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Sensor Signal Conditioning

Temperature Transmitters

Temperature transmitters, most i '
commonly made by using resistance ;_____:'
temperature detectors (RTD) or thermo-
couples, have a wide range of uses in
industrial automation. A constant and
linear excitation source is a critical
aspect of RTD sensing, while cold
junction compensation is the key to a
good temperature measurement with
thermocouples. Tl offers a variety of high
integration, high accuracy, and excellent
resolution analog front end devices to
address these sensors.

pEEmEmm e

[1

Thermocouple with CJC (Cold Junction Compensation)

Resolution = Sample Input Supply Operating Temp.
(bits) Rate (SPS) Interface Voltage (V) Range (°C) Pin/Package

TR . Temp.sensor | wR&1T RET 10VSSOP,

ADS1018 12 3300 4 Serial SPI | 2105.5 (0.5°C accurate) ADSITi8EVM | —40t0 125 10X2QEN

&1 T ’ Temp.sensor | wWR& T RET 10VSSOP,

ADS1118 16 860 4 Serial SPI| 2105.5 (0.5°C accurate) ADS1Ti8EWM | —40t0 125 10X2QEN 2.30

ront Ends (AFE)

ADS1148 16 2000 7 Serial SPI | 2.7105.25 S;Pl?;ebfggl'grs%r'lgggsgﬁ's?)f ADS1T4BEVM | —40t0105 | 28TSSOP,32VOFN| 3.95
meor . Single cycle settling, GPIOs,  ADS1248EVM; |

'ADS1248 24 2000 7 Serial SPI| 2.7105.25 | el Tomp, sensor’ | 1 PDK 400 105 28TSSOP 4.95
ADS1120 16 2000 4 Serial SPI| 231055 | Sndle vcle setling, 1 uheiiinEl  —0t0125 16TSSOP | 3.15
ADS1220 2 2000 4 Serial Pl 231055 | SNUIeVCIRSEHNG, 1 upsipEV | 40to125  16TSSOP16VOFN 395
LNPO00B0/70778/77 16 214 74 | SerialSPI| 2851055 | Sortnuous background | ibgofingg | 4010 125 28HTSSOP | 2.33

--------- f Continuous background et
LP90100/99/98/97 24 214 7/4 Serial SPI | 2.85105.5 | (i ration Current sources LMP30700ER —40t0 125 28HTSSOP | 2.86
Slew Rate  CMRR Offset Offset Drift  Operating
Vs (Min) Vs (Max) Numberof GBW (Typ) (Typ) (Typ) | lgperch. Voltage (Typ) Temp. Range

Device (V) ()] Channels (MHz) (V/us) (dB) (Max) (mA) (Max) (mV)  (uV/°C) (°C) Pin/Package Price*
)PA320 1.8 55 1 20 10 114 1.75 0.15 15 —4010125 | 5S0T-23,6S0T-23 | 0.80
)PA188 4 36 1 2 0.8 146 0.51 0.025 0.03 -40t0125 |5S0T-23, 8S0IC, 8VSSOP| 0.80
OPAITE 22 i 1 o 2 90 0.95 0.005 026 | dototes | SSCTOSSOTES g6
LiiP2017 2.7 5 1 3 4 130 1.2 0.06 0015 | —40t0125 550T-23, 8S0IC 0.90

*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red.
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Sensor Signal Conditioning

Pressure Transmitters

Pressure transmitters, most commonly i 1
. . . LB y Powi 8O 0 P LOOVDE-OE
built from strain gauges, are essential R
in many process control applications p \
such as weight, level, force, or flow. [ REF
The prlmary challenges of pressure 0 E‘i " :
transmitters are nonlinearity, temperature HE-_ i i [——
= LR I R Ll
dependent, a large offset, and a large O @ / i Do |
offset drift. Texas Instruments offers 0 EI “““ oy T
several high precision analog L Integrated Front-end | - i |
1
front end devices that address these g prosess ; i ey
design challenges. ] 2X: PRESSURE plus TEMPERATURE o Nmmmad
§ channels
&
Strain Gauge Pressure Transmitter
Pressure Transmitter Signal Conditioning
Vs (Min) Vs (Max) = GBW (Typ) Operating Temp.
Device V) ) (MHz) Features EVM Range (°C) Pin/Package Price*
Programmable Analog Signal Conditioners
S aniL Zero-drift, input range from | S-AseTEUG _
PGA281, 10 36 6 18V to 128V PGA2BTEVM 4010125 16TSSOP 2.55
PGA309 2.7 55 2 PGA308 plus temp. compensation PGA309EVVI-USE —40t0 125 16TSSOP 2.95
PGA400-EP 55 16 — Sensor signal conditioning w/MCU PGA400Q1EVM -4010125 36VQFN 450
PGA30G -28 33 — Resistive bridge sensor signal conditioner — -4010 150 36VQFN, 36DSBGA | 4.50
Sample Supply = Power
Resolution Rate Input Voltage (Typ)  50/60Hz Operating Temp.  Pin/
Device (bits) (SPS) Channels | Interface (v) (mW) | Reject Features EVM Range (°C) Package = Price*
Delta-Sigma ADCs/Analog Front Ends (AFE)
T A : Low side bridge switch, | %507 RE _
DS1131 18 80 1 Serial | 2.71t05.3 5 Yes Pin control, Input EMI filter AD_811_31_REF. 40 to 85 20TSSOP | 5.60
------- . Pin control (no registers), | a7 5a7RE B
ADS1231/2/4 24 80 1/2/4 | Serial SPI | 2.7105.3 | 5/4.3/4.3 | Yes offset calibration AD_S1_2_31_REF. 40 to 85 16S0IC 2.50
ThE{H5 q Single cycle settling, | wR&35nEF 16TSSOP,
ADS1220 24 2000 4 | SerialSPl| 2.3t055| 0.4 Yes e BDSI220EVM | 4010125 | ey’ | 3.95
---------- ’ Continuous background S B0RAER
LMP90080/79/78/77| 16 214 7/4 | Serial SPI |2.85t055 — — | calibration, Current sources LMP90T00EB | —40t0125 | 28HTSSOP| 2.33
---------- f Continuous background R
LMP90100/99/98/97 24 214 7/4 Serial SP |2.85t05.5, — = calibration, Current sources 1 MP90100ER —40t0 125 | 28HTSSOP | 2.86
Offset Offset Drift =~ Operating
Vs (Min) Vs (Max) Number of GBW (Typ) Slew Rate CMRR (Typ) Iq per ch. Voltage (Typ) Temp. Range
Device (V) ()] Channels = (MHz)  (Typ) (V/ps) (dB) (Max) (mA) (Max) (mV)  (uV/°C) (°C) Pin/Package Price*
0PA333 1.8 55 1 0.35 0.16 130 0.025 0.01 0.02 —40t0125 | 5S0T-23,55C70,850IC | 0.95
0PAT80 4 % | 2 0.8 114 0.525 0.075 0.1 -40t0125 | 5S0T-23,8S0IC, 8YSSOP | 0.69
0PA317 1.8 55 | 1 03 0.15 108 0.035 0.1 0.05 4010125 | 5SC70,550T-23,8S0IC | 0.55
|INA333 18 55 \ 1 0.15 0.16 100 0.05 0.025 0.1 4010125 8SON, 8VSSOP 1.80
0PA378 2.2 55 | 1 0.9 0.4 112 0.15 0.05 0.1 —4010 125 55C70, 550T-23 0.70
LmP2021 22 55 | 1 5 26 139 1.1 0.005 0.004 -40t0 125 5507-23, 8S0IC 1.00
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red. Preview products are listed in bold teal.
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Sensor Signal Conditioning

Flow Transmitters

Flow meters, consisting of many different
architectures such as electromagnetic

and Coriolis, are critical measuring instru-
ments used to measure liquid or gas flow

end needs.

in an industrial automation plant. Some = [ = i :

. : & [ 2 .
of the design challenges for flow meters Lis) 0 wf currest Pl
are low noise, high speed, and tempera- i“‘-_- = L — o o
ture compensation. Texas Instruments eols S REF : = = L= IEI
offers a variety of highly integrated O @ E 5 e —_——
simultaneous sampling or delta-sigma slectrodes P Apc : i
converters to meet your analog front g / P mcy

—— Integrated Front-and | '==--'

Electromagnetic (MID) Flow Transmitter

Flow Transmitter Signal Conditioning

Supply Operating
Resolution  Sample Rate Input Voltage Power Supports Temp. Range

Device (bits) (kSPS) Channels Interface (V) (Typ) (mW) Input Daisy Chain EVM (°C) Pin/Package Price*
SAR ADCs

-------- Single ended L

BT/ | 14 | 100071000 2 seriaispl 450 45 and pseudo- No  ADSSBIEIMFOK —40to1os  ISUN 350

: differential

DSTZATEAL | qgp14pp | 100071900 2 seralspl| 450 45 Differential No ADSS354EVMA-PDR —40to1os IO 400
-------- 1000/680/400 . 5.5/4.2/2.6 Pseudo- emom s 10VSSOP,
ADS8860/2/4/6 16 100 1 Serial SPI 271036 %05 differential Yes ADSBBBOEVM-PDK 401085 | "jncon” | 5.00
A0SBEI/AER | 16 | 100UBBOMO0 |y seraispr 271036 SYE22E uiy-difterential  Yes  AUSBSBTEMPDK —40to85 | JpSoon | 550
Aosssei/3sa | 1g 100088000y feenaiop) 271036 994226 Ifyy gifferential  Yes  ADSSGBIEVMEPDK —40to85 = 1OVSSOP | 75

/100 /0.7 10SON
Resolution  Sample Input Supply Power (Typ) Operating Temp.

