Designing Programmable Logic
Controller 4-20mA and Voltage 1/O
Modules: Techniques and Solutions.

Maurice Egan
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The focus of this session concerns PLC Analog modules targetting industrial process
control and industrial automation markets.

This is a big focus market for ADI and we offer solutions for the whole signal chain.
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Introduction

There are three sections to this presentation;
1.PLC analog output modules and PLC analog input modules,

Here | will detail the typical architectures and specifications for each and the associated
products

2.The second section deals with Field Transmitters, the different types and the
associated specs and products

3. Finally I will introduce our reference design for PLC analog output and analog input
modules.
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PLC Network Distribution

; SLC Processor Module
g Processes input values to
'l control outputs. Includes 1 or 2
communication ports.

1747 Communication Module
provides additional communications
J- with computers or other PLCs.
'

1747 /O Scanner Module

- provides communications

E between the processor and
& remote IYO.

4 E—

inEE

SLC 500
". 1746 VO Modules
Converts input-circuit signals to backplane
i levels and converts backplane signals to
| output circuit levels.
¥ 1
1746
Power Supply
. i - 1746 IO Connection Hardware
% s Connection hardware that plugs onto

the front of the IO modules to provide
connection points for I/O circuits.
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The basic PLC system is generally made up of 4 different types of modules.

The processor module which handles the local processing for the system. In some
cases there can also be processors located on the I/0O modules.

The communications module handles communications between the local processor and
remote processors or even other PLC modules.

Anﬁ{g%&?ﬁﬁﬁ&ﬁ%éﬁ%ﬁ@gﬂ% ﬁ’g‘igﬂaﬁgﬁ% or other similar bus protocols.



Here is shown a typical PLC input/output Module. This module is a multi channel
input/output module.

The top channel is a current input channel, The second is a voltage input channel,
The third and fourth are current output and voltage output channels respectively.

All channels share the same ground but are isolated from the system. Normally, a
minimum of 500v isolation is required, up to 2.5kV in newer systems.

Opto isolation is shown for the digital signal isolation, but digital isolation such as ADIs
iCoupler isolators are more common in newer systems.

A DC-DC converter stage normally uses transformers with different windings to generate
local supply for the I/O board.

12-16 bit resolution is typical for the DAC outputs,
16-24 bit resolution is typical for the ADC inputs.

These modules support a wide range of input and output levels and types such as; 4-
20ma, 0-5v, 0-10v, +/-5v, +/-10v and RTD and Thermocouple input levels.
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Example: 1/0 Module Ranges

IC200ALG331 ICZ200ALG430 1C20041G431 IC200ALG432 1C200ALGE20 IC200ALGE30
Product Name VersaMox Anolog  VersaMax Analeg  VersaMaxAnalog  VersoMox Analeg  VersoMax Analeg  VersaMax Analog
Qutput Module, Mixed Module, Mixed Module, Mixed Medule, Input Medule, Input Medule,
14 Bit 12 Bit Input 12 Bit 0-10V Input 12 Bit+1OV Input 16 Bit RTD, 16 Bit
Voltage/ Current Current 4 4 Channel/Qutput & Channel/Output 4 Channel Thermocouple,
1500VAC Iselation,  Channel/Output 0-10V 2 Channel +10V 2 Channel 7 Channel
4 Channel Current 2 Channel
Input Range ) 4-20ma 0-10VoC -10 10 +10 VD RTD Thermocouple
Cutput Range +10VEC, 4-20 mé 0-10veC -10to +10 VDL Hia )
4-20 mé4
Channel to Channel Isolation [ HA [ A Yes ag
External Power Supply Range 195-30V0C Range: 18-30VDC Range: 18-30VDC Range: 18-30VDC None None
including ripple: including ripple; including ripple; including ripple;
Curent consumption: Currert Cumrent Current
100 mé& maximum consumption consumption: consumption:

plus load currerts 125 mAmaximurn 125 m& maxmum 125 mA masinmum

Resolution 4 Ul =8 counts 2.5 ml = 8 counts Input: 2.5 my =
8 counts, Output:
SmV= 16 counts

Update Rote 0.3 ms maximum 0.3 ms maximum__ 0.3 mis masimum
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This is an example of the various ranges supported by one PLC family. One platform
can support many different module configurations.

Each module has a different resolution, channel count and input/output configuration.
For example, the first in the list is a 14 bit, 8-channel current and voltage output module.

The second listed is a 12 bit module with 4 current input channels and 2 current output
channels.

This allows the end user great flexibilty in their module configurations.

One family of modules can have many different channel counts, from 2 channels up to 8
channels are shown for this family. Normally, this is configured in the factory and sold as
separate module part numbers.

Input power supply ranges typically go from 18v-30v for PLC modules, the most
common input value is 24v. Higher voltages can be required in current output transmitter
modules, these are normally single channel designs.
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Output Module - Key Specifications

Number of Qutputs 4voltage or current outputs

Module Location 1756 ControlLogix Chassis ReS 0 I u tl on y u p tO
Backplane Current 150mA @ 5.1V dc & 120mA @ 24V dc // 16 bltS In present
Backplane Power 58W /
Power Dissipation within Module 3.2W — 4 channel current / SyStem S.
Thermal Dissipation 10.91 BTU/hr. /
Output Range +-10.4Y

0t021mA
Resolution 15 bits across 10.4V - 320pV/bit — Voltage

15 bits across 21mA - 650nA/bit— Current .
Data Format Left justified, 25 complement — Intager mode Cal I b rat ed

|EEE 32 bit — Floating point mode d
Open Circuit Detection Current output only (Output must be set to »0.1mA) // aC C u raCy n ee S to
Output Overvoltage Protection 24V de / b e <O . 05%
Output Short Circuit Protection Electronically current limited to 21mA or less /
Drive Capability >2000Q —Voltage

0-750€2 — Current
Output Settling Time <2ms to 85% of final value with resistive loads o Tem peratu re Dr|ft
Calibrated Accuracy Better than 0.05% of range from 4mA to 21mA, -10.4V to 10.4V
Calibration Interval Twelve months // key S p ec ! Offs et '
Output Offset Drift with Temperature i‘)gg\ffcc / G al n an d TOta|

A/ .

Gain Drift with Temperature 25 ppm/°C — Voltage OUtp Ut Drlft

520uV/°C

50 ppm/=C — Current

1.05uA/~C
Module Error over Full 0.15% of range — antage| V<
Temperature Range!! 0.3% of range — Current
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There are three key specifications for output modules;

Resolution, Calibrated accuracy and temperature drift also called error over full
temperature range
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Here is shown 15 bits of resolution, Many systems today need 16 bit resolution. As the
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Industrial Output Modules

Single Channel Architectures
Multi Channel Architectures

ANALOG

I'll now take a closer look at the output module

The output module transmits discrete or analog signals to activate various
devices such as hydraulic actuators, solenoids or motor starters,

Signal conditioning, termination, and isolation are also part of the output module's
functions.

The output module is treated in the same manner as the input module by the
processor.

Output modules can be characterised as single or multichannel and we will see
the architectural differences between both.
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Single Channel Architectures:

Discrete Solution.
Low Voltage 0-5V DAC, external amplifiers, resistors and FETS.
Difficult to obtain temp performance with many discrete components.
Increased Board Size -> Increased Cost.

Open/Short Detection/Protection on outputs also difficult and
increased board space.

DAC and Output Driver:
Low Voltage DAC, external driver.
More Integrated solution.
Has open/short detection/protection.
Integrated Solution.
One Chip Solution.
Low cost, small board size, integration of fault detection.
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There are 3 main output configurations, older designs used a discrete solution with
single supply DACs and external amplifiers, resistors, FETs. Many errors are introduced
using this architecture, especially over temperature as it is difficult and expensive to use
thermally matched resistors. Discrete components and adding features such as fault
detection increase board space which adds cost to the design.

Newer systems use more integrated solutions, either a seperate DAC and output driver
or a totally integrated single chip solution. The Devices can be factory calibrated and
trimmed and errors can be removed allowing end users in some cases needing no
calibration. The integrated resistors are more easily matched and drift together leading
to improved performance over temperature.

