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4-20mA, TWO-WIRE TRANSMITTER
“Smart” Programmable with Signal Conditioning

FEATURES

e COMPLETE TRANSMITTER + RTD
LINEARIZATION

e TWO-WIRE, 4-20mA OUTPUT

e VOLTAGE OUTPUT (0.5V to 4.5V)

ELIMINATES POTENTIOMETERS AND
TRIMMING

DIGITALLY CALIBRATED

5V SUB-REGULATOR OUTPUT
SERIAL SPI” BUS INTERFACE
SSOP-24 PACKAGE

SPI is a registered trademark of Motorola.

APPLICATIONS

DESCRIPTION

The XTR108 is a “smart”, programmable, 4-20mA, two-
wire transmitter designed for temperature and bridge sen-
sors. Zero, span, and linearization errors in the analog
signal path can be calibrated via a standard digital serial
interface, eliminating manual trimming. Non-volatile ex-
ternal EEPROM stores calibration settings.

The al-analog signal path contains an input multiplexer,
autozeroed programmable-gain instrumentation amplifier,
dual programmable current sources, linearization circuit,
voltage reference, sub-regulator, internal oscillator, control
logic, and an output current amplifier. Programmable level
shifting compensates for sensor DC offsets. Selectable
up- and down-scale output indicates out-of-range and burn-
out per NAMUR NE43. Automatic reset is initiated when
supply is lost.

e REMOTE RTD TRANSMITTERS Current sources, steered through the multiplexer, can be
e PRESSURE BRIDGE TRANSMITTERS used to directly excite RTD temperature sensors, pressure
bridges, or other transducers. An uncommitted op amp can
e STRAIN GAGE TRANSMITTERS be used to convert current into a voltage. The XTR108 is
e SCADA REMOTE DATA ACQUISITION specified for —40°C to +85°C.
e WEIGHING SYSTEMS
e INDUSTRIAL PROCESS CONTROL
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X o N -
ol 3 8
SPI and
Control Circuits
,,,,,, E%C,i@“,",”,,,,,i %
OJO e .
1 RS PS
V/1-0 Linearization -
i I?:] 10 4-20mA
ViI-2 % - o
V/1-3 = PGA
V/I-4 § +
V/I-5 Rioap
R: [R2 |Ra |Re [Rs XTR108 1

RTD

AN

IRel

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processina does not necessarilv include

. Copyright © 2001-2004, Texas Instruments Incorporated
{9 TevAc


http://www.dzsc.com/stock-xtr108.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/

ABSOLUTE MAXIMUM RATINGS®

Input Voltage to Multiplexer (Referenced to Iggr Pin) ...
Output Current Limit

Loop Supply Voltage, Vpg -.ccooveveeierreicnne. Dependent on External FET
XTR Supply Voltage, External Vg (Referenced to Iger Pin) ............

Storage Temperature Range ............ccccoccvveeiiiiniiicinnns -55°C to +125°C
JUNCLION TEMPETALUIE ...
Lead Temperature (soldering, 10S) ........cccceoriirieiriinsiecie s

NOTE: (1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade

device reliability.

(04

Thisintegrated circuit can bedamaged by ESD. TexasInstru-
mentsrecommendsthat all integrated circuitsbe handledwith
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ELECTROSTATIC
DISCHARGE SENSITIVITY

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage becausevery small parametric

changes could cause the device not to meet its published

specifications.
PACKAGE/ORDERING INFORMATION®)
SPECIFIED
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE-LEAD DESIGNATOR RANGE MARKING NUMBER MEDIA, QUANTITY
XTR108EA SSOP-24 DBQ —40°C to +85°C XTR108EA XTR108EA Rails
" " " " " XTR108EA/2K5 Tape and Reel, 2500

NOTE: (1) For the most current package and ordering information, see the Package Option Addendum located at the end of this data sheet.

ELECTRICAL CHARACTERISTICS

Boldface limits apply over the specified temperature range, T, = —40°C to +85°C.

At T, = +25°C, Vpg = 24V, and Supertex DN2540 external depletion-mode FET transistor, unless otherwise noted, all voltages measured with respect to Iggr pin.

XTR108EA
PARAMETER CONDITIONS MIN TYP MAX UNITS
Vjy TO lgyr TRANSFER FUNCTION lo = V,y (Span) + 4mA
Output
Specified Range 4 20 mA
Over-Scale Limit Resolution Digital Select: 21-28.5mA 0.5 mA
Fault Over-Scale Level® Above Over-Scale Selected +1.0 mA
Under-Scale Limit Resolution Digital Select: 2.2-3.6mA 0.2 mA
Fault Under-Scale Level® Below Under-Scale Selected -0.4 mA
Output for Zero Input
Zero Error, Unadjusted Viy = 0V +50 HA
vs Temperature +0.2 +1.5 HA/°C
vs Loop-Supply Voltage, V oop Vioop = 7.5V to 24V 0.02 HAN
vs Common-Mode Voltage Vew = 0.2V to 3.5V +1 HAN
Adjustment Resolution, Zero Input 1.8 HA/Step
Adjustment Range, Zero Input +4 mA
Span® Span = Ip/Vy
Initial, Unadjusted +1 %
Drift (vs Temperature) 40 ppm/°C
Span Adjustment Resolution 0.05 %
Span Adjustment Range
PGA + Output Amplifier® Ry, = 6.34kQ 49.3 3150 mA/N
Nonlinearity, Ideal Input Full-Scale V, = 50mV 0.01 %
PGA
Autozeroing Internal Frequency 6.5 kHz
PGA Offset Voltage (RTI)@ Vew = 1V +10 +50 Y
vs Temperature +0.02 pv/eC
vs Supply Voltage, Vg Vg = 4.5V to 5.5V +0.5 uvIv
vs Common-Mode Voltage Ven = 0.2V to 3.5V 105 dB
Common-Mode Input Range 0.2 Vg —-15 \
Input Bias Current 50 pA
vs Temperature Doubles/10°C pA
Input Offset Current 10 pA
vs Temperature Doubles/10°C pA




ELECTRICAL CHARACTERISTICS (Cont.)

Boldface limits apply over the specified temperature range, T, = —40°C to +85°C.
At T, = +25°C, Vpg = 24V, and Supertex DN2540 external depletion-mode FET transistor, unless otherwise noted, all voltages measured with respect to Iggr pin.

XTR108EA
PARAMETER CONDITIONS MIN TYP MAX UNITS
PGA (Cont.)
Input Impedance: Differential 30| 6 GQ || pF
Input Impedance: Common-Mode 50 || 20 GQ || pF
Voltage Noise, 0.1Hz to 10Hz 6 uVp-p
PGA Gain
Gain Range Steps 6.25, 12.5, 25, 50, 100, 200, 400 6.25 400 VIV
Initial Error Gain = 6.25, 12.5, 25, 50 +0.5 +2.5 %
G = 100, 200 +0.5 +3 %
G =400 +0.8 +3.5 %
vs Temperature +30 ppm/°C
Output Voltage Range(® Rioap = 6.34kQ t0 Iger 0.2 45 \Y
Typical Operating Range for 4-20mA XTR Output 0.5t 2.5 \%
Capacitive Drive 200 pF
Short-Circuit Current +6/-9 mA
ZERO OFFSET DACS
Zero-Code Output Level Vem = 1V, Vi = 0V
RTO® of Current Amplifier Ry, = 6.34kQ 4.116 mA
RTO® of PGA 522 mvV
Coarse DAC, 256 Steps 7 Bits + Sign
Adjustment Range Relative to Zero-Code Level
RTO® of Current Amplifier -3.77 to +3.77 mA
RTO® of PGA —470 to +470 mvV
Step Size
RTO®) of Current Amplifier 0.029 mA
RTO® of PGA 3.7 mvV
Linearity +0.5 LSB
Fine DAC, 256 Steps Relative to Zero-Code Level 7 Bits + Sign
Adjustment Range
RTO® of Current Amplifier —236 to +236 HA
RTO® of PGA —29.4 to +29.4 mvV
Step Size
RTO®) of Current Amplifier 0.0018 mA
RTO® of PGA 0.23 mvV
Linearity +1 LSB
Noise, RTO®) f = 0.1Hz to 10Hz 1.1 HApP-p
CURRENT AMPLIFIER
Current Gain 49 50 51 AIA
Current Gain Drift 10 ppm/°C
CURRENT SOURCES, Iggr; AND lggrs
Zero-Code Output Level, Each Rger = 12.1kQ 480 493 510 HA
Coarse DAC, 256 Steps 7 Bits + Sign
Adjustment Range(” —-195 to +195 HA
Step Size 1.54 HA
Fine DAC, 256 Steps 7 Bits + Sign
Adjustment Range(”) —12.2 to +12.2 HA
Step Size 96 nA
Linearity
Coarse +0.2 LSB
Fine +0.5 LSB
vs Temperature +35 ppm/°C
Matching +0.2 %
vs Temperature +10 ppm/°C
Compliance Voltage, Positive®® Vg -2 Vg - 1.5 \Y
Output Impedance 100 MQ
Current Noise f = 0.1Hz to 10Hz 0.015 HAp-p
LINEARIZATION DAC
Linearization Range, 256 Steps 8 Bits
Max Linearization Coefficient Algee/AV )y, Ry = 15.8kQ 0.99 HA/MmV
Step Size 3.9 nA/mV
SUB REGULATOR, Vg Supply Voltage for XTR
Voltage 4.8 5.1 5.4 \%
vs Temperature +50 ppm/°C
vs Loop-Supply Voltage Vioop = 7.5V to 24V +0.03 A%

*.’; TevAc




ELECTRICAL CHARACTERISTICS (Cont.)

