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CIRCUIT FUNCTION AND BENEFITS

The circuit shown in Figure 1 s an integrated 2-wire, 3-wire, or
4-wire resistance temperature detector (RTD) system based on the
AD7124-4/AD7124-8 low power, low noise, 24-bit Z-A analog-to-
digital converter (ADC) optimized for high precision measurement
applications.

This circuit note uses a Class B Pt100 RTD sensor with an accura-
cy of £0.3°C at 0°C but it can support other classes such as Class
A, Class AA, 1/3 DIN, or 1/10 DIN that are higher accuracy RTDs.
This circuit also has provision for Pt1000 RTDs that are useful in
low power applications.

The AD7124-4/AD7124-8 can achieve high resolution, low nonli-
nearity, and low noise performance as well as high 50 Hz and

60 Hz rejection, suitable for industrial RTD systems. The typical
peak to peak resolution of the system is 0.0043°C (17.9 bits) for full
power mode, sinc4 filter selected, at an output data rate of 50 SPS,
and 0.0092°C (16.8 bits) for low power mode, post filter selected, at
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an output data rate of 25 SPS. These settings show that the system
accuracy is significantly better than the sensor accuracy.

The AD7124-4/AD7124-8 integrate several important system build-
ing blocks required to support RTD measurements. Functions,
including programmable excitation current sources and a program-
mable gain amplifier (PGA), excite and gain the RTD, respectively,
which allows direct interfacing with the sensor and simplifies the
design while reducing cost and power consumption.

Several options of the on-chip digital filtering and three integrated
power modes, where the current consumption, range of output
data rates, settling time, and rms noise are optimized, provide
application flexibility. The current consumed in low power mode is
only 255 pA and in full power mode is 930 pA. In power-down
mode, the complete ADC along with its auxiliary functions are pow-
ered down so that the AD7124-4/AD7124-8 consume 1 A typical.
The power options make the AD7124-4/ AD7124-8 suitable for
nonpower critical applications, such as input modules, and also for
low power applications, such as loop-powered smart transmitters
where the complete transmitter must consume less than 4 mA.

The AD7124-4/AD7124-8 also have extensive diagnostic function-
ality integrated as part of its comprehensive feature set. This func-
tionality can be used to check that the voltage level on the analog
pins are within the specified operating range. These devices also
include a cyclic redundancy check (CRC) on the serial peripheral
interface (SPI) bus and signal chain checks, which leads to a more
robust solution. These diagnostics reduce the need for external
components to implement diagnostics, resulting in a smaller solu-
tion size, reduced design cycle times, and cost savings.
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Figure 1. 2-Wire, 3-Wire, or 4-Wire RTD Measurement Configuration
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RTD INTRODUCTION

RTDs are frequently used sensors for temperature measurements.
A RTD is made from a pure metal (examples include platinum,
nickel, or copper), which has a predictable change in resistance as
the temperature changes and can typically measure up to +850°C.
RTDs are capable of high accuracy and good stability when com-
pared with other types of temperature sensors such as thermistors,
thermocouples, and semiconductor (IC) temperature sensors. The
most widely used RTDs are platinum Pt100 and Pt1000. These
sensors are categorized by their nominal resistance at 0°C. There

are several industry standards that define the tolerance and accura-

cy limits of a Platinum RTD sensor.

For the circuit in Figure 1, a Class B Pt100 RTD sensor was

used which measures from -200°C to +600°C. The resistance

of a Class B Pt100 RTD is typically 100 Q at 0°C and has a

typical temperature coefficient of ~0.385 Q/°C (see Figure 2) and

a tolerance of +0.3°C at 0°C. Any temperature above or below the
RTD calibrated temperature (0°C) has a wider tolerance band and
lower accuracy. A Pt1000 RTD is also available in a similar range
and tolerances. However, the resistance value for a Pt1000 RTD is
higher by a factor of ten compared with the resistance value of the
Pt100 sensor.

400
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100 /
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-300 0 300 600 900 3
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Figure 2. Pt100 RTD Resistance vs. Temperature

The three types of RTD configurations commonly used in RTD
measurement applications are 2-wire, 3-wire, and 4-wire. A 2-wire
configuration is the simplest. However, in this configuration, the
lead resistance adds error because this resistance is in series
with the RTD and cannot be compensated for. Thus, 2-wire RTDs
are used when lead wires are short, minimizing lead resistance
effects on accuracy. The resistance of long wire lengths can be
compensated for with a 3-wire connection using two excitation
currents, while the error due to the resistance of long wire lengths
is near eliminated using the 4-wire connection. Therefore, a 4-wire
configuration results in the best performance.
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However, a 3-wire RTD requires only three connections to the RTD,
which is useful in designs where the connector size is minimized
(three connection terminal required vs. the 4-wire terminal for a
4-wire RTD).

RTD TRANSFER FUNCTION

From the specification of the PT100 RTD, the resistance changes
by approximately 0.385 Q/°C. This relationship can be used as a
quick method to get an approximate temperature of the RTD. This
method has inaccuracies due to the temperature coefficient of the
RTD changing slightly over the temperature range. However, it can
be a useful method to quickly check the temperature.

To calculate the approximate temperature, use Equation 1, where
the resistance of the RTD is 100 Q at 0°C.

Temperature(°C) = (Rgrp — 100)/0.385 (1)

The RTD transfer function, known as the Callender-Van Dusen
equation, gives a more accurate result. It is made up of two distinct
polynomial equations. Use Equation 2 for temperatures less than
0°C, and use Equation 3 for temperatures greater than 0°C.

The equation for temperature (T) < 0°C follows:

Rrrp(T) = RO(1 + AT + BT? + C(T — 100)T°) ()
The equation for T 2 0°C follows:

Rrrp(T) = RO(1 + AT + BT?) (3)
Where:

Rrrp(T) is the RTD resistance at temperature (T)

RO is the RTD resistance at 0°C (in this case, R0 = 100 Q)

T is the RTD temperature (°C)

A=39083x 1073

B=-5775x1077

C=-4.183x 107"

There are many different ways to determine the temperature as a
function of the RTD resistance given the transfer function in Equa-
tion 2 and Equation 3. For this circuit note, the direct mathematical
method is chosen because of its accuracy. Using Equation 4, the
temperature can be calculated as:

—A+a% - 4B(1- )
Tgrrp| °C | = 5B 4)

Where ris the RTD resistance, and the other variables are as
defined previously.

This method works well for temperatures 20°C. To calculate
the RTD temperature for temperatures below 0°C, a best fit polyno-
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mial expression is required. The polynomial used in this circuit note
is a fifth-order polynomial, as shown in Equation 5.

Trrp(°C) = —242.02 + (2.2228 X 1) +
(2.5859 x 107°)r? —(4.826 x 10~ °)r? (5)
—(2.8183 x 107 °)r#+ (1.5243 x 107 "%)r®

RTD MEASUREMENTS

To accurately measure the RTD resistance, a low level voltage is
generated across the Rgyp by a constant excitation current source.
This low level voltage can then be amplified by the on-board PGA
of the ADC and is then converted to a precision digital representa-
tion using the 24-bit 2-A ADC. Errors in the current source can be
easily canceled by referring the measurement to the voltage across
a precision reference resistor (Rggr) that is driven with the same
current source, thereby resulting in a ratiometric measurement
result.

