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1 Introduction

The milliK precision thermometer provides a comgleteasurement and control interface for
users wishing to make high accuracy temperaturesanements or calibrate thermometers. It
supports a wide range of thermometer types incu@dlm SPRTs, 100 PRTs, thermistors,
thermocouples and 4-20mA transmitters (self-powearadiloop-powered) and can control
Isotech temperature sources, sequencing throughgagmmable list of temperature set

points whilst logging data to internal memory dd@B drive.

The milliK sets new measurement standards in #sxc(<t5ppm for SPRTS/PRTSs, <+2uV

for thermocouples, <t50ppm for thermistors and 81% for current transmitters). The
Windows™ CE operating system provides a simpleiatuitive user interface and with a
wide range of interfaces (USB, RS232, ethernebwallthe user to access the comprehensive
features of the milliK. A USB keyboard and mouse ba plugged into the milliK to make
control and data entry with the milliK as simpleussng a laptop PC.

1.1 Unpacking

Your product should comprise the following items:

milliK Precision Thermometer

power supply with interchangeable plug heads
two Lemo 6-pin connectors

null modem RS232 cable

this user manual

If any item is missing or damaged, please repastithmediately to your supplier. If
possible, we recommend that you retain the packamiaterial in case you need to return the

instrument for calibration or service.
1.2 Safety

The milliK is a precision instrument, designed ise in a laboratory or light industrial
environment. It complies with the requirementsafesy standard EN61010-1 (2001) and is
therefore safe to use in laboratory or light indakenvironments. It is not intended for use

outdoors or in extreme environments (refer to dpation in Section 9).
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The milliK is likely to be connected to thermomesensors in use and the user should take
care to ensure that the complete system is safexample, metal sheathed thermometers
may be connected to the milliK and then placedfuwraace powered from a 230V electrical
supply. Single fault conditions in such a furnaoald lead to the thermometer wires and the
front terminals of the milliK, to which they aremmmected, becoming electrically live and
therefore a hazard to the user. Suitable precautbauld be taken, such as using an isolating
transformer in the supply to such a furnace. If y@quire further advice on safety issues,
please contact Isothermal Technology or one ofappointed distributors - we have

extensive experience of thermometry and can proatitiice and equipment to help you.

Retain these instructions. Use only as specifidgtiése operating instructions or the intrinsic

protection may be impaired.
Please observe the following safety precautions:

Do not use your milliK if it is damaged
Only connect the power supply to an electrical $pppat conforms to the
specification given on its rating plate
This equipment is for indoor use within an ambiemperature range of 0°C to 40°C
with maximum relative humidity of 95%
This equipment is for use in moderate climates .ONBVER use the equipment in
damp or wet conditions
Avoid excessive heat, humidity, dust & vibration
Do not place liquid filled containers on the equegh
Do not use where the equipment (or any associategsaories) may be subjected to
dripping or splashing liquids
Ensure all cables and wires are routed safely éadavipping: also, to avoid sharp
bends and pinches
Clean only with a damp cloth. Do not wet or allowisture to penetrate the
equipment. Do not use solvents; see section @dtails of cleaning procedure
The product should be subjected to regular in-seriispections as required by local
regulations; a yearly interval is suggested
Do not apply earth test currents to any terminalsta the shrouds of the USB,
RS232, or ethernet connectors
The product is designed to comply with EN 61010:d ean be flash tested. It is
fitted with radio frequency interference suppressdherefore, it is recommended
that only a D.C. test be performed. PerformingHleests repeatedly can damage
insulation
This equipment contains no user-serviceable pRagter all repairs to qualified
service personnel. Contact Isothermal Technologynerof our appointed distributors
for details of approved service outlets
The power supply has been approved to the followafgty standards:

UL60950-1, 2¢ Edition: 2007-03-27

CSA C22.2 No. 60950-1-07"2Edition: 2007-03
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EN 60950-1: 2006 including A11
BS EN60950-1: 2006
AS/NZS60950-1: 2003 including amendments 1, 2 and 3
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2 Getting Started
The power supply operates from any standard AGratatsupply (90-264V RMS at 47-
63Hz), so unless your supply is unusual you camplgironnect the power supply to a

suitable electrical outlet.

The power supply is fitted with a standard BS 1BkR&) head but is provided with alternative
heads that cover the majority of electrical sockestsd worldwide. If you need to connect to
an outlet socket that is not supported by the pkeads provided, you should source a suitable
adaptor to suit one of these connector heads. Tigehead can easily be changed by pressing

the head release button on the connector headidmdyst off of the power supply body:

WARNING!

Do NOT insert plug head alone into socket

Head Release Button
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Plug the DC connector from the power supply in®“IBC Power” socket on the rear of the
milliK. Press the on/off button on the front pateeturn on your millik. The milliK will load
the operating system and software (25s) and thstoreeitself to the settings used when it
was de-powered. This manual provides comprehewigiasls on using your milliK. In
addition video tutorials are available on the Ishtevebsite (see video tab at

www.isotech.co.uk/precision-thermometers/instruramstruments/millik-precision-

thermometex

2.1 A Quick Tour of Your milliK

On the front of your milliK you will find two setsf connectors (Lemo 6-pin circular
connectors for SPRTs/PRTs/thermistors and minidhesnocouple connectors) for
channels 1 and 2. On the rear of your milliK youl ¥ind the 4mm sockets for channel 3

(used exclusively for 4-20mA transmitters).

Oon/Off
Button

Colour
LCD

Up/Down/
Left/Right/
Enter key

Channel 1 Channel 2

Feet Lemo Lemo
Connectol Connectao
Context Channel 1 f\:/l?rﬁg?uerlez
Sensitive Miniature Thermocouple
Function Thermocouple Connector
Keys Connector
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Battery
Compartment

. .
Isothermal Technology Limited - i ithi “
Tl aqy — Ni-MH, Alkaline or Lithium ——— m' l
‘; Southpo_n Rrecision Thermometer
y Merseyside
| PR9 9AG

Manufactured in the UK

Serial No:

CH 3. 4-20mA Input

—

4mm L RS232
Sockets for Connector
Channel3 (COM2)
(4-20mA)
RJ45 RS232
Ethernet Connector
Connectao (COM1)
USB Host
Connectao

The milliK is controlled using thH :31 l i (left/right/up/down/enter) key cluster and the
4 function keys located below the display. 'HL’:)] l i keys are used to navigate between
items on the screen and ﬂakey is used to select or toggle the highlighteciit The

function keys select the context sensitive functmplayed above each key. The milliK will

display soft keyboards when required so that afiuiees of the milliK can be accessed using
these keys. You can also connect a keyboard anwjose to the USB port (rear panel) and

use these to control the milliK. The function kégdow the display are mapped to keys F1-
F4 on the keyboard so that you can control thakndbmpletely using a USB keyboard.

The milliK is also equipped with two RS232 portsg$e are completely interchangeable), a
USB 2.0 host port and ethernet port (10/100MBit)jcln are available on the rear panel. The
milliK is primarily for use as a bench-top labomatstandard but can also be powered from 4
x AA cells (Ni-MH, Alkaline or Lithium) if a suitale electrical supply is not available
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(typical rechargeable Ni-MH cells provide > 4 hoaperating life). The battery compartment

is located on the rear panel.

2.2 Driving your milliK

When the milliK is turned on, the opening windowpagrs showing the configuration:

millik, Si0: 17-P1234
software version: 3.0.0
Firrmare wersion: 3.0.0

milisk.anners detected: none

Press the right-hand function key belS&144 to proceed (or connect a USB keyboard or
mouse and press F4 or cli§&nl). The milliK software will then start and you wilke the

main Windows:

Start
Save

“hannel 1 Clear

100.001 02 Q
100,001 5

0y I P o
1000005

780 800 820 840 860 830

MLImeric Instrument

There are four main windows, which can be seleast®dg the function keys below the
display. The software always starts with tBeaph | window selected as shown above.

We will now provide a description of each windowydu wish to perform a particular
function (for example changing the time/date) tiien can find help on this by locating it in
the table of contents at the start of this manodlgoing straight to the relevant section.
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2.2.1 The ‘Graph’ Window

In the| Graph | window you can view a single channel (or the défee between any
channel and Channel 1) in graphical and numerarahf Functions available from within this

window are:

Select which channel (or the difference betweerctwibhannel and channel 1) to
view

Clear the graph

Set the scales for the graph (automatic scalingedola for vertical axis)
Start/stop logging of data to internal or extelfu#bB drive) memory

Use th keys to select from the buttons displayed at dipeof the screen and press &e
key to activate that function (for example, to cleee statistics). To change which channel is
displayed (or to select a difference) use keys to select the right-hand button and
either use thi keys to sequence through the channels or preﬂ; kbg to open a window

containing a list of all the available channelslyrhannels that are enabled (in the ‘Settings

window) appear, so if only one channel is enaliésilhutton has no effect.

2.2.2 The ‘Numeric’ Window

In the window you can view enabled channels in numerimfdogether with

their mean and standard deviations. Channels thatat enabled in theSettings | window

do not appear. You can choose whether to viewgeschannel with a large font or all the
channels with a smaller font using / button. If you choose
to view a single channel then the base units feitiermometer will be displayed at the same

time:

Single Clear Start
Channel | |Statistics Save

Zhannel 1

Skd Diew
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- All Start
“hannel 1
Channels Save
ch |Walue LInits [Mean St Dey
1 0,002 & iz 0,002 85 0.000 15

2 |-0.005 4 ~C |-0.0053 01 0.000 22
2-1 |-0.007 9 ~“C |-0.002 05 0.000 21

Functions available from within this window are:

Select which channel (or the difference betweerclwvibhannel and channel 1) to
view

Select whether to display a single channel orlahnels

Clear the rolling statistics and reset the stasstiounter

Start/stop logging of data to internal or exterfwbB drive) memory

Use thsﬂ Q keys to select from the buttons displayed at dpeof the screen and press the
key to activate that function (for example, toacléhe statistics).

2.2.3 The ‘Settings’ Window

In the ‘Settings’ window you can change the se#tifay each measurement channel.

Channel Channel 1
Status Enabled
Thermormeter Default 4-4Wire PRT
Type FRT
Conversion [ECA07S1 {20087
Fange 46052

Lnits oc
Current 1rmd,
Samples/Reading 1
Readings in Stats 100

MU meric

Use the! i keys to select the setting you wish to changethed use thH :)] keys to
change it to the required value. If a channel isb@ing used, it is best to change its ‘Status’
to “Disabled” as this will then make the measurentigne available to other enabled

channels, which will speed up these measuremehes:Tlype’ field is for information
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purposes only and cannot be changed. Pressilﬂ kkeg when the ‘Thermometer’ setting is

selected opens a window with a list of all thermt@rgein the milliK’s database:

Select Thermometer

Default 3-Wire PRT
Default Thermistor
Default Thermocouple
AuUPt thermocple

Use the! i keys to highlight the required thermometer and sptbm (F4) key to select

it. The GErERYs EErranea (F2/F3) keys below the display provide easy naidgaf a
large number of thermometers has been created.

Press th key when the ‘Samples/Reading’ or ‘Readings insStettings are selected to
open a numeric entry window and specify a values Tirey be quicker than using :5_51

keys to change the value:

100

1][2]3
5 [E

ABE
0

Backspace “

Use theﬂ :)] l i keys to move to a number button and select it ut:tie key. As soon as

you start entering a new number, the original visugeleted. Press t{8Jd (F4) key to apply

the new value.
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The ‘Samples/Reading’ setting is initially set tbut can be increased to a maximum of 100.
This will cause the milliK to take the specifiedmiber of samples for each reading and will

reduce the noise at the expense of slower measotepeed.

2.2.4 The ‘Instrument’ Window

In the ‘Instrument’ window you can access the idilidatabase of thermometers, perform
maintenance tasks (such as backing up, clearingstoring information stored to internal
memory, updating software, calibrating your milljikhange the IP
address/passwords/date/time settings and defineetature profiles you wish to use when

calibrating thermometers with your Isotech tempersource:

2 Edit/Delete Thermaometer

Backup Thermameters
Load Thermometers
Backup Logged Data

Clear Logged Data
Instrument Settings
Restart/\Jpdate Software
Calibration
iZhange Passwards
Set Time,/Date
Setpoint Temperatires

Instrument

Use thcl i keys to select the required function and thenspﬂe@ key to open a new
window to access that function. Some functionspasessword protected, in which case a soft

keyboard will appear and you will be asked to etiterpassword before proceeding:

& password is required o cantinue
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Use the’ Q ! i keys to move to a button and select it usingﬂh@y. Pres to enter

the password. A separate password is providedategirthe calibration of the milliK. Both
passwords are initially set to “1234” but shouldchanged prior to use in order to ensure the
security of measurements made using your millike (section 3.11). A password recovery
process is available if you forget your passwotdage contact Isothermal Technology or its

approved distributor for assistance if requirec (section 3.11.1).

2.3 Battery Operation

The milliK is primarily intended for use as an AGvwered, bench-top instrument and is
supplied with a universal power supply for thisgmse. However, it may also be powered
from batteries (not supplied) so that it can beduskere an AC electrical supply is not

available.

The battery compartment is located on the rearlp&oegain access, squeeze the tabs on the
sides of the battery drawer and slide it out. Thidoy compartment accepts four AA size
cells.

The milliK can use primary (alkaline or lithium)lteor rechargeable (NiMH) cells. Lithium
cells provide the longest battery life (>6 houls)t are expensive and are not rechargeable.
Rechargeable NiMH cells provide good battery I¥et(hours) and being rechargeable offer
low running costs, they are therefore the recomraérslution for users wishing to use the
battery powered option. Alkaline cells can be used they provide limited operating life;
tests have shown that alkaline cells offer halfaperating life of NiMH cells with the same
guoted capacity (mAh) because they have a highpubimpedance during discharge
(leading to a lower output voltage).
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3 Detailed Description by Function

This section describes all the features availabléhe milliK by function. If you wish to learn
how to do something with your milliK use the tablecontents on page 2 onwards to look up

the appropriate section.

3.1 Using a PRT/SPRT with milliK
The milliK can measure the resistance of PRTs & TS3. It can convert measurements
from resistance to temperature units (K, °C orsé}hat you can make precise temperature

measurements or calibrate other thermometers froefesence standard.

The milliK provides two resistance measurement eanghich are optimised for PRTs and
SPRTs:

- 0-115 : optimised for 25.5 SPRTs
- 0-460 : optimised for 100 PRTS

The milliK will measure 25.5 SPRTSs on the 460range, but better measurement
uncertainty is achieved by using the 11&nge. The sense current for both ranges is 1mA
(or 1.428mA).

Connect your PRTs/SPRTSs to either of the Lemo éepoular connectors on the front panel
(see section 4.1 for pin-out and connection detdtssure that the miniature thermocouple
connector for the same channel is unused (sinsednnected in parallel with the Lemo
connector). Isotech can (optionally) supply therretars fitted with a suitable Lemo
connector. Your milliK is supplied with two Lemomeectors for you to use with your own
PRT/SPRT (or thermistor). The part number for tmanector is:

Lemo part number: FGG.1B.306.CLAD62Z

Additional connectors are readily available intéiorzally from Farnell Electronics and can
be ordered via their websievw.farnell.com(Farnell stock code 3817325).

Channels 1 and 2 are not isolated from each dvlkare isolated from Channel 3 and from

the digital interfaces in order to optimise immuyrii external noise sources.
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3.1.1 Configuring milliK to measure a PRT/SPRT

Press th (F3) key to access t window, which opens with the

‘Channel’ parameter selected. Useﬂe@ keys to select the channel that you want to
configure. Then use t!li keys to select each parameter in turn and setltet required
value either by using t.‘ﬂ Q keys to sequence through the options or presla'eﬂ key to
open a new window with all the options listed. pital configuration for an uncalibrated
PRT would be:

Channel Channel 1
Status Enabled
Thermormeter Default 4-4Wire PRT
Type FRT
Conversion [ECA07S1 {20087
Fange 46052

Lnits oc
Current 1rmd,
Samples/Reading 1
Readings in Stats 100

MU meric

‘Range’ would normally be set to 46(0for a 100 PRT and to 115 for a 25.5 SPRT

(see section 3.1). Most PRT/SPRT measurementsade mith a 1mA sense current, but
this can be increased to 1.428mA in order to datexrtne self-heating effect (see section
3.1.2). The ‘Samples/Reading’ setting is the nunadfeiamples averaged together to form a
single reading. Increasing this value will reduoe hoise on the measurements (standard
deviation will reduce as the square root of the benof samples) but also slows down the

update rate.

Higher accuracy measurements can be made usitgatatl PRTs/SPRTs whose resistance-
temperature characteristics have been determirefdré&being used, the thermometer and its
calibration details must be entered into the milikhermometer database (see section 3.9.1).
The thermometer will then appear in the ‘Thermomdits. Use tha Q keys to sequence
through the thermometers or pressg’leey to open a new window with all thermometers
listed:
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Select Thermometer

Default Thermistor
Default Thermocouple
AuUPt thermocple

Lab SPRT 1

Lab SPRT 2

Select the thermometer and set the remaining paeasnia the Settings | window. A
typical configuration for a calibrated SPRT woulet b

Channel Channel 1
Status Enabled
Thermometer Lab SPRT 1
Type FET
Conversion ITS90
Fange 1156
Lnits o
Current 1ma
Samples/Reading 1
Readings in Stats 100
Mumeric Seftings

Once you have configured the milliK to work withytdPRT/SPRT, press either
(F1) or[ NI (F2) keys to view the measurements:

Set Start
Scales Save

°C

“hannel 1

31[] 32[] 33[] 34D 35[] 36[]
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Use the’ Q ! i keys to navigate between and select the on-scraéonis, which select
the channel, clear the graph (‘Graph’ window), ckbe statistics (‘Numeric’ window), set

the scales or start/stop logging of data to a file.

3.1.2 Determining Self-Heating of a PRT/SPRT

The normal sense current used by the milliK for BfSPRTs is ImA. This current causes a
small amount of self-heating in the thermometepifglly 1 to 3mK). Provided that the
thermometer is calibrated and used at the samertduythis leads to negligible uncertainty in

the measurement.

