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j
XTR108 Operation #STEJXMAENTS

The figure below shows a simple block diagram of the XTR108. This section
of the Quick Start Guide will give a brief description of the major sections.
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XTR108 Operation — Input Mux #m?uxﬁgms

The primary function of the XTR108 Input MUX is to allow a single hardware module to function for multiple
RTD ranges, and types. In the typical XTR108 configuration one MUX channel is used for the RTD and five
different channels remain for different ranges. Rz1 through Rz5 are used to set the minimum temperature
(T,n) Of a particular range. In the example shown below, T .. =-200C, Rz1 is selected to match the
resistance of the RTD at this temperature (i.e. 18.7Q closest standard value). This will force the differential

input voltage of the PGIA to be approximately zeroat T ... R_,, generates a common mode voltage so that
the common mode range of the XTR108 is not violated.

5OOUA@ I@ 500uA
MUX 0.532V
TN 0.532v | PCIA
T= -200C RTD g DS
18.520 S ° . .
<<§>PT100 ui Input differential is
S RS e ;e <o 0 A aproximatly zero at Tpin
o 18705 S S ©s & —
L XTR108
< +
S L ;%T) vC_m= 0.52V
SBOA106C XTR108 Quick Start 5

May 2008 System Reference Guide



XTR108 Operation — Input Mux

Q‘ TEXAS
INSTRUMENTS

The figure below shows the same multiplexer configuration with the RTD at maximum temperature

T..,=850C. At this point the differential input to the PGIA is maximum (e.g. 186mV). This example range is
summarized in the table below.

Temperature | Vgp to Vigz tO Vin to PGIA
Ground Ground
-200°C 0.532Vv 0.532Vv oV
850°C 0.718V 0.532V 0.186V 500UA I I 500UA
MUX 0.718V
AN 0.532v | "CIA
3951%%00 RTD § °
| <<§>Pmo ?i Input differential is
S Rz1'> o < © E— aproximatly 186mV at T«
o 18705 ¢S @S &S @ —
L L XTR108
< S rem
g L s VoM = 0.52V
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XTR108 Operation — Input Mux #m?uxﬁgms

The figure below shows how the current sources can be programmed to accommodate different types of
RTD’s. The previous example used a 100Q RTD (PT100). In this example we changed the RTD to 1000Q
(i.,e. PT1000). The current sources |, and |, are scaled to accommodate this new resistor (i.e. they are
changed from 500uA to 50uA). Rz1 and Rcm are also scaled to accommodate this new RTD type. Note
that 11 and |12 are matched current sources programmed by one set of DACs (7 bit plus sign CoarseDac, 7
bit plus sign FineDac). These current sources will be programmed during calibration.

li 12

MUX 0.718V
o\ 0.532v | POIA
RTD § S
<§>DT1000 ui Input differential is
E Rz1'S> o < % aproximatly 186mV at T«
o 18705 ¢S @S &S o 3
L . XTR108
< +
é L 5§%T0Vcr_‘n = 0.52V
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XTR108 Operation — Rset

Q‘ TEXAS
INSTRUMENTS

P

The range of the Iref DAC is set by Rset. — |
For example, with a value of Rset =
12.1kQ, the range of Iref is 480uA to
510uA. Using Rset = 121kQ, the range
of Iref changes to 48uA to 51uA. The
XTR108 EVM Software has a “Find
Resistors” tab that will help determine
what the appropriate value for Rset.

Wil-0

RTD

Vil-2

Wil-3

LA
DA

Vil-d
Wil-5

Rzs
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XTR108 Operation — RIin #STEJXMAENTS

g

=

DA

All RTD’s have a nonlinear response
over temperature. Typically this
nonlinearity can be approximated as a
second order function. This nonlinearity
error can be calibrated out by
modulating the excitation current with
the input signal from the RTD. The

range of this linearity correction is set by
Rlin.

LA
DA

Linsarizalion
Circiit

RTD
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*f‘ TeEXAS

XTR108 Operation — Linearity Correction INSTRUMENTS

How it works!

The graph below illustrates how the linearity

correction works. The RTD has a system

response that is approximately quadratic. The

Vin_pgia: (Klirfvin_pgiaJ’lref))(RTD' RZ)

IreftRTD- R)

\

positive feedback of the input signal through the

LinDac generates a system response that is also

approximately quadratic. The two responses
counteract each other to generate a linear

output.

in_pgia KiffRTD- R)

If you do a Taylor Expanson the response can t

aproximated as a second order

3 [
Corrected

Corrected

RTD

Vin_pgia
]
[

- Response —
4 p \ ]
\i

System Response

-~

Vin_pgiq a+ DARTD- R) + cARTD- R)

Ref Dac

I ref

Lin Dac

KIinXVin_pgia

| | | |
%0 20 40 60 80 100 RTD - Rz v PGIA
Temperature n-poia
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XTR108 Operation — Linearity Correction AL,

How much will it improve the nonlinearity?

The graph below shows pre and post correction for a typical RTD. Normally you can expect a 40:1
improvement in linearity.

PT100 Resistance vs Temperature

450.00

400.00 ” T~

L
350.00 }/ \\\
3
300.00 - / ._Inmrre-:tec\
RTD Monfinearity
250.00 - ——PT100 2
200.00 / —s— ideal
1 Corrected
150.00 - / Monlinearity
100.00 0 e
50.00 / 1
0.00 f —200rC +350PC
-400 -200 0 200 400 600 800 1000 Process Temparature (°C)

MNanlinearity (%

Resistance (Ohms)

Temperature
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: _ _ k’ TEXAS
Selecting Components for Your Application NSTRUMENTS

There are several external components that are used to set the type of RTD
used, and the temperature range that it can be used over. The XTR108 “Find
Resistor” tab on the XTR108 Software is a tool that helps select resistors to
accommodate five ranges on the XTR108. These components are located on
the XTR108-EVM Sensor Board.

R,, through R, — sets the zero temperature for the multiplexer channels 1
through 5.

R,y — sets the range of linearity correction.

R., —the common mode resistor. This resistor ensures that the lowest
common mode voltage is greater then the data sheet specification.

R, — this resistor sets the range for the current references.

R,; — the voltage to current resistor. This resistor is always selected to be 6.34k
by the spreadsheet because this is the optimal value for the zero adjust circuit
to work for 4mA to 20mA.

SBOA106C XTR108 Quick Start 13
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Selecting Components — Find Resistors

Q‘ TEXAS
INSTRUMENTS

The “Find Resistors” tab on the XTR108 EVM Software can be used to determine what external resistors
are required to configure the XTR108 for different RTD ranges.

1. Enter the RTD
resistance at 0 degC
and the temperature
range.

W Texas Instruments XTR108-EVM Application

EEPROM Setup View Help

3. Select current mode
or voltage mode. Enter
Rvi. Ruvi is typically
6340Q) for most
applications. The output
at Max Temperature
(Imax) and the output at
minimum temperature
(Imin).

2. Enter the Callendar-

Van Dusen Coefficients

unused channels.

Enter — General Info Results — Install These Resistors W
\mde Current T Rzl | 100 ohms Rset | ohms sults

Rvi 6340 Ohm Rz2 | 200 ohms  Rjlin |0 ohms
Imax |20 mA Rz3 | 300 ghms Rcm |0 ohms
Imin |4 mA Rz4 | 400 ohms

ik

=
. 7 | here. The “Reset to
N\ Registers 0,345 | Registers 6.7.8.9 1 Registers 10.11.24314.18  PT100” button will reset
Calibration Summary i .
AN [ I the coefficients to that of
Enter — RTm & Temp Range Enter — Callendar-¥an Dusen Coejb a typlcal PT100 RTD.
RTD Type Min Temp Max Temp
Chan. {0hms) (degC)  (degC) = =

T 100 -200 850 3.9083E-3 |-5.7750E-7 |-4.1835E-12 RE*“D

2 [100 0 400 3.9083E-3  -5.7750E-7 |-4.1835E-12 | PTHOO

3 [100 0 125 3.9083E-3 [5.7750E-7 |-4.1835E-12 -

4 [100 55 125 3.9083E-3 | 5.7750E-7 |-4.1835E-12

5 100 |25 |75 3.9083E-3  |-5.7750E-7 |-4.1835E-12 )

4. Press the “Calculate

Note. Energunder ity typeftor

Results” button. This
will compute values for
Rz1 through Rz5, Rset,
and Rcm. If the XTR108
cannot accommodate all
the ranges, then the
program will give errors.