The general expression to calculate the RTD resistance (R), where
the ADC is operating in unipolar mode, is given by

RRTD(_Q) _ (CODE X RREF)

N (6)

The general expression to calculate the RTD resistance (R), where
the ADC is operating in bipolar mode, is given by

(cope -2V _i)lx RREF 0

RRTD(-Q) = Gx 2N

where:

CODE is the ADC code.

Rger is the reference resistor.

N is the resolution of the ADC (24 for the AD7124).
G is the selected gain.

As an example, the code read back from the AD7124-4/AD7124-8
is configured in bipolar mode for a temperature set to 25°C is
11270065. Converting this code to a resistance using Equation 7
results in the following:

(11270065 — 2%) x Rpgp

Rgrp = =109.704 Q
RTD G x 223

Linearization using Equation 4 gives a temperature of 24.921°C.

As a second example, the code read back from the AD7124-4/
AD7124-8 is configured in bipolar mode for a temperature set to
-25°Cis 10757779.

Converting this code to a resistance results in the following:

10757779 — 223\ x R
)xFrer _ 90.200 Q

Rprp = PR
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Linearization using Equation 5 gives a temperature of -24.982°C.
RTD DESIGN CONSIDERATIONS

The following sections describes the general guidelines in design-
ing circuit components and setting the required operation of the
RTD measurement circuit shown in Figure 1.

The RTD Wiring Configuration section covers the different circuit
techniques and connections used for each wiring configuration. Al
considerations and calculations used for each circuit configuration
shown can be refer to the RTD Wiring Configuration section.

ADC

Along with the RTD sensor specification, the accuracy of the sys-
tem depends on the performance of the ADC. The AD7124-4/
AD7124-8 provide an integrated solution for RTD measurement.
These devices can achieve high resolution, low nonlinearity, and
low noise performance as well as high 50 Hz and 60 Hz rejection.
The AD7124-4/AD7124-8 consist of on-chip programmable excita-
tion current sources, reference buffers, and a low noise PGA that
amplifies the small signal from the RTD, thus allowing direct inter-
face with the sensor and minimizing the required external circuitry.

Power Supplies

The AD7124-4/AD7124-8 have separate analog and digital power
supplies. The digital power supply, IOVpp, is independent of the
analog power supply and can be from 1.65 V to 3.6 V referenced
to DGND. The analog power supply, AVpp, is referred to AVgg

and has a range of 2.7 V t0 3.6 V for low and mid power modes
and a range of 2.9 V t0 3.6 V for full power mode. The circuits
shown in Figure 1 operate from a single supply. Therefore, AVgg
and DGND are connected together, and only one ground plane

is used. The AVpp and I0Vpp voltages are generated separately
using ADP150 voltage regulators. The AVpp voltage is setto 3.3V,
and the I0Vpp voltage is set to 1.8 V, using the ADP150 regulators.
Using separate regulators ensures the lowest noise.

The power mode selection depends on the current budget allotment
for the end application. If the application requires a much higher
output data rate and better noise performance, the devices can

be programmed in full power mode. For any portable application,
low power components must be used, and for some industrial
applications, the complete system is powered from the 4 mA to 20
mA loop so that a current budget of 4 mA maximum is allowed. For
this type of application, the devices can be programmed in mid or
low power mode.

Excitation Current and Output Compliance

The AD7124-4/AD7124-8 offer two such excitation current sources
that are register programmable from 50 A to 1 mA. The selection
of excitation currents affects the RTD input voltage range, gain
selection, and the reference and reference buffer headroom resis-
tors. Maximize the possible excitation current used for better per-
formance. However, the output compliance of the excitation current
source must also be considered when making RTD measurements.
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For this circuit, 500 pA is selected, which has an output compliance
voltage of AVpp - 0.37 V. The AVpp supply voltage for this circuit

is 3.3 V. Therefore, the output compliance level for the excitation
current source must be less than 2.93 V.

Using the Callender-Vian Dusen equation, with an RTD temperature
range of ~200°C to +600°C, the voltage generated across the RTD
using a 500 pA excitation current is approximately 9.26 mV to
156.85 mV.

Analog Inputs and Gain Selection

Signals from the sensor are quite small and must be amplified by a
low noise gain stage. RTDs vary from tens of millivolts to hundreds
of millivolts depending on the RTD chosen. An ADC with an internal
PGA can be used to avoid the need for any external amplifier
components. The AD7124-4/AD7124-8 consist of an on-chip, low
noise PGA that amplifies the small signal from the RTD with a gain
programmable from 1 to 128, thus allowing direct interface with the
sensor. The gain stage has high input impedance and limits the
input leakage current to 3.3 nA typical for full power mode and 1
nA typical for low power mode. If the on-chip excitation current is
programmed to 500 pA, at a maximum temperature of 600°C, the
voltage generated across the RTD is approximately 156.85 mV.

To ensure that the maximum range of the AD7124-4/AD7124-8 is
used, the PGA gain is programmed to a gain of 16. The PGA
amplifies the maximum RTD sensor output voltage to 2.5096 V.

Reference and Reference Buffer Headroom

For the circuit shown in Figure 1, the reference inputs used

are REFIN+ and REFIN1-. The current through the RTD also
flows through the precision reference resistor that generates the
reference voltage. The voltage generated across this precision ref-
erence resistor is ratiometric to the voltage across the RTD. There-
fore, any variations seen in the excitation current are removed.

The reference is continuously sampled by a switched capacitor.

In this circuit, the reference input is driven by an external refer-
ence resistor. Note that large RC values can cause gain errors

in measurements. Enabling the internal reference buffers allow a
wide range of resistor values or EMC filtering without adding any
error. Because the reference buffers are enabled, it is necessary to
ensure that the headroom required for correct operation is met.

The reference voltage must be within the minimum and maximum
reference voltages for operation. The AD7124-4/AD7124-8 can op-
erate with a reference from 0.5 V to (AVpp - AVss). The reference
buffers require a headroom of at least 0.1 V above and below the
supply rails.

Using the excitation current (Igxc) of 500 yA, and the amplified
voltage of the ADC (Vrrp max), the reference resistor value is

VRTD MAX _ 2.51 vV _
Texc = 500 uA =5020 N
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Therefore, a 5.11 kQ resistor is chosen, which gives a reference
voltage (Vgrgr) of

VREF = RREF X IREF =5.11k0 X SOOHA = 2.555V

The headroom of 0.125 V (500 A x 250 Q) is provided by the

250 Q resistor to ground, as shown in Figure 1 (see the 2-wire

and 4-wire sections). This headroom resistor is required if the
reference resistors are setup at the low side of the circuit. If the
reference resistor is on the high side, as shown in Figure 1 (see
the 3-wire section), the headroom requirements for the reference
buffers are met for higher RTD temperature measurement (greater
than 300°C). Therefore, additional headroom resistors are not re-
quired for this measurement configuration. However, for lower RTD
temperature measurement (less than 300°C), the headroom of 0.1
V(500 pA x 100 Q) is provided by the 100 Q resistor to ground, as
shown in Figure 1 (see the 3-wire section).

