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1 Key System Specifications
% 1. Key System Specifications
PARAMETER SPECIFICATION DETAILS
Number isolated of channels 2 —
Operating voltage Primary input (J2) ?;g:&ggrgnig)pm 3.7
Ranges 16 to 33V 5V 3.7
Power consumption per channel 400 mw 3.7
High-voltage measurement 3.1, 41
Low-voltage measurement 3.1, 4.2
Operating modes Current measurement 3.1, 43
4- to 20-mA loop 3.1, 3.7.4, 44, 47
Thermocouple with cold-junction compensation 3.3, 45
2-, 3-, and 4-wire RTD Measurement 3.9, 46
Analog inputs Voltage, HV | Voltage, SE | Voltage, DIFF | Current —
+12.39V +2.20V +1.25V +55 mA
+1.25V +0.62 V +45 mA
Ranges +0.62 V +0.31V +22 mA 3.1, 310
+0.31V +0.15V +11 mA
+0.15V +0.07 V +5.5 mA
+0.07 V +0.03 V +2.7 mA
Input impedance 100 kQ ~1 GQ ~1GQ 43 Q 3.1
Input accuracy —
25°C +0.001% +0.0006% +0.0006% +0.002% 3.10
—35°C to 85°C +0.035% +0.05% +0.05% +0.05% 3.10
Loop power supply Min. 24-V DC (0 to 25 mA) 3.74, 4.7
Thermocouple accuracy (25°C) +0.7°C 45
RTD (3-wire) accuracy (25°C) +0.07°C 4.6
Signaling Four LEDs at terminal inputs 3.4
Surge transient immunity EN 61000-4-5 class 2 (1 kV, 24 A) 3.8
Operating temperature —40°C to 85°C 2
Storage temperature —40°C to 125°C —
Form factor —
Each channel 93 x 27 mm (3.66 x 1.06 in) —
Entire board 159 x 55 mm (6.26 x 2.17 in) —
HART communication Supported by TIDA-00549 3.10
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2 System Description

The TIDA-00550 universal analog input module is a versatile dual channel-to-channel isolated low-input
terminal count, high-performance design. It includes a high-voltage, low-voltage, and current measurement
signal path. The high-voltage path can be used in parallel with the low-voltage or current path.
Temperature sensors such as resistance temperature detectors (RTDs) and thermocouples (TC),

including cold-junction compensation (CJC), can be directly connected to the terminal pins. In addition, the
4- to 20-mA loop supports remote sensor transmitters without an additional power supply. The Tl Design
TIDA-00549 can be used to add HART communication to the 4- to 20-mA loop.

The passive analog front-end (AFE) avoids distortion of the measurement signal. Noise from active
components such as op amps, which are used in comparable designs, is therefore eliminated. This
BeagleBone Cape ® compatible design can be powered either from an external PLC power supply (16 to
33 V) or directly from the BeagleBone Black (5 V).

Each channel uses only four isolated channels, all dedicated to the digital interface (SPI). The general
output pins (GPO) required for the mode switching are provided by the analog-to-digital converter (ADC)
itself. The data stream of the local temperature sensor for the cold junction compensation shares the
same SPI isolator as the ADC.

The four terminal input pins can withstand 33 V continuously (important in the event of wrong wiring of the
PLC supply voltage) and are immune to EN61000-4-5 class 2 (+1 kV at 24 A). The four blue signaling
LED visible at the terminal inputs allows fast discovery of the selected mode of the particular channel.

The isolated switches and the TPS61093 support a temperature range of —40°C to 85°C. All other devices
can operate in the extended temperature range of -40°C to 125°C. The TPS61093 has only a supporting
function here (transforming the BeagleBone voltage to 16.5 V) and is not an integral part of the design.

The board includes two exact same channels. The AM3359 @ Sitara processor on the BeagleBone board
distinguishes the two channels by two separate chip select signals, CS0 and CS1. The block diagram in
1 shows one channel only. The functionality of the devices is described in the following sections.

@ See the System Reference Manual at https:/github.com/CircuitCo/BeagleBone-Black/blob/master/BBB_SRM.pdf?raw=true
@ See the product folder at http://www.ti.com/product/AM3359
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1. Block Diagram (One Channel)
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To get familiar with the physical board, [X| 2 describes the interfacing components of the design.

24-V DC BeagleBone connectors HART modem connectors  Fiber optics channels

Terminal inputs

BeagleBone cape address selection Power Good LEDs  4- to 20-mA LED Custom LED

2. Physical Board

2.1 Highlighted Products

211 ADS1262

The ADS1262 is a low-noise, low-drift, 38.4-kSPS, delta-sigma (AX) ADC with an integrated PGA,
reference, and internal fault monitors. The sensor-ready ADC provides complete, high-accuracy, one-chip
measurement solutions for the most demanding sensor applications, including weigh scales, strain-gauge
sensors, TCs, and RTDs.

The ADCs are comprised of a low-noise, CMOS PGA (gains 1 to 32), a AX modulator, followed by a
programmable digital filter. The flexible AFE incorporates two sensor-excitation current sources suitable
for direct RTD measurement. A single-cycle settling digital filter maximizes multiple-input conversion
throughput, while providing 130-dB rejection of 50- and 60-Hz line cycle interference.

The ADS1262 is available in a 28-pin TSSOP package and fully specified over the —40°C to 125°C
temperature range.

2.1.2 1ISO7141CC

The 1ISO7141CC provides galvanic isolation up to 2500 Vgy,s for 1 minute per UL and 4242 V., per VDE.
The 1ISO7141CC is a quad-channel isolator with three forward and one reverse-direction channels. This
device is capable of 50-Mbps maximum data rate with a 5-V supply and 40-Mbps maximum data rate with
a 2.7- or 3.3-V supply, with integrated filters on the inputs for noise-prone applications. The suffix CC
states the default output state is high.

Each isolation channel has a logic input and output buffer separated by a silicon dioxide (SiO,) insulation
barrier. Used with isolated power supplies, these devices prevent noise currents on a data bus or other
circuits from entering the local ground and interfering with or damaging sensitive circuitry. The devices
have TTL input thresholds and can operate from 2.7-, 3.3-, and 5-V supplies. All inputs are 5-V tolerant
when supplied from a 2.7- or 3.3-V supply.
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2.13

2.14

2.15

2.1.6

LMTO1

The LMTOL1 is a high-accuracy, 2-pin temperature sensor with an easy-to-use pulse count interface, which
makes it an ideal digital replacement for PTC or NTC thermistors both on and off board in automotive,
industrial, and consumer markets. The LMTO1 digital pulse count output and high accuracy over a wide
temperature range allow pairing with any MCU without concern for integrated ADC quality or availability
while minimizing software overhead. TI's LMTOL achieves a flat £0.5°C accuracy with very fine resolution
(0.0625°C) over a wide temperature range of —20°C to 90°C without system calibration or hardware or
software compensation.

Unlike other digital IC temperature sensors, the LMTO1's single-wire interface is designed to directly
interface with a GPIO or comparator input, thereby simplifying hardware implementation. Similarly, the
LMTO1’s integrated EMI suppression and simple 2-pin architecture make it ideal for onboard and off-board
temperature sensing. The LMTO1 offers all the simplicity of analog NTC or PTC thermistors with the added
benefits of a digital interface, wide specified performance, EMI immunity, and minimum processor
resources.

LM5017

The LM5017 is a 100-V, 600-mA synchronous step-down regulator with integrated high-side and low-side
MOSFETSs. The constant on-time (COT) control scheme employed in the LM5017 requires no loop
compensation, provides excellent transient response, and enables very high step-down ratios. The on-time
varies inversely with the input voltage resulting in nearly constant frequency over the input voltage range.
A high-voltage startup regulator provides bias power for internal operation of the IC and for integrated gate
drivers.

A peak current limit circuit protects against overload conditions. The undervoltage lockout (UVLO) circuit
allows the input undervoltage threshold and hysteresis to be independently programmed. Other protection
features include thermal shutdown and bias supply undervoltage lockout (VCC UVLO).

LM2903

The LM2903 consists of two independent voltage comparators that are designed to operate from a single
power supply over a wide range of voltages. Operation from dual supplies also is possible as long as the
difference between the two suppliesis 2 V to 36 V, and VCC is at least 1.5 V more positive than the input
common-mode voltage. Current drain is independent of the supply voltage. The outputs can be connected
to other open-collector outputs to achieve wired-AND relationships.

TPS7A4901

The TPS7A49 series of devices are positive, high-voltage (36 V), ultralow-noise (15.4-uVgys, 72-dB
PSRR) linear regulators that can source a 150-mA load.

These linear regulators include a CMOS logic-level-compatible enable pin and capacitor-programmable
soft-start function that allows for customized power-management schemes. Other available features
include built-in current limit and thermal shutdown protection to safeguard the device and system during
fault conditions.

The TPS7A49 family is designed using bipolar technology and is ideal for high-accuracy, high-precision
instrumentation applications where clean voltage rails are critical to maximize system performance. This
design makes the device an excellent choice to power operational amplifiers, ADCs, digital-to-analog
converters (DACSs), and other high-performance analog circuitry.
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In addition, the TPS7A49 family of linear regulators is suitable for post DC-DC converter regulation. By
filtering out the output voltage ripple inherent to DC-DC switching conversion, maximum system
performance is provided in sensitive instrumentation, test and measurement, audio, and RF applications.
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2.1.8

2.1.9

TPS7A3001

The TPS7A30 series of devices are negative, high-voltage (—35 V), ultralow-noise (15.1-uVgys, 72-dB
PSRR) linear regulators that can source a maximum load of 200 mA.

These linear regulators include a CMOS logic-level-compatible enable pin and capacitor-programmable
soft-start function that allows for customized power-management schemes. Other features include built-in
current limit and thermal shutdown protection to safeguard the device and system during fault conditions.

The TPS7A30 family is designed using bipolar technology and is ideal for high-accuracy, high-precision
instrumentation applications where clean voltage rails are critical to maximize system performance. This
design makes the device an excellent choice to power operational amplifiers, ADCs, DACs, and other
high-performance analog circuitry.

In addition, the TPS7A30 family of linear regulators is suitable for post DC-DC converter regulation. By
filtering out the output voltage ripple inherent to DC-DC switching conversion, maximum system
performance is provided in sensitive instrumentation, test and measurement, audio, and RF applications.

TPS7A4101

The TPS7AA41 is a very high voltage-tolerant linear regulator that offers the benefits of a thermally-
enhanced package (MSOP-8) and is able to withstand continuous DC or transient input voltages of up to
50 V.

The TPS7AA41 is stable with any output capacitance greater than 4.7 uF and any input capacitance greater
than 1 pF (over temperature and tolerance). Thus, implementations of this device require minimal board
space because of its miniaturized packaging (MSOP-8) and a potentially small output capacitor. In
addition, the TPS7A41 offers an enable pin (EN) compatible with standard CMOS logic to enable a low-
current shutdown mode.

The TPS7A41 has an internal thermal shutdown and current limiting to protect the system during fault
conditions. The MSOP-8 packages has an operating temperature range of T, = -40°C to 125°C. In
addition, the TPS7A41 is ideal for generating a low-voltage supply from intermediate voltage rails in
telecom and industrial applications; not only can it supply a well-regulated voltage rail, but it can also
withstand and maintain regulation during very high and fast voltage transients. These features translate to
simpler and more cost-effective electrical surge-protection circuitry for a wide range of applications.

TLV70433

The TLV704 series of low-dropout (LDO) regulators are ultralow quiescent current devices designed for
extremely power-sensitive applications. Quiescent current is virtually constant over the complete load
current and ambient temperature range.

The TLV704 operates over a wide operating input voltage of 2.5 to 24 V. Thus, the device is an excellent
choice for both battery-powered systems as well as industrial applications that undergo large line
transients.

8
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2.1.10 TPS61093

The TPS61093 is a 1.2-MHz, fixed-frequency boost converter designed for high integration and high
reliability. The IC integrates a 20-V power switch, 1/O isolation switch, and power diode. When the output
current exceeds the overload limit, the isolation switch of the IC opens up to disconnect the output from
the input, thus protecting the IC and the input supply. The isolation switch also disconnects the output
from the input during shutdown to minimize leakage current. When the IC is shut down, the output
capacitor is discharged to a low voltage level by internal diodes. Other protection features include 1.1-A
peak overcurrent protection (OCP) at each cycle, output overvoltage protection (OVP), thermal shutdown,
and UVLO. The output can be boosted up to 17 V.
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3

System Design Theory

3.1 AFE

The ADS1262 is a high-performance 32-bit AX ADC. This keeps the attached AFE simple and cost-
effective. The built-in PGA is able to scale the analog input signal 1x, 2x, 4x, 8%, 16x, or 32x to use the
entire ADC measurement range. The AFE (see [X| 3) has three independent input paths:

» High-voltage input

» Low-voltage input

e Current input

D3_AFE1 250uA

R15_AFE1 , ) <AINT_] IDACO
SW_RTD_LOOP e AVSS 50
R o|  Blue
AVSS iso R14_AFET _
N 1_AFE1 511k AIN2 > REFP
Pt cPCi017N
£ ==C17_AFE1
\'\\i\ s 8200pF >
D4_AFE1 & 1R16_AFE1 C18_AFE1 g
s S
4 ’K T ImATO0P ] E 4.99k 0.1pF L A 3
)
— S ==C19_AFE1
l : : R17_AFE1 - gzg&m:
< o
5 K 1 e . AING > REFN
BASTOJW-7-F
A R18_AFE1
1 0/
= S S S . AINO > V
4 g l “l "’l 82.5k l
b 2_AFE1
C20_ AFM/D5_AFET [’U" o [cPC1017N o R19_AFE1 C21_AFE1
1844236 0.01pF SMBT36CA 0.1%, 10ppm 17.8k 5600pF
6V ///
= = [_h GND GND
GND GND D6_AFE1
X
R20_AFEf ~
SW_AV e 1 2
! Blue
AVSS iso
R21_AFE1
. . e ANA> mV/TC/RTDIVBIAS
l ==C22_AFE1
C23 APg/D7_AFE1 8200pF
0.014F /g SMBT36CA =—=C24_AFE1
36V owF [ 9
GND ==C25_AFE1
onD oD R22_ AFE1 82000
o Sk AING"> mVITCRTD
D8_AFE1 K3 AFE1
1 3
- - W "l C26_AFE1
AVSS_iso
fso ™ %= / |} FART N>
R23_AFE1 / 01F
C27_APRJFID9_AFE1 _AFET 4 4
0.01F /g SMBT36CA [ SW BURDEN 259 e
™ CPCT0T7N ot AFET
z — ANE > |
L L 3 5.1k
GND GND = —==C28_AFE1
£  LRos AFE1 8200pF
& 2274 =—=C29_AFE1
e 0.1uF —
K =
S GND ==C30_AFE1
R26_AFE1 82000F
GND TP4_AFEDS_AFEPS_AFET rom AING > /IDACT
R27_AFE1
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3. AFE Schematic
— " S P S S .
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A basic requirement of such a universal design is a low terminal input count per channel to relax the real
estate at the terminals of an analog input module. By supporting the RTD 4-wire connection mode, a
minimum input count of four is given.