Andlagdar sz forniidentiabiionmaliafed, allowing reductions in board size.
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Output Architecture - Discrete Solution
OP2177/0P727 R
sense Vout
.' .' 0-5v, 0-10v
VOLTAGE +/-5v. +/-10v
REFERENCE
O Loop Supply
16-Bit
—_— DAC
Single Channel
for Isolated Applications
Multi Channel | lout
for Non Isolated Applications. 4-20mA
2 0-20mA
AD566 Open Detect
Output Amplifiers
+/-15V Supply Operation
Offset:<0.2mV
Offset Drift:<15uV/degC
ANALOG
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Here is an example of an older discrete architecture. Many components are
required and if fault detection is necessary then the design becomes quite
complex. Some systems need both current and voltage outputs and therefore
there is often a lot of board redundancy as many systems will be designed with
both capabilities. Achieving the flexibility of supporting the many voltage and
current output ranges would also pose complex issues for this architecture

Analog Devices Confidential Information



ADS5750 - Precision Analog Voltage/Current Output Driver
Features Control CLEAR  CLRSEL
Software Prog PLC V/I Outputs O O
Use with Low-voltage nanoDAC™ | | |
Compact LFCSP packagin
lIouT Rpange: pacteaing e Rext
4-20mA, 0-20mA, 0-24mA,
+20mA, £24mA I
0.1% Accuracy (Total error) FAULT Over Temp b o
5ppm/C Qutput Drift Q@ g:fr':
VOUT Range: Range
0-5V, 0-10V, £5V, £10V *Vsense
20% Overrange. R
0.05% Accuracy (Total error) VN C ot Vo,
Functionality
SPI Interface e —— v
Diagnostics/Fault detection RESET SENS
Digital input redundancy checker O0—O0 O O
Compliance AV AV REFIN GND
12-V to 48-V supply, or dual =12 Vto =24V
A%Tg:“ons Packages
Data-Acquisition _ .
Distributed Control Networks ﬁaiﬁ; Vioguigmghance SzLFCSP
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We can greatly improve on the discrete design by using the AD5750. Excluding
the DAC, The AD5750 integrates all of the discrete circuitry that was shown on
the previous slide into a

one chip solution aswell as adding software programmability of output ranges and
fault detection features.

This is an “analog pnly” output driver chip designed specifically for industrial
Analogpg%\é't?gnsﬁ Qﬁcg%pq)é%?rl\ll ’ﬁr%'{fé‘é‘ |'n%rt]Jt (0-4.096v) and outputs either a voltage or

a current. in the ranaes shown. The part is both software or hardware
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AD5750 - Software Mode

VDD AGND VSS
]

Vi
AD5750 VSENSE+
VSENSE-
|REFIN — VOUT
Voo REFIN RANGE 0-5v, 0-10V,
SCLK SCALE +-5V, +-10V
55[?(‘) DAC VIN
MCU 10 (0-4.096V) ouT IouT
S RANGE 0-20ma, 0-24ma,
l SCALE 4.20ma, +/-20ma,
- +-24ma.
SERIAL VOUT SHORT FAULT
I0UT OPEN FAULT
SYNC2 INTERFACE . OVERTEMP FAULT
RANGE ERROR
STATUS REGISTER
r? HW SELECT 1

FAULT

Typical System configuration. AD5750 configured in software mode.
DAC output 0-4.096v (e.g. AD5662) Reference (in this case ADR434)
can be used for both DAC supply and Reference.
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As previously mentioned the AD5750 is both hardware configurable and software
configurable over an SPI interface, Shown here is the AD5750 connected to an SPI

interface. The Serial interface sets the ranges and can read back the status of the
device. In hardware mode the user simply sets the states of various pins to select the
output range.

This diagram also demonstrates how with a DAC and voltage reference the AD5750
completes a voltage and current output solution.
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ADS5422 - 16 Bit, 4-20mA , +10V

Features
16-Bit Resolution and Monotonicity
IOUT Range: sheer  bvee
4AmA-20mA, OmA-20mA or °
OmA-24mA seeer
0.1% Accuracy e
5ppm/C Output Drift L%CLIE "RecisTen (e
VOUT Range: spo “locic
0-5v, 0-10V, £5V, +10V
Specified 0.05% Accuracy
3ppm/C Output Drift Vv A Scaue
Functionality
Reference (10 ppm/C)
Compliance to 60 V
Open and Short Detection.

AD5422

Packages

Applications
- i - 24-TSSOP
PLC/DCS AD5412- 12Bit +10V, 4-20mA 24-TSSOP
ANALDG
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We can make further improvements to this design by integrating a 16-bit DAC,
The AD5422 integrates an output driver , a DAC and a voltage reference into one
chip providing a single chip solution for voltage and current output modules. The
output ranges are programmable to either current or voltage as shown. The
Integration onto one chip of the entire circuit offers improved accuracy, improved
temperature drift, reduces board space and reduces cost.
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Multi-Channel Architectures:

Discrete Solution.
Low Voltage 0-5V DAC, external switch, resistors and FETS.
Bandwidth limitations due to switching:
Noise problems due to charge injection on switch changes
DAC and Output Driver:
Low Voltage DAC, external drivers.
More Integrated solution.
Has open/short detection/protection.
Integrated Solution (Vout Mode).
One Chip 4 channel Solution.
Low cost, small board size, integration of fault detection.
Programmable Output ranges.
Needs external circuitry for V to | conversion.
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We've looked at single channel architectures and solutions. Another focus area is multi
channel designs. The solutions are quite similar to the single channel architectures we
have just seen.

Older designs use low voltage DACs (in this case duals or quads) for discrete solutions.

For more integrated solutions, there are 2 choices. One is to use a low voltage multi-
channel DAC with multiple external drivers. The benefit here is that there is a minimum
of external components. The other option is to use a multi-channel bipolar output DAC
which can support all the voltage ranges that are required that is ;0-5v, 0-10v, +/-5v,
+/10v and then add the external voltage to current conversion circuitry as necessary.
The end solution will depend on module requirements.

The next few slides outline these different architectures in a little more detail.

Analog Devices Confidential Information
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Multi channel Output Stage

16-Bit Resolution .
Voltage Output SHA Architecture
SPI Serial Interface
10us settling for Lowest Cost
Single Channel

l Vout
AMP +/-10V
L 0-10V
0-5v
DIGITAL . Range Scaling +/-5V
ISOLATION AD5660/5662 X and
—>](10usS Settling) - . L
ADUM130X/ AD5061 Signal C(_)r_1d|t|on
ADUM140X (4us Settling) . Amplifiers lout
AMP
L 4-20mA
0-20mA
T ADG1204 T ; (OP482/AD824/
iCoupler Family ) i 0P4177)
2.7-5.5V Operation 4: 1 Multiplexer

Isolation Voltage: 2500V

Issues:
Bandwidth limitations due to switching:
Noise problems due to charge injection on switch changes.

14 DEVICES

K2R FASDAC UL K AN 22 1 52 ] s AN TBOK 4 (R IR A 22 S ik ok 5.
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ek I ] 18 s DAL 1y S 2507 96 D e e SR i 5 D 7™ B PR DI ST ) ey 1 LAy N B
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This is a Low cost multi-channel solution using a single DAC and external
multiplexer and amplifiers to create a sample and hold architecture. This will
immediately have bandwidth limitations as the channel count increases due to the
update rate and the settling time of the DAC. More critically however, is the
glitching which may occur from the charge injection transfer during switching.
This may add noise and glitches to the system. This configuration is most suited
for mid to low end designs.

Analog Devices Confidential Information

14



System Errors
L ADR434B

° g ] rerm vout 3 ppm/OC max
Zr|  ADSTE piout 0.04% Initial Accuracy.
Rl A AD5066
zr louT X
— 0,
o506 R Gain Error — 0.02%
S#A[?AES | ADSTS0 ojouT Offset Error — 0.1mv.
1LSB INL
_D ‘= REFIN VouT A D5750
WL four TUE Error — 0.1%

RESULT (0 to 60)
Total Un-Calibrated Error —.189%
Total Drift Error (Offset/Gain etc removed) — 0.041%
Board Area 88.64 mm2.
Will meet 0.3% with no Calibration in 0-60 Temp Range
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A more integrated solution can be configured with a Quad channel low voltage DAC and
four output drivers. No other external components are needed. Using this architecture,
one can achieve 0.3% total error across 60 degree temp range without calibration.
These calculations take into account the worse case drift errors for the DAC, Driver and
Reference and are therefore guaranteed.

If the system is calibrated to remove offset and gain error at 25° C then 0.04% total
error can be achieved across temperature.