Rz5 | 500 ohms

|

SBOA106C
May 2008

XTR108 Quick Start
System Reference Guide
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Selecting Components — Find Resistors

Q‘ TEXAS
INSTRUMENTS

W Texas Instruments XTR108-E

w. Worst Case Design Corners

File EFPROM Setup View Help Channel where Pasz, Fail, ar
= Condition Checked “whorst Caze Walue Limit Worst Case Ocoures Warning
‘ D L= E Linl ac \Worst Caze Resolution [% of FS) 0.075% Fecommend Fesolution<0.05% |1 WARMING
M ax Common Maode Yolkage 0,660 Lirnit<'s-0.5 2 PASS
I’ Registers 0345 Min Common Mode Yoltage 0,402 Limnit=0.2 3 PASS
Calibration
Ok
Enter— RTD Type & Te
RTD Type MimTEMp WaxX Temp
Chan. Ohms) (degC)  (degC) . s &
1T |100 |—2|]|] |35|] |3.9l]33E—3 |—5_??5I]E—? |—4_1B35E—12
Reset to
2 |1uu |I] |4uu |3.9083E—3 |—5.??5I]E—? |—4.1335E—12 PT100
3 |1|]|] ||] |125 |3.9l]33E—3 |—5_??5I]E—? |—4_1B35E—12
4 |1uu |—55 |125 |3.9033E—3 |—5.??5l]E—? |—4.1B35E—12
5 |100 |25 |75 3.9083E-3  |-5.7750E-7 |-4.1835E-12
Mote-_Enter 0 under RTD Type for
“« » . annels.
After the “Calculate Results” button is
pressed, the resistors that will work for your .
infe } Results — Install These Resistors
temperature ranges and RTD types are CF?lcullﬂtE
calculated. - Rzl [1g7  ohms  Rset [121pp ohms esults
| 5340 Ohn Rz2 | 100 ohms  Riin |30900 ohms
Imax |2p mé Rz3 | 100 ohms Rem | 478 ohms
Imin |4 mA Rz4 | 787 ohms
pges | 110 ohms
SBOA106C XTR108 Quick Start 15
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Selecting Components — Find Resistors

Q‘ TEXAS
INSTRUMENTS

w. Worst Case Design Corners

After the “Calculate Results” button is

. “ Ch | Wb Pags, Fail, or

pres_sed’ th|$ Summa_ry Of the WorSt Case Condition Checked Wwiorst Case Walue Limit WS'ZFEBSB S[;CL”BS W arming
Design Corners” is displayed. Note that the LinD ac warst Case Resolution (% of F5)__|0.075% Recommend Resolution<0.05%/1 WARNING

[T H » M ax Common Maode Yolkage 0,660 Lirnit<'s-0.5 2 PASS
LInD_aC \_Nor_St Case ReSOIUt|On Sh.OWS a Min Common Mode Yoltage 0,402 Limnit=0.2 3 PASS

warning in this example. The value is 0.075% : !

indicates that a change of one bit on the o

LinDac could cause the output to change as

much as 0.075%. This is shown as a

(degC) (degC)

warning because it will make it difficult to

attain a90.1% post calibration error. The | Jyreo0 XD 3.9083E-3 |5 7750E-7_[r4.1035E-12 [ SN
“Channel Where Worst Case Occurs” field | o EIL 1.90036-3 s 775067 41035512 il
indicates that the problem occurs on channel | C = EEEEN S fIEEE

1. This makes sense because this Channel | ™>° EE EIEE0N EZEE T

has the widest temperature range. This 25 |75 [3.9083E-3  |5.7750E7  [4.1835E-12

problem can be moderated by eliminating ;?ifn?lzlnsdm RTD Type for

either the most narrow temperature range

(25, 75) or the widest temperature range (- _

200, 850) Results — Install These Resistors Calculate

mA Rz4 | 787 ohms
pges | 110 ohms

Rzl 1187 ohms Rset [121p0 ohms Results
] B340 i 100 ohms  Rjlin 30900 ohms
Ohm
Imax |2q mA Rz3 | 100 ohms Rem 475 R
|47

SBOA106C XTR108 Quick Start
May 2008 System Reference Guide
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Selecting Components — Find Resistors  INSTRUMENTS

W Texas Instruments XTR108-EVM Application

File EEPROM Setup VWiew Help
NEE
( Registers 0,3.4,5 | Registers 6,7,8,9 | Registers 10,11,12,13,14,15
Calibration T Summary T Find Resistors
Enter — RTD Type & Temp Range Enter — Callendar-Yan Dusen Coefficients
RTD Type MWinTemp Max Temp
Chan.  Ohms)  (degl)  (degC) & & €
T |100 |—2nn | 850 |3_9l]I33E—3 |—5_??5l]E—? |—4_1B35E—12
Reset to
2 | 100 | 0 | 400 |3_9l]I33E—3 |—5_??5l]E—? |—4_1335E—12 PT100
3 = g =7 [ =
In some cases, you may 125 | [3.9083E-3 |-5.7750E-7 |-4.1835E-12
not want to use all of the 4 |n -65 |125 | |3_9l]I33E—3 |—5_??5l]E—? |—4_1B35E—12
channels available on 5 o | 25 |75 | 3.9083E-3  |-5.7750E-7 |-4.1835E-12
the XTR108. In this Note: Enter 0 under RTD Type for
case, you can enter O for unused channels.
the RTD Type. This will
disable the channel. Enter — General Info Results — Install These Resistors
Calculate
Mode |Current T Rzl |qg7 ohms Rset |1z1o0 ohms RIS
Rvi | 5340 Ohm Rzz | 100 ohms Rlin | 30900 ohms
Imax [z mA Rz3 | 100 ohms Rcm | 475 S
Imin (4 mA Rz4 |78.7 ohms
pes | 110 ohms

SBOA106C XTR108 Quick Start 17
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. Q‘ TEXAS
Install The Resistors INSTRUMENTS

0000000000 TAL  TES TPR TP? TP& TPZS
0000000000 o O @@ g
0000000000 g c T 05 C o ow
0000000000 a w0 oo _EE
0000000000 T < AT E -
0000000000 o o i Burr-Brouwn Products
gggggggggg From Texas Instruments
0000000000
0000000000 08 EU"
Senso
pz1 [@] Data R+ O WO Rev A
roz0 [@lSclk r2 OO Results — Install Thes icinrs
rma@CSl . R —————
B~ . . 2 22 EBE o@r T el B2l 187 ohrps Rset | 12100 ohms
[ 1 I & § h -
rezz[QLr et mm e D, Rz2 100 o 5 Rlin 30800 ohms
wass. Bypss: . - Be Dh g —
[ 5]
5|D= a0EE 2 S sg | Rz3 |100 Rem | 475 ohms
o|Sclk EaEF2
o|6nd O | Rza |787 oh
|o|C51 .iilFl — h
glucc Louiifo]Vout Rgzs | 110 °

: But
JumpZ  Iin [@mis
g g ; 3 Jump4 ve @TPH
W W m Ol R1an @ ™3
| ! 1l | T4
oad ceilt @ e
-0O00 00
2oy § 5
SBOA106C XTR108 Quick Start 18
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. Q‘ TEXAS
Install The Resistors INSTRUMENTS

The figure below shows a typical component footprint on the XTR108 Sensor Board. The footprint is a
surface mount resistor inside of a through hole resistor. The through hole resistor pads have “pin sockets”
installed in them to allow easy replacement of the resistors. The pin sockets have gold plated springs
internally that provide excellent contact with the resistor leads. The XTR108 EVM has surface mount

resistors installed for a typical PT100 application. If you want to change the configuration, de-solder these
surface mount resistors and connect the through hole resistors via the pin sockets.

PIN O[A - -

i L [.'.':141-
1B » O{E [0
et o1 J/ P RSET
J
N A
SBOA106C XTR108 Quick Start 19
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{f‘ TeEXAS

Set the Jumpers INSTRUMENTS
oo @ @ dodd The table below and the figure illustrate the jumper
60 3 = ERE: {@; settings for current output mode calibration
e i bggt : p .
100 o O =3 Burr-Brown Products
:gg o[lﬁ]'15 o From Texas Instruments
199 XTR108 EUM
RSET Semsor PCB
R4 Rev A
"2 Ol IO XTR108 Sensor Interface Board — Factory Jumper Settings
ret [ mes Jumper Position
JUMP1 lout Use current output mode
on ULoop || JUMP2 FET Use FET Subregulator
QO | JUMP3 FET Use FET Subregulator
ugate@ms || JUMP4 lout Use current output mode
Vs@w || JUMP5 lout Use current output mode
Io [@mis
JUMPG6 No Load Do not connect load to Voltage Output
JUMP7 Bypass Bypass Voltage Mode Charge Pump
Rlim [ T3
ceilt @ tee2
]
SBOA106C XTR108 Quick Start 20
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{f‘ TEXAS

Connect the power INSTRUMENTS
4.026mA
DVM 24V
+ -
nje SO

XTR108 EVM

D Sensor PCB

XTR108 EVM
PC Interface

T=-200°C

_ R=18.53Q
Serial Port

SBOA106C XTR108 Quick Start 21
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Example Calibration: Step by Step Calibration

Enter The Resistor Values

b TeEXAS

INSTRUMENTS

Note that the values of the
resistors computed in the find
resistors tab are automatically
copied to the calibration tab.
Resistors can be entered
manually if you are not using
the Find Resistors feature.

