Precision amplifiers
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4-20 mA TXs
Logarithmic Amps

< 1mV Offset ’
* Analog Front Ends

< 50 MHz BW * 180V Power Amp
Drift < 2uV/°C

Industry leading
technologies

Integ. Gain Switche

Precision FDAs AEC-Q100

. Amplifiers
Instrumentation .
Automotive

Amplifiers ‘ plitie gy
V o , = y 1= |:|71$3uf
WES PN SRR

Precision = A Analog Functions
OpAMpS ower Amps Amplifiers

%ﬁrg@m —I%J-I}J ’-Tnimkﬁg ﬁﬁ;umagng

BB » INAs
* INAs + Class AB + Diff Amps
« Difference Amps « BurrBrown™ * Op Amps
* PGAs « SoundPlus™ + Power Amps
* Audio FDAs * Audio Amps
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http://www.ti.com/sensors/temperature-sensors/overview.html
http://www.ti.com/sensors/magnetic-sensors/overview.html
http://www.ti.com/sensors/specialty-sensors/overview.html
http://www.ti.com/amplifier-circuit/current-sense/overview.html
http://www.ti.com/sensors/specialty-sensors/overview.html
http://www.ti.com/sensors/mmwave/overview.html
http://www.ti.com/sensors/humidity-sensors/overview.html
http://www.ti.com/sensors/humidity-sensors/overview.html
http://www.ti.com/sensors/mmwave/overview.html

e-trim™ FWARR

OPA2205 | OPA2206 | OPA391 | OPA392 | OPA376 | OPA191 | OPA192 | OPA197 | OPA196
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Device Example:

° Z< Fﬁ%ggﬁﬁl‘ﬁ/‘]'glﬂfﬂ S ificati E-Trim Laser Trim
SRR AL pecinications OPA191 OPA140
o e [K] A 2 3
Z< E{iﬁ%ﬁ%ﬂzg GBW (MHZ) (Typ) 10 11
AL Input VOffset (V) (Typ, Max) 5, 25 30,120
L 2 - Sl s npu se , Max g ,
o« UREHTHHE T |2 R
BT AR, Input VOffset Drift(uV/°C) (Typ, Max)| 0.4, 05 | 0.35, 1
Tl TEChNOtesé“:/ Offset Correction Methods: Laser Trim, e-Trim ™, and Chopper Lit # SBOT037
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https://www.ti.com/lit/pdf/sbot037

OPAX39x: TI{&IE e-trim™ iZEIAISRI%
FEEaiE s Specifications

- EIERSROSMEIS(True-RRIOAIAE, ZhSeEroigig - vos (max) ———— “Z o 20y
E{E*WEJ—{E %ﬁ%}fﬂaﬁk{gﬂgloﬂv (OPAX392) Vos Drift (typ) 0.1 |,1V/ C 0.1 pv/°C 0.1 pv/°C 0.1 pv/°C

- (ERERR SENE SEARA RIFOERSETEY | bias (max) Sl B o N —
& : BRGR BEAMA, REFOEBITEE | e oo iz TR T

ce-Trim™ - HERSE e R DRSNS, 1/f Noise 4.3 uVp-p 4.3 pVp-p '1.7 uVp-p 1.7 uVp-p
- SRR~ mP RS RSN/ AR E SEENC T Ll LiHz

oy NTANEZE v 122
L >

< $0.60 < $0.60
Packages: (Released / Sampling/ Preview) : (Single) $0.73 (ﬁmq;) $0.83 (fﬁﬁﬁﬂs)
OPA391 (SC-70-5, SOT553-5, VSSOP-8, WCSP) | OPA2391 (RUG,
VSSOP-8, WCSP)
OPA391/6 Applications OPA392/7 Applications
o % =1
Packages: (Released / Sampling / Preview) : iﬁ:ﬂzgfgglﬁﬁ ﬁfﬁ:ﬁgi\ﬂ(
OPA392 (SOT23-5, SC70, WCSP) | OPA2392 (SOIC-8, VSSOP-8, QFN, : ‘5 el vl \
WCSP) | OPA4392 (TSSOP-14, QFN) - Ef7IREFYEs y E{?ﬁ%ﬂ%‘%
f - . + Et/EBIRINGR - MeE
TI TechNotes J Ol_fls:t#(:o;gtg_r;_(l\)/l;t?o s: Laser Trim, e-Trim ™, and Chopper . EE;JE%}?E%% o 1&13%%12§ﬂ:”¥%§
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https://www.ti.com/lit/pdf/sbot037

OPAx19x: TI’s e-trim™ & MUX-FriendlyBhEHISR %

P anla e
. True-RRIO 36-V CMOS EIEAISNGHEBE
- IENNE B HESEE EAVIETR

e e-trim™
- THERN NSRS

- %‘J]EE'}_ BUIEIR: 250V & 100pV (max)
- SERIEMRERNEIR: 0.1, 0.8 & 0.5uV/°C (typ)

=t e MUX-friendly RISHIBELRIE, FaE, REDAQIS

| BRES. LRSS AERIEER.

EIEB‘:‘IEBE?REQEE‘)\
RAZES \Tafll__‘i_% %
- RIERTREESHEAN, NSESERER

7

TIEETRELEIRME | 200pA (BRSETR)
EENnSINeE : up to 10MHz
(EIESEIRCE: 1&‘:55 5nVVHz

£
F

Offset 25uV Offset 100uV

Specifications OPA192 OPA191 OPA197 OPA196
Supply Voltage |  4.5t0 36V 4.5 t0 36V 4.5 to 36V 4.5 to 36V
Vos (max) 25uV 251\ 100pV 100pV
Vos Drift (typ) 0.1pv/°C 0.8uv/°C 0.5pv/°C 0.5pv/°C
Ibias (max) 20 pA 20pA 20 pA 20 pA
Noise (@ 1kHz) | 5.5nV/hHz 15nV/Hz 5.5nV/NHz 15nV/VHz
GBW (G=1) 10MHz 2.5MHz 10MHz 2.5MHz
Slew Rate 20V/us 7.5Vlus 20V/us 7.5V/us
lo (max) 1.2mA 200pA 1.3mA 200pA
Cap Load 1nF 1nF 1nF 1nF
Z;ggl(el)ku) $1.01 $0.99 $0.53 $0.48

Mux-Friendly, Precision Operational Amplifiers |jt # SBOT040B

- XIEFZRESR
- ADCIRzEE
* SAR ADCESHE4E ha5
o« EERBGUY

25 DAQsHIAN

Applications

o

p2p SR EERFIAEIR:
Efij@E: SOIC-8, VSSOP-8, SOT-23-5
Y@: SOIC-8, VSSOP-8

PUiE: SOIC-14, TSSOP-14, RUM-16
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http://www.ti.com/lit/an/sbot037a/sbot037a.pdf

Super—pg BJT IRBEHNSIEHRAR =

INA821 | INA818 | INAS19 | INAB49 | INAB48 | OPA2210 | OPA2202/5/6/7 | THP210
BAME =

- ERIRMERARETFSZEREB RN, THEES
SRR (ARG RER) XA,

- BBSuper-g BINGEARERISURMAEE Zm T RIKEVEMARE
FERFIEREE, UREFIBALRBEIEEER.

