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1 System Description
Modern analog input modules commonly add a separate low-dropout regulator (LDO) to analog-to-digital
converter (ADC) analog power supply rails to clean up the supply rails and enable the highest ADC
performance. Dedicated, low-noise LDOs with a high power supply rejection ratio (PSRR) serve this
purpose.
Two kinds of PSRR exists, PSRR,. and PSRR,.. PSRR, describes the change of the digital output in
respect of power supply shifts. PSRR, specifies the impact of high-frequency interferences at the power
supply to the digital output. This reference design investigates PSRR 5.
The high-precision delta-sigma (AX) ADC ADS124S08 has an analog supply PSRRy. of 105 dB and a
digital supply PSRRc of 115 dB. The internal reference has a PSRR of 85 dB. A frequency rejection of
50 Hz or 60 Hz is particularly important to suppress the mains frequencies. The PSRR,. rejection of these
frequencies at the analog supply is specified to 115 dB. This reference design focuses on the impact of
high-frequency DC/DC converter or charge pumps added to the supply rails.
This design is isolated and space-optimized for bipolar input signals with only three components. No
additional effort is taken to clean the power supply rails, such as an RC or LC filter in the power path. The
DC/DC converter integrated in the ISOW7841 isolates the power from the backplane side. The LM27762
is a low-noise positive and negative output power device with an integrated charge pump and following
LDOs and generates the analog bipolar voltage for the ADS124S08.

1.1 Key System Specifications

% 1. Key System Specifications
PARAMETER SPECIFICATIONS DETAILS

Input power source Backplane power supply 2.1
Input power voltage 3Vto55V 2.1
Average active-state input current 17 mA 2.11.1
Output voltages 33V,-25V,and 25V 2.1
Average active-state efficiency =12% 2.11.1
Operating temperature —-40°C to +124°C 2.1.2
Form factor 35 mm x 35 mm x 3.65 mm 2114
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2 System Overview

The evaluated circuit focuses on a single- or multi-channel analog input module with bipolar analog input
signals for programmable logic controllers (PLCs), but is not limited to this application. With its total
solution height of 3.65 mm, the circuit is stackable, which can further increase the channel count per
module.

It is suitable for both channel-to-channel or group-isolated input topologies. In a channel-to-channel
isolated design, every input channel has its own ground. This topology enables the measurement of input
signals with large ground potential differences. The other option is the group-isolated analog input where
all input signals share the same ground. As only limited common-mode voltages are allowed, this topology
is suitable for environments with well-controlled ground. The circuit in this reference design conforms to a
channel-to-channel isolated input as it has one ADC at the isolated island.

As the channel count increases, so does power consumption. It is essential to take care of the power
consumption of the parts and its efficiency to keep the generated heat to a minimum.

The bipolar input option supports industry standard ranges like £50 mV to £10 V and £20 mA. An ADC
with bipolar input range can convert these signals directly with a passive attenuation where if the input
voltage can go beyond the analog rails (£2.5 V). An ADC with unipolar input range requires a shift to a
unipolar voltage with an active component like an operation amplifier (op amp). An op amp can contribute
additional noise to the signal-chain and add board and space and cost.

The power for the isolated part is provided either from a field power supply (24-V DC) or from the non-
isolated back-end using an isolated power supply. This design does not need a 24-V DC field power
supply as the energy is provided over the isolation barrier, which saves a separate power supply and
protection at the isolated side.

The design splits into two parts: the bipolar setup and the reference setup. The bipolar setup is evaluated
in this design while the reference setup is used as a benchmark. Both setups have identical schematics
and layout, where possible.
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2.1 Block Diagram

1 shows the block diagram of this reference design.
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1. TIDA-001434 Block Diagram

211 Design Considerations

2.1.1.1 Bipolar Setup

The bipolar setup powers from a 3-V to 5.5-V supply from the back-end side. Usually, a voltage of 3.3 V
already exists to power the digital part of the back-end. The ISOW7841, a member of the ISOW78xx
family, isolates the four serial peripheral interface (SPI) data lines and the power. The integrated
transformer removes the need for a bulky external transformer. As a result, a total solution height of 3.65
mm is possible. The ISOW7841 drives the isolated SPI bus with the generated 3.3-V isolated voltage.
Therefore, the digital interface power (IOVDD) of the ADS124S08 connects to this voltage.