Results — Install These Resistors

Rzl 187 ohms Rset | 12100 ohms
Rz?2 |100 ohms Rlin | 30900 ohms

Wi Texas Instruments XTR108-EVM Application

File EEPROM Setup Wiew Help

0| = =

f Registers 0,3,4.5 7 Registers E’w Registers 10,11,12,13,14,15
Calibration; I Summary Find Resistors

A [0

XTR108

Coarse fero

DAL ,ﬁ

% Max 200 mA

RTD ohms (& 0 degC

oo

Step 1: Initial Calculations

Temp Currenl +

deqC

Iin A0

—

Rz 100 ohms Rem | 475 ohms Slt:.,e‘la:ig;altir;i:al e
Fz4 | 787 ohms Wite
Rt IT ohms EI;F'F!EItM
Ealigrsaelinn -
SBOA106C XTR108 Quick Start 22
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Example Calibration: Enter the temperature range and {} TEXAS
Press “Stepl: Initial Calculation”. INSTRUMENTS

*# Texas Instruments XTR108-EVM Application |Z||E| b__(|
File EEPROM Setup View Help

NEE Enter the RTD
Al | resistance at 0 degC.
[ Registers 0,3.4.5 i Registers 6.,7.8.9 | Registers 10,11,12,13,1415 7
Calibration T Summary T Find Resistors /
Run AAA~ (30000 (2 F:LE:: ahms @W/ Enter the temperature

/,/ range that you want to

XTR108 Coarse calibrate over.

Excitation SPI Interface

DAC:

Fine

Excitatinn Disable Read: W « .
DAL: = Press “Step 1: Initial
Calculation”. This will
calculate register values

for the XTR108 (e.g. the

Coarse Zero

Linearization

DA lﬁ DAC: lﬁ

s 04

Fault Monitor Fine Zero / .
Carfig: | MUX channel, gain, Iref).
=) RSI:—I'

Press “Write XTR” and

] “Write EEPROM”. This

Stee T M wmexmk” will copy all the

. calculated register

Egg;:;ﬁ\ values into the XTR108
oy

and into the EEPROM.

7

Feset

Calibration

SBOA106C XTR108 Quick Start 23
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Example Calibration: The Callendar-Van Dusen Coefficients {} TEXAS
are taken from the table in the “Find Resistors” Tab INSTRUMENTS

Etruments XTR108-EVM Application
Setup  View Help

ers 6,7,8.9 Registers 10,11,12,13,14,15
mary Registers 0,3.4,5 T Registers 6,7,8,9 T Registers 10,11,12,13,14,15
= RTD ohms @ 0 degC Calibration T Summary T Find Resistors
Ly — RTD Type & Temp Range Enter — Callendar-¥an Dusen Coefficients
E Step 1: Initial Calculations RTD Type Min Temp Max Temp A B c
o Curen! | — -
E deq C 100 -200 850 3.9083E-3 |-5.7750E-7 |-4.1835E-12 |
Mirn 200 |_4 ma i : Resetto .
g 100 0 400 3.9083E-3  |[5.7750E-7 [-4.1835E-12 || PTI00 °
b g0 | 20 ma | 100 | 0 | 125 |3_9I]B3E—3 |—5_??5I]E—? |—4_1 B3GE-1p |
| 100 |—55 | 125 |3_9I]B3E—3 |—5_??5I]E—? |—4_1335E—12
|100 |25 75 38083E-3 |5 7750E-7 |-41835E-12

Note: Enter 0 under RTD Type for
unused channels.

r— General Info Results — Install These Resistors
Calculate

3 |Current - Rzl ’T ohms Rset ’37 ohms Resuhs
{Step T Initial

Ealcua“m Write TR 6340 Ohm Rz2 | 200 ochms Rlin |0 ohms
20 A Rz3 300 ohms Erm 0 nhme

T_F

VLM,\Ju e Egglﬂiteum
e |zl
SBOA106C XTR108 Quick Start 24
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Measure the Output

b TeEXAS

INSTRUMENTS

After the “Step 1: Initial Calculation” results are written into the XTR108, you will need to read the output at minimum and
maximum RTD temperature. Note that linearity correction is turned off during this step and so, you should not expect to
see an accurate 4mA to 20mA.

Minimum
RTD
temperature.

4.026mA
DVM _|_24V ]
PG SO

|-

XTR108 EVM

DE] 0[]

T=-200°C

Maximum
RTD

temperature.

DVM 24V
DG S

|1

XTR1 08 EVM
Int

| o

XTR108 EVM
Sensor PCB

L

T=-850°C
To PG R=18.53Q To PC R= 390.46Q
Serial Port Serial Port
SBOA106C XTR108 Quick Start 25

May 2008

System Reference Guide




{f‘ TeEXAS

Example Calibration: Enter First Correction INSTRUMENTS
*3 Texas Instruments XTR108-EVM Application |Z||E| f5__<|
File EEPROM Setup View Help
e
[ Registers 0,3.4.5 i Registers 6.7.8.9 | Registers 10,11.12,13,14,15
Calibration T Summary T Find Resistors
i 30900 0 RTD ohms & 0 degC
A oo Enter the current
XTR108 ECua?t_rst._a measurements at
D:;l a SPI Interface ez min and max
= CRE: temperature.
ine : I_ I_
Excitatinn Oi=sable Read:
Linearization SRRSO / Press Step 2:

3 Corrections” to

RTD DOAC: Iﬁ Step 2 First Corection )
—— calculate minor
Iﬁg | Fault Monitor Fine Zero At Min Termp At Max Temp corrections in the
51 Sl 00 4025 ™A [17.335 mA

Ry 11878 l | A register values.

A Tw? (

Mo [ o0 Press “Write XTR” and

G | “Write EEPROM”. This

SoLiad Lirite: [ 7F wite e will copy all the

L= . Wi calculated register

E £

f T Vil | Conections | _EEPROM values into the XTR108
Ryn| 8340 Q Reset and into the EEPROM.

Calibration | [~
SBOA106C XTR108 Quick Start 26
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Measure the Output at Full Scale to R Texas
Correct for Linearity DAC Errors INSTRUMENTS

19.993mA

DVM ]
@G IO

XTR108 EVM

D DDE

XTR108 EVM
PC Interface

T=-850°C
R= 390.46Q
Serial Port
SBOA106C XTR108 Quick Start 27
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Measure the Output at Full Scale to
Correct for Linearity DAC Errors

*3 Texas Instruments XTR108-EVM Application
File EEPROM Setup View Help

Q‘ TEXAS
INSTRUMENTS

e

[ Registers 0,3.4.5 [ Registers 6.7,8,9 Registers 10,11,12.13.14,15
Calibration T Summary Find Resistors
Fun - 30900 0 RTD ohms & 0 degC
% 100
XTR108 Coarse
Excitation SPI Interface
DAC: |
- CRLC: DF =
Fine
Excitation Dizsble Read:
DACG:
- — Coarse Zero
Linearization
RTD DALC: lﬁ et lﬁ
1651 Fault Monitor Fine Zero
| Corfig:
ﬁz1 18752 e sl FG | |
E22 10082 Step 3 2nd Comection
At bMax T 19.933
GegeTD e //
E24 787 LN el | e 900 B | | T mexa
Ry [ 110 =

Enter the current
measurement at max
temperature.

Press “Step 3: 2"
Correction” to
calculate the Lin
DAC corrections.

Step 3: 2nd Rezet
Cormrection Calibration

Press “Write XTR” and
“Write EEPROM”. This
will copy all the
calculated register
values into the XTR108

and into the EEPROM.
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Calibrating the Over/Under Scale ﬁ;ﬂjl}uxﬁgms

File EEPROM  Setup  Wiew Help Ove rS C aI e = 28 m A

D= T
Sumrmary T Find Resistors T Calibration T Errar Calculator T ‘Req0,3,4,5 T Re
—=TR Reagisters 0,345
D7 D6 D5 D4 D3 D2 D1 D0 HEX 20
mA +— — — — — — —

Esrglltl[ll:;l Easge Et:k;;;ne Eezerved Eezerved Eezerved Eezerved Eeserved Eesemed
Reqister 1 |

[0 0 0 0 0 0 0 0 00 |
IE:I?“::;: Resemed Resemed Reseived Eeseived MNOME 1
Status |

0 0 0 0 0 0 0 0 00

Smgle EE |

Reqg 4: Rezerned Rezerved Reszerved Eeserved Rezerved Rezeived Rezerved Fead
Control 4mA —
Register 2 |

0 0 0 0 0 0 0 [1° 01 | |
Heg 5: FO Wo Dhdith Io Ondeth-Buiz6.25kaokm | Wo Ourth Lo Cwyth-Bwi= B.25k ok I
Over/ Enable | 300my ZAma 35V 28,0 I
Under I | | |
Scale I | | |

o | b | I i o) | b | | 7F

Min Min
Temp Temp

The underscale, and overscale is a
programmable limit for the min and maximum
value of the XTR108.

| Underscale = 2.4mA
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Calibrating the Over/Under Scale

b TeEXAS

INSTRUMENTS

{'jl Texas Instruments XTR108-E¥M Application

File EEPRCM Setup ‘Wiew Help

=10l x|

mP=21=]

