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Thermistors at YSI

Y Sl devel oped thefirg interchangeabl e thermistor
probesin 1955 and thefirst lineof precison
interchangeablethermistorsin 1961. In 1982, we
introduced thefirg precision interchangesble glass-
encapsulated thermistors. We have improved these
products and expanded theminto afull line of
precison thermistors.

What Are Thermistors?

The nameisderived from the device smgor charac-
terigic—it'sathermdly sendtiveresgtor. Thereare
two mgjor types. NTC, with anegative temperature
coefficient of resstance; and PTC, with apositive
temperature coefficient. Y Sl manufacturesNTC ther-
migtors, which exhibit asteep drop in resistance as
temperatureincreases, providing high sengtivity to
temperature changes. The res stance changes approxi-
meately three ordersof magnitudein a100°C range.
Thisprovidesameansto measurevery small tempera:
ture variations very accurately.

How We Manufacture Thermistors

Manufacturing precison thermistorsinvolves ceram-
icstechnology, solid state chemistry, electronicsand
precison temperature measurement.

Thermigtors are mixed metal oxide semiconduc-
tors. We prepare them by intimately mixing fine pow-
dersof trangtion meta oxides, pressng theminto
disksunder high pressure, and firing the disks at high
temperature. In the high-temperaturefiring process,
caled sintering, the meta oxidesundergo asolid date
chemical reaction, forming an eectricaly active
meateria caled aspind. Spindsof trangtion metal
oxides, such asnickel, manganese andiron, exhibit
large changesin resstancewith small changesin
temperature.

After sintering, we gpply dectrical contactsand
attach leads. To protect thermistorsfrom environmen-
tal damage, we encapsulatethem in epoxy or glass.

Thedectrical propertiesare controlled by compo-
gtion, sintering temperature and oxygen partia pres-
sure. Thematerial congtant beta (or ope) and the
resgtivity (ohm-cm) are established by the manufac-

turing process. To achieve interchangeability over an
extended temperature range, the material constant
betamust betightly controlled. Y Sl maintainsvari-
ability in beta of lessthan 0.3%.

Theresstance (ohm) isafunction of theresstiv-
ity and the physica dimensionsof thedevice.
Although thedopeand resstivity are fixed by com-
position and firing temperature, the res tance can be
adjusted by varying thedimensgons. YS usesthis
property in apatented process to manufacture preci-
sion interchangeablethermistors.

The Advantages of Thermistors

* Sensitivity—A thermistor ismuch more sengtiveto
temperature change than other sensors. A typica
thermistor changes 1,290 ohmsper degreeat 25°C.

* Interchangeability-Y S thermistorsare available
with interchangeabilitiesto £0.05°C, not just at a
singlepoint but over atemperaturerangefrom0to
70°C. Thisisaresult of precise process control and
extreme atention to quality.

» Two-Wire Connection—No reference junction
compensation necessary aswith thermocouples. The
thermigtor’sinherent higher resstance dlowsfor
longer lead length without introducing sgnificant
errorscompared to platinum RTDs, which must
operatein a3-wireor 4-wiremode.

*» Ruggedness—The NASA qudlification program
includes numeroustests of ruggedness, whichY S|
thermistors continue to pass. NASA hasdeemedY S
thermistorsworthy of qudification for extended
spaceflight.

» Hermetic Seal-Y S glass-encapsulated thermistors
achieve ahermetic sed between the environment and
thethermigtor disk. Thispermits measurement in
severe moisture environmentswithout concern for
Slver migration.

* Flexibility—Y S thermistorscomein agrest variety
of resstances, ope characteristics, lead configura-
tionsand encapsulation materials. The chartsthat
follow will help you determine which thermistor will
perform best in your application.



YSI Capabilities

Thiscataog describesY S| thermistors, probesand
assembliesfor |aboratory, medical, industria and
process temperature measurement, control, indication
and compensation. You may purchaseY S
thermistors unmounted or ascomplete temperature
sensing assemblies.

Y S manufacturesthermistorsand thermistor
probe assembliesfor usein diversefieldsof tempera:
ture sensing: from neonatal infant monitoring to
tracking the temperature of astronautsin space; from
measurement of temperaturein the oceanto main-
taining critica temperature parameters of satdllites;
from one-time usein adisposable medical probeto
decadesin buried telecommunications cables.

We can provide you with the proper thermistor
for thejob aswell ashelp you design the gppropriate
probe configuration for your critical temperature
applications.

» Cugtom Profiles—-When standard thermistors or
probesjust do not meet your requirements, Y Sl can
help. We have 45 years of experience helping
engineersdevel op temperature measurement
solutions. Put our gpplications engineering saff to
work for you.

Spinel

Electrical Contact Electrical Contact

Encapsulant

Lead Lead

The internal construction of a YSI thermistor

» Special Testing—We have a pecid test section for
thermistorsrequiring extraordinary or specific
verification of characterigtics. Our NASA qudifica
tion processincludeslong-term agetesting, burn-in,
vibration, impact, humidity, high-temperature and
low-temperature exposure.

Our precidgon temperature measurement capabili-
tiesextend past the millikelvin range. The congtant-
temperature baths we usefor verifying thermistor
cdibration have stabilities and accuracies better than
+5millikelvin (£0.005°C).

* NIST Traceability—Our thermistor temperature
measurements are directly traceableto the Nationa
Indtitute of Standardsand Technology (NIST). We
maintain aworld-classtemperature cdibration
|aboratory for thermistor reference probesand
gtandard platinum resistance thermometers. It' sthe
only laboratory outsde Germany with DKD
(Deutscher Kalibrierdienst) accreditation from the
PTB, Germany’s equivaent of our NIST.

* SPRTs-Y S dso manufacturestheworld’ sworking
gandard of temperature, the traditional standard plati-
num resistance thermometer (SPRT).

Lead

For more information,

contact us at 800 747-5367 or
937 427-1231 Fax 937 427-1640
Info@YSI.comewww.YSI.com



Comparative Sensor Table

We specidize in thermistor-based temperature mea-
surement. The chart tellsyou how thermistors com-
parewith other temperature measurement methods.
When accur acy and sensitivity areimportant,

thermigtors arethe best choice.
Thermistor
100 ohms to 1
megohms at 25°C
Sensitivity Units 3.31053K
ohms/°C at 25°C
Standard Accuracy (°C)
Interchangeability +0.05 t0 +0.2°C
Stability at 100°C 0.02°C/ month (epoxy)
0.02°C/year (glass)
Power Required Stable voltage
or current
Minimum Practical Span 1°C
Temperature Range -100 to +250°C
Reference None
Ruggedness Very rugged
Maximum Power (self-heat) 50 pw
for Stated Accuracy
Sensitivity
Hysteresis over Range <0.01°C
Repeatahility over Range <0.01°C
Lead Wire Configuration 2-wire

For more information,

contact us at 800 747-5367 or
937 427-1231«Fax 937 427-1640
Info@Y SI.cem www.YSI.com