The digital core power of the ADS124S08 and the LM27662 connect to the same voltage. The LM27762
generates the positive analog voltage (2.5 V) by an LDO. The negative analog voltage (-2.5 V) is
generated by an inverting charge pump and an succeeding negative LDO. This £2.5-V bipolar voltage
connects to the analog power supply rails of the ADS124S08 and the optional external reference
REF6225.
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The bipolar setup draws about 17 mA from the backplane power supply. The overall power consumption
Proral 1S 3.3V x 17 mA = 56 mW. However, the LM27762 and the ADS124S08 together draw about 2 mA
from the ISOW7841. Therefore, overall efficiency is only about Pge = (2 mA /17 mA) x 100% = 12%. The
reason for the lower efficiency is the low output current. A group-isolated multichannel design with multiple
ADS124S08 devices connected to the ISOW7841 increases the efficiency. For example, if a resistor of 55
Q is added to the ISOW7841 output, a total current of 62 mA is drawn. In this case, the bipolar setup
draws about 132 mA from the backplane power supply. The efficiency raises up to 47%.

2.1.1.2 Reference Setup

The reference setup runs from a 4xAA battery pack and is not isolated. The low-noise, dual-output LDO
TPS7A8701 generates two 3.3-V rails. One rail drives the digital part of the ADS124S08 and the isolated
side of the data isolator ISO7741. The second rail drives the analog part of the ADS1224S08 and the
external reference. The reference setup runs the ADS124S08 in unipolar mode to avoid a switching
negative power rail.

2.1.1.3 Control Unit

The MSP430FR5969 LaunchPad™ controls both setups and plugs to the test board. The MSP430FR5969
microcontroller provides a single SPI bus (SCLK, MISO, and MOSI signals). The microcontroller selects
one setup at a time by two general purpose input/output pins (GPIO), which act as SPI chip select (CS)
signals. A low level at CS selects the particular setup and enables the MISO line at the same time using a
little-logic gate. The MISO line of the other setup is in tri-state, which avoids over stress of two MISO
outputs connected together.

2.1.1.4  Design Board Space

21.2

The board space of the bipolar setup is 35 mm x 35 mm x 3.65 mm (1.4 in X 1.4 in x 0.14 in). The test
points, jumper, and the external reference can be removed, further shrinking the design to about 50% of
its original dimensions.

Operating Temperature Considerations

The ADS124S08 and the ISOW7841 have an operating temperature range of at least —40°C to +125°C.
The LM27762 data sheet specifies an maximum ambient temperature T, of 85°C and a junction
temperature T, of 125°C. The junction-to-ambient thermal resistance R,, is 62.2°C. Calculate the absolute
power dissipation Ppyay Using = 1:

(T, -Ta) (125°C -85°C)

PDMAX = = o = 064 W
Rja 62.2°C/W (1)

The LM27762 can dissipate a maximum power of 0.64 W at an ambient temperature of 85°C. However,
the quiescent power consumption of the LM27762 and the additional power dissipation from the inverting
charge pump and LDOs is less than 5 mW. Solving for T, leads to = 2:

Tanew = T3 — Rya X Pomaxnew =125°C — 62.2°C/W x 5 mW =124.6°C @)

According to 5\ 2, T , can rise up to 124.6°C in this condition. A significantly rise in ambient temperature is
tolerated due to the low-output power requirements.
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2.2

221

222

223

224

Highlighted Products

ADS124S08

The ADS124S08 is a precision, 24-bit, AZ, ADC that offers low power consumption and many integrated
features to reduce system cost and component count in applications measuring small-signal sensors.

This device features configurable digital filters that offer low-latency conversion results and 50-Hz or 60-Hz
rejection for noisy industrial environments. A low-noise, programmable gain amplifier (PGA) provides gains
ranging from 1 to 128 to amplify low-level signals for resistive bridge or thermocouple applications.
Additionally, this device integrates a low-drift, 2.5-V reference that reduces printed circuit board (PCB)
area. Finally, two programmable excitation current sources (IDACs) allow for easy and accurate RTD
biasing.

An input multiplexer supports 12 analog inputs that can be connected to the ADC in any combination for
design flexibility. In addition, this device includes features such as sensor burn-out detection, voltage bias
for thermocouples, system monitoring, and four general-purpose 1/Os.

LM27762

The LM27762 delivers very low-noise positive and negative outputs that are adjustable between £1.5 V
and £5 V. Input-voltage range is from 2.7 V to 5.5 V, and output current goes up to 250 mA.