Analog Devices Confidential Information
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AD5066 - 5V, 16bit 1LSB Quad DAC
Low Voltage Srngle Supply Cores

KEY BENEFITS
. Performance

° Low Galn Error Drrft 1 ppm/oC
¢ Offset Error Drift 0.5 uV/oC.
+ Flexibility
e Individual Ref to each DAC

e LDAC pin — Allows asychronous update
e CLR pin — Can pre-program clear value
e POR pin — Power on to mid or zero scale

e SDO pin — Daisy chain multiple devices
Resolution
16-Bits 0-5V 4

A Member of the nanoDAC family

Package
1LSB SPI 14/16 TSSOP

Related Devices

+ Same as AD5064 except
°Quad 12/14/16bits — AD5024/AD5044/AD5064
®Quad 16bit (Unbuffered) — AD5066
*Dual 12/14/16bits - AD5025/AD5045/AD5065

16

P

AD50665% ) 1_ AT XM s U S 1E 167 DAC . ‘& H 4% H A [y 86 25 15

MRS fabR, B HAT mol EEAT A 16 A2 I E P

R~ A BRI

AR 8 5 T R A, IS TNV N I RS RESR br .

The AD5066 is a quad channel 16-bit DAC suitable for such high end designs. It offers
excellent Gain Error, Offset Error and temperature drift specs aswell as high Accuracy 16 bit

linearity.

Using this part allows the end user to reduce system calibrations and increase system

performance specs over temperature.

Analog Devices Confidential Information
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AD5664 - World’s Smallest 16bit Quad DAC
Low Voltage Single Supply Cores

KEY BENEFITS Industry’s Smallest
+ High Performance 16-Bit Quad DAC
o 16-Bit Resolution, 12LSB INL Also includes 5ppm on chip reference
e 10 Pin MSOP / CSP
e ....and also includes an on chip 5ppm/’C Reference
e 70% Space saving over competition
« |ldeal for basestations, optical transceivers

» Reference and non reference options
e Dual Configuration also available

A Member of the nanoDAC family

Resolution Package
16-Bits 0-5V 4 12 LSB SPI 10-LFCSP/MSOP

AD5644/24R AD5663/43/23R AD5664/24 & AD5663
+ Same as AD5664R except + Same as AD5664 except + Same as AD5664R except
® 14/12-Bits Resolution ©16/14/12 Bits * No on chip reference
° Dual Configuration ® Quad and Dual configuration
17 T

LEXG B R BAR N P, 7] LUK 1647 U8 1511 s DAC---AD5664 . 1% 284K FH 105 | i
LFCSPEf2:, nf DA /N AR R~

s RS 12 R R, EH TR Hh mmtde . SR L5 ppm/° CHIFEAE, BRAK T S5
5.

AD56645% AR i R — 51, 2™ dh AR SR L v CRRIMER )2 (kP .

Where lower accuracy is required the AD5664 is a 16-bit quad channel low voltage DAC. It's 10
pin LFCSP package allows board size reduction.

It provides 12 bit linearity suitable for most mid to high end modules. Its on chip 5 ppm/°® C
reference reduces total output drift.

The AD5664 is a member of a large product family offering wide choice to the circuit designer.
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AVss  AVpp REFIN / REFOUT
O0—C O

DV

Single/Dual Supply Operation

+4.5Vto £16.5V ) .
Programmable Output Range el
+5V,+10V,+108V’i5v’ilov1i10 b Losic

8V _
Integrated Reference, 5ppm
+1LSB INL @ 12 Bits

CLR to zero-/mid-scale

10us Settling Time
e Seing c@ L.
4L ead TSSOP quH
-40° C-85° C
Final Release
Industrial Automation Now Released

Closed-loop Control Related Devices
Process Control AD5722R/32R/52R
PLC Dual Channel
18 > [t

W T 288N ) 55— A7 W& ADS754. 1% ih A5 Bas i RS, (H2 LR
PANZIST P i) — &80l Gt e Bl AE IR T I, RS HA R R T,
AR 4.5V 16,5V I YR B E XSRS L . IR S SRR T B RS . A
zpﬁ%ﬂ%ﬁ%%ﬁi%E%Yﬁ%ﬂﬁ%%ﬁi%ﬁ%i&%ﬂﬁﬁ%ﬂlE]iEi‘élZ/lMiu&lG&%
i

| want to introduce another product suitable for multichannel applications. The new
AD5754 family of products are targeted at industrial applications. It is voltage out only
but offers a range of programmable output ranges as shown, it is very flexible in its
usable power supplies, operating from either a single or dual supply from 4.5V up to
16.5V. A Low drift integrated reference reduces total system drift. The entire family
offers dual and quad channel 12/14 and 16 bit converters both with and without an
integrated voltage reference.

Analog Devices Confidential Information
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4-20ma

REFEREMNC! EIIFFEIII

I WPUT I__l }_’,__I IIN:A>— VOUTA ®
> g 0-5v, 0-10v,
| Le=es i Ve /-Gy, +/-10v

REGISTER
AND Az w3
CONTROL INPUT DAC VOUTE

LoGic REG B IIEBB DaCB J %
% m
R '—I REG IIEGCH uncc>— m) |—g b
'_I ::c.mnl__l nmﬂ}"’l >_/T/m} . ‘

Mgy Alpo RfFlImEFuur
o—0 =
N n
+25¢ EI REFERENCE| @ -

-
‘ll

19 DEVICES

IR A Y, AR AIKT R B s i A i
R B E, T RLE L2067 ST S AR ABOR AR BE &

If a current output option is required external circuitry can be added as shown.
For low end designs the 12 bit part may be selected with low cost amplifiers.
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COMPETITIVE FOCUS
ADS5750 vs XTR300

BRI LR ZIKT ke X ADS750 fe He = B 5a 423 AT XTR3003H 47 LEAR

The next few slides give a comparison between the AD5750 and it's main competition,
the XTR300 from TI
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XTR300 - Range Configuration

Current Mode Voltage Mode

The fransconductance (gain) can be set by the resistor, The 1A gain can be set by two resistors, Rgay and Rset
Rset, according to the equation:

R
| 10 V Vour = QF?ZIN Vin
T = R VN SET
ET

or when adding an offset Vger to get bidirectional cutput
with a single-ended input:

or when adding an offset, Ve, to get bidirectional output
with a single-ended input:

Rean [V N Vin = Veer!
2 \Rser Ros

[V, Wy = Veoe
loyr = 10 \Wzﬁ—"% RE

Vour =

3 external resistors Rset, Ros, Rgain set gain and polarity for 1
range only..

Unless Switches+ further resistors ‘or’ a Potentiometer is used only
one voltage and one current range can be configured ! Either would
have issues for extra board layout and isolation.

21 DotncE

The transfer functions shown here demonstrate how the output range of the XTR300 is
configured using external resistors, thus removing the possibility of easily reconfiguring
for a different output range, Full programmability would require the addition of external
switches or digital potentiometers. Compare this to how the AD5750 can be easily
reconfigured over its SPI interface or by setting the Levels of a number of pins.

3 ML b7 (10 A s pR 5 1) 1 XTTRS00 ) it Vi Bl G AT A A8 i BELREA T PRC L 1, S gt
AN eS8 1 FHT G BORIRAT AN [ (0 far HVE o 58 4 G R BE K o 2T AR T

REH A& . I ADS750E1A] L7 {5 1 i 1o ISP I 1 i 3 5 50 B 22 A5 1 AT Ha Y-
KEHHC & -
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AD5750 VS XTR300 FEATURES

Features

Package 30.25 mm2 (PQFP) 25 mm2 (LFCSP) v
Supply Range +/-22v +/-24v v
Temperature Range -400C to 850C -400C to 1050C v
Output Ranges Non Programmable 0-20ma, 4-20ma, 4-24ma, +/-20ma, +/-24ma v

0-5v, 0-10v, +/-5v, +/-10v
2% Current Over Ranges
20% Voltage Over Ranges

Programmability Need 3 external resistors to Software Programmable Ranges v
configure one range.

Fault Conditions Open/Short/Over Temp (Fault Pin Open/Short/Over Temp
only — need isolators) Fault Pin or Bit

22 DotncE

From an overall point of view the AD5750 offers reduced package size, wider supply
range, wider temperature range, is fully software programmable and has software
readable fault conditions, which eliminates the need for costly isolators to read status
pins.

MR, ADS750H 2 B/ B R RO 5 9 1 LY v BRI S 98 it S T, 5¢ 4 ml T
RERAFRATHRE, IF B ] B MRS IRl AN T 2 e Jl A 1) o 28 s oK 3t
RELIHT
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AD5750 VS XTR300 - V-mode Specifications:

Temp Range

-40 to 85

-40 to 85

Load Conditions

R Load = 1K ohm.