Device (bits)  Rate (kSPS) Channels Interface Voltage (V) (mW) SNR (dB) EVM Range (°C) Pin/Package  Price*
Delta-Sigma A

ADS1255 24 30 2 Serial SPI | 4.75 10 5.25 38 — — —40t0 85 20SSOP 6.96
ADS1247 24 2 3 Serial SPI | 2.7105.25 23 — ADS1247EVM-PDK ~401t0 105 20TSSOP | 5.99
ADST31E04/6/8 24 64 4/6/8 | Serial SPI | 2.7105.25 |  8/12/16 107 ADS131E08EVM-PDK —40t0 105 64TQFP 3.95
ADS1274 24 144 4 Serial SPI 5 275 111 ADST274EVNI-PDK 4010125 64HTQFP | 14.65
'ADS7040/7041/; 8/10/12/ . 0.555/0.6/ | 49/61/70/ |  yashIsm i EnT

1000 1 Serial SPI | 1.8t03.6 DS7042EVM-PDK —401t0 125 8QFN, 8VSSOP | 2.10
\7042/7043/7044 | 12/12 0.69/0.78/0.9|  70/71 BDST042EVM-EOK
Offset Offset Drift ~ Operating
Vs (Min) Vs (Max) Number of GBW (Typ) Slew Rate CMRR (Typ) Iq per ch. Voltage (Typ) Temp. Range

Device V) (v) Channels (MHz)  (Typ) (V/ps) (dB) (Max) (mA) (Max) (mV)  (uV/°C) (°C) Pin/Package Price*
PA333 1.8 55 1 0.35 0.16 130 0.025 0.01 0.02 -40t0125 | 5S0T-23,5SC70,8S0IC | 0.95
iNAS26 2.7 % 1 1 115 0.25 0.15 2 -4010125 8S0IC, 8SON, 8VSSOP 1.10
THS453:; 25 | 55 ‘ 1 ‘ 36 220 116 0.25 0.4 3 ~40to125 | 16TSSORHOUEN.BS0IC, 14 45
0PA320 1.8 55 \ 1 \ 20 10 114 1.75 0.15 15 —4010 125 550T-23,650T-23 0.80

HPATA0 45 % 11 20 140 2 0.12 0.35 —40t0125 | 8S0T-23,8S0IC, BVSSOP | 1.55
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red. Preview products are listed in bold teal.
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Sensor Signal Conditioning

Process Analytics

Gas sensing is a critical component of re 1
. . LoD | P i Possr: LONGNOC-0C
monitoring safety and process perfor- : i
mance in a multitude of applications —_— R
ranging from building automation, oil and i —— e e
gas process industries, portable toxic gas . b Jome. et e
. s 0 ! :
detectors, etc. One cpmmon mechanism w ADC o e A E —
used to measure gas is a 3 lead electro- [¢] | i i .
chemical cell. Texas Instruments offers | = ' ]
several analog front end devices that \ iagread rnieed | : i
support a wide variety of gases including E A e
CO2, H2S, CO, and O2. _—
Gas Detection
Process Analytics Signal Conditioning
Gas Sensitivity Input Supply Operating Temp.

Device Range Channels ' Interface Voltage (V) Application EVM Range (°C) Pin/Package Price*
Analog Front Ends (AFE)

------ _— Configurable AFE potentiostat for e o

LMP91000/2 0.5 to 9500 nA/ppm 1 Serial PC | 2.7105.25 gt hemical RS VP9 T000EVM —40t0 85 14WSON 1.80

------ 167 to 7986 VV ’ Configurable AFE for nondispersive B

LMP91050/1, programmable gain 1/2 Serial SPI | 2.7t05.5 infrared (NDIR) sensing LMP90150SDEVAL 40 to 85 10VSSOP/14TSSOP | 1.25

Resolution = Sample Input Supply Power Operating Temp.

Device (bits)  Rate (kSPS) Channels Interface Voltage (V) (Typ) (mW) Features EVM Range (°C) Pin/Package  Price*
Delta-Sigma ADCs

TETE SerialSPI/ | 5: cr | na | Tomn conenr | ARRTITERTAL DO 10VSSOP,
ADS1118/18 16 0.86 4 Seral oc | 21055 0.3 Temp. sensor ADST115EVM-PDK | 400125 10X2QEN 2.30

a1 D5 : Single cycle settling, |  wR&EB5HAT B

DS1220 24 2 4 Serial SPI | 2.3105.5 0.4 temp. sensor. {DACS ADS1220EWM 4010125 |16TSSOP, 16VQFN| 3.95
ADS1259 24 144 1 Serial SPI 5 13 Single cycle settling | ADST259EVMEPDK | —40 to 105 20TSSOP 5.60

Vs Vs Ib  Number Offset Offset Drift =~ Operating
(Min) (Max) (Max) of |GBW (Typ) Slew Rate CMRR (Typ) Iqperch. Voltage (Typ) Temp. Range

Device () (V) (pA) Channels (MHz) (Typ) (V/ps)  (dB)  (Max)(mA) (Max)(mV) (uV/°C) (°c) Pin/Package Price*
0PA314 18 | 55 | 10 1 3 1.5 9% 0.21 05 1 -4010 125 55C70, 5S0T-23 0.30
0PA376 22 | 55 | 10 1 55 2 20 0.95 0.025 0.26 -40t0125 55C70, 5S0T-23 0.65

HPATA0 45 | 36 | 10 1 11 20 140 2 0.12 0.35 —40t0125 | 8S0IC, 5S0T-23, 8VSSOP | 1.55
0PA320 18 | 55 | 09 1 20 10 114 1.75 0.15 15 ~40t0 125 550T-23, 6S0T-23 0.80
LiP2017 2.7 5 5 1 3 4 130 1.2 0.06 0.015 —-40t0 125 5S0T-23, 8S0IC 0.90
Integrated Solution (Humidity Sensor)

Isupply @ 1/s
(Hum + Temp Operating Functional
Size Vi Resolution = 11-bitres Accuracy Temp Acc Range Operating Range

Device (mm) Package ) (Max) (%RH) (uA) (%RH) (°C) (%RH) Interface  Range (°C) (°c)
Integrated Sensing Solution
HOCI0D | 1.59x204 | WCSP-8 | 3+5 | 140-bit | 12 | 3 | 02 | 0t100 | PC | —20t085 -40to125
*“Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red.
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Sensor Signal Conditioning

Photoelectric Sensors

Photoelectric sensors are used in

many industrial applications including [
detecting objects, distinguishing changes s . .
in a surface, and acting as an alarm R
for abnormalities in a process control °+ “""" .....
environment. The primary design chal- _ | i i i
- - SN
lenges are Transimpedance gain, band- | g et mmpian i : T
width, and noise. Texas Instruments Stk A ADC | : = :
] i
offers a variety of high precision - [T i '
. e Integrated Front-and L Sl I i
Transimpedance amplifiers that address — . Fan i i
, Protodiods S s i bt i r -
these design challenges. | o Conn I e i !
] ol hiat
Learn more about the WEBENCH®
Photodiode Sensor Designer at:
www.ti.com/WEBENCH. Optical (Time of Flight ToF) Sensor
Photoelectric Sensor Signal Conditioning
Resolution Sample Rate Input Supply Power (Typ) Operating Temp.
Device (bits) (kSPS) Channels Interface Voltage (V) (mW) EVM Range (°C)  Pin/Package Price*
SAR ADCs
ADC1225101 12 1000 2 | Serial SPI, QSPI, Serial I/0 | 2.7 t0 5.25 43 6P1202S03RB-PCH |  —40t0 85 8VSSOP | 1.94
ADS7253/78534 - N 16QFN,
8353 12/14/16 1000/1000/700 2 Serial SPI 475105.25 45 ADS8353EVM-PDK -4010 125 16TSSOP 3.50
WDS7254/78547 repl | aveieor | e | ENGEREAR T ONR 16QFN,
8354 12/14/16 | 1000/1000/700 2 Serial SPI 4.75105.25 45 ADSE354EVM-PDK | 4010 125 167Ss0p | 400
ADS7945 14 2000 2 Serial SPI 271055 10.5 ADS7045EVM-PDK | —40t0 85 16WQFN | 3.95
-------- 1000/680/400 q 515/4:2/ 2.6 I i an A\ AEB G 10VSSOP,
ADS8881/3/5/7 18 1100 1 Serial SPI 271036 107 ADS8881EVM-PDK -4010 85 105N | 795
Resolution  Sample Input Supply Power (Typ) Operating Temp.
Device (bits)  Rate (kSPS) Channels Interface Voltage (V) (mW) SNR (dB) EVM Range (°C) Pin/Package  Price*
Delta-Sigma A
-------- 8/10/12/ - 0.555/0.6/ 49/61/70/ =
________ 12112 1000 1 Serial SPI| 1.81036 | (o i078/00 | 70771 ADS7042EVM-PDK —40t0125 | 8QFN,8VSSOP | 2.10
Offset Voltage  Bias Offset Drift Operating
Vs (Min) Vs (Max) @ 25°C (Max) Current  GBW (Typ) (Typ) Slew Rate lq perch. | Temp. Range
(W) () (mV) (Max) (pA)  (MHz) (uv/°C)  (Typ) (V/ps)  (Max) (mA) (°C) Pin/Package Price*
0.15 0.02 17 15 105 17 —40t0125 850IC 4.70
1.35 1 17 1 95 1.75 —4010 125 6507 0.60
1 0.1 31 0.7 18 2.84 —4010 125 58C70 0.65
1.65 0.1 88 -1 24 1.15 -4010 125 5S0T-23, 8S0IC 0.45
0.15 0.2 20 15 10 1.45 —4010 125 5S0T-23, 6S0T-23 0.80
2.6 2 (Typ) 1600 12 700 16.3 —40 10 85 5S0T-23, 8S0IC 7.14
0.025 3 18 0.03 12 1 —4010 125 8SON, 8VSSOP 0.75
25 10 3 1 1.5 0.21 -4010 125 5SC70, 5S0T-23 0.30
4 200 1 1.7 1 0.17 —4010 125 6SC70/8S0IC/14S0I1C 0.20
0.1 — 3900 1.5 950 18.9 —40t0 85 8S0IC, 6S0T-23 2.00
0.12 10 11 0.35 20 2 —40to 85 8S0IC, 5S0T-23, 8VSSOP 1.55
IR Operating
Vs (Min) Vs (Max) lq (Typ) Rejection Human Eye Auto Lux Range = Temp. Range
Device (V) (V) (nA) (%) Response = Interface Ranging (Nom) (k) (°C) Pin/Package Price*
Integrated Sensing Solution
DPT3001 1.6 36 2 99 Yes 12 Yes 0.01t0 83 -40 10 85 USON (6) —
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red. Preview products are listed in bold teal
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http://www.ti.com/product/ADC122S101
http://www.ti.com/product/ads7042
http://www.ti.com/product/ads7042
http://www.ti.com/product/ADS7253
http://www.ti.com/product/ADS7254
http://www.ti.com/product/ADS7254
http://www.ti.com/product/ADS7254
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http://www.ti.com/product/OPA140
http://www.ti.com/product/OPA314
http://www.ti.com/product/OPA320
http://www.ti.com/product/OPA381
http://www.ti.com/product/OPA657
http://www.ti.com/product/OPA847
http://www.ti.com/product/OPT3001
http://www.ti.com/tool/ADS7042EVM-PDK
http://www.ti.com/tool/ADS7945EVM-PDK
http://www.ti.com/tool/ADS8353EVM-PDK
http://www.ti.com/tool/ADS8354EVM-PDK
http://www.ti.com/tool/ADS8881EVM-PDK
http://www.ti.com/tool/SP1202S03RB-PCB
http://www.ti.com/WEBENCH