From the previous discussions, the AVpp supply voltage for this
circuit is 3.3 V. Therefore, the output compliance level for the exci-
tation current source must be less than 2.93 V, and the reference
voltage must be within the 0 V to 3.3 V range.

This specification is met because the maximum voltage on the
AINO (IOUTO) pin is the voltage across the precision reference
resistor plus the voltage across the RTD plus the voltage across the
headroom resistor:

Digital and Analog Filtering

Differential (~800 Hz cutoff) and common-mode (~16 kHz cutoff)
filters are implemented at the analog inputs as well as at the refer-
ence inputs. This filtering is required to reject any interference at
the modulator frequency and also at any multiples of this frequency.

To get a high precision measurement from the sensor, it is also
important that the sensor noise and accuracy dominates the overall
system error. Noise can impact the system accuracy because it
limits the smallest possible change in the signal level of the sensor
that the ADC can recognize and, therefore, directly impacts the res-
olution of the system. It may also have an impact when performing
calibration and accurate and repeatable measurement results are
required. Thus, it is important that the ADC resolution and noise
performance is better than the sensor noise and resolution.

The AD7124-4/AD7124-8 offer a great deal of on-chip digital filter-
ing flexibility. Several filter options are available. The filter option
selected has an effect on the output data rate, settling time, as

well as the 50 Hz and 60 Hz rejection. For this circuit note, the
sinc4 filter and the post filter are implemented. The sinc4 filter is
used because it has excellent noise performance across the output
data rates range, as well as excellent 50 Hz and 60 Hz rejection.
The post filter is used to provide simultaneous 50 Hz and 60 Hz
rejection with a 40 ms settling time.
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The corresponding system rms noise values are shown in Table
1, and Table 2 also show the noise performance when the ADC
analog inputs are shorted for the same filter, gain, and output

Table 1. Typical Noise Performance, Sinc4 Filter, Full Power Mode, 50 SPS

data rate settings. The noise measured is higher when the RTD is
connected because the RTD has some noise.

RTD Configuration Input Condition RMS Noise (nV) Noise Free Resolution
2-wire RTD connected 169.33 0.0029°C (18.09 bits)
Shorted 102 0.0017°C (18.83 bits)
3-wire RTD connected 199.37 0.0032°C (17.9 bits)
Shorted 100 0.0018°C (18.7 bits)
4-wire RTD connected 199.37 0.0032°C (17.9 bits)
Shorted 100 0.0018°C (18.7 bits)
Table 2. Typical Noise Performance, Post Filter, Low Power Mode, 25 SPS
RTD Configuration Input Condition RMS Noise (nV) Noise Free Resolution
2-wire RTD connected 347 0.0059°C (17.05 bits)
Shorted 335 0.0057°C (17.1 bits)
3-wire RTD connected 774 0.0070°C (16.8bits)
Shorted 360 0.0050°C (17.3 bits)
4-wire RTD connected 774 0.0070°C (16.8 bits)
Shorted 360 0.005°C (17.3 bits)
Calibration Table 3. Maximum Numbers of RTDs That Can Connect

The AD7124-4/AD7124-8 provide different calibration modes that
can eliminate offset and gain errors. For this circuit note, internal
zero-scale calibration as well as internal full-scale calibration were
used. Note that these calibrations remove the ADC gain and offset
errors only, not the gain and offset errors created by the external
circuitry.

Diagnostics

The AD7124-4/AD7124-8 have on-chip diagnostics that can check
that the voltage level on the analog pins are within the specified
operating range. All analog input pins (AINx) can be separately
checked for overvoltages and undervoltages, as well as ADC satu-
ration. An overvoltage is flagged when the voltage on the analog
input exceeds AVpp, while an undervoltage is flagged when the
voltage on the analog input goes below AVgg. The extensive diag-
nostic functionality of the system also includes a CRC on the SPI
bus and signal chain checks, which lead to a more robust solution.
These diagnostics reduce the need for external components to
implement diagnostics, resulting in smaller solution size, reduced
design cycle times, and cost savings. The failure mode effects and
diagnostic analysis (FMEDA) of a typical application has shown

a safe failure fraction (SFF) greater than 90% according to the
IEC 61508 standard.

RTD WIRING CONFIGURATION

The AD7124-4 can be configured for 4 differential or 7 pseudo
differential input channels, and the AD7124-8 can be configured for
8 differential or 15 pseudo differential channels. It uses a flexible
multiplexer allowing the ease of sensor connections and accommo-
dating multiple 2-wire, 3-wire, and 4-wire RTDs on the same board
(see Table 3).
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Wiring Configuration
Product 2 Wire 3 Wire 4 Wire
AD7124-4 2 2 2
AD7124-8 5 4 5

The following sections describe the circuit and ADC configuration
for the three RTD wirings shown in Figure 1. These sections cover
a deeper understanding and focus on each RTD configuration
design, considering the different techniques needed to interface

a RTD to an ADC, along with requirements from the ADC, such

as ADC configuration, sensor connection, output compliance, and
reference and gain selection, which was previously discussed in
RTD Design Considerations section. Each section also discusses
the results, lessons learned, and take aways from using each
configuration with a single RTD sensor.

2-WIRE RTD CONFIGURATION

A 2-wire RTD configuration is the simplest configuration. Three
analog pins from the AD7124-4/AD7124-8 are used to implement
the 2-wire configuration: AINO, AIN2, and AIN3. AIN2 and AIN3
are configured as a fully differential input channel and are used

for sensing the voltage across the RTD. The reference inputs used
are REFIN+ and REFIN1-. A low-side reference resistor was used,
therefore a reference headroom resistor is required.

For the 2-wire configuration, one excitation current source is re-
quired. The excitation current source used to excite the RTD,
reference, and headroom resistors is generated from AVpp and

is directed to AINO (IOUTO). The same current flows through the
RTD and precision reference resistor that generates the reference
voltage, thus ensuring a ratiometric measurement.
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For the 2-wire configuration, the AINO and AIN2 pins must be short-
ed at the connector. AIN3 and REFIN1(+) must also be shorted at
the connector. The analog pins and their configuration are shown

in greater detail in Figure 3. Selection of reference and headroom
resistance was based on the RTD Design Considerations section
along with the excitation, gain, and digital filtering.

o GD—AINo
1 1
: B e e AIN2
. ] Jo.01p l
' G | g; 0.ApF
a2l o waV ]
! AVAVAV l A AIN3
1 1
________ ;;).01 pF
IOUT
e O REFIN1(+)
) 5.11kQ —Tp.o““:
R S ;I; 0.14F
15ppm/°C 1@V 1 REFIN1(-)
Ryeaproom $250Q @'01 HF

Figure 3. 2-Wire RTD Analog Input Configuration Measurement

The AD7124-4/AD7124-8 configuration for the 2-wire RTD meas-
urement is as follows:

» Differential input: the positive analog input (AIN+) = AIN2 and the
negative analog input (AIN-) = AIN3

» Excitation current; IOUTO = AINO = 500 pA

» Gain =16

» 5.11 kQ precision reference resistor

» 250 Q headroom resistor

» Digital filtering (sinc4, 50 SPS and post filter, 25 SPS)

For the RTD circuit shown in Figure 3, data was gathered for dif-
ferent digital filter and power mode configurations of the AD7124-4/
AD7124-8, namely the sinc4 filter operating in full power mode and
the post filter operating in low power mode as discussed in the RTD
Transfer Function section.