In some special applications the self-heating éffea significant source of measurement
uncertainty and it may be necessary to determi@ammount of self-heating in the
thermometer. This is easily achieved by varyingstiese current and observing the change
in indicated temperature. The milliK provides attga that allows the sense current to be
increased by a factor of 1.42€ §{2 mA), which increases the power dissipated by tofac
of two (since power is proportional to current sgad. The change in indicated reading
caused by this change is then a direct measureddif-heating effect at the normal 1mA
sense current (if the self-heating effect at 1mATisthen the self-heating g2 mAis 2 T

and the difference between the two readings 152 T i.e. T). Subtracting the changeT)

from the value at 1mA gives the resistance wittaot self-heating.

3.1.3 Using 3 or 4 Wire Measurement
The milliK uses a 4-wire connection technique imelate the effect of the cable resistance
from the measurement. This involves supplying #vese current through one pair of wires

and monitoring the voltage developed across the EIBTient with a separate pair of wires:
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Since the current along the voltage sense wireHastively zero, the milliK is able to
measure the resistance of the PRT element withenglaffected by the resistance of the

wires.

In some industrial applications a 3-wire connectiechnique is used in order to reduce the
cost of cabling (important when a large numberRTB and long cable runs are involved,
such as in a petrochemical plant). In this arrareggnthere is a separate current and voltage
sense connection to one side of the PRT elementhewther side has a common

connection:

The milliK measures the voltage developed acrosg-tivire by measuring the voltage
between pins 4 and 6. Provided the wires are alsdme gauge and length (same resistance)
the voltage drop down the I+ wire will be the saseethe milliK can subtract this correction
from the voltage measured between V+ and V- (piaed.6) to determine the voltage across
the PRT element. In this way, the milliK can penfioa 3-wire measurement that is
substantially immune to the resistance of the wifé& common and current leads should be
cut to the same length and connected directlyrie piand 3 and link wires (carrying no
current) should be used to link pins 1 to 2 and @ito 4 in order to minimise uncertainty due

to the limitations of 3-wire measurement (inequediin the wire resistance).

If you wish to make temporary connections to a BWART using intermediate connectors
(typically required for calibrating 3-wire PRTshein you must ensure that the resistance in

the extension connections to the I+ and I- wirdbéssame:
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This can be achieved by using the same gauge agthlef wire for the I+ and I- leads. Use
the lowest resistance wire (that is mechanicalitable) so as to minimise the resistance of
the extension connections and therefore minimigesaror from the imbalance in their

resistance.

3.2 Using a Thermistor with milliK

The milliK can be used with resistance thermomebesed on thermistors. These are
typically NTC (negative temperature coefficientyibes that have well defined
characteristics and can offer accuracies down tok2br less. Compared with PRTs/SPRTSs,
thermistors have a much higher resistance (typicatasured in tens of K, operate over a
more limited temperature range (typically < 150°&¥ highly non-linear but are lower cost
and can be more robust. The non-linear resistamo@drature characteristics make
thermistor sensors very sensitive over a limitedgerature range. Their relatively high
resistance means that 4-wire measurement is notpgstant as with PRTs/SPRTSs (although
the milliK still uses 4-wire measurement). Howeweeir high resistance makes them more
prone to electrical interference, so greater carequired when connecting them to the

milliK, in particular the use of screened cablebighly recommended (see section 4.2).

Unlike PRTs/SPRTS, the resistance-temperature cleaustics vary considerably between
different types of thermistor. There are, therefo@nominal or generic conversion
algorithms. The milliK can be used to monitor tesistance of a thermometer declared to be
a Default Thermistor, but in order to measure tapee, the thermistor and its calibration

details must be entered into the milliK’s thermoenetatabase.

Connect your thermistor to either of the Lemo 6-@ncular connectors on the front panel
using a 2-wire or 4-wire connection arrangemeng &axtion 4.2 for pin-out and connection

details). Ensure that the miniature thermocoupteector for the same channel is unused
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(since it is connected in parallel with the Lemamector). Your milliK is supplied with two

Lemo connectors for you to use with thermistorse part number for this connector is:

Lemo part number: FGG.1B.306.CLAD62Z

Additional connectors are readily available intéiorzally from Farnell Electronics and can
be ordered via their websievw.farnell.com(Farnell stock code 3817325).

Channels 1 and 2 are not isolated from each dplkare isolated from Channel 3 and from

the digital interfaces in order to optimise immuyrii external noise sources.

3.2.1 Configuring milliK to Measure Temperature wit  h a Thermistor

Firstly, the thermistor and its calibration detaiigst be entered into the milliK’'s

thermometer database (see section 3.9.1), the dterrwill then appear in the
‘Thermometer’ list. Press t (F3) key to access t window, which
opens with the ‘Channel’ parameter selected. Usﬂtg keys to select the channel that
you want to configure. Then use !i keys to select each parameter in turn and setlitet
required value either by using tﬂa keys to sequence through the options or pressag th
key to open a new window with all the optionsdistA typical configuration for a

thermistor would be:

The Samples/Reading parameter is the number oflearaperaged together to form a single
reading. Increasing this value will reduce the eas the measurements (standard deviation

will reduce as the square root of the number ofgas) but also slow down the update rate.
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The resistance of a thermistor can be measuredwitmtering any calibration information
by declaring the ‘Thermometer’ as a “Default Thestoi”. This can be useful when

calibrating thermistors against other thermometers:

Once you have configured the milliK to work withurahermistor, press either t{ele1ea
(F1) or[ NI (F2) keys to view the measurements:

Use tha a l i keys to select and activate the on-screen buttoakear the

graph/statistics, set the scales and start/stapriggf data to a file.

3.3 Using a Thermocouple with milliK

The milliK can be used with any thermocouple (aaltbd or uncalibrated) fitted with a
standard miniature thermocouple connector. Conymat thermocouple to either of the
miniature thermocouple connectors on the front pdfesure that the Lemo circular
connector for the same channel is unused (sinsednnected in parallel with the
thermocouple connector). Isotech supply thermoasufitted with standard miniature

thermocouple connectors for direct connection tar yoillik.
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3.3.1 Using Internal Reference Junction Compensatio n

The EMF developed by a thermocouple depends otethperature difference between the
measurement and reference junctions. It is thezefecessary to know the temperature of the
reference junction (the point at which the eleetri@rcuit changes to copper) in order to
calculate the temperature at the measurement gamcthe milliK measures the temperature
of the contacts in the miniature thermocouple catore on the front panel so that these can
be used as the reference junction in the thermdeaystem. In this arrangement there is no
externally accessible reference junction and wiinas make up the thermocouple are
connected to the milliK using a connector madenefsame material as the wire itself. It is

essential that the correct “typed” connector isluséh the thermocouple:

Reference -+
Junction T H——
- Measurement
M+ Junction

\_M_

When using a thermocouple with internal referemce§ion compensation, the ‘Reference’
parameter in theSettings | window should be set to “Internal” (see sectiod\ ).

For greater accuracy, you can use an externalereferjunction whose temperature is
measured with a calibrated thermometer (see seB8t®A) or that is immersed in an ice-point
at 0°C (see section 3.3.3).

3.3.2 Using External Reference Junction Compensatio n

The milliK allows you to measure the temperaturamexternal reference junction using a
thermometer connected to another channel. Thisigel can provide better measurement
uncertainty than using internal reference juncttompensation (see section 3.3.1), provided
that the reference junction and sensing thermonaeéeadequately isothermal and that the

reference junction thermometer is sufficiently aater.
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Channel A Channel B

-+
- - Reference )
,~Cu Junction  _\4+ Junction
-Cu M-
L
Isothermal il V V V
Environment

When using a thermocouple with external referenoetjon compensation, the ‘Reference’
parameter in theSettings | window should be set to the channel used to meaker
reference junction (see section 3.3.4). Also, yduSVW use a copper miniature thermocouple
connector in order to avoid introducing unwantedigohal thermal EMFs. Only channels
configured to measure temperature (i.e. havingrav@wsion defined) appear in the
‘Reference’ parameter list. Thermocouple channelaat appear in the ‘Reference’

parameter list in order to avoid circular dependksc

For greater accuracy, you can immerse the refefj@ncéion in an ice-point at 0°C (see
section 3.3.3).

3.3.3 Using an Ice-Point for the Reference Junction
The best measurement uncertainty is generally eetliby immersing the reference junction
in an ice-point and measuring the EMF it gener@dtegech can provide ice-point reference

systems for this application):

-+
- - Reference Measurement
,Cu Junction 4 Junction
\-M-
-Cu M
Ice Point | \/

When using a thermocouple with the reference jonat an ice point, the ‘Reference’
parameter in theSettings | window should be set to 0°C (see section 3.3.%0 Ajou
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MUST use a copper miniature thermocouple connegtorder to avoid introducing

unwanted additional thermal EMFs.

3.3.4 Configuring milliK to Measure a Thermocouple
The milliK can be used with both calibrated andalificated thermocouples. Press the

(F3) key to access the Settings window, which speith the ‘Channel’ parameter
selected. Use t.”ﬂ a keys to select the channel that you want to usenTuse th! i keys
to select each parameter in turn and set it todbeired value either by using tﬂg keys
to sequence through the options or pressinthey to open a new window with all the
options listed. For an uncalibrated thermocouplera that is not supplied with calibration
data, set ‘Thermometer’ to “Default Thermocouplé}ou want to use temperature units,
select one of the standard conversions for theroqaes. If your thermocouple is supplied
with calibration data (data pairs of polynomial ffimgents), you can create a thermometer
entry in the database (see section 3.9.5) thatthsedata to provide more accurate

conversion of the measured EMF to temperature.

A typical configuration for an uncalibrated (typé thermocouple (using internal reference

junction compensation) would be:

In order to use external reference junction comaems (see section 3.3.2) you must enable
and configure one of the other channels to medsunperature using a PRT/SPRT or
thermistor. This channel will then appear as onghefoptions in the ‘Reference Junction’
parameter. A typical configuration for a type Krm@couple (using external reference

junction compensation by a PRT connected to chanaebuld be:
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The lowest uncertainty can be achieved with a tleeouple by using an ice-point as the
reference junction (see section 3.3.3). A typicadfiguration for a calibrated gold-platinum
thermocouple entered into the database as “AulRthithepl” and using an ice-point reference

would be:

Once you have configured the milliK to work withyyahermocouple, press either the

(F1) or NI (F2) keys to view the measurements:
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Use the’ g ! i keys to select and activate the on-screen buttanish select the
channel, clear the graph (‘Graph’ window), clear $itatistics (‘Numeric’ window), set the

scales and start/stop logging of data to a file.

3.4 Using a 4-20mA Transmitter with milliK

The milliK can be used with 4-20mA temperature s$raiiters by using the 4mm sockets on
the rear of the milliK (designated Channel 3). Teatre 4mm socket is the current sense
input to the milliK, the other 4mm sockets are M\ & +24V supply. Connect the
transmitter between the appropriate 4mm socketsrakpg on whether it is self-powered or

loop-powered (suitable for a 24V loop supply):

T 4-20mA 4-20mA T

Self-Powered Transmitter Loop-Powered Transmitter

The 4-20mA system and 24V supply are isolated footh the measurement system of
Channels 1 and 2 and from the digital interfacesrder to optimise immunity to external

(common-mode) noise sources.
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3.4.1 Configuring milliK to Measure a 4-20mA Transm itter
The milliK can measure the current output from 204aA transmitter, or it can convert this
current to temperature units by defining the cosigr in the milliK’'s thermometer database

(see section 3.9.1).

Press thEXSuerEY (F3) key to access th&ettings | window, which opens with the

‘Channel’ parameter selected. Use H(Q keys to select Channel 3 and then use!tE

keys to select each parameter in turn and setlitetoequired value either by using &a
keys to sequence through the options or by pre$hhrﬂ key to open a new window with all
the options listed. A typical configuration for é20mA transmitter that indicates temperature

would be:

Set the ‘Thermometer’ to “Default 4-20mA” if youguwant to measure the output in mA:

Once you have configured the milliK to work withuat-20mA transmitter, press either the
(F1) or NI (F2) keys to view the measurements:
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Use the’ g ! i keys to select and activate the on-screen buttanish select the
channel, clear the graph/statistics (‘Graph’ winjlaslear the statistics (‘Numeric’ window)

and start/stop logging of data to a file.

3.5 Measuring the Difference Between Two Channels
The milliK can display the difference between ahgmnel and channel 1 (provided that the
units are the same - otherwise the value would éaningless). This feature is available in

both the Graph | or| Numeric | windows where the differential option is listed@ngst the
other single channels on {eE 14 button or in the channels list that open when this

button is selected. If the units for a channelediffom those of channel 1, the differential

option will not be listed.

3.6 Changing Graph Scales
The scales of the graph used to display measureriretitd Graph | window can be set

manually or automatically (adjusts vertical scal@mnsure that all available data is visible).

Press th (F1) key to open t window, use thﬂ E keys to select the

button and press tlﬂz key to open the ‘Set Graph Scales’ window:
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Use the’ Q keys to select the required parameter and thess p)h@ key to open a soft

numeric keypad and change the value/setting:

When the ‘Automatic/Manual’ button is set to “Autatit”, the buttons to change the y-axis
minimum and maximum values are disabled and cammgelected. Change this to “Manual”

in order to access these parameters by selecendtitomatic/Manual’ button and pressing
the key.

3.7 Using Rolling Statistics
The milliK reports the mean and standard deviatibthe most recent readings. The number

of readings in these rolling statistics can barsd¢pendently for each channel in the

window. Press th (F3) key to open this window, use ﬂa keys to

select the required channel and then us!liekeys to select the ‘Readings in Stats’ setting:
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Press th key to open a numeric keypad window and set theired value (between 1 and
1000).

The rolling statistics can be cleared in window. Use th&ll 2 keys to select
the [OEEIgSIENS (] button and then press @@y to clear the statistics:

3.8 Logging Results to a File

The milliK can store results to a file on an ex#fdSB drive (connected to the USB port on
the rear of the instrument) or to internal flashhmoey. Files stored to internal memory can be
transferred to an external USB drive at a latee d&lhe information is stored as comma
separated (CSV) ASCII text, which can be imported applications such as Microsoft
Excel™ for further processing. Start or stop thggiag of data from within th or

windows by using thill &) keys to select tH RN / SR button

and then pressing tlﬂ:key:
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This opens the ‘File Location’ window:

Use the’ g keys to select whether to store the file to exkan internal memory and then
press th (F4) or keys to open a soft keyboard and enter a filen@nakefault filename

generated from the date/time is suggested autoatigjic

© Isothermal Technology Page 35 of 125 923 milligrmaal - issue: 3.00



3.8.1 Transferring Logged Datato a PC

To transfer data logged data to an external US®dn a PC, stop the logging (DO NOT
remove the USB drive while still logging data t@# the data on the drive may then not be
accessible), and transfer the drive to your PC.fil@avill be located in the root directory of

the drive.

To transfer data logged to the milliK’s internalmary to a PC, it must first be transferred to
a USB drive. Plug the USB drive into the USB parttbe rear of the milliK. Press the

(F4) key, use thl i keys to sele and then press t}ﬂz
key. All files in the milliK’s internal memory wilbe transferred to the USB drive in a folder
located at :\milliK\serial_no, where “serial_no”tlee serial number of the milliK. If the files
already exist on the USB drive, a window will opdlowing you to specify whether or not to
overwrite each file (you can specify whether or toobverwrite each individual file or all
files):

If you choose to overwrite files, you will be repd to enter the password (see section 3.11).

The CSV logged data can be imported into Excel™ddgcting ‘Open’ in Excel™, selecting
“Text Files (*.prn; *.txt; *.csv)” under ‘Files ofype’ and navigating to the required file. A
Text Import Wizard will appear; choose “Delimiteds the ‘Original data type’ in the first
window and ensure that “Comma” is selected as étigeoDelimiters’ in the second

window. The data will then be imported sensiblyittie cells of the spreadsheet.

3.8.2 File Format for Logged Data
The first 27 rows of the spreadsheet contain inédgrom about the configuration of the milliK
during logging. Rows 28 onwards contain the elapsed (in seconds) and logged data for

all channels that are enabled:
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3.8.3 Clearing Logged Data from Internal Memory

The internal memory has a capacity of almost 4Gid¢chvis sufficient to allow continuous
logging at the maximum rate for over 30,000 ho@t&%30 days). Clear logged data from the
internal memory (to free capacity or discard dasapressing th{fierncad (F4) key and

using thel i keys to sele(®[ZEI@Nele[e[=ls BLIE!:
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Press th key to clear the memory. The milliK will then diag the number of files you are
about to remove and will ask you to provide thespasd (see section 3.11) in order to

proceed.

3.9 Using the Thermometer Database

The milliK includes a database for thermometers wah to use regularly. You can create,
delete or modify thermometers in the databaserimdtion includes details to identify the
thermometer (manufacture, model and serial numtragk calibration status (re-calibration
date), convert readings to temperature (convetsio® and coefficients, minimum and
maximum operating temperature), whether it uses8Bwire connection (PRTs only) and
what reference junction compensation is used (tbeouples only). Thermometers in the
database will appear in the list of available “Themeter’ types in th window
provided that they are compatible with the selecteghnel. This means that only
thermometers with ‘Type’ set to PRT, Thermocoupl&leermistor will appear for channels

1 and 2 (4-20mA transmitters will only appear foaonel 3).