Superbeta transistors BIX(ES:
BIBITEIALR,

1000

o
[}

= Standard Bipolag-~~ e
;g ~IH§ g”lbriﬂwg:rAm* Fos ;”f ;‘\\‘
R =il FiEFIPicoamp-level, —— £ / )
(=] -
= <]
E_ 100 ‘% 0.3 Super_ﬂf_ cpn‘.n7
» £ T T T
2 T~ = go2 B S e —
wERESERERESSEE | o (o
[= . g . Ny “
BEARE. B NT el
3 10 o e A

1 10 100 1k 10k ° . == g=—="" 3

Frequency (Hz) > Input bias current max [nA]
Application Brief Super-beta Input Amplifiers: Features and Benefits Lit #: SBOA305
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https://www.ti.com/lit/an/sboa305/sboa305.pdf

super—p 36V5‘A4§'IEEIG"5SZ5FI]INA1X§ S LAY on

OPAx202 | OPA2205 | OPA2206 | OPAx210 INA818/ INA819 {A828

Vos (V) (max)

Vos Drift (uV/°C) (typ) 0.5
Ibias (nA) (max) 2

Input Current Noise 76
(fAWHz) (typ)

Voltage Noise (nV/vVHz) 9

(typ)

1/f Noise (UVp,) (typ) 0.2

Overvoltage Protection No

Elr’:«—A?MJﬁ
?&?E“’%ﬁ% (DAQ)
mlﬁ‘ﬁ EF 13&%%

- EEITISE

« RIS N IR

0.1 0.1
0.75 0.75
200 200

7.2 8

0.1

400

Vos (V) (max)
Vos Drift (uV/°C) (max)
Ibias (nA) (max)

Input Current Noise

(fAWHz) (typ)

Voltage Noise (nV//Hz)
GBW (MHz) (typ)

lg (mA) (typ)

Overvoltage Protection

INAS X=X

0.4 0.4 0.5
0.5 0.5 0.6
130 130 170
8 7 7
2 4.7 2
0.35 0.6 0.6
+ 60V + 40V + 40V
V) :

« EVIERHREN
- HEIVEREENE
« ERIATIHR(Y
- ERSIMRIXER
« EBjthilhal{Y

INA819 and INA821
QFN offerings !!
WSON (8Pin) Package

3mm x3 mm
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OPAx205 - 36V e-Trim™, Super—BANEHT (250 pAlch)

BITWRIRA, #BHsE BEE, (KN, KIES, [REANMEE-T
QB

- (RIBEBEW,s): 25 uV (max) - e-Trim™ technology HEFRIFRAM DATSEHIS LN
- RE 0.3 uV/°C (max) - WFRMFRISHEEISHY, MZFE/E(25 vV max) , iJi%(0.3pV/°C
e 200 fANHz - Super—fix . BFRESRENEY, BUFEEM\LENRE
- SRRt
. EEIRE: 7.2 nVIVHz at 1kHz R i = o
D 25 A - (RREFRIZFEMEFE ERTEETUURRYE R IVINESANRIT
M T \v3 Dib-
. T 3.6 MHz
.E}EEE'_( 4V/|J.S I o I
. ESEHT 250 pAlch (max) .
- BINI{EBETEE : 4.5V to 36V < | £,
Released / Sampling / Preview) é 10 é 6 ]
OPA205 SO' MSOP, SOT-23) | OPA2205 (SOIC, MSOP, QFN § § .
% \\ ; ___ 5 2 ]
BRI 27] - S EERIERERG i | EEEEEE
imu'iit'—iiml.l% = ;ﬁ%{y% o © 4 Of;szelVo?tage (2;\V) ¢ ® 8 10 N I ¢ l gﬂsel Drift;t:V/“C) ° °
ISRECSEARIES - TR TREIR (RIRRBERIE(,s) MRE
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OPAXx206 — 36V e-Trim™, Super—RIEANIEH (250 pA/ch)

BITWRIRA, #BSA(E, S, ﬂiEIJJﬁ 1&5*

, (RN RE AT

e-Trim™ technology HEFREJZEPI N IFrSES 2 (¢

-ﬁ%@r%&
-%Aﬁgﬁﬁ:
- ERIERE:
- BRI
- R

-I-H--—i-|
* T

. FEEER
S B?:u»EEuwi
- BIL{FBETE:

25 pV (max)

0.3 pVv/°C (max)
0.75 nA (max)

110 fAINHz

8 nV/VHz at 1kHz

25 mA (Short Circuit)
3.6 MHz

4 Vlus

40 pA/ch (max)
4.5V to 36V

ReIeased/C" npllng/ Preview)

TV E s
I)\Jlit'—i l)s.li
EREE S

SBEHIERERS
MENRIRE
TRIUEARIR

BRI

. ﬂkﬁ“ﬁ?&ﬂﬂm*ﬁ&LEﬂ, {RFEFE/E(25 pV max) , iRE(0.3uV/°C
max), > T RSSMNEIFR E R ERIRE R

- Super—g izl FEAESRENTM, BENTIRREN ISR

- (BRFIEFEFE ERTREMERIETIVNERTT
- FREEESAOVPRFRIPRE, 158 T IRENIRESE

7.5

5

Input Bias Current (mA)
ro o
o o 3]

&

N
o

-60 -50 -40 -30 -20 -10 0O 10 20 30 40 50 60

—

fme"]

Common Mode Voltage (V)

Integrated input
overvoltage
protection (OVP)
protects the system
from fault conditions,
even when unpowered
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Zero-Drift BiRE AT S

OPA388 | OPA2387 | OPA333/0 | OPA2187 | OPA2182 | OPA2189

« Zero-Drift (433 Chopper, ¥TiEIERFN Auto-Zero FRFHZRKA)

EEMARRELRIEIRE, FHMACERRIKEREMR

RIS, FERAPRE MR RsEE

* IZFEEEIEATHRRGIENDCHE (AOL, CMRRFIPSRR), A
TSGR SCILEIFAIERE.