Summary T Find Resistors T Calibration T Errar Calculatar T ‘ReqD,3,4,5 T RegbG-9 T Reg 10 - 15
—# TR Registers 0,345
D7 D6 Db D4 D3 D2 D1 D0 HEX
Esr!:llt::ll:il Easlle E::k;;;ne Eeserved Reserved EReserved EReserved Reserved Eeserved
Reagister 1 Yrite Reg
[0 0 0 0 0 0 0 0 00 0 |
E:.ﬂ:az The XTR108 overscale and underscale limits are set to
Status maximum (2.4mA, 28mV) during calibration. This
prevents the overscale and underscale limits from
affecting any calibration results. _
Req 4: mmm—j—mmmm—— Write < TR
Control I
Remster 2 Wik
0 0 0 J 0 0 0 1 0l EEFROM
Reqg 5: FO o Undith  Io Undeth-Bui=6.25koten | 3o Owrth Io Owrth-Buiz 625k
Over/ Enable | an0my ZAma 35V 28 0ma
Under :
Scale Calibrate
Iu_ |1_ |1_ |1_ |1_ |1_ |1_ Ovwer/ Under
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Calibrating the Over/Under Scale R Texas

INSTRUMENTS
_Ioi %]

File EEPRCM Setup ‘Wiew Help

mP=21=]

Summary T Find Resistors T Calibration T Errar Calculatar T ‘ReqD,3,4,5 T RegbG-9 T Reg 10 - 15

—# TR Registers 0,345
D7 D6 Db D4 D3 D2 D1 DO  HEX
Esr!:llt::ll:il Easlle E::k;;;ne Reserved Rezerwed Rezerwed Rezerved Rezerved Reserved
Reagister 1 Yrite Reg
[0 0 0 0 0 0 0 0 00 0 |
e The absolute accuracy of the overscale and
Status underscale limits is not very good. An
calibration is required get accurate settings. 00
Req 4: Rezerved Eezerved Eezerved Rezerved Rezerved Rezerved Rezerved %i':gd Wtite XTH
Control —
Remster 2 Wik
0 0 0 0 0 0 0 1 0 EEFROM
Reqg 5: FO o Undith  Io Undeth-Bui=6.25koten | 3o Owrth Io Owrth-Bwi= B 25k okrn
Over/ Enable | a00my 24k 35V 2804
Under :
Scale Calibrate
Iu_ |1_ |1_ |1_ |1_ |1_ |1_ |1_ TF Owerd Under
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Calibrating the Over/Under Scale I{F?STEUXMA?NTS

iﬁl Texas Instruments XTR 108-E¥M Application

- ; _ =
. Cal Over / Under Scale 1O x| e e
— Initial Settingz 0|

=21=]

M ade IEurrent j Summary Find Resistars Calibration Errar Calculatar Reqg0,3,4,5 I F
o Enter the overscale and underscale values in the form.
Terget Over Scale Limit |24 ) Press “Compute Over / Under Limits”, “Write XTR”, I DI DO HEX
Target Under Seale Limt [35 and “Write EEPROM". Note that register 5 has T
updated according to your selection.
Compute Over / Under Limit .
In the next step, you will read the overscale and I o o | oo
wiite XTR underscale output. In general, there is a significant
: _ error in these values. The final step will be to correct |E
it EEFROM the overscale and underscale readings. I
1) 1) U o0\ 1) U 0 0 [1]1]
~ Compute Adjusted Limits Reqg 4: Reserwed | Reserved | Beserved Reseru\ Bezerved | Beserved | Reserved i’r:g‘lje =
Meazured Over Scale Limit I EZ’;:;':LI 2
0 0 0 0 0 0 0 1 01
Meazured Under Scale Limit I I_
Reqg 5: FD Wo Dndrth Lo Dhdith-Bui=6.25koken | W Oweth Lo Cwrth-Bui= 625k okrn
Over/ Enable | 475my 38md any 240

Compute Adjusted Limit Under

e ||| || ] | |o

Wirite =TH

Wirike EEPROM
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Calibrating the Over/Under Scale ﬁ’ﬂ%"ﬁ%m

|
Read Overscale Read Underscale

4.0445mA

x@wDDE

6V dc

) To PC
Serial Port Serial Port
Set RTD to Overscale Value Set RTD to Underscale Value
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Calibrating the Over/Under Scale

b TeEXAS

INSTRUMENTS

iw. Cal Over / Under Scale

=10l x|

— Initial Settingz

4'{] Texas Instruments XTR108-E¥™ Application
File EEPROM 3Setup  View Help

0/=|=|

Summary T Find Resistors T Calibration T Error Calculator T ReqD,3,4,5 I Re
Mode IEurrent j
Enter the measured results and press “Compute
Target Over Scale Limit  [24 Adjusted Limit”. This will adjust the value of register g D1 D0  HEX
5to correct for the errors. Press “Write XTR” and
i . . . . e Bezerved Reseived
Taiget Under Scale Limit [35 “Write EEPROM” to copy the information into the
Compute Over / LUnder Limnit XTR and EEPROM. 0 0 00
wiite X TR Note that the initial setting had significant errors -
_ Target = 24mA and measured result =26.356mA.
Wirite EEPROR
0 0 0 & | o 0 0 o | oo
Smgle EE
_ Enmpute .-'-‘-.diusted Limits Reqg 4: Eeseived | Beseived | Beserved | Reserve Beserved | Reserved | Reseived | gaag
Eun!n:l 5 \
teazured Over Scale Limit emster
[25.35% 0 0 0 o |\o 0 o | | o
teazured Under Scale Limit |4.I3445 Reg 5: FD Vo Undith I Undith-Eviz6.25kehm | Vo Dwith To Owith-Buiz b 25kohmm
Over/ Enable | 450y 3EmA 2EATEV 215m
. . Under
Compute Adjusted Limit Scale
o | o | o | [t | o | o | h | Jo]12
Wirite = TH
ke EEPROM
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Calibrating the Over/Under Scale I{F?STEEUXMA%NTS

Read Corrected Overscale Read Corrected Underscale
Post Cal Error Post Cal Error
- £ = 24mA b —> 3.8169mA
arge m Target = 3.8mA
Meas =24.027mA DVM il Meas =3.8169mA DVM 24V
ole S o)e S

XTR108 EVM

D DDE

XTR108 EVM
ce

6V dc |

To PC

) To PC
Serial Port Serial Port
Set RTD to Overscale Value Set RTD to Underscale Value
SBOA106C XTR108 Quick Start 35
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Example Calibration Done: Post W Texas
Calibration Error is less then 0.1% INSTRUMENTS
Error (% of FS) vs Temperature
0.08 -
0.06 -
Temp | _meas | ideal error (%) 004 -
-200 4.00 4.00 -0.01 . '
625 7.99 8.00 -0.06 i 0.02
325 12.00 12.00 -0.02 s
587 5 16.01 16.00 0.07 S ; / ‘ \ : :
850 19.99 20.00 -0.06 5 -400 200 400 600 800 1000
L
-0.08
Temperature
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Example Calibration Done: Post
Calibration Error is less then 0.1%

Q‘ TEXAS
INSTRUMENTS

J'{'l Texas Instruments XTR108-E¥M Application

File EEPROM Setup ‘Wiew Help

=10l x|

EEE

Surmrnary T Find Resistors T Calibration

TErrur Calculatan Fegl0, 3, 4,5 T

Reg6-9 | Regyo-

15

—Error Calculator

RTD Type |1 oo

—Error Calculator

‘ 1. Use the “RTD calculator”
1 tab to compute the error.

~RTD to Temperature
Min Temp |_2|]|] Min Out |4
RTD Temp I
Y
MaxTemp |35u Max Out |2|] I 2. Enter the temperature
‘l range and the output range.
Compute Percent Temp RTD Val Ideal Out Meas Out Error
Temperature |n |—zuu | ‘13_52 | |4 | |4_nnz 0.01
- Temperature to RTD the Temp, RTD Val, and Ideal
Temp RTD |50 |325 | ‘220_92 | [12.004 Out.
|?5 |53?_5 | ‘309_53 _ uf
|1uu |a5u | ‘390_43 9.9 -0.06
Compute RTD 4_. Enter the measured output
. upffate Table | signal and press update
table. This will compute the
error.
SBOA106C XTR108 Quick Start 37
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Exgmplc_e Calibrati.on Done: Post R Texas
Calibration Error is less then 0.1% INSTRUMENTS

4 Texas Instruments XTR108-E¥M Application - |I:I|5|

Eile EEPROM Setup Wiew Help

Isi=31=]
Sumrnary T Find HesistnrsT Calibration TErrurCalculaturT R'egEI,S,d,ET RegB -9 T Reg 10 - 15 |

—Error Calculator

RTD Type |1 o0

~RTD to Temper

Another useful feature in the “Error Calculator”
tab is the “RTD to Temperature” calculator. ]
This converts the RTD value entered to its

RTD Temp )

271 P o associated temperature.
Fercent Temp RTD ¥al Ideal Out Meas Out Error

Compute
Temperature ||] ‘ ‘ | | | | I
|25 .
~Temperature to RTD This feature computes RTD values
Temp RTD |5“ based on temperature.

3252 22093 | “7 [is | I || [ ]
oo | | | | L]

Update Table

éCumpute RTD
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‘J TeEXAS

INSTRUMENTS

| Jﬂ“’“
e
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Voltage Output Mode
Set the Jumpers

Q‘ TEXAS
INSTRUMENTS

Iret [ w2+

o. UL oop
o- Io

Ugate@nﬂm

U=z |E|TD1?
Lo @ mis

The table below illustrates a typical Voltage output mode
jumper configuration. Note that Jump2 and Jump3 are
configured so that the sub-regulator is not being used. In
this mode, the supply must be adjusted to 5V. Keep in
mind that the diode D1 will drop Vloop by approximately
0.7V. Itis recommended that a small negative voltage is
connected to the input of the XTR108 V/I amplifier when the
XTR108 is used in voltage output mode. The jumper
configuration shown generates this voltage (-50mV) by
connecting a small discrete charge pump to the clock
signal. The XTR108 must be put in “continuous EE read
mode” (see register 4, DO).