3.9.1 Creating a New Thermometer Entry

Press th (F4) key, use thl i keys to seleq®ff=EIEN =0 ]| E)
and press trﬂ key. You will then be asked to enter the passvoefdre
continuing. A window will then appear offering tbptions to create, edit or remove a

thermometer:
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Use the! i keys to seled®=EICRNEVYANEINEIE] and press tlﬂ key to open the

‘Thermometer’ window:

Use the! i keys to select each parameter in turn and presﬂ kKes to open a window and

enter a value or select an option. A typical efitryan SPRT would be:
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The list of available ‘Conversion’ options and tBeefficients’ used depends on the

thermometer ‘Type’ selected (PRT, Thermocouple riffigor or 4-20mA):

Thermometer ‘Type’ | Available ‘Conversion’
PRT None

IEC60751 (2008)
Callendar Van Dusen
ITS9C
Thermocouple None

Type B

Type E

Type J

Type K

Type L

Type N

Type R

Type S

Type T

Type Au-Pt

Type P-Pc
Thermistor None
Steinhart-Hart
Polynomia
4-20mA None

Lineal

Select the ‘Conversion’ you wish to use with therthometer, then select ‘Coefficients’ and
press theﬂ key to enter/view/edit calibration coefficientsdfscussion of the various

conversion coefficients and their application fal&

3.9.2 Using a PRT with IEC60751 (2008) Conversion

The variation of resistance with temperature fatipum is well known and predictable. The
characteristics depend on a number of factors detuthe purity of the wire. Higher purity
platinum wire exhibits greater sensitivity (morsistance change per °C), but is more
susceptible to changes caused by contaminatiorcémabccur in use. For this reason
platinum wire with small amounts of intentional ‘poities” (an alloy) is used for many
industrial PRTs to make them more stable in use.mbst common grade of wire offers a
sensitivity for a 100 PRT (Pt100) of 0.385 K at 0°C and has a typical generic
resistance-temperature characteristic that is défin standard IEC60751 (2008). You can
use the generic IEC60751 (2008) conversion with $#®R@t are made with a grade of wire

that meets the requirements of the standard. Thasunement uncertainty will depend on the
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class of thermometer and its temperature and canfraan £0.15°C (Class A Pt100 at 0°C)
to +4.6°C (Class B Pt100 at 850°C).

In the ‘Thermometer’ window use tH keys to select ‘Conversion’ parameter and then use
theH Q keys to select “IEC60751 (2008)”. This standaresute Callendar-Van Dusen
equation to convert resistance to temperature.idw the coefficients used in IEC60751
(2008), select ‘Coefficients’ and press ckey. You cannot change these coefficients, but
you will be able to view the coefficients usedhie tEC60751 (2008) standard:

3.9.3 Using a PRT with Callendar Van Dusen Conversi on

PRTs and SPRTs can be calibrated individually §tesce-temperature characteristics
determined) in order to achieve low uncertainfidsere are two algorithms used to represent
the thermometer’s characteristic (the Callendar Baesen equation and the ITS90
equations). The Callendar Van Dusen equation weslajged first and was used as the
primary conversion algorithm for all PRTs up ud®l90. It is still applicable for PRTs and
SPRT, although better uncertainty can be achieyagsing the ITS90 equations (particularly

important when using higher accuracy SPRTS).

If your thermometer calibration is presented usiadjendar Van Dusen coefficients (a,b,c or
, , ), Use the’ i keys in the ‘Thermometer’ window to select ‘Corsien’ and then use the
H Q keys to select “Callendar Van Dusen”. Use“ keys to select ‘Coefficients’ and

then press th key to open the ‘Callendar Van Dusen Coefficientsidow:
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Use the! i keys to select each parameter in turn and preﬂ kiey to open a soft numeric
keypad and enter the value from the calibratiotifezte. If no coefficient is supplied (not
all coefficients are required), set the value tamz8elect ‘Eqn Form’ and press ekey to
toggle between the a,b,c and, versions of the equation. The milliK will autoncatily

convert the coefficients as you change the equébion selected.

3.9.4 Using a PRT with ITS90 Conversion

In 1990, the International Temperature Scale weised and a new set of equations were
defined for converting the resistance of a PRetogderature. These equations (commonly
referred to as ITS90) comprise a nominal convergliahrepresent the average conversion
characteristic and deviation functions that prowutie adjustment for the characteristics of the
individual thermometer. They are intended for ug Wigh purity platinum and provide a
better fit than can be achieved with the older €&albr Van Dusen equation. The ITS90
eguations are sometimes also used with industRdls? made using the lower sensitivity
0.00385K! wire and can provide a small improvement in uratety compared with the
Callendar-Van Dusen equation.

If your thermometer calibration is presented usifig90 coefficients, use tllai keys in the
‘Thermometer’ window to select ‘Conversion’ andrhese theﬂ Q keys to select “ITS90".
Use thel i keys to select ‘Coefficients’ and then pressﬁkey to open the ‘ITS90

Coefficients’ window:
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Use the! i keys to select each parameter in turn and preﬂ kiey to open a soft numeric
keypad and enter the value from the calibratiotifezte. If no coefficient is supplied (not
all coefficients are required), leave the valuetsetero. If your thermometer is supplied with
a calibration over the range -38.8344°C (merctpje point) to 29.7646°C (gallium melting
point), it should be provided with two coefficierfegsand b). To enter these, useli keys

to select thé t < 0.01C |button and use tall &Y to change this t038.8 < t<29.7C |,

The a and b coefficient can then be entered bdievbttton.

3.9.5 Using a Thermocouple with Calibration Coeffic  ients / Data Pairs

The EMF-temperature characteristics of thermocauate non-linear and the milliK uses
standard algorithms (from IEC584, apart from typgdld-platinum and platinum-
palladium) to convert the measured EMF to a tentpezaThermocouples can be calibrated
individually to achieve better measurement uncetyailThe calibration is presented as
coefficients for a deviation function polynomial@s data pairs. The milliK supports a third-

order polynomial correction and data pairs (lineserpolation between the data pairs).

In the “Thermometer’ window use t&ef keys to select ‘Conversion’ and then uscliB&)
keys to select the required thermocouple type. Nswthe! i keys to select ‘Coefficients’

and press th key to open the ‘Thermometer Coefficients’ window:
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Use the’ Q keys to toggle ‘Deviation / Calibration functiobétween “Coefficients” and
“Data Pairs”. Press tlﬂ key to open a soft keypad and enter the requiatal d

If you are entering Data Pairs, use H(Q keys to select either the ‘Temperature / °C’ or
‘EMF / mV’ boxes at the top of the screen and ptbe key to open a soft keypad and
enter the value. To delete a data point, us!tiekeys to select the point and press the
(F2) key. The “0, 0.000” point is fixed and canbetdeleted:

Do not use the thermocouple outside the temperatmge defined by the data pairs as errors

may be more than those declared in the calibraigotificate.

3.9.6 Using a Thermistor with the Steinhart-Hart Po  lynomial
The resistance-temperature characteristics ofranib®r are highly non-linear (essentially
logarithmic). The Steinhart-Hart equation is comigarsed to convert the measured

resistance to temperature. The three coefficighi,C) used in the equation should be
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specified for the thermometer you are using (tieer® generic characteristic for

thermistors).

Use thel i keys in the “Thermometer’ window to select ‘Corsien’ and then use t.‘H a
keys to select “Steinhart-Hart”. Use '.li keys to select ‘Coefficients’ and then pressﬂle

key to open the ‘Steinhart-Hart Coefficients’ windo

Use thel i keys to select each coefficient in turn and ptlee key to open a soft numeric

keypad and enter the required value.

3.9.7 Using a Thermistor with Polynomial Temperatur e Conversion

The Steinhart-Hart equation uses a third orderrpmtyial with the second order term
missing. Recently, some thermistor suppliers haenhlusing a third order polynomial to

characterise their thermistors with all four coafint present (and non-zero):

%=c0 +C,In(R) +C,[In(R)]* + C{In(R®

The milliK supports this full third order conversioUse the’ i keys in the ‘Thermometer’
window to select ‘Conversion’ and then useH(@ keys to select “Polynomial”’. Use tla

i keys to select ‘Coefficients’ and then pressﬂ'key to open the ‘Polynomial Coefficients

window:
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Use the! i keys to select each coefficient in turn and ptbe key to open a soft numeric

keypad and enter the required value.

3.9.8 Using a 4-20mA Transmitter with Linear Conver  sion
4-20mA transmitters source a current that is lilyedependent on the measured value. A
4mA current indicates the minimum output value 2ActhA indicates the maximum. Current

below 4mA is often used to indicate a fault comuditin the transmitter.

To use linear interpolation of the current and datee the measured temperature, use!the
i keys in the “‘Thermometer’ window to select ‘Corsien’ and then use t.‘H E keys to

select “Linear”. Use thl i keys to select ‘Coefficients’ and then pressakey to open the

‘4-20mA Temperature Linear Conversion’ window:

Use the! i keys to select the temperature at either 4 or 2@ma\press tlﬂ key to open a

soft numeric keypad and enter the required value.
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3.10Updating the Software

Isotech periodically issue updates to the softw@ienprove performance or add new
features. We recommend that you register for updatiéications, Isotech will then send you
an email advising you of updates and new featuse¢bhey become available. To register, go
to http://isotech.info/milliK

The software in your milliK can easily be updatgdotugging a USB drive with the updated
files (MUST be in root directory) into the USB pant the rear of the milliK and selecting the
update software feature. Press (F4) key and use tr'i keys to select

R e eI, you will then be asked to enter the passwordidieoto continue.
The milliK will then display any updates that aceifid on the USB drive and give you the

option to implement the update (before restartirgggoftware).

The software is divided into two parts. The fisstliesignated “software” and provides the
user interface. The second is designated “firmwarel manages the hardware that performs
the measurements. The update software feature fookpdates to both parts and allows you
to install each one individually. The version numbgthe software and firmware are shown

in the opening (Start) window:

3.11Using and Changing Passwords
All features that affect measurements (calibratbmillik, calibration data stored in the
thermometer database) are password protectedctidhna that would lead to loss of data

(clearing data logged to internal memory, ovenngtfiles) are also password protected.

The milliK uses two passwords. The main passwotge] to protect all functions that form
part of the normal user activity (clearing loggedal editing thermometer calibration data).
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A separate calibration password is used to probecmilliK’s calibration. These are both

initially set to “1234”, but should be set to sohiagg more secure before using the milliK.

To change a password press (F4) key, use thl i keys to sele
, and then press tlﬂakey to open the ‘Password Selection’ window:

Use the! i keys to select which password you wish to chamgktlaen press tlﬂ key to

open the ‘Change Password’ window:

Use the! i keys to select each password entry in turn ana phess th key to open a soft
keyboard and enter the value. The ‘New Passwomdl*@onfirm Password’ entries must be

identical (and at least 4 characters long) in otdgaroceed.

3.11.1 Recovering a Lost Password

Passwords are encrypted before being stored imilti&, so it is not possible to recover a

lost password. If a password is lost, you can getgorary password from Isotech that will
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allow you to change the password to a new one. tEhigporary password can only be
generated from a password recovery key generatgduoymilliK (Isotech cannot supply a

universal recovery password).

If you lose your password, go to the Change Passwordow (see section 3.11) and press

the F2 key (not labelled on screen), the milliKlwhilen generate the recovery key:

>

Email this recovery key to Isotech and we will sgod a temporary password to enable you
to change the password to a new value. Entergmgaorary password as the ‘Old Password’
in the ‘Change Password’ window. Once you have ghdrihe password, the temporary

password will no longer work; if you forget yourgsavord again, repeat the above procedure.

3.12 Controlling Temperature Sources with milliK
The milliK can control an Isotech temperature seuohanging the set-point at user defined

intervals whilst monitoring thermometers in ordeiptovide fully automated calibration.

The milliK must be connected to the temperaturecwith an RS232-t0-RS422 converter
cable (these are the yellow cables supplied witih ésotech temperature source). You can
connect to either RS232 port on the milliK, asutcematically discovers any temperature
source on restart and configures that port to hisévtodbus protocol required to control the
temperature source. Restart the milliK (cycle tbevgr or use the “Restart/Update Software”
button in the ‘Instrument’ window) with the leadrowected and the temperature source
powered to establish a connection. The milliK whién add buttons at the bottom of the

‘Settings’ window to allow you to select a temperatprofile:
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The ‘Setpoint Temp’ button allows you to selecemperature profile (or disable this feature
by selecting “None”). Temperature profiles can beEated in the ‘Instrument’ window (see
section 3.12.1). Use t'lai keys to select the ‘Setpoint Temp’ button and $)tlaeﬂ key to

open the ‘Setpoint List’ window:

Use tha i keys to select the required profile or select “Bloto disable sequencing of the
temperature set point, then press{8]i@ (F4) key. If the profile has been configured tatsta
“Immediately” then when you press (F4) key the first set point will be sent to the
temperature source. Otherwise, (if the profile Ib@sn configured to start “On Save”) the first
set point will be sent when you start logging d&¥en a profile has started, the current set

point and duration will be shown in the ‘Setpoitat8s’ box:
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3.12.1  Creating a Temperature Profile
The milliK allows you to define temperature pro§ilend store these in a database. To create

a new profile press t (F4) key, use thl i keys to sele
and then press t}ﬂakey to open the ‘Temperature Profile Menu’ window

(you will need to enter the password to accessaimdow):

Use the! i keys to select whether you wish to create, editedbete a profile and then press

the key to open the ‘Temperature Profile’ window:
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Use tha i H E keys to move between items and then presﬂkney to open a numeric
keyboard window to enter values. Pressﬂheey whilst “Immediate” is selected to toggle
between “Immediate” (profile starts as soon ad8l@(F4) key is pressed when the profile is
selected) and “On Save” (profile starts when yauntdbgging data with the ‘Start Save’
button, see section 3.8). The “Time” is the timival between the last and current set point

change.

To create a fixed set point, make only a singleperature entry.
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4 Connecting Thermometers to milliK

Channels 1 and 2 on the front of the milliK areeinded for connection to either resistance
thermometers (PRTs/SPRTs or thermistors) or theooq@es. Each channel is equipped with
a Lemo 6-pin circular connector (for resistancertimmeters) and a miniature thermocouple
connector. Isotech can supply thermometers fittéld @onnectors suitable for use with your
milliK. In addition, each milliK is supplied with Bemo connectors for you to fit to your own

thermometers. The part number of these Lemo coarseist
FGG.1B.306.CLAD62Z

Additional connectors are readily available intéiorzally from Farnell Electronics and can
be ordered via their websievw.farnell.com(Farnell stock code 3817325).

The pin-out of the Lemo connectors (looking inte thilliK) is:

RESERVED\ I-

RESERVED —

The polarity of the miniature thermocouple connecis generally marked on the plugs fitted

to the thermocouple (the wider pin is the negativenection).

Channel 3 on the rear of the milliK is intended donnection to 4-20mA transmitters and

uses 4mm sockets.

4.1 Connecting PRTs/SPRTs to milliK
Most PRTs/SPRTSs are supplied with a 4-wire connacp as to eliminate the effect of cable
resistance on the measurement (see section 3bBhect the wires as shown (if the cable is

screened, ensure that it is connected to the bbthed_emo connector):
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PRT/SPRT
+tc

If the PRT is supplied with only a 2-wire conneatieonvert from 4-wire to 2-wire

connection as close to the PRT as possible:

P

PRT/SPRT
HC

p

If the PRT is supplied with a 3-wire connectiorg tturrent and common wires should be of
the same resistance (of same length and gaugeoameécted directly to I+ and I- (pins 2
and 3) and a link that carries no current shoulchbde from pin 1 to pin 2 (see section
3.1.3):

PRT/SPRT
+1C,

4.2 Connecting Thermistors to milliK

High accuracy thermistor based thermometers aiealyp supplied with screened 4-wire
cables. The relatively high resistance of thermgstoakes them more susceptible to external
noise, so it is important to connect the cableest(@ provided) to the body of the Lemo

connector.
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Use the same 4-wire connection as is employed RRTs so as to eliminate the effect of

cable resistance on the measurement:

o H THERMISTOR

The relatively high resistance of thermistors maaasthey are used with much lower sense
currents (2pA on milliK) than PRTs/SPRT and thesefffof the cable resistance is much
lower. Thermistors are therefore sometimes suppWéa only 2-wire connections, in which

case they can be connected to the milliK as follows

“CE THERMISTOR

4.3 Connecting Thermocouples to milliK

In order to connect thermocouples to your milliK af suitable miniature thermocouple plug
(conforming to ASTM 1684-05) and connect it to afiehe thermocouple sockets on the
front panel. The plug should be a copper type @tstmade of copper) if using a
thermocouple with an accessible reference jundhahis measured by a separate
thermometer (external compensation) or in an igetf0°C reference junction temperature).
If you wish to use internal reference junction cemgation, fit a thermocouple plug that
matches the thermocouple type (contacts made afaime metal/alloy used in making the

thermocouple), the reference junction is then fatnmside the connector.
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4.4 Connecting 4-20mA Transmitters to milliK
In order to connect a 4-20mA transmitter to youllikii fit 4mm plugs to your transmitter.
The milliK supports both self-powered and loop-poeeetransmitters by providing a 24V

DC supply. Connect the transmitter to the 4mm stsce the rear panel of the milliK using
the required configuration:

W\ 4-20mA 4-20mA T

Self-Powered Transmitter Loop-Powered Transmitter
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5 Calibration
The calibration of your milliK can be checked bybjing standards to the inputs and noting

the indicated readings.

The milliK includes calibration software that allewou to adjust its calibration. The process
involves attaching suitable standards to the inpatsentering the values of these standards,
the calibration software then monitors the measueddes and applies any required
corrections. The calibration data is stored inrdarnal comma-separated variable (CSV) file
that includes the whole calibration history (timegkl stamped) back to its original factory
calibration. The calibration file can be exportecatUSB drive so that it can be read (for
example, by importing it into Microsoft Excel™). &lzalibration software requires you to
enter additional information (such as model/sariahbers of the standards used) in order to

document the calibration history of your milliK.

Typically, a calibration process will involve measig the pre-adjustment calibration of the
milliK, then making any necessary calibration athusnts and finally checking the
calibration after adjustment. The calibration skidog¢ checked or adjusted in a temperature
controlled environment between 19 and 25°C. ThéKnshould be powered up (press the
Start key (F4) in the opening screen to ensurethigameasurement system is initialised and
running) and left to stabilise in the calibratianv@onment for at least 3 hours before

checking or adjusting its calibration.

All of the adjustment is implemented in softwarteefe are no adjustment potentiometers
inside the milliK so as to maximise reliability apbvide adjustment that does not drift with
time or temperature). The milliK provides the follog software adjustments:

Gain adjustment for the 115range

Gain adjustment for the 460range

Gain adjustment for the 500k range

Voltage offset adjustment for Channel 1

Voltage offset adjustment for Channel 2

Gain adjustment for the 115mV range

Gain adjustment for the 30mA (4-20mA input) range
Offset adjustment for the internal reference jumtigensor

The gain adjustments are common to all channelstelTare no zero adjustments for the
resistance ranges since the zero readings aretharedequate (by design) without the need

for any adjustment.
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5.1 Standards Required for Calibration

The following standards are recommended for chegc&imadjusting the calibration:

A 4-terminal short circuit (see section 5.1.1 fetails of how to make one)

A calibrated 100 resistor of suitable quality.