Specifications

Zero-Drift Non-Zero-

s 3 < OPA388 Dirift A

. | BELEEE ., Vo) A
e _AN° o 53 os
£ (-40°C to 125°C) 2 (Typ, Max) 0.25,5 | 200, 1000
g 20 1

15 B 10 TN V, drift (uV/°C)

10 2 ——WW (Typ, Max) 0.005,0.05| 0.3,1.5

5 . E/ N ’

e = g KISEFHME z 0.1Hz - 10Hz voltage 0.14 5

: 2 9 eSS ss)Js s = (KRR = 1 10 100 1k 10k 100k noise (UV,,) : '
Input Offset Voltage Drift (uV/°C)

Frequency (Hz)

TI TechNotes {:\5/ Zero-Drift Amplifiers: Features and Benefits” LIT #. Sb0al82

Wi3 TEXAS INSTRUMENTS
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http://ti.com/lit/sboa182

TI’'s Low Voltage Zero-drift O

Tl (%

£, FiREIEi K%~ m

Device

Supply
Voltage

Bandwidth
(MHz)

Vos
(1V)

Amps Family

vdrift
(HV/°C)

, BiEBITR Rfini’i Ze (max) (typ)®

g{ﬂé%%gﬁifg EBIAEC-Q1008957E 1.7-55 5.7 2 0.003 0.57 135
@7 Tk, 1R T EAUSE OPAX388 | 2.5-5.5 10 5 0.005 1.7 350
- BHIEH: 51X10 MHz OPAX333 | 1.8-5.5 0.35 10 0.02 0.017 200
- IEESIBmIRE OPAX330 | 1.855 0.35 50 0.02 0.021 500

- AISSIRERTHE, LEEERE LPV821 || 1.7:3.6 0.008 10 0.02 0.00065
- (EINEESIS S, EeUisitaIN OPAX335 | 2.7-55 2 5 0.02 0.285 200
) lT_E\\//>?32313(?1 7”117['3) LMP2021 | 2.2-55 5 5 0.004 0.95 100
OPA2333P| 1.855 0.35 0.02 0.017 200

p2p EH- FEESIER Y%L
SOIC-8, VSSOP-8, SOT-23-5, SC70-5 :
S!Rﬁ SOIC-8, VSSOP-8, SON-8, WSON-8 - AOMERMN
[Mi&: SOIC-14, TSSOP-14, RUM-16, VOFN-14 | * BEITREMIYER
o REMRY
o EnTUERIERES
o EESBISMIINY
o EEREGNIZS

Rz FARY Stk

v
OF
>

*Not all devices listed have all of the package options, refer to the device ds for specific package types

Wi3 TEXAS INSTRUMENTS
11



wa@@@

- PE{RINFEIEES

TI’s High Voltage Zero-drift O Amgs, Family

Tl B,

)I.kﬁﬂi‘&lﬂ:w)—wﬂgi? (N EW')
- OPAX182: iBEMREtL R FETF45%

« 24V WA B HRY(RRIO)EFIER (NEW!)
- TLVx186: LERYME——FMEE R NBHIZ

. SIUEEETEEASELR : M 0.55 MHz — 14MHz
- ACHESEEIRE
- ZIBBEHIEMATRERS, FEET R, ia
TERIEEIN, Tmﬁ%ﬂigﬁﬂx_ﬁﬂiwﬁﬁiﬁmﬁﬁ'

FIMECIERERNE
- TLVX186 (90pA) & OPAX187 (100pA)

* p2p HREERFIGER:

- EAjE: SOIC-8, VSSOP-8, SOT-23-5
- YE: SOIC-8, VSSOP-8
- PUjE: SOIC-14, TSSOP-14, WQFN-16

- ZEE, Highl, SIERAESIEN~

- OPAX189, OPAX182, TLV2186

SHEE S ey E T

XAV

Supply
Voltage

Bandwidth
(MH2z)

Vos

Device (WV)(Max)

Vdrift

, (MVFE)
(@

lq
(mA) (typ)

OPAX189 gk 0.050 13
OPAX182 ' |
0- 5 | 4 0.012 0.85
OPAx188 | 4.0-36 2 25 0.085 0.385
OPAX180 | 4.0-36 2 75 0.350 0.45
TLVX186
i 45-24 0.75 250 0.100 0.09
!ﬁ
OPAx187 | 4.5-36 055 10 0.015 0.10
= 25 m =12 Y HY
o FEUERIKRE
o NG
. ERERE
- BrREZEERMABEERES
o UAENEEE
o (EREHZEOSEEHAZE (NI, FRER(B, B, MERIEEERGET)

Wi3 TEXAS INSTRUMENTS
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https://www.ti.com/product/OPA2189
https://www.ti.com/product/OPA2182
https://www.ti.com/product/OPA2188
https://www.ti.com/product/OPA2180
https://www.ti.com/product/TLV2186
https://www.ti.com/product/OPA2187

INAS21AN R TBUN 2% A 4] 34k 2

FLJT N 248

Vbus LMs118 Wl-
Vbattery;—[i

| BATTERY |

Vbus: 8-16V System Power |wasms =e NN\ oo | {UNDER TEST
. i | Vbattery: 0-5V, P |
@ i; "C‘i\) :
ke 1

15 conTROL
+ ICCERR AMP
|

e | .
< AD5131E04 TivA -\5 )
~

-

ST
| 16781

l

EEMFIEE TR (20A — 100A) l

Thfg: LA R ARG, INAAER A TRCAT 5 it 7 e A R P o 3 v o v 7 A

CC = [Hii7aH, CV={H[E7H
FEREI R EK

=L NG

o RIEE
o T AE N B E (Vem)YEH

BHE~:  INA188, INA821, INA818/9

—» see analysis next slide!