XTR108 Sensor Interface Board — Factory Jumper Settings
n [O mis Jumper Position
Vo @ res JUMP1 Vout Use current output mode
Rlan [@ ™3 JUMP2 Bypass Bypass FET Sub-regulator
JUMP3 Bypass Bypass FET Sub-regulator
Cfilt [ tr2
JUMP4 CP Use current output mode
Ry 00
ooNe JUMP5 Vout Use current output mode
a E' E' 5 & JUMP6 No Load Do not connect load to Voltage Output
Az TPa TR1d TRLL 65 2
JUMP7 Bypass Bypass Voltage Mode Charge Pump
SBOA106C XTR108 Quick Start 40
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Voltage Output Mode: WP TEXAS
Continuous Read Mode to Generate Charge Pump Voltage INSTRUMENTS

+# Texas Instruments XTR108-EVM Application

File EEPROM Setup View Help

EE
L alibration T Summary T Find Resistors
1. Set DO =0 ers 0,3,4,5 T Registers 6,7.8.9 T Registers 10,11,12,13,14,15
@ . ” i
2. Press “Write EEPROM”. N7 D6 D5 D4 D3 D2 D1 DO HEX
3. Press “Write XTR” Chiksum
Ex Ealks Rezerved Rezerved Rezerved Eeserved Rezerved Rezerved
Reqgister 1 Viite Reg
[ 0 0 0 0 0 0 00 0
E:Eltg: Eezerved Rezerved % eeryed MNOME
Status
0 0 0 0 1 0 1 00
Heg 4: Eezemved Beserved BReserved EReserved Reserved Eezeive Beserved g%hlt;::;us YWitite TR
Control
Register 2 Wi
nte:
0 0 0 0 0 0 0 o | oo EEEROM
Heg 5: FD o Dhdrth Lo Dndrth-Bui=6.25kotrn | Wo Oweth Lo Owrth-EBui= b.25kokin
Over/ Enable | 475mV 38ma 25625V 205ma
Under
Scale
o [ [ o o o o o | oo
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Voltage Mode

k‘ TEXAS
Connect the power INSTRUMENTS
5V
+ -
P
X'I'SR108PI(E:\B/M
XTRBOS#EVM E u
=BE
17 DVM
Ot
Serial Port
SBOA106C XTR108 Quick Start 42

May 2008 System Reference Guide



{f‘ TeEXAS

Select Voltage Mode INSTRUMENTS

Ai# Texas Instruments XTR108-E¥M Application i B |EI|5|
Fil= EEPROM  Setup  Wiew Help

SETE

Surmmary T Find Resistors T Calibration T Error Calculatar T Reg0,3, 4,5 T ReghG-9 T Reg10-15

|'Cﬂi|hrﬂtiﬂﬂ RTD ohms @& 0 degC
Select Voltage Mode and follow P g Emamamam—
the steps as shown in the current - ok o g T
mode example. ¥ = B EE
Max [ qof [ 45 ¥

Coarse Zero

= Step 2 First Comestion

At bin Temp At Maw Temp
T Fault Monitor Fine Zero [0 ¥ o y

__
=] 931 Q2 || 00

- Step 3 2nd Cormection

L | A baw T empl W

Step 1: Ir_1itia| \Wiite %TR
Calculation

P

Limits: I o Step 2 Wit
Carrechions EEFPROM

fnm v 5 J ™
iM‘J— Step 3 Znd Fieset
Ry | 8390 0 Carmection Calibration
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Q’ TEXAS
INSTRUMENTS
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Software Note: When Ranges Don’t Match

the table, Use the Default Coefficients

Q‘ TEXAS
INSTRUMENTS

In some cases you may wish to use the program to calibrate an RTD without using the “Find Resistors” tab. In this case,
the program will display the error message shown below. The default Callendar-Van Dusen Coefficients can be entered

through the “Setup” menu.

oruments TR 108-EYM Application

FEhp Yew  Hep

Riagistara 6,789 [
Summary ]

Ragistars 10
Fiind R

Rigistirs 0,345 1

Entar — Callendar-van Dusen Coaflicients

Type & Temp Ranga
RTD Type  Mia Temp bMax Tamp

© (Dhme)  (deql)  [deqC) i g 5
[100 [-2a0 | as0 38083E-3  -BFTROE-T -4 163GE-12
(o0 o | 400 A083E-3  -GITGOE-7  -41836E-12
[100 [0 [125 [ 8083E-3  -ETTSOE-T  -4.1836E-12
[100 [-55 [125 38083E-3  -ETTEOE-]  -41835E-12
[100 |26 |78 38083E-3 B FTROE-T -4 163GE-12

Registers 0,3.4.5

Registers 6,7,8,9

Calibration

Summary

XTR108

Coarse

Excitation
oo |

DAc:

5PI Interface

CRC: IF

The information you entered for the RTD, and Temperature Range don't match the table under the 'find resistors’ tab’
The default Callendar-Van Dusen Coeffidents will be used.

RTD ohms & 0 degl

100

Step 1: Initial Calculations

L.ZEDE Currenl =

5 [0 ma
NEEERETY

N

LY :rﬂ:f 0 undar ATD Tyae for
ed channsls.
A T
$2:3 oo
—Rf-xz\;—mﬁ Lirmiits: ,|:|_|:|I S?;;L;altg:al | WERR ‘
fR“ Yl 1 J'm ‘ e ‘
ST g
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Calibration Note: When Ranges Don’t Match

o BT
the table, Use the Default Coefficients #STIEUXMAENTS

f W Texas Instruments XTR108-EVM Application g@| E|

Wl Fle EEPROM REEWEM View Help

The “Enter Callendar-Van

. ” . | A Enter Callendar-van Dusen Coeffidents
Dusen CoefﬁCIGntS OptIOn | D= E : Turn on the ISO Supply Continously
under “Setup” allows you | V Reset to Defauit Values _ _
to Change the default Communications Setup. .. Registers 6,7,8,9 T Reglst.ers '1[],1.1,‘12,13,‘14-,15
. Canbration | Summary T Find Resistors
coefficients.
i Enter — RTD Type & T; allendar-Yan Dusen Coefficients
-, Chan fg&;"pe B c
' 1 i 5 = [ B
100 f \ -5.7750E-7  [-4.1835E-12 P
| 2 1100 I 13.9083€-3 -5.7750E-7 |-4.1835E-12  PT100
3 -5.7750E-7  |-4.1835E-12
. : |— B |B7750E-7 | |
The default coefficients 1 -5 7750E-7  |-4.1835E-12
that the software usesis | 5 C  |-418356-12 -5.7750E-7  [-4.1835E-12
fora PT100 RTD. The
“Enter Callendar-Van ak.
Dusen Coefficients” option
{3 ” 3_
under Setup aIIOWSyOU b Enter — General Info HESEt ko PT1|:|I:| I:DEfﬁCiErltS tors cal lat
to change the coefficients. Comont 3] S
urrent ~ )
Mu-de e ———— iset | 12100 ohms
Rvi 6340 Ohm Rz2 100 ohms Rlin | 30900 ohms
Imax [0 mA Rz3 | 100 ohms  pem | 475 ohms
! Imin Iqi . Rz4 W ohms
Rzs | 110 ohms
|
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Software Note: ,
Q‘ TEXAS
Reset to Default INSTRUMENTS

W Texas Instruments XTR108-EVM Application
File EEPROM BES0GM View Help

Enter Callendar-Van Dusen Coeffidents
W=

Turn an the IS0 Supply Continously
Reset to Default Values
Registers 6,7,8,9 T Registers 10,11,12,13,14,15
Summary T Find Resistors
The XTR108EVM Software BT, R
‘remembers” the resistor values, E 100
XTR108 i
temperature ranges, and ti SPI Interface Step 1: Initial Calculations
Callendar-Van Dusen A0 Tdemlln: Currenl +
Coefficients after it has been S FF . i
5 Dizable E'.:-a.:l- bdin £5 4.0 mh
shut down. If you want to reset . o S
it to the default values that it had T Coarse Zero Hex 150 | 200 mA
. . Linearization
when it was installed, you can In
. . p ut OAC: [1]1]
use this option. Sk 1)) -
—— 7 & Iref Fault Monitor Fine Zero
Ro | 1875 - pac: (I | |
State (RO
ﬁa 10052
R T o0
- A
= 1w i wiite TR
ﬁ‘;—mg Limits: | FF
R Wwnke
f = Valaaa 1, J e EEPROM
R\-’ﬂ 6340 4 Rezet
Calibration —
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Software Note: ,
Q‘ TEXAS
DC to DC Converter. INSTRUMENTS

W Texas Instruments XTR108-EVM Application
File EEPROM BES0GM View Help

Enter Callendar-Van Dusen Coeffidents
Turn an the IS0 Supply Continously

Registers 6,7,8,9 T Registers 10,11,12,13,14,15
Summary T Find Resistors
The XTR108EVM Hardware uses a RUN (AAA- | 30900 AL ehinnss i) 0 @zl
DC to DC converter to isolate the TR E 10
digital communications section on SPI Interface Step 1: InitTiaI Calculations
the PC Interface PCB. The DC to cxe: TR Teme  [Cunen v
DC converter is very noisy, and Dissbe Resdt [ i 55 | 40 mA
consequently, it is only turned on "
. L , - 180 | 200 mA
during communications. This mode Linearization e
will turn on the supply continuously. pac: [T
This mode is not recommended for n Fine Zero
normal operation, but may be useful coriia: [T oxc: R | |
for debug. Riaal Reer
[12100 3
: L
. W Wwite X TH
| Wwirite
ANn J e EEFROM
R\-ﬂ 6340 G Feset
Calibration
SBOA106C XTR108 Quick Start 48

May 2008 System Reference Guide



Noise from the DCRO10505P meriurs

This scope shot illustrates the Tek BT 200M5/5 FT,  102) Acas [ ©
noise at the output of the DC/DC i | - @i3sihs
Converter (DCR01505P on the i R : T
PC Interface Board) when : : : T
turned on.