The typical noise free code resolution of the 2-wire system is 18.09
bits for full power mode with the sinc4 filter selected and 17.05

bits for low power mode with the post filter, which is equivalent to
around 0.0029°C and 0.0059°C error variation on each temperature
measurements. Figure 4 and Figure 5 show the noise distribution
when a 2-wire RTD is connected.

analog.com

1000 SAMPLES
50

40

30

OCCURRENCES

20

10

o
]
-
=
-

270661
270665

- " " " " " " " " " " " " " - - v
™ T T T T T YT ™ YT Y ™ ™Y ™ ™ ™ ™ v v

13369-004

Figure 4. Histogram of Codes for 2-Wire RTD at Ambient Temperature,
Sinc4 Filter, Full Power Mode, 50 SPS
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Figure 5. Histogram of Codes for 2-Wire RTD at Ambient Temperature,
Post Filter, Low Power Mode, 25 SPS

With a two-point calibration and linearization, the overall 2-wire sys-
tem accuracy over the -50°C to +165°C temperature range is better
than +1°C. For each temperature, the corresponding voltage across
the RTD was measured using the AD7124-4/ AD7124-8 as outlined
previously. This voltage was then converted to a resistance, line-
arized, and converted to a temperature as outlined in the RTD
Transfer Function section.

Figure 7 show the resulting error (set temperature minus measured
temperature). For each RTD temperature setting, the AD7124-4/
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AD7124-8 are kept at 25°C. As shown, the error is close to the
RTD envelope at 0°C, and the lead resistance adds error. Above or
below 0°C, the measurement is well within the RTD specification.
Figure 6 and Figure 7 also show the deviation of the RTD error
across different AD7124-4/ AD7124-8 temperature settings. For
each AD7124-4/AD7124-8 temperature setting, an internal zero-
scale and full-scale calibration is carried out. As shown in Figure 6
and Figure 7, the overall error is again close to the envelope of the
RTD at 0°C for the 2-wire measurement. For all other temperatures,
the error of the RTD is well within the expected error of the Class B
RTD for all temperature settings of the AD7124-4/AD7124-8.
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Figure 6. 2-Wire RTD Temperature Accuracy Measurement, Sinc4 Filter, Full
Power Mode, 50 SPS
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Figure 7. 2-Wire RTD Temperature Accuracy Measurement, Post Filter, Low
Power Mode, 25 SPS

Figure 9 show the error in the measured RTD temperature for a
one time, internal zero-scale and full-scale calibration carried out
at 25°C. Figure 8 and Figure 9 show the one time calibration

analog.com
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at 25°C or that the calibration at each individual temperature

of the AD7124-4/AD7124-8 has degraded performance when the
AD7124-4/ADAT124-8 are at higher temperatures due to the lead
resistance errors.
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Figure 8. 2-Wire RTD Temperature Accuracy Measurement, Sinc4 Filter,
Full Power Mode, 50 SPS, One Time 25°C Calibration Only
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Figure 9. 2-Wire RTD Temperature Accuracy Measurement, Post Filter, Low
Power Mode, 25 SPS, 25°C One Time Calibration Only

Lead Resistance Consideration in 2-Wire RTD

A 2-wire RTD implementation gives an error that is much closer

to the lower limit of the error bound. The reason behind this is

that the measurement of the 2-wire RTD is always higher than

the actual measurement due to its lead resistance. For the 2-wire
RTD configuration, lead resistances, RL1 and RL2, in Figure 3
add resistance in series with the RTD element, thus increasing the
voltage measurement across the ADC inputs, resulting in a higher
measured temperature vs. the applied temperature.
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For example, the nominal resistance of 24 AWG copper wire

is 0.026 Q/foot (0.08 Q/meter). If the RTD has leads of length

of 25 foot, it has a total lead resistance (RL1 and RL2) equiva-
lent to 1.3 Q. The RTD temperature coefficient is approximately
0.385 Q/°C. Therefore, 1.3 Q lead resistance produces an error of
(1.3/0.385) = 3.38°C error due to lead resistance.

The only way to compensate for this error is to manually calibrate
the offset, which is possible as long as the lead wire resistance
remains constant. However, the lead resistance also changes with
temperature. Therefore, as the ambient temperature changes, the
lead resistance also changes, which introduces some degree of
error in the temperature measurements. If the wire is long, this
source of error is significant.

Therefore, a 2-wire RTD configuration is mostly used in applications
where lead wires are short or when using a high resistance sensor
(for example, PT1000), minimizing the lead resistance effect on the
accuracy.

3-WIRE RTD CONFIGURATION

The 3-wire RTD configuration is the most commonly used configu-
ration because of its three pins and accuracy advantage over the
other configurations.

For the circuit shown in Figure 10, four analog pins from

the AD7124-4/AD7124-8 are used to implement the 3-wire meas-
urement: AINO, AIN1, AIN2, and AIN3. AIN2 and AIN3 are config-
ured as a fully differential input channel and are used for sensing
the voltage across the Pt100 RTD sensor. The excitation current
source used to excite the RTD is generated from AVpp and is
directed to AINO. An identical current is directed to AIN1 and flows
through the RL2 lead resistance, thereby generating a voltage that
cancels the voltage dropped across the RL1 lead resistance. The
reference inputs used are REFIN1+ and REFIN-. A ratiometric
configuration is again used, eliminating any errors due to excitation
current variation.
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Figure 10. 3-Wire RTD Analog Input Configuration Measurement

The AD7124-4/AD7124-8 configuration for the 3-wire RTD meas-
urement is as follows:

» Differential input: AIN+ = AIN2 and AIN- = AIN3

analog.com

» Excitation current: IOUT0 = AINO = 500 pA

» Excitation current; IOUT1 = AIN1 =500 pA

» Gain =16

» 5.11 kQ precision reference resistor

» 100 Q headroom resistor

» Digital filtering (sinc4, 50 SPS and post filter, 25 SPS)

Selection of the reference, excitation current, gain, and digital
filtering were based on the RTD Design Considerations section.