Tl TechNotes (g/

T

INAS2 1R FHMIR N A R Gl e

O KFABEE <35pV, fiE <0.4 pVv/°C, i

SRR Y

] €)

F
" <0.025% , RHEE#E:E 7 nVHHz , &

Xt LI ML P AR el ) R
Q A ELRY: 7EVbus B IRV 2SI T,

INAS2 TR ARAR 7T 52 (15 5y A\ s (KL IR £GP,

240V, K FEmm s .

0O CMRR >110dB: B¥EA KIS 3,
TN RGNS, HAE AN B R T i

i

“Comprehensive Error
Calculation for Instrumentation
Amplifier”

ti.com/lit/sboa341

1 L.
‘i ———————— 4.2V/4.35V/Cell — = === = = — —
//
/
/
/
/
-~ -3.0v/Celk - —~
gl T T g
ST B 7 H e AR R IR

Wi3 TEXAS INSTRUMENTS
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http://www.ti.com/lit/an/sboa341/sboa341.pdf

B FH b FE YRR, — AR BOR 28 ICHTAE TR
ek WEOGE 4

W, Boost s
oﬁﬂ—E!ﬁ [ comerer LT Highest BW Mid BW Mid BW ,
J l A E T ngweSNoise Lovlv Noise Lower Power Lowest Drift
Ba“e"”“““’“"““’ge | AA Specifications INAB21g " INASZEWNS  ANAB19 INA2SS
Q W : Vs min (V) 4.5 4.5 4.5 4
o - H Vs max (V) 36 36 36 36
GBW (MHz) (G=1) 4.7 2 2 0.6
iRE - 135y H BE 25 I 2 FE () 78 FEL/ R R | [Slew Rate (V/ps) 2.1 1.2 0.9 0.9
Vos max (uV) 35 50 35 55
o« HARRAIEZ)< 0.5Q, MHIBHET Drift (Max) (uV/C) 0.4 0.5 0.4 0.2
)3 2 FU?E%%UFHLE&ZB’JKJJME’JEEE%WE CMRR (Max Gain)

. #*Eﬁﬁﬁfﬁmdﬂ@%a‘%ﬁ%—Tﬁﬁ?ﬁﬁlmﬁ%ﬁ (Min) (dB) 140 140 140 118
%ijﬂjiﬂ? B2 ]S AR S ) R g AT 14 typ (mA) 0.6 0.6 e 16
IR b Vn (nV/rtHz) 7 7 8 125

~ | |ibias (M A 0.5 0.6 0.5 2.5

BRI - S E g | (el ax’(fy”M’ ; — = — 25

JR LB LSS A B, FLAR B S SN ETOT L VA : : : :

R ONGE Gain drift (ppm/°C) 35 50 35 50
. uﬁ,inqcﬂ Price (web S) 2.21 2.15 2.05 1.85
S R b N R e

« EEILBH AL (CMRR)

Wi3 TEXAS INSTRUMENTS




PRAMPS| EE: bl iR{X
FE, YL R N U X 2
B R BNR IR

“““““““““““““““ 1. EECC/ICVEH|E B IR (<0.1%), WiHHET, HAFE
cmmen | {8 (SOC) Rl i EREIRIL(SOH) 525 54
2. BHE NMTHERBLERVEN BHRESNEZERTE)

O 7 5 EE R A e RO 3

|
|
|
|
|
|
|
|
|
|
I 1. High Precision: INA821 Super-beta inputs enable low drift to ensure
: accuracy over wide temperature ranges (0.4pV/°C max), low offset
Voliage | voltage to minimize system error (35pV max) and extremely low gain
. |
B
|
|

<mmm error for accurate reading 0.005% (G=1).
2. High Bandwidth: INA821 Current feedback input stage provides high
common-mode rejection and bandwidth for higher gain settings
———————————— 3. Low noise: INA821 offers low 1/f and broadband noise help ensure
maximum signal integrity and optimum resolution

 Brodug ger_Jigies
Device Description
+ SBOA341 — Comprehensive Error Calculation for INAs

. p . INA821 Wide-bandwidth (4.7MHz), high-precision (35uV, 0.4uV/°C), low noise (7nV/\Hz),
+ SBOAZ236 - Simplify V & | measurement in battery test instrumentation amp with input overvoltage protection
+ TIDA-01040 - Batter tester for high current applications INA8B18 Low power (350pA), high-precision (35uV, 0.4uV/°C), low noise (8nV/VHz), instrumentation
e, i R amp with input overvoltage protection
* [FAQ]INA Stickie: How do INAs fit into my design? P P ePp
INA188 Zero-drift (55uV, 0.2uV/°C), low noise (12nV/\YHz), instrumentation amp with RF| filtered
inputs and wide-supply (36V)

Wi3 TEXAS INSTRUMENTS


http://www.ti.com/product/INA821
http://www.ti.com/lit/an/sboa341/sboa341.pdf
http://www.ti.com/lit/an/sboa236/sboa236.pdf
http://www.ti.com/tool/TIDA-01040
http://e2e.ti.com/support/amplifiers/f/14/t/818894

SLElE e R I a: S Gk e

Field Transmitter

RiTH&R R

ERTZIRIHN AR TS, T RS EIER Rkl E I8
WARRTTZE, BiRFEENSE, BERNSRIIREERES
S TEERRINE.

Factory

. Sub-syst S
Automation & u¥i%;em %@%&E‘]ﬁ*%ﬁ

Control

Electromagnetic

=R =t oo Ultrasonic < INA821
{JILE/H%A-_; %§ +  Thermal mass
Differential pressure flow INAB19
e . Thermocouples
):JZ o e YM&L‘}\\ %§ . Resistance temperature . INA826
JEN detectors (RTDs)
INA333
Resistive bridge
=t . Capacitive bridge . OPA2376
Hijj@&%% . Linear Variable Differential
Transformers (LVDTSs)
OPA2191
XTR111
ll/i‘j:'}—\'%% « 4-20 MA m\%%% +  Loop powered transmitter : ;Igéég
I JT - MA 1= +  3-wire transmitter . OPA391
OPA333

L L U igHROMERRFNHERR
BAERARENRSITHRIERESRIT |, BEARRERK
IRITHIRBEMTER. UTAERARTERX HEE:

(ESTIFE *of T-FR A1 e ey Y0 1) o7 P 28 0 F 2
EERHPEILL v N S5 S AR i BUR
[EiRiE EEZIN TIEREiRE

([RIER RIS ES RIS DY

i EI%E FICILFERR, IS EEE, SREES NS

E . {§

Field (#}1%) — fERIRZEMAIN, TIERIREZ), R ERIRTEEFIRMR N SN NSRS

W3 TExAs INSTRUMENTS
16


https://www.ti.com/product/INA821
https://www.ti.com/product/INA819
https://www.ti.com/product/INA826
https://www.ti.com/product/INA333
https://www.ti.com/product/OPA2376
https://www.ti.com/product/OPA2191
https://www.ti.com/product/XTR111
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https://www.ti.com/product/XTR305
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4-20 mATL NV &5k K1 P72 1% 58

1 4k B 2238 as AR HUL B A BEER B

:SENSORAFE } lTRANSMI'I‘I’ER: N @j— INPUT MODULE :
I [ | @ !
| ‘ T Isupply |
| | I szoma | I
: | | o5p : INA rs ADC = MCU |

+ XTR : a——— :
| | —w—@——‘ 1
| [ 1 I 1
| | | | |
| | | |
L o b a | . RN (W 4

Instrumentation amplifier to condition transducer signal and current measurement
INA333 — Micro-power (50pA), zero-drift (0.1pV/°C), high precision (25uV)

INA821 — High precision (35uV), wide bandwidth (4.7MHz), low noise (7nV/\Hz) with over-voltage protection

INA818 — Low power (350uA), high precision (35uV), low noise (8nV/VHz) with over-voltage protection

INA188 — 36V zero-drift (0.2uV/°C), precision (55uV), with RF! filtered inputs

Transmitter converts signal from sensor to 4-20mA:
XTR115 — includes 5V regulator and 2.5 V reference

XTR116 — Includes 5V regulator and 4.096 V reference

XTR117 — Includes 5 V regulator

XTR305 - Industrial analog current to voltage output driver

Discrete implementations of signal conditioning and transmitter functions

OPA391 — Micro-power (24pA), ultra-low bias (10fA), precision (45uV) op amp

OPA2387 - Ultra-high precision (2uV), zero-drift (0.003uV/°C), low 1/f noise (177nVpp) op amp

OPA2187 — High precision (10uV), zero-drift (0.001pV/°C), low power (100pA) op amp

OPA2205(6) — Precision (251V), low 1/f noise (150nVpp), low power (250uA) bipolar op amps with over-voltage protection

4-20mA = 37t [B] % 1 S

Field Transmitter

SRR IS A ﬁIZC%&?ﬁ?Lﬁ MLekhne, 1B
SRR 75 LA 2 0 (5 (O BEAT T L

W 5 g S S R B N A T IR AEA-20mA R,
T, W%F%%ﬁ%%ﬁﬁﬁfhﬁﬁmﬁﬁ%
N2 0 HP T2 ) 28

ML [P e R L, DB ZE R I S () 4% 1
TS T A FREPID I 15

TIEGAIE AR KB IR

Highly Accurate, Loop-Powered, 4- to 20-mA Field Transmitter With
HART Modem Reference Design

How to Select Amplifiers for Pressure Transmitter Applications

Digitally Calibrated Bridge Sensor Signal Conditioner with 4mA to
20mA Current Loop Output

Compact Programmable 4-mA to 20-mA and +10-V Analog Output
Reference Design for AC/Servo Drives

Single-Supply Analog Input Module Reference Design with 16-Bit, 8-
Channel ADC for PLC

W3 TExAs INSTRUMENTS
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https://www.ti.com/product/INA333
https://www.ti.com/product/INA821
https://www.ti.com/product/INA818
https://www.ti.com/product/INA188
https://www.ti.com/product/XTR115
https://www.ti.com/product/XTR116
https://www.ti.com/product/XTR117
https://www.ti.com/product/XTR305
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https://www.ti.com/product/OPA2187
https://www.ti.com/product/OPA2205
https://www.ti.com/product/OPA2206
https://www.ti.com/lit/ug/tidudf6/tidudf6.pdf
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https://www.ti.com/lit/ug/slau526/slau526.pdf
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https://www.ti.com/lit/ug/tidu291a/tidu291a.pdf
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.
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Figure 1. Common Pressure Transmitter Block
Diagram

—@ — — Varies depending on implementation 1

24
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I i | O Digital
I Driver }I—l Processing
i |
3.

PGA/INA: /N ZE MG SETT 2100 TAEA LS T, s tl
FEEELTRENIB G SN T, PGAMCRIZH
TP B 48 A P R IO FIX S U N 1 22 (8 5, T80
DR FE ARG 7 BT SR R b, B A S R Y s K P

W4 HFEE(E AIEnER sk hl R IR rT SRR
BRJERT, WA, LVDTHIEESERES, BRIEXTS)E,
B HRNIE BRI,

VI ¥ 3%: RIEE N SEMNERER L LS5 HRES 2
HIE 188, 5 H T 4-20mA FE L A B SR PIDRE# A4 0 Tk 1=
M2, RARISUR R EES G B pyIEE
i
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INA 3R 12 IR Bl 3% 235 2 8 i) B F AL 35

i. TR EEEIEE (INA) #2 - KB REBER RFAER)

iii. IRITHREEENEE (INA) #3 — KRS

. RITHREESEINEER (INA) #1 - IR AMFILL, CMRR=140dB @G=100

v IZITREEEREE (INA) #4 — (K105 > BIRRHEBAE, 2-wire IATIEEANLE

S0 3 10 10 30 50 70 %0 110 130 150
Temparature {°C}

N =294 G=1

INA821 offers very
low input bias current
and shows excellent
performance across
a wide temperature

range.