Sensor Signal Conditioning & Integrated Sensing Solutions

Analog Switches

r_on(Typ) r.onFlatness v+(v) v+(v) HBM ESD ONTime OFF Time Operating Temp.
Device Configuration = (ohms) (Typ) (ohms) min max Protection (kV)  (Typ) (ns) (Typ) (ns) Range (°C) Pin/Package Price*
TS5A3166 SPST 09 0.15 165 | 55 2 45 9 4010 85 SSCIOSS012 | 022
TS5A3357 SP3T 25 6 1.65 55 2 6.5 37 —4010 85 8US8, BWCSP 0.59
TS5A4596 SPST 8 15 2.7 55 2 12 9 -4010 85 55C70, SOT-23 0.20
Current Shunt Monitors
Offset Drift Operating
Vs (Min) Vs (Max) CMRR (Min) Common Offset Voltage (Typ) Temp. Range
Device v) (v) lq (Max) (mA) (dB) Mode Range = (Max) (mV) (uv/°C) EVM (°C) Pin/Package Price*
INA226 2.7 55 0.33 126 0t036 0.01 0.02 INAZZBEVM 4010125 10VSSOP 1.40
iNA282 2.7 18 0.9 120 —14 0 80 0.07 0.3 {NA2BJ:JB6EVN | —40t0 125 850IC 1.25
LNIP92064 45 55 — 110 -0.2t02 0.06 0.28 [MP920B4EVM | —40t0 105 16WSON 1.99
Temperature Sensor ICs
Vs Local Sensor
Vs (Min) (Max)  Temp. Accuracy (Max) Sensor Gain Operating Temp.
Device Type v) (V) Range (°C) (= °C) (mV/°C) Interface Feature EVM Range (°C) Pin/Package Price*
ADS1018 | ADC 2 55 |—-40t0125 1 — SPI PGA,ADC | ADS1T78EVM | —-40t0125 | 10VSSOP, 10X2QFN | 1.15
WiTS? | Analog 27 | 55 5010150 27 136 — Thermisior | |\WTg4TEWM =~ -50t0 150 55C70 0.20

iM57 | Swich | 24 | 55 |-50t0150 15 -5.16012.92 — T‘;’;‘dpéﬁz{‘csﬁr (MB7B10EB | —50t0 150 8WSON 0.65
TMPi0Z | Digital K 2.7 55 | —251085 2 — 12C,SMBus | Fault queue | TMP10ZEVM 4010125 6S0T 0.60
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red.

WEBENCH® Design Center Saves Development Time and Cost
WEBENCH Design Center online design Analyze It—Solve your design problems

and prototyping tools put an award- before you prototype

winning online design environment right * Simulate your circuit and evalu-

at your fingertips. Design, optimize, ate performance using electrical and
generate your prototype and download thermal simulations.

your test vectors—all online. And you can ¢ Simulate electrical characteristics,
do it all for free, anywhere, anytime. choose probe points and examine

waveforms to determine performance.
e Simulate thermal behavior and your
circuit on a PCB in your defined envi-
ronment and view color heat maps.
e Overlay alternate circuits and compare
results to get optimal performance.

Select It—Choose from only those parts

that meet your specifications

e |Input your design requirements.

e Choose a recommended part from a
customized list.

Design It—Create your custom BOM

using readily available parts

¢ Tune your design quickly with the opti-
mization tool to balance design objec-
tives for efficiency and footprint.

¢ Adjust components and use charts
to make design decisions on a wide
selection of electrical characteristics.

¢ Exchange parts and use bill-of-mate-
rials graphs for easy external compo-
nent selection based on efficiency, 7
footprint, cost or vendors. Get more information: www.ti.com/webench

Build It—Save weeks getting your final

design into production

* Request samples and purchase parts
or demo boards.

¢ Receive your custom prototyping kit
the next business day.

¢ Download your automatically gener-
ated CAD files, assembly details, test
instructions and complete performance
results.
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http://www.ti.com/tool/LMT84-7EVM
http://www.ti.com/tool/TMP102EVM
http://www.ti.com/WEBENCH

Sensor Signal Conditioning & Integrated Sensing Solutions

Inductive Sensing

Inductive Sensing

Inductive Sensing is a contact-less, short-range sensing technology that enables low-
cost, high-resolution sensing of conductive targets in the presence of dust, dirt, oil, and
moisture, making it extremely reliable in hostile environments. Using a coil which can
be created on a PCB as a sensing element, the LDC1000 enables ultra-low cost system
solutions.

Inductive sensing technology enables precise measurement of linear/angular position,
displacement, motion, compression, vibration, metal composition, and many other
applications in markets including automotive, consumer, computer, industrial, medical,
and communications. Inductive sensing offers better performance and reliability at
lower cost than other, competitive solutions.

Key Features

¢ Gate driver with 8-60 V supply voltage
Magnet-Free Operation

¢ Sub-Micron Precision

¢ Adjustable Sensing Range
(via Coil Design)

e Lower System Cost

¢ Remote Sensor Placement (Decoupling
the LDC from Harsh Environments)

e High Durability (by Virtue of Contact-
Less Operation)

e Insensitivity to Environmental
Interference (such as Dirt, Dust,
Water, Oil)

[}
[}
LDO | Poweriso ' Power: LOOIDC-DC
0
- n
LC REF
driver — ————— ————
LC \ ' ! ] |
tank I ! '
PGA ADC ' o | meu i : S Protection
)~ P NS
] H | 1
i | =
| i
I 1
1
X Integrated Front-end ) ] '
1
L e e
: :
1
Directly to MCU —
Inductive Displacement Sensor
Inductive Sensing
L RP Sensor Supply Supply Current Operating
. Resolution | Resolution Frequency = Input Voltage = Supply Current (Sleep) Temp. Range .
Device (bits) (bits) Range Channels | Interface V) (Active) (mA) (uA) EVM (°C) Pin/Package Price*
S 17 g (DEGmEE
LDC1000 24 16 5kHz-5MHz 1 SPI 5 (Without LC tank) 250 LDCI000EVM 4010125  16WSON 2,95
- - - 17 ______
LD_ 1041 24 8 5kHz — 5MHz 1 SPI 5 (Without LC tank) 250 LDC1041EVM 4010125 16WSON 2.50
nEne 17 om RS
LbE1051 — 8 5kHz — 5MHz 1 SPI 5 (Without LC tank) 250 IDCI051EVM 4010125 16WSON 1.92
..... LMP91300EVM 24WQFN
LMP91300 — 16 5kHz — 5MHz 1 SWIF  6.5t040 3 — (Order through =~ 4010 125 20DSBG A 2.12
product line)