On the other hand, the ADC must have multiple input channels to separate the inputs path as much as
possible to maintain the highest performance. The ADS1262 has 10 analog input channels, which are
sufficient for this design.

Nevertheless, some signal switching is required to condense all supported measurement modes to the
four terminal inputs. Three isolated switches (K1, K2, and K3 of type CPC1017Ni from IXYS) are used to
route the 1/0 signals according to the selected mode. The function for each terminal is documented in &
2, and [X] 4 shows the assignments of the terminal pin number on the hardware. For more information
about the mode control, see 3.4.

% 2. Terminal Functionality Overview

e v [ mvise [mvorn [cumen[ e [ FRE [ ARG [ ioe [ Lok
T1 \% — — — — tieto T2 tieto T2 RTD++ Loop+
T2 — mV mvV+ mA+ TC+ RTD+ RTD+ RTD+ Loop—
T3 — GND mvV- mA— TC- RTD- RTD- RTD- Tieto T4
T4 GND Tieto T3 GND GND — Tieto T3 RTD-— RTD-— Tieto T3

Terminal pin Terminal pin

2. 3ued 2 4
D

¥ 4. Terminal Pin Assignments
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The connection for each mode is shown in 5.

@ 1
@ % > High-voltage
@g_ 4
@
@ % Low-voltage (SE)
eh
@
@ % Low-voltage (DIFF)
L
@
@ % Current
@k
@
< TC
@zl
@
EE % RTD 2-wire
o
@
é % RTD 3-wire
o
@
E 9 RTD 4-wire
o
- O]
Trir?g:”:i)tzer % 4- to 20-mA |00p
C oh

5. Connection Diagram

Due to the independent input paths, the high-voltage mode can run in parallel with the low-voltage or
current inputs, making this design even more flexible and expanding the number of channels available by
two.

From a protection point-of-view, this AFE is designed per IEC61000-4-5 class 2. It can tolerate +1-kV
(24-A) surge pulses. See 3.8 for more information about protection.

The following subsections examine the purpose of each terminal pin individually.

12
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3.11

3.1.2

Terminal Input T1

Terminal pin T1 is used for
« Voltage input in high-voltage mode
e 24-V output in 4- to 20-mA loop mode

» Excitation current output in RTD modes

In the high-voltage mode, the isolated switch K1 is open and K2 closed. The £12 V is attenuated by the
R18:19 resistor divider bringing the input voltage to the input range of the ADS1262. The input resistance
is around 100 kQ, but can be increased if required. See 4.1 for more information and test results.

In the 4- to 20-mA loop mode, the isolated switch K1 is closed and K2 is open. The nominal loop voltage
of 24 V is passed through D4 (pins 3-4) and K1 is finally available at T1.

In the RTD mode, the switch constellation is the same as in the loop mode. The ADC current source
IDACQO is internally connected to AIN1. The RTD measurement is performed in a ratiometric manner,
meaning the current flowing through the RTD also flows through the precision reference resistor R16. The
voltage drop of R16 is used as a reference voltage for the ADC. The minimum accepted reference voltage
the ADS1262 is 0.9 V. With R16 = 4.99 kQ and the excitation current of 250 pA, the reference voltage is
U=Rx1=4.99 kQ x 250 pA = 1.2475 V.

Unfortunately, the current through Rge: and Rgrp Will not be 100% the same. The leakage current of K2 is
around 4 nA at 85°C at the load pins (switched signal) with a load voltage, V,, of 60 V. The second
component where current is lost is the TVS diode D5. The leakage at the breakdown voltage, Vgg, of 30.8
V is typical 1 nA at 85°C. However, the maximum voltage during RTD measurement at both K2 and D5 is
about 950 mV, which is much smaller than V| and Vg. This means that a much smaller leakage current
can be expected. Nevertheless, the error Izp to Izer at the maximum voltages would be 0.0002% and,
therefore, is already at high voltages neglectable.

The 4- to 20-mA loop leakage is not an issue since the current leaks before it reaches the sensor
transmitter.

Terminal Input T2 and T3

T2 and T3 are the inputs for almost all measurement modes (except high-voltage mode). Internally, this
input is split in the voltage path and in the current path.

The voltage path measures the low-voltage (single-ended or differential), TC voltage and RTD voltage. No
additional semiconductor is attached, meaning only the differential anti-aliasing filter with a cut-off
frequency of 142 Hz separates the input of the system from the input of the ADC. Error sources, such as
noise, offset or distortion as introduced by amplifiers are avoided this way. The input range of the signal is
+2.2 V (£2.5 V with PGA disabled). The PGA can gain the input signal by factor 1, 2, 4, 8, 16, and 32
introducing multiple input ranges programmable by software.

Since the components of the anti-aliasing filter are in the signal path, high-performance part should be
used. C22, C24, and C25 are COG/NPO type capacitors with a 5% tolerance. The resistors are 1% metal
film.

The current path anti-aliasing filter uses the same parameter as the voltage path. The burden resistor,
R25, converts the current to measure into a proportional voltage accepted by the ADC input. When the
isolated switch K3 is closed, the particular channel is in current mode; otherwise the channel is in voltage
mode.
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3.1.3

3.2

3.3

Using different ADC1262 input pairs for the voltage and current path has the advantage that the voltage
drop over K3 is not being measured in current mode — at the cost of more analog input channels being
used. The switch-on resistance, Rpson, Of K3 varies between 3 and 16 Q over temperature and would
make a high-precision measurement impossible. Here, only the voltage drop over R25 is measured,
meaning the precision of the measurement is only dependent on this component. This design uses a
0.1%, 10ppm part. The parameter of R25 is dependent on the system requirements. See 4.3 for test
results with the components used in this design.

The current mode is also used to measure the 4- to 20-mA loop. In addition, it provides the HART voltage
signal to the HART modem plug-in board (TIDA-00549) through C26.

Terminal Input T4

T4 is the ground of the system. All ground-based signals must refer to T4. Floating signals, for example
from TCs, will leave this pin unconnected. Because the nominal analog supply voltage of the ADS1262 is
+2.5V, it is also the mid-point of the analog input range.

Data Converter

The heart of the system is the ADS1262, a high-performance 32-bit AX ADC. It offers a high integration of
essential components required in an ADC signal chain, such as a PGA, a MUX, or a high-precision low-
noise voltage reference. This fact can drive down cost, complexity, and real estate of an analog input
module. Due to the high-dynamics range and the bipolar input of the ADC, a passive AFE is possible,
which avoids additional noise sources.

Although the ADS1262 already includes a high-precision internal clock (7.3728 MHz +2%) and a precision
crystal in the system with 50 ppm (equals £0.005%), it depends on the application whether this external
crystal with a higher accuracy is required.

CJC

CJC is required for proper TC measurement @, The local temperature measured at the terminal screws is
added to the temperature measured by the TC to obtain the correct temperature at the TC. The local
temperature is measured with the LMTO1. The 2T0O-92 package comes handy to measure the cold-
junction temperature where it is actually generated, at the terminal block (see [X] 6). The two large pads
(without solder masks) are thermally connected to T2 and T3 to mirror the temperature at the terminal
screws as accurate as possible. The LMTO1 is glued to the pads in a way that the temperatures of T2 and
T3 influence the LMTO1 equally.

@ For more information on the theory, please see TIDA-00189 Design Guide Isolated Loop Powered Thermocouple Transmitter Section 5
(TIDU449)
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6. LMTO1 Mounting
JAJU233—-March 2016 PLCH 7= 7 /LA F v RN L G T 2 = oS — YL« T a I AP 2 — 15

NDYTZ 7L e TP A
TIDUBIL FARI — et 0 Se3B &R} http://www-s.ti.com/sc/techlit/ TIDUBI1
Copyright © 2016, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUBI1.pdf

13 TEXAS
INSTRUMENTS

System Design Theory Www.tij.co.jp

The digital pulse-train output provides its (digital) information by two different currents (34 pA indicating a
logical '0', 125 pA indicating a logical '1"). By measuring the voltage drop, Vprop, Of the connected burden
resistor R7 at the output of the LMTOL, the information can be extracted. With the value of 1.65 kQ, the
voltage is U= R x | = 1.65 kQ x 34 uA = 56 mV ('0") and 206 mV (‘1) (see [X] 7).

DVDD iso DVDD iso DVDD iso DVDD iso DVDD iso DVDD iso
R1_ADC1 LR2_ADC1 LR3_ADC1
6.65k 3261k C4_ADGA 247k
0.1pF SPI ISO_CLK
= SPI_ISO_MOSI
GND
sw TEMp R4 ADC1 SPI ISO CS
576k U3 ADC1 © U2_ADC{B SPI_ISO_MISO
U2 ADC{A SOmVISBMY_ 5 1N LM2903PW
2 > LM2903PW _~ 7
LR5_ADC
R6_ADC1 P 5 | A d 2 {ve N L 5. 4 v
+ 101mV
340k = .
N [MTOTLPG LR7_ADC1  LR8_ADC1
R9_ADC1 1.65k .25k
47k 400mV

2
o
2
2.|||
.|||
.|||

D

7. LMTO01 Schematics

0]
z
o
@
z
o

This information is modulated onto the SPI MISO line, saving an isolated channel. Software ensures the
ADS1262 MISO line and the LMTO1 output do not interfere. Once the LMTOL is enabled, every ~100 ms it
pushes a new pulse-train with the temperature information. The length (pulse count) of the pulse train is
dependent on the temperature value and is between 1 (corresponds to —49.9375°C) and 4096
(205.9375°C) pulses. With a nominal pulse frequency of 88 kHz and a maximum design operating
temperature of 125°C (2812 pulses) one pulse train has a maximum length of 88 kHz™ x 2812 = 32 ms ([
8 shows a screenshot at 25°C (1204 pulses = 13.6 ms)).

whase 3V Twa) Mrgoer |
S0p 180V
Eage hagate
S

Xl SEGS44ma Qe 9 N04Ema
W V4 100X 104005

1222016 25234 FM

& 8. LMTO1 Pulse Train at 25°C
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The minimum time of inactivity between two pulse trains at 125°C is > 68 ms. This is enough time to turn

off the LMTO1 after the measurement (see 3.5 on how to control the LMTO1). [X] 9 shows the enabling of
the LMTO1, one pulse train, and the disabling of the LMTO1. The disable time is time critical and needs to
be shorter than 68 ms. Otherwise the start of a second pulse train interferes with SPI communication. The
scope shows a time of 65 ms without optimization of the GPO switching.

File Vedical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

[Ccioc)

imebase  -70.0 ms] [Trigger

¥1= 53614ms  OAX= 14527 ms
X2= BBA4ms 1idX= 68837 Hz

1/28/2016 2:59:42 PM

& 9. Controlling the LMTO1

The dual-comparator LM2903 in [X| 7 injects the pulse-train signal to the MISO line and turns on and off
the LMTOL. Its open-drain output is high-Z when the voltage at the comparator’'s negative input is smaller
than the voltage on the positive input.

For comparator U2B, this is the case when the LMTOL is not powered because the pulse-train burden
resistor R7 is connected to GND. Because the voltage at the positive input is fixed at around 100 mV and
higher than the negative input, the output is high-Z. When the LMTO1 is enabled, the comparator just
copies the incoming pulse train to the output, but with CMOS compatible voltage 0 V (low) and 3.3 V
(high-2).

The second comparator of the LM2903 is used to translate the signal SW_TEMP from range £2.5 V to
0 or 3.3 V to turn on and off the LMTO1. When the GPO is low, the comparator output is enabled and pulls
pin VP of the LMTO1 low (disabled); otherwise, the output is high-Z, powering the LMTO1 over R1.
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3.4 Signaling
Each universal input channel is equipped with four blue-colored mode LEDs (D1, D3, D6, and D8) visibly
outside the case by transferring the LED light using fiber optic channels. Three of the four LEDs (D3, D6,
and D8) are in series with the three optical switches K1, K2, and K3. This saves control signals and
provides direct feedback when current is flowing through the switches (switch on). The fourth LED (D1) is
software-programmable by the GPIO expander. As shown in & 3, all modes can be clearly decoded by
D3, D6, and D8. One enhancement could be to turn on diode D1 in low-voltage or TC mode manually to
provide feedback in every mode (also switches are off in this mode).
% 3. Mode LED Assignment
MODE D3 D6 D8 D1
4- to 20-mA loop
mode enabled On Off On On/Off
RTD mode enabled On Off On On/Off
Current mode off on/off on Oon/off
enabled
High-voltage mode
enabled Off On On/Off On/Off
Low-voltage or TC
mode enabled Off Oon/Off Off on/Off
Note that the high-voltage mode can work in parallel with the current mode and low-voltage or TC mode;
therefore, D6 can be either on or off here.
Additional three status LEDs (D2, D12, and D14) for each input channel and one global status LED (D11)
are available on board to provide feedback on supply voltages and enabled features. The status LEDs will
not be visible from the outside when the board is mounted in a case. & 4 shows the function of each
status LED.
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i 4. Status LED Assignment

LED COLOR FUNCTION

D2 Red Software programmable
D11 Green 24-\V/ DC available
D12 Green 4- to 20-mA loop enabled
D14 Green DVDD available (3.3 V)

D11 is used to indicate feedback for the primary voltage (24-V DC from the PLC back-end power supply)
while D14 can be used to verify availability of proper isolated voltage (isolated power supply working
correctly). There is no separate indication of the analog supply rails (+2.5 V).