Sensor imbalances and environmental conditions create Small differential voltage at the sensor output require #3
significant AC and DC common-mode voltages. High #1 low noise to maintain the integrity of the signal. This is INA8B21
CMR across frequency is required. especially important in high resolution flow meters with 1/f (G=100) = 0.14 puVpp
160 INAS821 pV-level sensitivity. En (G=00) = 7 nV//Hz
R i A CMR (G=100) = 140-dB
£ 420 [T
& ™~ ~ INAB21 offers extremely
g e LIk INAB21 offers 55 low 1/f corner and
g w0 i unmatched CMR across ;;g overall excellent noise
g e [ frequency at different 3 performance. Up to an
S 40| — - —1 - " - 2 - -
§ 0 Gl u; ] [11] L0 gain configurations. & 83% reduction in 1/f
T G100 L L T .
oL G~ 1000 :; Rl m \\T‘ I i noise when compared to
10 100 1K quu;g;y (Hqu:ck ™ 10M 100m 1 10 quu;ggy o 1k 10k 100k its Competitors'
Flowrmneter sensors can have output impedance up to the GQ 2 AFE power consumption dictates the current level at
range. It is important to keep bias current low to avoid # which the XTR functions. For 4mA loops, you want the #4
generating additional input errors. Make sure performance INA821 AFE to consume little power:
is maintained across temperature (JFET amps will increase Iv (@ 25°C) = 0.5 nA INA821
orders of magnitude across temperature). |q = U.G-pA
T :

]
1:

=
Zoma

INA821 offersup to a
67% reduction in
quiescent current

when compared to
its top competitors
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INA (FRIEHIEE E F= miE 1A 3E X RS Tl

Specifications

Supply Voltage (V)

45<Vs<36 4.5 < Vs <36 1.8<Vs<55 4<Vs<36
CMRR (G=1000) (dB) (Min) 140 140 100 118
Input Offset (UV) (Max) 35 35 25 55
Input Offset Drift (UV/°C) (Max) 0.4 0.4
Input Bias Current (nA) (Max) 05 05 0.2 25
Noise @ 1kHz (nV/VHz) (Typ) 7 8 50 125
Quiescent Current (mA) (Typ) 06 1.4
Bandwidth (Min Gain) (MHz) 2 0.150 0.60
Gain Error % (Max) (G=1) 0.025 0.025 0.1 0.025
Specified Temperature (°C) -40 to 125 -40 to 125 -40 to 125 -40 to 125
Package Options MSOP-8, SO-8, QFN SO-8 MSOP-8, SO-8, QFN | MSOP-8, SO-8, QFN

Other features

+40V input protection;

Super-beta

+60V input protection;

Super-beta

Zero-drift
Micro-power
RFI filtered inputs

Zero-drift
RFI filtered inputs

FICMRR: ey LA L mT
MG RREE I LA I T
jﬁ
SN BT EESY
HiHBHT T REEZE GO
B, FtIBaTEssvnE
BEEEsHBABET.
SHBSERSI(EOCS): FiE
)\lﬁ'ﬁ& B ERFRIFER
R OEE + 40V, SHRIER
BFFEEATIES
BERIFNSEFRIPER.
{KTh#E

Reference:

TI Precision Labs - Op Amps: Instrumentation Amplifiers

Wheat is an_instrumentation amplifier?

Comprehensive Error Calculation for Instrumentation Amplifiers

How to layout a PCB for an instrumentation amplifier

Wi TEXAS INSTRUMENTS
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https://training.ti.com/node/1140119
https://e2e.ti.com/blogs_/b/analogwire/archive/2019/08/09/what-is-an-instrumentation-amplifier
http://www.ti.com/lit/pdf/sboa341
https://e2e.ti.com/blogs_/archives/b/precisionhub/archive/2016/10/14/how-to-layout-a-pcb-for-an-instrumentation-amplifier

INA849 36V Instrumentation Amplifier (28 MHz)

AP RS, EBIRIER,

RTEES,

AR A ERIKRS

1 nV/\VHz at 1kHz
1.6 pAlNHz at 1kHz

- FEEIRR:
- EERIERS

- ! 28 MHz

- EE= 35 V/us

- {RIBERIEW,,): 35 gV (max)

- KFBREER: 0.4 pV/°C (max)
. HIEDHIEL CMRR (B1EET): 120 dB (min)

- BMNREEREAR Ui 20 nA (max)

- EEmRE: 0.05 % (max)

- BSHR 6.6 MA (max)

BETE: 8V to 36V

- BEREINTAE
e

TS
o TALRRRSHHN
. EFEIRE

. EERNESE

- BRI
- METEH

- IHEEE] (EKG) FiASE

- @RFUIRNRENT, AEREHERNERRIKER,

- APFRRARIR, RREMERRARE, IRT @3RS T

NEERREERERS, FRUESOHE

BEEE
RIR SRR ST eItk (E

- ARSI KEFERZATIE, TR TR GRIRKEZFRIR

FERit, IRARESIHRTTIIE.

- BEFEEEANER(G = 2,000)5] FHEYS: INA84S

+\'5

_|N]:7 > 5 kQ 5 kO Vo =G( Ve —Von )+ Veer
ATATAY M
- 6 kO
RG G=1+ R
kO G
gRG —0 OUT
3k
RG
| WA TATATA REF
+N + 5 ki 5k0
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Specifications
Description

DA IR AR IR I — B =i

v/l 1

2-Wire
XTR115/6

Current in to Current Out

XTR117

Current in to Current Out

Supply Min (V) Max (V)

Specifications

e AR I 00 A

3-Wire
XTR111

XTR300/%PR305

Description Precision V-to-l Industrial Analog Current/Voltage
Converter Output Driver
Additional Adjustable Digital Mode Control, Error Status Flags,
Features Regulator Voltage or current out, Monitor circuitry
Supply Min (V) 8-40 10-40
Max (V)
Output Range 0-20mA/4- +17V
20mA/5-25mA +24mA
Input Range 0-12V

(V_+3V) to (V, —3V)

Sensor Excitation

Onboard Adjustable 3V - i

Regulator 15v

Package(s MSOP-10. .
ge(s) VeON10 QFN-10

Price(Web) 0.65 1.00

7.5-36 7.5-36
Output Range 0-20mA 0-20mA
Input Range 0-250uA 0-250uA
Sensor Excitation 2 5V/4.096V
Quiescent Current(pA) 200 130
Nonlinearity Error(%) 0.003 0.003
Onboard Regulator 5V 5V
Package(s) SO-8 VSSOP-8,SON-8
Price(Web) 1.25/1.5 0.9
References:

. Usina the XTR115 with the PGA309 to Generate 4mA to 20mA Qutput (Rev. B)