*Suggested resale price in U.S. dollars in quantities of 1,000

Texas Instruments

New products are listed in bold red.
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http://www.ti.com/product/LDC1000
http://www.ti.com/product/LDC1000
http://www.ti.com/product/LDC1041
http://www.ti.com/product/LDC1041
http://www.ti.com/product/LDC1051
http://www.ti.com/product/LDC1051
http://www.ti.com/product/LMP91300
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Sensor Signal Conditioning & Integrated Sensing Solutions
Capacitive Sensing

Capacitive Sensing

Capacitive sensing with grounded capacitor sensors is a material analysis and remote liquid level sensing. The sensor in
very low-power, low-cost, high-resolution contactless sensing a capacitive sensing system is any metal or conductor, allowing
technique that can be applied to a variety of applications for low cost and highly flexible system design.

ranging from proximity detection and gesture sensing to

1
i

LDO Powar IS0 : Pawar: LDO/DC-DC
1

shield REF

. driver
f PGA ADC

1
1
]
]
,
]
]
]
1
¥

f r
[} i
i | | :
| bm i i Interace
; p BO g MCU ! 1 [see specific Protection
- i ! ! I wesction]
- 1
- 1 i i D |
L - om0
! 1
! 1
! 1
Integrated Front-end : :
L .
Push ! 1
I
buttons : | Mcu
i |
. | N———
Directly to MCU
e
Capacitive Displacement Sensor
Capacitive Sensing
Shield Supply Programmable  Operating
# Input Input Drive Supply | Current Standby Sampling Temperature
. L Input  Range Common Resolution Capability Voltage (Active) Current Rate Range : .
Device Description Channels (pF) | Mode (pF) (fF) (pF) ) (uA) (uA) Interface (°C) (°C) Pin/Package  Price*
4-Channel capacitance-
o to-digital converter 2 10-pin
FDC1004 for capacitive sensing 4 +15 100 0.5 400 33 750 29 1C 100/200/400 -40 10 85 WSON 2.50
solutions
*Suggested resale price in U.S. dollars in quantities of 1,000 New products are listed in bold red.
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Sensor Signal Conditioning & Integrated Sensing Solutions

Hall Sensors and Z-Domain Sensing

DRV5000 Hall Effect Sensors

The Hall effect is a sensing technology that detects and can
measure the strength of the magnetic field as an indicator of
distance or position without physical contact. Hall effect sensors
are commonly used in detecting position, speed, or acceleration
of an object by sensing the magnetic field generated by

the object.

(g

Modern day silicon-based Hall effect sensors for commutation

in sensored-brushless DC motors as well as object recognition,
index counting, open and close door applications and more

in a wide range of industrial and automotive applications. Tl’s
DRV5000 Hall sensors are rugged and fully-protected with digital
latch, digital switch, and analog bipolar outputs to suit a diverse
range of applications.

Powaer: LDO/MDC-DC

[ 1
i i
1 REF 1
! e el (-3
i I i i
Hall : : i i Interface
Sensor i PGA ADC i Mcu & i el Pratoctian
1 -~ 1 ! I wection)
1 - 1 i !
— = ; i Deta |
—_—— [} —_—
i i e
: ! P
1 Block typically integrated in MCU i |
LS o+
.t o i o i i Push i |
buttons ' ! L
Directly to MCU H ]
A
Magnetic Hall Effect Displacement Sensor
Hall Sensors
Supply Supply Operating
. L Voltage (Vec) Voltage (Vec) Temperature :
Device Description (Min)(V) (Max)(V) Output Type Range (°C) Package Price*
DRV5013 2.5V to 38V Digital latch hall effect sensor 25 38 Open drain Latch -40t0125  SOT-23,T0-92 0.26
DRV5023 2.5V to 38V Digital switch hall effect sensor 25 38 Open drain Switch 4010125  SOT-23,7T0-92 0.26
ST 2.5V to 38V Digital omnipolar-switch hall ; Omnipolar 3 g
DRV5033 s 2.5 38 Open drain switch -40t0125  SOT-23,T0-92 0.26
DRVB053 2.5V to 38V Analog bipolar hall effect sensor 25 38 0.2Vt 1.8V  Analogbipolar =~ —40t0125 | SOT-23,T0-92 0.31
Z-Domain Sensing
Sample _ - Supply Operational .
. ADC DAC Control Digital Additional Pin/ s
LRk Resolution Resolution (I;:tg) LIETIEE Interface  Audio Interface Features Vo:t‘ia)ge = Ra&;':':,c) Package D
------ - : ' q 12, TDM, DSP, MiniDSP o s s
TLV320A1C3262; 24 bits 24 bits 192k 2ADC/2DAC  I2C, SPI L&R. PCM e 18,33 [LU320AIC3262EVMA4] 401085 ~ 81DSBGA  4.95

*Suggested resale price in U.S. dollars in quantities of 1,000

Texas Instruments

New products are listed in bold red.

Field Transmitters & Process Instrumentation 2015 | 11


http://www.ti.com/product/DRV5013
http://www.ti.com/product/DRV5023
http://www.ti.com/product/DRV5033
http://www.ti.com/product/DRV5053
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Embedded Processing

Microcontrollers and processors from Texas Instruments offer a broad
range of performance and power consumption options. Whether your
system needs the MSP430 MCU with ultra-low power consumption; the W FRAM
C5000™ DSP platform with superior signal processing, an FFT accelerator i B Flash
core, and low power architecture; the Sitara™ AM335x ARM® Cortex™-A8
family with integrated multi-protocol industrial communications support to
connect various kinds of sensors in real-time for better automation; Tl is
tailored to meet your design challenges.

The MSP430™ MCU Value Line brings 16-bit performance, up to 16 MHz
operation, integrated intelligent peripherals, and ultra-low power at low-
cost 8-bit MCU prices to cost sensitive applications. Learn more at
www.ti.com/430value.

1000

Power Consumption

MSP430 Ultra Low Power MCU

Sample NVM Operating
Sigma Delta Rate Memory SRAM Temp. Temp. Range
Device SAR ADC ADC (Ksps) (KB) (KB) Op Amp PWM Comparator  Sensor (°C) Pin/Package  Price*
Integrated MCU Solutions
------- . 38TSSOP, 40VQFN,
MSP430F2274 10-bit — 200 32 (FLASH) 1 2 Yes Yes Yes —40 0 85 A9DSBGA 2.50
M$P430i2040 \ — 24 bit 2 16 (FLASH) — — Yes — Yes —401t0 85 |28TSSOP, 32VQFN| 1.70
MSPA30FR5738 | 10-bit — 200 16(FRAM) 1 — Yes Yes Yes -40t0 85 |38TSSOP, 40VQFN| 2.45
MSP430FR5969 | 12-bit — 200 64(FRAM) 2 — Yes Yes Yes —40t0 85 48VQFN 235
3 10-bit 24 bit 200 128(FLASH) 8 — Yes — Yes —40t0 85 | 100LQFP, 80LQFP | 3.25
M 980 | 12-bit — 200 128(FRAM) 2 — Yes Yes Yes —40t0 85 | 100LQFP, 80LQFP | 4.50
Integrated MCU Flow Metering Solutions
WSP430FR698S | 12-bit — 200 128(FRAM) 2 — Yes Yes Yes —40t0 85 | 100LQFP, 80LQFP | 4.50
MSP430FW429 — — — 64(FLASH) 2 — Yes Yes — -40t0 85 64LQFP 3.55
NVM Operating
Sigma Memory SRAM Temp.
Device Delta ADC (KB) (KB) Timers Brown Out Watch-dog RTC = USCI_A USCI_B EVM Range (°C) Pin/Package  Price*
_______ 4,24 bit SA
SP430i2040 | ADC with |32KB (Flash) 2 2 Yes Yes Yes 1 1 |EVM430-120403| 4010 85 | 28TSSOP, 32VQFN | 1.70
PGA
ARM Processors
Frequency = ARM MIPS
Device ARM CPU (MHz) (Max)  (Max) Interfaces Supported 10 Supply (V) EVM Pin/Package  Price*
TMA4C1231C3PM | ARM Cortex-M4 80 100 DMIPS — 12,33 EK-TM4C1236X1; 64LQFP 2.30
AM181d ARM9 375,456 | 375,456 PROFIBUS® 18,33 MityARM-1810 36INFBGA | 1553
---------- 600, 1200, PROFIBUS®, EtherCAT®, B
AM3356/3357/3359  ARM Cortex-A8 | 300, 600,800 | °jer0 PROFINET®. PowerLink 1.8,3.3 TMDSICE3359 324NFBGA 12.40
Safety Processors
Frequency  Flash Data Flash RAM 10 Supply Operating Temp.
Device ARM CPU (MHz) (Max)  (KB) (KB) (KB) (V) Core Supply (V) EVM Range (°C) Pin/Package Price*
RM42L432 | ARM Cortex R4F 100 384 16 32 33 1.2 TMDXRM42HDK -40t0 105 100LQFP 5.81
RANI46L450 | ARM Cortex R4F 200 1024 64 128 33 1.2 TMDXRMABHDK —401t0 105 144LQFP 15.29
RM48L952 | ARM Cortex R4F 220 3072 64 256 33 12 TMDXRM48HDK -40t0 105 144LQFP 24.20
Digital Signal Processing (DSP)
DSP Frequency (MHz) Hardware
Device DSP Instruction Type (Max) DSP Peak MMACS Acceleration EVM Pin/Package Price*
TMS320C5515 C55x Fixed Point 100, 120 200, 240 FFT Coprocessor | ' TMDX5515E70SP ! 196NFBGA 9.10
TMS32006747 C674x Fixed/Floating-Point 375, 456 3000, 3648 — TMDSOSKL137 256PBGA 11.73
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red.
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http://www.ti.com/product/AM1810
http://www.ti.com/product/AM3356
http://www.ti.com/product/MSP430F2274
http://www.ti.com/product/MSP430F6736
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http://www.ti.com/tool/TMDXRM42HDK
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Interface

Texas Instruments offers a comprehen- 4 )
sive interface portfolio enabling system
connectivity. With a variety of interface
standards such as the traditional analog
(4-20 mA) interface, HART®, RS-485, weu DAC o _I:
I0-Link, and CAN, Tl delivers a variety of
options for your interface needs.

op

Mg [HART)

I
flo o o 9
Connachor Combindad LWSIONO-Link

d-20ma Cumand J O+~ 10V Vollage CMMJ

L

S0 J 10-Link

Combined (U/I/SIO/IO-Link) Terminal

Integrated DAC and 4mA to 20mA Transmitters

Supply HART Operating
Resolution  DAC: Voltage Power (Typ) compatible Temp.