A calibrated 400 resistor of suitable quality

A calibrated 500k resistor of suitable quality

A OmV short-circuit connected to a miniature thecaaple plug (see section 5.1.2 for
details of how to make one)

A 10mA precision current reference, such as thedteDesigns I-REF2. This is used
to calibrate the 4-20mA input, but it can also beduin calibrating the 115mV input
by connecting it to a calibrated 1Qesistor of suitable quality to generate a nominal
100mV calibration signal. A 100mV signal source barused to check and adjust the
voltage measurement system, but since we are ttginglibrate at the <1uV level,
suitable calibration sources are expensive. Sincegyready need a 10mA source to
calibrate the 4-20mA input, using a calibrated I@sistor to generate the signal
offers a reliable and inexpensive solution.

A calibrated 10 resistor for use with the 10mA source to genesigkl®0mV signal

A thermocouple of adequate quality. A type T thecouple is suitable since it has a
high sensitivity near ambient temperatures andaslity available.

All the calibrated resistors used should be eigh@ilkins resistance standard or a high
stability foil resistor such as a hermetically selVishay Z-foil resistor (or the H series for
the 10 resistor). The resistors should be maintainedstable temperature environment
(such as a silicone oil bath) whose temperatuneas to the resistor’s calibration temperature
and that is monitored so that compensation carppkea for its temperature coefficient of
resistance (TCR).

5.1.1 Making a 4-Terminal Short-Circuit

A 4-terminal short circuit is a connection that m@@s as 0 when measured as a 4-terminal
resistance. It can be fabricated using standarderopire by shorting together the current
connections and the voltage connections separaelyhen linking together these two short-

circuits with a single connection:
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It is important that none of the current flowingween I+ and I- flows along the short circuit
between V+ and V-. There should only be a singlk hietween the voltage and current

circuits, as shown.

5.1.2 Making a OmV Source in a Thermocouple Connect or

A OmV source is essentially a piece of copper whet can be connected across the
thermocouples inputs of the milliK. However, yoledeo take care in making this short
circuit in order to avoid creating thermal EMFstthee significant for an instrument as

sensitive as the milliK.

The best method for making a OmV source is to takepper miniature thermocouple plug
and short together the two pins of the connectatts avshort length of copper wire. The
copper wire should remain inside the connector img e as short as possible and go
directly between the two terminals of the conneduteally, the wire used should be high
purity copper, but single stranded copper wirenguh, plated or unfinished) will provide
adequately low thermal EMFs in this arrangemeningJa longer (even just 15mm in length)
piece of normal wire that goes outside the conmdaasing can produce measurable thermal
EMFs.

5.2 Checking the Calibration
The calibration of the milliK can easily be check®dattaching reference standards
(calibrated resistors, voltage source or curreant® to the milliK and measuring their

values. Typically, you would check the following:

0 reading on the 115range
100 reading on the 115range
400 reading on the 460
500k reading on the 500
OmV on the 115mV range
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100mV on the 115mV range

10mA on the 30mA range

A known temperature measured using a thermocounglersernal reference junction
compensation

The measurements should be made independentlytbrcbannels.

5.2.1 PRT/SPRT Resistance Range
Checking the resistance ranges used for PRT/SPREs (and 460 ) involves checking the
values indicated at zero (§ and approximately full-scale (100and 400 ) on both

channels.

The current reversal employed by the milliK elintemthe effect of thermal EMFs and
provides an inherently stable zero for resistaneasurement. There is, therefore, no zero
adjustment for resistance and the zero check isusdd to confirm correct operation of the
milliK.

Apply a 4-terminal short—circuit (see section 5)1dlchannel 1 and set the milliK to read its
resistance on the 1%¥range at 1mA by changing the parameters i window:

Next, press th[NIte (F2) key, clear the statistics and wait for 10Gameements to be
made (when the display shows “Mean of 100”). Thectjration states that the accuracy
across the range should be within +7ppm of rangggiwequates to 0.00080) however this
zero reading should be <+0.000¥0After checking the zero-ohm reading on channel 1,

repeat the measurement on channel 2. There isjustiegnt possible for zero resistance
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readings, so if the zero readings fall outsidelithés you should return your milliK to

Isotech for investigation.

W/
Connect a calibrated (nominally) MJesistor to channel 1 and set the milliK to read i
resistance on the 1Wbrange at 1mA by changing the parameters in thiiffge’ window
(see section 5.2.1.1 for details of settings). Pted e (F2) key, clear the statistics
and wait for 100 measurements to be made (whedispéay shows “Mean of 100”). The
mean value indicated by the milliK should be conegawith the calibrated value of the
resistor (apply a correction to the value of thaster if its temperature coefficient of

resistance is significant). Repeat the procedur€lmamnel 2.

W/
Connect a calibrated (nominally) A80esistor to channel 1 and set the milliK to read i

resistance on the 4@0range at 1mA by changing the parameters in thiifrge’ window:

Press th{XIIA (F2) key, clear the statistics and wait for 10Gameements to be made
(when the display shows “Mean of 100”). The meaneandicated by the milliK should be
compared with the calibrated value of the resiépply a correction to the value of the
resistor if its temperature coefficient of resistaims significant). Repeat the procedure on
Channel 2.

5.2.2 Thermistor Resistance Range (500k W — Span Check
Connect a calibrated (nominally) 500kesistor to channel 1 and set the milliK to retad i

resistance on the 50@krange by changing the parameters in the ‘Settiwgsdow:
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The high resistance used makes the input proniekang up electrical interference, so the
connection to the resistor should ideally use swdeable (see section 4.2). Press the

(F2) key, clear the statistics and wait for 10Gseements to be made (when the
display shows “Mean of 100”). The mean value intidaby the milliK should be compared
with the calibrated value of the resistor (appboarection to the value of the resistor if its
temperature coefficient of resistance is signifitaRepeat the procedure on Channel 2.

5.2.3 Thermocouple Voltage Range — Zero Check
Connect a OmV source (see section 5.1.2 for deitbh®w to make a OmV short-circuit) to
channel 1 and set the milliK to read voltage byngiiag the parameters in the ‘Settings’

window:

Press th{XIA (F2) key, clear the statistics and wait for 10Gameements to be made
(when the display shows “Mean of 100”). The medneandicated by the milliK is the zero

reading for voltage measurement on channel 1. Répe@rocedure on Channel 2.
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5.2.4 Thermocouple Voltage Range — Span Check

Connect a calibrated (nominally) 100mV voltage seuo channel 1 using a copper
miniature thermocouple connector. It is difficudtfind signal generators that have an
adequate specification to check the performandkeomilliK. However, you can create your
own system by connecting a calibrated 10mA cursentce to a 10 4-terminal calibrated

resistor:

Miniature

Thermocouple
Connector \

A%

10R

10mA \L

The connections from the 10resistor to the thermocouple connector shouldniiesty in
copper and should not involve intermediate connmedto avoid thermal EMFs). Set the
milliK to read this voltage by changing the paraengin the ‘Settings’ window (see section

5.2.3 for details of settings).

Press th{\Miiaa (F2) key, clear the statistics and wait for 10Gameements to be made

(when the display shows “Mean of 100”). The meaneandicated by the milliK should be

compared with the calculated value of the appligdage (apply a correction to the value of
the resistor if its temperature coefficient of sé@nce is significant, as is often the case for

low ohmic values such as 1). Repeat the procedure on Channel 2.

5.2.5 4-20mA Transmitter Range — Zero and Span Chec Kk
Set the milliK to read the current on channel bhgnging the parameters in the ‘Settings’

window:
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Press th{XIA (F1) key, select channel 3, clear the statisticbwait for 100
measurements to be made (when the display showari£100”). The mean value

indicated by the milliK is the zero reading for @mt measurements.

Connect a calibrated (nominally) 10mA current seumchannel 3 (rear panel):

T 10mA

Calibrated Current Source

Clear the statistics and wait for 100 measuremierite made. The measurement system is
very low noise, so it is likely that you will seeetreadings dithering between 2 values
separated by the milliK’s current resolution (<Q.BfA). The mean value indicated by the

milliK should be compared with the current sourasgtibrated value.

5.2.6 Reference Junction Compensation Accuracy

Check the accuracy of the internal reference jonatompensation (RJC) system by
connecting a thermocouple to the milliK and measpusa known temperature using internal
RJC mode. Any discrepancy between the measurelravah temperature indicates an error
in the RJC system (or the thermocouple used). Yaouuse any thermocouple type for the

measurement, but we recommend type J thermocoagpldgese have high sensitivity near
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room temperature and are readily available (thentbeouple needs to be fitted with a type J

miniature thermocouple plug).

Connect the thermocouple to channel 1 and set ii& to read °C with internal RJC by

changing the parameters in the ‘Settings’ window:

Press th{XIA (F2) key, clear the statistics and wait for 10Gameements to be made
(when the display shows “Mean of 100”). The meaneandicated by the milliK should be
compared with the known temperature. Any discrepanay be the result of errors in the
RJC system or the thermocouple used. You mightidenssing an ice bath for the “known”
temperature, and this is a reasonable choice. Henvthe error on a type J thermocouple,
even at 20°C might be 5uV (or even higher), whigctr&sponds to a temperature error of
approximately 0.2°C. An alternative approach wdagdo use room temperature as the
“known” temperature and to measure this with abtated PRT connected to the milliK. This
approach has the advantage that the differenceskbatwoom temperature and the reference
junction in the milliK is likely to be very smalk(3°C) so any error resulting from
imperfections in the thermocouple will also be dmébu need to ensure that the
thermocouple is at the same temperature as the P&ilcan create an adequate isothermal
environment using a stainless-steel vacuum fldidfivith silicone oil and agitated with a
small air pump of the type designed to aeratetlisks. Clip the thermocouple to the PRT
such that the junction is near to the sensing ehk¢mmehe PRT (perhaps 1-2cm from the end)

with nylon cable ties and immerse the assemblienail.

Repeat the procedure on Channel 2.
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5.3 Adjusting the Calibration

It is common (good) practice to check the calilmmaf an instrument before making any
adjustment (see section 5.2 for information on khecthe calibration of your milliK). After
adjusting the calibration of your milliK, its catdttion should again be checked and the

values used to generate a report on its post-aagumtcalibration.

The frequency of calibration is for the user tcedetine, but Isotech recommend that you
calibrate your milliK on an annual basis (the speation for the milliK is given in terms of
an initial calibration and additional uncertaintyeo a 1-year period). The values used to
adjust the calibration, together with informatiamtbe standards used and the calibration
conditions are all stored in a comma-separated (Githat can be exported for viewing on

a PC, giving the whole calibration history of tinetrument from its initial factory calibration.

The milliK includes calibration software that allewou to adjust all the calibration
parameters. Adjustment simply requires you to httaterence standards (calibrated
resistors, voltage source, a current source arlorasdd thermocouple) to the milliK and
invoke the calibration features. Typically, a cedition adjustment involves the following:

Adjust 100 reading on the 115range

Adjust 400 reading on the 460

Adjust 500k reading on the 500

Adjust OmV reading on channel 1

Adjust OmV reading on channel 2

Adjusting 100mV reading on the 115mV range

Adjusting 10mA reading on the 30mA range
Adjusting the offset for the reference junction san

5.3.1 Starting the Calibration Adjustment Feature

Press th (F4) key, use tha i keys to select ‘Calibration’ and then press the
key to start the calibration. You will be askecetder the calibration password (see section
3.11) after which the ‘Calibration’ window will appr, use thl i keys to select each
parameter in turn and then press ekey to enter information that allows the calibpatto

be identified. This information is stored in thdiloaation file for information purposes only
and you will not be allowed to proceed without einigg something (at least one character) for

every parameter:
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Press th@®]d (F4) key to proceed to the ‘Calibration Menu’ wiwet0

5.3.2 Adjusting SPRT (115 ) Resistance Range

Connect a calibrated (nominally) MGesistor to channel 1. In the ‘Calibration Menu’
window, use the! i keys to select ‘115 Range’ and then press tlﬂakey to proceed to the
‘115 Calibration Adjustment’ window. Use tr! i keys to select the two required

parameters in turn and press ﬂekey to enter their values:
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Press th (F4) key to start the calibration adjustment. TkiK will then take a number
of readings of the attached resistance standaiylate and then apply an appropriate
adjustment. A progress bar appears showing thasstéthe calibration adjustment:

Once started, the calibration adjustment processatébe aborted.

5.3.3 Adjusting PRT (460 ) Resistance Range

Connect a calibrated (nominally) A@Gesistor to channel 1. In the ‘Calibration Menu’
window, use the! i keys to select ‘460 Range’ and then press tlﬂakey to proceed to the
‘460 Calibration Adjustment’ window and use the samepdure described for calibrating

the 11%range (see section 5.3.2) to adjust this range.

5.3.4 Adjusting Thermistor (500k ) Resistance Range
Connect a calibrated (nominally) 50@kesistor to channel 1. In the ‘Calibration Menu’

window, use the! i keys to select ‘500k Range’ and then press tlﬂakey to proceed to
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the '500k Calibration Adjustment’ window and use the samepdure described for

calibrating the 11%/range (see section 5.3.2) to adjust this range.

5.3.5 Adjusting Zero Voltage Offsets
Connect a OmV short circuit (see section 5.1.2héominiature thermocouple connector for

channel 1. In the ‘Calibration Menu’ window, uset! i keys to select ‘OmV Range’ and
then press th(ﬂ key to proceed to the ‘OmV Calibration Adjustmenthdow. Use thﬂ a

keys toselect channel 1:

Press th{®Q (F4) key to start the calibration adjustment. Ostegted, the calibration

adjustment process cannot be aborted. Repeatdbedure on Channel 2.

5.3.6 Adjusting Voltage Gain
Connect a calibrated (nominally) 200mV signal taramel 1 (see section 5.2.4 for

information on generating a suitable signal). la fGalibration Menu’ window, use thl i
keys to select ‘115mV Range’ and then press&laey to proceed to the ‘115mV
Calibration Adjustment’ window. Use tEH a keys toselect channel 1 and then use le
i keys to select each parameter in turn and presﬂhsey to enter their values. The
‘Standard S/N’ and 'Additional Info.’ fields can lised to record information on the
standard used. If you generate the 100mV using/Mr&8istor with serial number 2791555

and a 10mA current source with serial number 2-NM52- suitable entries would be:
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Press th@®Q (F4) key to start the calibration adjustment. Ostegted, the calibration

adjustment process cannot be aborted.

5.3.7 Adjusting 4-20mA Transmitter Range
Connect a calibrated (nominally) 10mA current seurcthe 4mm sockets designated

channel 3 on the rear of the milliK:

T 10mA

Calibrated Current Source

In the ‘Calibration Menu’ window, use tk! i keys to select ‘4-20mA Range’ and then
press theﬂ key to proceed to the ‘4-20mA Calibration Adjustitievindow. Use th:’ i

keys to select each parameter in turn and presﬂm/ to enter their values:
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Press th@®Q (F4) key to start the calibration adjustment. Ostegted, the calibration

adjustment process cannot be aborted.

5.3.8 Adjusting the RJC Sensor Calibration

Before you can use the RJC calibration adjustnesattfe you must first attach a calibrated
thermocouple to one of the channels and configweeehannel for use with this thermometer
(see section 3.3.4). If you measure the ambienpéeature with a calibrated PRT and use
this as the “known” temperature for the calibrat{eae section 5.2.6 for details), you can
reasonably use a good quality, uncalibrated theoongle (the difference between ambient
temperature and the reference junction will be \&mall, so any error will not be
significant). If you use an uncalibrated thermodeumake sure that you set the

thermocouple ‘Conversion’ to the thermocouple typed:

From the ‘Calibration Menu’ window, use tfli keys to select ‘RJ Sensor’ and then press

the }4 key to proceed to the ‘RJ Sensor Calibration Amipent’ window. Use thH :>] keys
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to select channel 1 and then use li keys to select each parameter in turn and press the

key to enter their values:

Press th{®Q (F4) key to start the calibration adjustment. Ostegted, the calibration

adjustment process cannot be aborted.

5.4 Exporting Calibration information

A calibration file containing the complete caliboat history of the milliK in comma
separated (CSV) form can be exported to a USB dowvegansfer to a PC. The file can be
imported into Excel™ or other suitable applicatidmsviewing. To export the file connect a
USB drive to the USB port on the rear of the miJlio to the ‘Calibration Menu’ window

and press th=4sed (F3) key:

For a milliK with serial number 11-P123, the filélivbe stored to the USB drive at
AmilliK\11-P123\Calibration\CalibrationFile.txt
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6 Maintenance and Cleaning

Your milliK is a precision electronic instrumentéemded for indoor use in a laboratory,
office or light industrial environment. Nonethelegdhas been designed to be as robust as is

practical and will provide many years of servicevided it is properly maintained.

The screen, touch panel and case can be cleaned @amp (not wet) cloth. Use either a
proprietary screen cleaner (suitable for PC flatgbaisplays) or water and a little mild liquid
soap on a lint-free cloth to clean your milliK. Dihye screen and touch panel immediately
after cleaning with a lint-free cloth. Never useasive cleaners (such as ‘cream’ cleaners) or

solvents on your milliK.

Miniature thermocouple plugs are of variable qyadind lower quality versions can cause
wear to the contacts in your milliK. If you feekththe thermocouple sockets on your milliK

are becoming stiff, you can apply a small amourdasftact lubricant (Electrolube CG53A is

suitable: available internationally from FarneleElronics via their websiteww.farnell.com
under Farnell stock code 725602) onto the bladestbérmocouple plug and insert into the

milliK thermocouple sockets several times.
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7 Interfacing to milliK

The milliK is equipped with two RS232 ports andethernet port that allow you to control
its operation remotely. The USB host port can leslue attach devices such as a mouse,
keyboard or keypad to provide alternative meardriofng the milliK using its user

interface. You can attach a USB hub if you wislige more than one USB device.

7.1 Isotech Software

The milliK can be used with Isotech’s “I-Cal Eastitomatic calibration software, which can

be downloaded at:

http://www.isotech.co.uk/downloads

7.2 RS232 Interface

The milliK’'s RS232 interfaces can be used to cdritre milliK, perform calibration and

diagnostic functions and to connect to and corin@ of Isotech’s temperature sources.