R Load = 2K ohrf{

Gain Error (25 max)

0.1%

0.005% (typ) v

Gain Error Drift

1 ppm/® C (0.006%)

0.003%

Offset Error (25
max)

1.9mv (0.01%)

0.015% (typ)

Offset Error Drift 6 uv/°C (.001875) 0.012% v
Linearity Error (typ) | 0.01% FS 0.001% v
Linearity Error 0.1% FS 0.02%
(max) v
TUE 0.1+0.006%+0.01%+.001875+0.1 = 0.218% | < 0.1% max
2 T

Comparing the devices in Voltage output mode, the AD5750 specifies a better total
accuracy and better drift performance, offering superior overall performance.

A good specification to compare is TUE, the XTR300 offers 0.218%, whereas the
AD5750 specifies 0.1%, eliminating the need for calibration in a lot of cases.

T T e P A AR AR REAT LU T I, ADS 750 H 24 B e SR BT B A (RS
e, IR ) B ERE.

—ANA] AU SRHHAT LU B IR PR R TUE CRAANHT 5% %), XTR300MTUE 240.218%
, TADS75005 KTUERI/NF0.1% , B2 FAHE FERHE,
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AD5750 VS XTR300 - I-mode Specifications:

Specification

Temp Range -40 to 85 -40 to 105 v
Load Conditions R Load =800 ohm. R Load =300 ohm
Gain Error (25 max) 0.12% 0.01% (typ) v
Gain Error Drift 10 ppm/oC max <10ppm max v
Offset Error (25 max) 1.8mv(0.094%) 0.0175% (typ) .,
Offset Error Drift 6 uv/oc (.001875) TBD

Linearity Error (typ) 0.01% FS 0.001% v
Linearity Error (max) 0.1% FS 0.02% v
TUE 0.12+0.06%+0.094%+.001875+0.1 | <0.1% max

=0.376%

Comment. For purposes of % FSR in current mode, range was considered
to be 19.2v (24mA*800 ohm load). In voltage mode 10v range used for FSR.

24 [ Frr

In current output mode the situation is similar in that the AD5750 again offers superior
overall performance, removing the requirement for system calibrations in a lot of cases.

g R N AT 00 5 SR, ADST50 R I AL B ke, IF HAEVF 2500 B
A ZE R GRHE
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The World Leader in High Performance Signal Processing Solutions

Industrial Input Modules

ﬂ
That concludes the section on output modules.

Now focusing on the input module

The input module has two functions: reception of an external signal and status display of that input
point. In other words, it receives the peripheral sensing unit's signal and provides signal
conditioning, termination, isolation and/or indication for that signal's state.

i AL 3 I A A B B S R
UAEN A AR

BB R 25 AT RE: SNBSS FHRBONZA A SRR BoR . BRIl v, AL MR
IEEIE S, JFEATE ST, s, BB EOAE SRS HTRR.
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Model KV-AD4
Analog inp:t range Voltage: -10 to +10 'V  Current: 4 to 20 mA INPUTS
| t i / : . .
nput impedance Vaoltage: 1 MQ  Current: 300 Q Communication or Sensors
Analog inputs 4 (4 channels) Examples
. Input range £10 vV 5 mV (1/4000
Resolution Inpu? rangeg4 to 20 mA 4 lu(l\ ('Ir'40[%0) MULTI RANGE INPUTS
Voltage 0-5, 0-10,+/-5V, +/-10V
Model KV-DA4 Current 4-20ma
Analog output range Voltage: -10 to +10 V. Current: 4 to 20 mA RTD, TC
. 0.5 Q max.
Output impedance (when voltage output mode is selected) Perform_ance
— : ) 12-16 Bit
Minimum load resistance 1 kQ (when voltage output mode is selected) .
- ) : Low/Mid End
Maximum load resistance| 400Q (when current output mode is selected) .
16-24 Bits
Analog outputs 4 (4 channels) .
Output +10V 5 mV (1/4000) ngh End
. utput range = m i
Sesplubion Output range 4 fo 20 mA 4 uA (1/4000) Small Signal
24 Bit Sigma Delta ADC 12-16 Bit ADC
AD7792/3/4, AD7190 AD7120 12 BIT, AD7688 16 BIT,
AD7734 Bipolar AD7328 Multi Channel
26 DoacE

S HAREERISALL, iy AL R T LA X 25 BN F A i A AT L i ABREERAE A HL 4% Lo
B S ) 2> R FORE T . RTDAIAH AR A JC LT B8 s R, X2 A e
FARN . TR, S P — A E 300 2 500RK 4R A A .

SXGRAIAT Fr (K i Sl 7 R AR L HERE A 1) — L8ADC.

Similar to the output module the input modules can be configured for a variety of
different inputs. Typically the input modules tend to have higher resolution

and accuracy than the output modules. RTD and Thermocouple inputs especially need
higher resolution as they have small signal inputs. For a current input the load

resistor normally tends to be in the region of 300-500 Ohms.
Shown at the bottom of the slide are some recommended ADCs for this application.
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Number of Inputs

16 single ended, 8 differential or 4 differential high speed)

Module Location 1756 ControlLogix Chassis
Backplane Current 150mA @5.1V dc & 65mA @ 24V de
Backplane Power 233W

Power Dissipation within Module 2.3W - Voltage

39W - Current

Thermal Dissipation

7.84 BTW/hr. - Voltage
13.30 BTU/hr. - Current

Input Range and Resolution

+/-10.25V - 320uV/eount {15 bits plus sign hipolar)
0-10.25Y - 160uV/count (16 bits)

0-5.125V - 80 Y/count {16 bits)

0-205mA - 0.32uA/count (16 bits)

Common Mode Yoltage Range

+/-10.25V {205V between any two input terminals)

Data Format

Left justified, 25 complement - Integer made
|EEE 32 bit — Floating point mode

Input Impedance

>1meg(} - Voltage
2490y - Current

KV-8EX
8 input

Open Circuit Detection Time

Positive full seale reading within 55 - Differential Voltage
Negative full scale reading within bs — Single-ended/Differential Current

Even numbered channels go to positive full scale reading within 55, odd numbered channels go to

negative full scale reading within 5s — Single-ended voltage

—|

Overvaltage Protection

30V de - Voltage
8V do— Current

/

Normal Mode Noise RE]entmmm

>080dB at 50/80Hz /

|

Common Mode Noise Rejection

>100dBat50B0H:

/

Calibrated Accuracy

Better than 0.06% of range — Voltage ="

Better han 0.15% of range — Current

Calibration Interval

12 months

/

Input Offset Drift with Temperature

0V/°C /

Gain Driftwith Temperature

27

15 pprm°C - Voltage y

g
307.5V/°C for +/-10.26V range; 153.8uV/°C for 0-10.26V range; 76.9V/°C for 0-5.125V range

20 ppm/°C - Current
+-041AC

Common Mode Rejection
Ratio

Calibrated accuracy to
0.05%

Output Drift over Temp
key Specs.

A Key Specification in noisy industrial environments is Common Mode Rejection Ratio
(CMRR) which is a measure of how successfully the inputs reject the common mode
noise that has coupled onto the receive wires, especially for small signal inputs where
noise can be gained up through a front end Programmable Gain Amplifier (PGA) stage.
Accuracy at 25C and over temperature are also critical specifications.

TERE L) TV RS b, JLBLHILE (CMRR) J2—/NEZHRR, X3RRI RS 2
P AL A BN PO A ) R, R /M SN, R n] BRI g n) g R
K (PGA) AR 25° CHAF T IPHE L LK HEAN IR S5 Vi Bl Y FRRG AR 2 T 2R b
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Pressure Measurement (AD7798/99)
Pressure Transducers, Weigh Scales, Strain Gauges
Gain = 128; Fullscale i/p only 10mV
High Precision —22.5 ENOB (27nV rms noise)
Temperature Measurement (AD7792/93)
Thermocouple / RTD Sensors
Programmable Current Sources for CJC and RTD biasing
Gain = 32; Thermocouple fullscale i/p 20mV to 100mV typically
High Precision — 22 ENOB (40nV rms noise)
Flow Measurement (AD7794)
Multi-Channel System
Programmable Current Sources for Temperature Measurement
High Precision — 22 ENOB (40nV rms noise)

. + DIiues

There are a few different applications which have different system requirements.

EEA NN, e G AN FR RG =K.

JE AL RS . T AL S TN AR 28 5 HVE LN, — AN 10mV . DRI AE B 77 2 v
42 PGALL K fIKME #ADC.

ST LB, VO — ek, mk4aomV, DRI pl s 25 J AN TS, (RN T4
RTDX AR (KL k%, MW TSR . AD779x %41 [11Sigma-Deltak i #4647 31X
SR B AN A

WETHEE T EL MEERR, KN FHEZEEmAN . FXADEGF, AD7T794ER T —4
ZEEE A, INIMZE— N8 E ESzIl T 2 k64 m] DLBEAT I & (1) 18 1 .

Pressure Transducers, Weigh-scales and Strain-gauges have small output ranges,
typically only up to 20mv maximum. Therefore a high gain

PGA is needed at the front end, along with a low noise ADC.

For Temperature measurement, the input range is normally larger, up to 40mv therefore
such high gain is not as critical. But, for these type of

Transducers, like RTDs, current sources are generally required. The AD779x family of
S-D convertes integrate all this onto one chip.

Analog Devices Confidential Information
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AD7190 - Product Description
4.8 kHz Ultra-Low Noise 24-Bit 2-A ADC with PGA

e 21 bits noise free resolution

e 23 bits noise free resolution
¢ Gain = 1, Output Data Rate = 4.7 Hz

e 16.5 bits noise free resolution
¢ Gain = 128, Output Data Rate = 2.4 kHz

¢ Output Data Rates 4.7 Hz to
4.8 kHz

¢ Selectable Gains 1to 128
¢ Offset Drift 5 nV/° C

NOISE FREE RESOLUTION (BITS)

e COMPETITOR 1
— COMPETITOR 2

+ 3.0 Vto 5.25V Power Suppl

¢ 7nvrms Noise 24-Bit >-A ADC Delivers
+ Gain = 128, Output Data Rate = 4.7 Hz ”ﬂmamhﬂl’ 5"38" Bﬂﬂ P f Eﬂismﬂ

+ 16-Bit Noise-Free Resolution (x40 mVinputie 2:dktz)

¢ Gain Drift 2 ppm/® C e P T
+ Specified Drift Over Time OUTPUT DATA RATE (Hz)

n ANALOG
DEVICES
DATA CONVERTER

AD7190

Temperature

29

Resolution Current Channels ggttgm Data m\ Package
-40° Cto
4.7Hz - 4.8 kHz SPI 24-TSSOP +105° C
u
DEVICES

The AD7190 is a new part just recently sampling. It is an ultra low noise Sigma Delta

ADC with an integrated PGA. It is the next generation to the

AD779X family but with lower noise for even higher performance. With as low as 7nV of

noise, 23 bits of noise free resolution can be achieved.

This product is particulary targetting loadcell type applications where noise free

performance is a key requirement.

AD719052 A Eoft AT BT & F o izasfF 2 — i PGAIE{KIE 7 X - A ADC. ‘&
JEADTTIX RSB B — A7 i, AESEILME R A, JF H &SR PERE. A RARIA7nV
» FISEL230L R TCME AR R o 2™ R BT R BAR AR N, AR KRR, Ao

PR TERE I — OB 2K .
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AD7190 - Leading Resolution
4.8 kHz Ultra-Low Noise 24-Bit 2-A ADC with PGA

Superior Noise-Free Resolution
(+/-40mV span — 2.5V Vref & G=64)

@
i
5190
E — AD7190
o
8
T 170 — Competition A
(&)
> Competition B
3 150 -
Z
13.0 \l
1 10 100 1000 10000
Output Data Rate (Hz)
ou L DEWICES

Noise free resolution is a key specification in many applications, this graph shows the
lower noise performance

of the AD7190 versus competitors. The AD7190 has an added benefit over AD779X
family in that it also has

higher update rates up to nearly 5Khz.

oM PRV 2 N I — A E RS, XA o, AD7190H %4 e gt
IFffE EE e . A ELAD779X7 i & 41, AD7190i84H4G H 241 4, AD7190H &Kk
SKhz 1) 5 i e e %
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AD7190 - Main Features
4.8 kHz Ultra-Low Noise 24-Bit 2-A ADC with PGA

Programmable Gain Amplifier, binary steps 1 to 128

2 Fully Differential Channels / 4 Psuedo-Differential Channels

Selectable Chop or non-Chopped Input Signal

Bridge Power Down Switch

Temperature Sensor

Diagnostics
Open Sensor Detect & Reference Detect

Selectable Internal or External Clock

Simultaneous 50/ 60 Hz Rejection @ 50 Hz o/p data rate
Also available at lower o/p data rates

Selectable Zero-Latency Mode

Selectable Sinc3 or Sinc4 Digital Filter

SYNC pin to synchronise conversion on multiple devices

4 | P tput Pi
2 General Purpose Output Pins [ o

The AD7190 is loaded with features. It includes all the features from the AD7799 family
and more.

Such as;

An integrated PGA

Configurable input channels

Selectable chopping of input signal

Bridge Power down switch, for low power applications
Diagnostic features

50 and 60 Hz rejection

Selectable digital filters

General purpose output pins

AD7190 R &5 Z Uifit. ‘& H&AD7T799/™ i RN A DiRe L e s 2 DjRg, L.
A —MERIPGA
LA ] e B i N\ 1E
HAT Y NG5 WAl k4 D ae
SR PR 2 T
A LI A
50/60HZ I Th fE
Cprisk i )3 8P
Ar@l@ﬁ@g@giﬁgs Confidential Information
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Weigh Scale Loadcell or Pressure Sensor Measurement

+5
Avp]  AGND  Dvpp DGND REFIN1(+) REF|N1()
O0——0 O—0
REFERENCE
AD7190 —> reren

\ I o
% Serlal Interface
|| andControl
_é_T ADC Logic
d o

Clock
Cireultry

J U,

MCLK1 MCLKZ POREFINZI-  PUREFINZI+)

1<

2mVviV
IN+

Sensitivity
ouT- \%\

DOUTIRDY

DIN

SCLK
=3

SYNC

Exceptional precision for low speed & high speed Weigh Scale applications
7 nV rms noise (Gain = 128, 4.7 Hz Output Update Rate)
16.5 bits of noise free resolution (Gain =128, 2.4 kHz Output Update Rate)
Lowest Offset Drift @ 5nV/° C
Power Save Mode via programmable Bridge Power Down Switch (BPDSW)

32 Doencs

XA AL R T AT X AD7 1901 S R FR AL [k e F o g P S A Pl O FLIAER
AR AR S Tl B P SR 1 v (K R A LG TR I o KA LY R ) P A S
HAEDS A B BRI IR MY 10 A2 A ad 2 52 Wi AT 1) v L R0l i s PR A2 4 o

P PRI B USR] — MR S RS AS R b R AN IR b AT BBl . >4 75 EORS i Fr1 50/60HZ A1)
PNz D HERr AT H o

This shows a typical loadcell connection for the AD7190. Connecting the Supply to the
reference and to the excitation of the loadcell means the design

is ratiometric. This allows any noise in the supply to be removed automatically as any
change in supply will also effect a change in the reference and the

excitation for the bridge.

The internal clock can be overdriven with a low noise low drift very accurate external
clock. Specifically useful when accurate 50/60 Hz rejection is needed.
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AD7190 - 2-A ADC Roadmap Progression
4.8 kHz Ultra-Low Noise 24-Bit 2-A ADC with PGA

4 High Resolution / Low Power H|gher Resolution / Speed
(<500 pA ) =-A ADC Family i 3-AADC Famlly

AD7785 : :
.. S&Fﬂpllng 30 June 08 Future Parts

AD7792/93
AD719x

 AD7796/97 5

AD719x

I AD7798/99

@ Released

40 nV@47Hz : TV@ATHz | @ In Design
470 Hz max 48kHzmax | : @ In Definition
6 mA

500 pA @ Planning
33 p B

Xk B B~ T AD7190 5 AD779X A 51 = S W KK HEFE . ADT7OX R B b @ r T e M ek T
FENV o

AD7190 2477 i @ AL AN i D FE R = N o RIEAD7190 DL — @ I DU FEAR I 3145 T
B PR WA A 43

This slide shows the AD7190s position versus the AD779X family. The AD779x family was
targeted at high performance low power applications.

The AD7190 family is targeted at very high end applications where power is not as critical. So
the AD7190 is trading off low power operation for improved noise free resolution
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AD7190 - Roadmap*
4.8 kHz Ultra-Low Noise 24-Bit 2-A ADC with PGA

PGA: Gain = 1 to 128 in binary steps

AD719 AD7192
7nV Noise 10 nV Noise 10 nV Noise
2/4-Channel 2/4-Channel 8/16-Channel
TSSOP-24 TSSOP-24 LFCSP-32
30mW (5V*6mA) 15mW (5V*3mA) 15mW (5V*3mA)

AD7191 AD7193
Sa le: 29 S

14 nV Noise 10 nV Noise
2/4-Channel 4/8-Channel
Pin Programmable TSSOP-28
TSSOP-24 15mW(5V*3mA)
15mW (5V*3mA)
Soinple & Release dates may be subject to change um

XL IEADT7190 R A P2 AL 2R L 5, B AT R IE TE BOR N R PR RE AN o 7 7 R OUH I w4
P16/ N IE [r) 28 FAD7194.
FEF R R AR I ) R0 8 . 3B 0 R 51T HRIAE 20094 K& Aii o

o

These are the various models being offered from the AD7190 family, differentiated by channel
count and noise. Offering from a 2-channel device up to 16 input channels

with the AD7194. The sample and release schedules are also detailed. The entire family are
scheduled for release in early 2009.
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High Level Inputs
0-5v, 0-10v, +/-5v, +/-10v
4-20ma.

HITHTZ AT A A28 ) 2 AR R T N 8 FH R 3d F =, A R Y R A SR iy AR e L 46 7 Jo vy
I5+/-10VHL & F120mAHE i A I BE T

The previous slides dealt with low level inputs and the suitable products, there are also
requirements in input modules to be able

To convert high level voltages of up to +/-10V and current inputs up to 20mA
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+ High Voltage/ High Current inputs are normally designed on
seperate modules to RTD/TC Modules:

e 4-20mA, 0-5V, 0-10V, +/-5V, +/-10V Input Module
+ High Precision — Sigma Delta
+ High Speed Medium Precision — SAR.

e RTD/TC Module

+ Small Signal Inputs
e Needs Gain
e Generally Sigma Delta ADC used.

36 g

TR BTt R R R Y B BN, A OB R N B/ ME S RTDAIA
WRIE TR AIANR, ] DRI ANR 1372844
BAPRAESL TR INZIT 7 i i X 2 )

Input modules are designed to accept a wide variety of inputs from high voltage bipolar
inputs to small signal RTD/TC inputs. Depending on requirements, different

Design architectures may be used.
We will discuss these in the following slides.
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or¥ Scaling or load High SPP-Cg, .ll:l.\edlx’\m I:‘gr'for'mance
Resistors e.g. brilling Machinery
lorV [ Scaling or load
Resistors \
lorV .
— | Scaling or load
Resistors

AD7685
250 KSPS
uSOIC

7L ADG708

lorV Scaling or load
Resistors

| \ a
o | Scaling or load
Resistors

lorV Scaling or load
——1 .
Resistors

37 DotncE

iy AL B v HL AL N T AR AR BB AD C R e v o an 4% LI B R FH Al i, TR
LIRS I 2%, K5 SR R0 RV N . XA Ress s Ve LI &
, Pl P2 A g A . RIS, e T R B R IS AR R IR, G R REAEAE S i g
AR, XH IR TADT68X R T, EATH LAAE ik L KHZFE i . SV HL s
WO N RHE16AL 0 R

High voltage or high current inputs can be designed with a uni-polar or bipolar ADC. If a
uni-polar configuration is used as shown above, then

A scaling resistor network will have to be used to scale the signal to within the 0-5v
range. This can have some tradeoffs,such as the resistors adding noise

into the circuit. Also, there may be some gain loss in the signal chain due to the resistor
divider. The AD768X family of parts is shown here. They

offer 16 bit resolution at 5v at high conversion rates in the hundreds of Khz.
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4-Channel and 8 Channel: 14- and 16-bit ADCs

0.5V 1o SV
'

e

2.Vt 5V

KEY BENEFITS

+ High Performance
oUp to 500kSPS, 91dB SNR min
©2.7V (250kSPS) and 5.5V (500kSPS) operation
#16-bits NMC, 2LSBs INL Max

¢ Features
ePin-pin compatible with 14-bit and faster versions
eMultiple input configurations (SE, pseudo-bipolar)
«VREF buffer options: 2.5V, 3V, 4.096V

Resolution Package
. 0-VREF,
To 16-bits +/-VREF 4&8 2LSBs SPI QSOP-24

Four Channel AD7682 and AD7692 Eight Channel AD7689 and AD7699 Eight Channel AD7949
+ AD7682 + AD7689 ¢ 250kSPS, 2.7V operation
© 16-hits, 250k, 2.7V e 16-bits, 250k, 2.7V
+ AD7692 + AD7699
©16-hits. 500k_5V e 16-bits, 500k, 5V
* [a5es

AN BN NS, XY T I R H AR ], RSt TR AR R T 5
I A oG B O 22 M N

The AD768X/9x family of parts shown here are 14 and 16 bit converters and they integrate a
multiplexer onto the chip, offering 4 or 8 input channels,

this saves the user board space and provides a lower cost solution.
The input channels can be configured as single ended or pseudo differential
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Bipolar 12-bit plus Sign ADC

KEY BENEFITS o ooy Vee
+ Software Selectable Input Ranges 1
+ +25V,+£5V, £10 V bipolar range l
+ 0 Vto 10 V unipolar range
+ Unipolar & Bipolar ranges are software
selectable

+ Configurable as True Differential, Pseudo ‘
Differential & Single-Ended i/ps L

¢ High Input Impedance Eases Drive iy

Requirements e,

+ 125kQ) input impedance | T Vorve

+ Lowest Power Bipolar ADC
+ 12mW @ 1Msps

Resolution ghp pp Package
12-Bit + Sign 1 MSPS 8 Serial 3V to 5V 20-lead TSSOP

AD7321, AD7323, AD7327

I§3E1gi

t1ti

DouT
BCLK
oiN

AND Va3 DGND

AD7322, AD7324
+ As per AD7328 except + As per AD7328 except

®2 channels — AD7322 500 kSPS

* 4 channels — AD7324 o2, 4, 8 channels

39

AD7328 1] LU X5 L2007 0 Ff R IR R 48 o L2 BRp AR o AVE B D XU, JF Hova FEn]
DGR BRATHEAT G R, a0 A\ VI TR ] DARC B s SN PR OO 1 12,5V 22 10V .

HIL i A BHGUR PEAE K 22 BRGNP A AN UK B 22 s«

The AD7328 can be used for lower end systems that only need 12 bits of resolution. The main
feature here is that the input range is bipolar and

the ranges are programmable through software, the input range can be configured as unipolar
or bipolar from 2.5V up to 10V.

A high impedance input eliminates the need for external drive buffers for most systems.
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4-20mA Field Transmitters

BRI A T Tk R S 4 2 20mA HL SR B A0 2 1 S5
BT AR AR A TSR HARN T LA e eI ot

The next section | will present discusses the structure of 4 to 20mA current loop transmitters used
in industrial control systems,

Taking a look at the two main types of transmitter, where they are used and what components
make them up.
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Basic premise is to measure a process variable
and transmit the result over a long distance to the

control room

Process Variable Installed Sites
Temperature M Oil/Gas Refinery
Pressure / Power Generation
Fluid Flow - Steel Production
Corrosion _ Harsh industrial
Flame/Gas Detection : 4 Environments

Sjnsor Control Room
@Z TX 4 to 20mA Current |j RX

«— Upto2km ——

41 [ Frr

FIE s AL T B R E AL, HORIN SR i . ey P s A A

BRI R IE S EAEAE R R T ) AR, AR TE I AR A m) P S RIS T, T DO
2 AT Al B B Y AR P

LRI A G AN i Tl K B g R A5 5 =0k, AR, Xl e eis
T a0 sl Bl | 45045 1 DV IR B 1R J A

A% PSR S S0 A o 4mAZ 20mA, A AR B S AN .

The transmitter is situated far from the control room measuring a process variable such
as temperature , pressure , flow or similar process variable.

Modern transmitters tend to include intelligence for processing of the measurements
(linearisation, averaging etc.) before transmitting it to the control room over the current
loop.

A current loop is inherently immune to signal attenuation over long cables and the
influence of noise, which is why they are used in harsh industrial

Environments such as power generation or oil refinery. The transmitter output signal is
scaled from 4 mA, representing Zero-Scale value to 20 mA, representing Full-Scale
value.
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Two Categories of Transmitter

Loop Powered
Two wire connection supplying both power and communication
Power is supplied over the current loop from the control room

Entire transmitter must operate on < 3.2mA for a standard
transmitter and < 2.7mA for a HART enabled transmitter

Low Power Consumption is critical for operation

Non-Loop Powered (Locally Powered)
Four wire connection, 2 for power and 2 for communication
No power consumption limitations

Used in situations where sufficient power cannot be derived from
the current loop.

42 [ Frr

FILGAT WP LR, I3 Sl S PRI i R A3k A A LA v 1 208 405

Mg O R AR AR OO PR, T A B RO

M T hR EAE N AmA, i DU R AOX a3 R RISk 4y B 5 AU i fs KLU
%%L,m%%%%iﬁﬁﬁ%ﬁ%ﬁﬁﬁ?ﬁ%%@ﬁw%ﬁ,ﬁﬁ&%%ﬁ%ié%

AEIAEE AL AL A AT DU, FErp R LA, AT I AL I, JX s
ORI IIFEASZ IR, — SBT3 P "R U SR B RE WS SR I B R I RS DL 1

There are two main types of transmitter, loop powered and non-loop or locally powered
transmitters.

Loop powered transmitters have only a two wire connection and so take their power
supply from the current loop over which they are transmitting.

Because the zero-scale value is 4mA, this is the maximum amount of current the
transmitter can take to power itself, in reality it is even less than this when

Fault alert currents and digital communications on the loop are taken into account.

Non-loop powered transmitters have a four wire connection, two connections for the
current loop and two for a local supply, these transmitters are not power consumption
limited

And are typically used in situations where more power than the loop can supply is
required.
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Loop Powered 4-20mA Transmitter

Sensor Element
Temperature
Pressure
Flow

Voltage
Regulator

.: Current
M Regulator

/

Current
Loop

S-D ADC .
Differential Input Isolation . DAC + Current Regulator + Voltage
Low Power If Required Regulator
AD7790/1/2/3/4/5 iCoupler Loop Powered Applications
ADuUM140x AD421
Microcontroller DAC
Low Power Low Power 100uA max
ARM Core AD5641/21
Integrated ADCs
43 ADuC706x um

ASULAIST F i T IR AL L K AR 45 45 4 o

MBI T T RN A S SR A, BB, RTDEGH AR KGR E .
B B R DR e A AR I I R 45 R, EEUIAD7 79X AR 517 i o

MR T S TR AR BRI 2 O R AN AL SR, LEWIADUCT 06X R B it o
RN B, DR A T A T s MR s 2 TR), L AN ADUMLA0X R B 7 i o
DAL B g RO s, T IO i A TR B LU, EETADA4 21
ADA2VEE R T — DG4, A FELUR SR 5 gt A0 — Nl SRR 1 A A 4 R R R A s
o

Here is shown the structure of a loop powered transmitter

A sensing element such as a Thermocouple, RTD or Capacitive sensor measures an
environmental parameter or process variable

An ADC converts the measurement , e.g. AD7790/91/92/93/94/95

A microcontroller is required to processes the measurements and control the entire
transmitter e.g. ADuC706x

Isolation if required (20% of transmitters) is implemented between the microcontroller
and the DAC. e.g. ADuM140x

The microcontroller controls the DAC which in turn controls the loop current e.g. AD421

The AD421 integrates a dac , current loop driver and a voltage regulator which regulates

the power supply for the entire transmitter
Analog Devices Confidential Information
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Locally Powered 4-20mA Transmitter

Local Power
+ Sensor Element Supply
o Temperature
laYal
e Pressure fo e
o Flow

Current
Regulator

el

Current
Loop

/ | |

+ S-DADC

o Differential Input ¢ Isolatlon{
o Low Power o If Reqwred
+ AD7790/1/2/3/4/5 + iCoupler
+ ADUM140x
+ Microcontroller
o Low Power ¢ DAC + Current Regulator
o ARM Core o Locally Powered Applications
o Integrated ADCs «» AD5420/10

+ ADuUC706x

44
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The basic structure of a locally powered transmitter is similar except for how it is

powered

In this case the power source is local to the transmitter and a different product is

recommended as the loop driver, the AD5420, which integrates a dac and loop driver.
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Loop Powered Transmitter

Total Power Budget is 3.2mA Further Power can
AD421 — 750pA max be saved by
ADuUC706x — 2.8mA max @ 1.28MHz (1.4mA from Loop) running the

ADuC706x Slower

Total Consumption — 2.15mA
1.6mA @ 80kHz

1.05 mA left for Sensor and other miscellaneous circuitry

DNZSDIjﬂi
2.5V/6.2mA 5V/3.1mA
ADP2105
T pg
DC-DC $
g Converter @
%7 LOOP
0.01uF POWER
Sensor ADUC706x ’
ADC 4
ko 3
1000pH _
SPI G
MCU |-t—» N
L
45 [ it
DEVICES

X ORI R s I 2R ADUCT7060. 43 20mA K IL 2L FrADA21 UL e s it
ADP21055Z Iy ] i A4t v 1) e 326 2 I S A Y. FH HE F]

[l AL H R e A ) — AN EE AR bR S THFE, BN AL S RE SR B [0 1 F v L 20K T-4mA.

ADA217 7 532 15V DCHir . ADP21054 It Hr Hi % I 2 2.5V LA T2 7 f i, A

B e BE S A FH B B IR B = B SV B Y B IR I B A A2 A

%R BV HL S AL H

R A AN RE S I 1 A B H R W B O /MBS 2mA (=10 R s iR 2s . i
KIE LSBT FFHART R I G W, e +/-0.5mA FSK1E %&’ﬁﬁﬂiﬂlﬁl&%%m , I

AT, X, Kk DINMREEIOR MR, IR +/-0.5mASS 5 1H IJIEIE%L M
TR S TR I A 42 2. 7mA.

Here is shown a basic application diagram for a loop powered transmitter using the
ADuC7060 microconverter, AD421 4-20mA transmitter chip and an ADP2105 voltage
regulator.

For loop powered transmitters the key specification is power consumption, the entire
transmitter must consume less than 4mA of current from the loop.

The AD421 produces a regulated 5V DC output, The ADP2105 down-converts this to
2.5V for the digital circuitry, allowing the digital circuitry to consume approx. twice the
current

It would at a 5V supply.

The transmitter must be able to signal a fault condition by setting the loop current to a

Ar(a@rgt[;;@gﬁjggi@jmﬁ‘@]gﬁﬁganmoﬂniatm be further complicated if the transmitter must
also support the HART digital communications protocol, in which case a +/-0.5mA FSK

PG (R S [ |OQ R |GG RGN DI [ GG S R R [N PIG)-J5S S S 1) DU U TS S U Y I SR RO R PG By [ R



Non-Loop Powered Transmitter

Power Consumption not critical
High power sensors
Higher accuracy with calibration
Faster data operations

Local

PowerQ:
Source DC-DC
Converter
L

AVDD

Sensor

ADUC706x
® Il
Il

_ | | iCoupler| o
SPI Isolator
MCU (g

Current
Loop

L F
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Non-Loop powered transmitters have separate cabling for the power supply and the
current loop,

So the entire transmitter is powered from a local supply removing the power
consumption limitation,

These transmitters are typically used where the power consumption canot be reduced
below 4mA,

Such as in applications where high accuracy or high throughput is required or in cases
where the sensor

Element requires a lot of current.
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AD5420 - 16-Bit Current Source DAC

KEY FEATURES

+16-Bit Resolution and
Monotonicity

+lout range
e4mA-20mA, OmA-20mA or
OmA-24mA
¢0.1% Accuracy
e5ppm/C Output Drift
¢Functionality
eReference (10 ppm/C)
eFlexible Serial Digital Interface
eCompliance to 60 V

Applications
¢Industrial Automation
+Process Control
¢PLC

DVee
SELECT Dvee CAP1  CAP2 AVop
0——0

AD5420

CLEAR

LATCH INPUT SHIFT |
ScLK REGISTER et

AND
SDIN CONTROL
Sbo LoGIC

POWER VREE
ON
RESET

DGND*  REFOUT  REFIN AGND

ccccccccccccc

Release
Now Q109

Packages

+ AD5410 — 12Bit version

40-LFCSP
24-TSSOP
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And for locally powered transmitters the AD5420 is a suitable loop driver, it
integrates a 16-bit dac and current loop driver circuitry,

To provide a digital to 4-20mA loop solution.
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Primarily Analog Communication
Digital Communication is also possible

Digital data can be modulated on top of the 4-20mA current
using FSK (Frequency Shift Keying)
HART (Highway Addressable Remote Transducer)

Multivariable T'mitters
Multidrop Networks
FART sanel Inventory Managemnt
Remote Calibration

{200 | 2200
Hz Hz

4 ma - R = Response

HART Communication Foundation, 2002

Time (sec)

fEAZ20mARNEE I, HAEROE 4S8, IF HRRELL A7 A0s.
HARTHU P A5 AL A BEW KIL 2N S (AR IIEAR) -
EIRATLSC R Z Mg, M2 AN ROLGAE — DRIl BT RO,
I Hiew] DLl s ik ds,  SEINs REAS HEFT S B 12 T

HART K FHIAfs v (FSK) 7%, HA1200 Hz# 7”1, 2200 Hz#E /R0,
76K 22 BOI T K% A L A HARTRE
B FH HART I 16 28 R SE I B 71 155 .