Device (bits)  Channels Interface Output Type (V) (mW) Tx Type input EVM Range (°C) Pin/Package Price*
DAC1615997/P997 16 1 SPUSWI | Current |2.7t03.6 0.33/0.5 | 2-wire Yes  |DACI6TS997EVM| -40t0105| 16WQFN 1.75
BACT50/775( 16/12 1 SPI Curent | 101036 105 | 3wie  Yes | DACETGOEVM —dotot2s ZgfiTSSeP —
------- Current and . =T o 24HTSSOP,

DAC8760/776( 16/12 1 SPI Voltage | 101036 105 3-wire Yes DACS760EVM | 4010125 “nuaeN —
DAC

Operating
Resolution DAC: OQutput Supply Power Settling Temp. Range
Device (bits) Channels Interface Type Voltage (V) (Typ) (mW) Time (us) EVM (°C) Pin/Package Price*
E}f}i‘ VB | 1014116 1 SerialSPl | Voltage | 2t055 | 0.14 6 DAC73TIEVM 4010125 | 65C70 0.95
DAC7551 12 1 Serial SPI | Voltage | 27t05.5 | 027 5 — —40t0105 | 12USON 1.40
DAC121C08T 12 1 Serial 2C | Voltage | 2.7t05.5 0.38 85 — —40t0 125 | 6SOT, BWSON 1.15
DAC1215101 12 1 Serial SPI | Voltage | 2.7t05.5 0.64 8 DAC121ST0TEVAL! —4010 105 |6SOT, 8VSSOP 1.15
Interface Amplifiers
GBW SlewRate CMRR lq per Offset Offset Drift
Vs (Min) Vs (Max) (Typ) (Typ)(VW/  (Typ)  ch.(Max) Voltage (Typ) Operating Temp.

Device (v) V) (MHz) ps) (dB) (mA)  (Max) (mV) (uv/°C) Range (°C) Pin/Package Price*
0PA333 1.8 55 0.35 0.16 130 0.025 0.01 0.02 —40t0125 550T-23, 55C70, 8S0IC 0.95
0PA330 1.8 55 0.35 0.16 115 0.035 0.05 0.02 —40t0 125 5DSBGA, 5SC70, 5S0T-23, 8S0IC 0.70

PAZTF 18 55 03 | 015 | 108 | 0035 0.1 0.05 4010125 5570, 550T-23, 850IC 95
OPA348 2.1 55 1 05 82 0.065 5 4 -4010 125 55C70, 5S07T-23, 8S0IC 0.20
0PA170 2.7 36 12 05 120 0.145 18 03 -40t0 125 550T, 550T-23, 850IC 0.40

JPA188 4 36 2 0.8 146 0.51 0.025 0.03 —40t0 125 550T-23, 8S0IC, 8VSSOP 0.80
PPA171 2.7 36 3 15 104 0.595 18 0.3 -4010 125 55C70, 550T-23, 8S0IC 0.40
OPA277 4 36 1 0.8 140 0.825 0.02 0.1 —40t0 85 850IC, 8VSON 1.05
10-Link

Vs (min) Vs (Max) Peak Isolation Internal Operating Temp.

Device (V)] Rating (Vpk) Indicators Protection Reference EVM Range (°C) Pin/Package Price*
-------- Current limit, Power-good, OVP, OCP, OTP, S RSO A1 B

SNesHVD101/2 | 9 36 50 Remote wake-up Reverse polarity ‘ Yes/No ‘ SNBSHVD101EVM |  —40t0 105 20VQFN 2.50
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red.
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Interface

4mA to 20mA Transmitters

Vs (Min) Vs (Max) Full Scale Input Non-Linearity = Output Zero Span Error Offset Voltage Offset Drift = Operating Temp.
V) Range (pA) (Max) (%)  Error (Max) (pA) (Max) (%) (Max) (mV) (Typ) (uV/°C) Range (°C) Pin/Package = Price*
4-20mA Transmitter
XTR115/6 75 36 200 0.01 25 0.2 0.25 6 —5510 125 850IC 1.25
XTRI17 75 40 250 0.02 50 04 05 -40t0125 | 8SON,8VSSOP | 0.90
XTR113 8 40 — 0.02 — 0.1 15 15 55 t0 125 10SON 0.65
XTR300 10 40 — 0.1 — 0.12 1.9 6 -5510125 20VQFN 1.90
Full Scale Non- Output Zero Offset  Offset Drift Operating
Vs (Min) Input Linearity = Error (Max) Span Error Voltage (Typ) Temp. Range Pin/
Application (V) Range (V) = (Max) (%) (nA) (Max) (%) (Max) (mV) (uV/°C)  Sensor Excitation (°C) Package
(TR108 RTD 75 24 0-80352“’ 0.01 50 (Typ) | 1 (Typ) 0.05 0.1 Two 500pA -5510125 | 24SSOP | 3.35
XTR105/ Two 800pA/ _
1911 RTD 7.5 36 |0.005t01 ‘ 0.01 25 0.2 0.025 1.5 2504A/100pA 40 to 85 14S0IC 4.00
XTRI0B  Straingauge. 75 = 36 | 0.005%01 ‘ 0.01 25 0.2 0.025 15 2Ol 5510125 | 1450C | 4.00
RS-485
Signaling
Isolated Integrated Rate lcc | Supply Operating
#of Rating Transformer Number (Max) ESD (Max) Voltage Temp.
Device TX/RX  (kVrms) Driver  of Nodes Duplex = (Mbps)  (kV) Fail Safe (mA) ) EVM Range (°C) Pin/Package Price*

'SNG5HVD1176  1/1 — — 160 Half 40 10 | Idle, Open, Short | 6 5 — -40t085 |  8S0IC 1.55

‘ 1501176 ‘ mn 25 No 256 | Half 40 16| Ide,Open,Short | 10 | 1310 | iSOTT6EM | —40toss | 16S0IC | 3.00

15011767 \ 11 25 Yes 256 Half 40 10 | Idle, Open, Short | 18 | 3t05.5 | ISO1176TEVVE | —40t085 | 16S0IC 3.30

Signaling
Rate lcc | Supply Operating
# of Common  Number (Max) ESD (Max) Voltage Temp. Pin/
Device TX/RX Isolated Mode Range of Nodes Duplex (Mbps) (kV) Fail Safe = (mA) V) EVM Range (°C) Package @ Price*
SNESHID72) Idle,0pen,  nar | an | @B 850IC,
----- 11 No —7to12 | 200 Half |0.25/20/50| 16 2 OPeM 005 | 33 GNBSHVD72EVME | —40t0125 | 8SON, | 0.70
75/78 Short | 0 | 90 | 2TDIMVL/CEVR 8VSSOP

SNGSVDBZ | 11 | No | -7wof2 | 256 | Hat | 025 | 16 | 90PN g9 s RS-485HDEVM | —40to85 | 8S0IC | 1.00

SNG5HVD888 | 1/ No —7t012 256 Half 0.25 16 No 09 5 | RS485-HF-DPLX-EVM | —40t085 | 8S0IC | 1.10

SNESHVD3080E 11 No | -7to12 | 256 | Ful 20 | 16 | WO g75 | — 401085 | 10VSSOP | 1.20
CAN

1/0 and Operating
V_¢c  Short-Circuit  HBM ESD Supply Current Temp. Range
Device Levels (V) Protection (V) Protection (kV) (Typ) (mA) Features EVM (°C) Pin/Package Price*
------ “Turbo” CAN, “Ideal Passive”, TIEIhSEESET

SN65HVD255 5 27040 12 10 V_RXD Level Shift SNE5AVD2550EVM | —40to 125 850IC 0.50

1501050 5 271040 4 103 itz CQEV%V%‘)V RS [S07050EM 5510105 1650IC, 8SOP 155

SN65HVD252 5 271040 12 13 DeviceNet CAN, with VREF — 4010 85 850IC 0.80

*Quantities of 1,000 begin at this suggested resale price in U.S. dollars.
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http://www.ti.com/product/XTR115
http://www.ti.com/product/XTR117
http://www.ti.com/product/XTR300
http://www.ti.com/tool/ISO1050EVM
http://www.ti.com/tool/ISO1176EVM
http://www.ti.com/tool/ISO1176TEVM
http://www.ti.com/tool/RS485-HF-DPLX-EVM
http://www.ti.com/tool/SN65HVD255DEVM
http://www.ti.com/tool/SN65HVD72EVM

Interface

Ethernet PHY
Part Number Interface
DP83620 MIl, RMI
DP83630 MIL, RMII
DP83640 MiIl, RMII
DP8384s| MIl, RMIL, SNI
DP83848K MIl, RMI
DP83849IF | MIL, RMII, SNI

Power over Ethernet (PoE)

PD
Power Duty
Level Cycle
Device W) (%)
TPS237¢ = 25 | —
TPS23754 | 25 | 78
TPS23751 | 25 | 85

Wireless Connectivity

Device
Device Type
cci12g Transceiver
€c2534 SoC
€C2541 SoC
(_3630_311 Network
MOD Processor
'TRF7970A Transceiver
ET: 539'0_!.'3_5@ Dual Interface

Transponder

“Quantities of 1,000 begin at this suggested resale price in U.S. dollars.