Negative voltage is generated by a regulated inverting charge pump followed by a low-noise negative
LDO. The inverting charge pump of the LM27762 device operates at a 2-MHz (typical) switching
frequency to reduce output resistance and voltage ripple. Positive voltage is generated from the input by a
low-noise positive LDO.

TPS7A87

The TPS7A87 is a dual, low-noise (3.8 uVgys) LDO voltage regulator capable of sourcing 500 mA per
channel with only 100 mV of maximum dropout.

The TPS7A87 provides the flexibility of two independent LDOs and approximately 30% smaller solution
size than two single-channel LDOs. Each output is adjustable with external resistors from 0.8 V to 5.2 V.
The wide input-voltage range of the TPS7A87 supports operation as low as 1.4 V and up to 6.5 V.

The TPS7A87 is designed to power noise-sensitive components such as those found in instrumentation,
medical, video, professional audio, test and measurement, and high-speed communication applications.
The very low 3.8-uVgys output noise and wideband PSRR (40 dB at 1 MHz) minimizes phase noise and
clock jitter. These features maximize the performance of clocking devices, ADCs, and DACs.

REF6225

The voltage references in the REF6000 family have an integrated low output impedance buffer that
enables the user to directly drive the reference (REF) pin of precision data converters, while preserving
linearity, distortion, and noise performance. Most precision SAR and AX ADCs switch binary-weighted
capacitors onto the REF pin during the conversion process. To support this dynamic load, the output of
the voltage reference must be buffered with a low-output impedance, high-bandwidth buffer.

The REF6225 specifies a maximum temperature drift of just 3 ppm/°C and initial accuracy of 0.05% for
both the voltage reference and the low output impedance buffer combined.
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2.2.6

227

2.2.8

2.3

23.1

ISOW7841

The ISOW7841 is a high-performance, quad-channel reinforced digital isolator with an integrated high-
efficiency power converter. The integrated DC/DC converter provides up to 650 mW of isolated power at
high efficiency and can be configured for various input and output voltage configurations. Therefore, this
device eliminates the need for a separate isolated power supply in space-constrained isolated designs.

ISO7741

The 1SO7741 device is a high-performance, quad-channel digital isolator with 5000-Vg,,s (DW package)
and 2500-Vgy,s (DBQ package) isolation ratings per UL 1577. This device has reinforced insulation ratings
according to VDE, CSA, TUV, and CQC.

SN74AHC1G04
The SN74AHC1G04 contains one inverter gate.

SN74AHC1G125
The SN74AHC1G125 device is a single bus buffer gate and line driver with a three-state output.

System Design Theory

The delta-sigma architecture shows the best performance for DC or near-DC analog input signals. The
noise-shaping feature of a delta-sigma converter pushes noise towards higher frequencies. This feature
allows precise and accurate measurements in the low-frequency region. Temperature or 4- to 20-mA loop
inputs measurements are common applications that use the strengths of the precision delta-sigma ADC
topology. For this reason, all setups in this design use a DC input signal. The effective resolution,
expressed in bits, is the performance metric for DC input signals. To measure the effective resolution at
DC for a given hardware, a series of consecutive samples is taken. The standard deviation is calculated
and applied to = 3. Constant N is the bit width of the converter. For the ADS124S08, N = 24.

N
Effective Resolution = Iogz[ 2 ]

stddev (samples) 3)

The measured effective resolution is compared against the effective resolution from the data sheet. If the
used configuration matches the data sheet configuration the values are directly taken from it. If the
reference differs (for example, set up RTD1000 with random reference voltage), the effective resolution is
calculated with = 4:
2 % VRer

GAIN

NRMS

Effective Resolution = log,
“

Expected Results

The measurements of the ideal setup and the bipolar setup are similar and are in the region of the data
sheet values. This result proves that the interferences caused by the DC/DC converter (ISOW7841) and
the inverting charge pump (LM27762) are sufficiently filtered by the LDOs (LM27762) and the ADS124S08
itself.
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

3.1.1 Hardware

The MSP430FR5969 microcontroller embedded in the MSP430FR5969 LaunchPad connects to the
reference design hardware with two 1x10 pin headers. Power to the LaunchPad provides the USB
connection. An LDO on the LaunchPad generates 3.3 V for the MSP430™ MCU. A lab power supply
(Keysight E3631A) delivers 3.3 V for the primary side of the ISOW7841 (bipolar setup) and of the
ISO7741 (reference setup). The low-noise dual LDO of the reference setup requires an extra 4-V to 6.6-V
power source, which is delivered by a 4xAA battery pack. The small signal test configuration needs a
constant current supplied by an SMU (Keysight B2912A).