With the PGA enabled, the analog input buffers are automatically
enabled. The PGA allows voltages on the input pins to be as low

as AVsg. Therefore, headroom resistors are not required for the
analog input pins. The reference buffers are also enabled. As the
reference resistor is on the high side, the headroom requirements
for the reference buffers are met for higher RTD temperature
measurement (greater than 300°C). Therefore, additional headroom
resistors are not required for this measurement configuration. How-
ever, for lower RTD temperature measurement (less than 300°C),
reference headroom resistors are required.

For the 3-wire RTD measurement, two precision excitation current
sources are required that provide an simple way to cancel the lead
resistance errors produced by RL1 and RL2. Note that the RL3

lead resistance does not affect the measurement accuracy. For

the 3-wire RTD configuration shown in Figure 10, the reference
resistor is placed on the high side of the RTD. For this setup, one
excitation current flows through both the reference resistor and the
RTD, and the second current flows through the RL2 lead resistance
and develops a voltage that cancels the voltage dropped across the
RL1 lead resistance. Because only one excitation current generates
the reference voltage to REFIN1+ and REFIN- and also generates
the voltage across the RTD, the current source accuracy, mismatch,
and mismatch drift have a minimal effect on the ADC transfer
function.

3-Wire RTD Results

For the RTD circuit shown in Figure 10, data was gathered for dif-
ferent digital filter and power mode configurations of the AD7124-4/
AD7124-8, namely the sinc4 filter operating in full power mode and
the post filter operating in low power mode as discussed in RTD
Transfer Function section.

The typical noise free code resolution of the 3-wire system is 17.9
bits for full power mode with the sinc4 filter selected and 16.8

bits for low power mode with the post filter, which is equivalent to
around 0.0033°C and 0.0070°C error variation on each temperature
measurements. Figure 11 and Figure 12 show the noise distribution
when a 3-wire RTD is connected.
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Figure 11. Histogram of Codes for 3-Wire RTD at Ambient, Sinc4 Filter, Full
Power Mode, 50 SPS
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Figure 12. Histogram of Codes for 3-Wire RTD at Ambient, Post Filter, Low
Power Mode, 25 SPS

With a two-point calibration and linearization, the overall 3-wire
system accuracy over the -50°C to +200°C temperature range is
better than £1°C. For each temperature, the corresponding voltage
across the RTD was measured using the AD7124-4/ AD7124-8

as outlined previously. This voltage was then converted to a resist-
ance, linearized, and converted to a temperature as outlined in the
RTD Transfer Function section.

Figure 14 show the resulting error (set temperature minus
measured temperature). For each RTD temperature setting, the

analog.com

ERROR (°C)

ERROR (°C)

AD7124-4/AD7124-8 are kept at 25°C, and the error is well within
the error window of the Pt100 Class B. Figure 13 and Figure 14
also show the deviation of the RTD error across different AD7124-4/
AD7124-8 temperature settings. For each AD7124-4/ AD7124-8
temperature setting, an internal zero-scale and full-scale calibration
is carried out. As shown in Figure 13 and Figure 14, the overall
error is well within the allowed error budget.
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Figure 13. 3-Wire RTD Temperature Accuracy Measurement, Sinc4 Filter, Full
Power Mode, 50 SPS
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Figure 14, 3-Wire RTD Temperature Accuracy Measurement, Post Filter, Low
Power Mode, 25 SPS

Figure 16 show the error in the measured RTD temperature for a
one time, internal zero-scale and full-scale calibration carried out
at 25°C. Figure 15 and Figure 16 show the one time calibration at
25°C and that the calibration at each individual temperature of the
AD7124-4/AD7124-8 results in similar performance.
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Figure 15. 3-Wire RTD Temperature Accuracy Measurement, Sinc4 Filter, Full
Power Mode, 50 SPS, One Time 25°C Calibration Only
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Figure 16. 3-Wire RTD Temperature Accuracy Measurement, Post Filter, Low
Power Mode, 25 SPS, 25°C One Time Calibration Only

Lead Resistance Consideration for 3-Wire RTD

For the 3-wire measurement, the second excitation current actively
compensates for the lead resistance. Therefore, any changes with
the lead resistance over temperature also no longer affect the
measurement.

However, the accuracy of the lead resistance compensation de-
pends on the resistance of each of the leads being equal (specif-
ically, RL1 = RL2). The voltage dropped across RL3 does not
affect the voltage measured across the RTD element. Therefore,
RL3 does not introduce error in the measurement for the circuits
described in this circuit note.

analog.com

So again, with a 24 AWG copper wire of 50 foot length, the resist-
ance is 1.3 Q. A 10% error in matching produces a 0.13 Q error in
the RTD measurement, assuming perfectly matched compensation
and excitation currents. The RTD temperature coefficient is approxi-
mately 0.385 Q/°C. Therefore, the 0.13 Q lead resistance mismatch
measurement error translates into approximately (0.13/0.385) =
0.337°C error due to the lead resistance mismatch. Therefore, for
accurate 3-wire measurements, the matching characteristics of the
connecting cables must be known precisely.

Assuming perfect lead resistance matching, mismatches in the
excitation currents (IOUTO and IOUT1) produce an error that

is proportional to the total lead resistance. For instance, a

0.5% mismatch in the excitation currents (typical specification for
the AD7124-4/AD7124-8) produces a corresponding 0.5% error in
the RTD resistance measurement. The nominal Pt100 RTD resist-
ance temperature coefficient is 0.385 Q/°C, which is equivalent to
a temperature change of 2.6°C/Q. A 0.5% error in the resistance
measurement gives an RTD measurement error of (0.005 x 2.6) =
0.013°C/Q. For a lead resistance of 10 Q (~400 feet of 24 ANG
copper wire), the error due to the mismatch in currents is only
0.13°C.

The previous discussion illustrates that, in most practical applica-
tions, the mismatch in the lead resistances creates much more
error than the 0.5% mismatch in excitation currents.

In the Figure 10 circuit, the precision reference resistor was placed
on the high side. The high-side configuration works well for systems
using a single RTD. When multiple 3-wire RTDs are used, it is
better to place the precision resistor on the low side because only a
single reference resistor is required.