» Compact Programmable 4-20mA and +/-10V Analog Output Reference Design

Wi TEXAS INSTRUMENTS
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SRS RTE Nt S Sty R
BT (EE) LS A lit et

ouT
Board

{=T= i i i i
m - H = Feley Feay Relay Reay

Switching: Solid State. Relays, and Pego Pins

}@V’fﬁ €

» -““‘“
ain | At age - - Volinge I a

-- [ 7vs oo f ey

Farce \bltage Current Sensze Voltage | Cumrent Device Pows _.Jpp\,r ’
=in Measursment Uns [ Fin :Ie:,t'c:m:S/ \ \

New

OPA462 OPA593 INA149 OPA2189

High Vem, diff amp 36V, 3uV, 14MHz, 5.2nVirtHz

OPA2210 THP210
36V, 35uV, 18MHz, 2.2nV/rtHz 36V, 50uV, 10Mhz, FDA

180V3.3.4mV, 6:5MHZ; 33nV/ itz 85V, 100uV, Current Limit

Top Competitors: Top Competitors:
LTC6090, ADHV4702 +  :LT6015;ADA4700

Top Competitors: Top Competitors:
AD629 «  ADA4522

Top Competitors: Top Competitors:
AD8676, AD8672 »  ADA4945-1

Precision Amplifiers

PA_E R R 21 R A L R R S N B OKE
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B BAGE: WASHBRANMREGY O B AR

Device

PRAMPS| EE:3SIATC HlliiE &

H —

1 1 :
FPGA — DAC I Power amp i
t
I z
1 |
__________ !
"""""""""""""""" e o T i 5
1 | | |
g !
l | [ !

ADC Diff amp. [} : I

1 ! i

1 | L

Current e e o e ok gy e e
e ———
1 1 <
1 3 1 <
1 ! ] i
1 I | E
i I i
S

OPA455 Wide-supply (150V), wide bandwidth (6.5MHz) unity gain stable op amp with current
limitand status flags

INA149 High common mode (550V) unity gain difference amplifier

OPA2182 Industry’s lowest drift (0.12nV/°C), very low offset (4pV), low noise (5.7nV/\Hz)

THP210 Industry’s only precision (40upV, 0.35uV/°C), lower power 36V fully-differential ADC
driver

¥ FEESN IR S ER B RIR SRR L IR
KEE, WISIXLEIRER G T DACEEHAES, I RiNFIIFRIZIN
ﬁﬁg}%ﬁ; XIS ATEANERE, AN, LARRRBEIUE HBIIE
iz Py

OF Rrikoge

1. DAC provides a voltage from 0-2V and needs to be gained up by an
amplifier. This voltage is then driven by a power amplifier with
enough current output.

» Power amp should be chosen based on the current needs of
the application and the supply voltages available.

» Depending on the gain required, a separate gain amplifier is
needed to preserve power amplifier bandwidth

2. Precision current sense is needed to monitor overcurrent conditions
and ensure proper test conditions.

3. Voltage must be monitored to ensure that the proper test conditions
are being evaluated. This can be done using a simple resistor divider
and driving the ADC.

Wi3 TEXAS INSTRUMENTS
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___PRAMPS| EE: Sl HiMitis &
1: ERSMEREMENIZ S (DUT) 12 HEBIRRYES
@GR NAEE: WSS

SRS HEERIIEE TS

Vref }——'\/V\ﬁ

1 25 & FE T ) Power amp buffer
Gain & level shift with high lout
A~
Power Amp e

Op-Amp

Mcu DAC

S8 BN EH B TR

How to Select Precision Amplifiers for Semiconductor Testers

O BRI

¥$%Mﬁ&%ﬁﬁ%%%gﬁﬁﬂ%ﬁﬁﬁﬁ%@m,uﬁ%
DACHE Z5 FE R s M B BB 2 . BAEHIE UL B EA &
EH VR IThEE (200 mA) , DAIRELZEZ A ARSI R E SR
FIFEAME

O 7 Sl BRI BRI R

M B P L G PR i, SEMUE, TS, T
BB TS T, AT

Specifications OPA462 OPA455 OPA454

Supply Voltage (V) 12to 180 12 to 150 10 to 100

GBW (MHz) 6.5 6.5 2.5

Slew Rate (V/us) 32 32 13

Output Current (mA) 45 45 120

Vos max (mV) 3.4 3.4 4

Drift typ (uV/C) 4 4 1.6

Features Current limit Current limit Current limit

Wi TEXAS INSTRUMENTS


https://www.ti.com/lit/an/sboa449a/sboa449a.pdf

PRAMPS| EE: S ladics /g &
2. EEL IR Eh S L
B RATEE: WA R R

FEL IR L I M A8 2R G 9 B DRt O I T R R 1 AN 5K
o " D FRBNSCMMEE,  FERR IS P e K I AR A T RS R AR
$ U IR DL S JE AT IR,

T OF 7 i S R R A R R

LRI ) B T EAE Y e A RIS OR T . A R e
A H TR G N ARG IS I T, A] DA FH INA149 2 4318 o

R R L A I S B 7R K

1) m A b
2) RAwWAs FBIRAE RS

[IESES
Device o ) \ 3) Ak
INA821 Wide-bandwidth (4.7MHz), high-precision (35pV, 0.4uV/°C), low noise (7nV/\Hz), Y 1[I 5 .
instrumentation amp with input overvoltage protection %E@EMU ﬁ Eq ;&%%* .
INA149 High common mode (550V) unity gain difference amplifier K
1) (i B
INA188 Zero-drift (55pV, 0.2uV/°C), low noise (12nV/\VHz), instrumentation amp with RFI 2) E&nﬁ‘%)ﬂ:‘

filtered inputs and wide-supply (36V)

OPAXx182 Industry’s lowest drift (0.12nV/°C), very low offset (4uV), low noise (5.7nV/VHz

Wi TEXAS INSTRUMENTS
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PRAMPS| EE: ﬂé%W!kHﬁ:u\H'ﬂJEttﬁﬁ
Iﬁl*! l; , ﬁEﬂ?n‘e‘F‘—". ADCEEM=EFNIRTNZEA0E
X Uﬁ‘*ﬁ%ﬁ'&ﬁ*ﬂﬁ@?ﬁ?&ﬂ%ﬁ&%% =SS O YR s 22 Ee
L 1t —AemA\BER SEE , [RERISH.

TV IR B 725 1 3 B M RS | |

o THP210
) Lo ADC IRZh2S A2 a5 i EoR .