Thermocouple
B,R,S,ET,J,K

710 62 WV/°C

+0.8 to +4.4°C

Depends on
environment

Self-powered

100°C
-100 to +1750°C
Cold junction

Large wire diameter
very rugged

NA (susceptible to
amplifier bias current
error)

>1°C
+0.5°C

Thermocouple or
extension wire

Platinum

Integrated

100, 200, 500, 1,000 Circuit

ohms at0°C

Temperature
Sensor

0.00385 and 0.00392 1pA/C

ohms/ohm/°C

+0.3°C

0.05°C/year (film)
0.002°C/year (wire)

Stable voltage
or current

25°C
-200 to +750°C
None

Rugged

500 pW

0.01°C
<0.01°C
2-, 3-, 4-wire

+0.6 to +5.0°C
0.1°C/month

41030V

25°C
-55 10 +150°C
None

Very Rugged

Offset error is
supply voltage
dependent

Not available
+0.1°C

2-wire



Characteristics of YSI Thermistors

YSI Series
Coefficient

Resistance
Ratio
25°C/125°C

Maximum
Operating
Temperature
(°C)

Recommended
Operating
Range

Dissipation
Constant

Thermal Time
Constant

Resistance
Available
@ 25°C

Stability

Interchangeability

010 70°C

Size

Resistance to
Moisture

Lead Material

55000
Negative
235110
29.26

200°C

-80 to +200°C

6 mW/°C
in oil min
1.5mW/°C
in air min

1.5sec
max in oil

2252-30K Q

0.12°C/10 mo
@ 100°C
0.15°C/10 mo
@ 150°C

+0.1,+0.2°C
0.095” w x
0.125” I max

Hermetic

Gold plated
Dumet

46000
Negative

23.5110
29.26

250°C

-80 to +200°C

10 mW/°C
in oil min
4 mW/°C
in air min

2.5sec
max in oil

2252-30K Q

0.01°C/10 mo.
@100°C
0.05°G/10 mo.
@ 150°C

+0.05, +0.1
+0.2°C

0.125” wx
0.25”" I max

Hermetic

Gold plated
Dumet

45000
Negative
235110
29.26

250°C

-80 to +200°C

10 mW/C
in oil min
4 mW/°C
in air min

2.5sec
max in oil

2252-30KQ

0.05°C/10 mo.
@ 100°C
0.11°C/10 mo.
@ 150°C

+0.2°C
0.125" wx
0.25” | max

Hermetic

Gold plated
Dumet

44900
Negative
235110
29.26

150°C

-80 to +90°C

8 mW/°C
in oil min
1 mW/°C
in air typical

1.0 sec
max in oil

2252-30K Q

<0.2°C/10 mo.
@100°C

+0.1,+0.2°C

0.095” w x
0.187”  max

MIL 23648
90-98% 10 days

Tinned copper

44000
Negative
11.4910
61.96

150°C

-80 to + 120°C

8 mW/°C

in oil min
1mW/C

in air typical

1.0sec
max in oil

100 Q-1 megQ

<0.2°C/10 mo
@ 100°C

+0.1,+0.2°C

0.095"w x
0.187” I max

90%
noncondensing
not for high
moisture

Tinned copper

Thermilinear
Negative

NA

150°C

-30 to+100°C

8 mw/°C
in oil min

1 mw/°C

in air typical

1.0sec
max in oil

NA

<0.2°C/10 mo
@ 100°C

+0.15°C
others available

0.110" wx
0.150” I max

90%
noncondensing
not for high
moisture

Insulated tinned
copper



Section 1
Thermistor
Components

Precision Interchangeable Thermistors e YSI 44000 Series
High-Temperature Hermetic Thermistors ¢ YSI 45000 Series
Super-Stable Thermistors ® YSI 46000 Series

GEM (Glass-Encapsulated Material) Thermistors ® YSI 55000 Series
NASA Space-Qualified Thermistors ® YSI 44900 Series

Interchangeability Tolerance Data

Thermilinear Components




Precision Interchangeable

Thermistors

¢ YSI 44000 Series Epoxy-Encapsulated
for General Use

¢ YSI 44100 Series with Teflon Sheath
for Harsh Environments

Y Sl thermigtors provide highly accurate and stable
temperature sensing for measurement, control,
indication and compensation. Thetight interchange-
ability of our precison componentsalowsprecise
measurement without calibration of circuitry to
match individua components.

We offer two interchangeability tolerances—
+0.2°C, £0.1°C—and two configurations—epoxy-
encapsulated and epoxy-encapsul ated with Teflon
shesth.

Choose epoxy-encapsulated componentsfor
gpplicationswhere cog, flexibility and awide range
of resstance valuesareimportant. TheY Sl 44000
Seriesisavailablein both +0.2°C and £0.1°C inter-
changeability tolerances.

YSI 44000 Series Thermistors

32 AWG Tinned Solid Copper Wire

C’jEMin.
| .6cm
E .095" Dia. Max.

2.4 mm

For more information,

contact us at 800 747-5367 or
037 427-1231 Fax 937 427-1640
Info@YSI.comewww.YSI.com

Teflon-sheathed thermistors alow exposureto
hostile environments such as conductive or corrosive
liquidsand particulate suspensons. A giff wireinthe
tubeletsyou form thethermistor leadsto various
shapeswith dight finger pressure. We maketheY S|
44100 Seriesin variousresstancesin£0.2°C
tolerances.

Y Sl thermistors are fabricated using proprietary
processes designed to achieve highly accurate stable
thermistorswith each production lot. Comparing
gability and accuracy specificationswill highlight
the advantages of theY SI process. When accuracy is
important today and in thefuture, thereisonly one
choice, YSI.

YSI 44100 Series Thermistors with

Teflon Sheath
Teflon Tube
e 1/4"
(@ =
}-— 2" Min. 4.\.7 1" Min.
51 mm
.110" Dia. Max.
2.8 mm
32 AWG Tinned Solid Copper Wire
3" Min.
76mm



Specifications

Time Constant 1 sec max for standard thermistors, 2.5 sec max for
Teflon-sheathed thermistors, when suspended by their leads in a well-
stirred oil bath. In still air, 10 sec max for standard thermistors, 25 sec
max for Teflon-sheathed thermistors.

Dissipation Gonstant. 8 mW/°C min when suspended by their leads
in a well-stirred oil bath, or 1 mW/°C in still air.

Stability: YSI thermistors are chemically stable and not significantly

affected by aging or exposure to strong nuclear radiation. The table
shows typical stability for a representative thermistor, the YSI 44005.