Boldface limits apply over the specified temperature range, T, = —40°C to +85°C.

At T, = +25°C, Vpg = 24V, and Supertex DN2540 external depletion-mode FET transistor, unless otherwise noted, all voltages measured with respect to Iggr pin.

XTR108EA
PARAMETER CONDITIONS MIN TYP MAX UNITS
OVER- AND UNDER-SCALE LIMITING
Over-Scale DAC: 16 Steps 4 Bits
Adjustment Range
RTO® of Current Amplifier Ry, = 6.34kQ 20.7 to 28.1 mA
RTO® of PGA 2.625 to 3.563 \%
Step Size
RTO(® of Current Amplifier 0.49 mA
RTO® of PGA 62.5 mvV
Accuracy +10 %
Under-Scale DAC: 8 Steps 3 Bits
Adjustment Range
RTO® of Current Amplifier Ry, = 6.34kQ 2.17 to 3.55 mA
RTO® of PGA 275 to 450 mV
Step Size
RTO®) of Current Amplifier 0.195 mA
RTO® of PGA 25 mvV
Accuracy +5 %
VOLTAGE REFERENCE, Vger
Internal Bandgap 1.193 \%
vs Temperature +5 +50 ppm/°C
UNCOMMITTED OP AMP
Input
Offset Voltage Vem = 2V +2 mV
vs Temperature +3 uv/°eC
vs Common-Mode Voltage 90 dB
Open-Loop Gain 110 dB
Common-Mode Input Range 0to 3.5 \Y
Output Voltage Range R, = 10kQ to Vg/2 0.2 Vg —0.2 \Y
DIGITAL INPUT/OUTPUT
Logic Family CMOS
Logic Levels
Vi 0 0.8 Y
Viy 35 Vg \Y
VoL lo. = 300pA 0.4 v
Vou loy = —300UA V-1 Y
Input Current
i (CS1) 35 <V, < Vs -200 -120 10 HA
I, (CS1) 0<Vy<038 -20 -6 10 HA
Iy I (SCLK, DIO) 0<Vp<Vs -20 -6 10 HA
INTERNAL OSCILLATOR
Frequency, fosc 210 kHz
TEMPERATURE RANGE
Specification —40 +85 °C
Operating -55 +125 °C
6, Junction to Ambient 100 °C/IW
LOOP SUPPLY
Voltage Range with Supertex DN2540 7.5 \%
Quiescent Current Rger Open, LyReg = 0, No Sensor Current®(©) 0.5 mA

NOTES: (1) Over-scale and under-scale complies with NAMUR NE43 recommendation. (2) Span adjustment is determined by PGA gain and sensor
excitation. (3) Span can be digitally adjusted in three ways: PGA gain, current reference Coarse, and current reference Fine. (4) RTI = Referred to Input.
(5) Current source output voltage measured with respect to Ize7. (6) RTO = Referred to Output. (7) Excitation DAC range sufficient to adjust span fully
between PGA gain steps. (8) Output current into external circuitry is limited by an external MOS power FET. (9) Measured with over- and under-scale limits

disabled.



PIN CONFIGURATION

Top View
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PIN ASSIGNMENTS

PIN NAME FUNCTION

VI/I-0 MUX Input Channel 0 and/or Igge Out MUX Input to PGA and/or Izge to Sensor

VII-1 MUX Input Channel 1 and/or Igge Out MUX Input to PGA and/or Igge to Sensor

V/1-2 MUX Input Channel 2 and/or Igge Out MUX Input to PGA and/or Iger to Sensor

VII-3 MUX Input Channel 3 and/or Igge Out MUX Input to PGA and/or Izge to Sensor

ViI-4 MUX Input Channel 4 and/or Igege Out MUX Input to PGA and/or Igge to Sensor

V/I-5 MUX Input Channel 5 and/or Igge Out MUX Input to PGA and/or Iger to Sensor
CriLTER Filter Capacitor Filter to Reduce Chopper Noise in Autozeroing PGA
Run Linearization Linearization Range Adjustment Resistor

Vo PGA Output PGA Amplified Output of Differential Sensor Input
In Current Input Input to Output Current Amplifier

lo Output Current 4-20mA Current for Output Loop

IReT Return Current Return for All External Circuitry Current

Vg Voltage Regulator Supply Voltage for XTR and External Circuitry, If Used
VgaTe Gate Voltage Gate Voltage for External MOSFET Transistor
cs2 Chip Select 2 Select for XTR Serial Port to External EEPROM (Output from XTR Only)
SDIO Serial Data Input/Output Serial Data Input or Output

SCLK Serial Clock Serial Clock

cs1 Chip Select 1 Select for External uC Serial Port (Input to XTR Only)
Rser Resistor for Reference Sets Current Reference

REFy Voltage Reference Input Voltage Reference Input to XTR

REFouT Voltage Reference Output Voltage Reference Output from Internal Bandgap
OPA OUT Uncommitted Op Amp Output Uncommitted Op Amp Output

OPA —IN Uncommitted Op Amp Negative Input Uncommitted Op Amp Negative Input

OPA +IN Uncommitted Op Amp Positive Input Uncommitted Op Amp Positive Input




TYPICAL CHARACTERISTICS

At T, = +25°C, V+ = 24V, unless otherwise noted. Ry, = 6.34kQ.
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TYPICAL CHARACTERISTICS (Cont.)

At T, = +25°C, V+ = 24V, unless otherwise noted. Ry, = 6.34kQ.
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TYPICAL CHARACTERISTICS (Cont.)

At T, = +25°C, V+ = 24V, unless otherwise noted. Ry, = 6.34kQ.

INPUT NOISE POWER DENSITY
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OVERVIEW

The XTR108 is a 4-20mA current-loop transmitter that
allows the user to digitally adjust the gain, offset, and
linearity correction of the analog output to calibrate the
sensor. The digital data for adjustment are stored in an
external EEPROM device.

The analog signa path is composed of a compound multi-
plexer (MUX), programmable gain instrumentation amplifier
(PGA), and an output current amplifier. Analog support func-
tions include digitally controlled current sources for sensor
excitation, PGA offset control, linearization, voltage refer-
ence, and voltage regulator.

Thedigital interface communicates with external devicesfor
calibration and to store the resultant datain an SPI compat-
ible EEPROM. A complete systemisshownin Figurel. The
XTR108 serial interface is SPI compatible and only requires
four connections to the calibration controller: a serial clock
(SCLK), a seria data line (SDI0), a chip select line (CS1),
and a ground sense line. All logic signals to the XTR108
must be referenced to the potential of the ground sense line
(Iger pPin on the XTR108).

Within this entire system there may exist three different
“GND” voltage levels. In addition, the voltage difference
between the Iz and |5 potential will depend on the output
current level. It isnot certain that the“GND” potential of the
calibration system will be at the same potential of either the
Iret OF I potential, and therefore the isolation couplers are
shown in Figure 1. All voltages specified for the XTR108
are with reference to the Iz pin.

PGA PEAK-TO-PEAK NOISE (RTI)

BW: 0.1Hz to 10Hz :

1.25pv/div

5s/div

— EE PROM
SDIO
‘% SCLK Isolation Calibration
o Csi Couplers System
N
L caib
- GND
XTR108
lo
IreT Rv PS
L Tx Rx
- GND = GND

FIGURE 1. Complete System Level Configuration with
Three Unique Ground Voltage Levels.

