a universal input terminal.

Further transducers can be made compatible by making additions on similar lines.

6 Reference
1. ADS1248 data sheet (SBAS426G)
2. ADS1148 data sheet (SBAS453F) (http://www.ti.com/lit/ds/symlink/ads1148.pdf)
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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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