Operating
Temperature
0°C
25°C
100°C
150°C

+0.2°C
Interchangeability
Tolerance

0to 70°C

+0.1°C
Interchangeability
Tolerance

0to 70°C

Typical Thermometric Drift
10 months 100 months
<0.01°C <0.01°C
<0.01°C <0.02°C
0.20°C 0.32°C
1.5°C not recommended

Ordering Part Numbers  Zero Power Beta
Resistance 0-50°C Q
25/125°C Temperature Temperature

Standard Teflon Q at25°C
44001A  44101A 100
44002A 44102A 300
44003A 44103A 1000
44004 44104 2252
44005 44105 3000
44007 44107 5000
44017 44117 6000
44016 44116 10K
44006 44106 10K
44008 44108 30K
44011 44111 100K
44014 44114 300K
44015 44115 1 meg
44035 - 1000
44033 - 2252
44030 - 3000
44034 - 5000
44036 - 10K
44037 - 6K
44031 - 10K

44032 - 30K

®

2854
3118
327
3891
3891
3891
3891
3891
3574
3810
3988
4276
4582

327
3891
3891
3891
3891
3891
3574
3810

Resistance/Temperature Data: A °C/°F resistance versus tempera-
ture table in 1°C increments is in the Technical Information Section.

Interchangeability Tolerance Data:
show nominal resistance values, ohms per degree, and tolerance at

select temperatures over the operating range.

Temperature Probe Assemblies:  YSI 44000 Series Thermistors may
be installed in many of the probes described in the Configure-to-
Order Probe Section.

Maximum Power: 30 mW at 25°C to 1 mW at 125°C short-term.

How to Order

Please order from your YSI representative or YSI Customer Service.

Ratio

11.49
15.15
17.33
29.26
29.26
29.26
29.26
29.26
23.51
29.15
34.82
46.02
61.96

17.33
29.26
29.26
29.26
29.26
29.26
23.51
29.15

Maximum
Working

100°C
100°C
100°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C
150°C

100°C
75°C
75°C
75°C
75°C
75°C
75°C
75°C

Best Storage
& Working

-80-+50°C

-80-+50°C

-80-+50°C

-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C
-80-+120°C

-80-+50°C
-80-+75°C
-80-+75°C
-80-+75°C
-80-+75°C
-80-+75°C
-80-+75°C
-80-+75°C

Mix

Tables on pages 17 and 18
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High-lemperature
Hermetic Thermistors

e YSI 45000 Series

Y S 45000 Series Thermistors are manufactured with
glass hermetic encapsulation, providing stability over
awiderange of operating temperatures. We've
designed this seriesfor elevated temperaturesor for
high humidity (95% or above). You may subgtitute
these thermistors for the'Y S| 44000 Serieswith no
circuit changes.

Replacement of the standard epoxy coating with
glass hermetic encapsulation providessignificant
advantages.

* Improved resistance to humid environments

* Excdlent high-temperature stability

» Interchangesbility at high temperature

* Wide operating range: -80to +250°C

» Higher power handling capabilities

Y Sl 45000 Seriesthermistorscomein arange of
res sance vaues, and £0.2°C interchangesbility
tolerance. For further information on glass thermistor
performancein severe moisture environments, see
page 11, Tests Show Thermistor Stability.

For more information,

contact us at 800 747-5367 or
937 767-7241Fax 937 767-9353
Info@YSI.comewww.YSI.com

Ordering Part Zero Power
Numbers Resistance
Qat25°C
+0.2°C 45004 2252
Interchangeability 45005 3000
Tolerance 45007 5000
o 45017 6K
010 70°C 45006 10K
45016 10K
45008 30K

3.0" Min.
76 mm

-

E 0.125" Dia. Max. Z 32 AWG Gold

3.2mm Plated Dumet
0.110" Dia.

Typical
2.8 mm

Specifications

Time Constant 2.5 sec max when suspended by its leads in a well-
stirred oil bath, 20 sec max in still air.

Dissipation Constant 10 mW/°C min when suspended by its leads
in a well-stirred oil bath, or 4 mW/°C in still air.

Stability: Typical thermistor stability at 100°C is 0.05°C for 10
months.

Resistance/Temperature Data: A °C/°F resistance versus temperature

table is in the Technical Information Section.

Temperature Probe Assemblies:  YSI 45000 Series Thermistors may
be installed in many of the probes described in the Configure to Order
Probe Section.

Interchangeability Tolerance Data:  Table on page 17 shows
nominal resistance values, ohms per degree, and tolerance at

select temperatures over the operating range.
Maximum Power: 50 mW at 25°C derated to 2 mW at 125°C.

How to Order
Please order from your YSI representative or YSI Customer Service.

Beta Ratio Maximum Mix
0t050°C Q Working
K 25/125°C Temperature
3891 29.26 200°C B
3891 29.26 200°C B
3891 29.26 250°C B
3891 29.26 250°C B
3574 23.51 250°C H
3891 29.26 250°C B
3810 29.15 250°C H



Super-Stable
Thermistors

¢ YSI 46000 Series

Y Sl 46000 Series components represent the state of
theart in long-term stability performance. By cou-
pling glass hermetic encapsulation with 100%

res stance shift screening, we offer stability never
before realized with thermistor components.

Weoffer Y Sl 46000 Seriesthermistorswith
interchangeability tolerances astight as+0.05°C, as
well as+0.1°Cand +0.2°C.

Many leading aerospace companies have recog-
nized the advantages of these parts, developing their
own specificationsfor quaifying, screening and
using these thermistorsin high-reliability applica-
tions. We wel come your inquiry on specia measure-
ment pointsand specia test services.

¢ Tests Show Thermistor Stability

Y S 45000 and 46000 Series Thermigtorsoffer
unpardlded sability and moistureresstancein
thermistor components. The datafrom the threetests
we performed demonsratethat YS glassthermistors
arethedevice of choicein extreme environments.

High-Temperature Testing

Thefirg was gatic high-temperature testing. Al
thermistors show someincreasein resstance over
time; the higher thetemperature, the greater the shift.
WeplacedY Sl glassthermistorsin anisothermal
150°C environment for extended timetesting. On
average, they shifted lessthan 0.040°C in 5,000
hours.

LA

Rl

500 1000 5000
Hours at 150°C

10 50 100

_E)i::_)" Dia. 1 %

32 AWG Gold-
Plated Dumet

Differential Dew Point Cycling

The second test was cycling from ambient to below
the dew point. Moistureisamajor cause of failurein
gtandard non-hermetic thermigtors. Thistest exposed
thethermistorsto multiple cycleswith 11 minutes
below the dew point and 11 minutesat ambient. After
over 3,500 cycles, we saw no appreciable shifts.

0.10

0.08

£ 0.06
i

' 0.04

0.02
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0 500 1000 1500 2000 2500 3000 3500

Number of Dewpoint Cycles

High-Temperature Cycling

Thelast, and most rigoroustest, wasthermal cycling.
Thiscycle conssted of 11 minutesat ambient and 11
minutes a 200°C. Weran severa hundred cycles.
Shiftsafter 700 cyclesaveraged lessthan 0.2°C.

0.5

0.4

0.3
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0.2
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0.0
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Specifications

Time Constant 2.5 sec max when suspended by its leads in a well- Typical Thermometric Drift

stirred oil bath, 20 sec max in still air. Operating Typical Thermometric Drift
Dissipation Constant 10 mW/°C min when suspended by its leads in Temperature 10months 100 months
a well-stirred oil bath, or 4 mW/°C in still air. 25°C <0.01°C <0.01°C
Resistance/Temperature Data: A °C/°F resistance versus tempera- 70°C <0.01°C <0.01°C
ture table is in the Technical Information Section. 100°C 0.02°C 0.03°C
Interchangeability Tolerance Data:  Tables on pages 17,18 and 19 150°C 0.05°C 0.08°C
show nominal resistance values, chms per degree, and tolerance at 200°C 0.22°C 0.60°C

select temperatures over the operating range.