Texas Instruments

Operating
Cable Length LED Supply Voltage Datarate JTAG IEEE Special Temperature
(m) (#) (V) (Mbps) 11491 Port Count Features Range (°C) Pin/Package Price*
150 3 33 1000 Yes Single X (Sﬁ:a%pr?(g'tiggble 401085 WQFN 152
IEEE 1588 PTP,
FX support, Cable
150 3 33 10/100 Yes Single diagnostics, P2P -40 10 85 WQFN 478
upgrade from the
DP83620
IEEE 1588 PTP,
150 & 33 10/100 Yes Single FX support, Cable,  —40to 85 LQFP 4.98
diagnostics
150 3 33 10/100 Yes Single Deted’g‘;';ism 401085 LOFP 2.20
137 2 33 10/100 No Single Deted’g‘;';‘sm 401085 WOFN 095
FX support, Cable
137 6 33 10100 Yes Dual gfeagg?:t;;%sn 4010 85 TQFP 475
management
rDS(on) PoE
per FET = Driven/ PoE Current Inrush PoE Operating
Switching (Typ) Active Limit (Min) Limit (Typ) Standards  Fault Temp.Range  Pin/
Frequency UVLO (mOhms) Clamp (mA) (mA) | Supported Response EVM (°C) Package = Price*
802.3at | 5. .| ESdsavRRUTO A 8S0
— — 420 No 850 140 ype 2 Auto retry | PS2378EVMI109 | -40t0 85 PowerPad 1.00
Programmable £ 8023 at | p o ratry | FPEIETEART Tod | _
synchronizable | Unified | 430 Yes 850 140 ype1, 2 | Autoretry TPS23754EVM1420 | —40t0 125 | 20HTSSOP | 1.25
Programmable | Yes | 450 No 850 140 %Opifa; Auto retry | TPS2375TEVMTI04 | 401085 | 16HTSSOP | 1.10
Data Rx Tx Operating
Frequency Rate Operating Current Power . Sensitivity » Temp. .
Range (Max) Voltage (Min) (Max) Modulation (Best)  Additional Antenna Range Pin/
(GHz) | (kbps) (v) (mA) (dBm) Techniques (dBm)  Features Connection EVM (°c§ Package Price*
EC{120EMK2420-476
2-FSK, 2-GFSK =T
. oK B _ ) ) _CC1120EMK:169, . | _ 5x 5 mm
sub1-GHz | 200 21036 17 16 & SFIfKA éKGggﬁ 123 Differential hcuzaﬁu@ﬁs;e’la 401085 | "o a0 | 220
e CC1120EMK998
24 250 | 21036 | 205 | 45 DSSS -97 MCU/ADC | Differential £C2530DK —40t0125 | 40QFN | 3.20
2.4 1000 | 2t036 | 17.9 0 GFSK -93 MCU/ADC | Differential EC254TEMK —40t085 | 40VOFN | 2.00
_ Embedded | o CC3000EM _ _
2.4 7000 | 27t048 | 92 18.3 | DSSS, CCK, OFDM 975 | 1onp stack | Sindle ended b3000B00ST 20t070 | Module | 9.99
ASK/PSK/FSK, | || mem e == 1
13.56 848 | 27t055| 10 23 1S014443A/B, — — Single ended II-]':RREE%%AET . -40t0110 | QFN32 | 3.10
1S015693
O(RFfied | | TSSOP14
13.56 848 powered) 0 0 PSK, 1S014443B — — Single ended BF430GL33QHTB —-40 10 85 0FN161 0.85
t03.6

New products are listed in bold red.
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http://www.ti.com/product/CC1120
http://www.ti.com/product/CC1120
http://www.ti.com/product/CC1120
http://www.ti.com/product/CC1120
http://www.ti.com/product/CC1120
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http://www.ti.com/product/TPS23751
http://www.ti.com/product/TPS23754
http://www.ti.com/product/TPS23754
http://www.ti.com/product/TPS2378
http://www.ti.com/product/TPS2378
http://www.ti.com/product/TRF7970A
http://www.ti.com/product/TRF7970A
http://www.ti.com/product/TRF7970A
http://www.ti.com/tool/CC1120EMK-169
http://www.ti.com/tool/CC1120EMK-420-470
http://www.ti.com/tool/CC1120EMK-868-915
http://www.ti.com/tool/CC2530DK
http://www.ti.com/tool/CC2541EMK
http://www.ti.com/tool/CC3000BOOST
http://www.ti.com/tool/CC3000EM
http://www.ti.com/tool/RF430CL330HTB
http://www.ti.com/tool/TPS23751EVM-104
http://www.ti.com/tool/TPS23754EVM-420
http://www.ti.com/tool/TPS2378EVM-105
http://www.ti.com/tool/TRF7970AEVM
http://www.ti.com/tool/TRF7970ATB

Interface

Isolation
Peak
Isolation = Isolation = Working Forward/ Speed = Supply Propagation Operating
Rating Rating = Voltage Reverse (Max) \Voltage Default = Delay (Typ) Temp. Range Pin/
Device (Vrms) (Vpk) (Vpk)  Channels (Mbps) (V) Output (ns) EVM (°C) Package  Price*
1507842 5700 | 8061 2121 22 100 | 2230 High 11 1507842-EVM 5510125 | 16S0IC | 3.49
15073426 3000 | 4242 | 1414 | 2 25 | 31055 High(é)“""’ 31 SO7342CEWE | —40t0125  1650IC | 1.80
i_%%;}j—g@éﬂcg 2500 | 4242 s60 | YOI s 27105 High(é)“"” 23 ISO7IXXDBA-EVM | —40t0125 | 16SSOP | 1.90
1507131CC 2500 4242 560 2/1 50 | 27t05 | High 23 [SO71XXDBA-EVM | —40t0o125 | 16SSOP 1.60
ESD/EMI Protection
IEC 61000-4-2  |EC 61000-4-2 Breakdown Operating
Contact Air-Gap Number of |10 Capacitance Voltage (Min) 10 Leakage = Temp. Range

Device Application (= kV) (= kV) Channels (Typ) (pF) (V)] Current (nA) (°C) Pin/Package Price*
ESD Protection

TPD1E10B0g Interface 20 20 1 10 9.5 100 -401t0 125 2X2SON 0.04

_____ Interface,

TPD2E007 Wheatstone 8 15 2 15 14 50 -40t085 | 3SC70, 4DSLGA 0.20

bridge
______ Ethernet,
TPD4ETUO6 | Profinet, LED, 15 15 4 08 6.5 10 —40t0125 | SOT-23,SC70 0.08
LCD
TPD6F00Z LCD 20 30 6 34 6 20 ~4010 85 SON 0.21
s = RS-232/485,

TPD2E07 Profibus, CAN 8 15 2 10 +14 50 -401085 | SC70,DSLGA 0.2
------ Keypad, General B

TPDIE10B0Y Durose 20 20 1 10 £95 100 400125 X1SON 0.05

IEC 61000- IEC 61000- Breakdown Operating
4-2 Contact 4-2 Air-Gap Number of Voltage (Min) Ctotal (Typ) Rline (Typ) Temp. Range

Device Application (= kV) (= kV) Channels (V) (pF) (ohms) fc (MHz) (°C) Pin/Package Price*
EMiPoecton
TPD4F202 | Keypad, LCD 25 25 4 6 30 100 108 —40t0 85 10DSBGA 0.17
TPD6F202 | Keypad, LCD 25 25 6 6 30 100 108 —4010 85 15DSBGA 0.21
TPD6F00Z | Keypad, LCD 20 30 6 6 34 100 100 —40 t0 85 12S0N 0.21
TPD8F003 Keypad 12 20 8 6 17 100 200 ~40t0 85 16WSON 0.25

*“Quantities of 1,000 begin at this suggested resale price in U.S. dollars.
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http://www.ti.com/product/ISO7131CC
http://www.ti.com/product/ISO7140CC
http://www.ti.com/product/ISO7142CC
http://www.ti.com/product/ISO7342C
http://www.ti.com/product/ISO7342C
http://www.ti.com/product/ISO7842
http://www.ti.com/product/TPD1E10B09
http://www.ti.com/product/TPD1E10B09
http://www.ti.com/product/TPD2E007
http://www.ti.com/product/TPD2E007
http://www.ti.com/product/TPD4E1U06
http://www.ti.com/product/TPD4F202
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http://www.ti.com/product/TPD6F002
http://www.ti.com/product/TPD6F202
http://www.ti.com/product/TPD8F003
http://www.ti.com/tool/ISO71XXDBQ-EVM
http://www.ti.com/tool/ISO71XXDBQ-EVM
http://www.ti.com/tool/ISO7342CEVM

Power Management Solutions

Texas Instruments (Tl) offers a complete line
of high-performance power management
products designed for industrial applications.
The devices shown are well-suited for power-
ing sensors that may require low noise and
high efficiency in both line- and loop-powered
(4-20 mA) topologies.