3.5 Isolated General Purpose Output

The TIDA-00550 requires at least six control signals to switch between the different modes. This design
uses programmable GPIOs of the ADS1262 to save the cost of additional isolator channels. The two
available GPIOs control an SN74HC594 shift register to provide the six required outputs. This shift register
has the advantage to support the extended temperature range of —40°C to 125°C at low cost. Both GPOs
from the ADS1262 (AIN5 and AIN7) are used to provide a simple synchronous serial bus to drive the
SN74HC594. AIN5 (or GPIO2) acts as clock and AIN7 (or GP104) as data line. Both pins are controlled by
writing to the ADS1262 GPIO data register (GPIODAT). Each level change of any of the GPO requires a
separate SPI transfer from the main controller, which is acceptable since the mode of the TIDA-00550
changes rather seldom. [ 10 shows the connections to the serial bus of the expander.

AVDD iso
L—o
C5_ADC1
0.1uF
AVSS_iso
U5_ADCH1
16| yoe aa |15 SW_TEMP
R11_ADC1 13 | 1
L 2 RCLR QB SW_4 20MA
47k —T—c10 ADCJl
01WF —2-ob ROLK ack2—  [SWASUPPLY >
10 | 3 R12_ADC1
) SRCIR Qb
AVSS_ISO 1.65k
GPIO2 1 L sroLk Qe |4 S
AIN7 14 ) serR oF ->————— [ SW RTD LOOP >
QG -8 SW_BURDEN
7 R13_ADC1
QH
475
QH B2 - ~
8 D1_ADC1 D2_ADC1
GND _ .
!ﬁ Blue "450120RS75000
«~ Red
SN74AHC594PWR
AVSS_iso AVSS_iso AVSS_iso

B 10. Driving the GPIO Expander

11 shows a waveform screenshot. Signal C1 is measured at pin 11 (SRCLK) of the expander, C2 is
measured at pin 13 (#RCLR), and C3 is measured at pin 14 (SER).
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Note that the SN74HC594 is connected to the AVDD/AVSS of the ADS1262, driving the GPO level to low
(AVSS) and high (AVDD), as displayed in [¥] 11.

File Vedical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

imebase  -22.6 ms| [Trigger

X1= -150ps  4¥= 417634 ms
X2= 417484 ms 1/4¥= 239444 Hz

1/28/2016 2:41:32 PM

® 11. GPIO Access Waveforms

To provide a safe behavior of the design during operation mode changes, all output registers are cleared
first, new data is shifted in, and finally the new data are passed to the outputs.

1.
2.
3.

N o gk

Set C1 (SRCLK) low — RC (R11, C10) network gets discharged.
Wait until C2 (#RCLR) is low (outputs buffer cleared).

Clock in new data byte; make sure the high pulses of the clock signal are short to avoid energizing of
the RC network (In this example, the clock frequency is about 5 kHz).

Set C1 high (RC network energizes).

Wait until C2 (#RCLR) is high.

Apply an additional clock pulse to clock in the new data to output register.
Keep C1 high until next communication with the GP1O expander.
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The entire procedure takes about 42 ms, but can be adjusted by changing t of the RC network. [X] 12
shows an example communication. In this case, the high-voltage mode will be enabled. By sending value
0x10 (most-significant bit first), the output QE (high-voltage mode enabled) of the SN74AHC594 is driven
high.

File WVerical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

5.00 Vicliv
001V o

-10.000 Y ofst

-B1.58ps  AX= 1.50302ms
= 144144 ms 1JAX= B65327 Hz

1/28/2016 2:45:34 PM

12. GPIO Expander Data Shift

The different modes are selected by the GPIO expander output. & 5 provides information about the GPO
patterns to set a certain mode.

#* 5. GPO Signal to Mode Mapping

GPO SIGNALS \Y mV TC 4-to 20-mA LOOP RTD
SW_TEMP 0 0 0/1® 0 0
SW_4_20MA 0 0 0 1 0
SW_ASUPPLY 0 0 0 0 1
SW_HV 1 0 0 0 0
SW_RTD_LOOP 0 0 0 1 1
SW_BURDEN 0 0 0 1 0

@ Signal SW_TEMP enables the LMTO1 and is enabled occasionally only. No TC measurement can be performed when the local
temperature measurement is on progress. See 3.3.
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3.6

3.7

3.7.1

3.7.2

Data Isolation

The 1ISO7141CC isolates the data between the field and the PLC side. It supports the minimum required
number of four channels to support a 4-wire SPI. Although equipped with enable capability the
ISO7141CC is always on. The reason is the pulse train from the local temperature sensor LMTO01, which is
delivered independently of the SPI bus, but sharing the SPI_MISO line. However, there is still the option to
enable or disable the isolator by an additional GPO from the host processor to save power.

The SPI_MISO line must still be gated by the SPI_CS signal because multiple universal input channels
may share a SPl. Component U4, a single-gate buffer SN74LVC1G125, passes the SPI_MISO signal if
SPI_CS is low. The pulse train signal is asynchronous to the SPI_CS signal, and thus must be monitored
independently when a pulse train from the LMTO1 is expected (LMT enabled).

Power

The power section is split in the PLC-side part and in the field-side part. To power the board a hominal
voltage of 24-V DC (operating range: 16-V to 33-V DC) is provided from the PLC side. Due to the low
power consumption of the board (< 400 mW), a power connection from the field side is not provided to
avoid additional protection.

Input Stage

This Tl Design can be powered in two ways. The primary option is to connect the nominal 24-V DC to J2.
When the board is used in conjunction with a BeagleBone Black, it can be powered from the provided 5-V
DC by header P9. The TPS61093, a 17-V DC step-up converter, boosts the 5-V DC to around 16.5-V DC,
which is still in the accepted supply voltage range. The step-up converter is disabled if a valid voltage is
detected on connector J2. Status LED D11 is turned on if the board has a proper input voltage from either
input.

Isolated Power Supply

The provided input voltage passes a PI-filter for bidirectional filtering and then connects straight to the
LM5017, a constant on-time synchronous buck regulator. It will buck the input voltage to 10 V. This is just
enough to operate the LM5017 internal LDO from the secondary voltage instead of the higher input
voltage, thus decreasing power dissipation of the LM5017. The switching frequency of the converter is
around 264 kHz to keep the efficiency high and the harmonics away from the sensitive ADS1262
modulator frequency, fyop, 0f 921.6 kHz. With nearest harmonics at 793 kHz (third harmonic) and 1.057
MHz (fourth harmonic), f,,op is located about in the middle.

The converted voltage is connected to the primary winding of a customized transformer from company
Wiirth Electronics (see 5.2 for an orderable part number). It provides the following voltages at the
secondary side:

* 30-V DC for a 24-V DC loop power supply
» 5.6-V DC for a 3.3-V DC digital power (DVDD) and a 2.5-V DC analog positive rail (AVDD)
* —5.6-V DC for a —2.5-V DC analog negative rail (AVSS)
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3.7.3

Point-of-Load (POL) Power Supplies

The three voltages from the transformer are rectified by standard diodes before they are passed to the
LDOs.

The LDO TLV70433 (U13) provides 3.3-V DC to supply the digital part of the ADS1262, the ISO7141CC,
and the LM2903.

The TPS7A4901 (U14) and TPS7A3001 (U16) are high-performance LDOs supplying the analog section
of the ADS1262 with a positive voltage, AVDD, and a negative voltage, AVSS. This power supply allows
direct measurement of bipolar signals without additional signal.

AVSS can be in range of —2.5-V DC to 0 V while AVDD must always be AVSS + 5-V DC. This way,
unipolar and bipolar power supplies are supported. The default analog supply of the ADS1262 in this
design is £2.5-V DC, but the TIDA-00550 has the capability to shift this supply to —1.7-V DC and 3.3-V
DC. The main reason for this feature is to support the RTD measurement (see 3.7.4 for more
information), but is not limited to it. The GPO signal SW-ASUPPLY is responsible for the voltage selection
(low = £2.5-V DC, high = -1.7-V DC and 3.3-V DC). It drives a MOSFET on each rail changing the ratio of
each LDO feedback resistors and setting the target voltage this way. It is unlikely that both voltages switch
at the same time causing lower and higher voltages in range 4.2-V to 5.8-V DC. This voltage range can be
safely handled by the ADS1262.

AVDD iso

I,

AVDD_iso

U14_PWR2 _L
C45_PWRRS55_PWR2
C46_PWI

8 0.01uF 3113k
. o
5cfen FB T

1
2
l_ie RS Ne =2 LRs6_PWsRS57 PWRZT
C48_PW|\Q§7_ DNC GND g 2100k 169k

PAD

D17_PWR2
MMSZ4685-V
3.6V

zul—%

0.01uF
TPS7A4901DRBR o Q4_PWR2
2N7002KW
1g SW ASUPPLY ~swasipsry—]
R58_RY¥HE Low: 2.5V (default)
o 47k GPIO High: 3.3V
GND GND GND  GND AVSS iso
AVSS iso
U16_PWR2 _T_ ’lR
C51_PWRR60_PWR2 LRe1_PWR2 MMSZ4682-V
8 | ouT | 0.01pF 3113k 247k %fp’ D18 PWR2
5 JeN FB o2 3 _‘I 1
3 6 Q5_PWR2 = =
KRNe RRES ©| 2N7004kw  GND  GRD
7 4
cs8_pwRz —| PNC (;Qg 3 R66_PWR2 SW_ASUPPLY
10uF —L-c59_PWH2 732k
TPS7A3001DRBR 0.01pF ¢ GPIO Low: -2.5V (default)
GPIO High: -1.7V
1R69_PWR2
2100k
GND GND GND GND
X 13. Bipolar Power Supply
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The DVDD, AVDD, and AVSS supply rails integrate Zener diodes (D15, D16, and D18) to ensure the
voltage never lifts up above absolute maximum voltages harming the integrated circuits by providing low
impedance to ground. Such voltages may be generated by a surge at the terminal pins. For more details,
see 3.8.
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3.7.4

Current-Limiting 24-V DC Power Supply

The current-limiting 24-V DC power supply is designed to drive remote devices (for example, sensor
transmitters) with a 4- to 20-mA loop interface (see [X] 14). As long as the loop stays in its normal
operating conditions, up to 25-V DC are delivered at terminal pin 1. If more than about 22 mA are drawn
the power supply will slowly enter the current-limiting state by decreasing the output voltage. The current
limiting circuit is located at high-side, meaning the current set by the remote device will be flowing through
the burden resistor for most accurate results because no additional current monitor between the loop-
powered device and the burden resistor is required. The supply can be enabled and disabled by the signal

SW_4_20MA.

The isolated power supply transformer provides a separate secondary winding for the power supply. The
wide input range LDO TPS7A4101 (U12) regulates the 30 V from the transformer to 25 V. The current
drawn is constantly monitored by the R46/Q2. The voltage drop across R46 generates the basis-emitter
voltage, Vg, of the PNP transistor Q2. If the current increases, Vg also increases, causing Q2 to start
conducting. The upper feedback resistor R48 of the LDO is connected to the collector and emitter of Q2,
which will lower the resistance and increase the feedback voltage of the LDO, V. This will decrease the

output voltage.

Another reason to use this topology is the simple injecting of the HART transmitter signal. The HART
signal provided by the TIDA-00549 is directly fed into the feedback node of the LDO (signal HART_OUT).

U12 PWR2A 25V@20mA
s 1 25V R46_PWR2
[ 2 IN ouT i @ 28"::'; 4-20mA LOOP >
l R47_PWR2 5 {en rB .2 C40_PWR#Z_PWR '
——C41_P' 27K 4.7uF 3953k R49_PWR2
2.2uF EP GND sk
= Q2_PWR2
o GND ©| BC856A-7-F
TPS7A#101DGNR
Q3_PWR2
2N7002KW
R51_PWI R52_PWR2 $R53_PWR2
953k 347k
GND AVSS iso GND C42_PWR2 —
270pF GND
HART_OUT |
SW_4_20MA |
14. 4- to 20-mA Loop Supply
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3.8

(6]

Protection

Protection against surges is an important property of every component used in factory automation and
control. Take care with any interface to the outside world. In this design, the terminal pins are protected
because these pins are the only connection to the outside. Having protection at analog signals is always a
tradeoff because the leakage of the protection will have influence to the sensitive signal to measure. For
instance, inappropriate protection may decrease the input impedance of an analog signal due to leakage,
unnecessarily loading the signal source. Protection of the power supply is not implemented here. It is
assumed that the power supply embedded in the PLC uses already sufficient protection. For more
information on power supply protection (and much more), see the Tl Design TIDA-00233 ®,

To protect the signal lines, the TIDA-00550 uses primarily TVS diodes to clamp excessive high and low
voltages to ground. As an additional requirement, all terminal pins must be tolerant to steady PLC power
supply voltages. Unlike in a surge event, a PLC power supply up to 33 V can be connected for a longer
period of time because of incorrect wiring during installation. For this event, no significant current should
flow into the board. With this requirement, the breakdown voltage, Vgg, is given directly. The bidirectional
TVS diode SM6T36CA has a nominal Vg of 36 V, where 1 mA will flow through the TVS diode. This
means at PLC power supply level (up to 33 V) the TVS diode will have no effect and the voltage will be
seen by the AFE. The sensitive part of the front-end are the analog inputs of the ADS1262. The internal
ESD diode will start conducting 0.3 V beyond the analog supply rail, which is +2.8 V. The design has to
ensure that the current does not exceed 10 mA through the ESD diodes. Therefore, each analog input is
protected by a 5.11-kQ resistor. At 33 V, the current through an ESD diode will be

IESD = (33 V —-2.8V)/5.11 kQ = ~6 mA. See [¥ 15 for the schematics.

See the product folder at http://www.ti.com/tool/TIDA-00233

26
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The protection circuit gets more challenged if a surge happened at the terminal pins. The target is that a
class 2 (£1-kV) surge with a current of 24 A (42-Q resistance requirement for non-power lines) can be
handled without damaging the board, according to EN61000-4-5.