Temperature Probe Assemblies:  YSI 46000 Series Thermistors may How to Order

be installed in many of the probes described in the Configure to Order Please order from your YS! representative or YS! Customer Service.

Probe Section.
Ordering Part Zero Power Beta Ratio Maximum Mix
Numbers Resistance 0to50°C Q Working
Qat25°C K 25 125°C Temperature
+0.2°C N 46004 2252 3891 29.26 200°C B
Interchangeability 46005 3000 3891 29.26 200°C B
Tolerance 46007 5000 3891 29.26 200°C B
010 70°C 46017 6K 3801 29.26 200°C B
46006 10K 3574 23.51 200°C H
46016 10K 3891 29.26 200°C B
46008 30K 3810 29.15 200°C H
(o]
+0.1°C B 46033 2252 3891 29.26 200°C B
Interchangeability 4030 3000 3891 29.26 200°C B
Tolerance 46034 5000 3891 29.26 200°C B
0to0 70°C 46037 6K 3801 29.26 200°C B
46031 10K 3574 23,51 200°C H
46036 10K 3891 29.26 200°C B
46032 30K 3810 29.15 200°C H
+0.05°C 46043 2252 3801 29.26 200°C B
Interchangeability 46040 3000 3891 29.26 200°C B
Tolerance 46044 5000 3801 29.26 200°C B
010 70°C 46047 6000 3891 29.26 200°C B
46041 10K 3574 23.51 200°C H
46046 10K 3891 29.26 200°C B



GEM Thermistors
(Glass-Encapsulated Material)

¢ YSI 55000 Series
Thisthermigtor product linefromY S Qualification Testing
combinesthe benefits of our high accuracy and TheYSI GEM Thermistor has been evaluated using
Super-steble thermistorswith low-cost automated MIL R-23648 specifications. Thethermistor has
qssembly te_chnol ogy. Theresult isaunique product passed requirementsfor insulation resistance,
linethat definesanew cost versus performance thermal shock, vibration, shock, moistureresistance,
model. _ . immersion, res stance to solder heat and short-time
YS GEM Thermistorsuse aspecialy overload. High quality and reliability are achieved by
formulated glass material which providesahermetic combining the standard Y S| thermistor fabrication
package rugged enough for most industrial processwith anew proprietary processfor glass
applications. The product has high-temperature encapsulation.
capability, to 200°C, and improved stability
compared to epoxy- or plastic- encapsul ated Applications
thermistors. Automated manufacturing of theY S TheY S| GEM Thermistor isidedl for applications
55000 Series alows us unprecedented process which require high stability up to 200°C and are
control in thermistor calibration and glass subject to a high-moisture environment. Temperature
encapsulation. compensation for sengitive dectronic circuitssuch as
. precision clocks, communicationsdevices, and

A Variety of Type.s. X medical and scientificinstruments achieveimproved

* Interchangebility tolerancelevels—+0.2°C, resultswith theY S GEM Thermistor. YS!

t01Cc . applicationsengineering can assist you in selecting
* Standard resistances-2252Q to 30KQ at 25°C the best thermistor for your application.
» 3standard dopes—B mix and 2 H mixes TheY S| GEM Thermistor hasthe performance

characteristicswhich directly compete with thin
platinum RTDs. The thermistor’s superior resol ution,
high res stance vaues and ruggednessare available

Performance Advantages
* Excdllent long-term stability

* Broad temperaturerangeto 200°C in alow-cost package, making theY Sl GEM the
* Hermetically sedled in glass obviouschoicefor many applications.
* Price/performance leader TheY S GEM Thermigtor is effective when
o combined with our Configure-to-Order (CTO) probe
0.095" Dia. Max. |* 25 Min. offerings. The high stability and temperature
' characterigtics can be packaged indl CTO Probe

l syles, providing theflexibility to purchaseasolution
_G 7 to the most demanding temperature measurement
T / 32 AWG Gold-Plated Dumet  needs. See section 3 for Configure-to-Order probes.
Glass-Encapsulated

For more information,

contact us at 800 747-5367 or
037 427-1231« Fax 937 427-1640
Info@YSI.comewww.YSI.com



Specifications

Time Constant: 1.5 sec max for GEM Thermistors, in a well-stirred
oil bath. In still air, 15 sec max for GEM Thermistors.

Dissipation Gonstant. 6 mW/°C min when suspended by their leads
in a well-stirred oil bath, or 1.5 mW/°C in still air.

Stability: YSI thermistors are chemically stable and not significantly
affected by aging or exposure to strong nuclear radiation. The table
shows typical stability for a YSI 55016.

Operating Typical Thermometric Drift
Temperature 10 months
0°C <0.01°C
25°C <0.01°C
100°C 0.12°C
150°C 0.15°C
200°C 0.20°C

Ordering ZeroPower  Beta
Part Resistance 0-50°C
Numbers Q at25°C K
+0.2°C 55004 2252 3891
. 55005 3000 3891
Interchangeability 55007 5000 3891
Tolerance 55017 6000 3891
0to 70°C 55006 10K 3574
55016 10K 3891
+0.1°C 55008 30K 3810
Interchangeability 55033 2252 3891
Tolerance 55030 3000 3891
0to 70°C 55034 5000 3891
55037 6000 3891
55036 10K 3891
55031 10K 3574
55032 30K 3810

For more information,

contact us at 800 747-5367 or
937 767-7241Fax 937 767-9353
Info@YSI.comewww.YSI.com

Resistance/Temperature Data: A °C/°F resistance versus tempera-
ture table is in the Technical Information Section.

Interchangeability Tolerance Data: ~ Tables on pages 17 and 18
show nominal resistance values, ohms per degree, and tolerance at
select temperatures over the operating range.

Temperature Probe Assemblies:  YSI 55000 Series Thermistors may
be installed in many of the probes described in the Configure to Order
Probe Section.

Maximum Power: 30 mW at 25°C to 1 mW at 125°C short-term.

How to Order
Please order from your YSI representative or YSI Customer Service.

Ratio Short Best Mix
Q Term Working
25125°C  Temperature Temperature
29.26 250°C -80-+200°C B
29.26 250°C -80-+200°C B
29.26 250°C -80-+200°C B
29.26 250°C -80-+200°C B
23.51 200°C -80-+150°C H
29.26 250°C -80-+200°C B
29.15 200°C -80-+150°C H
29.26 250°C -80-+125°C B
29.26 250°C -80-+125°C B
29.26 250°C -80-+125°C B
29.26 250°C -80-+125°C B
29.26 250°C -80-+125°C B
23.51 200°C -80-+100°C H
29.15 200°C -80-+100°C H



NASA Space-Qualified
Thermistors

¢ YSI 44900 Series
e Goddard Space Flight Center
GSFC S-311-P-18

NASA hasqualifiedY Sl epoxy-encapsulated ther-
migtorsfor usein extended space flight. The Goddard
Space Flight Center issued GSFC S-311-P-18in 1974
to specify the performance requirementsfor these
thermigtors. We re-qualify agroup of thermigtors
every year and screen every thermistor before
stocking.