You can connect and send commands to either or@Of ports. A typical arrangement
would be to connect a PC to one COM port and cottiminstrument using software running
on that PC. The milliK treats the two COM portsddhe ethernet port and user interface) as
separate input streams so that they do not inten#icteach other. If you were to connect
separate PCs to the two COM ports, measurements byasbftware running on one PC
would not affect measurement made by the otherTR€re is, of course, only one
measurement system that is being shared betwed&rQMethernet ports and the front panel
user interface, so any measurements made by dhes# will slow down measurements
made by any other. Some of the commands (thoselthabt require access to the
thermometer database) will work even if you aregshe front panel interface (though
operation will be slowed for both). However, if yaush to use the COM or ethernet ports to
control the milliK using SCPI commands, we recomdhérat you send the REMote
command (see section 8.6.7) to stop the front patesiface. This will speed up
measurements and enable all SCPI commands to k¢pana requirement that the millik

be in the REMote state for SCPI commands that adbesthermometer database).

You can connect an Isotech temperature sourceheraf the COM port and use the milliK

to control the source and make measurements umeeontrol of the milliK’'s internal
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software. This provides a very effective and singaleomatic calibration system. The milliK
automatically detects when a COM port is connetiesitemperature source allowing the
ports to configure themselves and making the tw@3$orts totally interchangeable (the
user can use either port interchangeably).

The command set uses the SCPI (Standard Commanideoigrammable Instruments)
protocol (see section 8.6.4.2 for details).

7.2.1 Establishing an RS232 Connection

The RS232 connectors are located on the rear ofmoliK (see section 2.1). The

connectors are 9-way (male) D-types configuredasdsrd DTE devices:

R

in ~ Name Functior
CD carrier detect (not connect
RD receive dat
TD  transmit dat
DTR data terminal ready (fixed hic
SC  signal groun
DSR data set ready (not conneci
RTS  request to ser
CTS clearto sen
- not used (not connecte
I FG  frame ground (scree

92
3 OONOORWNE

Connect your milliK to a PC using the null-modem2R3 cable supplied. If you wish to

make your own cable, use the following arrangement:

o ﬁ'SSSSSSSES%
XK K
@) (EO(\I)OOOOI(\))(E

n
>
@
n
>
@

Null-Modem Cable
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The data format for the RS232 interface is as ¥ato

Baud Rat 9,60(

Start Bts 1

Stop Bits 1

Parity Bit  none
You can use Hyperterminal™ (or another terminal laow) to communicate with the milliK
via the RS232 or ethernet connections. Hypertedi¥naas part of the standard Windows™
installation (prior to Windows 7™), usually locatedthe Communications folder. If you
have installed a minimum (laptop) or custom configion (without this component) for your
Windows™ operating system, you may need to inktgflerterminal™ from your original
Windows™ media. For PCs running Windows 7™ or |lageu can copy hyperterminal.exe
and hyperterminel.dll from an old PC installatiaskdonto your PC or search for and

download Hyperterminal™ from the internet.

Start Hyperterminal™ to set up a new connectiompeliy a name for the connection (such as
“milliK on COM1”) and select an icon. In the nextndow, select the PC’'s COM port to
which you have connected your milliK from tB®nnect usinglrop-down list and click OK.

In the next window, enter the data format for thilkis RS232 interface:

Click OK to open a Hyperterminal™ session with thidiK. Now click File|Properties and

select the Settings tab:
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Click “ASCII Setup...” and select the following chebkxes:

Now save the Hyperterminal™ connection (using {S&ve As’) so that in future you only
have to click on its icon to open an RS232 conpeaatiith your milliK.
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Type*IDN? into Hyperterminal™ (terminate the command by gireg the carriage return or

Enter keys), the milliK should then respond witstiang in the form:
Isothermal Technology, milliK,12-P3456,3.0.0

This confirms that you have successfully establishe RS232 connection with your milliK.

7.3 Ethernet Interface

The milliK’'s ethernet interface can be used to oarthe milliK and perform calibration and
diagnostic functions. The milliK treats the etherpert, the two COM ports and the user
interface as separate input streams so that theypdoteract with each other. If you were to
connect separate PCs to the ethernet port andfahe GOM ports, then measurements
made by software running on one PC would not affezasurements made by the other PC.
There is, of course, only one measurement systamdiveing shared between the
ethernet/COM ports and the front panel user inte;fao any measurements made by one of
these will slow down measurements made by any oBwne of the commands (those that
do not require access to the thermometer databalé@ork even if you are using the front
panel interface (though operation will be slowedkoth). However, if you wish to use the
ethernet or COM ports to control the milliK usin@B commands, we recommend that you
send the REMote command (see section 8.6.7) totlséofsont panel interface. This will
speed up measurements and enable all SCPI comnmaredpond (it is a requirement that
the milliK be in the REMote state for SCPI commatids access the thermometer database

to respond).

There are two ways to use the ethernet interfame,can use a remote desktop facility to
control the milliK using the PC’s keyboard and m®@as you can send SCPI commands to
the milliK in the same way as using the RS232 fatars (see section 7.1). The command set
uses the SCPI (Standard Commands for Programmaditeiments) protocol (see section
8.6.4.2 for details). These two ways of controlithg milliK using the ethernet interface can

be used at the same time.

7.3.1 Establishing an Ethernet Connection

The ethernet connector (standard RJ45) is locatgterear of your milliK (see section 2.1).
Connect this to your LAN (Local Area Network) usiagtandard RJ45 patch lead.
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Alternatively, you can connect the milliK directiy a PC using a cross-over ethernet cable or

an RJ45 cross-over adaptor with an ethernet patah |

The milliK can be used with a fixed IP addressaguare its IP address from a DHCP server
on the network. To select whether a static (fix@dilynamic (DHPC) address is used and set
the address (static), press key (F4), use tha i keys to select “Instrument

Settings” and press tlﬂ key to open the Instrument Settings window:

Use thel i keys to select each parameter and then preﬂ kkleg the open a numeric
window and enter the value. In the case of the ‘ftR@ddl Type” parameter, tgakey toggles
between Static and Dynamic. The IP address ancesufask on both the milliK and the PC
to which it is connected need to be set so that thspective IP addresses fall within the IP
address range of the other, which then enables th@@mmmunicate. Click “OK” to close the
window. You will now be warned that these settiagis not be applied until the next restart
of the milliK. Click “OK” again before turning thmilliK off and on to refresh the IP address
settings.

Check that the PC can communicate with the milljkopening a command prompt window
(usually located in the Accessories Folder of staddVindows™ operating system
installations). Type “ping” followed by the IP adds of the milliK into the ‘Command
Prompt window’. For example, in the case of a millvith IP address 10.2.82.44 send “ping
10.2.82.44". The connection test results will beorged in the ‘Command Prompt’ window.
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7.3.1 Using SCPI Commands with the Ethernet Connect ion
You can send and receive SCPI commands via thenethaterface in the same way as with
the RS232 interfaces on your milliK. The milliK &ts the ethernet port, the two COM ports

and the user interface) as separate input streatfgasthey do not interact with each other.

You can use Hyperterminal™ to communicate withrthiéiK via an ethernet connection.
Hyperterminal™ is part of the standard Windows ™altation, usually located in the
‘Communications’ folder. If you have installed ammum (laptop) or custom configuration
(without this component) for your Windows™ opergtsystem, you may need to install
Hyperterminal™ from your original Windows™ mediarAPCs running Windows 7™ or
later, you can copy hyperterminal.exe and hypeiitezhall from an old PC installation disk

onto your PC or search for and download Hyperteahithfrom the internet.

Start Hyperterminal™ to set up a new connectiompeliy a name for the connection (such as
“milliK via ethernet”) and select an icon. When tkimnnect to’ dialogue window appears,
select “TCP/IP (Winsoc)” from the “Connect usingbg-down menu. Now type in the Host
address (address of the milliK) and “1000” for tRert number’ (the milliK always uses port
1000):
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Click OK to open a Hyperterminal™ session with thidiK. Now save the Hyperterminal™
connection (using File|Save As) so that in futuza gnly have to click on its icon to open an

ethernet connection with your millikK.

Type*IDN? into Hyperterminal™ (terminate the command by gireg the carriage return or

Enter keys), the milliK should then respond witstiang in the form:
Isothermal Technology, milliK,12-P3456,3.0.0
This confirms that you have successfully estabtisthe ethernet connection with your millik.

7.3.2 Using Remote Desktop Access

You can connect to and control the milliK usingeanote desktop facility using the ethernet
port. Connect the milliK’s ethernet port (RJ45 ceator on rear panel) to your LAN using a
standard (non cross-over) patch cable or direotlyour PC using a cross-over patch lead or a
standard patch lead with an RJ45 cross-over adapiten launch the “CEG6 cerhost.exe”
application (this Microsoft freeware applicatiomdae downloaded from
http://isotech.info/milliK):

Click on “File” and then “Connect...” to establishreeection with the milliK, a ‘Connect’
window will then appear and after a few secondslitshow a list of available devices that
includes the milliK (the milliK will be listed asTtitonxx” where xx is a number assigned to

the milliK in case you have more than one connetddtie LAN):
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Click on the required device (“Triton00” in the aleoexample) and then click OK, cerhost

will then establish a connection and display threesa as it appears on your milliK:

Click Tools|Config and select the “Whole Screerdioabutton in the “Update” area to ensure
that the screen remains synchronised with youiikni¥ou can control your milliK using
mouse clicks or the keyboard (up/down/left/rightéerkeys and the function keys F1-F4,
which map to the four buttons below the displayvmted cerhost is the currently selected

application on your PC.
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8 SCPI Command Set

The command format and protocol used by the millikased on the SCPI (Standard
Commands for Programmable Instruments) standaid.Wéms developed to provide a
consistent command language for all types of prognable instruments. The objective was
to reduce the development time required by usetisesle instruments by providing a
consistent programming environment through theafiskefined messages, instrument

responses and data formats. Further informatioB8@RI can be obtained from the SCPI

Consortium fttp://www.scpiconsortium.ojg

8.1 Command Terminators

SCPI commands are ASCIl (American Standard Cod&nformation Interchange) character
strings and should be terminated with a CarriageifRecharacter (ASCII character 13).

Responses from the milliK are always terminatea I§arriage Return character.

8.2 SCPI Command Structure

Commands are arranged in a hierarchical tree, airdldirectory trees used in PCs. SCPI
uses a defined notation to represent the commaedstructure. Each node in the tree
structure is a command keyword with keywords begarated by colons (:). To simplify
the description of the SCPI commands, the notaBpresents levels in the tree using
horizontal indentations with the root node being lgsft most column. For example, the

milliK includes the following command structure:

SENSe
:FUNCtion
:CHANnNel
:RESistance
:RANGe
RANGe?
READ?
CAlLibrate
'VOLTage:GAIN
'VOLTage:GAIN?

A valid command is formed by following the treeustiure from a root node until a node is

reached with no further nodes below it, for examplthe above command tree we may use:

SENSe:RESistance:RANGe
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Keywords can be shortened to the first four let(ers3 if the last letter is a vowel). To
indicate this, the notation uses upper-case teatdirequired letters and lower-case to
indicate optional letters (NB: all commands aresemsensitive). For example, valid forms of

the above command include:

Sense:Resistance:Range
SENS:RES:RANG
Sense:resistance:RANG

To shorten the commands, default (optional) keywand enclosed in square brackets and
may be omitted. For example, in the case of thencand:

MEASure[:SCALar]:VOLTage:[DC]?

Valid forms of this command include:

MEAS:VOLT?
MEASURE:SCALAR:VOLTAGE:DC?

8.3 SCPI Numeric Suffices

In order to support multiple input channels, comdsacan include numeric suffices. These

are represented by a hash (#) in the command oojdtir example:

MEASure:VOLTage<channel#>?
In order to measure the voltage on channel 2, dhewand used would be:

MEAS:VOLT2?

8.4 Parameters

If a command requires parameter(s), these follewcttimmand and are separated from it by a
space. If more than one parameter is required, pac@meter is separated by a comma ().
For example, the command to measure resistanckaymel 1 using a range up to 100 ohm

at the normal 1mA sense current using a 4-wirertieie is:

MEAS:RES1? 100,NORM,4
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8.5 Units

Numeric parameters may optionally include units/@éi omit units, the milliKk assumes
appropriate default units). The only units requifedmilliK are ohms (which are indicated
by ‘R’, ‘r', or OHM) and volts (indicated by ‘V’ otv’).

The standard multiplying prefixes may also be useddicate decimal multiples or fractions.

For example, the following are all equivalent:

CAL:VOLT:OFFS1 2E3uV
CAL:VOLT:OFFS1 2 (note: default units are mV)
CAL:VOLT:OFFS1 0.002v

The following prefixes are available:

prefix name factor

Uoru micro 16

M or m milli 10° (cannot be used with ohms, see note below)
K or k kilo 103

Note: The SCPI standard does not permit the udd’alr ‘m’ as a prefix for onms to

indicate milli-ohms since the M or MA prefix is us® indicate mega-ohms.

8.6 Making Measurements Using SCPI Commands

The milliK's measurement system can be controllg@8PI commands from the ethernet
port or either of the RS232 ports. The software @sako distinction between commands
received on any port and will process these irotler in which they are received. If a
response is expected, it will always be sent tqthré on which the initiating command was

received.

There is no direct interference between measuresmeatie using the front panel user
interface and measurements requested using SCPhaods. However, measurements take
some time to complete so there may be a delaysporeses to SCPI commands if
measurements are being made via the front panelnisgace. To avoid unnecessary delays
in responses to SCPI commands, you can stop aluna@aents requested via the front panel

user interface. To do this, send the SCPI comm&ttMote” on any port.
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8.6.1 Measuring Resistance using SCPI Commands

In order to measure the resistance of a PRT, yed tw

select the measurement channel

set the milliK to measure resistance

select the measurement range

set the sense current (normal or root2 current)
select 3 or 4-wire measurement

initiate the measurement

collect the result

To use channel 1 to make a 4-wire resistance memsmt on a 100 PRT up to a maximum
resistance of 200 using the normal (1mA) sense current, send theviohg command

sequence:

SENSe:CHANnNel 1
SENSe:FUNCtion RESistance
SENSe:RESistance:RANGe 200
SENSe:CURRent NORMal
SENSe:WIRes 4

INITiate

FETCh?

The milliK will then report the measured resistarfoe example “1.19986619E+002". The
commands INIT and FETCH? can be replaced by tlidesscommand®EAD? To repeat the
measurement using the same settings, BEID? To make 10 measurements with the same
settings senREAD? 1Q(note: the milliK returns all 10 measurements buast at the end of

the measurement sequence).
The following command performs a single measuremahtthe same settings:

MEASure:RESistancel? 200,NORMal,4
8.6.2 Measuring Voltage (with optional RJC) using S  CPI Commands

In order to measure the voltage from a thermocowgle (optional) reference junction
compensation (using the connector contact temperdetermined by the milliK’s internal
reference junction sensor) the milliK must be inNREe mode (see section 8.6.7) and you

need to:

ensure the milliK is in REMote mode
select the measurement channel
set the milliK to measure voltage
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specify the thermocouple type

set the type of reference junction compensatioan(yf) to be applied
initiate the measurement

collect the result

To measure the reference junction compensatedgeoftam a type K thermocouple
connected to channel 1 using the internal refergnudion sensor, send the following

command sequence:

MILLik:REMote
SENSe:CHANnel 1
SENSe:FUNCtion VOLTage
SENSe:PROBe TYPe K
SENSe:RJC INTernal
INITiate

FETCh?

The milliK will then report the measured voltager, Example “1.12999999E-007". The
commands INIT and FETCH? can be replaced by tlidesscommand®EAD? To repeat the
measurement using the same settings, BEID? To make 10 measurements with the same
settings senREAD? 1Q(note: the milliK returns all 10 measurements buast at the end of

the measurement sequence).
The following commands performs a single measurénveh the same settings:

MILLik:REMote;MEASure:VOLTagel? INTernal, TYPe K

To measure the voltage without reference junctmmpmensation (for use when the reference

junction is in an ice-point at 0°C), send the fallog command sequence:

SENSe:CHANnel 1
SENSe:FUNCtion VOLTage
SENSe:RJC NONe
INITiate

FETCh?

The milliK will then report the measured voltager, Example “1.12999999E-007". Send
READ?to make subsequent measurement using the sanmgsett

Any of the following commands performs the same sneament:

MEASure:VOLTagel? NONe, TYPe K
or MEASure:VOLTagel? NONe
or MEASure:VOLTagel?
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8.6.3 Measuring Current using SCPI Commands

In order to measure the current from a 4-20mA tratier (this is only valid for channel 3 on
the rear of the milliK — see section 3.4), you nted

select the measurement channel
set the milliK to measure current
initiate the measurement

collect the result

To measure current (on channel 3), send the fatigwommand sequence:

SENSe:CHANnel 3
SENSe:FUNCtion CURRent
INITiate

FETCh?

The milliK will then report the measured curremt, Example “4.12345E+000". The
commands INIT and FETCH? can be replaced by tlidesscommand®EAD? To repeat the
measurement using the same settings, BEAID? To make 10 measurements with the same
settings senREAD? 1Q(note: the milliK returns all 10 measurements buast at the end of

the measurement sequence).
The following command performs a single measuremathtthe same settings:

MEASure:CURRent?

8.6.4 Measuring Temperature using SCPI Commands

In order to measure temperature, the milliK musinbi@EMote mode (see section 8.6.7) and
you need to specify how the base measurementst@ese for PRTs/SPRTs/thermistors or
voltage for thermocouples) are converted to tentpsraunits. You need to specify a number
of parameters, which depend on the sensor usedcaiouse one of the probes defined in the
database of probes or a standard conversion sUetC&9751. An index system is used to
specify which internal probe is to be used. You icéerrogate the milliK to find out which
probe index to use as follows:

The millik must be running (remember to pr&&y at the ‘Start’ window) otherwise the
database is not active and cannot be accessedaevi 3P| commands. Send the command
MILLik:REMote, thisputs the milliK into remote mode so that it no lengnakes

measurements (which speeds up the responses tocB@Riands) and ensures that all SCPI
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commands operate. Now send the comnRRIROBe:COUNt?which will return the number
of user defined probes in the database. Now usettlegPROBe:commanddo determine
the index of the probe you wish to use. You caressthe name of a thermometer with an
index of <index#> by sending commaR&OB:NAM<index#>?which returns the name of
the probe in the database (for example “PROB:NAM&RIrns the name of the first probe).
All the other properties of this probe can simidre accessed via tiRROB:commands.
Alternatively, if you know the name of the probeuywish to use you can find its index
number in the database by senditigOBe:FIND? <namegfor example: sending
“PROB:FIND? Lab-Referencel” will return the indexmber of the thermometer probe
named “Lab-Referencell”If you request a probe that does not exist, thigknmvill return an

error message.