On such an event the TVS diode will still try to clamp the +1 kV to its nominal Vg of 36 V, but the dynamic
resistance of the TVS diode, R, will now come into play. The resulting clamping voltage, V,, which is
seen by the circuitry, will be higher than Vgz. With a peak pulse current, lp, of 24 A and RD = 0.427 Q, the
value of the V., increases to Ry x I, + Vg = 48.05 V at 25°C ambient temperature. In a worst case
scenario with an ambient temperature of 125°C, V., even rises to 50.04 V. This voltage can still be
handled by the ADS1262 input pin. The maximum current over the internal ESD diode is now ~9.3 mA.
The capacitors C20, C23, and C27 in front of the TVS diodes are supposed to help the diodes to catch the
steep surge pulse.
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The protection circuit will have some impact on the analog input signal under normal conditions. The TVS
diode will drain a leakage current, I, of maximal 1000 nA at the stand-off voltage, Vgy, of 30.8 V and
85°C ambient temperature. For the high-voltage input the input impedance is 100 kQ due to the resistor
divider. The impedance change through the TVS diode leakage is negligible. For the low-voltage input, the
maximum input voltage over the diode is +2.5 V, which is less than 10% of V. With a typical I, of 100
nA at Vi, a typical leakage current of < 10 nA can be expected decreasing the input impedance from 1
GQ to about 250 MQ. For the current measurement with its worst-case 18 bits (noise-free) resolution the
leakage current is lower than ¥2 LSB and therefore also not relevant.
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3.9

@)

RTD Measurement

RTDs measure the temperature at a remote location. The resistance of the element changes with
temperature, thus providing information by a voltage drop when a constant current is applied. In Factory
Automation, two approaches are used.

The first option is the use of a so-called sensor transmitter @. The sensor transmitter measures and
processes the temperature and sends the information over a 4- to 20-mA loop to the current input of an
analog input module. This option is supported by TIDA-00550 in the 4- to 20-mA loop mode. The second
option is the direct connection of an RTD. No additional hardware is required between the RTD and the
input of the analog input mode. This option is also supported and is discussed in this chapter.

The ADS1262 integrates all required features for a direct RTD measurement, such as two matched
current sources, support of an external differential reference for ratiometric measurement, as well as
enhanced features like rotating current sources to eliminate variances in the two current sources. A
temperature using RTD can be measured in three ways: the 2-wire, 3-wire and 4-wire connection scheme.
This design supports all three measurements methods.

RTD elements are available in different accuracy classes. To achieve this accuracy, the wire resistance
must be compensated. An AWG24 wire with a diameter of 0.511 mm (0.0201 in) has a resistance of

84.2 mQ/m (25.67 mQ/ft). Assuming the RTD sensor is 50 m (164 ft) away from the PLC, the resistance of
a 2-wire connection sums up to 2 x 50 x 84.2 mQ = 8.45 Q. With the RTD resistance of 100 Q at 0°C
(Pt100), the error would be more than 8% at this temperature point and even more at lower temperatures.
The 3-wire and 4-wire connection schemes address this issue.

The supported Pt100 covers the temperature range from —200°C to 850°C. Within this area, the resistance
of the RTD element changes from 18.52 to 390.48 Q. The °C/R curve is nonlinear. Typically, the
microprocessor unit compensates using a look-up table and interpolation.

The selected components in this design work with a constant RTD current, Izp, of 250 pA. Other currents
are also possible, but need a change of the reference resistor, Ryer. See Z 6 for a comparison of different
lrto- While the first three columns use the minimum reference resistor value for a certain Iz, (resulting in
the minimum required reference voltage, Vg, 0f 0.9 V), the last column shows the actual configuration in
the design. The nominal AVDD voltage of 2.5-V DC is not sufficient for 250- and 500-pA operation. Also
for 100 pA, the margin is very small. For this reason, the analog power supply of the ADS1262 is shifted
up by 800 mV with AVSS = -1.7-V DC and AVDD = 3.3-V DC for all RTD measurements. This provides
enough of a margin also for higher Iz currents. This feature is not limited to the RTD mode. It can be
also used to adjust the analog input range in other modes. The TIDA-00550 uses a reference resistor of
4.99 kQ to protect AIN1 from surges at the same time. See 3.8 for more details on protection.

See Tl Design TIDA-00851 for an example (http://www.ti.com/tool/TIDA-00851)

% 6. RTD Current Comparison

CASE LOWER CURRENT USED CURRENT HIGHER CURRENT CONFIGURATION
Excitation current (LA) 100 250 500 250
Reference resistor (kQ) 9000 3600 1800 4990
Reference voltage (V) 0.9 0.9 0.9 1.2
Min IDAC voltage (V) 1.1 1.1 1.1 1.1
Max RTD V-drop (V) 0.039 0.098 0.195 0.098
Diode V-drop (V) 0.4 0.4 0.4 0.4
50-m wire V-drop (V) 0.001 0.002 0.004 0.002
Min AVDD (V) 2.44 2.5 2.599 2.847
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3% 6. RTD Current Comparison (continued)

CASE

LOWER CURRENT

USED CURRENT

HIGHER CURRENT

USED
CONFIGURATION

PGA gain (V/V)

16

30
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Izrp takes a certain path for RTD measurements (see also [X| 16 for component names). First, it flows
through Rger (R16) used to generate Vg for the ratiometric measurement. With Rggr = 4.99 kQ and

lrtp = 250 WA, Ve is about 1.25 V. Next, Izrp passes diode D4. This diode protects inputs AIN1, AIN2,
and AIN3 from the 24-V 4- to 20-mA loop power (Mode 1V). The next component, the isolated switch K1,
is required to disconnect the RTD reference from the high-voltage input in Mode | (this mode accepts
+12.39 V at the input). Finally, Iz, appears at the terminal pin 1 where the RTD is connected.

3.9.1 2-Wire RTD Measurement

The 2-wire mode is the simplest and cheapest, but also the most imprecise measurement method. The
RTD connects to the PLC input module with only two wires. The constant current Iz (from IDACO) is
carried over the connection wires and, thus, the measurement of the RTD also includes these wires. The

resistance of the wires, R gxp, Causes a voltage drop, which is measured along the actual RTD resistance

Rg1p. This method should only be used for short, low-impedance wires to minimize this error. The
temperature-dependent resistance of the wires does not allow a simple subtraction of the wire resistance
from the measurement. [X| 16 shows the current flow (red lines) and the measurement path (green lines)
for the 2-wire connection.
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3.9.2 3-Wire RTD Measurement

The 3-wire method is most common. It is a good trade-off between accuracy and cost of wire. In this
connection scheme, two current sources, IDACO and IDAC1 of the ADS1262, are used. Both currents are
injected on the measurement wires, like in the 2-wire connection. Assuming the wires have the same R gxp
and the current from the sources match, both voltage drops across R, g,p are subtracted from the equation.
Both currents will flow towards ground with the third wire.

To compensate for current mismatches of the sources, the IDAC rotation feature has been implemented in
the ADS1262. Two consecutive measurements are averaged, the first with IDACO at AIN1 and IDAC1 at
AIN9 and the second with IDACO at AIN9 and IDAC1 at AIN1, thus removing the mismatch of both current

sources.
0
R1S 1 “\ 2 = AINT IDACO
m—wj . i
ue
o s pin LD rere
. Lo
\'\‘2\ D4 H Low 8200pF 2
— $Fa90k T otpr M g
Q‘E 4" pLa 2 1 .. bl e
ErsTomrr
"
: J_ 3 g J_ D v
0 WEos Le—nd [Seioim w19 cor
36V /;/
= = oo o
m R20 J N
49.9
!m
9 :i:k [EED  mvrcRIONVEAS
J_ ==c22
ey EO To -
G:D ==C25
= = 8200pF
eNoeND S CERE mvcRTD
1 L 3l
. 4
J_ AVSS_so W 2:/ H HART N>
0.01uF Z8 SM6TI6CA m_‘,m 4
sho o
1l 1 : i D
GND GND. = ==c2s
£ gR25 8200pF
5 4
T e
Z:, GﬁD ==C30
R26 8200pF
T ®s e TS i [ et
R27
1111 — —
17. RTD 3-Wire Connection
= - > p — -
32 PLCH 7 = 7 /A T+ R /A B AR I 2 = N — P )b« TS e S AT 2 — JAJU233—March 2016

DY T 7L R T WA
TIDUBIL FFRAR — BT OIEREREEL http://www-s.ti.com/sc/techlit/ TIDUBIL
Copyright © 2016, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUBI1.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp System Design Theory

3.9.3 4-Wire RTD Measurement

The 4-wire connection is more costly due to the required four wires. Nevertheless, it is quite straight
forward due to its symmetry and delivers the most accurate results. Two wires are connected to each of
the RTD leads. One pair supplies the current; the other pair measures the voltage. There is no
overlapping of supply lines and measurement lines at all. The measurement input of the ADS1262 has an
impedance of > 250 MQ. Therefore, the error from the voltage drop over the measuring wires is less than
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X 18. RTD 4-Wire Connection

3.10 Optional Hart Communication

The TIDA-00549 is a plug-in board for the TIDA-00550, extending its functionality with HART. The
TIDA-00550 includes two sockets per channel to connect the HART modem hardware. The TIDA-00549
has its own isolation and connects through UART to the back end.

The received HART signal is decoupled from the 4- to 20-mA current by C26. Signal conditioning is done
on the HART board. The HART signal to be send to sensor transmitters is connected to the feedback loop
of the 4- to 20-mA loop LDO (U12). This provides a very power efficient method to modulate the HART
signal on top of the 4- to 20-mA current. [X] 19 shows the HART modem board.
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1 -

'TIDA-00549 El o

19. Picture of the HART Modem Board (TIDA-00549)
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Test Setup and Results

4 Test Setup and Results

This section shows the test results of the TIDA-00550. Test software (not provided) has been written on

the MSP430FR5969 LaunchPad (1 20) handling the SPI of the TIDA-00550. A separate capture input of

the MSP430 counts the pulses from the LMTOL. The user interface is a simple command line terminal

allowing user input settings, which is basically the mode selection and read/write capability of the

ADS1262 register bank (see [X| 21). The register access is important to get and set the gain and offset

register values of the ADS1262.

The user interface can also be set to quiet mode with very limited feedback. This mode is used by an

F il--":[:[- Rev 11

.
-
with EnergyTroce iz

"'-2] ﬁﬂ

20. MSP430FR5969 LaunchPad 21. Test Program Options

£ COM3S - PuTTY (o [

automated test environment (ATE). The test script is written in python and connects the TIDA-00550 with
the ATE including

Climate chamber T40/25 from CTS

8.5-digit digital multimeter (DMM) 3458A from HP
Source Measurement Unit Agilent B2912A from KeySight
Power Supply E3631A from Agilent

MSP430FR5959 LaunchPad from Texas Instruments
RTD simulator Type 1049 from Time Electronics

JAJU233—March 2016 PLCH 7 = 7 Mtk T F A B 73 T 2 = N =L T F a S A S) P 2 —

NDYT 7L R T A
TIDUBIL BRI — Fe O BEERCE K} http:/ivww-s. ti.com/sc/techlit/ TIDUBIL
Copyright © 2016, Texas Instruments Incorporated

35


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUBI1.pdf

13 TEXAS

INSTRUMENTS
Test Setup and Results www.tij.co.jp
* Resistor Ladder R1-3000 from CMT
» Standard PC
The raw test results are written to a .csv file for further data processing.
36 PLCHI 7 2 7 AR IR T FAAA I RG22 = N =Y - T F B A T2 — JAJU233-March 2016

DT 7L R e T A
TIDUBIL FFRAR — BT OIEREREEL http://www-s.ti.com/sc/techlit/ TIDUBIL
Copyright © 2016, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUBI1.pdf

www.tij.co.jp

13 TEXAS
INSTRUMENTS

Test Setup and Results

4.

Gain (dB)
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Mode | (High-Voltage) Measurements

With the bipolar power supply set to £2.5-V DC and the internal PGA enabled (gain = 1 V/V), the
ADS1262 samples a terminal single-ended input voltage value up to +12.39 V at terminal pins 1 and 4.
The resistor divider R18:R19 provides a fixed attenuation of about 15 dB, converting the input signal to
+2.2 V suitable for the ADS1262 input. The absolute resistor tolerance of 0.1% provides a stable
attenuation and can be relaxed if gain calibration is performed during production. More important is the
temperature stability to maintain optimum results over temperature. The selected value of 10 ppm is a
good trade-off between cost and stability.

The maximum voltage drop over the on-resistance of the isolated switch, Rpgoy, Can be neglected
because the 0.1% tolerance of R18 is about 10 times higher than Rpsoy and therefore the dominating
factor in the equation of the signal attenuation.

The external antialiasing filter together with the circuitry inside the ADS1262 has its —3-dB corner
frequency at around 1000 Hz and —100-dB attenuation at around 921 kHz; providing effective signal
suppressing around the delta-sigma modulator frequency (see [X| 22).
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22. High-Voltage Anti-Aliasing Filter Curve
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To measure DC performance of an ADC, the input must be set to a heavily decoupled constant input
voltage while a series of samples are taken. Due to the symmetrical bipolar ADC input range, the input is
shorted to GND to perform DC measurements. The analog input is shorted to ground at the terminal pins
of the board to include the AFE to the measurement (X 23).

Climate chamber

CTS
T-40/25
5
TIDA-00550 = 24-V DC PSU
 @© < Agilent
(One channel) = E3631A
A A
O
T o
%) =
[e2]
»
v
HoStPC  le UART .| MSP430FR5969
< g LaunchPad

23. Test Setup for High-Voltage Noise Measurement

24 to X 26 show the histograms for signals samples with 20 SPS at temperatures 25°C, 85°C, and
—35°C. [¥] 27 to [¥] 29 are taken at the same temperature points, but with 2400 SPS to use the entire
bandwidth of the high-voltage input path. No calibration has been performed to show the overall system
offset, which is at about 340 uV and nearly constant over temperature.
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160 STD: 0.2695 uV 160 STD: 0.3075 uv

o 140 @ 140
[} | Q
Q — o —
& 120 & 120
5 5
8 100 8 100
o] o
9] — 5 __]
£ 60 —] £ 60
=] | I =) L
Z a0 Z a0 |

20 [ | 20 .

o Led =S oL=md = R

334.5 335 3355 336 336.5 336.5 337 3375 338 338.5 339

Output Voltage (1V) Output Voltage (1V)
24. Distribution at 25°C and 20 SPS 25. Distribution at 85°C and 20 SPS
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0 ‘—'__I_ 0
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Output Voltage (uV) Output Voltage (1V)
28. Distribution at 85°C and 2400 SPS 29. Distribution at —35°C and 2400 SPS
As expected, the distribution follows a Gaussian curve. Based on the standard deviation of the Gaussian
curve, important DC parameters can be calculated. The effective number of bits (=X 1) and noise free bits
(=X 2) can be directly calculated:
oN
Effective bits = log, _ [N=32]
stddev (histogram) (1)
The number of noise-free bits is 6.6x the standard deviation, or 2.7 bits less than the effective bits, making
sure 99.9% of all samples are included.
oN
Noise-free bits = log, , = Effective bits — 2.7 bits
stddev (histogram) x 6.6 @
With the obtained effective bits and noise-free bits, the input referred noise can be calculated by taking the
range of the input range (dependent on gain) into account (=X 3 and X 4). The full-scale range is —2.5 V
to25V=5V.
(Full-scale rangej
. Gain
RMS noise (“VRMS) = 2effective bits )
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(Full-scale rangeJ
. Gain
Peak noise (UVPP ) - 2 noise-free bits (4)
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#& 7 shows the performance for various temperatures and two data rates.