The MSP430 MCU connects upwards to a standard Windows® host machine. [X| 2 shows the hardware
setup for the board test.

Keysight
E3631A

Windows host
PC

4 . 4V1065V
o
USB (Debug / Application) |
3.3V (D,
Ly LDO )
Pl ) TPS7A87 33V (A
MSP430FR5969 Isolation ADC AFE
LaunchPad 1ISO7741 ADS124S08
1G04 SPI
REF
REF6225
Bipolar setup (isolated)
- - -~ -~ -"-"-—"-""""-"""”-"”""”"¥""”""”"="="~"=""”"=""="—""”""”= A
| I KeySight
} L | B2912A
33V ChgPump 25V I
LM27762 —
Isolation 25Y ADC AFE I
ISOW7841 ADS124S08 I
l— sPI |
1G125 * |
T
| i |
| REF I
I REF6225 |
I |
Back-end (non-isolated) LTIDA-01434 (isolated) |
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3.1.1.1  Power Supply

The power supply path includes a DC/DC converter and an integrated transformer for the power isolation
in the ISOW7841. The output voltage of 3.3 V maintains through a hysteresis window of about 100 mV.
When the output voltage falls below the lower threshold, the DC/DC converter charges the output
capacitor up to the upper threshold. The converter switches off until the output is discharged to the lower
threshold again. The DC/DC switching frequency is 60 MHz. [¥| 3 shows the output of the ISOW7841
when the DC/DC converter operates.

P IsOw vouT
& 20.0mvy )Eoons ][1.2505_/5 ] o 5 2.00mv]
value Mean Min Max Std Dey | »¥920.000ns _J{10K points
@) Amplitude 560mv 503m 480m 560m 39.0m

3. DC/DC Converter Charges Output Capacitor With 60 MHz

The frequency of the 100-mVpp charge and discharge curve depends on the output load. [¥ 4 shows that
the output current of about 2 mA generates two frequencies: 25 kHz and 31.25 kHz. A resistor of 55 Q is
added to the 3.3-V rail to observe the behavior under a load of 62 mA total (see [X| 5). The triangle
frequency increases to 65 kHz and 77 kHz.

Dfisow vout

D isow vouT

™ N
N,
™ N\
(&8 20.0m value Mean Min Max Std Dev J[‘i.'olg‘-sﬂﬂﬂﬂﬂs ][?gkor)/losif“]ﬁ' 7 78.0‘)va Qo Value Mean Min Max Std Dev j[%‘*afll;uo00005 ][ﬁz'\gﬁls ]ﬁ’ s osoom
@D Peak—Peak 96.0mV__ 98.7m 94.4m 103m 1.92m J @ Peak—Peak 100mvV 101m 99.2m 104m 1.26m ]
R
4. ISOW7841 Output Voltage at 2-mA Load Current 5. ISOW7841 Output Voltage at 62-mA Load Current
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The other switching part of the power path is the inverting charge pump of the LM27762, which operates
at 2 MHz. During light-load conditions, the charge pump enters the PFM or pulse-skipping mode to
minimize quiescent current. As the load current required for the negative rail is very low (< 1 mA)
compared to the maximum output current (250 mA), the LM27762 is in PFM mode at all times. [X| 6 shows
the 2-MHz burst of the inverting charge pump and its impact on the triangle of the ISOW7841 output. With
a 2-mA load, every second triangle the LM27762 draws current for the charge pump, which causes a
faster discharge of the ISOW7841 output capacitor. This increases the triangle frequency from 25 kHz to
31.25 kHz every other period.

7 shows the measured voltage at the analog power supply (AVSS, AVDD) of the ADS124S08). The
differential voltage is around 9 mVpp.