The XTR108 also needs to communicate with the external
EEPROM device independently from the calibration control-
ler to retrieve the calibration constants during normal opera
tion. The XTR108 provides a second chip select function
(CS2) for the EEPROM device to facilitate this communica-
tion.



THEORY OF OPERATION

REFERENCE

The XTR108 has an on-board precision bandgap voltage
reference with output at pin 21 (REFgt). The value of the
reference is factory-trimmed to 1.193V, with atypical tem-
perature drift of 5ppm/°C. Pins 21 (REFy 1) and 20 (REFy)
must be connected together to use the internal reference.

External circuitry, such as a voltage excited sensor or an
Analog-to-Digital Converter (ADC), can be connected to the
REFoyT pin. The unbuffered REFq 7 is capable of sourcing
current but not sinking.

If the application necessitates, an externa reference can be
connected to the XTR108 REF, pin, aslong asthe reference
does not exceed 1.4V. The REF, pin has a high input
impedance with the input current not exceeding a few
nanoamps.

INPUT MULTIPLEXER

The XTR108 input multiplexer is a full 6 by (2+2) cross-
point switch. The current references and PGA inputs can be
independently connected to any of the six external pins,
including simultaneous connections to the same pin. This
allows a great flexihility in the sensor excitation and input
configuration. The input pins must not be driven below the
IreT potentia or above Vg,

See Figure 2 for an RTD sensor connected to pin V0 with
both Iger supplied and PGA V., sensed at that pin. The
other five input pins are used for abank of R, resistors that
can be selected during the calibration processfor aparticular
measurement range.

PROGRAMMABLE GAIN
INSTRUMENTATION AMPLIFIER

The programmable gain instrumentation amplifier has seven
voltage-gain settingsin binary steps from 6.25V/V to 400V/V.
The input common-mode range of the PGA is 0.2V to 3.5V
above the | g7 potentia.

Normally, in the application for 4-20mA transmitters, the
PGA output voltage range should be set to V ;gro = 0.5V and
Vg = 2.5V. Connecting aresistor (Ry, = 6.34kQ) between
pin 9 (V) and pin 10 (I,y) converts this voltage to the signal
for the output amplifier that produces a 4-20mA scale
current output. In this mode, the PGA voltage gain converts
to an overall transconductance in the range of 50mA/V to
3200mA/V (approximately). Table | shows the gain to
transconductance relationship.

VOLTAGE GAIN 6.25|12.5| 25 | 50 [ 100 | 200 | 400
VIV

OUTPUT TRANSCONDUCTANCE | 49 | 99 |197 | 394 | 789 |1577|3155
mA/N

FULL-SCALE DIFFERENTIAL V,y | 320 {160 | 80 | 40 | 20 | 10 5
mV

TABLE I. PGA Gain, Corresponding Loop Transductance
and Input Full-Scale Differential Voltage.

If over-scale and under-scale limiting is disabled, the PGA
can be used with rail-to-rail voltage output, for example, in
applications that require a 0.5V to 4.5V voltage scale.

The PGA uses advanced auto-zero circuit techniquesto achieve
high DC precision, and reduce mismatches and errors within
the chip such asinput offset, offset temperature drift, and low-
frequency noise (see the input noise typical characteristic).
The basic clock frequency of the auto-zero loop is about
6.5kHz. Due to the switching nature of the auto-zero circuit,
the output of the PGA can have a noticeable clock feed-
through ripple in higher gains. This noise can be reduced by
the addition of a 0.01uF capacitor between pin 7 (Cgy 1er)
and the local ground, pin 12 (Ize7). This creates a one-pole
low-pass filter with —3dB frequency at about 1.5kHz. If
wider bandwidth or faster settling timeisneeded, the Cr| 1er
can be reduced or eliminated at the expense of higher glitch
amplitude at the output. Please refer to the typica step
response traces for settling time comparisons.

ZERO DACS

Two output-referred, 8-bit Digital-to-Analog Converters
(DACs) (coarse and fine with a pedestal) set the zero level of
the PGA output. They alow setting a desired zero-scae
output level and compensatetheinitial offset at the PGA input
due to the sensor and resistor mismatches, sensor non-ideali-
ties, etc. Both coarse and fine DACs are bidirectional and
allow the output level to be set above or below a preset
pedestal.

Output signals of the DACS, |; coarse @d |7 g &€
summed with the pedestal, |; program- Each of the DACs
has 8-bit resolution (256 steps) with 4-bit overlap between
the coarse and fine DACs. This means that one LSB of the
coarse DAC is egqual to 16 fine LSBs, and the full-scale
range of the fine DAC is equa to 16 coarse LSBs. This
effectively produces 12-hit adjustment resolution.

This overlap allows the user to set pre-calculated values
before the calibration, using the coarse DAC only and adjust
the zero output level with the fine DAC during the calibra-
tion process see Tablel for the equations for calculating the
value of the output when zero differential voltage is applied
at the PGA input. For the adjustment range, LSB sizes, and
linearity values of the Zero DACs, please refer to the
electrical characteristics table.

Note that a DAC can be set to a value that produces an
output below the under-scale level. In this case, the under-
scale limit will prevent the output from getting to the desired
value. The value of the minimum scale should not be set so
low that the PGA voltage output, V, goes below its speci-
fied range of 0.2V from Iggrt.

ADJUSTABLE OVER-SCALE AND
UNDER-SCALE LIMITING CIRCUIT

The XTR108 incorporates circuitry to set adjustable limits at
the output in cases when the sensor signal goes above or
below its range. There are 16 levels for over-scale limit
adjustment (4-bit DAC) and 8 levelsfor the under-scale (3-bit
DAC).

*y TevAc
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FIGURE 2. XTR108 Internal Block Diagram.
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CURRENT REFERRED TO Igyr PIN

VOLTAGE REFERRED TO Vg PIN
WITH RESPECT TO Iggr
OVERALL Vzero = Vz program + Vz coarse * Vz FINE
3.5V
PROGRAM VzproGRAM = %
Veer , Nis
Vv = .13
COARSE DAC Z COARSE 30 4
Veer , Nip
Y, = .12
FINE DAC ZFINE 30 64

Izero = Iz ProGRAM t Iz coarsE * 1z FINE
175V per

| =
ZPROGRAM R
8 Vi

SVeer , Nis
8Ry, 4

Iz coarse =

SVrer , Nio
8Ry 64

IzEne =

NOTE: N;3 and N,, are assigned decimal values of registers 13 and 12, respectively.

TABLE II. Equations for Calculating Zero Output.

The circuit is designed for compliance with NAMUR NE43
recommendation for sensor interfaces. The limit levels are
listedin Tables VIl and V1I1. Because of the large step sizes,
units that use this feature should be checked if the value is
critical. The under-scale limit circuit will override the Zero
DAC level if it is set lower and there is not enough sensor
offset at the PGA input.

It may be necessary to disablelimiting if the X TR108 is used
in applications other than a 4-20mA transmitter, where the
PGA output is between 0.5V and 4.5V.

SENSOR FAULT DETECTION CIRCUIT

To detect sensor burnout and/or short, a set of four compara-
tors is connected to the inputs of the PGA. If any of the
inputs are taken outside of the PGA’s common-mode range,
the corresponding comparator sets a sensor fault flag that
causes the PGA output to go either to the upper or lower
error limit. The state of the fault condition can beread in the
digital form from register 3. The direction of the analog
output is set according to the “Alarm Configuration Regis-
ter” (see Table X). The level of the output is produced as
follows: if the over-scale/under-scale limiting is enabled, the
error levels are: over-scale limit +2LSBs of the over-scale
DAC, about 1mA referred to | g7 or 0.125V referred to Vg,
of under-scale limit —2L SBs of the under-scale DAC, about
0.4mA referred to | 7 or 0.05V referred to V. If the over-
scale/under-scale limiting is disabled, the PGA output volt-
age will go to within 150mV of either positive or negative
supply (Vg or Iger), depending on the alarm configuration
bit corresponding to the error condition.

OUTPUT CURRENT AMPLIFIER + Ry, RESISTOR

To produce the 4-20mA output, the X TR108 uses a current
amplifier with a fixed gain of 50A/A. The voltage from the
PGA isconverted to current by the external resistor, Ry,. Pin
| reT» the common potential of the circuit (substrate and local
ground), is connected to the output and inverting input of the
amplifier. This allows collecting all external and internal
supply currents, sensor return current, and leakage currents
from the different parts of the system and accounting for
them in the output current. The current from Ry, flows into
the pin I,y that is connected to the noninverting input and
therefore, is at ground potential as well. The ratio of two

matched internal resistors determines a current gain of this
block. Note that the |yt pin is always biased below the
substrate potential.