% 7. High-Voltage Mode DC Performance at Various Data Rates and Temperatures

DAISAPRS”;*TE TEMP (°C) EFFBEI(T:;'VE NO'SB'IE#;REE NOISE (UVrys) | NOISE (UVpp) FILTER
20 -35 24.0 21.3 0.287 1.890 SINC4
20 —20 23.9 21.2 0.301 1.984 SINC4
20 0 24.0 213 0.285 1.881 SINC4
20 25 24.1 21.4 0.270 1.779 SINC4
20 55 24.0 213 0.289 1.907 SINC4
20 85 23.9 21.2 0.308 2.029 SINC4

2400 -35 20.1 17.4 4.289 28.305 SINC1
2400 —20 20.1 17.4 4.224 27.875 SINC1
2400 0 20.1 17.4 4.166 27.494 SINC1
2400 25 20.1 17.4 4.274 28.203 SINC1
2400 55 20.1 17.3 4.396 29.010 SINC1
2400 85 20.0 17.3 4.605 30.389 SINC1

The nominal data rate of 20 SPS was selected for slowly changing (DC-like) signals. For example, if AC
signals with a bandwidth up to 1 kHz (anti-aliasing filter limit), a data rate of 2400 SPS with SINCL1 filter

can be used. This combination provides a —3-dB corner frequency of 1015 Hz.

Another key parameter is the error of the signal chain across the full input range. The test setup uses the

SMU B2912A to generate the analog input voltage. The 8.5-digit DMM 3458A measures the voltage and

will be used as a reference voltage to measure the error. The setup is drawn in [X] 30.

DMM
HP
3458A

Climate chamber

CTS
T-40/25

SMU
Keysight

B2912A

SS

GPIB

24-V DC

A

(=
1 TIDA-00550 2
2 (One channel) re}
3 1%}
4
A A
(®]
T o
ol >
o
v ®
HostPC e UART | \MSP430FR5969
@ h " LaunchPad

[ 30. Test Setup for High-Voltage Full Input Range

PSU
Agilent
E3631A
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Error

4.2

@

The result is plotted in [X| 31 and [X| 32. Gain calibration was performed at 25°C only. Calibration at other
extreme temperature points like —35°C and 85°C might not be feasible during production, but would lead
to a smaller error over the entire temperature range, especially since the error is quite linear over the

entire input range.

0.0010%

— 25T
0.03% — 85T
-35°C
0.0005% 0.02%
o.01% \
0.0000 g 0
£ \
-0.01% \\
-0.0005% -0.02%
-0.03%
-0.0010% -0.04%
-100% -50% 0 50% 100%

V\n Percent of FSR

0.04%

-100%

-50% 0 50% 100%

V\n Percent of FSR

31. Input Error at Room Temperature 32. Input Error at 25°C, 85°C, and —35°C

At calibration temperature, the error is maximal 0.001% (~124 pV). Over temperature range, especially at
cold temperatures, the error increases up to 0.035% (~4.3 mV).

All measurements use a gain of 1 V/V in this mode, using the entire voltage range of £12.39 V. Input
signals up to +6.195 V can use a gain of 2 V/V and input signals up to +3.0975 V can use a gain of 4 V/V.
Signals below £2.2 V should be measured with the low-voltage mode because the signal is already within
the ADS1262 native input range.

Mode Il (Low-Voltage) Measurements

The low-voltage path passes the signal straight to the input of the ADS1262 to avoid additional noise
sources, offset, and gain error.

The maximum absolute voltages to terminal pins T2/T3 are +2.2 V (PGA enabled) and +2.6 V @ (PGA
disabled). This is not to be confused with the differential input voltage, V,, which is the difference of the
positive and the negative voltage — the actual measured information. The maximum V,, for each PGA
gain setting is shown in % 8.

Note the ADS1262 can measure beyond the supply rails if PGA is disabled.

% 8. Full-Scale Voltage Input Ranges

PGA GAIN (V/V) FULL SCALE RANGE
1 2.2V
2 +1.25V
4 +0.625 V
8 +0.3125 V
16 +0.15625 V
32 +0.078125 V
Bypass 26V
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The minimum and maximum absolute voltages on the positive input, Vs, and on the negative input, V.

are dependent on the PGA gain, the differential input voltage, and the tolerance of the power supply

voltages AVDD and AVSS:

Vine > AVSS + 0.3 V + V| x

Vinn < AVDD - 0.3 V - V| x

(Gain - 1)

(Gain - 1)

The anti-aliasing filter has a cut-off frequency of 142 Hz, making it suitable for DC signals. If more
bandwidth is required, the cut-off frequency can be adapted.

Climate chamber

CTS

T-40/25

TIDA-00550

(One channel)

Isolation

24-V DC

Host PC

UART

»
>
»
>

SPI
3.3-vDC

A

+| MSP430FR5969

LaunchPad

PSU
Agilent
E3631A

33. Test Setup for Low-Voltage Noise Measurement

Performance measurements of DC-like signals are important to understand how many effective and noise-

free bits can be expected from slowly changing signals like temperature sensors deliver. [ 34 to [X| 36

show the histogram for a gain of 1 V/V for various temperatures while [X] 37 to [X| 39 show measurements

with a gain of 32 V/V. As expected, the mean and standard deviation at a gain of

32 VIV is about 32 times lower than a gain of 1 V/V due to the reduced analog input range. All histograms
are uncalibrated, meaning no offset calibration or chopping, to show the system offset.
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34. Distribution at 25°C and Gain 1 VIV
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36. Distribution at —35°C and Gain 1 V/V
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38. Distribution at 85°C and Gain 32 V/V
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35. Distribution at 85°C and Gain 1 VIV
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37. Distribution at 25°C and Gain 32 V/V
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39. Distribution at —35°C and Gain 32 V/V
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7% 9 shows the effective bits, noise-free bits, and noise resulting from the standard deviation for several
temperature-gain combinations. For all measurements, a data rate of 20 SPS and SINC4 filter was

selected.
% 9. DC Performance Low-Voltage Mode
TEMP (°C) GAIN (V/V) EFFECTIVE BITS | NOISE-FREE BITS | NOISE (WVgys) NOISE (UVpp)
1 24.0 21.2 0.308 2.028
2 24.0 21.3 0.145 0.951
4 23.9 21.2 0.080 0.525
-35 8 23.7 21.0 0.047 0.308
16 23.1 20.4 0.035 0.226
32 22.3 19.6 0.031 0.200
Bypass 23.4 20.7 0.458 3.020
1 24.0 21.3 0.292 1.924
2 24.0 21.3 0.149 0.977
4 24.0 21.2 0.077 0.503
-20 8 23.6 20.9 0.049 0.322
16 23.1 20.3 0.036 0.237
32 22.2 19.5 0.033 0.214
Bypass 23.7 21.0 0.370 2.437
1 24.1 21.4 0.279 1.838
2 24.1 21.4 0.137 0.898
4 24.0 21.2 0.078 0.509
0 8 23.6 20.9 0.049 0.318
16 22.9 20.2 0.041 0.268
32 22.1 19.3 0.036 0.235
Bypass 23.8 21.1 0.339 2.236
1 24.1 21.4 0.277 1.828
2 24.1 21.4 0.140 0.923
4 23.9 21.2 0.078 0.515
25 8 23.6 20.9 0.050 0.326
16 23.0 20.3 0.038 0.249
32 22.1 19.4 0.035 0.231
Bypass 24.0 21.3 0.294 1.935
1 24.0 21.3 0.293 1.933
2 24.0 21.3 0.150 0.984
4 23.9 21.1 0.083 0.544
55 8 23.5 20.8 0.052 0.341
16 22.9 20.2 0.041 0.269
32 22.0 19.3 0.038 0.250
Bypass 24.0 21.3 0.292 1.927
1 23.9 21.2 0.312 2.059
2 24.0 21.2 0.155 1.018
4 23.6 20.9 0.096 0.633
85 8 23.1 20.4 0.070 0.460
16 22.3 19.6 0.060 0.396
32 21.4 18.6 0.058 0.383
Bypass 23.8 21.1 0.332 2.189
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The test setup is shown in [X] 40 and the measurements results are shown in [X] 41 to [¥] 44.

0.001% 0.1%

0.0005% /[/AV A\/\/ 0.05% \
A \

-0.0005% -0.05% \

DMM Climate chamber
HP cTS
SHfR T-40/25
c
SMU TIDA-00550 % _ 24V DC PSU
Keysight — - Agilent
B2912A (One channel) 2 E3631A
_L—SS =
A A
O
— [a]
& >
o
y°
GPIB UART MSP430FR5969
* Host PC -t >
LaunchPad

40. Test Setup for Low-Voltage Full Input Range

To get highest data rate using the FIR filter a data rate of 20 SPS was chosen. This way one can get a
fairly high (for example, temperature) update rate while proper 50- or 60-Hz rejection is performed. Thus,
this system can be used across continents without the need of main frequency adaption. On top of that,
the usage of the FIR filter provides a better bandwidth-to-data rate ratio compared to SINC filter. While the
best —3-dB bandwidth is 8.85 Hz (SINC1), the FIR reaches 13 Hz (which depends on the type of analog
input signal whether this is an advantage or disadvantage, of course). Last but not least, the FIR is the
single-cycle fully settled conversion. For SINC filters, the required number for fully settled samples is
dependent on the order (SINC1 = 1, SINC5 =5, and so on).

The input error for the measurements at room temperature stays below 0.001% for a gain of 1 V/V and
does not change significantly for gains up to 32 V/V. The error towards higher temperature stays about the
same while it increases for temperatures colder ambient temperatures.

— -35°C
— 25T
85C

Error
o
|
!

’ ‘ /\/\/VVI T~

-0.001% -0.1%
-100% -50% 0 50% 100% -100% -50% 0 50% 100%
V\n Percent of FSR V|n Percent of FSR
41. Input Error at 25°C 42. Input Error at Border Temperatures
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43. Input Error 25°C, All Gain 44, Input Error at Gain 32, All Temps

Mode Il (Current-Mode) Measurements

The current measurement mode uses terminal input 2 and 3, the same as for low-voltage measurements,
but internally a different pair of AD1262 input pins. This enables the measurement of the voltage drop
across the burden resistor R25 only — leaving Rpsoy Of K3 out of the equation. In this configuration the
accuracy and temperature stability is dominated by R25 (0.1%, 10 ppm).

The voltage drop over the resistor should be as small as possible; as a result, the resistor value should be
low. Benefits are the lower power dissipation (less self-heating) of the burden resistor and the
measurement of higher currents. On the other side, the burden resistor has to provide a certain voltage to
maintain precise measurements of smaller currents. It is a trade-off in terms of dynamic range and power
dissipation. The TIDA-00550 uses a 27.4-Q resistor and accepts the current input ranges shown in Z& 10
with this value. The minimum voltage is the voltage required for a reliable current measurement.

% 10. Full-Scale Current Input Ranges

PGA GAIN (VIV) FULL SCALE RANGE MINIMUM VOLTAGE
1 +55.0 mA 2.4V
2 +45.6 mA +2.00 V
4 +22.8 mA +1.00 V
8 +11.4 mA +0.50 V
16 +5.7 mA +0.25V
32 +2.85 mA +0.13 V

The entire input voltage range at PGA gain 1 V/V is not used. The reason is the max power dissipation of
R25 rated 0.1 W up to 70°C (0.08 W at 85°C). With a voltage drop of £2.2 V (full input range), the power
dissipation would be 0.18 W. The maximum current of 55 mA is still state of the art. If one requires the full
input of 80 mA, a resistor with higher power dissipation rating is recommended. The test setup diagram
given in [¥] 45 is the same for low-voltage noise measurement.
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45. Test Setup for Current Noise Measurement

46 to [%] 51 show the histograms of the current input with gain of 1 V/V and 32 V/V at different

temperatures.
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46. 20 SPS, Gain: 1 VIV, Temp: 25°C 47. 20 SPS, Gain: 1 VIV, Temp: 85°C
48 PLCHI 7 2 7 AR IR T FAAA I RG22 = N =Y - T F B A T2 — JAJU233-March 2016

DY T 7L Re T WA
TIDUBIL FFRAR — BT OIEREREEL http://www-s.ti.com/sc/techlit/ TIDUBIL
Copyright © 2016, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUBI1.pdf

13 TEXAS

INSTRUMENTS
www.tij.co.jp Test Setup and Results
160 300
J‘_ Mean: 355.093 pVv — Mean: 6.008 pVv
140 | STD: 0.5068 puv STD: 0.0943 v
— 250
£ 120 ] 2
£ ] S 200 |
£ 100 g
3 p} 1
3 — 3
O 80 O 150
5 | - 5
g 60 @ ||
é é 100
2 40 — 2 [
| — 50 [ |
20 — —
0 .—l_|- == 0 I_ 1
3535 354 3545 355 3555 356 3565 357 57 58 59 6 61 62 63 64 65
Output Voltage (uV) Output Voltage (1V)
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50. 20 SPS, Gain: 32 V/V, Temp: 85°C 51. 20 SPS, Gain: 32 V/V, Temp: -35°C
The noise measurement is shown in & 11. Compared to the voltage input paths, the current input path
effective and noise-free bits are about 0.8 bits less. The main reason for this performance drop is the
layout, which is not optimal due to space constrains. While the signals traces from terminal pin 2 and 3 for
the voltage path are symmetrical, this is not the case for the current path.
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# 11. DC Performance Current Mode