TPS7A4901

Linear Regulators

Vin (Min) | Viy (Max) Voyr (Min)  Vour lour
(v) (v) (v) (Max) (V) (Max) (A) Ilq (Typ) (mA) Accuracy (%)  Output Options Pin/Package Price*

Wide Vi Linear Regulators (Viy > 24V)

TPS7A4001 7 100 1.2 90 0.05 0.02 25 Adjustable 8MSOP-PowerPAD 1.05
1LM2936 55 60 3 5 0.05 0.015 2 Fixed 370, 4S0T, 8S0IC, 8VSSOP 0.62
TPS7A1603 3 60 12 185 01 0.005 2 Adjustable or fixed 8 MSOP-PowerPAD, 8SON 1.40
TPS7A4101 7 50 1.2 48 0.05 0.02 25 Adjustable 8MSOP-PowerPAD 0.35
TPS7A4901 3 36 1.2 33 0.15 0.06 15 Adjustable 8MSOP-PowerPAD 1.10
1PS70933750 2.7 30 3.3/5 3.3/5 0.15 0.001 2 Fixed 5507T-23, 6SON 0.39
LP2951 2 30 1.2 29 0.1 0.075 1.4 Adjustable 8S0IC 0.27
Linear Regulators (Vjy < 24V)

(P2985-N 25 16 25 6.1 0.15 0.065 — Fixed 5DSBGA, 5S0T-23 0.24
LP3878-ADJ 25 16 1 55 0.8 0.18 — Adjustable 850 PowerPAD, 8WSON 0.80
LP38794 3 20 1.2 118 0.8 1.4 2 Fixed 12WSON 1.30
IPSTI701/717x¢| 2.5 6.5 0.9 6.2 0.15 0.045 3 Adjustable/Fixed 55C70, 6SON, 6WSON 0.36
LP5907 2.2 55 1.2 45 0.25 0.012 2 Fixed 5S0T-23, 4DSBGA, 4X2SON 0.14

Voltage References

Viy (Min) | Vjy (Max) losf/lz lq(Typ) = Drift @ 0°C to 125°C  Drift @ -40°C to 125°C Initial
(V)] (V) Vour (V)  (Max) (mA)  (pA) (Max) (ppm/°C) (Max) (ppm/°C) Accuracy (%) Pin/Package Price*
REF503( 32 18 3 10 800 3 3 0.05 830IC, 8VSSOP 1.35
REF323( 3.05 55 3 10 100 7 26 0.2 6S0T-23 1.70
Lma132 22 55 | 1.8t04.1 20 60 — 20 0.05 550T-23 0.78
REF333( 3.2 55 3 5 3.9 — 30 0.15 35C70, 350T-23 0.85
REF303( 3 55 3 25 42 50 75 0.2 350T-23 0.60
Lm4o3d 2.5/4.1 6 2.5/4.1 30 120 — 20 0.05 550T-23 0.45

Vin Operating
i Watchdog Temp. Range
Function (°C) Pin/Package

Ultra-Low Power System Timer
TPL500q 18 | 55 003 | 1toe4 | 0031 | +0 | No | Yes | -40t0125 | MSOP-10 0.60
TPL510( 18 | 55 | 003 | 16to1024 | 0031 | #10 | Yes | Yes | -40t0125 | MSOP-10 0.60

Charge Pump

Vin Vin Vour lout lq (Typ)  Efficiency Operating Temp.
(Min) (V) (Max) (V) (V) = (Max)(A) (mA) (Typ) (%) Special Features EVM Range (°C) Pin/Package Price*
Fully Integrated DG/DC Buck Modules
L7708 ‘ 3 525 —0.232‘ 0.026 ‘ 0.078 ‘ 98 ‘ E”*“"*Jﬂ{&ff"“’“" L7705 MMEVAL ‘ 4010125 ‘ 8USSOP 0.19

“Quantities of 1,000 begin at this suggested resale price in U.S. dollars.
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http://www.ti.com/product/LM2936
http://www.ti.com/product/LM4030
http://www.ti.com/product/LM4132
http://www.ti.com/product/LM7705
http://www.ti.com/product/LM7705
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http://www.ti.com/product/TPL5000
http://www.ti.com/product/TPL5100
http://www.ti.com/product/TPS70933
http://www.ti.com/product/TPS71701
http://www.ti.com/product/TPS7A1601
http://www.ti.com/product/TPS7A4001
http://www.ti.com/product/TPS7A4101
http://www.ti.com/product/TPS7A4901
http://www.ti.com/tool/LM7705MMEVAL

Power Management Solutions

Switching Regulators

V|N V|N vOUT VDUT |ou'|' SWItchlng Switch
(Min) (Max) (Min) (Max) (Max) Frequency Current Limit Duty Cycle Special
WM (M (  ( (A (Max)(kHz)  Topology (Typ) (A)  lq (Typ) (MA)  (Max) (%) Features Pin/Package Price*
Hgﬁ%‘ﬂ 75 100 125 90 ‘ 0-/%/2-3 1000 Synchbuck | 1.3/0.7/03 175 90 — 850 PowerPAD, BWSON  1.57
..... e,
:[P_S§496_1 /_'a‘ 47 | 60 0.8 58 10.2/0.05| 1100/400 buck-boost, 0.35/0.13 0.09 98 Light Yoad ' 8SON, 8VSSOP 0.88
Synch buck efficiency
L5002 | 9 | 42 | 25 | 37 | 05 800 Buck 0.725 0.5 99 — 8VSSOP, BWSON | 1.05
iMR24210 | 45 | 42 | 08 | 24 \ 1 1000 Synch buck 18 0.7 94 Enable 28DSBGA 1.50
LM34919 8 40 | 25 35 | 06 2000 Buck 0.64 05 — — 10DSBGA 1.20
Enable, Freq.
----- synch, Light
LM46000 35| 60 1 28 0.5 2200 Synch buck 1.35 0.024 99 load efficiency, 16HTSSOP 1.65
Power good
DC/DC Converters (V) < 24V)
----- Enable, Light
TPS62125 | 3 | 17 | 12 | 10 | 03 1000 Synch buck 0.71 0.013 100 load efficiency, 8WSON 0.85
SR Enable, Light
TPS62231 205 6 | 18 | 18 | 05 2000 Synch buck 0.84 0.022 100 T 6SON 0.50
______ Enable, Light
TPS560200 | 45 | 17 | 08 | 6.5 0.5 600 Synch buck 1.35 0.06 — load efficiency, S0T23-5 0.50
Power good
4-pin Voltage
..... select
I °S62740 22 | 55 | 18 3.6 300 2000 Synch buck 0.6 0.00036 100 Integr. load 6SON 1.15
switch
B ERT 50 Voltage select
TPS61291 | 09 | 5 | 25 | 33 | 200 — Synch Boost 1 0.006 — bypass function 6SON 0.68
Vin (Min) | Viy (Max) Voyr (Min)  Voyr lour
v) (V)] (V) (Max) (V) (Max) (A) Topology Special Features Pin/Package Price*
Isolated DC/DC Converters
Ms0i7AgAd 75 | 10 | — | — 04 Fly-buck — BSOFomerPAD. | 157
TPS5501 . . . y-bucl nable, Synch rectification, Power good, Freq syncl .
TPS55010 2.95 6 33 20 04 Fly-buck Enable, Synch rectification, P d, Fi h 16WQFN 0.99
SN650T 3 55 0 11 0.25 Push-pull Enable, Isolated 550T-23 0.90
OCR0O10503/5 | 4.5 55 3.3/5 33/5 | 0.3/0.2 — 1W, 1KV Isolation, regulated single output 12S0P 5.95
f_rasgoqu 1.8 5.25 — — 0.06 Half-bridge see TIDA-00167 (Isolated, ultra-low power DC/DC ) 550T-23 0.36
Vin  Vm  Vour Vour lour  Switching
(Min) (Max) (Min) (Max) (Max) Frequency
(V) (V)] (V) (V) (A)  (Max) (kHz) = Topology EVM Special Features Pin/Package = Price*
Fully Integrated DC/DC Buck Modul
‘ Liiz2170% ‘ 3 ‘ 17 |09 6  — 2500 Buck INZ2i701Rq | Power good, Soft start Lihtload efficiency, | ggy 6.25
azsei | 6 | 42 6 02— 1000 | Synchbuck | LMZ14207EVAL Enable, Tracking, EMI tested 7PFM 5.85
e N R o o = = e 3-pin Voltage select
TPS83740 22 | 55 | 18 | 33 | 02 2000 | Synch buck '-%%%%%%%’ﬁ%{‘ 360nA quiescent current MBIOFN | 155
------- integrated load switch
*Quantities of 1,000 begin at this suggested resale price in U.S. dollars. New products are listed in bold red. Preview products are listed in bold teal.
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http://www.ti.com/product/DCR010503
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http://www.ti.com/product/LM34919
http://www.ti.com/product/LM46000
http://www.ti.com/product/LM5017
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http://www.ti.com/product/TPS60402
http://www.ti.com/product/TPS61291
http://www.ti.com/product/TPS62125
http://www.ti.com/product/TPS62231
http://www.ti.com/product/TPS62740
http://www.ti.com/product/TPS82740
http://www.ti.com/product/TPS82740
http://www.ti.com/product/TPS82740
http://www.ti.com/tool/LMZ14201EVAL
http://www.ti.com/tool/TPS82740AEVM-617

Power Management Solutions

S PowerLab™ Power Reference Design Library
e e s e A |l The PowerLab library includes an Features
-~ E-:;:' I _*E:"" [ interactive and powerful search engine * Extensive collection of tested power
= = == § : for design engineers looking for a proven management reference designs.
speeny " and tested solution to their power-supply e Hundreds of power-management
requirements. This interactive search designs for a wide range of
tool allows engineers to find designs by applications and power-conversion
application, topology, input type, input topologies.
voltage or output voltage. e Reference designs include both

isolated and non-isolated designs
for lighting, telecommunication,
computing, consumer electronics
and more.