Re-qudification includesthe following teststhat
arereferenced in MIL R-23648.

* Short timeload

* Thermal shock

* Insulation resistance

 Resstanceto soldering heat

* Low-temperature sorage

* High-temperature storage

* Dissipation constant

* Thermal time congtant

* Termind strength

» Moisiureresstance

* High-temperature exposure

* High-frequency vibration

» Medium-impact shock

* Immerson

We screen every Y Sl 44900 Series Thermistor
according to this specification. Screening includes
visua and mechanica requirements, thermal shock,
high-temperature storage, insulation resistance and
additiona resstance versustemperature anayss.

Thisqualification and screening gives you confi-
dencethat the component will performto therigorous
requirements of space flight or other gpplication.
Cugtomersoften submit their own specificationsthat
use our testing capabilitiesin combinationsnot in the
Goddard specification.

Thermigtors procured in compliance with GSFC-
311-P-18 areidentified by aspecific Goddard part
number with a311P18 prefix, adash number for
res stance and range, alead codeand alead length
code. We stock componentswith Sstyleleads 7.6 cm
long. Please contact Y S| Customer Service when
ordering other lead styles or lengths.

Special Test Services

Weoffer specid test servicesto qualify partsper
customer source control drawings. All' Y S thermigtors
and probes can be custom built and tested to meet the
most stringent qualification requirements.

Specifications

Standard Configuration:  YSI 44900 Series Thermistors are provided

to the specifications shown on the drawings. Each unit is color-coded

to indicate resistance value and marked with a green dot between the
leads to indicate successful acceptance testing.

Configuration Options:  On special order, YSI 44900 Series Ther-
mistors are available with a wide variety of options, including leads of
various lengths, special lead materials, insulated leads and as fully-
encased units. Space-qualified thermistors also may be installed in
many of the probes described in the Configure to Order Probe Section.

Time Constant: 1 sec max when suspended by its leads in a well-
stirred oil bath.

Dissipation Constant 8 mW/°C min when suspended by its leads in a
well-stirred oil bath, or 1 mW/°C in still air.

Resistance/Temperature Data: ~ A °C/°F resistance versus tempera-
ture table is in the Technical Information Section.

Interchangeability Tolerance Data: ~ Tables on pages 17 and 18 show
nominal resistance values, ohms per degree, and tolerance at select
temperatures over the operating range.

Outgas: YSI 44900 Series Thermistors are tested in accordance with
ASTM E-595-90, 0.66% TML 0.01% CVCM, 0.10% WVR.

Cage Code: 1L9U5




Bare Lead Thermistor

Green Acceptance Dot

K
b,

.4 mm Dia. Max.

Type S Lead Configuration
32 AWG Tinned Solid Copper Wire
7.6 cm Min.

Type N Lead Configuration
32 AWG Solid Nickel Wire

Insulated Lead Thermistor
Green Acceptance Dot

R
[ 2.8 mm Dia. Max.

Type A Lead Configuration
28 AWG Stranded Tefzel-Insulated Wire
7.6 cm Min.

A

Type T Lead Configuration
28 AWG Stranded Teflon-Insulated Wire

7.6 cm Min. 7.6 cm Min.
Teflon Covered Thermistor
Green Acceptance Dot Teflon Tube
i /\\ . .
) % For more information,
51 mm Min_a‘ contact us at 800 747-5367 or
037 427-1231« Fax 937 427-1640
2.8 mm Dia. Max. Info@YSI.comewww.YSI.com
Type E Lead Configuration
32 AWG Tinned Solid Copper Wire
7.6 cm Min.
Ordering GSFC Basic Zero Power Beta Operating Color Code End Mix
Part S311P18  YSI Resistance  0-50°C & Storage Body
Number  Number Thermistor Q at25°C K Temperature*
+0.2°C °
. 44901  -01S7R6 44004 2252 3891 -55-+90°C black yellow B
Interchangeability 44903  -03s7R6 44005 3000 3891 -55-+90°C black green B
Tolerance 44905  -05S7R6 44007 5000 3891 -55-+90°C black violet B
0to 70°C 44907  -07S7R6 44006 10K 3574 -55-+90°C black blue H
44909  -09S7R6 44008 30K 3810 -55-+90°C black gray H
+0.1°C 44902 -02S7R6 44033 2252 3891 -55-470°C  orange oange B
Interchangeability 44904  -04S7R6 44030 3000 3891 -55-470°C orange black B
Tolerance 44906  -06S7R6 44034 5000 3891 -55-+70°C orange yellow B
0o 70°C 44908  -08S7R6 44031 10K 3574 -55-+70°C orange brown H
44910 -10S7R6 44032 30K 3810 -55-4+70°C orange red H

*Thermistors with +0.2°C interchangeability tolerance may have short-term operating temperature excursions to 150°C;
thermistors with +0.1°C interchangeability tolerance may have short-term operating temperature excursions to 100°C.



+0.2°C Interchangeability Tolerance Data

The table shows nominal resistance values,
ohms per degree (sensitivily), and tolerances in
°C and percent for the YSI Thermistor Series.