Current Source Mismatch and Mismatch Drift

With the reference resistor on the low side, better excitation current
matching is required (3-wire RTD). The following two different tech-
niques can minimize the errors due to mismatches in the currents:

» Chopping the excitation currents
» Calibration by measuring the excitation currents

Chopping the Excitation Currents

The crosspoint multiplexer on the AD7124-4/AD7124-8 allows sim-
ple implementation of the chopping configuration. Figure 17 shows
the 3-wire RTD configuration with the precision 5.11 kQ reference
resistor connected to the low side of the Pt100 RTD. For this
configuration, the current source used as well as the gain must

be reconsidered. Both IOUT0 and I0UT1 are set to 250 pA.
Selecting this current ensures that the circuit complies with the
output compliance of the current sources as well as the reference
voltage generated across the precision resistor. To ensure that the
full range of the ADC is used, the gain of the PGA was set to

32. A resistor is required on the low side of the reference resistor
because the reference buffers are enabled and require headroom
(100 mV).
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To chop the currents, a measurement of the RTD voltage is tak-

en when I0OUTO is connected to AINO, and IOUT1 is connected

to AIN1, as shown in Figure 17. A second measurement of the volt-
age across the RTD is then taken when the currents are swapped,
that is, when IOUT1 is connected to AINO, and IOUT1 is connected
to AIN1. The average of these two voltage measurements is then
used in the overall calculation of the RTD resistance, and subse-
quently, the temperature is calculated using Equation 2 through
Equation 7. The chopping method greatly reduces any effects of
excitation current mismatch and mismatch drift. However, there is
an impact on the throughput rate because two measurements are

required.
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Figure 17. AD7124-4/AD7124-8 Configuration for 3-Wire RTD Measurement
Using the Current Chopping Measurement Technique

Measurement data using the excitation current chopping method
was gathered, and the corresponding Pt100 temperature error re-
corded as shown in Figure 18. For all RTD temperatures measured,
the temperature error is within the error band of the Pt100 RTD for
different ambient temperatures of the AD7124-4/ AD7124-8. These
results show that chopping the excitation current gives results that
are comparable to the data gathered with the high-side precision
reference resistor configuration.
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Figure 18. Temperature Accuracy Measurement for Chopping Configuration,
Sinc4 Filter, Full Power Mode, Calibration at Each Temperature

Calibration by Measuring the Excitation Currents

The configuration for calibrating the 3-wire system by measuring
the excitation currents is shown in Figure 19. For this configuration,
the precision reference resistor is connected to the low side of

the RTD. This configuration is similar to that used for chopping

the currents, where both the currents are set to 250 WA, and the
PGA gain is set to 32. However, the main difference is that an
additional differential input channel is required. The additional input
channel enables the measurement of the two excitation currents.
The measurement is implemented by measuring the voltage drop
across the precision reference resistor with respect to the internal
reference when each of the excitation currents is individually ena-
bled. The measured voltage is then converted to a current based
on the value of the precision reference resistor value, which is
subsequently used to calculate the ratio of the currents, and then
used to calibrate the mismatch.

Rev. D | 12 of 22


http://www.analog.com/CN-0383
http://www.analog.com/en/index.html

ERROR (°C)

CN-0383

CIRCUIT DESCRIPTION

250pA |
-
O AINO

Pt100
TTTTTTTTTA
! RL1 | 1Q . OAIN2
. ey WA l°-°1|‘Fl C
i 3 ! ;|; 0.1uF
i RL2 1 1kQ T OAIN3
! WA—t ° C
1 : l
! 3RL3 i ;?.mpF
1
P
(
O ANt
250pA
1kQ
500pA WA io o1 T O REFIN1(+)
| 5.11kQ K l
20.1% ;|; 0.1pF
*1%pmr® vy » T (O REFIN1
REFERENCE [ A ©
BUFFER 32500
HEADROOM Q& @-01""
O AIN4
AINS

13369-019

Figure 19. AD7124-4/AD7124-8 Configuration for 3-Wire RTD Measurement
Calibration by Measuring the Excitation Currents

shows the calibrated temperature error in the RTD measurements.
The results show that the RTD error is within the expected error
band of the RTD, where the error in measurement is close to the
error profile of the RTD itself. To ensure accurate results, calibration
of the currents must take place at regular intervals over time.
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Figure 20. Temperature Accuracy Measurement for Excitation Current
Calibration, Sinc4 Filter, Full Power Mode, Calibration at Each Temperature

Multiple 3-Wire RTD Configuration

The AD7124-4/AD7124-8 can be used as a measurement system
for multiple 3-wire RTDs. When the ADC is configured in multiple

analog.com

channels, the ADC automatically sequences through the enabled
channels, performing one conversion on each channel. When the
channel changes, the complete settling time of the filter is required
to generate the conversion, thus affecting the overall throughput
rate. Therefore, it is also important to consider the latency of the
digital filter when muxing between multiple sensors. The excitation
currents are outside the sequencer, which means users must write
to the device to turn on or turn off the excitation currents and/or
direct these currents to specific channels. However, the turn-on
time is dependent on the external RC values connected to the ADC.
Therefore, the actual turn-on or turn-off time is outside the control
of Analog Devices, Inc., and must also be considered when taking
measurements.

To configure a single 3-wire RTD configuration, refer to the 3-Wire
RTD Configuration section.

The AD7124-4 can connect two 3-wire RTDs, whereas the
AD7124-8 can connect up to four 3-wire RTDs.

When multiple 3-wire RTDs are used, it is better to place the
precision resistor on the low side because only a single reference
resistor is required. As a minimum, each 3-wire RTD requires four
pins of the AD7124-4/AD7124-8, two pins for the excitation currents
and two pins for the analog inputs. Therefore, the following steps
needed to measure an RTD voltage are:

1. Set the external reference to REFIN1+ and REFIN1-.

2. Enable the analog input channel that has the RTD connected
across its input.

As an example, four 3-wire RTDs were connected to the AD7124-8
as shown in Figure 21. One 3-wire RTD is connected across the
AIN2 and AIN3 analog input pins (Channel 0 configuration), where
the excitation currents come from AINO and AIN1, and a second
3-wire RTD is also shown connected across the AIN4 and AINS
analog input pins (Channel 1 configuration), where AING and AIN7
are used for the excitation currents and so on. All of the RTD
configurations are detailed in Table 4.

Table 4. Channel Configuration for Multiple 3-Wire RTDs

Sensor Channel I0UTO IOUT1 AIN+ AIN-
RTD1 0 AINO AIN1 AIN2 AIN3
RTD2 1 AING AIN7 AIN4 AIN5
RTD3 2 AIN10 AIN11 AIN8 AIN9
RTD4 3 AIN14 AIN15 AIN12 AIN13

Temperature measurements can then be carried out on each RTD
in turn by using the following steps:

1. Enable the IOUTO0 and IOUT1 currents to the RTD for measur-
ing.

2. Direct IOUTO to AINO and IOUT1 to AIN1. The voltage is
measured on Channel 0 (AIN2 and AIN3). Therefore, Channel
0 must be enabled. All other channels are disabled for this
measurement.
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3. Disable Channel 0, enable Channel 1, and direct the IOUTO
and IOUT1 currents to AING and AIN7. The voltage is then
measured on Channel 1 (AIN4 and AIN5). Note that the EVAL-
AD7124-4SDZ/EVAL-AD7124-8SDZ have an on-board thermis-
tor across AIN4 and AINS. When using AIN4 and AINS, remove
this thermistor (R28).