TEMP (°C) GAIN (VIV) EFFECTIVE BITS | NOISE-FREE BITS | NOISE (UVgys) NOISE (Vpp)
1 23.2 20.5 0.507 3.344
2 23.2 20.5 0.262 1.728
4 23.1 20.4 0.139 0.914
-35 8 228 20.1 0.084 0.551
16 223 19.5 0.063 0.413
32 21.4 18.7 0.058 0.379
Bypass 228 20.1 0.687 4530
1 23.2 20.5 0.512 3.379
2 23.2 20.5 0.258 1.699
4 23.1 20.4 0.141 0.927
-20 8 22.7 20.0 0.090 0.591
16 221 19.4 0.069 0.452
32 21.3 18.6 0.059 0.390
Bypass 23.1 20.3 0.572 3.772
1 233 20.6 0.485 3.196
2 23.2 20.5 0.260 1.711
4 23.1 20.3 0.144 0.949
0 8 22.7 20.0 0.091 0.598
16 221 19.4 0.070 0.459
32 21.2 18.5 0.064 0.422
Bypass 23.1 20.4 0.565 3.729
1 23.2 20.5 0.503 3.314
2 23.2 20.5 0.264 1.737
4 22.9 20.2 0.155 1.019
25 8 22.4 19.7 0.115 0.755
16 215 18.8 0.106 0.697
32 20.7 17.9 0.095 0.622
Bypass 23.2 20.5 0.506 3.337
1 23.2 20.5 0.517 3.409
2 23.2 20.4 0.265 1.747
4 23.0 20.3 0.147 0.969
55 8 22.7 19.9 0.095 0.623
16 22.0 19.3 0.074 0.488
32 211 18.4 0.069 0.454
Bypass 23.2 20.5 0.504 3.327
1 23.2 20.5 0.520 3.432
2 23.1 20.4 0.271 1.788
4 22.9 20.2 0.156 1.024
85 8 22.4 19.7 0.113 0.743
16 216 18.9 0.096 0.629
32 20.7 18.0 0.092 0.602
Bypass 23.2 20.5 0.524 3.453
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Test Setup and Results

The error over the analog input range is about 0.002% at room temperature. Like the voltage results, the
error is dependent on the temperature, not on the gain setting. The test setup is shown in , and the results
with different gains and ambient temperatures in [%] 53 to [%| 56.

DMM Climate chamber
HP crs
3458A T-40/25
=
SMU TIDA-00550 2 _ 24vDC PSU
Keysigh a1 - il
AN (One channel) o e
L
A A
Q
— [a]
G| >
o
v °
UART
GPIB L . | MSP430FR5969
d FEEIES = LaunchPad
52. Test Setup for Current Input Range
0.004% 0.05%
. — -35°C
0.04% — 25T
0.03% 85T
0.002%
W’V\NM 0.02%
M 0.01%
§ 0 ,.a-/""A § 0
= ’,__/ =
L w
-0.01% \ \
-0.02% S~
-0.002% 0.0 S
-U. 0 \
-0.04% ~—~
-0.004% -0.05%
0 20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
Iin Percent of FSR Iin Percent of FSR
53. Input Error at 25°C 54. Input Error Over Temperature
JAJU233—March 2016 PLCH 7 = 7 A T v 2 B i T 2 = /N — b« T F a7 A S 2 — 51
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0.004% 0.04%
— -35°C
— —15°C
0T
0.002% 0.02% — 25T
— 55C
— 85T
s S 0 N N —
\ TN~ A ]
\%w -
-0.002% -0.02% \\
— 1V — 8V
— 2VV — 16 VIV
4VN — 32V
-0.004% -0.04%
0 20% 40% 60% 80% 100% 0 20% 40% 60% 80% 100%
Iin Percent of FSR Iin Percent of FSR
55. Input Error at Various Gains 56. Input Error Gain of 32 V/V and Various
Temperatures

4.4 Mode IV (4- to 20-mA Loop Mode) Measurements

The 4- to 20-mA loop mode is designed for connecting sensor transmitters with the 4- to 20-mA interface
to the TIDA-00550. It uses Mode Il (current) with a fixed PGA gain setting of 4 V/V for best modulation of
the ADS1262 analog input range. As shown in 3 10, up to 22.8 mA can be measured with this gain
stage. The analog bandwidth of a 4- to 20-mA is specified to 25 Hz. The analog bandwidth of the FIR filter
at 20 SPS is 13 Hz. It depends on the application whether this bandwidth is enough or a SINC filter with
higher data rate should be used. [¥] 57 shows the error at gain of 4 V/V and FIR filter.

0.04%

-35°C
-15°C
0T

— 25T
—— 55T
— 85T

\\ > m

-0.02% S~

0.02%

Error
o

-0.04%

0 20% 40% 60% 80% 100%
Iy Percent of FSR

57. 4- to 20-mA Loop Error Over Temperature

The effective bits of 23 (noise-free bits of 20.3) are more than sufficient since common sensor transmitters
output not more than 16 bits.

& 12. 4- to 20-mA System Noise

TEMP (°C) GAIN (V/V) EFFECTIVE BITS | NOISE-FREE BITS |  NOISE (UVgus) NOISE (1Vep)

-35 4 23.1 20.4 0.139 0.914

-15 4 23.1 20.4 0.141 0.927

0 4 23.1 20.3 0.144 0.949

25 4 22.9 20.2 0.155 1.019

55 4 23.0 20.3 0.147 0.969

85 4 22.9 20.2 0.156 1.024
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45 Mode V (Thermocouple) Measurements

The thermocouple mode uses the low-voltage mode path. By nature, thermocouples provide a floating
voltage. To reference this voltage to the system, the ADS1262 built-in V5 feature is used, which
provides a reference input voltage for isolated sensors on pin AINCOM. The generated voltage is

Vains = (Vavoo + Vavss) / 2 = 0 V (for a £2.5-V analog supply). Here, this pin is connected to terminal pin 2,
which is the positive input of the thermocouple signal. The thermocouple voltage range is very small
relative to the ADC input range of +2.2 V. For type K thermocouples, for instance, the expected voltage is
—6.5 to 54.9 mV for the full temperature range of —270°C to 1372°C. This fits well in PGA gain setting 32
V/V with an input voltage range of 78 mV. [%| 58 shows the test setup.

DMM Climate chamber
HP cTs
3458A T-40/25
c
SMU 4 TIDA-00550 % 24-V DC PSU
Keysight Al Agilent
B2912A (One channel) 8 E3631A
_L—SS —
A A
Q
o [a]
o >
™
)
GPIB UART MSP430FR5969
. HostPC |« >
LaunchPad

58. Test Setup for Thermocouple Measurement

The higher error at negative temperatures at the thermocouple (see [X]| 59) results from a smaller AV/AC in
this region. For example, AV/AC from 100°C to 200°C is 4.042 mV/100°C while from —100°C to —200°C is
only 2.337 mV/100°C. As seen in the low voltage measurements (see 4.2), the error at this small voltage

range is symmetrical, thus resulting in the higher error of the TC at negative temperatures.

0
I
// —
0.2
~ 04
5 /
S
o 0.6
I — _35°C
— _15°C
0T
08 — 25C
— 55C
— 85C
1

-400 -200 O 200 400 600 800 1000 1200 1400
TC Temperature (C)

59. TC Error (°C) at Various Ambient Temperatures
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4.6 Mode VI (RTD) Measurements

During the tests, the 3-wire connection method was measured because it is the most complex connection
using both current sources. [X| 60 shows the test setup.

DMM
HP
3458A

Climate chamber

CTS
T-40/25

TIDA-00550

RTD resistors D__|

Time Electronics

(One channel)

Type 1049 T

GPIB

BIW[IN|F

24-V DC

PSU

Isolation
A

UART

*

Host PC

| MSP430FR5969

»
»
»
>

SPI
3.3-vDC

A

LaunchPad

60. Test Setup for 3-Wire RTD Measurement

Agilent
E3631A

A resistor network from Time electronics for RTD resistor emulation comes into play here. It provides 13
resistors to generate the temperature points between —200°C and 800°C. The accuracy of the resistors is
+0.65°C for higher temperatures. Since much better results are expected from the TIDA-00550, the exact
resistor values must be determined first. To get most precise results, the following steps were performed

for each temperature point:

1. Set the desired temperature point on the resistor network.

2. Measure the resistance with the 8.5-digit DMM using the 4-wire measurement method.
3. The resistance measured leads to an updated provided temperature point by the RTD network.
4,

Connect the resistor network to the terminal inputs using the 3-wire connection and perform the actual
measurement. The updated temperature point was taken into account to obtain the error shown in

61.

This way, the resistance of the mechanical selector of the temperature point in the RTD emulator should
stay the same, but the contact resistance due to rewiring from the DMM to the TIDA-00550 may vary.

0.4
0.2
o
= 0
g \/\/\/
]
-0.2
-0.4
-200 0 200 400 600 800

Temperature (T)

61. RTD Error Measurement
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The max temperature error measured is 0.065°C over the entire RTD temperature range. For proper
measurement, the ADS1262 analog supply voltage is set to —1.7-V/3.3-V mode.
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4.7 4-to 20-mA Loop Power Supply Measurements

The loop power supply provides the energy for the remote 4- to 20-mA transmitter at terminal pin 1. The
curve was created by connecting a standard resistor network from terminal 1 to ground ([X] 62).

DMM Climate chamber
HP CTS
SR T-40/25
5
Resistor 1 TIDA-00550 2 24V DC PSU
ladder ¢ g (One channel) o ™ Lo
CMT Ry
R1-3000 4

»
>
»
>

r
A
_ SPI
3.3V DC

UART | \SP430FR5969
LaunchPad

GPIB Host PC

62. Test Setup for 4- to 20-mA Loop PSU

Since the resistor value is known and the voltage over the resistor is measured, the current can easily be
calculated using R = U x I. [4] 63 shows the output voltage based on the current drawn by the transmitter.

30

25

~

Voltage (V)
[ N
(6] o
/

=
o
I

0 5 10 15 20 25 30
Current (mA)

¥ 63. Dependency of Output Voltage on Drawn Current

The output voltage has a good stability in the target range of 4 to 20 mA while it decreases rapidly beyond
22 mA. The curve is strongly dependent on resistor R46 (20.5 Q). Changing the value of resistor to a
smaller value will push the knee of the curve towards higher current values and vice versa.
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5 Design Files

5.1 Schematics

To download the schematics, see the design files at TIDA-00550.

oD
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iy i
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ura o o 8
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Q 1o ot y = §
N T2 ST aee 1 T8 SR aaee w0
1o o 1o o
1o o s 1o o
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UART 107 5 Usar m0z e
TS ST R IO\ 1S ST
iy our TS ST UaRT DT 19 97
oy T otz 5 1S SPr 19 91
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= 3 &
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= I RepEATISR CS)
WSRO UART RXD
] REPEAT(UART_RXD)
UARLTXD__1= REPEAT(UART_TXD)
w
o — S
R e — 1
L ———— Som
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Text Siring U TIDA_00550_CoverSheet
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1638 -
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w027 U TIDA 00550 TID_Hardwre
TiDA- 00550 TID ardware SchDoc
ocho 10uH
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i ak Samc 5 55 3665 ST 1 Pr i
DGND aTpF T ‘gg"l -C36 7 CD0603-80230
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s . My ol e 3 Ri1
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el 2l el + = Firocan oolss s . \Ns0r0vs7s000
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64. BeagleBone Cape Functionality (Main Top Level Sheet)
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ADC
TIDA_00550_TID_ADS1262.SchDoc
SPI_CLK { > SPI_CLK LMT01_OUT [ _——— LMTO01_OUT »
> SPI_CS
> SPI_MOSI
K_] SPI_MISO
AFE
TIDA_00550_TID_AFE.SchDoc
AINO > AINO
AIN1T AIN1
AIN2 " > AIN2 AVDD_iso
AIN3 > AIN3 AVSS_iso
AIN4 > AIN4 DVDD_iso
AING > AIN6 GND
AIN7 > AIN7
AIN8 > AIN8 SW_4_20MA
AIN9 ™ AIN9 SW_ASUPPLY
SW_BURDEN
HART_IN > DGND SW_HV [_+—
1> 4-20mA LOOP > DVDD SW_RTD_LOOP [ _r—
> SW_BURDEN
T > SW_HV AVSS_iso <
> SW_RTD_LOOP GND |
HART PWR
TIDA_00550_TID_HART.SchDoc TIDA_00550_TID_Power.SchDoc
] UART_RXD HART_IN <_+—
I > UART_TXD HART_OUT I > HART_OUT
T > +5V +5V_iso <1+ [VIN ™ VIN
> GND DGND <} | > DGND
[ DvDD > DVDD +5V_iso AVDD _iso
AVSS_iso
4-20mA LOOP DVDD_iso
T > SW_4_20MA GND
> SW_ASUPPLY
[