YSl Series  Description Thefirgt three digits of the Y SI model number specify
the series of thermistor. The last two digits specify the
440 Epoxy-Encapsulated thermistor type
450 High-Temperature Hermetic ' ,
—— Thg < P Example: 44016, 45016, 46016, 55016, all define YS!
ermistors : :
_ B Mix 10K Thermistors.
460 Super-Stable Thermistors
550 GEM Glass-Encapsulated Thermistors
Thermistor ___ 01 02 03 __ 04 __ 05 __ 07 17 16 ___06 __ 08 11 14 15
-80°C
Nom Res 14470 67660 2788K 1660K 2211K 3685K 4423K 7371K 3558K
Ohms/° 960 4880 20700 142K 189K 315K 379K 63K 262K
Tol °C 0.60 0.60 0.60 1.00 1.00 1.00 1.00 1.00 1.00
Tol % 4.10% 4.50% 4.64% 8.60% 8.60% 8.50% 8.60% 8.60% 7.40%
-40°C
Nom Res 1374 5198 19640 75790 101K 168300 201900 336500 239800 884600  3356K
Ohms/° 69 284.5 1115 5045 6710 11250 13450 22400 14200 53700 209K
Tol °C 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Tol % 2.01% 2.19% 2.28% 2.66% 2.66% 2.66% 2.66% 2.66% 2.37% 2.50% 2.49%
0°C
Nom Res 239.2 7775 2710 7355 9796 16330 19600 32660 29490 94980 333100 1088K 3966K
Ohmg/° 9.1 32.05 117 376 500 835 1K 1670 1370 4695 17150 58K 226K
Tol °C 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Tol % 0.76% 0.83% 0.86% 1.02% 1.02% 1.02% 1.02% 1.02% 0.93% 1.00% 1.03% 1.10% 1.17%
25°C
Nom Res 100 300 1K 2252 3K 5K 6K 10K 10K 30K 100K 300K 1000K
Ohms/° 32 10.55 37.05 99 131.5 219 264 438 402.5 1290 4495 14500 51650
Tol °C 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Tol % 0.64% 0.70% 0.74% 0.88% 0.88% 0.88% 0.88% 0.88% 0.81% 0.86% 0.90% 0.97% 1.03%
40°C
Nom Res 63.1 181.4 589.5 1200 1598 2663 3197 5329 5592 16150 52190 149400 473200
Ohms/° 1.85 58 19.85 48.5 64.5 107 129.5 215 208 640 2175 6700 22800
Tol °C 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Tol % 0.61% 0.64% 0.67% 0.80% 0.80% 0.80% 0.80% 0.80% 0.74% 0.80% 0.83% 0.90% 0.96%
70°C
Nom Res 28.3 75.2 233 394.5 525.4 875.7 1051 1752 1990 5359 16370 42850 123300
Ohmg/° 0.7 2 6.6 135 17.95 29.95 36 60 63.5 182.5 585 1655 5150
Tol °C 0.36 0.36 0.36 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Tol % 0.88% 0.96% 1.02% 0.68% 0.68% 0.68% 0.68% 0.68% 0.64% 0.68% 0.71% 0.77% 0.84%
100°C
Nom Res 14.3 35.8 106.4 152.8 203.8 339.6 407.1 678.5 816.8 2069 6005 14480 38200
Ohms/° 0.3 0.9 2.6 4.45 5.95 9.95 11.85 19.75 22.55 61 187 490 1380
Tol °C 1.00 1.00 1.00 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Tol % 2.09% 2.26% 2.41% 0.88% 0.88% 0.88% 0.88% 0.88% 0.83% 0.88% 0.93% 1.02% 1.09%
150°C
Nom Res 41.9 55.6 92.7 111.6 186.1 237 550.2 1481 3186 7447
Ohms/° 0.9 13 217 24 4 53 13.3 38 88 222
Tol °C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Tol % 2.30% 2.33% 2.30% 2.30% 2.30% 2.22% 2.35% 2.57% 2.71% 2.93%
200°C
Nom Res 14.9 19.8 329 39.6 65.9 86.5 186.7
Ohms/° 0.25 0.40 0.60 0.70 1.20 1.55 3.65
Tol °C 1.30 1.30 1.30 1.30 1.30 1.30 1.30

Tol % 2.40% 2.40% 2.40% 2.40% 2.40% 2.40% 2.40%



+0.1°C Interchangeability Tolerance Data

The table shows nominal resistance values,
ohms per degree (sensitivity), and tolerances in
°C and percent for the YSI Thermistor Series.

YS! Series  Description Thefirgt three digits of the Y'SI model number specify
440 Epoxy-Encapsulated :Ee serijs of thermistor. The last two digits specify the
460__ Super-Stable Thermistors ermistor type.

Note: Y S| 45000 Thermistorsarenot availablein

S50__ GEM Glass-Encapsulated Thermisiors +0.1°C inter changeability tolerance
Example: 44016, 46016, 55016, al define Y SI B Mix
10K Thermigtors.

Thermistor 35 .3 __30 __ 34 37 36 __ 3 .32

-80°C

Nom Res 2788K 1660K 2211K 3685K 4423K 7371K 3558K

Ohms/° 20700 142K 189K 315K 379K 630K 262K

Tol °C 0.5 1.00 1.00 1.00 1.00 1.00 1.00

Tol % 3.97% 8.60% 8.60% 8.50% 8.60% 8.60% 7.40%

-40°C

Nom Res 19640 75790 101K 168300 201900 336500 239800 884600

Ohmg/° 1115 5045 6710 11250 13450 22400 14200 53700

Tol °C 0.20 0.20 0.20 0.20 0.20 0.20 0.40 0.20

Tol % 1.14% 1.33% 1.33% 1.33% 1.33% 2.66% 2.37% 1.25%

0°C

Nom Res 2710 7355 9796 16330 19600 32660 29490 94980

Ohms/° 117 376 500 835 1K 1670 1370 4695

Tol °C 0.20 0.10 0.10 0.10 0.10 0.10 0.1 0.10

Tol % 0.86% 0.51% 0.51% 0.51% 0.51% 0.51% 0.46% 0.50%

25°C

Nom Res 1K 2252 3K 5K 6K 10K 10K 30K

Ohms/° 37.05 99 131.5 219 264 438 402.5 1290

Tol °C 0.20 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Tol % 0.74% 0.44% 0.44% 0.44% 0.44% 0.44% 0.40% 0.40%

40°C

Nom Res 589.5 1200 1598 2663 3197 5329 5592 16150

Ohms/° 19.85 48.5 64.5 107 129.5 215 208 640

Tol °C 0.20 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Tol % 0.67% 0.40% 0.40% 0.40% 0.40% 0.40% 0.37% 0.40%

70°C

Nom Res 233 394.5 525.4 875.7 1051 1752 1990 5359

Ohms/° 6.6 135 17.95 29.95 36 60 63.5 182.5

Tol °C 0.36 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Tol % 1.02% 0.34% 0.34% 0.34% 0.34% 0.34% 0.32% 0.34%

100°C

Nom Res 106.4 152.8 203.8 339.6 407.1 678.5 816.8 2069

Ohms/° 2.6 4.45 5.95 9.95 11.85 19.75 22.55 61

Tol°C 1.00 0.15 0.15 0.15 0.15 0.15 0.30 0.30

Tol % 2.14% 0.44% 0.44% 0.44% 0.44% 0.44% 0.83% 0.88

150°C

Nom Res 419 55.6 92.7 111.6 186.1 237 550.2

Ohms/° 0.9 1.3 217 24 4 53 13.3

Tol °C 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Tol % 2.30% 2.33% 2.30% 2.30% 2.30% 2.22% 2.35%

200°C

Nom Res 14.9 19.8 329 39.6 65.9 86.5 186.7

Ohms/° 0.25 0.40 0.60 0.70 1.20 155 3.65

Tol °C 1.30 1.30 1.30 1.30 1.30 1.30 1.30

Tol % 2.40% 2.40% 2.40% 2.40% 2.40% 2.40% 2.40%



+0.05°C Interchangeability Tolerance Data

The table shows nominal resistance values,
ohms per degree (sensitivity), and tolerances in
°C and percent, for the YSI Thermistor Series.

YSI Series  Description Thefirst three digits of the Y SI model number specify
460 Super-Stable Thermistors theserl%of thermistor. The lagt two digits specify the
thermistor type.

Example: 46046 definesaY Sl B Mix 10K Thermistor.