[Cfisow vouT,

\ N\

. 1 \ ‘ ‘
NN

1P - Z{cHRG PUMP

@ 200mvv_@ 200V~

& 20.0mvh @) 2.00V A )[4D.Dps ] 25.0MS/s [ 3 —s.aamv]
value Mean Min Max Std Dev ] 0++0.00000 s 10k points

J[40.0ps 25.0MS/s @ 7 -8.00mV
] W>v0.00000 s 10k points

@ peakpeak 100my_ 57.0m  03.6m  loam  1.s7m p— @ peskoreak 5 Tomy_ 0.90m  Ssom  1iam  so7
6. ISOW7841 Output Waveform and Inverting Charge 7. Power Supply Waveform Analog Section (AVSS-
Pump Relationship at 2-mA Load AVDD)
3.1.2 Software
All test cases are performed by automatic test equipment (ATE). Both the reference setup and the bipolar
setup are controlled by an MSP430FR5969 LaunchPad board. The MSP430FR5969 accepts high-level
commands from the host over USB. The host controls the MSP430FR5969 by a python script.
Script sequence:
1. Create an Excel® sheet for measurements and write column headers.
2. Select hardware (select CS# line for all further SPI communication).
3. For each test setup:
a. Reset ADS124S08 (using software reset command).
b. Program Al+/AIN-, IDAC, reference source, gain, system monitor, data rate, filter, and chopper.
c. Start the conversion (ADS124S08 runs in continuous mode only) with the number of samples as
an argument.
d. The MSP430 MCU reads the requested number of conversion results and stores it in the MSP430
FRAM.
e. Once finished, all samples are transferred to the host through UART (57600 baud) and stored in
the Excel sheet.
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Data are read with polling mode. After a predefined period of time, the CS# line is pulled low. If the MISO
line drives low, new data is available and is read by the MSP430FR5969. The other option is to use the
dedicated DRDY# line. However, this option adds a costly fifth isolated signal.

The performance of the ADS124S08 for both setups is tested with different data rates, filter settings, and
optional chop feature. The internal reference in the ADS124S08 and an external high-performance
REF6225 are also compared.

JAJU456A—December 2017—Revised August 2018  24E"NADCH DHEFES 7=, BIERR L DNAR—FEWRDY 7 7L R T A 11

TIDUDP2 FHARAR — HcHrOBERERCEE http://www-s.ti.com/sc/techlit/ TIDUDP2
Copyright © 2017-2018, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUDP2.pdf

Hardware, Software, Testing Requirements, and Test Results

i3 TEXAS
INSTRUMENTS

www.tij.co.jp

3.2

3.2.1

3.21.1

Testing and Results

Three configurations are used to the test the performance of the ideal and bipolar setups. Furthermore,
two options to configure the ADS124S08 are introduced: performance and speed.

The performance option uses the SINC3 filter with the chopper feature enabled. This option provides
highest effective resolution as the SINC3 filter has better noise performance than the low-latency filter at
the cost of latency. The chopper averages two samples with opposite polarity, which removes system
offset voltage at the cost of data throughput.

The speed option uses the low-latency filter with the chopper feature disabled. This option provides the
highest data throughput with low latency at the cost of a lower effective resolution. This option is useful
when switching through multiple input channels is required.

All configuration and option measurements use the internal reference of the ADS124S08.
Small Signal Configuration

Description

The small signal test configuration uses the analog front end (AFE) shown in [%] 8. This configuration
consists of two parallel resistor ladders (R21/R28 and R22/R29) with an equal resistance of 5.27 kQ. This
setup results in a total resistance of 2.635 kQ between the two terminal pins of header J5. A constant
current of 1 mA is injected through J5 to the AFE. The voltage at AIN1 (positive input) is always —2.5 V +
2.635 kQ x 1 mA = 0.135 V. Jumper J6 selects one of the two resistor ladder mid-points, which provides
the negative input voltage to AINO. Note that AVSS = -2.5V.

VDiff=0.01915V VDiff=2.435V
J5
1 R19

ol 2 4.12k

MP1
MP2

1771091

- AIN1

1oov
4700pF
: AINO

R21

R22
383 4.87k 50v
B avssl| 470pF
2
C12

3
50V
61300311121 470pF

4.12k

R28
5.23k

R29
402

AVSS AVSS AVSS
Copyright © 2017, Texas Instruments Incorporated

8. Schematic of AFE for Small Signal Test Configuration

#< 2 shows the generated voltages.