65. Per Channel Top Level Sheet
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if signal SW_TEMP low (-2.5/-1.7V) the LMTO1 is disabled, otherwise enabled LMTO1 signal shaper, Open-Drain output DYDRD Dbypo
L.
DVDD 4
DVDD iso VD iso VD iso DVDD iso VD iso VD iso C2_ADC C3_ADC
0.1F 0.1pF
| U1_ADCH
[
R1_ADC R2_ADC R3_ADC 1 1 DGR pcehD
.65k 26Tk C4_ADE1 47K vec2 ] veet
i
0.1pF SPIISO_CLK 14| ouma e PN S
— [
A SPI 1ISO_MOSI 13 1outs 1 INB o <_SPI_MOSI
R4_ADC1 iy
SW_TEMP SPIISO_CS 2 fosrc 11 NG k8 soeET
576k «
U3 ADC U2_ADC{B SPI IS0 MISO 1 i 6 o
I U2_ADC{A 5S0mVA9BMY ¢ LM2903 (R i OuD U4_ADC1
LM2903i B+ ‘ 10 | eng } } ENT e L SN74LVC1G125DCKR
R5_ADC! 2 |yp it 5oy I !
47k . 15 2
101mv oND2 11 GNDY
340k - 9 | aNp2 I GND1 (£ 2 > 4 SPLMISO >
R9 ADC1 N MTOILPG R7_ADC1  LR8 ADCT B
o 1.65k 8.25k 1ISO7141CCDBQR 5GND -
47k 400mV/
GND GND GND DGND DD
LMT01_OUT
DVDD iso AVDD iso
AVDD_iso VOO RS | T DVDD iso
Tr1_ADC
i R10_ADC
C5_ADC1 Cc7_ADCH C8_ADGH=C9_ADC1 47k
0.1pF 0.14F 14F 0.1pF
AVSS_iso =  AVSS.iso
D GND
U5 ADC1 U6 ADC1
16 _fvee Qa5 SWTEMP 6 1 avop TaRT [o-2] GND
R11_ADC1 RESET/PWDN
- 13 | ROIR aB SW_4_20MA 19 1 pvop SCLK SPLISQ CLK
P ~ SPIISO_MOS|
v 12 oL Rotk act-2 SW_ASUPPLY AINO DOUT/ORDY SPLISO_MISO
’ R12_ADC1 AINT DRDY (14
10 o SREIR ap -2 - AIN2 TS SPL1SO CS
oo AVSS_iso B L AIN3 5
— RCLK Qe SWHV S Ag XTAL1/CLKIN oo
ANT 14 g aF -5 SW RTD OGP — ot AN xTaLz (6 {]——
ac-£ SW_BURDEN T2 e capp |4 o ox
7.3728MH,
e Aoon 20| A C11_ADCH 3
an 7 . R . T4700;;F
1, AINCOM CAPN [—23VSS iso —=C12 ADC1 ==C13_ADC1
aH -2 -
8 REFOUT Avss L 33pF 33pF
ap|IB D1_ADCH \D2_ADC1
Blie 150120RS75000 17 [[E— oGND |18 C14_ADCH
Red W
SN74AHC594PWR o ADST262PWR
C15_AREC16_ADCT
1wk GND
AVSS 50
AVSS iso AVSS iso AVSS iso =

AING is normally connected to GND over 5kOhm -> can be used as temporary Data line
OE (594: RCLR) controlled over longer periods of high and low of GPIOO

AVSS_iso GND

66. ADC, LMTO01, GPO, and Isolation Schematics
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U12_PWR2A 25V@20mA
s 25V R46_PWR2
~ ¢ IN out L 4-20mALOOP >
o
D12 PWR2 i R47_PWR2 a1 .2 C40_PWREB_PWRZ)
\150120VS75000 C41_PWRZ ] 4.74F 3953
Green 22uF EP GND
U12 PWR2B = Q2_PWI
e N GND | BCB56A-7-F
6 RS0_PWR2 TPS7AJ101DGNR
N 8.25k Q3_PWR2
2N7002KW
TPSTA4101DGNR
R52_PWR2 R53_PWR2
953k 47k
GND GND AVSSiso  GND GND ——c42 PWR2
270pF
HART OUT ]
< SW_4_20MA
o WT <
ID13_PWR2 DVDD _iso
Zi [BAST0JW-7-F
f U13_PWR2 .
TLV70433DBVT BYBDRED
' N out -2 ‘
i 4 5 !
c43 PRRZ| NC Ne D15 PWR2 D14_PWR2
0.1pF GND C44_PWR2 MMSZ4685.V 150120575000
10pF Green
- 3.6 R54_PWR2
oV, T PwR2 = = = = = %
?(|@ GND GND GND GND GND
30v AVDD_iso
4 s D16 PWR2
5 B B AVDD_iso
2 5
10 56V X U14_PWR2 o i
12 1 6 ==C45_PWRR55_PWR2
» m - D17_PWR2
8 I out [ 0.01pF 113k e 574685
BASTOJW-7-F s ) 3.6V
56V EN FB
o 11 3
6 3
120pH NR/SS NC —5x R56_PWHR57_PWR2GND GND
7 4 100k $169K
—c47_pirRass PWRE | ONC e
10pF | 0014F
TPSTA4901DRBR «| Q4_PWR2
2NT002KW
e IR SW ASUPPLY _~siv—simsiy
et
R58_RY¥RA Low: 2.5V (default)
of 47k~ GPIO High: 3.3V
GND GND iso
AVSS _iso
AVSS 50
U5 PWR2 ?
. CloPuR Reo_PWR? c“so,PWM Ut PWRD
L2_PWR2 Vin=15.37V f=264kHz BST oy { iR60_PWR2 R61_PWR2 MMSZ4682-V
R62_PWR2 hys=2V K - D
ViN ! Vo 2 [t~ swl&  00mF o16 PWR2 3300pF . r Lt 13K o 47k 1052, D18 PWR2
1.0 220H B 4" ) - M
Ros PR3 PWR2| vee | EN 7B {4
100k e rB s CD0603-802§0 e NRiss |6 o Senre =
==C53 | _PWR2 C55_PWi 3 1 =—Cs56_ R65_PWR2==C57_PWR2 7 4
220F | 0ApF 2.20F e Rg 3 0.14F 54.9K 104F cs8_PWRE —| PNC ﬁ:g 35 R66_PWR2 SW_ASUPPLY
10pF ==C59_PWR2 73.2k
R67_PWR2 TPS7A3001DRBR 0.01pF GPIO Low: -2.5V (default)
8.6k [M5017SDX/INOPB GPIO High: -1.7V
==C60_PWR2 R68_PWR2 C61_PWR2 R69_PWR2
" 7.68k . NG 100k
1000pF
N4 . AV A4 . N = = = = =
DGND  DGND DGND  DGND DGND DGND DGND DGND DGND GND GND GND GND GND

67. Power Schematics
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D3_AFE2 250uA
R15_AFE2 LR, AINT | IDACO
SW_RTD_LOOP AVS
499 4
- o ue
AVSS iso R14_AFE2 _ _
1_AFE2 P AIN2 » REFP
—N— cPC1017N
\'\ e C17_AFE2
s 8200pF >
\'\ D4_AFE2 & lr16_aFE2 C18_AFE2 o
S 3, <
e 4 K 3 4-20mALOOP | : 499k 0.1y = S
~EL____T¥T. d =
5 2 s GND C19_AFE2
R17_AFE2 TBzOOpF
< ™
6 K 1 . AIN3 > REFN
5.11k
BASTOJW-7-F
FE2
1 ° ° R18_AFE2 ° EGD v
§ l < ol 82.5k l
4 2_AFE2
C20_Al D5_AFE2 ML T (CPC1017N 0.1%. 10 R19_AFE2 C21_AFE2
1844236 0.01pF SMBT36CA 1%, 10ppm 17.8k 5600pF
36V /W
= = N GND GND
GND GND D6_AFE2
MW
R20_AFE:
SW_HV -
499
e
AVSS_iso
R21_AFE2
TS . roo _T_ AINA > mV/TC/RTD/VBIAS
l ——C22_AFE2
C23_APMgP,D7_AFE2 8200pF
0.01uF /g SMBT36CA C24_AFE2
36V 0.1pF ——?
GND ==C25 AFE2
D D R22 AFE2 | 8200pF
GND GND e ® AING » mV/TC/RTD
D8_AFE2 3 AFE2
2 1 2 3
° o C26_AFE2
AVSS_iso "W Il
—° Blue / i HART_IN
R23_AFE2 / 0-1uF
C27_APMPPID9_AFE2 ¥ 1 4
0.014F /g SMBT36CA BGRECRDED P
36V : CPCT017N
REETE? o . ANB > |
1 1 g 511k _L
GND GND = C28_AFE2
E  IRo5 AFE2 8200pF
& 3274 C29_AFE2
At 0.1uF
£ =
s GND C30_AFE2
R26_AFE2 TSZOODF
GND 3 TP4_AFEE,_AFIEB_AFE2 e ° AINS > I/IDACT
R27_AFE2
AN AIN7 > GND
£ i i i L 5.11k
GND GND GND GND GND

68. AFE Schematics
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DVDD
\DID g 3 HART2
UART_RXD_} . 2
[ UART_TXD o ol
5 o o 6
7 1o o8
9 [ o 10
1 | o 12
[ +5V o o2
[ DGND ®  TFM106:02-S-D-A
DGND
4 HART2
HART_IN I lm o2«
3 a o 4
ite o GND_|
tle ot
[ +5V_iso T T®
HART_OUT | > 1o o—ﬁ
A le e
| TFM0602-s-D-A|
GND GND

69. HART Connection Schematics

62 PLCHI T =7 /U T+ R/ B MGG A 2 =N — YL« TS a S AT 2= D JAJU233—March 2016
V7 7L Re TP g

TIDUBI1 BRI — S OFEERE F hitp://www-s.ti.com/sc/techlit/ TIDUBIL
Copyright © 2016, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUBI1.pdf