Details of how to access temperature together 8@FI command examples are given in the

following sections:

! "HS #HH % $$&
& (

In order to measure temperature using a PRT defim#te milliK’'s database, you need to:

ensure the milliK is in REMote mode

select the measurement channel

set the milliK to measure temperature

select the measurement range (115 or 460) in xaisple we have used a maximum
resistance of 400, which causes the milliK to set the range to 450

set the sense current (NORMal or ROOT?2)

select the units (K, °C,or °F)

select the probe index for the thermometer used

initiate the measurement

collect the result

To use channel 1 to measure temperature using a B&X up to a maximum resistance of
200 (the milliK will set the range to 460 in this case) using the normal (1ImA) sense
current in °C for a thermometer whose databasexirgd®, send the following command

sequence:

MILLik:REMote
SENSe:CHANnel 1
SENSe:FUNCtion TEMPerature
SENSe:RESistance:RANGe 200
SENSe:CURRent NORMal
SENSe:UNITs C
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SENSe:PROBe 3
INIT
FETCh?

The milliK will then report the measured temperafdor example “25.12345". The
commands INIT and FETCh? can be replaced by tiggestommandrREAD?. To repeat the
measurement using the same settings, BEAID?. To make 10 measurements with the
same settings seiREAD? 10(note: the milliK returns all 10 measurements buest at the

end of the measurement sequence).
The following commands perform a single measuremahtthe same settings:

MILLik:REM;:MEASure: TEMPeraturel? 3,C,200,NORMal

! " # $ # # % $$ & % ) *
In order to measure temperature using a PRT thdbouos to the IEC60751, you need to:

ensure the milliK is in REMote mode

select the measurement channel

set the milliK to measure temperature

select the measurement range (115 or 460) in xaisple we have used a maximum
resistance of 400, which causes the milliK to set the range to 450

set the sense current (NORMal or ROOT?2)

select the units (K, °C,or °F)

select either IEC60751(4-wire) or IEC6-751(3-wit@) the thermometer used
initiate the measurement

collect the result

To use channel 1 to measure temperature in °C asfigiire PRT confirming to IEC60751

up to a maximum resistance of 40Qthe milliK will set the range to 460 in this case)
using the normal (1mA) sense current, send theviatlg command sequence:

MILLik:REMote

SENSe:CHANnel 1
SENSe:FUNCtion TEMPerature
SENSe:UNITs C

SENSe:PROBe IEC60751(4-WIRE)
SENSe:RESistance:RANGe 400
SENSe:CURRent NORMal

INIT

FETCh?

The milliK will then report the measured temperafudor example “25.12345". The
commands INIT and FETCh? can be replaced by tiggescommandrREAD?. To repeat the

measurement using the same settings, BEAID?. To make 10 measurements with the
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same settings seiREAD? 10(note: the milliK returns all 10 measurements buest at the

end of the measurement sequence).
The following commands perform a single measuremahtthe same settings:

MILLik:REM;MEASure:TEMPeraturel? IEC60751(4-WIRE)400,NORMal

! " # $ # # % $$ & $ #+

& (
In order to measure temperature using a thermoealgdlned in the milliK’s database, you
need to:

ensure the milliK is in REMote mode

select the measurement channel

set the milliK to measure temperature

select the units (K, °C,or °F)

select the probe index for the thermometer used

select the reference junction compensation to bd (ISONe or INTernal))
initiate the measurement

collect the result

To use channel 2 to measure temperature in °C asihgrmocouple in the database whose
database index is 5 using internal reference jana@ompensation, send the following

command sequence:

MILLik:REMote

SENSe:CHANnel 2

SENSe:FUNCtion TEMPerature

SENSe:UNITs C

SENSe:PROBe 5

SENSe:RJC INTernal

INIT

FETCh?
The milliK will then report the measured temperafdor example “21.23456". The
commands INIT and FETCh? can be replaced by tiggesatommandrREAD?. To repeat the
measurement using the same settings, B&EAID?. To make 10 measurements with the
same settings seiREAD? 10(note: the milliK returns all 10 measurements buest at the

end of the measurement sequence).
The following commands perform a single measuremahtthe same settings:

MILLik:REM;:MEASure: TEMPerature2? 5,C,INTernal
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$ #+

In order to measure temperature using a thermoedbpt conforms to one of the “types”

defined in standard IEC584, you need to:

ensure the milliK is in REMote mode

select the measurement channel

set the milliK to measure temperature

select the units (K, °C,or °F)

select the reference junction compensation to bd (ISONe or INTernal))

select the type of thermocouple used

initiate the measurement

collect the result
To use channel 2 to measure temperature in °C asipge K thermocouple using no
reference junction compensation (ice point refeegoaction), send the following command

sequence:

MILLik:REMote

SENSe:CHANnel 2

SENSe:FUNCtion TEMPerature

SENSe:UNITs C

SENSe:PROBe TYPe K

SENSe:RJC NONe

INIT

FETCh?
The milliK will then report the measured temperafdor example “20.12345". The
commands INIT and FETCh? can be replaced by tliggescommandrREAD?. To repeat the
measurement using the same settings, B&EAID?. To make 10 measurements with the
same settings seiREAD? 10(note: the milliK returns all 10 measurements lugst at the

end of the measurement sequence).
The following commands perform a single measuremhtthe same settings:

MILLik:REM;MEASure: TEMPerature2? TYPe K,C,NONe

! "HOOS H#H % P& $
& (

In order to measure temperature using a thermikgfoined in the milliK’'s database, you need

to:
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ensure the milliK is in REMote mode

select the measurement channel

set the milliK to measure temperature

select the units (K, °C,or °F)

select the probe index for the thermometer used
initiate the measurement

collect the result

To use channel 1 to measure temperature in °C asihgrmistor in the database whose

database index is 6, send the following commandeseze:

MILLik:REMote
SENSe:CHANNel 1
SENSe:FUNCtion TEMPerature
SENSe:UNITs C
SENSe:PROBe 6

INIT

FETCh?

The milliK will then report the measured temperafdor example “20.12345". The
commands INIT and FETCh? can be replaced by tliggescommandrREAD?. To repeat the
measurement using the same settings, B&EAD?. To make 10 measurements with the
same settings seiREAD? 10(note: the milliK returns all 10 measurements lugst at the

end of the measurement sequence).
The following commands perform a single measuremahtthe same settings:

MILLik:REM;:MEASure:TEMPeraturel? 6,C

! "HS ## % $$ &' - 3.
$ & (

In order to measure temperature using a 4-20m/Anéter defined in the milliK’s database,
you need to:

ensure the milliK is in REMote mode

select the measurement channel (this must be channe
set the milliK to measure temperature

select the units (K, °C,or °F)

select the probe index for the thermometer used
initiate the measurement

collect the result
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To use channel 3 to measure temperature in °F ashig0mA transmitter in the database

whose database index is 9, send the following caminsaquence:

MILLik:REMote
SENSe:CHANNel 3

SENSe:FUNCtion TEMPerature

SENSe:UNITs F
SENSe:PROBe 9
INIT

FETCh?

The milliK will then report the measured temperafdor example “20.12345". The
commands INIT and FETCh? can be replaced by tliggescommandrREAD?. To repeat the

measurement using the same settings, B&AD?. To make 10 measurements with the

same settings seiREAD? 10(note: the milliK returns all 10 measurements luest at the

end of the measurement sequence).

The following commands perform a single measuremahtthe same settings:

MILLik:REM;:MEASure: TEMPerature3? 9,C

8.6.5 SCPI Commands

The milliK supports the following commands:

*IDN?
REMote
LOCal
SENSe
:FUNCtion[:ON]
:FUNCtion[:ON]?
:CHANnel
:CHANnNel?
[:RESistance]
‘RANGe[:UPPer]
:RANGe[:UPPer]?
‘WIRes
‘WIRes?
:CURRenNt
:CURRent?
:PROBe
:PROBe?
:UNITs
:UNITs?
‘RJC

© Isothermal Technology

<function>

<channel>

<range>
<wires>
<current>
<probe>

<units>

Page 94 of 125

923 millidmaal - issue: 3.00



‘RJIC?
INITiate[:IMMediate][:ALL]
FETCh[:SCALar]?
READI[:SCALar]?
MEASure[:SCALar]
:TEMPerature<channel#>? <probe>,<units>,[<rang@XLC>],[<current>]
:'VOLTage[:DC]<channel#>? [<RJIC type> ETType>]
:RESistance<channel#>? <resistance range>,<current>,<wires>
:CURRent?
‘RJIC? [<channel#>]
PROBe
:UNLock <password>
:LOCK
:COUNTt?
:NAMe#<probe> <name>
:NAMe#<probe>?
:TYPe#<probe> <type>
‘TYPe#<probe>?
:MANufacturer#<probe> <manufacturer>
:MANufacturer#<probe>?

:MODel#<probe> <model>
:MODel#<probe>?

:SERIal#<probe> <serial number>
:SERIial#<probe>?

:DATe#<probe> <date>
:DATe#<probe>?

:MINimum#<probe> <minimum>
‘MINimum#<probe>?
‘MAXimum#<probe> <maximum>
‘MAXimum#<probe>?
‘WIRes#<probe> <wires>

‘WIRes#<probe>?

:CONVersion#<probe>  <conversion>
:CONVersion#<probe>?

:COEFicient#<probe> <coefficient>,<value>
:COEFicient#<probe>? <coefficient>
:CVD:FORM <form>
:CVD:FORM?

ITS90:FORM#<probe> <form>
ITS90:FORM#<probe>?

:CREate <name>
:DELete#<probe>
:FIND? <name>
CALibrate
:UNLock <password>
:LOCK
‘RESistance:GAIN <resistance range >,<current>,<gain>[,standard]
‘RESistance:GAIN? <resistance range >,<current>

:'VOLTage:OFFSet<channel#xoffset>
'VOLTage:OFFset<channel>?
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'VOLTage:GAIN <gain>[,<standard][,additional info>]
:VOLTage:GAIN?

:CURRent:GAIN <gain>[,standard]

:CURRent:GAIN?

‘RJIC:OFFSet <offset>[,<TC type>][,<serial#>][,information]
‘RIC:OFFSet?

:IDENtification <name>,<company>,<location>,<temperature>
:IDENtification?

:IDENTtification:LAST?

:PASSword <old password,< password>,< password>
‘VALIid?

A detailed description of each command follows:

8.6.6 Command: *IDN?

Format: *IDN?
Reports information on the milliK in 4 comma sepeddfields:

manufacturer
model

serial number
firmware version

Example: for a milliK with serial number ITL12345ing software version 1.22.33, sending

*IDN? causes the milliK to return:
Isothermal Technology,milliK,ITL12345,1.22.33

8.6.7 Command [MILLik:]REMote

Format: [MILLik:]REMote

Puts the milliK into “remote” mode. This stops r@leasurement activity via the user interface
(which will speed up responses to SCPI commandspfiaws all SCPI commands

(including those that require access to the databbthermometers) to respond.

N.B. The optional keyword [MILLIik:] is included ithe command for use in systems in

which millisKanners are used with a milliK. In susystems, the PC may be connected to the
end of the “daisy-chain” of millisKkanners (leavittge other RS232 port on the milliK free

for connection to an Isotech temperature sourcehis case, the commaREM would be
intercepted and acted on by the millisKkanner tocllthe PC is connected. In contrast, the

full commandMILL:REM is passed along the “daisy-chain” of millisKanntershe millikK.
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We therefore recommend that you alwaysM$el :REM to put the milliK into REMote

mode as this works wherever you choose to conrmeatRC.

Example: sendILL:REM to put the milliK into REMote mode, the screen whién display:

The REMote command is inhibited until button is pressed in the ‘Start’ window
and if there are any warning windows open in thex usterface (close all warning windows
to enable this command). Pressing[leezlll button (F1 on keyboard) or sending LOCal

(see section 8.6.8) returns the milliK to normatdl operation.

8.6.8 Command [MILLik:]LOCal

Format: [MILLik:]LOCal

Returns the milliK from “remote” operation (see @&t 8.6.7) to normal, local operation in

which it is controlled via the user interface.

N.B. The optional keyword [MILLik:] is included ithe command for use in systems in

which millisKanners are used with a milliK. In sugystems, the PC may be connected to the
end of the “daisy-chain” of millisKkanners (leavittte other RS232 port on the milliK free

for connection to an Isotech temperature sourcehis case, the commah®C would be
intercepted and acted on by the millisKkanner tocllthe PC is connected. In contrast, the
full commandMILL:LOC is passed along the “daisy-chain” of millisKanntrshe milliK.

We therefore recommend that you alwaysMs$el :LOC to exit REMote mode as this

works wherever you choose to connect your PC.

Example: sendILL:LOC to return the milliK to normal, local mode.
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8.6.9 Command SENSe:FUNCtion[:ON]

Format: SENSe:FUNCtion[:ONkfunction>

Selects the measurement function. The paraméection> must be one of the following

valid SCPI parameters:

TEMPerature
RESistance
VOLTage[:DC]
CURRent

Example: senéENS:FUNC TEMRo set the milliK to measure temperature.

8.6.10 Command SENSe:FUNCtion[:ON]?

Format: SENSe:FUNCtion?

Reports the present measurement function (TEMPERRHRESISTANCE, VOLTAGE or
CURRENT).

Example: a milliK set to measure voltage will respao SENS:FUNCith “VOLTAGE”.

8.6.11 Command SENSe:CHANnNel

Format: SENSe:CHANnekchannel>

Selects the channel for the next measurement. fdenels on the front panel are numbered
1 and 2. The 4-20mA input on the rear panel is reneab 3. The channel is not actually
connected to the measurement system until a measates started using either the INITiate

or READ? commands.
Example: sen@ENS:CHAN 2to select channel 2 for the next measurement.

8.6.12 Command SENSe:CHANnNel?

Format: SENSe:CHANnNel?

Reports the channel selected for the next measuteifige channels on the front panel are

numbered 1 and 2. The 4-20mA input on the rearlpameimbered 3.
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Example: a milliK set to measure channel 1 on #d measurement will respond to
SENS:CHAN?by returning “1”.

8.6.13 Command SENSe[:RESistance]:RANGe[:UPPer]
Format: SENSe[:RESistance]:RANGe[:UPPertange>
Sets the<range> for the next resistance measurement. The 3 rasistanges available on

the milliK are:

resistance range =0-115
resistance range =0 - 460
resistance range =0 - 500k

The resistance range specified should be the Higesistance expected for the thermometer.
Example: sen@ENS:RANG 39Qo set the milliK to measure a PRT that has ataste of
390 at its highest operating temperature. The millii{ then set the range to 0-460since
this is the most sensitive range that can accomtadta requested maximum resistance.
8.6.14 Command SENSe[:RESistance:]RANGe[:UPPer]?

Format: SENSe[:RESistance]:RANGe[:UPPer]?
Reports the range for the next resistance measuateme

Example: a milliK that has had its resistance rasgjego 0-460 by sendingSENS:RANG
390 (see section 8.6.13) would respond to the comns&dS:RANG by returning “460”.

8.6.15 Command SENSe:RESistance:WIRes

Format: SENSe:RESistance:WIRews/ires>

Determines whether the next resistance measuremnemPRT/SPRT will be made using 3
or 4-wire resistance measurement technique (sées&cl.3 for details on 3 and 4-wire

measurements). The parameteires> must be 3 or 4, otherwise the command will be

ignored and an error message will be returned.

Example: sendSENS:RES:WIR 3o select 3-wire measurement for the next resistanc

measurement.
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Note: This parameter is not required (and is igdprehen making a temperature
measurement using a PRT since the 3 or 4 wirengatidefined either in the database for the
selected thermometer or when the generic thermaonsespecified (using “IEC60751(3-

wire)” or IEC60751(4-wire)”).

8.6.16 Command SENSe:RESistance:WIRes?
Format: SENSe:RESistance:WIRes?

Reports whether 3 or 4-wire measurement is seldotatie next resistance measurement on
a PRT/SPRT.

Example: a milliK that has been set to make a &wesistance measurement will respond to
the comman®&ENS:RES:WIRDy returning “4”.

8.6.17 Command SENSe:CURRent

Format: SENSe:CURRertcurrent>

Determines whether the normal (1mA) or root2 (1M2a3 current is used for the next
resistance measurement on a PRT/SPRT. Changirgitient to root2 allows the self-
heating effect to be determined for a PRT/SPRT ¢seton 3.1.2 for details). This command
affects the sense current used to measure PRTSESPRILS and 0-460 ranges), it does
not affect the sense current used to measured igters(fixed at 2pA). The current is not
changed until a measurement is started using wiibrehe INITiate or READ? commands.
The parametexcurrent> may be NORMal or ROOT2, the command will be igloaed an

error message returned if any other parametered. us

Example: senéENS:CURR NORMo set the sense current for the next resistance

measurement to the normal current (1mA).

8.6.18 Command SENSe:CURRent?
Format: SENSe:CURRent?

Reports the current that will be used for the megistance measurement.

Example: a milliK that has been set to normal curesnd one of the PRT ranges (0-11%r
0-460 ) will respond to the commarBENS:CURRwvith: “1.00000E-003” (i.e. 1mA).
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8.6.19 Command SENSe:PROBe
Format: SENSe:PROBe&probe>

Specifies the thermometer probe to be used indéReaameasurement of temperature (see
sections 8.6.4.1 to 8.6.4.68probe> can be either an index to a thermometer in théKisl

database or a standard thermometer type, such as:

NONe
IEC60751(3-WIRE)
IEC60751(4-WIRE)
TYPe B

TYPe E

TYPe J

TYPe K

TYPe L

TYPe N

TYPe R

TYPe S

TYPe T

TYPe AU-PT

TYPe PT-PD

Examples: sen8ENS:PROB 20 select the second probe in the milliK’'s datalfaseise in
a temperature measurement. SBEINS:PROB TYP Klo select a type K thermocouple for

use in a temperature measurement.
8.6.20 Command SENSe:PROBe?