EXCITATION CURRENT DACS AND Rggr RESISTOR

Two matched adjustabl e reference current sources are avail-
able for sensor excitation. The defining equations are given
in Table I1l. Both current sources are controlled simulta-
neously by the coarse and fine DACs with a pedestal.

Theexternal resistor Rgzr is used to convert the REF voltage
into the reference current for the sensor excitation DACs.
The total current output of the DACs is split, producing two
references: |ger; and Igery. Both of the current references
match very closely over the full adjustment range without
mismatched differential steps. Both current reference out-
puts must be within the compliancerange, i.e.: onereference
cannot be floated since it will change the value of the other
current source.

The recommended value of Rger is 12.1kQ for use with
100Q RTD sensors. This generates Ipgr; ,=492UA currents
when both coarse and fine DACs are set to zero. The value
of the Rgey resistor can be increased if lower reference
currents are required, i.e.: for 1000Q RTD or a bridge
Sensor.

REFERENCE CURRENT
OVERALL IREFI, 2= IREF PROGRAM + IREF COARSE + IREF FINE
| - 5VREF
PROGRAM REFPROGRAM ~ 1
SET
COARSE DAC IReF coarsE = Veer * k
Rger 64
| _ Vrer , Nio
FINE DAC REF FINE Regr 1024
NOTE: N;; and N, are the decimal values of registers 11 and 10,
respectively.

TABLE Ill. Equations for Calculating the Values of Each
Reference Current.

Similar to the Zero DACs, the outputs of the fine and coarse
DAC are summed together with the pedestal | zer procrAM-
Each of the excitation DA Cs has 8-hit resolution (256 steps)
with 4-bit overlap between the coarse and the fine. This

*y TevAc



means that one LSB of the coarse DAC is equa to 16 fine
L SBs, and the full-scale range of the fine DAC isequal to 16
coarse LSBs. This effectively produces 12-bit adjustment
resolution. This allows the user to set pre-calculated values
before the calibration, using the coarse DAC only and adjust
the reference current output level with the fine DAC during
the calibration process.

LINEARIZATION CIRCUIT AND Ry RESISTOR

The XTR108 incorporates circuitry for correcting a second-
order sensor nonlinearity. A current proportional to the
voltage at the input of the PGA is added to the sensor
excitation. The R, resistor is used to convert this voltage
into current. By appropriately scaling this current using the
linearization DAC, parabolic sensor nonlinearity can be
improved by up to a 40:1 ratio, as shown in Figure 3. The
linearization coefficient (ratio of the reference current change
to the input voltage) is expressed in pA/mV as follows:

G = Alger ,  Nyg
LIN =y 16+ R
IN LIN

where N4, is the decimal value from register 14.

The recommended value of the resistor is 15.8kQ, for use
with 100Q RTD sensors. This value produces a full-scale
linearization coefficient of about 1mA/V. Please see the
section below on using the XTR108 with an RTD tempera-
ture sensor. If the sensor excitation is scaled down by
increasing the value of Rgzr, the value of Ry should be
scaled proportionaly.

4 / N

. / \
Uncorrected
RTD Nonlinearity

Corrected
Nonlinearity

Nonlinearity (%)
N

+850°C
Process Temperature (°C)

FIGURE 3. Pt100 Nonlinearity Correction Using the XTR108.

SUB-REGULATOR WITH EXTERNAL MOSFET

The XTR108 is manufactured using a low-voltage CMOS
process with maximum supply voltage limited to 5.5V. For
applicationsin a4-20mA current loop, aspecia sub-regulator
circuit is incorporated in the device that requires an external
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n-channel depletion-mode MOS transistor and three capaci-
tors, see Figure 2.

A number of third-party suppliers make n-channel deple-
tion-mode MOSFETs. A list of devices tested by Texas
Instruments, Inc. is shown in Table IV with the capacitor
values recommended for those devices.

MANUFACTURER MOSFET MODEL Ceate VALUE
Supertex DN2535, DN2540 220pF
DN3535, DN3525 1000pF
Siliconix ND2012, ND2020 220pF
Infineon BSP149 1000pF
TABLE 1V. Recommended Gate Capacitor Vaues For Se-
lected MOSFETS.

The capacitors C gop (0.01uF), Cgeg (2.2uF), and Cgate
are required for the regulator loop stability and supply
bypass. They should be placed in close proximity to the
XTR108 on the PCB. An additional 1uF capacitor may be
used to bypass the supply of an EEPROM chip.

If aMOSFET other than those listed in Table 1V isused, the
value of Cgare should be adjusted such that there is no
overshoot of Vg during power-up and supply glitches. Any
Vg overshoot above 7.5V may damage the XTR108 or
deteriorate its performance.

LOOP VOLTAGE

The XTR108 transmitter minimum loop voltage can some-
what be effected by the choice of the external MOSFET. The
devicesaretested to 7.5V compliance with Supertex DN2540;
choosing other MOSFETS can change this value slightly.

The maximum loop voltage is limited by the power dissipa-
tion on the MOSFET as well as its breakdown voltage.
Possible ambient temperatures and the power dissipation
should be taken into account when selecting the MOSFET
package. The externa MOSFET can dissipate a consider-
able amount of power when running at high loop supply. For
example, if V| oop = 24V and | oyt = 20mA, the DC power
dissipated by the MOSFET is:

Puosrer = lout (ViLoor — V) = 380mQ

For a SOT-89 package soldered on an FR5 board, this will
cause a 30°C rise in the temperature. The power dissipation
gets significantly higher when the circuit is driven into an
over-scale condition. Therefore, specia attention should be
paid to removing the heat from the MOSFET, especialy
with small-footprint packages such as SOT-89 and TO-92.
Please follow manufacturer’s recommendations about the
package thermal characteristics and board mounting.

UNCOMMITTED OP AMP

For added flexibility in various applications, the XTR108
has an on-chip uncommitted operational amplifier. The op
amp hasrail-to-rail output range. The input range extends to
|reT potential.



The uncommitted amplifier can be used for a variety of
purposes, such as voltage sensor excitation, buffering the
REFoyt pin, four-wire RTD connection, or sensing the
bridge voltage for temperature compensation.

POWER-GOOD/POWER-ON RESET

In case of asupply brownout condition or short interruption,
the X TR108 power-good detection circuit will initiate achip
reset that will cause all registersto bereset to 0'sand acycle
of EEPROM read to begin. The circuit generates a reset if
Vg droops below 1.5V and then recovers up to the normal
level.

USING THE XTR108 IN VOLTAGE OUTPUT MODE
The XTR108 can be used not only in 4-20mA current loops,
but also as alow-power, single-supply, “smart” sensor-condi-
tioning chip with voltage output. In this mode, the pin Iger
must be grounded. The sub-regulator with an externad MOSFET
may or may not be used. If the circuit is powered externaly,
the supply voltage must be in the range of 5V to +0.5V.

CONTROL REGISTERS

Table V showsthe registersthat control the analog functions
of the XTR108.

DESCRIPTION OF CONTROL REGISTERS
Address = 0: Control Register 1

If the RST bit is set to ‘1’ in a write operation, al the
registers in the XTR108 will be returned to their power-on
reset condition. The RST bit will alwaysread asa‘'0’. CSE,

the checksum error bit, is read only and will be setto ‘1" if
a checksum error has been detected. This bit is cleared by a
reset operation or by detection of a valid checksum. The
remaining bits are reserved and must be set to ‘0'.

Address = 3: Fault Status Register

This register is a read-only register. If the input voltage to
the PGA exceeds the linear range of operation, the XTR108
will indicate this error condition (typically caused by a
sensor fault) by setting the under-scale or over-scale error
level depending on the state of the Alarm Configuration
Register (Address = 7). Information on the nature of the fault
may be read in digital form from this register, as shown in
Table VI. The remaining bits will be set to ‘0.

BIT FAULT MODE

FO Negative Input Exceeds Positive Limit.
F1 Negative Input Exceeds Negative Limit.
F2 Positive Input Exceeds Positive Limit.
F3 Positive Input Exceeds Negative Limit.

TABLE VI. Register 3, Fault Status Register.