THE 50.0mVA M 250ns Chil J 48mV" 5 Apr 2005
09:49:05
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Unique MUX Settup: ® Toas
3-Wire and 4-Wire

] 4 Texas Instruments XTR103-E¥M Application - |EI|5|
File EEPROM | Setup “iew Help
0 |Eq'| El Enter Callendar-Yan Dusen C.oeFFicients
! Turn on the 130 Supply Continuously -
SUMmMar  peset ko Defaulk Yalues N Error Calculator T RegO,3, 4,5 T RegB -9 T Reg 10- 15

Cammunications Setup...

— Cailbratic

Disable automatic mux selection

RTD ohmg & 0 degC

|1DEI
| H 1 Step 1 Initial Calculations———
This feature is needed because the &
MUX is selected automatically for the

standard configuration. The
automatic MUX selection cannot be

XTR108

used for unique input connections as
_RTD in 3-Wire and 4-Wire. |
E Iﬁ £ Fine Zero Sl Jo v i
1 i, i
=) | 931 52 | oo e m DAL
z State (RO m = Step 3 Znd Camrection
Zzl 391 .-’-'«tMaHTempI b

Ry

=1\ W7 Step 1: Initial ,
ﬁ; 99,1 2 MR Calzulation =l
ﬁzﬁ| R Step 2: Wiite

Carrections EEPROM

Step 3 2nd Rezet
[Correction Calibration
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{f‘ TeEXAS

4 — Wire Manually Select Channels Instruments

ﬁl Texas Instruments XTR108-E¥M™ Application

F”E EEPRT™ Sk Mican el

s T T — xi—
ElEIE Chanrel#: 0O 1 2 3 4 5 oK. I
Vs Sumr | F
- Iref1 : g o o & & Cancel |
Ch O —Cailbri —
@ Iref2 : - & 0 W » .
Ch 1 . _@ inp
| cp 2
= |Ch3
RR= L7 . T Loarse Jero

Input

DPA}-‘

Fine Zero

Multiplexer

4 A
! ' Use the MUX button and the “Input
MUX Configuration” window to select Lirmits: [ 00
the proper MUX channels. !
0.01uF r v,
RW
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Rz Selection with Automatic ®Teas
MUX Selection Off

ﬁl Texas Instruments XTR108-E¥M™ Application

F”E EEPRT™ Sk Mican el

= . Input MUX Configuration x|

Channel#: 0 1 2 3 ITI -

Sumr F

Irefl : o & e e e -

—Cailbr: cancel | |
Iref2 : . & 9 ® &

inp

When automatic MUX selection is

off, you must enter the same value
for all values of Rz. This forces Rz T ] Loarse Lero
to be the correct value regardless of Input

the MUX channel used.

Fine Zero

Limits:m'
\'ru
Ry
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b TeEXAS

INSTRUMENTS

\.“ g\,\,\.\.ﬁv\v\’

B
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RTD reS|stance as a function GdiTms

INSTRUMENTS

- -3 -
Ag = 3.90830 Ry := 100

B, :=-5.77540 '

Cyi=-418340 *°

RTD(T) = |RyL+ AT + By~ + CyXT - 10037 % if T<0

R0>g1 + AT + BOxTZE otherwise
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Enter Temperature Range / S@ect Rz

Choose Temperature range TEXAS

INSTRUMENTS
=10 x|
=TT
| Summary | FindRetistors | Callbrales | Emer Caleuator | Rag®D, 3,45 | Fegs-3 | Fegid- 15
e AT ohewe: (310 deg™
Trax* Tri ._
max min ATRIOE Coarss
Tmld = > Tmld = 48.85 E:;'E"I :'P: I-l;m
thankin fasd E
Calculate RTD at Tmin, Tmid, Tmax Tﬁ
RTDppin:=RTD(Ti)  RTDppin = 99.101 e
'ifhan 1]
RTDppiq:= RTD(Ti)  RTDppig= 118.954
RTDpax:= RTD(Tya)  RTDppay= 138.505

Choose Rz as closest standard value

XTR108 Quick Start 55
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{f‘ TEXAS

Compute Nonlinearity INSTROMENTS
RTD,... + RTD, .
RTDmId- rna)(2 min
Py RTDmax - RTDrmin
B, =3.834° 10 °
28,
Qin= (05+ B,)RTDppa- (05- By)RTDppin - 2
| max~ (02~ By)RTDpjp - 28,R;
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Iref as a functlon of Front End ‘E%A

\ INSTRUMENTS
Regt = 12100 lout_min = 0-004 lout_max = 0.02
Ry; = 6340 Rip:=294" 10" Vref = 1193

_ Vref \
ISet —

oot | Values in this example.

_ . L.~ 0O
lget = 98.395° 10
Vv a Iout_max’Rvi
out_meax 50 Vout max = 2536
| R
out_min"vi _
Vout_min = Vout_min = 0507
50
trefla) (Vout_max' Vout min)’él' Glin’(RTDmax' Rz)g
Il Y .—
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Find Av that gives good Iref Rangés

Iref max:= 1-35{5get) Iref min:=0-65{Sg)

@ ox= 665517 D@” = 320.434 @

adjustments without having to go to
another span step. The values Iref_max
and Iref_min define the range.

Iref(12.5 = 4.056° 10 °

Iref (25) = 2.028" 10 3

The PGA gain should be chosen such
Iref (6.25 = 8.112" 10 3 that the Iref value is within +/-35% of
5%|set to allow for room for calibration

Iref(50) = 1.014° 10 3 Note that Iref_min <I100) < Iref_max

6 rersr i | ul F
Iref (100) = 507.025 10 Choose Ay s =100 Rl -, > ﬁ
ReT= T
% : At
Iref(200) =253.513 10 R, [0 0
106G , .~ 6 XTR108 Quick Start J0
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XAS

Find initial values for Reg11, and Reg%rfumms

l g = Iref(100)

e b
| =5.07" 10

Regll:=round &
e Set

/

é64>(|ref ; sxset)
l

O CNC

Reg10:=round ?

glOZébGél 55 g'RengEt 0
A éref %t e 64 FaSid
| oot H

{fl Texas Instruments XTR 108-E¥M Application
File EEPROM Setup Wew Help

| Dl=(al

Summary T Find Resistors T Calibration T Errar CalculatorT Reg0, 3, 4,

— Cailbration
R 15800 03
LIM |—J\/\/\,—L
XTR108 :
SPI Interface
09
CRE: m
-/ Disable Read:
02
RTD FC
g0 ¢
—1 00
S99 Qf | o2 01

e

05 04 I
bALI
Lirnits: | ¥F

fﬂﬂ" W, '.. JIR_F
R | 6390 Q
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Compute Registers Reg12 and Reg1

Q‘ TEXAS
STRUMENTS

R

2

| 50, o A { RTDin -

% Texas Instru

ments XTR108-E¥M Application

O ' OUt mln B File EEFROM Setup Wiew Help
- Ryi D[z(a|
. Summary T Find Resistors T Calibration T ErrurCaIcuIatorT Reg0,3 4,
IO — 4' 10_ 3 —Cailbration
Run WA [15800" 2
I i 5\/ref T Egg?tﬁ?n'] SPI Interface
Zpgm " . ERE: E
8>RV| 3 U.Z Disable Read:
M, - 354 [:] RTD FC [
(0] Zpgm " 1] .
Regl3:= roundgl( I Pd )(J 0 7, T =
e Zpgm U -—ﬁ”“m_n 02 01 |
Reql3 / el 57 94 »
eg R = hl:jx - '
;‘%"W—Q its: :::| J |
& Reg13 G [ ref
é64§o " 3lzpgm - g?ngm 4 2 -
Regl2:=round & a —7
& 'z0gm 0
XTR108 Quick Start 60
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Done With Step 1: See Re st

%l Texas Instruments XTR108-E¥™ Application ) -0l x|
File EEPROM Setup  Wiew Help

I__“Ill:i'-’-|E|

Summary T Find Resistars T Calibration T Errar Calculatan Reg0,3, 4,5 T Reghb-9 T Reg 10 - 15 )

— Cailbration
RTL ohms @ 0 degC

Fun r% |153|1|1 ! W

XTR108 pa Step 1: Initial Calculations
5Pl Interface
[1}:]
CRE: E
; Di=able Read:
oz

Coarse Zero

RTD TAL -F[: 1
_;9..6\,.7 — ‘| C &t bin Temp At bMax Temp
£ Reference

irzt Comection

9310 Fault Monitor Fine Zero [0 md o i
1 Corfig:
(GHEX 02 | 00 0 01 |
rre— St () = Step 3 2nd Comection
zz| 331 t L ﬂxtMa:-:Templ i,
Rt &
ﬁ; my il | (e Caloulation, kel
i ) Lirie: | B i % Wit
‘TR Corrections EEPROM
. v

Stemp 3 Znd Fezet
Carrectiorn Calibration

SBO/ 61
May Z
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Step 2: Measure Output at A

Minimum Maximum
RTD RTD 19.608mA
temperature. temperature.