On a 4-20mA loop only one parameter can be transmitted and only in one direction,

HART digital communication enables the transmitter to transmit multiple parameters
(multivariable transmitters)

It also allows multidrop networks where multiple transmitters can transmit on a common
loop.

And also allows the transmitter to be controlled from the control room enabling
Remote calibration and diagnostics.

HART uses a FSK scheme with 1200 Hz representing a 1 and 2200 Hz representing a
0.

The great majority of modern transmitters would include HART capability.

ArfaldfetiedertisifgeiaalineaABISHHA digital communication



PRESN wi

Adding HART communication capability

0

5v/3.1mA DNZSDIZ"* See App Note
- AN-534

25v/62mA o [TADP2105

DC-DC
Converter

v

ADuC706x

<—H

LOOP
0.01nF POWER

Sensor

ADC

ke 3
1000pH

SPI

MCU |

UAR

=
J ]

Tx
HART MODEM
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XA HL S Rt AT 3 5E— N ADUC706x. — PNADA2LFIT—ANHAR T il i 2% Sk Sz Ep
HARTIhRE .

YT RIE, HARTWSIfERA Bk AEGIZR LLRrm, R FSKAE =, A5
FSK{E 54 in%]AD421, ADA21 P4 FSKAE 53 A% |,

SFTEM, HART IR I 2 MR B SEELFSKAS 5, IR m buAsum, AR5 Rk B4
Hlw, NI SE I A6 2 5 4 il = 2 R 2 XA o

BE 22 407 n] AN 2 1CAN-534 41 3K 1),

This circuit shows how HART capability can be achieved with an ADuC706x ,an AD421
and a HART modem.

For transmission The HART modem accepts a bit stream from the controller and
converts it into an FSK signal which is

Then applied to the AD421, the AD421 modulates the FSK signal onto the loop.

For reception the modem takes the FSK signal from the loop, converts it into a bit
stream

Which it sends to the controller, implementing half duplex communication between the
transmitter and the control room.

Further details are available in Application Note AN-534.
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PLC Reference Design

AU S 15 E — AN, AR BATRE S 4 PLCH ARt AR K 2% it
X HLAIZS (W45 5 B T M BT ADIS AR 283 7 40 I RAIE

This is the final section of this session where | will introduce our PLC input and output module
reference design,

All ADI components are used in the signal chain and it has been fully built and verified.
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PLC System Level De5|gn.

ANALOG SIGNALS ANALOG INPUT/
OUTPUT MODULE
SFETNDSOR INPUTS ANALOG OUTPUTS

*TC

Vol
GAS oltage Outputs

* 0-5v, 0-10v
¢ +/-5v, +/-10v

Voltage Inputs

Flow, Pressure
50_5\/ 0-10v ) j‘> PLC MODULE
’ BOARD.

e +/-5v, +/-10v
Current Outputs

*0-24ma
Current Inputs «4-20ma
(Communlcatlons)
*0-24ma
*4-20ma
51 Do

AT A N TEIE F A G IE 2 %, N TE @Z%x 90 AR KB\ H

ST F P A Sk 1 RTDAITC I I B - H e émeE EIEH-1IOVI L RS S, BA K4
F20mAR IR E 5.
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The full design consists of 4 input channels and 4 output channels, the input channels
are capable of accepting a wide range of input levels;

low level inputs from RTD and TC, up to +/-10V and also 4-20mA current signals as
shown.

The output channels are capable of outputting voltage signals in the range of +5V up to
+/-10V and 4-20mA signals.
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Analog Input Section Requirements:
4 Independent isolated input channels.
Eacr][ channel needs to be capable of accepting the following
inputs:
0-20 ma, 4-20ma, 0-5V, 0-10V, +/-5V, +/-10V, RTD, TC.
Analog Output Section Requirements:
4 Independent Isolated Output Channels

Each channel needs to be capable of outputting the following
signals:

0-20 ma, 4-20ma, 0-5V, 0-10V, +/-5V, +/-10V.
Total System Accuracy Requirements:
0.05% accuracy for total System.

Gain/Offset Calibration required —i.e. total accuracy needs to
include gain and offsets of analog components.

52 DEVICES

i b ATIR, AT PAE ST B E SRR R R N S S Ve . UEALSS TN RGR
$30.05%, FELFAEE R RS E 0.1%

NAEADC FHEATHE S, HDACA TR EE, X IXESYEHIE L) g7 7 A
G, FEENIE VO TR I AR

As mentioned, a wide variety of input and output signal ranges can be configured on the
design. The System accuracy in voltage mode is 0.05% and in

current mode is 0.1%.

Gain calibration should be performed on the ADC but is not needed for the DAC as
these ranges are tested and programmed in the factory and

guaranteed across temperature.
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ADI Input Module Configuration:
5v +5V
< [—
Isolated
POWER
To Sensor
< and DIGITAL
A\
@ ADUM5401
Voltage Inputs l
0-5v, 0-10v, OUTL
+ESv, +-A0v Inputs AD7793  |¢
Current Inputs
4-20ma, 0-24ma AD8220 10UT2
RTD,TC
. To Sensor
53 umm

XA AN IAE K] . ADCRFIAD7793. SKAEH RN T TV 5 — A F g
, BIEE-A ADCZHRARERE, X2 A M S (K. AD8220 KUK AR HI kit — 2 tiest;
HINE S IF I EICMRR . JEHE R FHHADRO2., f T PRl i, ADUMS401H Skpefit i
VA

This is the block level of the input module section. The AD7793 is used for the ADC.
Update rate is generally not critical for Industrial designs therefore

A Sigma Delta ADC is ideal due to its low noise. High frequency noise is digitally
removed using noise quantization on the chip. An AD8220 instrumentation amplifier is
used to

further improve input signal and achieve high CMRR. An ADRO02 is used for Reference.
For single supply channels an ADUM5401 is used to supply both

power and digital isolation.

Analog Devices Confidential Information

53



ADR445
ADP3339

X A D5422 Open

Detect

louT l _ Current Inputs

RANCE > 4-20ma, 0-24ma

SPI

ADUC7027
ADUM INTERFACE
1401
VOuT Voltage Inputs
RANGE > 0-5v, 0-10v,
SCALE T +/-5v, +/-10v
Short
FAULT Circuit
Detect
ANBLOG
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On the output side the AD5422 is used. The integrated solution provides programmable
current and voltage on the output, as well

as open and short circuit detection. The ADR445 voltage reference can be used in high
performance systems where temperature drift is critical. Otherwise the internal

reference can be used.
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I
I
|

V/1 inputs, Bipolar Supply, high performance.i

| + 24V (Field or

Syst
+-15V ystem)

v
10UT1 -
+5Vl

2 (530 MA)
1
1

qk

1
: 4-20ma,
0-24ma

AD8220

oUTZ Rref Isolated
---------------------------------------- 1 0-5v, 0-10v,
| */-5v, +/-10v

\ Isolated

T T o G30MA) |
i i
1

el

V/1 inputs, Single Supply, lower cost E

+5v

| 4-20ma,

1
1AD8220 0-24ma
1

1
1
ouTr Rref Isolated |

0-5v, 0-10v,
+/-5v, +/-10v

TORX i_ Isolated _____ _ ___________
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T ADCRHE FrA 485 LL A H >k 5 DACFIADCIHEATI0 15 11 IR 3l

HL AR FH 24V K DCHE AL, AR5 12 HL YR B 480 1 — AN 25 TR BV FEL R R — A B B 11 +/-
ASVHLYE, +/-15V Y5 Ay B A e . SV LS R B AR (B BB B e, RISt e R e
F+-15V EL Y5 T P OB P E i A G TS . 5V HLYE T I ADUMB401FE 55, SR )5 A AN Bt
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This is a Block Diagram for the total PLC analog module reference design. It contains
single 5V supply input channels as well as bipolar +/-15v supply input channels. All
output channels are supplied from +/-15v. An ADuC7027 is used for Processing which
can store all the cal codes for the ADC calibration routine and the drivers for
communicating with the DACs and ADCs.

The board accepts a DC voltage power supply of 24V, this is then converted to an
isolated 5V supply and to an isolated +/-15V supply, the +/-15V supplies the output
channels. The 5V supply powers the digital section of the board as well as being
converted to +/-15V for the two bipolar input channels, The 5V supply is isolated with an
ADuM5401 before being applied to the two unipolar input channels. All channels are fully
isolated from each other. The board communicates with a computer over a RS232 link,
this is also isolated using an ADM3261 RS232 isolator.
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