Address = 4: Control Register 2

If the RBD bitisset to‘1’, the automatic read-back from the
EEPROM will be disabled after a valid checksum byte is
received in Register 15. This bit is read from the EEPROM
during a read-back by the XTR108 and allows the user to
program the XTR108 to read the EEPROM data once
(instead of continuously), and then disables the automatic
read-back function. The XTR108 will continuously read the
EEPROM if RBD is set to ‘0’. The remaining bits in this
register must be set to ‘0.

Instruction D7 D6 D5 D4 D3 D2 D1 DO
Read/Write |  R/W 0 0 0 A3 A2 Al A0 Read/Write Operation
EEPROM Mode 0 1 1 1 1 1 1 1 Assert CS2
Ignore Serial Data/A
Data Bit D7 D6 D5 D4 D3 D2 D1 DO
0 RST CSE 0 0 0 0 0 0 Read/Write Control Register 1
1 0 0 0 0 0 0 0 0 Reserved
2 0 0 0 0 0 0 0 0 Reserved
3 0 0 0 0 F3 F2 F1 FO Read Only Fault Status Register
4 0 0 0 0 0 0 0 RBD Read/Write Control Register 2
5 FD us2 uUs1 Uso 0OS3 OS2 Os1 OS0 Read/Write Over/Under-Scale Register
6 0 0 0 0 0 G2 Gl GO Read/Write PGA Gain
7 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO Read/Write  Alarm Config. Register
8 0 VP2 VP1 VPO 0 VN2 VN1 VNO Read/Write PGA Input Config. Register
9 0 1B2 IB1 1BO 0 1A2 1AL IAO Read/Write  Izge Output Config. Register
10 FG7 FG6 FG5 FG4 FG3 FG2 FG1 FGO Read/Write Fine Izrgr Adjust Register
11 CG7 CG6 CG5 CG4 CG3 CG2 CG1 CGO Read/Write Coarse Iger Adjust Register
12 Fz7 Fz6 Fz5 Fz4 Fz3 Fz2 Fz1 Fz0 Read/Write Fine Zero Adjust Register
13 cz7 Cz6 Cz5 Cz4 Cz3 Cz2 Ccz1 Cz0 Read/Write Coarse Zero Adjust Register
14 L7 L6 L5 L4 L3 L2 L1 LO Read/Write Linearization Adjust Register
15 S7 S6 S5 S4 S3 S2 S1 SO Read/Write Checksum Register

TABLE V. Analog Control Registers.



Address = 5: Over- and Under-Scale Register

This register sets the magnitude of the over-scale current
limit and the magnitude of the under-scale current limit. The
threshold level, as shown in Table VII and VIII, is the
normal analog (no error condition) output limit. If an input
voltage to the PGA exceeds the linear operation range, the
output will be programmed to either the over-scale error
level or the under-scale error level. The over-scale error
level is 10mA greater than the over-scale threshold level.
The under-scale error level is 0.4mA less than the under-
scale threshold level. The FD bit will disable the over-scale
and under-scale limiting function as well as the PGA fault
indication error levels.

Address = 6: PGA Gain Register

This register sets the gain of the programmable-gain ampli-
fier. The unused bits must alwaysbe setto ‘0’. The gain step
to register content is given in Table IX.

Address = 7: Alarm Configuration Register

This register configures whether the XTR108 will go over-
scale or under-scale for various detected fault conditions at
the input of the PGA. Table X defines each of the hits.

If abit corresponding to the particular error issetto *1', the
output will go over-scale when it occurs and if a bit corre-
sponding to the particular error is set to ‘0’, the output will
go under-scale.

lo OVER-SCALE

Vo OVER-SCALE THRESHOLD

0S3 | OS2 | Os1 0Sso THRESHOLD Ry, = 6.34kQ
0 0 0 0 2.625V 20.7mA
0 0 0 1 2.6875V 21.2mA
0 0 1 0 2.75V 21.7mA
0 0 1 1 2.8125V 22.2mA
0 1 0 0 2.875V 22.7mA
0 1 0 1 2.9375V 23.2mA
0 1 1 0 3.0v 23.7mA
0 1 1 1 3.0625V 24.2mA
1 0 0 0 3.125V 24.6mA
1 0 0 1 3.1875V 25.1mA
1 0 1 0 3.25V 25.6mA
1 0 1 1 3.3125V 26.1mA
1 1 0 0 3.375V 26.6mA
1 1 0 1 3.4375V 27.1mA
1 1 1 0 3.5V 27.6mA
1 1 1 1 3.5625V 28.1mA

TABLE VII. Register 5, Over-Scale Threshold.

lo UNDER-SCALE

Vo UNDER-SCALE THRESHOLD

us2 | us1 uUso THRESHOLD Ry, = 6.34kQ
0 0 0 450mV 3.55mA
0 0 1 425mV 3.35mA
0 1 0 400mV 3.15mA
0 1 1 375mVv 2.96mA
1 0 0 350mVv 2.76mA
1 0 1 325mVv 2.56mA
1 1 0 300mVv 2.37TmA
1 1 1 275mv 2.17mA

TABLE VIII. Register 5, Under-Scale Threshold.
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SIGNAL PATH
PGA TRANSCONDUCTANCE
G2 G1 GO VOLTAGE GAIN Ry = 6.34kQ
0 0 0 6.25V/IV 49mA/N
0 0 1 12.5VIV 99mMAN
0 1 0 25VIV 197mAIV
0 1 1 50VIV 394mANV
1 0 0 100V/V 789mA/N
1 0 1 200VIV 1577mAN
1 1 0 400VIV 3155mA/NV
1 1 1 Reserved

TABLE IX. Register 6, PGA Gains.

BIT AC AC AC AC AC AC AC AC

# 7 6 5 4 3 2 1 0
Vinn h | | h n n | h
Vine | h | h | h n n
NOTES: ‘h’ = input exceeds positive common-mode range, ‘I' = input exceeds

negative common-mode range, and ‘n’ = input pin is within the CM range.

TABLE X. Register 7, Alarm Configuration Register.

Address = 8: PGA Input Configuration Register

This register connects the inputs of the PGA to the various
multiplexed input pins. Tables XI and XI1 show the relation-
ship between register, contents, and PGA inputs.

VP2 | VP1 VPO PGA POSITIVE INPUT
0 0 0 PGA V., Connected to V/I-0
0 0 1 PGA V., Connected to V/I-1
0 1 0 PGA V), Connected to V/I-2
0 1 1 PGA V., Connected to V/I-3
1 0 0 PGA V)y: Connected to V/I-4
1 0 1 PGA V|y: Connected to V/I-5
1 1 0 Reserved
1 1 1 Reserved
TABLE XI. Register 8, PGA Positive Input Selection.
VN2 | VN1 | VNO PGA NEGATIVE INPUT
0 0 0 PGA V). Connected to V/I-0
0 0 1 PGA V). Connected to V/I-1
0 1 0 PGA V). Connected to V/I-2
0 1 1 PGA V,_ Connected to V/I-3
1 0 0 PGA V,_ Connected to V/I-4
1 0 1 PGA V). Connected to V/I-5
1 1 0 Reserved
1 1 1 Reserved

TABLE XII. Register 8, PGA Negative Input Selection.

Address = 9: Iz Output Configuration Register

This register connects the reference currents to the various
multiplexed input pins. |gge connection codes are given in
Table XIII.

Address = 10: Fine Izge Adjust Register

Thisregister sets the code to the 8-bit Fine DAC that adjusts
the magnitude of both reference currents. The DAC output
value has a bipolar range (for each reference current) and
can be calculated using the equations in Table Ill.



IA2 | IA1 | IAO Irer CONNECTION
0 0 0 Irerl Connected to V/1-0
0 0 1 Irerl Connected to V/I-1
0 1 0 Irerl Connected to V/1-2
0 1 1 Irerl Connected to V/1-3
1 0 0 Irerl Connected to V/I-4
1 0 1 Irerl Connected to V/1-5
1 1 0 Reserved
1 1 1 Reserved

IB2 IB1 IBO lrer CONNECTION
0 0 0 Irer2 Connected to V/1-0
0 0 1 Irer2 Connected to V/I-1
0 1 0 Irer2 Connected to V/1-2
0 1 1 Irer2 Connected to V/1-3
1 0 0 Irer2 Connected to V/I-4
1 0 1 Irer2 Connected to V/I-5
1 1 0 Reserved
1 1 1 Reserved

TABLE XIlII. Register 9, Izer Output Configuration.