Format: SENSe:PROBe?

Reports the thermometer probe to be used in theaneeasurement of temperature (see
sections 8.6.4.1 to 8.6.4.6). this will be eithelirzdex to a thermometer in the milliK’s

database or a standard thermometer type (seers8c8id.9).

Example: a milliK set to measure temperature uaitgpe N thermometer will respond to the
commandSENS:PROBDy returning “Type N”.

8.6.21 Command SENSe:INITs

Format: SENSe:UNITsunits>

Specifies the units (Kelvin, Celsius or Fahrenhfeit)subsequent temperature measurements.

The parametexunits> must be one of the following: K, C or F.
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Example: sen@ENS:UNIT CTo select temperature measurements in degreesi€els

8.6.22 Command SENSe:UNITs?
Format: SENSe:UNITs?

Reports the units (K, C or F) used for temperatoeasurements.

Example: a milliK set to measure temperature imflCrespond to the command
SENS:UNIT?by returning “C”.

8.6.23 Command SENSe:RJC

Format: SENSe:RJ&rjc>

Specifies the type of reference junction compensaised in making subsequent temperature
or voltage measurements made with any thermocotipke parametesrjc> must be one of

the following SCPI parameters: NONe or INTernal.

Example: sen@ENS:RJC INTto select internal reference junction compensdtising the
milliK’s internal reference junction sensor) for aseirements with thermocouples.

8.6.24 Command SENSe:RJC?

Format: SENSe:RJC?

Reports the type of reference junction compensatsad in making temperature or voltage

measurements with thermocouple.

Example: a milliK set to use internal referencecpion compensation with thermocouples

will respond to the commareENS:RJCDy returning “Internal”.

8.6.25 Command INITiate[:IMMediate][:ALL]

Format: INITiate[:IMMediate][:ALL]

Initiates a measurement using the conditions ddfineprevious SENSe commands. The

measurement is made immediately, but not reported.

Example: sendNIT to initiate a (voltage) measurement that has lbdeéined with SENSe
commands (such &ENS:CHAN 1 ; SENS:FUNC volt ; SENS:RJC None ; SENSOB
NONe).

© Isothermal Technology Page 102 of 125 923 mithinual - issue: 3.00



8.6.26 Command FETCh[:SCALar]?

Format: FETCh[:SCALar]?
Reports the result of the last measurement made.

Example: a milliK that has made a measurement anreél 1 using the commands shown in
the example in section 8.6.25 will respondr&T C?with a value in the form: “0.00154514".

8.6.27 Command READ[:SCALar]?
Format: READ[:SCALar]7<readings>]

Initiates and reports a measurement using the tondidefined by previous SENSe
commands. This is equivalentitdl T followed byFETCh? The optional parameter
following READ? pecifies the number of times the measurementlie teepeated. The
command makes all the measurements and then reh@msin one burst at the end of the

sequence (rather than as they are made).

Example: a milliK that has been configured to makeltage measurement using SENSe
commands (such &ENS:CHAN 1 ; SENS:FUNC volt ; SENS:RJC None ; SENEOB
NONe) will respond toREAD?with a value in the form: “0.00154514".

8.6.28 Command MEASure[:SCALar]:TEMPerature<channel #>?

Format: MEASure[:SCALar]:TEMPerature [:DC]<channeP¢<probe>,<units>[,<Range
or RJC>,<Current>]

Initiates and reports a measurement of temperatusehannel#>(note that there is no gap
between the command and the channel number asoimisiand makes use of the numeric
suffices feature of SCPI described in section 8s¥g thermometesprobe> in units of
<units>. The parametesprobe> can be either an index to a thermometer in thékisl

database or a standard thermometer type, such as:

NONe
IEC60751(3-WIRE)
IEC60751(4-WIRE)
TYPe B

TYPe E

TYPe J

TYPe K

TYPe L

© Isothermal Technology Page 103 of 125 923 mithinual - issue: 3.00



TYPe N
TYPe R
TYPe S
TYPe T
TYPe AU-PT
TYPe PT-PD

Parameters 3 and 4 after the command depend aypdef thermometer. For PRTS,
parameter 3 specifies the maximum resistance ahtrenometer used and the sense current
to be used (NORMal or ROOT2 for 1mA and 1.428mA)y. thermocouples, parameter 3
specifies what reference junction compensatioan lsetused for both temperature and voltage

measurements and parameter 4 is not used. Forigters) parameters 3 and 4 are not used.

Examples:

SendMEAS:TEMP1? 3,C,200,Norm#b use channel tb measure temperature in °C with
the third thermometer (a PRT) in the databasegprhaximum resistance of 20Qvith

normal (LmA) sense current.

SendMEAS:TEMP1? IEC60751(4-wire),C,400,NORfd use channel tb measure
temperature in °C with an 4-wire PRT that confitmstandard IEC60751(2008), up to a

maximum resistance of 400with normal (1mA) sense current.

SendMEAS:TEMP2? 5,F,INTo use channel 2 to measure temperature in °Fthatfifth
thermometer (a thermocouple) in the database usiagal reference junction

compensation.

SendMEAS:TEMP2? TYPE N,F,NONb use channel 2 to measure temperature in °F with

the type N thermocouple using no reference junatmmpensation.
To repeat the measurement using the same seteng®&AD?or INIT;FETCh?

8.6.29 Command MEASure[:SCALar]:VOLTage[:DC]<channe [#>?

Format: MEASure[:SCALar]:VOLTage[:DC]<channel#p&RIC>,<Thermocouple Type>]
Initiates and reports a voltage measurement onrwad> (note that there is no gap between
the command and the channel number as this commakéds use of the numeric suffices

feature of SCPI described in section 8.3). The ntepovalue is in volts. The optional

parameters (<RJC> and <Thermocouple Type>) pratiedacility to apply reference
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junction compensation to the measured voltagdelé¢ parameters are absent, no

compensation is applied and the reference jundsidimen assumed to be 0°C.

This command is equivalent BRENSe:FUNCtion VOLTageSENSe:CHANnNel<channel>,
SENSe:RI&GRJIC>, SENSe:PROBe&Thermocouple TypeandREAD?

Examples:

SendMEAS:VOLT2?to use channel 2 imeasure the voltage from a thermocouple (without

any reference junction compensation).

SendMEAS:VOLT2? Int, Type do use channel 2 to measure the voltage and apfdsence
junction compensation for a type J thermocouplagithie milliK’s internal reference

junction temperature sensor.

8.6.30 Command MEASure[:SCALar]:RESistance<channel# >
Format: MEASure[:SCALar]:RESistance<channel#=?ange>,<current>,<wires>

Initiates and reports a resistance measurementloanel#> using resistansgange> with
sense<current> and 3 or 4 wires measurement defineciwres> (note that there is no gap
between the command and the channel number asotimisiand makes use of the numeric
suffices feature of SCPI described in section 88 reported value is in ohms. This
command is equivalent ®ENS:FUNC RESSENS:CHAN<channel> SENS:RESRANG

< range>, SENS:WIR<wires>andREAD?

Example: sendMEAS:RES1? 390,root2 # measure the resistance of a PRT on channel 1
that has a maximum operating resistance of 3@@h root2 sense current using a 4-wire

technique.

8.6.31 Command MEASure[:SCALar]:CURRent?

Format: MEASure[:SCALar]:CURRent?

Initiates and reports a current measurement onneh@(4-20mA input on rear panel). The
reported value is in milli-amps. This command isieglent toSENS:FUNC CURR
SENS:CHAN 3andREAD?

Example: sentlEAS:CURR?to make a current measurement on channel 3.
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8.6.32 Command MEASure[:SCALar]:RJC?

Format: MEASure[:SCALar]:RJC%channel>

Initiates and reports a measurement of the integfafence junction temperature (used with
thermocouples for reference junction compensatdihe specifieckchannel> The
reported value is in °C. If the specified chanresinot exist, the milliK returns “channel not

found”.

Example: sendMEAS:RJC? 1o measure the temperature of channel 1's thernpdeou

reference junction.

8.6.33 Command PROBe:UNLock

Format: PROBe:UNLockpassword>
Unlocks the probe database to allow thermometeiesib be created, edited and deleted.

Example: sen®®ROB:UNL 1234 @ unlock the probe database (with the factory defau

password).

8.6.34 Command PROBe:LOCK

Format: PROBe:LOCK
Locks the probe database to prevent thermometgegibeing created, edited and deleted.
Example: sen®®ROB:LOCK to lock the probe database.

8.6.35 Command PROBe:COUNt?

Format: PROBe:COUNTt?
Returns the number of thermometer probes in thebdae.
Example: sen®ROB:COUN?o0 request the number of probes in the database.

8.6.36 Command PROBe:NAMe<probe#>

Format: PROBe:NAMe<probe#xname>

Sets the ‘Name’ field in the database for prob@indprobe#> tazname>.
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Example: sen®ROB:NAM3 my third probeo set the ‘Name’ field of the third probe in the

database to “my third probe”.

8.6.37 Command PROBe:NAMe<probe#>?

Format: PROBe:NAMe<probe#>?
Returns the ‘Name’ field in the database for priolex <probe#>.
Example: senPROB:NAM4?to request the ‘Name’ of the fourth probe in theaase.

8.6.38 Command PROBe:TYPe<probe#>

Format: PROBe:TYPe<probe#stype>

Sets the ‘Type’ field in the database for probesigprobe#> tatype>. The parameter

<type>must be one of:

PRT
THERMOcouple
THERMistor
4-20MA

Example: sen@ROB:TYP3 PRTo set the ‘Type’ field of the third probe in tHatabase to
‘PRT".

8.6.39 Command PROBe:TYPe<probe#>?
Format: PROBe:TYPe<probe#>?

Returns the ‘Type’ field in the database for praiex <probe#>. The returned string will be
“PRT”, “Thermocouple”, “Thermistor” or “4-20mA”.

Example: sen®®ROB:TYP42o request the ‘Type’ of the fourth probe in tlaabase.
8.6.40 Command PROBe:MANufacturer<probe#>
Format: PROBe:MANufacturer<probe#manufacturer>

Sets the ‘Manufacturer’ field in the database fabe index <probe#> tomanufacturer>
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Example: sen®ROB:MAN3 Isothermal Technologg set the ‘Manufacturer’ field of the
third probe in the database to “Isothermal Techgylo

8.6.41 Command PROBe:MANufacturer<probe#>?
Format: PROBe:MANufacturer<probe#>?
Returns the ‘Manufacturer’ field in the databasepimbe index <probe#>.

Example: senPROB:MAN4?to request the ‘Manufacturer’ of the fourth probehe

database.

8.6.42 Command PROBe:MODel<probe#>

Format: PROBe: MODel<probe#=model>

Sets the ‘Model field in the database for probgeix <probe#> to <model>.

Example: senPROB:MODE3 9617&0 set the ‘Model’ field of the third probe in the
database to “96178".

8.6.43 Command PROBe:MODel<probe#>?

Format: PROBe:MODel<probe#>?

Returns the ‘Model’ field in the database for prateex <probe#>.

Example: sen®ROB:MOD4 7o request the ‘Model’ of the fourth probe in thetabase.
8.6.44 Command PROBe:SERial<probe#>

Format: PROBe:SERIial<probe#serial number>

Sets the ‘Serial Number’ field in the databasepimbe index <probe#> to <serial number>.

Example: sen®PROB:SER3 3558® set the ‘Serial Number’ field of the third proinethe
database to “35583".

8.6.45 Command PROBe:SERial<probe#>?

Format: PROBe:SERIial<probe#>?
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Returns the ‘Serial Number’ field in the databasepirobe index <probe#>.

Example: sen®®ROB:SER47%0 request the ‘Serial Number’ of the fourth pradbé¢he

database.
8.6.46 Command PROBe:DATe<probe#>
Format: PROBe:DATe<probe#xdate>

Sets the ‘Re-calibration Date’ field in the datab&s probe index <probe#> to <date >. The
format of the date must be “dd/mm/yyyy” (leadinga=ein the day or month may be

omitted).

Example: sen®®ROB:DAT3 21/4/202@0 set the ‘Re-calibration Date’ field of the third
probe in the database to “21/04/2020"{25pril 2020).

8.6.47 Command PROBe:DATe<probe#>?
Format: PROBe:DATe<probe#>?

Returns the ‘Re-calibration Date’ field in the dzdae for probe index <probe#>. The format

is always “dd/mm/yyyy”.

Example: sen®®ROB:DAT4?to request the ‘Re-calibration Date’ of the foyptiobe in the

database.
8.6.48 Command PROBe:MINimum<probe#>
Format: PROBe:MINimum<probe#<minimum>

Sets the ‘Min Temperature’ field in the databagepiobe index <probe#> to <minimum >,

where the temperature units are °C.

Example: senPROB:MIN3 -40to set the ‘Min Temperature’ field of the thirdope in the
database to -40°C.

8.6.49 Command PROBe:MINimum<probe#>?

Format: PROBe:MINimum<probe#>?
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Returns the ‘Min Temperature’ field in the databfseprobe index <probe#>. The

temperature units are °C.

Example: sen®PROB:MIN4?to request the ‘Min Temperature’ field of the fdugrobe in

the database.
8.6.50 Command PROBe:MAXimum<probe#>
Format: PROBe:MAXimum<probe#xmaximum>

Sets the ‘Max Temperature’ field in the databasefobe index <probe#> to <maximum >,

where the temperature units are °C.

Example: sen®ROB:MAX3 -40to set the ‘Max Temperature’ field of the third peoin the
database to -40°C.

8.6.51 Command PROBe:MAXimum<probe#>?
Format: PROBe:MAXimum<probe#>?

Returns the ‘Max Temperature’ field in the databfasgrobe index <probe#>. The

temperature units are °C.

Example: sen®ROB:MAX47?to request the ‘Max Temperature’ field of the fouprobe in

the database.
8.6.52 Command PROBe:WIRes<probe#>
Format: PROBe:WIRes<probe#wires>

Sets the ‘Wires’ field in the database for prolaeix <probe#> to <wires >, where wires
must be either 3 or 4. This field only applies ®TR and the “Type” field for the
thermometer must be set to ‘PRT’ (usiPBOB:TYP<probe#> PRTbefore using this

command (otherwise an error will be reported).

Example: sen®PROB:WIR3 4to set the ‘Wires’ field of the third probe in tHatabase
(must be a PRT) to 4.
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8.6.53

Format: PROBe:WIRes<probe#>?

Command PROBe:WIRes<probe#>?

Returns the ‘Wires’ field in the database for prafmex <probe#>. The returned value will
be 3, 4 or N/A (if the thermometer is not a PRT).

Example: sen®®ROB:WIR4?20 request the ‘Wires’ field of the fourth probetive database,

8.6.54

Command PROBe:CONVersion<probe#>

Format: PROBe:CONVersion<probe#conversion>

Sets the ‘Conversion’ field in the database fotgroindex <probe#> to <conversion>, where

conversion must be one of:

<conversion> Probe Type
IEC6(751(2008 PRT
CallendarVanDuse PRT

ITS9C PRT

TYPe E Thermocoupl
TYPeE Thermocoupl
TYPe. Thermocoupl
TYPe K Thermocoupl
TYPe L Thermocoupl
TYPe N Thermocoupl
TYPe F Thermocoupl
TYPe ¢ Thermocoupl
TYPe 1 Thermocoupl
TYPe AU-PT Thermocoupl
TYPe P1-PD Thermocoupl
Steinhar-Hart Thermisto
POLYnomia Thermisto
LINear 4-20mA
NONEe

The conversion must be applicable to pinebe type of the thermometer (see table above),

which is determined by the “Type” field in the da@ge and must be set (using

PROB:TYP<probe#xtype>) before using this command (otherwise an error bl

reported).
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Example: sen®ROB:CONV3 CVDto set the ‘Conversion’ field of the third proioethe

database (a PRT) to CallendarVanDusen.
8.6.55 Command PROBe:CONVersion<probe#>?
Format: PROBe:CONVersion<probe#>?

Returns the ‘Conversion’ field in the databasepimbe index <probe#>. The returned value

will be one of:

IEC60751
Callendar-Van Dusen (2008)
ITS90

Type B

Type E

Type J

Type K

Type L

Type N

Type R

Type S

Type T

Type Au-Pt
Type Pt-Pd
Steinhart-Hart
Polynomial
Linear

None

Example: sen®®ROB:CONV472o request the ‘Conversion’ field of the fourth peoin the
database.

8.6.56  Command PROBe:COEFficient<probe#>
Format: PROBe:COEFficient<probe#=coefficient#>,<value>

Sets the specified ‘coefficient#’ in the databasepirobe index <probe#> to <value>. The
<coefficient> field specifies which coefficient $et and depends on the ‘Conversion’ (and
therefore the ‘Type’) field of the thermometer:
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The ‘Type’ and ‘Conversion’ must be set before gdims command (see sections 8.6.38 and
8.6.54).

Example: sen®®ROB:COEF3 1,99.99® set the Ro value of the third probe in the datab

(a PRT using Callendar-van Dusen conversion) t6%®..
8.6.57 Command PROBe:COEFficient<probe#>?
Format: PROBe:COEFficient<probe#>&oefficient>

Returns the specified ‘coefficient#’ in the datab&s probe index <probe#>. The
<coefficient> field specifies the coefficient andpgnds on the ‘Conversion’ field of the

thermometer (see table in section 8.6.56 above).

Example: sen®PROB:COEF4? 4#o request the ITS90 ‘a (positive)’ coefficient the fourth
probe in the database (a PRT using ITS90 convérsion

8.6.58 Command PROBe:CVD:FORM
Format: PROBe:CVD:FORM<form>

Sets the ‘Eqn Form’ to be used in Callendar-vanddunversions. The form used is
determined by <form> which must be “ABC” or “ABD”:

<form> CvD Equation Form
abc abc
abc

Example: sen@ROB:CVD:FORM ABDto set the Callendar-van Dusen equation form to
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8.6.59 Command PROBe:CVD:FORM?
Format: PROBe:CVD:FORM?