4. Repeat this sequence until all RTDs are measured.
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o . ‘LO.1|1F REFIN1(+)
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4 REFIN1(-)
RHEADROOM } 0.01pF$ 5

Figure 21. AD7124-8 Multiple 3-Wire RTD Configurations
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4-WIRE RTD CONFIGURATION

A 4-wire RTD configuration is the most straight forward and most
accurate configuration. The only complexity in this configuration

is the size of the 4-pin connector as compared to the other two
configurations which took up most of the PCB area. Three analog
pins on the AD7124-4/AD7124-8 are used to implement the 4-wire
RTD configuration: AINO, AIN2, and AIN3. AIN2 and AIN3 are
configured as a fully differential input channel and are used for
sensing the voltage across the RTD. The reference inputs used
are REFIN1+ and REFIN-. A low-side reference resistor was used,
therefore a reference headroom resistor is required.

For the 4-wire RTD configuration, one excitation current source is
required. The excitation current source used to excite the RTD,
reference, and headroom resistors is generated from AVpp and

is directed to AINO (IOUTO0). The same current flows through the
RTD and precision reference resistor that generates the reference
voltage, thus ensuring a ratiometric measurement.

The analog pins and their configuration are shown in greater detail
in Figure 22. Selection of reference and headroom resistance were
based on the RTD Design Considerations section along with the
excitation, gain, and digital filtering.

AINO

1

1

1

1 1

g 2 1 AIN2
! ! 0.01pF

:() ] g; 0.1yF
oy RS i AIN3
1 1
1
1
1
1

: ;;).OWF
1

1kQ
Rrer WA— * REFIN1(*)
= Jo.01pF
0.1%3 g; 0AF
15ppm"C} 40 V T REFIN1(-)
RHeADROOM § ‘L
2500 J] ;;).OWF .

13369-022

Figure 22. 4-Wire RTD Analog Input Configuration Measurement

The AD7124-4/AD7124-8 configuration for the 4-wire RTD meas-
urement is as follows:

» Differential input: AIN+ = AIN2 and AIN- = AIN3

» Excitation current; IOUTO = AINO = 500 pA

» Gain =16

» 5.11 kQ precision reference resistor

» 250 Q headroom resistor

» Digital filtering (sinc4, 50 SPS and post filter, 25 SPS)
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For the RTD circuit shown in Figure 22, data was gathered for

the different digital filter and power mode configurations of the
AD7124-4/AD7124-8, namely the sinc4 filter operating in full power
mode and the post filter operating in low power mode as discussed
in RTD Transfer Function section.

The typical noise free code resolution of the 4-wire system is 17.9
bits for full power mode with the sinc4 filter selected and 16.8

bits for low power mode with the post filter, which is equivalent to
around 0.0033°C and 0.0070°C error variation on each temperature
measurements. Figure 23 and Figure 24show the noise distribution
when a 4-wire RTD is connected.
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Figure 23. Histogram of Codes for 4-Wire RTD at Ambient Temperature,
Sinc4 Filter, Full Power Mode, 50 SPS

analog.com

100

90

80

70

60

50

OCCURANCES

40

20

10

11271570
11271585 jmmm
11271600
11271615
11271630
11271645
11271659
11271674
11271689 juum
11271704
11271719

13369-024

CODES

Figure 24. Histogram of Codes for 4-Wire RTD at Ambient Temperature,
Post Filter, Low Power Mode, 25 SPS

With a two-point calibration and linearization, the overall 4-wire
system accuracy over the -50°C to +200°C temperature range is
better than £1°C. For each temperature, the corresponding voltage
across the RTD was measured using the AD7124-4/ AD7124-8

as outlined previously. This voltage was then converted to a resist-
ance, linearized, and converted to a temperature as outlined in the
RTD Transfer Function section.

Figure 26 show the resulting error (set temperature minus
measured temperature). For each RTD temperature setting, the
AD7124-4/AD7124-8 is kept at 25°C, and the error is well within

the error window of the Pt100 Class B. Figure 25 and Figure 26
also show the deviation of the RTD error across different AD7124-4/
AD7124-8 temperature settings. For each AD7124-4/AD7124-8
temperature setting, an internal zero-scale and full-scale calibration
is carried out. As shown in Figure 25 and Figure 26, the overall
error is well within the allowed error budget.
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Figure 25. 4-Wire RTD Temperature Accuracy Measurement, Sinc4 Filter, Full
Power Mode, 50 SPS
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Figure 26. 4-Wire RTD Temperature Accuracy Measurement, Post Filter, Low
Power Mode, 25 SPS

Figure 28 show the error in the measured RTD temperature for a
one time, internal zero-scale and full-scale calibration carried out
at 25°C. Figure 27 and Figure 28 show the one time calibration at
25°C and that the calibration at each individual temperature of the
AD7124-4/AD7124-8 gives similar performances.
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Figure 27. 4-Wire Temperature Accuracy Measurement, Sinc4 Filter,
Full Power Mode, 50 SPS, One Time 25°C Calibration Only
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Figure 28. 4-Wire RTD Temperature Accuracy Measurement, Post Filter, Low
Power Mode, 25 SPS, 25°C One Time Calibration Only

Lead Resistance Consideration in 4-Wire RTD

To fully compensate for lead wire resistance error, a 4-wire RTD
configuration is recommended. Here, two additional wires are con-
nected to both ends of the RTD, one pair delivers the current,

and the other pair performs the voltage measurement so that

any resistance in the lead wires does not have any effect on

the measurement. Therefore, 4-wire RTDs give the most accurate
measurements.

Multiple 2-Wire/4-Wire RTD Configuration

The AD7124-4/AD7124-8 can be used as a measurement system
for multiple 2-wire/4-wire RTDs. When the ADC is configured in
multiple channels, the ADC automatically sequences through the
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enabled channels, performing one conversion on each channel.
When the channel changes, the complete settling time of the filter
is required to generate the conversion, thus affecting the overall
throughput rate. Therefore, it is also important to consider the
latency of the digital filter when muxing between multiple sensors.
The excitation currents are outside the sequencer, which means
users must write to the device to turn on or tum off the excitation
currents and/or direct these currents to specific channels. However,
the turn-on time is dependent on the external RC values connected
to the ADC. Therefore, the actual turn on or turn off time is outside
the control of Analog Devices and must also be considered when
taking measurements.

To configure a single 2-wire or 4-wire configuration, refer to the 2-
Wire RTD Configuration section or the 4-Wire RTD Configuration
section.

The AD7124-4 can connect two 2-wire/4-wire RTDs, whereas the
AD7124-8 can connect up to five 2-wire/ 4-wire RTDs. The same
reference input can be used for all RTDs, and one current source
can be used to excite all RTDs. The current is directed to the

top side of each of the RTDs in turn when the RTD temperature
measurement is required. The cross multiplexer on the AD7124-4/
AD7124-8 allows multiple channels to be configured separately,
where each channel can be configured for different setups.

The steps needed to measure an RTD voltage are as follows:

1. Set the external reference to REFIN1+ and REFIN1-.
2. Enable the IOUTO current to the RTD for measuring.

3. Enable the analog input channel that has the RTD connected
across its input.

As an example, five 2-wire/4-wire RTDs were connected to the
AD7124-8 as shown in Figure 29 and Figure 30. One 2-wire/ 4-wire
RTD is connected across the AIN2 and AIN3 analog input pins
(Channel 0 configuration), where the excitation current comes from
AINO, a second 2-wire/4-wire RTD is also shown connected across
the AIN4 and AIN5 analog input pins (Channel 1 configuration),
where AIN1 is used for the excitation current, and so on. All of the
RTD configurations are detailed in Figure 1.