Address = 11: Coarse Iggr Adjust Register
Thisregister sets the code to the 8-bit coarse DAC that adjusts
the magnitude of both reference currents. The nominal value
for the reference current (both Coarse and Fine adjust setto ‘0’)
iS Iprocram * 5. See Table I11 for formulas.

Address = 12: Fine Zero-Adjust Register
Thisregister sets the code to the 8-bit Fine DAC that adjusts
the magnitude of the zero output currents. Equations are
given in Table II. Negative numbers are in Binary Two's
Complement.

Address = 13: Coarse Zero-Adjust Register

This register sets the code to the 8-bit Coarse DAC that
adjusts the magnitude of zero-output current. See Table |1
for equations. Negative numbers are given in Binary Two's
Complement.

Address = 14: Linearization Adjust Register

This register sets the code to the 8-bit DAC that adjusts the
magnitude of the linearization feedback current. Value is
unipolar to 255.

Address = 15: Checksum Register

This register contains the checksum byte that is used to
validate the data read from the EEPROM. If a write occurs
to this register, and the checksum isinvalid, an error condi-
tion will set (CSE ='1"). If the checksum is valid, the error
condition will be cleared (CSE = ‘0").

If a checksum error is detected, the XTR108 will program
itself to the lowest under-scale error level.

SERIAL INTERFACE

PROTOCOL

The XTR108 has an SPI-compatible serid interface. The
dataistransmitted M SB first in 8-bit bytes. Thefirst byte is
an instruction byte in which the first bit is a read/write flag
(‘0" = write, ‘1’ =read), the lowest four bits are the register
address and the remaining three bits are set to zero. The
second, and all successive bytes, are data. During a write
operation, the successive data bytes are written to successive

registers within the XTR108. The address is automatically
incremented at the completion of each byte. The SDIO line
is aways an input during a write operation. During a read
operation, the SDIO line becomes an output during the
second and successive bytes. As in the case of a write
operation, the address is automatically incremented at the
completion of each byte. Each communication transaction is
terminated when CSl1 is de-asserted. The CS2 line remains
de-asserted during read and write operations.

The calibration controller also needs to be able to read from
and write to the external EEPROM device. This is accom-
plished by sending a special instruction code (0x7F) to the
XTR108. At the completion of this instruction byte, the
XTR108 will assert the CS2 line to select the EEPROM
device and ignore al data on the SDIO line until CS1 is de-
asserted and reasserted. The CS2 line will also be de-
asserted when CSl1 is de-asserted. This alows the caibra-
tion controller to communicate with the EEPROM device
directly. The calibration controller then has control over the
timing required to write data to the EEPROM device.

In normd operation, the X TR108 reads datafrom the EEPROM
device to retrieve calibration coefficients. This is accom-
plished by the read-back controller on the X TR108. The read-
back controller is clocked by an on-chip oscillator and pro-
vides stimulus to the EEPROM device over the SCLK, SDIO,
and CS2 lines to perform the read operation, while simulta-
neously providing stimulusto the seria interface controller in
the XTR108. Theread-back controller defaultsto being active
when the XTR108 is powered on and will be continuously
active unless disabled. (It will start a new read operation as
soon as the previous operation is completed, see Figure 4.) A
control bit (RBD) isprovided to allow the X TR108 to read the
EEPROM once and then stop.

The read-back controller will abort a read-back operation
when the CS1 line is asserted. The calibration controller
must wait at least 40us after setting the CS1 line LOW
before the first rising edge of SCLK occurs.

For an external controller to write directly to the XTR108
(sensor calibration operation) or |oad datainto the EEPROM,
it is necessary to interrupt the default read-back mode. For
both of these modes, the SCLK direction must be reversed.
See Figure 5 for thetiming of this operation. First, the SCLK
line must be pulled LOW for at least 20ns (t,o). Then CS1
is set LOW. The XTR108 will set DIO to a tri-state within
20ns (t;5) and CS2 HIGH within 50ns (t,,). After adelay of
at least 40ps (t;,), the external system will start communica-
tion with arising edge on SCLK.

Aslong as CSLisheld LOW, the external system can write to
the EEPROM. See Figure 7 for this timing. Releasing CS1
will alow the XTR108 to resume in the read-back mode.

For interactive calibration operations, the first command to
the XTR108 should set bit 0, Register 4 (RBD). This will
disable the read-back mode. It will be possibleto writeto the
various registers and cycle CS1. If RBD is not set, then as
soon as CSl isreleased, the X TR108 will read the EEPROM
contents which will overwrite the data just loaded. Figure 6
shows read and write timing.
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FIGURE 4. Timing Diagram for the XTR108 Continuous Readback Cycle. (See Table XIV for timing key.)
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FIGURE 5. Interrupting an XTR108 EEPROM Readback Cycle. (See Table X1V for timing key.)

[1 — - ft—
\ tg —»I [
\
o T B MBI
t, —w f— — [ 1,
t3 ——{ |- t, —» }—— tg —=1 }——
\ \
\ \
DIO
DD EN =D GN G
\ \
FIGURE 6. Timing Diagram for Writing to and Reading From the X TR108 with EEPROM Readback Disabled. (See Table
X1V for timing key.)
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FIGURE 7. Writing to and Reading From the EEPROM Device From External Controller. (See Table XIV for timing key.)

SPEC DESCRIPTION MIN TYP MAX UNITS
t, CS1 LOW to SCLK Rising Setup Time 2.0 ns
ty SCLK Pulse Width HIGH and LOW 100 ns
t3 DIO to SCLK Rising Setup Time 20 ns
ty DIO to SCLK Rising Hold Time 20 ns
ts CS1 to Last SCLK Rising Hold Time 20 ns
tg SCLK Falling to DIO Driven Valid by XTR108 0 50 ns
t; CS1 to DIO Tri-State 0 20 ns
tg SCLK Pulse Width During EEPROM Readback 5 us
to CS2 HIGH Between Successive EEPROM Readbacks 10 us
to SCLK Driven LOW Before CS1 LOW When Interrupting XTR108 Readback from EEPROM 20 ns
tyy CS1 LOW to SCLK Rising Setup Time When Interrupting XTR108 EEPROM Readback 40 us
t1o CS1 Falling to CS2 HIGH 0 50 ns
tis CS1 Falling to DIO Tri-State 0 20 ns
tia CS1 Rising to CS2 HIGH 0 20 ns

XTR108 EEPROM Update Rate in Continuous Readback Mode 0.9 kHz

TABLE XIV. Timing Diagram Key.

To be compatible with SPl EEPROM devices, the XTR108
latches input data on the rising edge of SCLK. Output data
transitions on the falling edge of SCLK. All serial interface
transactions must be framed by CS1. CS1 must be asserted
to start an operation, and it must be de-asserted to terminate
an operation.

EEPROM DATA STORAGE

The XTR108 automatically reads data from an SPI-compat-
ible EEPROM device. The models 25C040 from MicroChip
and the AT25010 from Atmel have been tested and are
known to work. Equivalent deviceswith an SPI interface can
be expected to work. The XTR108 will read data from
addresses 4 through 15 of the EEPROM. The addressin the
EEPROM is the same as the address for the corresponding
datain the XTR108. The X TR108 will not write data to the
EEPROM. The external calibration controller isresponsible
for writing data to the EEPROM.

CHECKSUM FUNCTION

To validate the data from the EEPROM device, the XTR108
calculates a checksum on the incoming serial-data stream
during each write operation. Thevaluewrittento the EEPROM
that will betransferred to register 15 during an EEPROM read
operation must be such that the sum of the datain registers 4
through 15 totals OxFF (255). The sum is calculated by
performing an add/accumulate function on all of the data
bytes of aread operation. An end-around carry is used during
the add/accumul ate operation. If a carry-out was generated in
the previous add operation, it is used as a carry-in for the next
add operation for the checksum operation. Thefollowing code
shows how the value of register 15 could be calculated:
Sum =0
FOR Index =4 TO 14
Sum = Sum + Data [Index]
IF Sum > 255 THEN
Sum = Sum — 255
NEXT Index
Data [15] = 255 — Sum
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For a test or calibration operation, it may be necessary to
write to a few select registers. This may be accomplished
without writing to register 15. To accomplish this, write to
the necessary registers and release CS1. There is no need to
update register 15.

If the command is to disable the automatic read-back func-
tion by setting the RDB bit in register 4, it is necessary to
rewrite the entire register set data with a correct checksum
value in register 15. The automatic read-back mode will be
disabled upon successful checksum operation.