Thermistor 46043 46040 46044 46047 46046 46041

-80°C
Nom Res 1660K 2211K  3685K  4423K 7371K 3558K
Ohms/® 142K 189K 315K 379K 630K 262K

Tol °C 1.00 1.00 1.00 1.00 1.00 1.00
Tol % 860% 8.60%  850%  8.60% 8.60% 7.40%
-40°C

Nom Res 75790 101K 168.3K 201.9K  336.5K 239.8K
Ohms/® 5045 6710 11250 13450 22400 14200

Tol °C 020 020 0.20 0.20 0.20 0.40
Tol % 133% 133% 133% 133%  1.33% 2.37%
0°C
NomRes 7355 9796 16.33K  19.6K  32.66K  29.49K
Ohmg/° 376 500 835 1000 1670 1370
Tol °C 005 005 0.05 0.05 0.05 0.05
Tol % 026% 026% 026% 026%  0.26% 0.23%
25°C
NomRes 2252 3K 5K 6K 10K 10K
Ohmg/° 99 1315 219 264 438 4025 . .
To: °C 0.05 0.05 0.05 0.05 0.05 0.05 FOI’ more Informa'[lon,
Tol % 022% 022% 022% 022%  0.22% 0.21%
contact us at 800 747-5367 or
40°C
NomRes 1200 1598 2663 3197 5329 5502
O e e 107 108 P 06 937 427-1231 Fax 937 427-1640
Tol °C 005 005 0.05 0.05 0.05 0.05
Tol % 020% 020% 020% 020%  0.20% 0.18% Info@YSI .C0m-VWWV.YS| .com
70°C
NomRes 3945 5254  875.7 1051 1752 1990
ohms/°® 135 17.95  29.95 36 60 63.5
Tol °C 005 005 0.05 0.05 0.05 0.05
Tol % 017% 017% 017% 017%  0.17% 0.16%
100°C

Nom Res 1528  203.8 339.6 407.1 678.5 816.8
Ohms/® 4.45 5.95 9.95 11.85 19.75 22.55

Tol °C 0.15 0.15 0.15 0.15 0.15 0.30
Tol % 0.44% 0.44%  044%  0.44% 0.44% 0.83%
150°C

Nom Res 419 55.6 92.7 1116 186.1 237
Ohmg/° 0.9 13 217 24 4 53
Tol °C 1.00 1.00 1.00 1.00 1.00 1.00
Tol % 230% 233% 230% @ 2.30% 2.30% 2.22%
200°C

Nom Res 14.9 19.8 32.9 39.6 65.9 86.5
Ohmg/° 0.25 0.40 0.60 0.70 1.20 155
Tol °C 1.30 1.30 1.30 130 1.30 1.30

Tol % 240% 240% @ 240% @ 2.40% 2.40% 2.40%



YS! Thermilinear Components

Y S Thermilinear Componentsareideal for
applicationsrequiring linear dectrica responseto
temperature change. Each Thermilinear Network
consgs of two sub-components—athermistor
component and aresistor set. The benefitsof linear
reponseare:

*Easy todesgnin

L ow-cogt dectrica circuit

*High-resol ution measurement

The active el ement i sthe thermistor component,
made fromtwoY Sl precison thermistorswith three
leads, epoxy encapsulated, toformtheY S 44018
and 44019A s=nsors, and threethermistorswith four
leadsto form theY S 44020 sensor.

Theredstor set conssts of two precision meta
filmresistorsfor usewiththeY S 44018 and 44019A
thermistor components, and three resistorsfor use
withY S| 44020 thermistor components.

6" Min.
150" MAX: | 152 mm |
3.8 mm | 1

E .095" DIA. MAX.

2.4 mm

YSI 44018 Thermilinear Component

6" Min.
150" MAX. 152 mm 4"
3.8 mm

[ .110" DIA. MAX.

2.8 mm

YSI 44019A Thermilinear Component

6" Min.

280" MAX. ' 152 mm '
7.1 mm | |
C)E/ —

L .125 DIA. MAX.

3.2 mm

YSI 44020 Thermilinear Component

.270" REF.
— [— 6.9 mm

.025" DIA. REF.
Al r .64 mm
[}

MV

.100" DIA. REF.—1
2.5 mm

YSI 44300 Series Resistor

The combination of thermistor component and
resstor set iscaled aThermilinear Network. For
example, aY Sl 44018 thermistor component plusa
Y Sl 44301 resstor set becomeaY Sl 44201 Thermi-
linear Network. The Thermilinear Network may be
used asatemperature sensor for linear voltage versus
temperature or linear red tance versustemperature.

Sengtivity is400 times greater than athermo-
couple, with outputs as high as30 mV/°C. Output
voltage applied to arecorder or digital voltmeter will
produce aprecise, sengtive, direct-reading
thermometer.

How to Use YSI Thermilinear Networks

To undergtand how a Thermilinear Network func-
tions, first consder what happenswhen asingle
thermigtor is shunted with afixed resstor.

AsshownintheR versusT charts, thethermistor
has an approximately logarithmic, negative temp-
erature characteristic. To makethe R/T characteritic
more nearly linear, therate of resistance change must
decrease asthe temperature decreases. A single shunt
resstor will dothis.

If thisshunt combination issupplied witha
congtant current, the voltage change acrossthe
combinationwill belinear with resistance changeand
temperature.

Thesetwo components can be reconnected with
theresstor in serieswith thethermistor toforma
voltage divider (haf bridge) which, when connected
across acondant voltage source, will yield alinesr
output voltage versus temperature across either the
resstor or thermigtor.

Thesecircuits, dthough useful because of their
samplicity, areregtricted to very narrow temperature
ranges, usudly 25°C or less. Astherangeisextended,
thefixed resistor will betoo large at the high temp-
erature end and too small at thelow temperatureend.

The solution isto add one or morethermistorsto
the circuit to compensate thefirst linearizing resistor
dready in the network.

Thermilinear Lead Color

Thermistor T1 T2 T3 Common | Type
44018 Brown | Red - Green v
44019 Brown | Red - Green v

44020 Red Green Blue | Brown v




General Theory

Resistance Mode

Res stance mode operation isachieved by configur-
ing the components as shown in the figures below.

R2 - |t >

i ——

R1 Rt RL1

1
i
1
T1 T2
i
1

ZiSI 44018 or 44019A Thermistor Network
R1 & R2 = Resistor Set

- |

3
) S ----1 Rig Rt Ru1
< 3 2

R1, R2 & R3 = Resistor Set

Different networks may be created by changing
resgtor values. Each Thermilinear Network hasa
uniqueresistance versus temperature relationship.
Thisrdationship isdefined by theformula:

R,=mT+b

Where: R, = totd circuit resstance

m = changein resistance per degree (dope)
T =temperaturein degrees C
b=resstanceat 0° (0° offset or intercept)

Thedope and intercept valuesfor sandard networks
areonthefollowing pages. Non-standard range
valuesarein the Technica Information Section.

Variation fromthis cdculated value by actud
thermistor network valuesis defined asthelinearity
deviation. The lower thelinearity deviation, the more
closdly theactud network vauestrack the calculated
vaues.