4-20mA Current Loop 2-wire Sensor Power Supply
PowerLabs Design - PMP6938

Key Features Reference Design Includes
e Small form factor that fits Schematic and PCB layout
7mm x 15.5mm x 0.8mm Bill of Materials
¢ Input voltage withstands line transients Test Results
up to 60V
e Configured to deliver 3.3V/30mA Tl Device: TPS54062
at 400kHz
e Efficiency peaks at 70% at 20mA Get more information:______
from 12V to 3.3Vout www.ti.com/tool/PMP6938

b el e g g 1
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Tl Designs

When you need a trusted reference design resource, look no further than

Tl Designs — a comprehensive reference design library spanning and
complementing the breadth of TI’s product portfolio. From embedded
processors to power management to signal chain designs, Tl Designs

TiDesigns

provides the information you need to quickly evaluate and customize a

system and accelerate your time-to-market.

Turnkey 10-Link Sensor Transmitter
Reference Design — TIDA-00188

Key Features

e |O-LINK v1.1 connectivity
out of the box (TMG stack,
PHY and M12 connector)

e Easy connection of in-house
sensor to the PCB

e RTD performance: maximum measured error:
0.17°C (-200°C to 850°C)

¢ Designed to meet IEC 61000-4-2, IEC 61000-4-4,
IEC 61000-4-5 and IEC 60255-5 standards

-_—
R e ]

Reference Design Includes
e Bill of Materials

e User Guides

¢ Design Files

Get more information:

Small Form Factor, 2-wire 4mA to 20mA
Current Loop RTD Temperature
Transmitter Reference Design

Reference Design - TIDA-00165

Key Features

e Small form factor (L x W): 71.12mm x 6mm

e Sensor input compatible with 2-, 3- or 4-wire RTD probes

e Connects to any RTD from PT100 to PT1000

e Maximum measured error: 0.2°C

e Qutput resolution: 0.76pA

e |Input power supply range: 10V to 33V DC

e Designed to meet IEC-61000-4-5 (1KV Surge DM)
requirement

Reference Design Includes
e Bill of Materials ol
e User Guides '

¢ Design Files

e Software

e Applications

Get more information:
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RTD Temperature Transmitter for 2-wire,
4-mA to 20-mA Current Loop Systems

Reference Design - TIDA-00095

Key Features

e Input Compatible with 2-, 3-, and 4-wire RTD probes

e Low power consumption of 1.4mA (with RTD biasing
currents) makes it ideal for loop powered systems

e 4mA to 20mA current-loop signal output
with 0.25pA resolution

e Maximum measured error: 0.11°C
(-200°C to 200°C), 0.17°C (-200°C to 850°C)

e |[EC61000-4-2: ESD: Air Discharge: +8kV Class A,
Contact Discharge +4kV Class A

e |[EC61000-4-4: EFT: +2kV Class A

Reference Design Includes
e Bill of Materials

e User Guides

¢ Design Files

e Software

e Applications

Get more information:

Isolated Loop Powered Thermocouple Transmitter
Reference Design - TIDA-00189

Key Features

e Sensor input compatible with k-Type Thermocouple probes
(-200°C to +1375°C)

e QOperating temperature of the circuit -40°C to +85°C

¢ Implements cold junction compensation
(RTD based)

e Front End accuracy < 0.5°C (-200°C to +270°C) and <
0.15% (270°C to +1375°C)

e 4mA to 20mA current loop output signal

¢ Design to meet IEC 61000-4-5

Reference Design Includes
¢ Bill of Materials

e User Guides

¢ Design Files

e Software

Get more information:

www.ti.com/tool/TIDA-00189
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Tl Designs (continued)

Hall-Effect Proximity Sensor with PNP
or NPN Output

Reference Design - TIDA-00244

Key Features

e Hall-effect latch sensor with SIO transmitter interface

e Offers superior stability of the proximity detection

e Size and form factor of sensors are perfectly suited to SIO
transmitter interfaces

e MSP430 based solution for easy 10-Link upgrade
(see TIDA-00188)

Reference Design Includes
e Bill of Materials

e User Guides

¢ Design Files

e Software |
e Applications

Get more information:

Isolated Ultra-Low Power Design
for 4mA to 20mA Loop Powered
Transmitters

Reference Design - TIDA-00167

Key Features

e Input Power: 8V to 33V/<3.3mA

e Qutputs: isolated and non-isolated 3.3V rails
o Selectable between low Ig LDOs and high PSRR LDOs

as post regulators

¢ Highly efficient isolated DC/DC converter
o >70% @ 5mW to 8mW output power
o Functional isolation: 1500V ¢

e Contains input surge protection (EN 61000-4-5: £1kV),
reverse protection, current limiters for hot-plug and surge,
load switch and protects a transmitters loop current sense
circuit

e On-board ripple filter to address conducted EMI
requirements (EN 55011) and decoupling from loop current

¢ Fully functional board which can easily be tested, modified
and optimized

Reference Design Includes
¢ Bill of Materials

e User Guides

¢ Design Files

Get more information:

www.ti.com/tool/TIDA-00167,

Texas Instruments

NFC Configuration & Logging Interface
(Dual Port FRAM: NFC <-> FRAM <-> Serial)

Reference Design - TIDA-00230

Key Features

¢ |SO14443B interface (RF430CL330): Android NFC standard

e 64kB FRAM (MSP430FR5969)

e Up to 8Mb/s throughput to/from FRAM over serial

e 800kb/s throughput to/from FRAM over NFC

e Powered over NFC

e Power ORing is provided between the main system and the
NFC daughter card to demonstrate that the NFC card can
be woken up when the main system is down

Reference Design Includes
e Bill of Materials

¢ User Guides

¢ Design Files

e Software

e Applications

Get more information:

Combined Voltage and Current Output Terminal
for Analog Outputs (AO) in Industrial Applications

Reference Design - TIPD119

Key Features

e Single terminal, standard voltage or current output for a
universal analog output module

¢ 16-bit Resolution

e <0.1% TUE (%FSR) OmA to 24mA current output precision

* <0.1% TUE (%FSR) +10V voltage output precision

¢ 4kV Digital galvanic isolation using ISO7641FC

Reference Design Includes
¢ Bill of Materials

e User Guides

¢ Design Files

e Software

¢ Applications

Get more information:
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Tl Designs (continued)

Variable Threshold Hall Proximity Sensor
with PNP/NPN

Reference Design - TIDA-00286

Key Features

¢ Magnetic field proximity sensor

e Switched output (PNP/NPN)

e Configurable threshold (via on-board button)

e MSP430 based solution for easy 10-Link upgrade
(see TIDA-00188)

Reference Design Includes
e User Guides
¢ Design Files
e Software

Get more information:

Simple Thermocouple Measurement Solution
Reference Design, <1°C Accurate

Reference Design - TIPD109

Key Features

e Measures K-type theromcouple temperature
e Accuracy <1°C

¢ Precision/repeatability 0.2°C

¢ Includes cold junction compensation

e Includes software algorithm

Uses ADS1118 16-bit ADC with PGA

Reference Design Includes
e Theory
e Component Selection
e TINA-TI Simulation
e Schematics and
PCB Layout
e Verification and
Measured Performance
¢ Modification Options
¢ Bill of Materials
e User Guides
¢ Design Files
e Software

Get more information:

www.ti.com/tool/TIPD109
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Bridge Sensor Signal Conditioner with
Current Loop Output, EMC Protection

Reference Design - TIPD126

Key Features

e EMC tested according to IEC 61000-4 and FCC standards
e Digitally calibrated 4mA to 20mA output

¢ 0.1% accuracy

Reference Design Includes
¢ Theory

e Component Selection and Calculation
e TINA-TI Simulation

e Schematics and PCB Layout
¢ Measurement Results

e EMC Test Results

¢ Bill of Materials

e User Guides

¢ Design Files

Get more information:

Gas Sensor Platform with Bluetooth
Low Energy

Reference Design - TIDA-00056

Key Features

e Monitors wide range of gases

e Carbon monoxide, oxygen, ammonia, fluorine, chlorine
dioxide...and more

e Supports 2- and 3-lead electrochemical gas sensors

e Complies with FCC and IC regulatory standards

e Coin cell battery operation

e Easily monitor gas concentrations via Tl’s gas sensor iOS
mobile app

Reference Design Includes
¢ Bill of Materials

e User Guides

¢ Design Files

e Software

e Applications

Get more information:
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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 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 (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 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 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 TI 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.

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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