The checksum error flag is also cleared when the X TR108
is reset (i.e.: at power ON). Write operations that do not
write to the checksum register will have no effect on the
checksum error flag. By locating the checksum register after
the last configuration register and including the checksum
register in the EEPROM read operation, the datais validated
by the checksum function.

EEPROM DATA SECURITY

Since the data in the EEPROM directly affects the analog
output of the XTR108, the datain the EEPROM needs to be
secure from accidental write operations. SPI EEPROM de-
vices have a write-protect function on one of the pins. An
additional connection to the calibration controller would be
required if the write-protect pin is used to prevent accidental
write operations. SPl EEPROM devices require a special
write enable instruction to be executed to write data to the
EEPROM. It is unlikely that this would accidentally be
written to the EEPROM device and then be followed by a
valid write operation. Further security can be obtained by
using an SPI EEPROM device that hasinternal write-protect
control bits. These bits are nonvolatile and must be cleared
before write operations are allowed.

SURGE PROTECTION

Remote connections to current transmitters can sometimes
be subjected to voltage surges. It is prudent to limit the
maximum surge voltage applied to the X TR108 with various
zener diodes and surge-clamping diodes specially designed
for this purpose. Since the maximum voltage on the X TR108
loop islimited by the external MOSFET breakdown voltage,
usually more than 200V, the requirement to the clamping
devices are not very strict. For example, a 50V protection
diode will assure proper transmitter operation at normal loop

voltages without significant leakage yet provide an appro-
priate level of protection against voltage surges. In case of
prolonged (seconds and longer) overvoltage, lower voltage
clamps may be used to limit the power dissipation on the
transmitter.

Most surge-protection zener diodes have a diode character-
istic in the forward direction that will conduct excessive
current, possibly damaging receiving-side circuitry if the
loop connections are reversed. If a surge protection diode is
used, a series diode or diode bridge should be used for
protection against reversed connections.

REVERSE-VOLTAGE PROTECTION

The XTR108's low compliance rating (7.5V) permits the
use of various voltage protection methods without compro-
mising operating range. Figure 8 shows a diode bridge
circuit which alows normal operation even when the volt-
age connection lines are reversed. The bridge causes a two
diode drop (approximately 1.4V) loss in loop supply volt-
age. This results in a compliance voltage of approximately
9V—satisfactory for most applications. If 1.4V drop in loop
supply istoo much, a diode can be inserted in serieswith the
loop supply voltage and the V+ pin. This protects against
reverse output connection lineswith only a0.7V lossin loop

supply voltage.

RADIO FREQUENCY INTERFERENCE

Thelong wirelengths of current loopsinvite radio frequency
interference. RF energy can be rectified by the sensitive
input circuitry of the X TR108 causing errors. Thisgenerally
appears as an unstable output current that varies with the
position of loop supply or input wiring.

If the RTD sensor is remotely located, the interference may
enter at the input terminals. For integrated transmitter as-
semblies with short connection to the sensor, the interfer-
ence more likely comes from the current loop connections.

Bypass capacitors on the input reduce or eliminate thisinput
interference. Connect these bypass capacitors to the Izt
terminal, see Figure 9. Although the DC voltage at the Izt
terminal is not equal to OV (at the loop supply, Vpg) this
circuit point can be considered the transmitter’s “ground.”
The 0.01puF capacitor connected between V| oop and | o may
help minimize output interference.

NOTE: (1) Zener Diode 36V: 1N4753A or General
Semiconductor Transorb™ 1N6286A. Use lower

0.01pF
14 J - D,®

XTR108 T Diodes

IRET

i voltage.

1N4148

The diode bridge causes
a 1.4V loss in loop supply

voltage zener diodes with loop power supply
voltages less than 30V for increased protection.
See “Over-Voltage Surge Protection.”

Maximum Vpg must be
less than minimum
v voltage rating of zener
- Vps X

diode.

FIGURE 8. Reverse Voltage and Over-Voltage Protection.
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RTD APPLICATION

The values to be entered into the DAC control registers are
given by the formulas in Table XV.

EXCITATION CURRENT Igge
Coarse DAC code

064 « lrerRser 1320

]
Ny, =round Vv
Vrer H

Fine DAC Code

(1024« lperRser

a
N30 = round -5120-16+ NllH

VREF
ZERO OUTPUT lzgro
Coarse DAC Code
032« | R 0
Ny3 =round Biza?o YL _140
5 Veer H

Fine DAC Code

0512« | ;eroRy

]
Ny, =round —2240-16- NmH

5 Vrer

LINEARIZATION COEFFICIENT Gy
Lin DAC Code
Ny, =round (16 G \Ryn )

TABLE XV. Equations for DAC Code Calculation.

This procedure allows calculation of the parameters needed
to calculate the DAC codes for an RTD sensors application.

Standard RTD Polynomials :
Ry =Ro [1+At+BL® +C(t-100°C)t%] for - 200°C <t <0°C
R, =R¢ [1+At +312] for 0°C < t <850°C

A =3.9083e -3
B=-5775e-7
C=-4.183e-12

Ro —base RTD value at 0°C (100Q or kQ)

TABLE XVI. Standard RTD Descriptive Equations.

1) For a chosen temperature range, using an industry-stan-
dard polynomia set as shown in Table XVI, calculate
RTD values at min, max, and the middle temperatures:

(RMIN1RMAX1 and RMID)

2) Cdlculate arelative nonlinearity B, using the RTD values
from above:
Ruip - Rmax + Rmin

By = 2
v
Rmax —Rmin

3) Pick an external zero resistor, R, closest to Ry . Select-
ing R, greater than Ry, Will cause a voltage offset that
must be corrected by the PGA zero adjustment.

4) Calculate the linearization coefficient::

2B,

Gun = (0.5+By ) Ryax —(05-By ) Ryin —2ByR;

If thevalue of G, |y islarger than Gy max = (16/R; )
the externa resistor R |y has to be changed. If G\
issignificantly smaller (> 10 times) than G |\ max. the
R\ value should be increased to minimize the DAC
guantization errors. For 100Q RTD sensors the re-
quired linearization coefficients are in the range from
0.3 to 0.6 mA/V (1/kQ) for all measurement ranges.
Therefore an external R,y value of 15.8kQ is good
setting the full-scale G |y max ~ = IMA/V. For 1kQ
RTD’s the R, | should be increased proportionally.

5) Choose the output zero and full-scale level values, for
instance: loyr, = 4MA, loutyax = 20MA.

6) Choose PGA gain from the available list and calculate
the initial excitation current using:

| - (IOUTMAx I OUTMIN). (1_GL'N (RMAX _RZ)). Rvi
REF, ~ 50¢ Apga® (RMAX - RMIN)

Important: the PGA gain value should be chosen such
that the Iz value is within £35% of 5V ge/Reer tO
allow room for calibration adjustments without having
to go to another span step.

7) The required DAC zero offset current value can be
calculated by:

| - S0 Apcal rer (RMIN_RZ)
ZERO = louTy,y — Ry,

Example:
Measurement Range: Ty, y = —20°C, Tyax = 50°C; 100Q
RTD.

1) Ruin=9216Q, Ryax = 119.40Q, Ry,p = 105.85Q;
2) Sensor relative nonlinearity: B,, = 0.0026;

3) Choosing Ry = 90.9Q (closest to Ry, n 2% value);
4) Linearization coefficient: G,y = 0.3804mA/V;

5) 4-20mA output span;

6) PGA voltage gain Apg, = 200, sensor excitation current
IREFl,Z = 36839mA,

7)  Zero offset DAC: |ygro = 3.268MA

*{; TevAc



CALIBRATION PROCEDURE FOR RTD SENSORS
Step 1 Initial parameters calculation.

» Using the procedure above, compute | ger, Apcas | 7ERO:
and Gy based on Ty ns Tmax. @nd nominal values of
Rz, Rger, and Ry,.  Use the equation in Table XV to
calculate the DAC register values.

» Configure the input MUX, write PGA gain, reference,
and offset DAC registers of the XTR108 with calcu-
lated settings. Note: write G, = 0 (no linearization) to
XTR108 at this step;

Step 2 Measurement.