% 2. Analog Input Voltages

JUMPER J6

CONFIGURATION

AIN-

AIN+

VDIFF

1-2

Small signal

0.116 V

0.135V

0.019V

2-3

Large signal

—2.299V

0.136 V

2435V

12
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Jumper position 1-2 selects the small signal configuration. This configuration generates a differential
voltage of 19.15 mV. The common-mode voltage is (AIN— + AIN+) / 2 = 0.125 V, which is in the middle of
the analog input range of 0 V. This is of benefit as the common-mode voltage window narrows with
increasing PGA gains. [X| 9 shows a screen shot of the ADS124S08 design calculator (available for
download at the ADS124S08 product page) for the small signal configuration and a PGA gain of 128 V/V.

- Configure ADC Parameters

PGA Gain
PGAGain” | 128 | WN

Supply Voltage(s)
AVDD 25 V'
AVSS 25 W

Reference Voltage(s
Veere 0 v
Vrern 2.5 v

J+ Define Input Voltages

- Vinp 0.135 W
Ving 0.116 Vv
00195V < Vo 0.019 v
2046V < Vewm 0.1255 v

Voltage (V)

PGA INPUT

PGA OUTPUT

Vamr
—_—

B 9. Small Signal Input Voltages for PGA Gain = 128 V/V

Input =
Result =

Legend

#

#

Note that the PGA output is 32 V/V of the differential input voltage as the two highest gain steps (64 V/V
and 128 V/V) are performed digitally.

Jumper position 2-3 selects the large signal configuration. It generates a differential voltage of 2.435 V,
which is close to the reference voltage of 2.5 V. This configuration is not considered here because the
performance limits of the circuit are expected at lowest input-referred noise at highest gain values and
lowest data rates.

The small signal configuration is tested with all data rates, all gains, internal reference and the high-
performance option.
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3.21.2 Results

10 shows the effective resolution with a PGA gain of 1 V/V and performance option for all data rates
and compares it with the measurement results from the ideal and bipolar setups.

25
—— Data sheet
24.5 —— ldeal Setup
Bipolar Setup
24
235

22.5

A\

21

Effective resolution [bits]

20.5

20

19.5 —
\\
19 \\-\
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000
Data rate [SPS]

10. Effective Resolution Results of Small Signal (All Data Rates, PGA 1 V/V)

The ADS124S08 data sheet values match the measured values while the ideal setup even exceeds the
data sheet values at low data rates.

11 shows the effective resolution with a PGA gain of 128 V/V and performance option for all data rates
and compares it with the measurement results from the ideal and bipolar setups.

22
—— Data sheet
—— lIdeal setup
Bipolar setup

21
‘o
3 20
c
i)
Z
3 19
g
=
S \
il &

\
17 \
\7 —_—
\
\
16
0 500 1000 1500 2000 2500 3000 3500 4000

Data rate [SPS]

11. Effective Resolution Results of Small Signal (All Data Rates, PGA 128 V/V)

14 24t MDCH DiftiigShie, ZIEGRLDANAR—=FEIRDY 7 7L X 71> JAJU456A—December 2017 —Revised August 2018

TIDUDP2 FHARAR — HcHrOBERERCEE http://www-s.ti.com/sc/techlit/ TIDUDP2
Copyright © 2017-2018, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUDP2.pdf
http://www.ti.com/lit/pdf/SBAS660

i3 TEXAS
INSTRUMENTS

www.tij.co.jp Hardware, Software, Testing Requirements, and Test Results

The ADS124S08 has the lowest input-referred noise at a data rate of 2.5 SPS and a PGA gain of 128 V/V
and the performance option. The data sheet input-referred noise is 70 nVpp. The SMU drives the current
of 1 mA into the AFE and has a noise performance of 6 nApp in this current range. As the current is split
between the two resistor ladders, noise is also cut in half. The expected signal noise is Vy ggnac= 63 NAPP
/2 x 38.3 Q =114.9 nVpp. As the noise of the input signal is higher than the input-referred noise, some
degradation is observed in the data rate range of 2.5 to 20 SPS for both setups.

All small signal configurations are tested with the ADS124S08 internal reference and the REF6225
external reference. The external reference does not increase performance significantly.

3.2.2 Configuration RTD1000

3.221 Description

The schematic includes a simple two-wire RTD setup, which is a common application for analog input
modules. The ADS124S08 built-in current source (IDAC1) drives a constant current of 50 YA through a
standard 1-kQ resistor (R24), which emulates the RTD. The voltage drop is Vgrp = 1 kQ x 50 pA = 50 mV.