Returns the form of the Callendar-van Dusen eqoatg®ed. The returned value will be either

“abc” or “abd”.

Example: sen®®ROB:CVD:FORM?o request the form of the Callendar-Van Dusen

equation used.
8.6.60 Command PROBe:ITS90:FORM<probe#>
Format: PROBe:ITS90:FORM<probe#form>

For the thermometer with probe index <probe>, sgisther the ‘a (negative)’ and ‘b
(negative)’ coefficients (those in the left-handuron of the ITS90 coefficient window) are
used with the ITS90 deviation function equationldefow the WTP (water triple-point) or
the deviation function for the mercury to galliuenge. The equation used is determine by

the <form> parameter, which must be either “T<WBT*HG<T<GA".

Example: sendPROB:ITS90:FORM3 T<WTHRo set the ‘a’ and ‘b’ negative coefficients to
be used with the deviation function for temperatuew the WTP for the third probe in the

database.
8.6.61 Command PROBe:ITS90:FORM<probe#>?
Format: PROBe:ITS90:FORM<probe#>?

Returns the deviation function used with the ITS8@nd ‘b’ negative coefficients for the
thermometer with probe index <probe> in the databa@ke returned value will be either
“T<WTP" or “Hg<T<Ga’".

Example: sen@®ROB:ITS90:FORM4%o request the ITS90 deviation function form to be

used with the ‘a’ and ‘b’ negative coefficients the fourth thermometer in the database.
8.6.62 Command PROBe:CREate

Format: PROBe:CREatename>
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Creates a new entry at the end of the thermomatabdse with name <name>.

Example: sen®®ROB:CRE my new prol® create a new thermometer in the database called

“my new probe”.
8.6.63 Command PROBe:DELete<probe#>
Format: PROBe:DELete<probe#>

Deletes the probe in the database with index <proWeB. after a probe is deleted from the
database, the database is re-indexed and theadrther probes is indeterminate. The order of
the probes can, of course, be re-determined udR@Be:NAMe<probe>? command (see
section 8.6.37).

Example: sen@PROB:DELS5to delete the fifth probe in the database.

8.6.64 Command PROBe:FIND?

Format: PROBe:FIND"<name>

Findss the database index number for a probe hhi¢ld ‘Name’ set to <name>.

Example: sen@ROB:FIND? SPRT-1o find the index number of the thermometer named
“SPRT-1".

8.6.65 Command CALibrate:UNLock

Format: CALibrate:UNLock<password>

Unlocks the milliK to allow calibration adjustmerithe milliK always powers up in the
locked state. Calibration can be re-locked by oygrthe power to the milliK or using
CAL:LOCK (see section 8.6.66).

Example: sen€€AL:UNL 1234to unlock (enable) the calibration adjustment oniléiK
with the default password (¥1234").

8.6.66 Command CALibrate:LOCK

Format: CALibrate:LOCK

Locks the milliK to prevent calibration adjustment.
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Example: sen€AL:LOCK to lock the calibration of a milliK after adjustmie

8.6.67 Command CALibrate:RESistance:GAIN

Format: CALibrate:RESistance:GAINrange>,<current>,<gain>,[<standard>]

Sets the resistance measuremagdin> for the specified resistanegange> and<current>

with the option to specify thestandard>used. Gains outside the range 0.99 to 1.01 are
ignored. The optionatstandard>parameter is a string that is stored in the catibn

database file (which can be exported to a USB fthsle: see section 5.4) and can be used to
identify the calibration standard used. Typicaifyyould be used to identify the serial

number of the standard. Tkeurrent> can be specified as either NORMal or ROOT?2.

Example: for a milliK that has been found to reguarresistance gain of 1.001234 for the
resistance range 0-460with normal (1mA) sense current by using a resstastandard with
serial number xyz1956, the gain can be set using:

CAL:RES:GAIN 460,NORM,1.001234,SN_xyz1956
or CAL:RES:GAIN 460,NORM,1.001234

8.6.68 Command CALibrate:RESistance:GAIN?

Format: CALibrate:RESistance:GAIN&range>,<current>

Reports the resistance measurement gain for tlufisgeresistancerange> and
<current>. The<current> can be specified as either NORMal or ROOT2. Théxnwill

accept gains for the thermistor range (50Pkvith root2 current, but this is not used

(thermistors measurements are always made withAas2pse current)

Example: sen€AL:RES:GAIN? 115NORMo read the resistance gain for the 1Ifdnge

with normal (1mA) sense current.

8.6.69 Command CALibrate:VOLTage:OFFSet<channel#>
Format: CALibrate:VOLTage:OFFSathannel#> <offset>

Sets thecoffset> added to voltage measurements madeahrannel> The default units for
the offset are milli-volts. Offsets outside thegart10uV are ignored.

Example: to apply (add) an offset of 2uV (0.002n&yoltage measurements made on

channel 1, use:
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CAL:VOLT:OFFS1 0.002
or CAL:VOLT:OFFS1 2uV

8.6.70 Command CALibrate:VOLTage:OFFset<channel>?

Format: CALibrate:VOLTage:OFFSathannel#>?
Reports thecoffset>added to voltage measurements madeatrannel>in volts.

Example: a milliK with a +1pV offset added to vgeameasurement made on channel 1 will
respond taCAL:VOLT:OFFS1?with: “0.00000100”

8.6.71 Command CALibrate:VOLTage:GAIN

Format: CALibrate:VOLTage:GAIN<gain>[,<standard>][,<additional info>]

Sets the<gain> used for voltage measurements. Gains outsideatiger0.98 to 1.02 are
ignored. The optionatstandard>and<additional info> parameters are strings that are
stored in the calibration database file (which barexported to a USB flash drive: see
section 5.4) to provide information about this loedtion. Typically<standard>would be

used to identify the serial number of the voltagadard used. Theadditional info>

parameter is provided so store an additional seuaiber in case two standards are used
(precise low voltages are often realised by usinglérated reference resistor together with a

current source).

Example: for a milliK that has been found to requarvoltage gain of 1.001234 by using a
standard resistor with serial number xyz1956 andreent source with serial number

abc9960, set the gain using:

CAL:VOLT:GAIN 1.001234,SN_xyz1956,SN_abc9960
or CAL:VOLT:GAIN 1.001234

8.6.72 Command CALibrate:VOLTage:GAIN?

Format: CALibrate:VOLTage:GAIN?
Reports the voltage measurement gain.

Example: a milliK with a voltage gain set to 1.0842will respond taCAL:VOLT:GAIN?
with “1.001234”
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8.6.73 Command CALibrate:CURRent:GAIN

Format: CALibrate:CURRent:GAIN<gain>[,<standard>]

Sets the<gain> used for current measurements. Gains outsideatiger0.98 to 1.02 are
ignored. The optionatstandard>parameter is a string that is stored in the catibn

database file (which can be exported to a USB fthalre: see section 5.4) to provide
information about this calibration. Typically, itonld be used to identify the serial number of
the standard used. Example: for a milliK that hesrbfound to require a current gain of
1.001234 by using a reference standard with seaadber xyz1956, set the gain using:

CAL:CURR:GAIN 1.001234,SN_xyz1956
or CAL:VOLT:GAIN 1.001234

8.6.74 Command CALibrate:CURRent:GAIN?

Format: CALibrate:CURRent:GAIN?
Reports the current measurement gain.

Example: a milliK with a current gain set to 1.0842will respond taCAL:CURR:GAIN?
with “1.001234”

8.6.75 Command CALibrate:RJC:OFFSet

Format: CALibrate:RJC:OFFSetoffset>[,<TC type>][,<serial#>][,<info>]

Sets the<offset> (in °C) added to measurements of thermocouplegeée junction
temperatures. Offsets outside the range +10°Cgamgeéd. The optional parameters are
strings that are stored in the calibration datalilesséwvhich can be exported to a USB flash
drive: see section 5.4) to provide information altbis calibration. Typically, these would be
used to store information on the thermocouple tyged in the calibration, the serial number
of this thermocouple and additional informationtsas the serial number of the temperature

source used.

Example: to apply (add) an offset of 0.05°C torierence junction measurements
determine by using a type N thermocouple with $eaber xyz1956 in a liquid bath with

serial number abc9960 use:

CAL:RJC:OFFS 0.05,type_N,xyz1956,abc9960
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or CAL:RJC:OFFS 0.05
8.6.76 Command CALibrate:RJC:OFFSet?

Format: CALibrate:RJC:OFFSet?

Reports theoffset> (in °C) added to measurements made by the refefjenction sensor

used for reference junction compensation.

Example: a milliK with +0.1°C added to referencagtion temperature measurements will
respond taCAL:RJC:OFFS?with: “0.1".

8.6.77 Command CALibrate:IDENtification

Format: CALibrate:IDENtification <name>,<companykggation>,<temperature>

Sets identification information used to “stamp” a@fibrations that are made after this
command (until the milliK is restarted or the conmtas resent). This information would
typically be used to store information on the aalilon technician, the calibration

organisation and environment.

Example: for calibrations made by John Smith atelslo at Isotech’s primary standards
laboratory operating at 20°C £ 1°C, séDAL:IDEN JSmith,Isotech,Primary_Lab,19-20C

8.6.78 Command CALibrate:IDENtification?

Format: CALibrate:IDENTtification?
Reports the calibration information that will beedgo “stamp” subsequent calibrations.

Example: a milliK that has been set to stamp calibns using the information shown in
section 8.6.77 would respond@AL:IDEN? with: “JSmith,Isotech,Primary_Lab,19-20C”

8.6.79 Command CALibrate:IDENtification:LAST?

Format: CALibrate:IDENItification:LAST?

Reports the calibration information for the ladilmation made to the milliK.

Example: for a milliK that had been calibrated log Bloggs of Metrosol in their secondary
laboratory at 20°C +2°C and had not had any cdlimaadjustment applied since, the
response t€AL:IDEN? might be “JBloggs,Metrosol,Secondary_Lab,18-22C”
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8.6.80 Command CALibrate:PASSword

Format: CALibrate:PASSwordold password>,<password>,<password>

Changes the password used to lock (protect) thieraabn of the milliK’'s measurement
system. This is initially set to “1234”, but shoudd changed before using the milliK for any
critical or traceable measurement or calibratiomkw®he new password must be at least 4

characters in length and must be typed in ideryi¢aice in order to effect the change.
Example: sen€AL:PASS 1234,ABCD,ABCLo change the password from 1234 to ABCD.

8.6.81 Command CALibrate:VALid?

Format: CALibrate:VALid?

Reports whether the calibration information loaftedh the milliK’s database is valid. If it is
not valid, it will provide an error code that shdlle reported to Isotech when requesting

technical support.

Example: a correctly calibrated milliK will respoitalCAL:VAL? with “Calibration Okay”.
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9 Specification

Inputs}f Channel 1 & 2: SPRT/PRT/thermistor/Thermocouple
Channel 3 (rear pan 4-20mA current loop with optional 24V loop sup
Rangeq| SPRTs: 0-115
PRTs: 0-460
Thermistors: 0-500k
Thermocouples: +115mV
4-20mA: 0-30mA
Units °C, °F, K, , mV, mA
Accuracy Initial Over 1 year
SPRTs/PRTSs: S5ppm 7ppm
Thermistors: 50ppm 150ppm
Thermocouples: 1uV +0.002% of reading 1uV + 0.006% of reading
4-20mA: +0.C1% +0.02%
Temperature Accura Initial Over 1 year
SPRTs/PRTs (at 0°C):  3mK 4mK
(over full range): 5mK 7mK
Thermistors: 50ppm 150ppm
Thermocouples (ice-point reference):
Type B @ 1000°C:+0.12°C 10.14°C
Type E @ 600°C: +0.02°C 1+0.05°C
Type J @ 600°C: +0.03°C 1+0.05°C
Type K @ 600°C: +0.04°C 1+0.06°C
Type L @ 600°C: +0.03°C 1+0.05°C
Type N @ 600°C: +0.04°C 1+0.06°C
Type R @ 1000°C:+0.09°C 10.12°C
Type S @ 1000°C:+0.10°C 10.14°C
Type T @ 200°C: +0.02°C +0.03°C
Au-Pt @ 600°C:  +0.06°C +0.08°C
Thermocouples (internal reference junction compgmsa
Type B @ 1000°C:+0.12°C 10.14°C
Type E @ 600°C: +0.10°C 1+0.20°C
Type J @ 600°C: #0.12°C 1+0.23°C
Type K @ 600°C: +0.13°C 10.25°C
Type L @ 600°C: #0.12°C 1+0.23°C
Type N @ 600°C: +0.10°C 10.19°C
Type R @ 1000°C:+0.14°C 10.21°C
Type S @ 1000°C:+0.16°C 10.24°C
Type T @ 200°C: +0.10°C 1+0.18°C
Au-P1 @ 600°C +0.10°C +0.15°C
Measurement Tim§l PRTs (4-wire): 0.4s
(3-wire): 0.7s
Thermistors: 0.4s
Thermocouples (ice point0.4s
(internal RIC).7s
(external RJC' 1.0s
Resolutionf| Resistance (PRTs)0.00001
(Thermistors): 0.001
Voltage: 0.00001mV
Current: 0.001mA
Temperature 0.0001
Temperaturd| PRTs: IEC60751(2008), Callendar-van Dusen, ITS90
Conversiond| Thermocouples:  IEC584-1 1995 (B,E,J,K,N,R,S,T), L, Au-Pt
Thermistors Steinhar-Hart, polynomie
SPRTs/PRTs: 1mA and 1.428mA +0.4% (reversing)
Thermistors 2UA (reversing
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Keer-Warm Currer ff SPRTs/PRT: 1mA and 1.428m.
Cable Lengt 30m (<1( per core and <10nF between ca
Input Connector§l SPRTs/PRTs: Lemo EPG.1B.306.HLN 6-pin gold plated contacts
Thermocouples:  Miniature Thermocouple socket (ASTM E 1684-05)
4-20mA: 4mm sockel
Interface 10/100MBit ethernet (RJ46 socket)
USB (2.0) host
2 X RS262 (-pin D-type plig, 9600 Bauc
Display 89mm / 3.5" QVGA (320 x 240) colour TFT LCD withrig-life LED backligh

Operating Condition§ Operating: 0-40°C / 32-113°F, 0-95% humidity
Full Specification 15-30°C / 5(-85 °F, 1(-90% humidit
Powe 90-264V (RMS), 4-63Hz (uriversal), 6W maximul
Size 255mm x 255mm x 114mm /10" x 10" x 4.5" (W xD 3
Weighi 2.25kg / 5l

Note: The temperature accuracy figures for thermaptes depend on the slope of the V-T curve forsélected
thermocouple type and on the measured temperatimee(the slope varies with temperature). Additilgni
reference junction compensation (internal or exdBris used rather than an ice-point referencetdts
accuracy also depends on the slope of the V-T cairttee reference junction temperature (typicalbuad
20°C). The temperature accuracy figures for theouaptes presented in the table above are at repegisen

temperatures for the thermocouple type.

The curves below show how the temperature accwaiggs with measured temperature (both initial &nd
year) for all the thermocouple types supportedigynilliK when it is used with either an ice-poieference
(for highest accuracy) or internal reference jurtitompensation (the least accurate, but most coeve

method).

To determine the temperature accuracy for exteafatence junction compensation (see section 2&ulate
the accuracy to which you are measuring the refergumction temperature (depends on the accuratheof

PRT used, the accuracy of the milliK measuringRRE and the temperature gradient between the refere
junction and the temperature sensor) and thenpiolate between the “ice point reference” and “inéiRJC”

curves using the fact that the RJC sensor accusady.1°C (initially) / £0.2°C (1-year).

X-axis = measured temperature in °C, y-axis = teatpes accuracy on °C
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X-axis = measured temperature in °C, y-axis = teatpes accuracy on °C
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10 Approvals

The milliK has been verified as complying with tlegulatory requirements of the EU and
FCC for electromagnetic compatibility and safeti) (&nly).

C¢

European Community Electromagnetic Compatibility Directive (89/336)
European Community Low Voltage Directive (93/68)

10.1 CE Declaration

The milliK Precision Thermometer manufactured ythermal Technology Limited of Pine
Grove, Southport, Merseyside, PR9 9AG, United Korgdconforms to the requirements of
the European Community Electromagnetic Compatybiirective (89/336) and of the
European Community Low Voltage Directive (93/68).

10.2 FCC Statement

This equipment has been tested and found to comiiythe limits for a Class A digital
device, pursuant to part 15 of the FCC Rules. Thests are designed to provide reasonable
protection against harmful interference when th@@gent is operated in a commercial
environment. This equipment generates and canteadidio frequency energy and, if not
installed and used in accordance with the instonathanual, may cause harmful interference
to radio communications. Operation of this equiptmem residential area may cause harmful
interference, in which case the user will be regplito correct the interference at his own
expense. Changes or modifications to this equipmenhéxpressly approved by Isothermal
Technology could degrade EMC performance and Jaduser’s authority to operate the

equipment.
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10.3 Standards Applied

The following standards have been applied in asspssmpatibility with the requirements

for CE marking and for FCC compliance:

Conducted Emissions
Radiated Emissions
Conducted Immunity
Radiated Immunity
Electrical Fast Transients
Electrostatic Discharge
Surge

Voltage Dips & Interruptions
Harmonic Currents
Flicker

Electrical Safety

11 Revision History

EN61326:2006 & CFR47:2009
EN61326:2006 & CFR47:2009
EN61326:2006
EN61326:2006
EN61326:2006
EN61326:2006
EN61326:2006
EN61326:2006
EN61000-3-2:2006
EN61000-3-3:2008
EN61010-1:2001

Change Note Date Manual Issue
Initial releas April 2011 1.01
CN1100¢ 17/06/201. 1.0z
CN1200: 07/02201Z 1.02
CN 12011 16/05/201. 1.04
CN 1201« 30/05/201: 1.0¢
CN 12029 08/11/201. 1.0€
CN 13015 21/05/201. 1.07
CN 1302: 11/10/201. 1.0¢
CN14021¢ 16/05/201. 1.0¢
CN1E007 23/10/201! 1.1C
CN17014 21/11/201 2.0C
CN1701¢ 28/11/201 2.01

© Isothermal Technology

Page 125 of 125

923 mitlienual - issue: 3.00