» Set RTD resistor value (or oven temperature) to mini-
mum scale, measure output signal lyeas;

* Set RTD resistor value (or oven temperature) to maxi-
mum scale, measure output signal lyeas;

Step 3.
» Calculate corrections using the following equations:

| _ (Imease —Imeast) Ry
REFA 50A pca (Rmax —Ruin)

(1zero = ImEaSL)RVI
50Apcal REFA
2By
05+By )Ryax —(0.5-By )Ryin —2ByRza

Rz, =Rmin +

GLina =(

sy = (IOUTMAX -1 OUTM|N)' (1— Gun_A (RMAX -Rz, )) *Ry
50« Apca* (Rmax —Rwin)
Dlger = ('REF ~IreFa ) + (lREF - IREFB)
(1024 * AlpgrRser O
VRer

50+ Apgalrerg (RMIN _RZA)
Rui

Adjusted Iger fine DAC Code :Njg, =Njq +round

Alzero =loutyyy ~'zERO —

(512 AlygroRy O

Adjusted Izgro fine DAC Code:Njp, =Njp +round 5oV,
* VREF

This takes into account resistor value deviations, all
offsets and gain errors of the coarse DACs and PGA. If
the adjusted abs(N;,,) > 128 or abs(N4q,) > 128, adjust
the coarse DAC first, then recalculate the fine DAC
value;

» Update al the DAC register vaue, including lineariza-
tion DAC.

Step 4 (optional).
Mesasure output signal |ygags With maximum RTD vaue
still connected to the input from step 2;

Step 5 (optional).
Compute G, |\ correction and update LinDAC register;

Step 6 (optional).

Make verification measurements at min- and max-input
signal; If linearity check is needed: make a measurement at
mid-scale; write EEPROM data.

Step 7.

Set the desired over-scale, under-scale signal limits and
sensor burnout indication configuration. Verify and adjust
the over-scale and under-scale levels by applying the posi-
tive and negative overdriving differential signalsto the PGA
inputs.



SAMPLE ERROR ANALYSIS

Table XVII shows a detailed computation of the error
accumulation. The sample error budget is based on atypical
RTD circuit (Pt100, 200°C measurement span). Note that
these calculations are based on typical characteristics where
no maximum or minimum characteristic is available. The

SAMPLE ERROR CALCULATION

assumption is made that all errors are positive and additive.
As the various error sources are independent, a closer
approximation to nominal performance might be to accumu-
late the errors with a root-sum-square calculation.

RTD value at 4mA Output (Rgrp min) 100Q: RTD Measurement Range 200°C; Ambient Temperature Range (AT ,) 20°C; Supply Voltage Change (AV,) 5V; Common-

Mode Voltage Change (ACM) 0.1V.

Chosen XTR108 parameters: PGIA gain = 50; Izgr = 518.9uA; Full-scale V,y = 40mW. Register 06 = 0,03; Register 11 = 0,11, Register 13 = 04FC; Register 14 = 0,70.

CALIBRATED ERROR
ERROR SOURCE ERROR EQUATION SAMPLE ERROR CALCULATION (ppm of Full Scale)
INPUT
Input Offset Voltage Note (1) 0
vs Common Mode CMRR * ACM/(Vy max) * 108 SpV/V + 0.1V/0.04V » 106 12,5
Input Bias Current Note (1) 0
Input Offset Current Note (1) 0
Total Input Error: 12.5
EXCITATION
Current Reference Accuracy Note (1) 0
vs Common Mode ACM/Royt * Rro min/(Vin max) © 108 0.1V/100MQ « 100Q/40mV 25
Current Reference Matching Note (1)
DAC Resolution and Linearity 1LSBene * Rrro min/(Vin max) © 108 96nA * 100Q/40mV « 106 240
Total Excitation Error: 242.5
GAIN
Span Note (1) 0
Nonlinearity Nonlinearity (%)/100% ¢ 106 0.01%/100% ¢ 106 100
Total Gain Error: 100
OUTPUT
Zero Output Note (1) 0
vs Supply (Izero VS V4) * AV,/16mA « 106 Note (2) 6
DAC Resolution and Linearity 2LSBg\e/16mA « 106 2 « 1.8uA/16mMA « 106 225
Total Output Error: 231
DRIFT (AT, = 20°C)
Input Offset Voltage Drift « ATA/(Vin max) © 108 0.02uV/°C « 20°C/40mV « 106 10
Current Reference Accuracy Drift « AT, 35ppm ¢ 20°C 700
Current Reference Matching Drift « ATp  Iggr * Rrrp min/(Vin max) | 15ppm ¢ 20°C « 518.9pA « 100/40mV 390
Span Drift « AT, 30ppm ¢ 20°C 600
Zero Output Drift « AT, Note (1) 250
Total Drift Error: 1950
NOISE (0.1Hz to 10Hz, Typ)
Input Offset Voltage Vi/(Vin wax) © 108 6uV/40mV « 106 150
Current Reference Iree Noise ¢ Rgrp min/(Vin max) © 108 0.015pA « 100Q/40mV « 108 37.5
Zero Output lzer0 NOise/16mA « 106 1.1pA/16mA « 106 68.5
Total Noise Error: 256
TOTAL ERROR: 2792 (1997)®
0.28% (0.20%)®
NOTES: (1) Does not contribute to the output error due to calibration. (2) All errors are referred to input unless otherwise stated. (3) Calculated as root-
sum-square.

TABLE XVII. Sample Error Budget Calculation.

o TevAc



APPLICATIONS

RTD CONNECTION METHODS
Two-Wire Connection

The simplest circuit that can be used to connect an RTD to
the X TR108 is the two-wire connection shown in Figure 9.
If the RTD is separated from the XTR108 by any distance
the resistance of the lead wires can cause significant error in
the reading. This wire resistance is noted as R yg; @nd
R.ine2- If the RFfilter is not required, then the PGA inputs
could be taken from the same pins as are used for the current
Sources.

Three-Wire Connection

It is possible to minimize the errors caused by the lead-wire
resistance by connecting the RTD, see Figure 10. Operating
under the assumption that the wire connecting pin 1 to the
XTR108 isthe same length asthe wire at pin 2, and with the
current through the RTD identical to the current through R,
any error voltage caused by the lead-wireisthe same on both
sides. This appears as a common-mode voltage and is
subtracted by the PGA.

The circuit in Figure 10 also shows a scheme where one
board can be optimized for a wide range of temperatures.
Consider a range of applications where there are up to five
different minimum temperatures. Select R,; through R,5 to
be optimum for each of the minimum temperatures. The
configuration codes in the EEPROM can be set to select that
resistor for that unique situation.

Four-Wire Connection

For those applications where the resistance of the lead-wires
is not equal, it may be an advantage to add a precision op
amp to a four-wire connection, see Figure 11. The voltage
offset and drift are error terms that degrade the operation of
the system. Thiscircuit does not suffer any loss of accuracy
for the resistance of the RTD lead-wires.

BRIDGE SENSOR CONNECTIONS
Fixed Voltage Excitation

There exists a class of sensors that are best supplied with a
voltage source excitation such as the bridge sensor shown in
Figure 12. The excitation voltage here is given by:

0 RO
Vex :VREFg+R_l%
2

Uni-Directional Linearity Control

The circuit in Figure 13 shows a bridge sensor with an
excitation voltage that is adjusted to linearize the response
using the same algorithm as the RTD linearization.

Vex =2° lger Ry

1kQ

1kQ

W
=-
0.01pF =

RuNEL

RTD

RuNE2

RCM

— 0.01yF

2 L

.\/\/\/\-
7]

FIGURE 9. Two-Wire RTD Connection with RF Filter at Input Terminals.



Equal line resistances here create a
small common-mode voltage which is
rejected by the XTR108.

.
Ry \

Ras X

R24

E% o3
=

RTD

Multiplexer

R25

]

Resistance in this line causes a small
common-mode voltage which is rejected
by the XTR108.

FIGURE 10. Three-Wire RTD Connection with Multiple Minimum Temperature Capabilities.
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FIGURE 11. Four-Wire RTD Connection.
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FIGURE 12. Voltage Excited Bridge with Excitation Derived from Vgge.
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FIGURE 13. Voltage Excited Bridge with Uni-Directional Linearity by Control.
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PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty
XTR108EA ACTIVE SSOP/ DBQ 24 56 None CU SNPB Level-3-260C-168 HR
QSOP
XTR108EA/2K5 ACTIVE SSOP/ DBQ 24 2500 None CU SNPB Level-3-260C-168 HR
QSOP

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current ROHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA
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NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C
D

. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15) per side.
. Falls within JEDEC MO-137 variation AE.
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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 Tl 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 Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
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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 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.

Resale of TI 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.

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

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments

Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated



