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pSaill oUsi Process Control System (PCS)
4 Ssil JlbiProcess Control System (PCS)
4.1 TestPlantProcess Control System - Part 2 (February 2012) - System Design

Solar Pipe
Mechanical Safety Valve
Controlled Safety Valve
9 v Temperatur Sensor Generator
Pressure Sensor
/ Controlled Valve
Vaporizer Overheater Turbine

P
Air ventilator

Water Pum

Condenser

Water Tank

4.2 Introduction: Installation and putting into operation ofa S7 system

A 57-300 SEIMENS PLC was used to control and monitor the plant. The S7-300 is used
among the world to control any big industries machine system. The PLC is programed by STEP7
computer software, and then you can do an interaction between the PLC and the PC using WinCC
software or any other GUI developed software.

In this part we will programed our PLC using STEP7 and then we will use two ways t
interact with PLC and plant system. Part steps:

e Implement S7-300

*  Program PLC using STEP7

e  Develop WinCC GUI user interface

e System - PLC - Computer Communication

*  Develop of second GUl interface choice (using velleman board)

All rights reserved AECENAR
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pSadl iProcess Control System (P CS)
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Network 4: division network to minimize the real number
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Figure 4.14: module connection MAP
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4.7 Monitoring software
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pSadl dhaiProcess Control System (PCS)

@l compiler ) Lz sisy ¥ 4dlia) 4 ) 5 Python compiler () Jeall a il 5 380 o Uia
Y e Lol Jpand GliSay 51 3 5al g il & LaxxiwxPython & 5

Q\A}mﬂ@ns.‘gus}é Jc.q\_a).d\:‘\_aus ;_\J\_\J\SAEMLAJ:_:
#********************m**ﬂ*****************}f*******M*******H*******M*******M*****************M*******M*************
import wx
import random
import sys

import time

from ctypes import *
import thread

o ok o o o o o o sk o oF o o oF ok ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok o ok ok ok ok o ok ook o ok o ok o o ok ok o ok o ok ok o ok ok o ok ok ok ok ok ok ok ok kol ok ok ok ok ok ok ok ook ok ok ok ok ok ok ok ook ok ok ok ok o ok ok o ok ok ok
# panel frame

wx.SetDefaultPyEncoding("iso-8859-15")
BACKGROUND_IMAGENAME = "TEMO-STPPscreenshot.bmp”

class MyBackgroundPanel(wx.Panel):
def __ init__ (self, parent):
wx.Panel.__init_ (self, parent)
self.bmp = wx.Bitmap(BACKGROUND_IMAGENAME )
self.SetSize(self.bmp.GetSize())
self.Bind (wx.EVT_PAINT, self.on_paint)

def on_paint(self, event = None):
dc = wx.BufferedPaintDC(self, self.bmp)

class MyFrame (wx.Frame):

def __init_ (self, parent = None, title = "TEMO-Stpp Monitoring program"):
self.testUSB = True
self.dll = None
self.USBAdre
self.USBAdrl
self.USBAdr2 =
self.USBOpened = False
self.counterUSBBoards = 3
wx. Frame.__init__ (self, parent, -1, title)
panel = MyBackgroundPanel (self)
LABELSTYLE = wx.BORDER SUNKEN | wx.ST_NO AUTORESIZE |
wx.ALIGN_CENTER_HORIZONTAL

1}
N RO

#Start of pump

self.button_Start Flow Read = wx.Button(panel, -1, "START PUMP",
pos=(650,570))

self.Bind (wx.EVT_BUTTON, self.OpenPumpANDStartRead,
self.button_Start_Flow Read)

#Stop of pump

self.button_Stop Read pump = wx.Button(panel, -1, "STOP PUMP",
pos=(750,570))

self.Bind (wx.EVT_BUTTON, self.StopReadButton, self.button_Stop_Read_pump)
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Monitoring software

# Vapornzerout
self.temp_Vaporizer_out = wx.StaticText(

panel, size = (26, -1), pos = (160, 165), style = LABELSTYLE
)

self.pressure_Vaporizer_out = wx.StaticText(

panel, size = (26, -1), pos = (200, 165), style = LABELSTYLE

)

i~ o=lall LabelStyle 4V 4:US &5 45, Hhal) il
# Overheaterin
# Overhealer out
# SolarPjpe in
# SolarPjpe out

# Layout
self.Fit()

def on_timer(self, event = None):
division = 2

# Vaponzerout
answer = (self.dll.ReadAnalogChannel(3,1))/division
new_value = str(answer)
self.temp_Vaporizer_out.SetlLabel(new_value)
self.temp_Vaporizer_out.Refresh()
new_value = str(random.randint(12, 16))
self.pressure_Vaporizer_out.SetlLabel(new_value)
self.pressure_Vaporizer_out.Refresh()

(0= IS gadll Label ) v o 44 jhall gudiy
# Overheaterin

# Overheater out
# SolarPipe in
# SolarPjpe out

Analog PIN Channel number 4/ _uad e

2ok ok ok ok ok Sk Sk ok ok ok Sk ok kb A 2 o ok ok e ok ok ok ook Sk ok ok Sk ok ok Sk ook Sk S ok ook o o 2 o o ok ok 2 o ok S e ok ok b e o o Sk o o ok o Sk S o Sk e e Sk o S e o S e o Sk o S e o S e e o K
# Run USB System

def OpenUSBBoardThread(self):
self.dll = windll.K8061
i = self.counterUSBBoards
for doit in range(0,i+1):
try:
self.dll.OpenDevice()
self.USBOpened = True
# aebug info
print 'USB Board is now connected!’
#end debug info
except:
txt = 'Please Check USB Board connection'
print txt
return

self.dll.OutputAnalogChannel(3, 8, 255)
#********H********’f*** STOP Buffoﬂ ook ok o ok ok o ok ok ook ok o ok b o ok b Aerkokokok ok ok ok 2k ok ok Sk ok Sk ok ok Sk ok ok Sk Sk e Sk ok e Sk e e Sk e Sk ok e Sk ok e ok e e ok e e Sk e ok e e Sk e S ok e e ok e e o K e S
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pSadl iProcess Control System (P CS)

def StopReadButton(self, event):
self.dll.ClearDigitalChannel(3,1)
print 'Digital Channel Cleared, pump turn off'

#********M*******H*** STARTBuffon o ok ok o ok Sk ok ok Sk o ok Sk ok ook o ok ok Sokeoke Sk ok ok o ok ok Sk o ok Sk Aok 2k S ok ok S o ok ok ok Sk o ok ok S ok Sk o ok Sk S ok Sk o ook Sk o ok Sk o ok Sk ok ok Sk o ok ok o ok ok Ao ok

def OpenPumpANDStartRead(self, event):
wx.MessageBox ("Do you want to open pump and start monitoring?", "start
monitoring", wx.OK |wx.ICON_INFORMATION)

# open the USB board
self.OpenUSBBoardThread ()
time.sleep(0.5)
self.dll.SetDigitalChannel(3,1)
self.timer = wx.Timer()
self.timer.Bind (wx.EVT_TIMER, self.on_timer)
self.timer.Start(1000)

o2k ok o ok ok ok Aok ok ok o ok ok o Sk ok A ok A H r 22k ok o ok ok ok ok ok ok ok o ok ok ook ok Sk okokok Sk ok ok 2k ok ok Sk Sk e ok ok e Sk ok e Sk e Sk o e Sk ok e ok e e ok e S Sk e ok o e Sk e e Sk e K S K S
7 main definiion and loop

def main():
"""Testing
app = wx.PySimpleApp()
f = MyFrame()
f.Center()
f.Show()
app -MainLoop()

=" main__

if __name__ =
main()

# ook ok o ok ok o ok Sk ok ok Sk ok ok Sk ok sk ok Sokoke ok ok Sk o ok Sk o ok Sk o Skeoke S ok ok S o ok Sk ok ok o ok 9k S ok ok ok ok Sk o ok Sk o ok Shok o ok Sk o ok 9k S Skeoke Sk S ok 9k S ok ok ok ok Sk o ok ok S ok Sk o ok S o ok Sk e ok Aok o ok Sk e ok Sk o Shoke S ok ok S o ok S o ok ok o ok
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Lhaall aie uﬂ sNotePad J d); e 95.3\.:; text file < cnl_\_).d\ :\_11:\5 uS.A:\ﬁ PySCripter GALIJJ Sl Y e u\ Ll
. Python ( command line ) ) 34 (e Lebiandi (Say ey (TEMO-STPP.py) Jis .py da: Laisy

d\:mj“sﬁ (11 BJJA\)LJ‘)M\SJ}A\)@_LS\ASQ_LMJ\}E.\QM\uy‘;hmcab}w\a;ﬂ:
_Vaporjzer.j\‘_;cé).;}d\ JA}JA\JL.;J\);UALHA dgmeﬁ.}aavu\as‘%

W 4 St Menitoring - | d’ﬂi

asa b pas U Bl gay

I3 bar|

M ¢ TEMO—St'pp

el 350 T Thas ULlea gali 5

I c T bar el bar

Figure 4.7.11: GUI software

Appendix D J & SulS Py thon - el da i<y

44



Sensors implementationand design
5 Sensors implementation and design

5.1 Temperature sensor:

In TEMO-STPP project We use 8 thermocouple sensors distribute as shown in figure 1. The
thermocouple sensor we use it, is the PTFE Exposed Welded Tip Thermocouples ' type K' which
conform the project's need. The 'K' PTFE thermocouple have a temperature range between 0°C
and 200°C with cable length 3 or5 meter (the datasheet of this sensor can find it in Appendix A).

Figure5.1.1: Temperature sensors distribution for TEMO-Stpp project

Figure5.1.2: Temperature sensor boards
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Temperature sensor:

The thermocouple output voltage is nonlinear with respect to temperature, for this reason
we use a Monolithic Thermocouple Amplifiers AD595 (the datasheet of this sensoryou can find it
in Appendix B) which linearly amplifies the compensated signal.

-IN  -ALM  +ALM V+ COMP VO FB

[1a] [3] [i2] [n] [wo] [o] [#]

OVERLOAD
ADS594/AD595 !

DETECT

ICE
avv—| POINT

] comp. |-TC
+TC[

[HEH I I I T (R I I T O K

4N +C  +T COM T € V-
Figure5.1.3: AD595 design
To achieve a temperature proportional output of 10 mV/°C and accurately compensate for
the reference junction over the rated operating range of the circuit, the AD595 is gain trimmed to
match the transfer characteristic of K type thermocouples at 25°C. For a type K output in this
temperature range the TC is 4044 mV/°C. The resulting gain for the AD595 is 247.3 (10 mV/°C
divided by 40.44 mV/°C). In addition, an absolute accuracy trim induces an input offset to the
output amplifier characteristic of 11 mV. This offset arises because the AD595 is trimmed for a 250

mV output while applying a 25°C thermocouple input.

The thermocouple sensor should be connecting to the AD595 amplifier as figure 3.

CONSTANTAN 5V
(ALUMEL) | 10mVi=C
I'.-t'l | i) [Fl [ ] RT

OVERLOAD

ADES4/

N
ICE
1 i
R 1 |_l| T
pctrovey | T T‘
T COMMON

Figure5.1.4: sensor-Amplifier connection
The output pin give you a linear voltage (AD59 output) with respect to the input voltage
(Type Kvoltage) is shown by the following equition:
AD595 output = (Type K Voltage + 11 pV) x 247.3

Type K voltage = (AD595 outputi247.3) — 11 pl’
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Sensors implementationand design

When the connection is done well you can do a testing for the sensor. For example, If you

use an input voltage Vin=5V in a 25°C the output voltage should be as the table bellow:

Table 1: Vout with respect to the temperature for 25°C

Thermocouple  Type K AD395 Thermocouple  Type K AD395
Temperature Voltage Output Temperature Voltage Output
°C mV mV °C mV mV
-200 —-5.891 -1454 100 4.095 1015
—180 -5.550 -1370 120 4.019 1219
—160 -5.141 -1269 140 5.733 1420
—140 —4.669 -1152 160 6.539 1620
-120 —4.138 -1021 180 7.338 1817
—100 -3.553 -876 200 8.137 2015
-850 —2.920 -719 220 8.038 2213
—60 -2,243 -552 240 0.745 2413
—40 -1.527 -375 260 10.560 2614
=20 =777 -189 280 11.381 2817
-10 -.392 -04 300 12.207 3022
] 0 2.7 320 13.039 3227
10 397 101 340 13.874 3434
20 798 200 360 14712 3641
25 1.000 250 380 15.552 3840
30 1.203 300 400 16.395 4057
40 1.611 401 420 17.241 4206
50 2,022 503 440 18.088 4476
60 2.436 605 460 18.938 4686
80 3.266 810 480 19.788 4896

Temperature sensor board design:

The amplifier board may design manually or may be print on PCB. The layout designof
the PCB circuit is designed using ARES Proteus PCB Layout Design. The figure bellow show the
lay out design.

U-IN oUT T
1

L L
TEMP -s&nsar TEMP -sernsor
Ampl i Fiar Arap | F e

Figure5.1.5: Layout Figure5.1.6: ARES Design Figure5.1.7: 3D view
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6.1 Test1 (8 May 2013)

Precondition

Test activity

Test 1(8 May 2013)

Expected

postcondition

w,biTest reports 6

P ostcondition

Test ok/Test
failed

Pipes without water | Filling all pipes | P7:4 bar P7:1,5 bar Failed
with water No leaking Pipes and failed
water overheater were
leaking water
08 - 05 - 2013
Closed
- Bl

W Closed
A et

Open in this way

S
=P

3

water cycle way
L

<

e

As we see, anew action should be taken after this failed test to solve the problemoccured

Action situation

delay time Penalty cost

Solving leaking water problem on | Dore with
3 hours No penalty cost
the pipe success
Solving leaki t bl
olving leaking water problem on 3 days 508 On pregress
the overheater system
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Test re ports— ks

6.2 Test2 (1 July2013)

Expected Test ok /
Test activity P ostcondition

postcondition Test failed

No leaking water No leaking water Success
No leaking Steam Leaking steam by temp. sensors Failed
Ignite fire on the
vaporizer for a No leaking smoke Leaking smoke fromvaporizer and Failed
heaf of hours overheater
Valve open and Valve open but is crashing because Success with
producing steam of high temperature problem
Smoke
T 01-07-2013
Closed
Closed
e

Open in this way

3

Steam

Steam

As we see, anew action should be taken after this failed test to solve the problemoccured

Action delay time Penalty cost situation
Solving leaki t bl
olving leaking steam problem on 3 hours 208 On progress
sensors
Solving leaki ke probl D ith
olving e‘ ing smoke problem on 5 weeks 5008 one wi
the vaporizer and overheater success
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Test 2 (1 July 2013)
Literature / g>1,dl 7

[Mourad et. al. 2010] 24 TEMO-STPP report, 2nd edition, April 2010,
http://aecenar.com/download/doc_download/13-temo-stpp-report-2

Gourche et. al., Siemens S7-300 I Jax, Karlsruhe/Ras Nhache, July 2010
(http://www.aecenar.com/download/doc_download/25-siemens-s7-300-)

Karl Strauss, “Kraftwerkstechnik”
Zahornsky, “Energietechnik”
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ésk Appendix
Appendix @l 8

Appendix A: Programming with STEP7' / STEP7w 40,4/ 8.1
) g yal) Ay il

Gourche et al, Siemens S7-300 ! s, Karlsruhe/Ras Nhache, July 2010
(http://www.aecenar.com/download/doc_download/25-sieme ns-s7-300--)

8.1.1 The communication interface

MPI-USB- interface for S7-300

The multipoint interface (MPI) is a proprietary interface of SIMATIC S7 controller from
Siemens and is used for the connection of programming devices (PGs) to the automation device.
The PC-MPI adapter converts the data from the RS232 or USB Schnittstelledes PC to the MPI bus
(RS485 level). The transmission speed of seriellerSchnittstelle is 19.6 kbaud. The MPI interface
operates with 187.5 Kbit / s The MPI adapter has a connection cable that is plugged directly into
the CPU connectorof the PLC. The power supply receives the MPI adapter from the CPU via the
MPIcable. The configuration of the MPI interface of the program supplied with STEP 7.

Setting the PG-PC interface. This is the COM port (USB) set the serial port, registered
transfer speeds and defines the MPI address of the PC. The PC is assigned the MPI address 0.

See appendix of 31 project report MPI-USB BUS for S7_300/400

With "real"PLC (no simulator): Setting the PG / PC interface

A started simulator makes working with a real PLC impossible. He has to be stopped in
communication priority and mustif you want to work with a PLC. An AG is always addressed
over that interface, which has been so well set for a project in the Simatic Manager globally for
the entire program package, globally. - If the status bar is displayed in the SIMATIC Manager,
the interface is displayed permanently.

Is selected on the interface:

e Simatic Manager --> Extras -->P G/P C-Schnittstelle einstellen... (Step1l)

! From Mohamed Gourche, De velopment environment and elements of the Process Control System for the

TEMO-STPP test rig De velopment of a Process Control System for a STPP Test Stand, www.aecenar.com
b Al A8l Jaadily

Gourche et al, Siemens S7-300 ! Jax , Karlsruhe /Ras Nhache, July 2010
(http://www.aecenar.com/download/doc_download/25-sieme ns-s7-300-)
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o 4wl STEP7 / Appendix A: Programming with STEP7

See appendix of 34 project report
pp proj po Stepl

The mark in this dialog is only very weakly visible. If the desired interface is not found in
the list, the button must be "Interfaces -> Add / Remove > Select .." be pressed to open a dialog
that can be installed in the interfaces (Step2).

Here is chosen as an example of the "PC Adapter" in the variant "MPI". This is when one

does not have a PG, which has built an RS485 interface, be the first path that one chooses for a
communication with a PLC.

See appendix of 34 project report

Step2 Step3

A PC adapter has two sides, so to speak, the PC side and the PLC side. On the PC side, it
is possible the RS-232C interface to use (in this case must be taken on the data rate!) Or to use the

more modern adapter's USB port, as shown here.

On the PLC side is through the pre-selection in the first dialog the MPI interface has
been defined (there are also "auto" for communication via Profibus). This generally works at a data
rate of 187.5 kbit / s This setting should be checked for safety's sake, just because modern CPUs
support a higher data rate. - And especially do not let them impress the serial adapter that also has
a datarate mustbe set on the PC side! These have nothing to do with each other and each refer to
only one side of communcation. Between these pages (Step4) provides the adapter, both in terms

of level adaptation as well as in terms of data rate.

See appendix of 34 project report
ppe proj po Step4
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dale Appendix

8.2 Appendix B: thermocouples sensor datasheet:

Q} Farnell

elementiu

TEMPERATURE & PROCESS TECHNOLOGY

B sty PTFE Exposed Welded Tip
Formed in 1971, Labfaciity Thermocouples

specialize in the field of
Temperature and Process

Measurement.

We are the largest UK
manufacturer of both Available in type K &T
temperature sensors and

thermocouple connectors.

! ) + Thermocouple types K& T ¢ Tolerance to [EC 584 Class 1
Quality & Service f )
Fast response, welded exposed junction + Colour code to IEC 584-3
Quality and Service are key 4+ 1,2,38&5metre long PTFE twin twisted ¢ Good mechanical strength and flexibility,
elements in the continued growth cable resistant to oils, acids and other adverse
ot akifacility. + 1/0.2mm conductors fluids o
+ Temperature range —75°C to +250°C + Ideal for test & development applications
Technical support is always freely
. i - 3 .
e T our T/C Length Manufacturing +Ffosw?|ve ng‘a.ni Farnell
Type Part Number tail wire tail wire Order Code
experienced technical sales teams
BTehe Cormpanyihas 1500001 K 1 metres Z2-K-PTFE-TT-1/0.2-1.0-T Green Wh!te 707-6150
K 2 metres Z2-K-PTFE-TT-1/0.2-2.0-T Green White 707-6162
accreditation. K’ 3 metres 72-K-PTFE-TT-1/0.2-3.0-T Green White 163-3481
K’ 5 metres Z2-K-PTFE-TT-1/0.2-5.0-T Green White 163-3482
T 1 metres Z2-T-PTFE-TT-1/0.2-1.0-T Brown White 707-6174
gl 4 2 metres Z2-T-PTFE-TT-1/0.2-2.0-T Brown White 707-6186
T 3 metres Z2-T-PTFE-TT-1/0.2-3.0-T Brown White 163-3483
g 4 5 metres Z2-T-PTFE-TT-1/0.2-5.0-T Brown White 163-3484
K’ 1 metres Z2-K-PTFE-TT-1/0.2-1.0-Txs Green White  859-8223 (packof 5)
K’ 2 metres Z2-K-PTFE-TT-1/0.2-2.0-Tx5 Green White  859-8150 (pack of 5)
Contact Details o 8 1 metres Z2-T-PTFE-TT-1/0.2-1.0-Txs Brown White  859-8231 (pack of 5)
T 2 metres Z2-T-PTFE-TT-1/0.2-2.0-Tx5 Brown White  859-8169 (pack of 5)
Email
sales@labfacility.com
e
Website :
www.labfacility.com ;
sec08000
FARD03/0313. PTFE Exposed Welded Tip Thermocouples Iﬁw
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Monolithic Thermocouple Amplifiers
with Cold Junction Compensation

AD394/AD393

FEATURES
Pretrimmed for Type J (AD594) or

Type K (AD595) Thermocouples
Can Be Used with Type T Thermocouple Inputs
Low Impedance Voltage Output: 10 mV/°C
Built-In Ice Point Compensation
Wide Power Supply Range: +5V to £15V
Low Power: <1 mW typical
Thermaocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Setpoint Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential Input
Side-Brazed DIP or Low Cost Cerdip

PRODUCT DESCRIPTION

The AD594/AD595 is a complete instrumentation amplifier and
thermocouple cold junction compensator on a monolithic chip.
It combines an ice point reference with a precalibrated amplifier
to produce a high level (10 mV/°C) output directly from a ther-
mocouple signal. Pin-strapping options allow it to be used as a
linear amplifier-compensator or as a switched output setpoint
controller using either fixed or remote setpoint control. It can
be used to amplify its compensation voltage directly, thereby
converting it to a stand-alone Celsius transducer with a low
impedance voltage output.

The AD594/AD595 includes a thermocouple failure alarm that
indicates if one or both thermocouple leads become open. The
alarm output has a flexible format which includes TTL drive
capability.

The AD594/AD595 can be powered from a single ended supply
(including +5 V) and by including a negative supply, tempera-
tures below (0°C can be measured. To minimize self-heating, an
unloaded AD594/AD595 will typically operate with a total sup-
ply current 160 pA, but is also capable of delivering in excess of
+5 mA to a load.

The AD594 is precalibrated by laser wafer trimming to match
the characteristic of type ] (iron-constantan) thermocouples and
the AD595 is laser trimmed for type K (chromel-alumel) inputs.
The temperature transducer voltages and gain control resistors

REV.C
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FUNCTIONAL BLOCK DIAGRAM

-IN -ALM +ALM V+ COMP VO FB

[a] [3s] T[] T[] [fe] [s] [®]

I OVERLOAD
AD594/AD595

DETECT

" e
: A—] POINT
comp. |=TC
+TC[
| ——
| I B O (O I (R N [ T B I i I
+IN +C 4T coM  -T - =

are available at the package pins so that the circuit can be
recalibrated for the thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications.

The AD594/AD595 is available in two performance grades. The
C and the A versions have calibration accuracies of £1°C and
+3°C, respectively. Both are designed to be used from 0°C to
+50°C, and are available in 14-pin, hermetically sealed, side-
brazed ceramic DIPs as well as low cost cerdip packages.

PRODUCT HIGHLIGHTS
1. The AD594/AD595 provides cold junction compensation,
amplification, and an output buffer in a single IC package.

2. Compensation, zero, and scale factor are all precalibrated by
laser wafer trimming (LWT) of each 1C chip.

3. Flexible pinout provides for operation as a setpoint control-
ler or a stand-alone temperature transducer calibrated in
degrees Celsius.

4. Operation at remote application sites is facilitated by low
quiescent current and a wide supply voltage range +5 V to
dual supplies spanning 30 V.

n

. Differential input rejects common-mode noise voltage on the
thermocouple leads.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax:781/326-8703 © Analog Devices, Inc., 1999
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AD594/AD595—-SPECIFICATIONS wessumnisermtan s

Maodel ADso4A ADsw4C ADs9sA ADysasC
Min Typ Max Min Typ Max Min Typ  Max Min Typ Max Units
ABSOLUTE MAXIMUM RATING
+Vy 1o -V 36 36 EL 36 Vaols
Common-Mads Input Valtage -Vg-0.15 +Vg Vg -0.15 +Vy V- 0.15 +Vy -Vs—-0.15 +Vy Vaols
IDhfferennal Input Voltage Vg +Vg Vg +Vg -V +Vy Vs +Vy Vols
Alarm Voliages
+ALM Vs Wi+ 36 | Vs Ve+ 36 [-Vs WVe+36 | Ve “Vi+ 38 | Vohs
-ALM N +Vy Vg +Vs -V +¥e Vs +Vg WVolts
Operating Temperature Range =55 +125 -55 +125 -55 +125 -55 +125 *C
Crurput Short Civowit to Common | Indefinite Indefinite Indefinite Indefinte
TEMPERATURE MEASUREMENT
(Specified Temperature Range
0°C 1o +50°C)
Calibration Error at +25°C! +3 *1 +3 +1 “C
Stability vs. Temperamure® +0.05 +0.025 0.85 +0.025 *CC
Gain Error +1.5 +0.75 *1.5 =0.75 Y
MNominal Transfer Function 10 ] 10 10 mVC
AMPLIFIER CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 247.3 247.3
Inpur Offset Valeage {Temperature in °C) * (Temperature in “C) * (Temperature in “C) * (Temperature in *C) =
51,70 {VISC 5170 WVFC 40.44 |IVPC 10,44 JIVISC W
Inprut Biaz Current 0.1 Q1 0.1 0.1 HA
Dhfferential Input Range -10 +50 -10 +50 -10 +50 mV
Commen-Mode Range Vg -0.15 Ng-4 | Vg-u15 Vg-4 | -Vg-15 Ne-4 | -Ve-0.15 Ny-4 Valts
Commeon-Mode Sensitvity — RTO 10 1% 19 10 mV'V
Power Supply Sensitvity - RTO 10 1% 10 10 mV/'V
(utput Voltage Range
Diual Supply Ve +2.5 +Vs=12 Vs +2.5 +Va -1 “Vs+2.5 +Ve-2 |-Vs+1.5 +Vs=-12 WVales
Single Supply i +Ve=2 ] Va2 i +Wz+2 [0 +Vg-2 WVales
Usable Chatpur Current* +5 +5 +5 5 m&
3 dB Bandwidth 15 15 15 15 EHz
ATARM CHARACTERISTICS
Vepsar at 2 mA 0.3 03 0.3 0.3 WVales
L:al%agr Current +1 +1 +1 +1 PA max
Operating Voltage ar - ALM +Vs=4 +Vg=4 +Vg =4 +Vg=4 WVales
Short Cirenit Current 20 20 20 20 mé&
POWER REQUIREMENTS
Specified Pedformance +V=5,-V;=0 +WVy=35,-Ve=10 +WVy=35,-Ve=10 +Ve=35,-V;=0 WVales
Operating” +Vs 1o Ve <30 +Vs 10 Vs <30 Ve o -Ve <30 +Vzto-Vz <30 WValts
(uiescent Current (Mo Load)
+Vs 160 300 160 300 160 300 la0 300 HA
-V 100 100 100 100 A
PACEKAGE OFTION
TO-116 (D-14) AD5o4AD ADso4CD ADsasSAD ADS95CD
Cerdip (3-14) AD54A0Q ADS4CQ AD5a5A0 ADSe5CE

HOTES

'Calibrated for minimum error at +25°C using a thermocouple sensitivity of 51.7 pV/°C. Since a ] type thermocouple deviates from this straight line approximation, the AD594 will normally
read 3.1 m¥ when the measuring junction iz at 0°C. The ADS95 will similarly read 2.7 mV ar 0°C.
fDe'ﬁn.ed as the slope of the line connecting the ADSATISSS emors measured at 0°C and 50°C ambient emperature.

“Fin & shorted to Pin 9.

4Current Sink Capability in single supply configuration is limited to current dravn to ground through a 50 k0 resistor ar output voltages below 2.5 V.

W, must not exceed —16.5 V.

Specifications shown in boldface are tested on all production unitz at final electrical test. Results from those tests are used to caloulate outgoing quality levels. All min and max specifications

are guaranteed, although only those shown in boldface are tested on all production units.
Specifications subject to change without notice,

INTERPRETING AD594/AD595 OUTPUT VOLTAGES

To achieve a temperature proportional output of 10 mV/°C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the AD594/AD595 is gain trimmed
to match the transfer charactenstic of Jand K type thermocouples
at 25°C. For a type J output in this temperature range the TC is
51.70 pv/°C, while for a type I it is 40.44 UV/°C. The resulting
gain for the AD594 is 193.4 (10 mV/*C divided by 51.7 pV/*C)
and for the ADI595 is 247.3 (10 mV/°C divided by 40.44 pV/~°C).
In addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16 UV for the AD594 and
11 UV for the AD595. This offset arises because the ADS94/
AD3595 is trimmed for a 250 mV output while applying a 25°C
thermocouple input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the

compensated signal, the following transfer functions should be
used to determine the actual output voltages:
ADS594 output = (Type J Voltage + 16 U) x 193.4
AD595 outpur = (Type K Voltage + 11 p17) = 247.3 or conversely:
Type J voltage = (AD3594 output/193.4) — 16 UV
Type K woltage = (AD395 output/247.3) — 11 pV”
Table I lists the ideal AD594/AD595 output voltages as a func-
tion of Celsius temperature for type J and K ANSI standard
thermocouples, with the package and reference junction at
25°C. As is normally the case, these outputs are subject to cali-
bration, gain and temperature sensitivity errors. Output values
for intermediate temperatures can be interpolated, or calculated
using the output equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius. Due to a slight variation
in alloy content between ANSI type ] and DIN FE-CUNI
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Table I. Output Voltage vs, Thermocouple Temperature (Ambient +25°C, Vg = -5 V, +15 V)
Thermocouple Type] ADs94 Type K ADso9s Thermocouple Type ] ADsoeg Type K ADs9s
Temperature Yoleage Output Yoleage Output Temperature Volrage Output Voltage Oueput
G mY¥ mV mY¥ mY “C mY¥ mY mV mY

—200 -7.890 -1523 -5.891 —1454 500 27.5388 5300 20.640 5107
-1a0 -7.402 -1428 -5.550 -15370 520 28511 5517 21.493 5318
—160 —6.821 -1316 -5.141 —1269 540 29.642 5736 22.346 5520
=140 —6.159 -1188 —4.6609 -1152 560 30.782 5956 23198 5740
—120 —5.426 —1046 —4.138 -1021 580 31.933 a17o 24.050 5950
—100 —4.632 —893 —3.553 —a7é 600 33,006 6404 24,902 6161
—&0 -3.785 —729 -2.920 -T19 620 34.273 6632 25,751 6371
&0 —-2.892 -556 —2.243 —552 640 35.464 G862 26.599 6581
—40 —L.9460 -376 -1.527 —375 GE0 36.6T1 7095 27.445 6790
-20 —995 -18% 777 —189 G20 37.803 7332 28.288 6998
=10 =501 =94 -392 94 700 39.130 7571 29.128 7206
(1] () a1l [u] 2.7 T2 40,382 7813 29,965 T413
10 507 101 207 101 T40 41.647 a0se 30,799 7619
20 Lol9 200 708 200 750 42.283 al8l 31214 7722
25 1277 250 L.000 250 T&0 - - 3L.629 7825
30 1536 300 1.203 300 TR0 - - 32.455 8029
40 2.058 401 Lall 401 &00 - - 33.277 8232
50 2585 50% 2.022 503 820 - - 34.005 8434
a0 3115 606 2456 605 840 - - 34.900 8636
an 4.186 al13 3.266 &10 860 - - 35.718 8836
100 5.268 1022 4.005 1015 880 - - 36.524 Q035
120 6.350 1233 4.919 1219 ano - - 37.325 0233
140 7.457 1445 5.733 1420 920 - - 38122 9430
160 8.560 1659 6.530 1620 940 - - 38.915 Q626
120 0,667 1873 7.338 1817 960 - - 30,703 821
200 10,777 2087 8.1537 2015 920 - - 40.488 10015
20 11.887 2302 8.938 2213 1000 - - 41.269 10209
240 12,998 2517 9.745 2413 1020 - - 42.045 10400
260 14.108 2732 10.560 2614 1040 - - 42,817 10591
280 15.217 2046 11.281 2817 1060 - - 43,585 10781
300 16,325 3160 l2.207 3022 1020 - - 44,439 10970
320 17432 3374 13.039 3227 1100 - - 45.108 11158
340 18.537 3588 13.874 3434 1120 - - 45.863 11345
360 19640 3801 14712 2641 1140 - - 46.612 11530
380 20,743 4015 15552 3849 1160 - - 47.356 11714
400 21.846 4128 16.395 4057 1180 - - 48.095 11887
420 22.949 4441 17.241 4266 1200 - - 48,828 12078
440 24.054 4655 18.088 4476 1220 - - 40,555 12258
460 25.161 4869 18,938 4686 1240 - - 50,276 12436
480 26,272 5084 19,788 4306 1250 - - 50,633 12524

thermocouples Table I should not be used in conjunction with
European standard thermocouples. Instead the transfer function
given previously and a DIN thermocouple table should be used.
ANSI type K and DIN NICR-NI thermocouples are composed

CONSTANTAN

(ALUMEL)

X

IRON
(CHROMEL)

Figure 1. Basic Connection, Single Supply Operation

of identical alloys and exhibit similar behavior. The upper tem-
perature limits in Table I are those recommended for type J and
type K thermocouples by the majority of vendors.

REV.C

SINGLE AND DUAL SUPPLY CONNECTIONS

The AD594/AD595 is a completely self-contained thermocouple
conditioner. Using a single +5 V supply the interconnections
shown in Figure 1 will provide a direct output from a type |
thermocouple (AD594) or type K thermocouple (AD595) mea-
suring from 0°C to +300°C,

Any convenient supply voltage from +5 V to +30 V may be
used, with self-heating errors being minimized at lower supply
levels. In the single supply configuration the +5 V supply con-
nects to Pin 11 with the V- connection at Pin 7 strapped to
power and signal common at Pin 4. The thermocouple wire in-
puts connect to Pins 1 and 14 either directly from the measuring
point or through intervening connections of similar thermo-
couple wire type. When the alarm output at Pin 13 is not used it
should be connected to common or —V. The precalibrated feed-
back network at Pin 8 is tied to the output at Pin 9 to provide a
10 mV/°C nominal temperature transfer characteristic.

By using a wider ranging dual supply, as shown in Figure 2, the
AD394/AD595 can be interfaced to thermocouples measuring
both negative and extended positive temperatures.

3
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CONSTANTAN
ALUMEL

+3V TO #30V
-

’

SPAN OF
‘ 5V TO 30V
1
1 IRON

I.ECERE"‘.E!.'-L -

. COMMON

oV TO =25V

Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative tem-
peratures and drive grounded loads or loads returned to positive
voltages. Increasing the positive supply from 5 V1o 15 V ex-
tends the output voltage range well beyond the 750°C
temperature limit recommended for type ] thermocouples
(AD594) and the 1250°C for type K thermocouples (AD505).

Common-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/AD395, with a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that common-mode voltages induced
in the thermocouple loop are not converted to normal mode.

THERMOCOUPLE CONNECTIONS

The isothermal terminating connections of a pair of thermo-
couple wires forms an effective reference junction. This junction
must be kept at the same temperature as the AD594/AD595 for
the internal cold junction compensation to be effective.

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

’
4 CONSTANTAN
(ALUMEL)

IRON
[CHROMEL)

COMMON — T V- Vur v+

Figure 3. PCB Connections

Here the AD594/AD595 package temperature and circuit board
are thermally contacted in the copper printed circuit board
tracks under Pins 1 and 14. The reference junction is now com-
posed of a copper-constantan (or copper-alumel) connection
and copper-iron (or copper-chromel) connection, both of which
are at the same temperature as the AD594/AD595.

The printed circuit board layout shown also provides for place-
ment of optional alarm load resistors, recalibration resistors and
a compensation capacitor to limit bandwidth.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to soldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION

The AD594 behaves like two differential amplifiers. The out-
puts are summed and used to control a high gain amplifier, as
shown in Figure 4.

N -ALM +ALM V+ COMP VO  FB
[1a] [+3] [1a] [a1] [io] [s] [4&]
OVERLOAD
DETECT )
AD5S94/AD595

ICE
| POINT
| COMP. |-TC
+TCT
Ltz a1 [ 5] [el L7l
#N  +C  #T  COM T  —C V-

Figure 4. AD594/AD5395 Block Diagram

In normal operation the main amplifier output, at Pin 9, is con-
nected to the feedback network, at Pin 8. Thermocouple signals
applied to the floating input stage, at Pins 1 and 14, are ampli-
fied by gain G of the differential amplifier and are then further
amplified by gain A in the main amplifier. The output of the
main amplifier is fed back to a second differential stage in an in-
verting connection. The feedback signal is amplified by this
stage and is also applied to the main amplifier input through a
summing circuit. Because of the inversion, the amplifier causes
the feedback to be driven to reduce this difference signal to a
small value. The two differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied to the right-hand differential amplifier will pre-
cisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback network is trim-
med =o that the effective gain to the output, at Pins § and 9, re-
sults in a voltage of 10 mV/°C of thermocouple excitation.

In addition to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/AD595. This signal disturbs the dif-
ferential input so that the amplifier output must adjust to restore
the input to equal the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
s0 that its effect on the main output is also 10 mV/°C. As a
result, the compensation voltage adds to the effect of the ther-
mocouple voltage a signal directly proportional to the difference
between 0°C and the AD594/AD3595 temperature. If the thermo-
couple reference junction is maintained at the AD594/AD595
temperature, the output of the AD594/AD595 will correspond
to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an ice bath.

REV. C
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The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point com-
pensation and recalibrate the AD594/AD595 as described in the
next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor between Pins 5 and 9. External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD594/
AD595 to operate in a switching mode for setpoint operation.

CAUTIONS:

The temperature compensation terminals (+C and —C) at Pins 2
and 6 are provided to supply small calibration currents only. The
AD594/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/AD595 is internally frequency compensated for feed-
back ratios (corresponding to normal signal gain) of 75 or more.
If a lower gain is desired, additional frequency compensation
should be added in the form of a 300 pF capacitor from Pin 10
to the output at Pin 9. As shown in Figure 5 an additional 0.01 yF
capacitor between Pins 10 and 11 is recommended.

AD594/ o (5)—
AD595 © L 3000

Figure 5. Low Gain Frequency Compensation

RECALIBRATION PRINCIPLES AND LIMITATIONS

The ice point compensation network of the AD594/AD595
produces a differential signal which is zero at 0°C and corre-
sponds to the output of an ice referenced thermocouple at the
temperature of the chip. The positive TC output of the circuit is
proportional to Kelvin temperature and appears as a voltage at
+T. It is possible to decrease this signal by loading it with a
resistor from +7T to COM, or increase it with a pull-up resistor
from 4T to the larger positive TC woltage at +C. Note that
adjustments to +T should be made by measuring the voltage which
tracks it at —T. To avoid destabilizing the feedback amplifier the
measuring instrument should be isolated by a few thousand
ohms in series with the lead connected to -T.

AD594/
AD595

Figure 6. Decreased Sensitivity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the nega-
tive input of the feedback amplifier, the -T pin. A current into

REV.C

this terminal can be produced with a resistor between —C and
=T to balance an increase in +T, or a resistor from -T to COM
to offset a decrease in +T.

If the compensation is adjusted substantially to accommodate a
different thermocouple type, its effect on the final output volt-
age will increase or decrease in propoertion. To restore the
nominal output to 10 mV/°C the gain may be adjusted to match
the new compensation and thermocouple input characteristics.
When reducing the compensation the resistance between —T
and COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the nominal
47 Kk} internal feedback resistor can be paralleled or replaced
with an external resistor.

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a reference. It should be noted that inter-
mediate recalibration conditions may require the use of a
negative supply.

EXAMPLE: TYPE E RECALIBRATION—AD594/AD595
Both the AD594 and AD595 can be configured to condition the
output of a type E (chromel-constantan) thermocouple. Tem-
perature characteristics of type E thermocouples differ less from
type ], than from type K, therefore the AD594 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common-mode potential) and connecting FB to VO. The AD59%4
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output VO
is 240 mV. Check the output at VO to verify that it corresponds
to the temperature of the device.

Next, measure the voltage -T at Pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the - T voltage
will be about 8.3 mV. To adjust the compensation of an AD594
to a type E thermocouple a resistor, R1, should be connected
between +T and +C, Pins 2 and 3, to raise the voltage at - T by
the ratio of thermocouple sensitivities. The ratio for converting a
type J device to a type E characteristic is:

r (AD594) =(60.9 WPC)/(51.7T W°C)= 1.18
Thus, multiply the initial voltage measured at -T by r and ex-
perimentally determine the R1 value required to raise —T to that

level. For the example the new —T voltage should be about 9.8 mV.
The resistance value should be approximately 1.8 k€.

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
VO by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between —C and T,
Pins 5 and 6. The target output value in this case should be
about 2583 mV. The resistance value of B2 should be approxi-
mately 240 k0.

Finally, the gain must be recalibrated such that the ourput VO
indicates the device’s temperature once again. Do this by adding
a third resistor, B3, between FB and -T, Pins & and 5. VO should
now be back to the initial 240 mV reading. The resistance value

5
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of R3 should be approximately 280 k1. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

A

R3
Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
AD595 the values for R1, B2, B3 and r will be approximately
650 €2, 84 ke, 93 k2 and 1.51, respectively. Power consump-
tion will increase by about 50% when using the AD595 with
type E inputs.

Note that during this procedure it is crucial to maintain the
AD594/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering iron
must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0°C to +50°C
range between type K and type T thermocouples, the AD595
can be directly used with both types of inputs. Within this ambi-
ent temperature range the AD595 should exhibit no more than
an additional 0.2°C output calibration error when used with
type T inputs. The error arises because the ice point compensa-
tor is trimmed to type K characteristics at 25°C. To calculate
the AD595 output values over the recommended -200°C to
+350°C range for type T thermocouples, simply use the ANSI
thermocouple voltages referred to 0°C and the output equation
given on page 2 for the AD395. Because of the relatively large
nonlinearities associated with type T thermocouples the output
will deviate widely from the nominal 10 mV/°C. However, cold
junction compensation over the rated 0°C to +50°C ambient
will remain accurate.

STABILITY OVER TEMPERATURE

Each AD394/AD595 is tested for error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/AD595 output over
the rated ambient temperature range. Figure & shows an AD504/
ADS505 drift error envelope. The slope of this figure has units
of “C/*C.

DRIFT ERRCR

TEMFPERATURE OF AD394CIADSSSC

Figure 8. Drift Error vs. Temperature

THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to am-
bient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 8§00 LW the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/watt, resulting in a self-
heating error of abour 0.032°C.

SETPOINT CONTROLLER
The AD594/AD595 can readily be connected as a setpoint
controller as shown in Figure 9.

LOW ==>T < SETPOINT
HIGH = = T = SETPOINT

—% SETPOINT
VOLTAGE
INPUT

TEMPERATURE
CONSTANTAN COMPARATOR OUT
|HEATER | (RLUMEL)

|
|
I){:
L LI

IRON
f (CHROMEL)

b o o —
TEMPERATURE 1
CONTROLLED

REGION

20M12
{OPTIONAL)
FOR

HYSTERESIS

Figure 9. Setpoint Controller

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10 mV/C
and compared to an external setpoint voltage applied by the
user to the feedback at Pin 8. Table [ lists the correspondence
between setpoint voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the setpoint
temperature range is within the operating range (-55°C to
+125°C) of the AD394/AD595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10 mV/°C. This is the centi-
grade thermometer configuration as shown in Figure 13.

In operation if the setpoint voltage iz above the voltage corre-
sponding to the temperature being measured the output swings
low to approximately zero volts. Conversely, when the tempera-
ture rises above the setpoint voltage the output switches to
the positive limit of about 4 volts with a +5 V supply. Figure
9 shows the setpoint comparator configuration complete with a
heater element driver circuit being controlled by the AD5%4/
AD595 toggled output. Hysteresis can be introduced by inject-
ing a current into the positive input of the feedback amplifier
when the output is toggled high. With an AD594 about 200 nA
into the +T terminal provides 1°C of hysteresis. When using a
single 5 V supply with an AD3594, a 200 M2 resistor from Vo to
+T will supply the 200 nA of current when the output is forced
high (about 4 V). To widen the hysteresis band decrease the
resistance connected from VO to +T.
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AD394/AD595

ALARM CIRCUIT

In all applications of the AD594/AD5095 the ~ALM connection,
Pin 13, should be constrained so that it is not more positive
than (V+) - 4 V. This can be most easily achieved by connect-
ing Pin 13 to either common at Pin 4 or V- at Pin 7. For most
applications that use the alarm signal, Pin 13 will be grounded
and the signal will be taken from +ALM on Pin 12. A typical
application is shown in Figure 10,

In this configuration the alarm transistor will be off in normal
operation and the 20 k pull up will cause the +ALM output on
Pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the +ALM pin will be driven low. As shown in Fig-
ure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

<+
20k0 S
[ | smEmour o PHOGA
CONSTANTAN TIL GATE
(ALUMEL) So—w
L ofopnodn o oh 5 temwec
OVERLOAD)
. | CETECT
AD594/ -
>( AD595
h C <5
. oy
:Féﬁgomzu ST T [E] [T [ET Ted T
: GND

Figure 10. Using the Alarm to Drive a TTL Gate
(“Grounded’ Emitter Configuration)

Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11.

W+

CONSTANTAN 2700
[ALUMEL) 10mVFC

)
|
IRON

[ N
| COMMON

[ [ N R N R

Figure 11. Alarm Directly Drives LED

A 270 €2 series resistor will limit current in the LED to 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.

REV.C

The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The collector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negative referenced load can be
driven from —ALM as shown in Figure 12.

CONSTANTAN Hov
[ALUMEL)
Lol G G G Gl Cp 10mVirC

IRON
LICHRoNED,
GND
i -
i |
ALARM | ?. 1
RELAY | ! 12y
|
|
Co-__ i

Figure 12. -ALM Driving A Negative Referenced Load

The collector (+ALM) should not be allowed to become more
positive than (V=) 436 V, however, it may be permitted to be
more positive than V+. The emitter voltage (-ALM) should be
constrained so that it does not become more positive than 4
volts below the V+ applied to the circuit.

Additionally, the AD594/AD595 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting —II¥ to common provides an upscale output.

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone Celsius
thermometer as shown in Figure 13.

+5V TO +15V
* QUTPUT
[ w] [ [ [l [e]  [e] 10mYiPC
- IT;CT

AD594/

GND
L < oTo-sv

Figure 13. AD594/AD595 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (Pins 1
and 14) to common. The output now will reflect the compensa-
tion voltage and hence will indicate the AD594/AD395
temperature with a scale factor of 10 mV/*C. In this three termi-
nal, voltage output, temperature sensing mode, the ADXS594/

AD595 will operate over the full military -55°C to +125°C tem-
perature range.
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THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reason-
ably good long-term stability. Because of their small size, they
respond quickly and are good choices where fast response is im-
portant. They function over temperature ranges from cryogenics
to jet-engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal de-
pends on both temperature and composition of the metal, two
pieces of dissimilar metal in isothermal and contact will exhibit
a potential difference that is a repeatable function of tempera-
ture, as shown in Figure 14. The resulting voltage depends on
the temperatures, T1 and T2, in a repeatable way.

/’T\\w

- +
Cu Cu
CONSTANTAN — 7 — — T 7 CONSTANTAN
ikl == K}
~ e
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[ i —— |
ICE POINT
UNKNOWN
TEMPERATURE REFERENCE

Figure 14. Thermocouple Voltage with 0°C Reference

Since the thermocouple is basically a differential rather than
absolute measuring device, a know reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively character-
ized in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

An alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. The reference
junction temperature is allowed to change with the environment
of the measurement system, but it is carefully measured by some
type of absolute thermometer. A measurement of the thermo-
couple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature

and to arrange its output voltage so that it corresponds to a ther-
mocouple referred to 0°C. This voltage is simply added to the
thermocouple voltage and the sum then corresponds to the stan-
dard voltage tabulated for an ice-point referenced thermocouple.
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Figure 15. Substitution of Measured Reference
Temperature for lce Point Reference

The temperature sensitivity of silicon integrated circuit transis-
tors is quite predictable and repeatable. This sensitivity is
exploited in the AD594/AD595 to produce a temperature re-
lated voltage to compensate the reference of “cold” junction of a
thermocouple as shown in Figure 16.

CONSTANTAN

Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction™ by connect-
ing directly to the circuit wiring, So long as these connections
and the compensation are at the same temperature no error will
result.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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