The same 50 pA flows through the reference resistor R17. The voltage drop of R17 is used as reference
for the ADC (ratiometric measurement). The resistance of 17.4 kQ generates a reference voltage of Vg =
17.4 kQ x 50 pA = 870 mV. [X] 12 shows the AFE.

IDAC=50uA
IDAC1
o N REFP1
4.12k _L
50v
R17 470pF c6
174k Avss| 100V
4700pF
5ov
470pF . REFN1
412k
R20 ° o AIN3
4.12k _I_
co
50V
R24 470pF c11
Took Avss|| 100V
4700pF
c13
_I_sov
R26 470pF AIN2
Ra1 | 412K
6.04k
IDAC2
AVSS

Copyright © 2017, Texas Instruments Incorporated

12. RTD1000 AFE Schematic

The RTD1000 test configuration uses PGA gains from 1 V/V to 16 V/V. The data rate is fixed to 20 SPS.
More data rate is usually not needed for a slowly changing temperature. The ADS124S08 offers
simultaneous 50- and 60-Hz mains frequency rejection at 20 SPS.
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3.222 Results

The reference voltage of 870 mV leads to a full-scale range (FSR) of 2 x 870 mV/gain. The effective
resolution is calculated with =\ 4. The measurements from both setups are compared to the calculated
value. [¥] 13 shows the results of the performance option.

21.9
—— Data Sheet
— Ideal
Bipolar

21.6
£ 213
— \\\
E \
3
S 21
o
[ \
=
E \
£ 207
P}

20.4

20.1

0 2 4 6 8 10 12 14 16
PGA gain [V/V]

13. Performance Option Results for RTD1000

14 shows the measurements results of the speed option.

20.75
—— Data Sheet
—— Ideal
20.5 /] Bipolar
7 Q
£
20.25
c
5 \
=
2 20
o
° —
>
g 19.75
Q
8 \
w \
19.5 -
19.25
0 2 4 6 8 10 12 14 16

PGA gain [V/V]

14. Speed Option Results for RTD1000

For both options, the measurement results are in the expected range. Note that the best effective
resolution is reached with lower PGA gain values. It is not beneficial to use the full analog input range.

The performance option uses the SINC3 filter and the chopper feature. This option leads to an overall
performance increase of 1 bit. If data rate and latency is not a concern, this is the preferred option.
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3.2.3

Configuration Shorted Inputs

3.231 Description

Both analog inputs are internally shorted in this test configuration. The PGA is enabled with a gain of 1
V/V and 128 V/V. This configuration tests the output-referred noise of the ADS124S08 and is included to
compare the ADS124S08 data sheet values with the ideal and bipolar hardware setups.

3.2.3.2 Results

15 shows the results of the ideal and bipolar setups compared to the data sheet values. The
performance option is used with a PGA gain of 1V/V and an internal reference. The deviation is £0.3 bits
(max). Both setups perform similar to the data sheet values.

25

—— Data sheet
245 —— Ideal Setup
Bipolar Setup

24

235

225 H

22

215

21

20.5 S~

20

Effective resolution [bits]

19.5
\
19 \

18.5

0 500 1000 1500 2000 2500 3000 3500 4000
Data rate [SPS]

15. Measurement Results Effective Resolution With Shorted Inputs and PGA Gain = 1 V/V

[X] 16 shows the results of the ideal and bipolar setups compared to the data sheet values. The
performance option is used with a PGA gain of 128 V/V and an internal reference. The deviation is +0.3
bits (max). Both setups perform similar to the data sheet values.
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16. Measurement Results Effective Resolution With Shorted Inputs and PGA Gain = 128 V/V
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-01434.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01434.

4.3 PCB Layout Recommendations

Please follow the layout recommendation of each device as descried in the data sheet.

4.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-01434.

4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01434.

45 Gerber Files
To download the Gerber files, see the design files at TIDA-01434.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01434.

5 Related Documentation

1. Texas Instruments, ADS124S0x Low-Power, Low-Noise, Highly Integrated, 6- and 12-Channel, 4-
kSPS, 24-Bit, Delta-Sigma ADC with PGA and Voltage Reference Data Sheet

2. Texas Instruments, LM27762 Low-Noise Positive and Negative Output Integrated Charge Pump Plus
LDO Data Sheet

51 &EE

E2E, LaunchPad, MSP430 are trademarks of Texas Instruments.
Windows, Excel are registered trademarks of Microsoft Corporation.
T RCOPMEBLOBEPEI I ENZE O A E IRELET,
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