Table 5. Channel Configuration for Multiple 2-Wire/4-Wire RTDs

Sensor Channel 10UTO AIN+ AIN-
RTD1 0 AINO AIN2 AIN3
RTD2 1 AIN1 AIN4 AINS
RTD3 2 AINS AING AIN7
RTD4 3 AIN11 AIN9 AIN10
RTD5 4 AIN14 AIN12 AIN13

Temperature measurements were then carried out on each RTD in
turn by using the following steps:

1. Direct IOUTO to AINO. The voltage is measured on Channel 0
(AIN2, AIN3). Therefore, Channel 0 must be enabled. All other
channels are disabled for this measurement.

analog.com

. Disable Channel 0, enable Channel 1, and direct the IOUT0

current to AIN1. The voltage is then measured on Channel

1 (AIN4 and AIN5). Note that the EVAL-AD7124-4SDZ or the
EVAL-AD7124-8SDZ have an on-board thermistor across AIN4
and AIN5. When using AIN4 and AIN5, remove this thermistor
(R28).

. Repeat this sequence until all RTDs are measured.
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Figure 29. AD7124-8 Multiple 4-Wire RTD Configurations
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COMMON VARIATIONS

When multiple RTDs are used, it is better to place the precision
resistor on the low side because only a single reference resistor is
required. The performance of the circuit can be enhanced by using
a higher grade RTD class with a higher accuracy, less than £0.1°C
at 0°C. With a PT1000 sensor, lower excitation currents are used,
which makes the device suitable for low power applications.

analog.com

When using a single 2-wire or 4-wire RTD, the precision resistor
can also be placed on the high side. The performance is the same
as that achieved with the reference resistor on the low side.
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EQUIPMENT NEEDED

The following equipment is required for the 2-wire, 3-wire, or 4-wire
RTD measurement system:

» The EVAL-AD7124-4SDZ or the EVAL-AD7124-8SDZ evaluation
board

» The EVAL-SDP-CK1Z or the EVAL-SDP-CB1Z system demon-
stration platform (SDP)

» The AD7124 Eval+ software

» A power supply that is USB powered

» A Class B, Pt100, 2-wire, 3-wire, or 4-wire RTD

» A PC running Windows® with a USB 2.0 port

SOFTWARE INSTALLATION

A complete software user guide for the AD7124-4/AD7124-8 and
the EVAL-SDP-CK1Z or the EVAL-SDP-CB1Z can be found in the
EVAL-AD7124-4SDZ or the EVAL-AD7124-8SDZ user guide and
the SDP User Guide.

The software is required to interface with the hardware. Download
this software from ftp://ftp.analog.com/pub/evalcd/AD7124. If the
setup file does not run automatically, double-click the setup.exe
file. Install the evaluation software before connecting the EVAL-
AD7124-4SDZ or the EVAL-AD7124-8SDZ and the EVAL-SDP-
CK1Z or the EVAL-SDP-CB1Z to the USB port of the PC to ensure
that the evaluation system is recognized correctly when connected
to the PC.

After the evaluation software installation is complete, connect

the EVAL-SDP-CK1Z or the EVAL-SDP-CB1Z to the EVAL-
AD7124-4SDZ or the EVAL-AD7124-8SDZ and then connect the
EVAL-SDP-CK1Z or the EVAL-SDP-CB1Z to the USB port of the
PC using the supplied cable. When the evaluation system is detect-
ed, proceed through any dialog boxes that appear to complete
installation.

SETUP AND TEST

Do not connect power to the hardware until both the EVAL-
AD7124-4SDZ or the EVAL-AD7124-8SDZ and the EVAL-SDP-
CK1Z or the EVAL-SDP-CB1Z are connected. Figure 31 shows

a functional block diagram of the test setup for the 2-wire, 3-wire, or
4-wire RTD configuration.

PC
usB
2-/3-14-WIRE
SPI
RTD ADA7124-4/ADAT7124-8 SDP <
CIRCUIT EVALUATION BOARD CONTROLLER §

Figure 31. Test Setup Functional Diagram

analog.com

The EVAL-AD7124-4SDZ or the EVAL-AD7124-8SDZ is required to
test the circuit. In addition, the following sensor and resistors are
required for proper operation:;

» 2-wire, 3-wire, or 4-wire Pt100 RTD, Class B
» 5.11 kQ precision reference resistor
» 250 Q or 100 Q resistor for buffer headroom

To configure the hardware, take the following steps:

1. Setall links on the EVAL-AD7124-4SDZ or the EVAL-
AD7124-8SDZ to the default board positions as outlined in the
EVAL-AD7124-4SDZ or the EVAL-AD7124-8SDZ user guide.

2. Connect the EVAL-SDP-CK1Z or the EVAL-SDP-CB1Z to the
EVAL-AD7124-4SDZ or the EVAL-AD7124-8SDZ evaluation
board via the 40-pin connector

3. Connect the RTD, precision reference resistor, and the resistor
for buffer headroom depending on which RTD configuration is
used (2-wire, 3-wire, or 4-wire). See the CN-0383 Hardware
and Software User Guide Wiki page.

4. Connect the EVAL-SDP-CK1Z or the EVAL-SDP-CB1Z to the
PC via the USB cable.

5. Power the EVAL-AD7124-4SDZ or the EVAL-AD7124-8SDZ
witha 7V or 9 V power source connected to J5.

6. Runthe AD7124_Eval+ Software. This evaluation software
supports both the AD7124-4 and the AD7124-8.

7. When running the software, select the evaluation board that
is connected to the PC. For the AD7124-8, select EVAL-
AD7124-8SDZ from the dropdown menu (see Figure 32).

[: select Interface.., @

Select Evaluation Hardware:

ADT124-8 Evaluation Board -
Identify
Simulation Select |

13369-032

Figure 32. AD7124-4/AD7124-8 Evaluation Board Selection
8. After selecting the evaluation board, the window shown in
Figure 33 appears. To configure the AD7124-4/AD7124-8 for
2-wire, 3-wire, or 4-wire RTD measurements, click the 2-WIRE
RTD, 3-WIRE RTD, or 4-WIRE RTD Demo Modes button (see
Figure 33).
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Figure 33. AD7124_Eval+ Software Window
9. Clicking the Demo Modes button configures the ADC software
for each RTD configuration.
10. One additional step is required before the AD7124-4/AD7124-8
is configured for each RTD measurement: an internal full-scale
and zero-scale calibration of the AD7124-4/AD7124-8. This

analog.com
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calibration can be performed via the Registers tab (see Figure

34)
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Figure 34. Registers Tab

11. For more details about the ADC register map settings, calibra-
tion, and measurements procedures, see the CN-0383 Hard-
ware and Software User Guide Wiki page.
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