24V
DVM 2V DVM + -
ole SO p G 0 @

D Sensor PCB
XTR108 EVM 7] |:| |:|

Interface

XTR108 EVM D M
PC Interface

6V dc
T=-2.3°C T=-100°C
ToPC R=99.1Q To PC R= 13850
Serial Port Serial Port
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Step 2: Uses Registers Calculated in %@%‘ﬁ%ms

4 Texas Instruments %TR108-E¥YM Application -0 =|
File EEPROM Setup Miew Help

D|Eﬁ-’v|ﬂ|

SUmmary T Find Resistars T Calibration TErrnr CalculatDrT Regl, 3, 4,5 T RegB-9 T Reg 10- 15 )

— Cailbration
RTD ohrre @ 0 degC

Fun __‘l\""\"ll\’—l. I'Iﬁﬂl]l] 0 |'||:||:|

!

= Step 1: [mtial Calculations:

Temp C e
v Iurren I

deq

XTR108 Coarse
Excitation

SPI Interface

DALC:

kir I E I i,
Fine 2.3 4.0
Excitation Mo o

DAC:

Coarse Fero

Linearization ' :
Step 2: First Comection

: At Min Temp At Max Temp
Fine Zero 2713 m&  [19g08 mA

At kax Templ i,

12100 £}

RSEI’ "Step 3 Znd Comeston

N

Step 1: Ir_1itial

Display before _7/

Step 3 Znd Rezet

p ress | ng b utto n. [Camection Calibration 64

SBO/
May =




This is the settings after step 2 Calculatiwm%"ﬁéms

il Texas Instruments XTR 108-E¥YM Application - 10| x|
File EEPRCM Setup Wiew Help

0| =

Summary T Find ResistursT Calibration TErranaIcuIatan RegD,S,d,ET Fegb-5 T Feg 10 - 15

— Cailbration
RTD ohms & 0 degC
[ LN - _,W 15800 ©2 IF
XTR108 Coarse E m Step 1 Inital Caleulations
Excitation SPI Interface

T I = I
O dir.';'?: Currest
Fine i m Min IT m e,

Excitation Disable Read:
Max [ o0 [ zo.0) mA

— Step 2 First Corection

At Min Temp At Max Temp
{3713 mA  |19E03 mA

Coarse fero

3310 b Fine Zero
4 -

= Step 3 2nd Comection

A b ax Templ i,

RiTat ©
EZ4 93,1 {2 ] 5It:IEEaI:IZ:-Il.J:Ie:ll:ri?:iutrif‘l TS
ﬁ I 9] j Tite:
S Display aft ing butt ey
B f isplay after pressing button. e -
S| Registers are updated and Lin Coneation. ] || Calbration 65
M DAC is set. :




k‘ TEXAS
INSTRUMENTS

Step 2: Compute IA

Measure lout min and max

. - 3
Iout_min_meas =3.71940

_ - 3
lout_max_meas = 1960840

Regll  Regl0g

| =1 2B+
ref_reg -~ 'set’y 64 1024 g

-4
lref reg = 507" 10

('out_max_meas ) Iout_mi n_meas) R

A =
RefAd| 504, ot {RTDmax- RTDmin)

;i 4
'ARefAdj =5.113 10

7\

SBOA106C XTR108 Quick Start
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Step 2: RZ . and G di I{.b?ST—IF—EUXMAgNTS

('o ) Iout_mi n_meas)’Rvi

dRz:=

S0A| sel HARefAd]
dRz = 0.696
Rz_adj = RTDmin + dRz

Rz_adj = 99.797

28,

Qin_adj = (o_5+ Bv)’RTDmax' (0.5- BV)RTDmin - 2BR; 4

;a4
G1in_adj =3.864" 10

Regl4 :=round (16>G1 in_adij Rij n)
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Q‘ TEXAS
INSTRUMENTS

. i 4
Glin_adj =3.863" 10

Regl4 := round (16>q | n_adj >R| I n)

@14: 98 = 62h ) <

ﬂf}l Texas Instruments XTR108-E¥YM Application

File EEPROM Setup Yiew Help

0| =

Summary

—Cailbration

T Find ResistanT Calibration TErranaIcuIaturT Fe

RLIN

A (15900 €

XTR108

SBOA106C X1
May 2008 Syste

02

05
ML

) laearization

DAL E
a4

Faun wiwomor
Config:

State (RO):

SPI Interface
CRE: E
Di=sable Read:

Coarse fero

Fine Zero

DAC: m




Step 2: Compute lgretagi @Nd dlb%ﬁ"m”‘%m

B o (Iout_max' Iout_min)”él' Glin_adj’(RTDmax- Rz_adj)f’Rvi
RetAd 502, o {RTDmax- RTDpyi)

!
IBRefAgj = 5072 10
diref = (It reg - 1ARefAG) * (Iref reg - 'BrefAdi)

diref = -4.387" 10 °
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Step 2: New Value for Reg 18k

& O #i# Texas Instruments XTR108-E¥M Application
Regloadj = Regl10 + roundc1024>dlref X— File EEPROM Setup Yiew Help
Vit g [Dll@l

Summary T Find Resistors T Calibration T Error CalculatDrT Regl, 3, 4,5 T

— Cailbration
ReglOadJ =-44 = D4> Run —apa 15800 G
\ XTR108 parse

™ S SPI Interface
\ 09 i

L EFT ;

CRC: m

Disable Read:

Coarse Zero

|99.1E| & Fault Monitor Fine Zero
—{ Corfig:
AN IEEEI N T 00

State (RO):

RTasr @

al 15
[ )
=391 "

Limits:l?'

TRH Uﬂ IN =r
R i 6340 ()

SBOA106C XTR1
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Step 2: New Value for Reg10, Reffmas,

<) Reet O
RegloadJ = Regl0 + roundC1024>dIref><—

e Vret gf Note that the change in Iref required in this
case was relatively small, so Reg11 (coarse
< ref adjust) was not adjusted. If the adjusted
value of Reg10 out of range (i.e. Reg10<-127

or Reg10>128) , both Reg10 and Reg11 are
adjusted as shown below.

if Reg10adj < -127 or Reg10adj>128 then

refadj = Iref reg * diref

664’(|refadj 5’*set)u

ReglladJ = round ¢ (
é et a
. . sREgLL i A s L
gloz‘bgrefadj Mgt - <# St

Regl0y; = roundf = = au
& et (

end if
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Step 2: If the R10, R11 adjustment doesn't¥aekasit
‘may be necessary to adjust Gain

if Reg10adj>128 then

Av_sel = (Av_sel )’Q

B efadj O ¥)
8 6t — Y 5>43atlc,l
& g a
Reglladjz roundn I ;
é set 0
> eBrefad 0 aRegll ot gy AN
S102060— 2 s, - chg’jH
& 2 e il
Regloadjz = rounda I v
e set u

end if

if Reg10adj<128 then

Avsel

2

Av_sel =

e64>%(|refadj)>2 sxsetLu

Reglladjz roundt

et U

SRegLL s A HL
81024>§ refac) 2 legt - i L i

Rm'lr) . 5= munrl € 64 al

SBOA106C 8 'set XTR108MQuick Start 72
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{f‘ TEXAS

Step 2: Compute dli INSTRUMENTS
. Zzarn
=S 1 \J
_ SOA o ’*BRefAdj’(RTDmin' Rz_adj)
d'zero" Iout_min - lo- ]
Rii
, -4
dl e = 2787 10
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Step 2: Compute Reg12, Reg &g

Fo2) 512l 0
Reglzadj = rounngeng + zer0v -
e

Vref g . . .
Note that the change in Izero required in
Regl2.j; = 153 this case was relatively large, so Reg12
< (coarse lo adjust) needs to be adjusted.

If Reg12adj<-127 or Reg12adj>128 Then

i.e. in this case Reg12<-127 or
Reg12>128.

A+ dl - 354
Rengadj = roundgl( ° 20 ngm)

& | zpgm

O CNC/

RengadJ =6

Rengad- AL
j G
5>1ngm ) glngm 4 b

Fo

dl 3

30 T Alzero -

D

Reglzadjz :=round

oD, D>

Ingm

ReglZqgi2=-8 = F8h

End ,fSBOA106C XTR108 Quick Start 74
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Step 2: Compute Reg12, Reg &g

& 5124 1Ry O

Reglzad = round Reglz + B bs Instruments XTR108-E¥M Application
) (é 5>Vref ] PROM Setup  Wiew Help =
=l
Reglzad] =153 Immary T Find Resistors T Calibration | Errar Calculator
|bration
If Reg12adj<-127 or Reg12adj>128 Then Run —apn- [15800 0
XTR108 Coarse
El::cl:-.:::itatiun
A1+ dl ey - 354 N
Regl3adj = roundgl( 0 20 ngm)a
& 'zpgm 0 | ,
]
Rengad =6 <+ Im Q1 Fine Zero
J o317 | 02
§ & &  Redl3gay b
a &0 * dlzerg - 3 zpgm - (é‘lngm:E 4 %l] o _ H |
o 3[ 931 A
Reglzadjz.—roundg I g — s
Zpgm u 4 991 ML |
W_Q Limits:'?
Reg12xgj2 = -8 ﬂ:} R 65
S XTR108 Quick Start
End if Q

May 2008 System Reference Guide



00000000
ooooooo



Measure Full Scale Output wsmtiss

m =Tk
19.987mA 3,45 | RegB-3 | Regld-15 |
, 24\ RTC ohms @ 0 degC
DVM ‘>< 2V [100
W N O O ] E — Step 1 [nitial Caleulations
Temp I vI
N E dea Current
Min [ 23 [ 4.0 mA
XTR108 EVM \\
Sensor PCB
00D Max [ 100 [ zo.0) mA

_ lo
D E ] @ m Step 2 First Corection
XTR108 EVM |:| 1 AfMin Temp At Max Temp
e [3719  [m& 15608 |mA
— Stepd™ And Comech
12100 b b ax Temp|1E|.E|E=?

|
T= 100°C }i_ S~
TO PC R - 1 385Q Calculation
Serial Port | | st | et
SBOA106C XTR108 Quick Start Eaﬁglsrsaﬁitun
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Step 3: Measure lout Full Scale and {*Tms

INSTRUMENTS

-compute-factors-used-in-Lin-Dac-correction—

part 3 calibration

I =0.019987

max_post_cal_mess

. 1Braiad Py %60{ RTDa- RTDin)
cat -~
Ry

_ . 4 3
legt = 15.761° 10

ldog = Imax_post_cal_meas - lout_min

_ a5 3
ldog = 15:987 10

SBOA106C XTR108 Quick Start 78
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Step 3: Calculate Reg14 Nt

Idog " lea

M Gy =
€as | linad (RTDmax' Rz_adj)>(|max _post_cal_meas " |out_min)

{'jl Texas Instruments XTR103-E¥™ Application
File EEPRCM Setup  Yiew Help

0| =

Summary TFindRESisturST Calibration I

. o4
Meas_G”nadj =3.657" 10

G1 —— G”n_adj >G1 —Cailbration
in_final -~ in adi
- Meas Giinggj — — eve
XTR108 Coarse

- - 4 Excitation

G”n final = 4.082° 10 Dae, m
- Fine
) Excitation
i DAC:

Regl4adj = rOUnd(l@G“n_ﬁnalR”rJ ’ Llneanzatlu N

RTD Input s
=X

L 99 b . Fault I'u|r- 00r
— Config: m
Cj—adlél =103 = 67\ s Z1| 2 A E State (RO |_4—
SBUA+E66 XTR108 Quick Start 79
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Step 3. Final Result

Q‘ TEXAS
INSTRUMENTS

SBOA106(

May 2008

*'jl Texas Instruments XTR108-E¥™ Application

File EEPROM Setup ‘“iew Help

=101 %]

wj=3]=]

Summary

T Find Resistors T Calibration T Errar CalculaturT Fegld, 3, 4,5 T

Reghb-9

| Regt0-15 |

— Cailbration

HLIN

A 158000

XTR108

RTD

[3310
R 931 & | 02
ﬁ22| 991 &

Rl
L1
G2 g L
: ML

Linearization

DAC: E

Fault Monitor
Corfig:

State (RO):

Gain:

SPI Interface

CRE: m

Di=sable Read:

Coarse Zero

DAC: m

Fine Zero

Wod433

RTD ohrng &) 0 degC

I'IEIEI

— Step 1: Intial Calculations

Temp
deq C

Min | 2.3 | 4.0 mh
b an m Imm&

I Current VI

— Step 2 First Comection
At Min Temp

At kax Temp

J3.714

me 15503 A

= Step 3 2nd|Comection

Ab b ax Templ'l 9937 e,

Step 1: Initial
Calzulation
Step 2: Write
[Carections EEFROM
Step & 2nd Rezet
[Carestion Calibration

80
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Choose Overscale and Underszalﬁ

. INSTRUMENTS
Target

. Cal Over / Under Scale - O] x|

— Initial Settingz

Mode I Current j

Target Over Scale Limit |24
Target Under Scale Limit |3—

Compute Over / LUnder Limnit

Wrike TR

write EEFROM

— Compute &djusted Limitz

teazured Over Scale Limit I
teazured Under Scale Limit I

Compute Adjusted Limit

Wirite =TH

Wirike EEPROM

SBOA106C XTR108 Quick Start 82
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Choose Overscale and Underscale Tq‘i@%@m

Underscale Overscale —
3.55 20.7 ~ Initial Settings
335 21 2 tode II:urrent j
3' 1 S 21.7 Target Over Scale Limit
29 D 2o
276 22.7 / Compute Over / LUnder Limnit
2.56 23.2 ke XTHR
2.37 23.7 wirite EEPROM
P
217 < 24.2 >
24 6 — Compute &djusted Limitz
i Measured Over Scale Limit I—
25.1
Measured Under 5 cale Limit I—
25.6
26.1 Compute Adjusted Limit
: Wirte XTH
26.6
“winte EEPROM
271
276
SBOA106€C XTR108-Quiek-Start 83
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¥ T,
Measure Overscale / Underscale himndens

Set to a value below
minimum RTD
temperature to

force underscale.

XTR108 EVM
PC Interface

H DDE

Set to a value
below maximum
RTD temperature

to force overscale.

DVM 24\
ole 5O

D B

XTR108 EVM
PC Interface

i

6V dc !
T=-2.3°C T=-100°C
ToPe R=99.10 ToPC R= 138.50Q
Serial Port Serial Port '
SBOA106C XTR108 Quick Start 84
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XAS

Compute the Adjusted Targi frtizns

Overscale Targ = 24

Overscale _Meas = 26.43

AdjOverTarget = Overscale_Targ - (Overscale_Meas - Overscale Targ )
AdjOverTarget = 21.57

Underscale_Targ = 3

Underscale Meas = 3.06

AdjUnderTarget = Underscale Targ - (Underscale Meas - Underscale Targ )
AdjUnderTarget = 2.94

SBOA106C XTR108 Quick Start 85
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Choose Overscale and Underscale Ta‘i@gﬁ,@gm

Underscale |Overscale
3.55 20.7
3.35 21.2 —» (AdjOverTarget = 21.57
3.15 ( 21.7 S -~ _
— AdjUnderTarget = 2.94
D
2.76 22.7
2.56 23.2
2.37 23.7
217 24.2
24.6
251
25.6
26.1
26.6
271
SBOA106C 270 XTR4H08-Quick-Stapt 86
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b TeEXAS

Check Error INSTROMENTS

Set to a value below Set to a value

minimum RTD below maximum

temperature to RTD temperature

force underscale. .y o4V to force overscale. DVM f4V ]
DO 50 nje SO

H D WMo

D

XTR108 EVM
face

DDE

T=-100°C
S(-arr(i)arlgort To PC R=138.5Q
Serial Port
Target = 3mA Target = 24mA
SBOA10ECQror = 0.06mA XTR108 Quick Start Error = -0.27mA 87
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right fo make comrections, modifications,
enhancements, improvements, and other changes to its products and services at any fime and to discontinue
any product or service without notice. Customers should obtain the latest relevant information hefore placing
orders and should verify that such information is cumrent and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control technigues are used to the extent Tl
deems necessary fo support this wamranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operafing safeguards.

Tl does not warrant or represent that any license, either exprass or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellzctual property right relating fo any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a wamanty or endorsement thersof.
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 TI under the patents or other intellectual property of T,

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, condifions, limitations, and nofices. Reproduction
of this information with alteration is an unfair and deceplive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by T for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where vou can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifierti.com Audio wiww_ti.com/audio

Data Converters dataconverter.ti.com Automotive www_ti.comfautomotive

DSP dsp.ti.com Broadband www fi.com'broadband

Interface interface fi.com Digital Control www_ti. comdigitalcontrol

Logic logic.fi.com Military wawow ti.com/military

Power Mgmt power.ti.com Optical Metworking www ti.comfopticalnetwork

Microcontrollers microcontroller.ti.com Security wwow fi.com/security
Telephony www_ti.comitelephony
Yideo & Imaging www ti.comivideo
Wireless www ti.comfwireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright @ 2005, Texas Instruments Incorporated

» TeExas
INSTRUMENTS

SBOA106C
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy
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