= 0o
o » RS
! « Low noise and low distortion allow for high resolution data acquisition.

I HIEE:

+ Low Offset Voltage, and Low Offset Voltage Drift
5% BHEN EHPETFRR R AR

+ Bandwidth: 18 MHz (Typ) | Slew Rate: 6.4 V/us (Typ)

» Why precision matters with fully differential amplifiers Z -
ST _ 10 T RERS
» How to Select Precision Amplifiers for Semiconductor
* w (- AnaloQ Engmeer s Circuit Cookbook: THP210 36V, low power (950pA), low noise (3.7nV/\VHz), high precision (40uV, 0.35uV/°C) fully-differential
Am pliﬁers ADC driver
e SLYT701 -The Signa| E-Book OPAX210 Ultra-low noise (2.2nV/VHz), wide bandwidth (18MHz), precision (35uV), Super-beta op amp
OPAXx206 High precision (35uV, 0.3uV/°C), low noise (7.2nV/\Hz), Super-beta, e-Trim op amp with OVP

Wi» TEXAS INSTRUMENTS


https://e2e.ti.com/blogs_/b/analogwire/posts/precision-fully-differential-amplifiers
https://www.ti.com/lit/an/sboa449a/sboa449a.pdf
https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf
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Analog E O
S e

Analog Engineer’s Op-Amp Cookbook:
- BEENIEERRERINYRG
© FHRBIRIRIHRR.

- IRUURASRIIIARSEEES, BFESPICER
B, o] N AR IR .

- B >251ENiE '%“Eﬁjt%%%ft M
EREREIPWMEA L

- fEti.compiif EAIRERTH,

mp Cookbook

._I

Fi

SZB0fE Tl.com EFE !

Transimpedance Amplifier

E“i“ GMITSingle-Supply, Low-Input Voltage Full-Wave Rectifier

o Design Goals
T

E Differentiator Circuit

zzzzzz

put to set the DC output vo ngcna\so
be derived from a voltage divi

e inear output voltage swing (see Aol specification) to minimize non-linearit) Y @Tors.

3ZhR: http://www.ti.com.cn/zh-cn/analog-circuit/circuit-cookbook.html
W|IRR: www.ti.com/CircuitCookbooks
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Tl Precision Labs — TI SEESCIS=EE ISR

www.ti.com/precisionlabs ey -

https://www.ti.com.cn/ww/seminars/PLAB/index.html

. 8T <15 o8h
- [t LIS AR R A B IR EE

AREEFEHEIA M EEMISRPE 11

Drift Slope — Positive and Negative

Op Amps
Input Offset Voltage (Vg & o

Comparator Applications 34

= Basics of Analog Multiplexers 2 DC Specifications: %
TIPL 2602 input capacitance, leakage current, lnput impedance, g
Input Bias Current (IB) W ’ TIPL 2103 T Precision Labs — Op Amps g 5 reference voltage range, INL, and DN ,Lf’
11PL "00 , Tl Precision Labs — Op Amps . s > ._l’%
nLabs - Op Amps : A TIPL 4001 : - )
>y Tl Precision Labs — ADCs k. | s
Presented by lan Williams Created by Abhijeet Godbole, Art Kay et /Z i
Presented by lan Willa ! Created by Art Kay 3 /Z/ :
y lan Williams Prepared by Thomas Kuehl and lan Williams Presented by Peggy Liska

Prepared by Art Kay and lan Wil LA Presented by Peggy Liska > 22N
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TI’s Analo

Pocket Reference Guide

R TiEMORSEH

N

AID Conversion

Analog Engmeer’s

Pocket Reference

Ast Kay and Tim Green, Editors

Download eBook at
www.ti.com/analog

efguide

i3 TExas INSTRUMENTS

Sensor

]

Yellow, vieet, Red, Black
™

Brown, Brown, Orange. hed, Vet
"~

D+

Wown, Green, R, Black B, Red

L Temperunee Couthcient
Teier

Ao Used s Fadure Rase on Miltary Soec.

e

Discrete

T&k:

https://www.ti.com/seclit/ml/slyw038c/slyw038c.pdf

|

Conversions

Example
Translate the capacito

Thermal noise calculation

Figure 4: Capacitor
marking code

Figure 37: Alternative (multiple feedback) SPICE test circuit used for stability

Figure 49: Coaxial cable cutaway

Art specializes in sensor signal
conditioning devices and industrial
applications, such as bridge
sensors, RTD and thermocouple. He
is an Uperatlonal amplifier noise expert who has
published a book and article series on the topic.
When he's not working. he enjoys launching high-
powered model rockets and tinkering with pinball
machines.

g . Thermist " Diede hermocouple
Eng= {akTRAF 7) Total rms Thermal Noise vy o pecs
L — ; . . \ : 2 S0IC-14
enr= |4KTR (68) Thermal Noise Spectral Density j \¥ i~
_ - . P =
Tomp range “ST<T< 9T T <T <8STC ~SC<T<150C
o Cont Low oo Low
2] ry Mm-qluv':";»':v
g w0 i Fary oo Soge + DM
s f Very rordress Folows eceroral S Mo | SOV par
g - — : :
3 0]
100
S Tim Green, Senior Applications Engineer

s

Tim's analysis and research into
op amp open loop output
impedance (Zo) and op amp
stability have earned him the
nickname "Wizard of Zo" among his colleagues. He
has more than 32 years of experience in brushless
motor control, aircraft jet engine control. missile
systems, power op amps, data acquisition
systems, CCD cameras, power automotive audio
and analog/mixed signal semiconductors.

App for your mobile

Analog Engineer's Pocket
Reference
Texas Instruments

Pocket
Reference

T
Table of Contents
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Discrate Components
Anaiog
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D Comersion
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TI Amplifier Macromodel
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5-MHz |FET Operational Amplifiers

Meodels (3)
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o < s SIgns. 0ols & software Support & training Order Ne out T
OPA145 o
5.5 MHz, High Slew Rate, Low-Noise, Low-power, RRO Precision JFET Operational Amplifier
OPAX145 High-Precision, Low-Noise, Rail-to-Rail Outpt i
cription & pa < | Online datast echnical documents [RESIY A W Order 1 liy & pa Support & training
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https://www.ti.com.cn/ww/seminars/PLAB/2021_index.html
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. TI grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TlI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com