13 TEXAS

INSTRUMENTS
www.tij.co.jp Design Files
5.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00550.
& 13. BOM
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION HACINE2
REFERENCE
1 IPCB1 1 TIDA-00550 Any Printed Circuit Board
C1_ADC1, C1_ADC2, C2_ADCI,
C2_ADC2, C3_ADC1, C3_ADC2,
C4_ADC1, C4_ADC2, C5_ADCI,
C5_ADC2, C7_ADC1, C7_ADC2,
C9_ADC1, C9_ADC2, C10_ADC1,
2 C10_ADC2, C26_AFE1, 30 0.1uF C1005X7R1H104K TDK fﬁing@"ﬁ 0&5‘; 50V, 0402
C26_AFE2, C31, C32, C33, C34, 0 A
C36, C38, C43_PWR1,
C43 PWR2, C54_ PWR1,
C54_PWR2, C56_PWR1,
C56_PWR2
C6_ADC1, C6_ADC2, C8_ADCI,
C8_ADC2, C14_ADC1, :
3 |cC14 ADC2, C15 ADCI, 11 1uF C1608X7R1C105K TDK fg};’ gfg'\gééet‘ﬁ 16V, + 0603
C15_ADC2, C16_ADC1, o '
C16_ADC2, C37
CAP, CERM, 4700 pF, 25 V,
4 C11_ADC1, C11_ADC2 2 4700pF C1608C0G1E472] TDK +7. 5%, COGINPO, 0603 0603
C12_ADC1, C12_ADC2, CAP, CERM, 33 pF, 25 V,
5 C137ADCL, G153 ADG2 4 33pF GRM1555C1E330JA01D MuRata +1- 5%, COGINPO, 0402 0402
C17_AFE1, C17_AFE2,
C19_AFE1, C19_AFE2,
C22_AFE1, C22_AFE2, CAP, CERM, 8200 pF, 50 V,
6 Co5 AFEL G5 AFE2. 12 8200pF GRM2195C1H822JA01D MuRata +7. 5%, COG/NPO, 0805 0805
C28_AFE1, C28_AFE2,
C30_AFE1, C30_AFE2
C18_AFE1, C18_AFE2,
7 | C24 AFEL C24 AFE2, 6 0.1uF C3216NPO1H104J160AA TDK ffzgyc'é%g }r\?l'oloufégg \{'90 1206_190
C29_AFE1, C29_AFE2 o : —
C20_AFE1, C20_AFE2,
8 | C23 AFEL C23 AFE2, 6 0.01uF 08051C103KAT2A AVX SAE;’_ ggngkféOloggé 100 0805
C27_AFE1, C27_AFE2 : 0 AT
CAP, CERM, 5600 pF, 50 V,
9 C21_AFE1, C21_AFE2 2 5600pF GRM2195C1H562JA01D MuRata +1- 5%, COG/NPO, 0805 0805
CAP, CERM, 4.7 pF, 50 V,
10 C35, C40_PWR1, C40_PWR?2 3 4.7uF C3216X7R1H475M160AC TDK +1- 200, X7R, 1206, 100 1206_190
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3% 13. BOM (continued)
PACKAGE
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION RERERENGE
C39, C41_PWR1, C41_PWR2,
11 | C53_PWRL, C53 PWR2, 7 2.2UF UMK316B7225KL-T Taiyo Yuden fﬁingi% 2.122516F 50V, 1206
C55_PWR1, C55_PWR2 0 AR,
12 | C42 PWR1, C42 PWR2 2 270pF GRM155R71H271KA01D MuRata Sﬁib%igﬂé Zggo’;F' 50V, 0402
C44_PWRL, C44_PWR2,
C46_PWRL, C46_PWR2,
13 | C47_PWRL, C47_PWR2, 10 10uF C3216X7R1C106M TDK szng@AF’e 152‘(‘)';’ 16V, 1206
C52_PWR1, C52_PWR?2, o '
C58_PWR1, C58_PWR2
C45_PWRL, C45_PWR2,
C48_PWRL, C48_PWR2,
14 | C49_PWRL, C49_PWR?2, 10 0.01uF GRM155R71E103KA01D MuRata Sﬁingi%’e Oe%é‘F’ 25V, 0402
C51_PWRL, C51_PWR2, 0 AR,
C59_PWR1, C59_PWR2
CAP, CERM, 3300 pF, 50 V,
15 | C50_PWRL, C50_PWR2 2 3300pF GRM155R71H332KA01D MuRata o 10% XTR. 0402 0402
CAP, CERM, 10 WF, 25 V,
16 | C57_PWRL, C57_PWR2 2 10uF GRM31CR71E106KA12L MuRata +1- 10%, XTR. 1206 1206
17 | C60_PWRL, C60_PWR2 2 1UF GRM188R71E105KA12D MuRata fg;:* gfg“gé(l)f' 25V, +- 0603
CAP, CERM, 1000 pF, 2000
18 C61_PWR1, C61_PWR2 2 1000pF 202R18W102KV4E Johanson Technology V, +/- 10%, X7R, 1206_190 1206_190
D1_ADC1, D1_ADC2, D3_AFEL,
19 | D3_AFE2, D6_AFEL, D6 _AFE2, 8 Blue LB Q39G-L2N2-35-1 OSRAM LED, Blue, SMD BLUE 0603 LED
D8_AFE1, D8_AFE2
20 |D2_ADC1, D2_ADC2 2 Red 150120RS75000 Wurth Elektronik LED, Red, SMD 3.2x1.6mm
D4_AFE1, D4_AFE2, D13_PWRL, .
21 |D13 PWR2, D16_PWRI, 6 70V BAS70JW-7-F Diodes Inc. R'Oé’g%_sggé’“ky' 70V, 0.07 SOT-363
D16_PWR2 '
D5_AFE1, D5_AFE2, D7_AFEL, . . Diode, TVS, Bi, 36 V, 600
22 D7 AFE2. D9_AFEL D9 _AFE2 6 36V SM6T36CA STMicroelectronics W, SMB SMB
D10, D19_PWR1, D19_PWR2, ] Diode, Schottky, 35 V, 0.2 A, .
23 D20 4 35V CD0603-B0230 Bourns 0603 Diode 0603 Diode
D11, D12_PWRL, D12_PWR2, .
24 D14 PWRL, D14 PWR2 5 Green 150120VS75000 Wurth Elektronik LED, Green, SMD 3.2x1.6mm
D15_PWR1, D15_PWR2, ] N Diode, Zener, 3.6 V, 500 ]
25 D17 PWR1, D17_PWR?2 4 3.6V MMSZ4685-V Vishay-Semiconductor mW, SOD-123 SOD-123
26  |D18_PWR1, D18_PWR2 2 2.7V MMSZ4682-V Vishay-Semiconductor r'?]'\‘,’\;jes'ggr_‘f;;j V. 500 SOD-123
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3% 13. BOM (continued)
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION TACRATE
REFERENCE
. Terminal Block Plug, 3.5mm,
27 H1, H3 2 1840382 Phoenix Contact 4x1, Green
Fiber optics - MC 1,5/10-
28 H2 1 1841161 Phoenix Contact LWL 1,5-3,5 for Phoenix
connectors
) Terminal Block Plug,
29 H4 1 1803578 Phoenix Contact 3.81mm. 2x1, Green
. Terminal Block, 4x1, 3.5mm, | Terminal Block, 4x1,
30 J1_AFE1, J1_AFE2 2 1844236 Phoenix Contact Green, R/A, TH 3.5mm, R/A, TH
. Terminal Block, 2x1, Connector, 2 pos.
31 J2 1 1803277 Phoenix Contact 3.81mm, R/A, TH 3.8mm RA
J3_HART1, J3_HART2, 10R.A9.C. . Header(Shrouded), 1.27mm, Header(Shrouded),
32 | JATHARTL J4_HART2 4 TFM-106-02-S-D-A Samtec 6x2, Tin, SMT 1.27mm, 6x2, SMT
. . Female Connector, 2.54mm, Female Connector,
33 J8, J9 2 SSHQ-123-D-08-F-LF Major League Electronics 23x2. TH 2.54mm, 23x2, TH
K1_AFE1, K1_AFE2, K2_AFE1, Relay, SPST-NO (1 Form
34 | K2 AFE2, K3_AFEL, K3_AFE2 6 CPCI017N IXYS A), 0.1 A, 1.2 VDC, SMD 4.089x3.81mm
Inductor, Wirewound,
35 L1 1 10uH 74404042100 Wurth Elektronik Ferrite, 10 pH, 1.2 A, 0.15 4x4mm
ohm, SMD
Inductor, Ferrite, 2.2 pH,
36 L2_PWR1, L2_PWR2 2 2.2uH LQM18PN2R2MFH MuRata 0.35 A, 0.38 ohm, SMD 0603
Q1, Q3_PWR1, Q3_PWR?2, i
37 Q4_PWR1, Q4_PWR2, 7 60V 2N7002KW Fairchild Semiconductor '\A/IOSS(;I.Egzg CH, 60V, 0.31 SOT-323
Q5_PWR1, Q5_PWR2 '
38 | Q2_PWRI, Q2_PWR2 2 65V BC856A-7-F Diodes Inc. Transistor, PNP, 65V, 0.01 SOT-23
A, SOT-23
0,
39 R1_ADC1, R1_ADC2, R37, R38 4 6.65k CRCWO04026K65FKED Vishay-Dale gfosz 6.65k, 1%, 0.063 W, 0402
0,
40 |R2_ADC1, R2_ADC2, R41 3 261k CRCWO0402261KFKED Vishay-Dale gfosz' 261k, 1%, 0.063 W, 0402
R3_ADC1, R3_ADC2, R5_ADCI,
R5_ADC2, R9_ADC1, R9_ADC?2,
R10_ADC1, R10_ADC2,
R11_ADC1, R11_ADC2, R28,
R29, R32, R33, R34, R35, R36, o
41 | R39, R42, RA7 PWRL, 29 47k CRCW040247KOINED Vishay-Dale gfosz’ 47 k, 5%, 0.063 W, 0402
R47_PWR2, R51_PWR1,
R51_PWR2, R53_PWR1,
R53_PWR2, R58_PWR1,
R58 PWR2, R61_PWR1,
R61_PWR2
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3% 13. BOM (continued)
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION HACLAEE
REFERENCE
42 |R4_ADC1, R4_ADC2 2 576k CRCWO0402576KFKED Vishay-Dale gfosz' 576k, 1%, 0.063 W, 0402
43 |R6_ADC1, R6_ADC2 2 340k CRCWO0402340KFKED Vishay-Dale N 30 k, 1%, 0.063 W, 0402
R7_ADCL, R7_ADC2, R12_ADCL, o RES, 1.65 K, 1%, 0.063 W,
NG e 4 1.65k CRCWO04021K65FKED Vishay-Dale oy 0402
R8_ADC1, R8_ADC2, R45, . RES, 8.25 k, 1%, 0.063 W,
25 | Re WL FE0 PaiRs 5 8.25k CRCWO04028K25FKED Vishay-Dale Y. 0402
46 | R13_ADC1, R13 ADC2 2 475 CRCWO0402475RFKED Vishay-Dale gfosz' 475, 1%, 0.063 W, 0402
R14_AFEL, R14_AFE2,
R17_AFEL R17_AFE2,
R21_AFEL R21_AFE2,
R22_AFEL R22_AFE2, . RES, 5.11 k, 1%, 0.063 W,
4T | ROAAFEL R4 AFEs. 16 5.11k CRCWO04025K11FKED Vishay-Dale oy 0402
R26_AFEL R26_AFE2,
R27_AFEL R27 _AFE2,
R49_PWR1, R49_PWR2
R15_AFEL, R15_AFE2,
48 | R20_AFEL, R20_AFE2, 6 49.9 CRCWO040249R9FKED Vishay-Dale gfosé’ 49.9,1%, 0.063 W, 0402
R23_AFEL R23_AFE2
0,
49 | R16_AFE1, R16_AFE2 2 4.99K RNCF0603TKY4K99 Stackpole Electronics Inc 56'5053' 4.99k, 0.01%, 0.1 W, 0603
50 |R18_AFEL, R18_AFE2 2 82.5k RN73C2A82K5BTDF TE Connectivity he 823 k, 0.1%, 0.1 W, 0805
51 |R19_AFEL, R19_AFE2 2 17.8k RN73C2A17K8BTDF TE Connectivity 5;5055' 17.8k, 0.1%, 0.1 W, 0805
0,
52 |R25_AFEL, R25_AFE2 2 27.4 RN73C2A27RABTDF TE Connectivity ey 24 0%, 0.1 W, 0805
53 | R30 1 0 ERJ-3GEYOROOV Panasonic RES, 0, 5%, 0.1 W, 0603 0603
R40, R56_PWRL, R56_PWR2,
54 | R64 PWRL, R64 PWR2, 7 100k CRCW0402100KFKED Vishay-Dale gfosé’ 100 k, 1%, 0.063 W, 0402
R69_PWRL, R69_PWR2
55 |R43 1 200k CRCWO0402200KFKED Vishay-Dale gfosz' 200k, 1%, 0.063 W, 0402
56 |Ra4 1 8.06k CRCWO04028K06FKED Vishay-Dale he, 08 k, 1%, 0.063 W, 0402
57 | R46_PWR1, R46_PWR2 2 205 CRCW120620R5FKEA Vishay-Dale ?2'5056' 20.5, 1%, 0.25 W, 1206
R48_PWR1, R48_PWR?2, . RES, 953 k, 1%, 0.063 W,
58 | Res PWRL Res PWRS 4 953k CRCWO0402953KFKED Vishay-Dale Y. 0402
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3% 13. BOM (continued)
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION HACLAEE
REFERENCE
0,
59  |R54_PWR1, R54_PWR2 2 931 CRCWO0402931RFKED Vishay-Dale gfosz' 931, 1%, 0.063 W, 0402
R55_PWR1, R55_PWR2, . RES, 113 k, 1%, 0.063 W,
60 R60_PWR1 R60_PWR2 4 113k CRCWO0402113KFKED Vishay-Dale 0407 0402
R57_PWR1, R57_PWR2, . RES, 169 k, 1%, 0.063 W,
61 R59_PWR1, R59_PWR?2 4 169k CRCWO0402169KFKED Vishay-Dale 0402 0402
0,
62 R62_PWR1, R62_PWR2 2 1.0 CRCWO04021R00JNED Vishay-Dale (F){fosz’ 1.0, 5%, 0.063 W, 0402
63 |R63_PWRI1, R63 PWR2 2 422k CRCWO0402422KFKED Vishay-Dale gfosz' 422 k, 1%, 0.063 W, 0402
64 R65_PWR1, R65_PWR2 2 54.9k CRCWO040254K9FKED Vishay-Dale (F){fosz’ 54.9k, 1%, 0.063 W, 0402
65 |R66_PWRI1, R66_PWR?2 2 73.2k CRCWO040273K2FKED Vishay-Dale gfosz' 732k, 1%, 0.063 W, 0402
66 R67_PWR1, R67_PWR2 2 8.66k CRCWO04028K66FKED Vishay-Dale (F){fosz’ 8.66 k, 1%, 0.063 W, 0402
67 |R68_PWR1, R68_PWR2 2 7.68Kk CRCWO04027K68FKED Vishay-Dale gfosz' 7.68 k, 1%, 0.063 W, 0402
68 |S1 1 416131160802 Waurth Elektronik Switch, SPST, Off-On, 2 5.6x3.58mm
Pos, SMD
69 T1_PWR1, T1_PWR2 2 120uH 750315856 Wurth Elektronik Transformer, 120 uH, SMT 12.85x12.95mm
4242-VPK Small-Footprint
70 U1_ADC1, U1_ADC2 2 ISO7141CCDBQR Texas Instruments and Low-Power Quad DBQOO16A
Channels Digital Isolators,
DBQO016A
71 U2_ADC1, U2_ADC2 2 LM2903PW Texas Instruments Dual Comparator, PW0O0O08A PWOOO8A
0.5°C Accurate 2-Pin Digital
72 U3_ADC1, U3_ADC2 2 LMTOLLPG Texas Instruments NTC or PTC Thermistor LPGO0002A
Replacement, LPGO002A
Single Bus Buffer Gate With
73 U4_ADC1, U4_ADC2 2 SN74LVC1G125DCKR Texas Instruments 3-State Output, DCKOOOSA DCKO005A
8-Bit Shift Register With
74 U5_ADC1, U5_ADC2 2 SN74AHC594PWR Texas Instruments Output Registers, PW0016A PWO0016A
32-Bit, Precision, 38-kSPS,
Analog-to-Digital Converter
75 | U6_ADC1, U6_ADC2 2 ADS1262IPWR Texas Instruments (ADC) with Programmable PWO0028A
Gain Amplifier (PGA) and
Voltage Reference,
PWO0028A
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3% 13. BOM (continued)

ITEM

DESIGNATOR

QTY

VALUE

PARTNUMBER

MANUFACTURER

DESCRIPTION

PACKAGE
REFERENCE

76

u7

SN74LVC2G86DCTR

Texas Instruments

Dual 2-Input Exclusive-OR
Gate, DCTO008A

DCTOO008A

7

us, U9

SN74LVC1G332DCKR

Texas Instruments

Single 3-Input Positive-OR
Gate, DCKOO0O6A

DCKOO006A

78

u10

TPS61093DSKR

Texas Instruments

LOW INPUT BOOST
CONVERTER WITH
INTEGRATED POWER
DIODE AND
INPUT/OUTPUT
ISOLATION, DSK0010A

DSKO0010A

79

Uil

24L.C256-I/ST

Microchip

256K 12C CMOS Serial
EEPROM, TSSOP-8

TSSOP-8

80

U12_PWRI1, U12_PWR2

TPS7A4101DGNR

Texas Instruments

Single Output LDO, 50 mA,
Adjustable 1.175 to 48 V
Output, 7 to 50 V Input, 8-
pin MSOP (DGN), -40 to 125
degC, Green (RoHS & no
Sb/Br)

DGN0008B

81

U13_PWR1, U13_PWR2

TLV70433DBVT

Texas Instruments

Single Output LDO, 150 mA,
Fixed 3.3 V Output, 2.5 to 24
V Input, with Ultra-Low 1Q,
5-pin SOT-23 (DBV), -40 to
125 degC, Green (RoHS &
no Sh/Br)

DBVOO0OO5A

82

Ul4_PWR1, Ul4_PWR2

TPS7A4901DRBR

Texas Instruments

+36V, +150mA, Ultralow-
Noise, Positive LINEAR
REGULATOR, DRB0O008A

DRBOO00SA

83

Ul5_PWR1, U15_PWR2

LM5017SDX/NOPB

Texas Instruments

100V, 600mA Constant On-
Time Synchronous Buck
Regulator, NGU0008B

NGU0008B

84

Ul6_PWR1, Ul6_PWR2

TPS7A3001DRBR

Texas Instruments

-35-V, -200-mA, Ultralow-
Noise, Negative Linear
Regulator, DRBOO08SA

DRBOO008SA

85

Y1_ADC1, Y1_ADC2

ECS-73-18-10X

ECS Inc.

Crystal, 7.3728MHz, 18pF,
SMD

D3.2xL10.5mm

86

FID1, FID2, FID3

N/A

N/A

Fiducial mark. There is
nothing to buy or mount.

Fiducial

87

R31

ERJ-3GEYOROOV

Panasonic

RES, 0, 5%, 0.1 W, 0603

0603
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5.3 Layout Prints

To download the layout prints, see the design files at TIDA-00550.
5.4 Altium Project

To download the Altium project files, see the design files at TIDA-00550.
5.5 Gerber Files

To download the Gerber files, see the design files at TIDA-00550.
5.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-00550.
6 Software Files

To download the software files, see the design files at TIDA-00550.
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