Voltage Mode

Voltage mode operation is achieved by configuring
the components as shown in the figures bel ow.

f

Eout
Positive
Slope

R !
Ein MM f

! Eout

| Negative
i Slope
1

e _ 1
Z(YSI 44018 or YSI 44019 Thermistor Network
R1 & R2 = Resistor Set

$ Eout
Ri3 Positive
R Slope
R !
Ein W I

Eout
Negative
Slope

FAWY
Wy
—_——————I

R1, R2 & R3 = Resistor Set

Since each network hasauniqueres sance
versustemperaturerelationship, it followsthat each
will have adifferent sengtivity in the voltage mode.
Thisrdationship may be defined as

E..=(ME,) T+ (bE)
Where: E,,, = voltage output

m = voltage change per degree (dope)
E=input voltage

T =temperaturein degrees C
b=voltageat 0° and 1 volt E,, (0° offset or
Intercept)

Thevauesfor these dopeand intercept vauesare on
the same pages asthe res stance mode values. How to
usethese equationsin circuit developmentisinthe
Technica Information Section.

For more information,

contact us at 800 747-5367 or
937 427-1231« Fax 937 427-1640
Info@YSI.comewww.YSI.com



YSI Thermilinear Component Specifications

Component Maximum Operating Temperature Accuracy & Interchangeability
YS1 44018 105°C (220°F) +0.15°C
YSI Thermilinear Network Specifications
YS! Networks Using 44018
44201 Linear Range Linearity Deviation
0to+100°C +0.216°C
44018 Resistance Mode
T,=6,000 Q @ 25°C R, =(-17.115)T + 2768.23
T,=30,000 Q @25°C E, Positive Mode E, Negative Mode
E,. =(+0.0053483E,) T+ 0.13493 E, E,. =(-0.0053483E,) T+ 0.86507 E,,
44301 E, Max I, Max Min RL
R,=3200Q 20V 625 pA 10MQ
R,=6250 Q Resistor Error
+0.14°C @ 0°C, +0.03°C @ +100°C
44202 Linear Range Linearity Deviation
-5t0+45°C +0.065°C
44018 Resistance Mode
T,=6,000 Q @ 25°C R, =(-32.402) T + 4593.39
T,=30,000 Q @25°C E, Positive Mode E, Negative Mode
E,. =(+0.0056846 E,) T + 0.194142E, E,. =(-0.0056846 E,) T + 0.805858 E,,
44302 E, Max 1, Max Min RL
R,= 5700 Q 35V 615 pA 10MQ
R,=12,000 Q Resistor Error
+0.12°C @ -5°C, +0.07°C @ +45°C
44203 Linear Range Linearity Deviation
-30 10 +50°C +0.16°C
44018 Resistance Mode
T,=6,000 Q @ 25°C R =(-127.096) T + 12175
T,= 30,000 Q @ 25°C E, Positive Mode E, Negative Mode
E,.=(+0.0067966 E,) T + 0.34893 E, E,.=(-0.0067966 E) T + 0.65107 E,,
44303 E, Max 1, Max Min RL
R,=18,700 Q 3.0V 475 pA 10MQ
R,= 35,250 Q Resistor Error
+0.12°C @ -30°C, £0.02°C @ +50°C
44204 Linear Range Linearity Deviation
-21t0+38°C +0.03°C
44018 Resistance Mode
T,=6,000 Q @ 25°C R=(-32.1012) T + 4603.11
T,= 30,000 Q @ 25°C E, Positive Mode E,Negative Mode
E,. =(+0.00563179 E,) T+ 0.192437 E, E,. =(-0.00563179E,) T + 0.807563 E,,
44304 E, Max 1, Max Min RL
R,=5,700Q 40V 685 A 10 MQ . .
R, = 124000 Resistor Exror For more information,

+0.13°C @ -2°C, =0.08°C @ +38°C

contact us at 800 747-5367 or
937 427-1231 Fax 937 427-1640
Info@YSI.comewww.YSI.com



YSI Thermilinear Component Specifications

Component Maximum Operating Temperature Accuracy & Interchangeability
YSI 44019A 85°C (185°F) +0.4°C (0 to 85°C), £0.8°C (0 0 -55°C)
YS! 44020 55°C (131°F) +0.1°C
YSI Thermilinear Network Specifications
YS! Network Using 44019A
44211A Linear Range Linearity Deviation
-5510 +85°C +1.1°C
44019A Resistance Mode
T,=1,000 Q @ 25°C R =(-17.99) T + 2339
T,=10,000 Q @ 25°C E, Positive Mode E, Negative Mode
E,.=(+0.005068E,) T+ 0.3411E, E,.=(-0.005068 E,) T + 0.6589 E,
44311A E Max 1, Max Min RL
R,=3550 Q 2.0V 833 pA 10MQ
R,=6025Q Resistor Error
+0.18°C @ -55°C, £0.02°C @ +85°C
YS! Network Using 44020
44212 Linear Range Linearity Deviation
-50 to +50°C +0.09°C
44020 Resistance Mode
T,=2,000 Q @ 25°C R, =(-129.163) T + 13698.23
T,=15,000 Q @ 25°C E, Positive Mode E, Negative Mode
T,=45,000 Q @ 25°C E,.= (+0.00559149E,) T + 0.40700 E,, E,.= (-0.00559149E, )T + 0.59300 E,
44312 E,Max 1, Max Min RL
R, =23,100Q 35V 700 pA 10 MQ
R, = 88,200 Q Resistor Error
R, =38,000Q +0.15°C @ -50°C, £0.03°C @ +50°C

Thermilinear Definitions

Thermilinear Component YSl 44018, 44019A or
44020 thermistor.

Resigor Set'Y Sl 44301, 44302, 44303, 44304,
44311A or 44312 restor setscons st of 2 resstors(3
for 44312) used with a Thermilinear component to
create a Thermilinear Network.

Thermilinear Networ k A Thermilinear component
and corresponding restor set.

Linear Range Temperature range over which
linearity deviation applies.

Linearity Deviation Deviation, in degrees, between
actud network valuesand calculated straight line.

Thisisstated asworst case; actua deviationis
roughly snosoidal about the calculated nomind.

Resigance M ode Formulafor calculating RvsT.

E, Negative M ode Formulafor ca culating the
voltage across thermistor/resistor paraldl network
(bottom of bridge).

E, Postive M ode Formulafor calculating the voltage
acrossR, (top of bridge).

E, Max & I, MaxVaues below which thermistors
exhibit minima self heating; determined using
8mW/°C dissipation. E, max and |, max values may
be exceeded 5 times without damaging probe.

L oad Resstance Minimum, RL Theminimum
recommended resstiveimpedance. Lower vaues
may adversdly affect linearity and other performance
characterigtics of the network.

Resigtor Error Possblecircuit error in degrees
induced by £0.1%fixed resstors.



YSI 44018 Thermilinear Composite

Maximum Operating Temperature:  1057C (220°F) Dissipation Constant, Minimum:  1mW/C in still air, BmW/°C in well
Accuracy and Interchangeability: ~ +0.15°C when incorporated in a stirred oil. Dissipation constant is the power in milliwatts required to
standard YSI Thermilinear Network. raise a thermistor 1°C above surrounding temperature.

Time Constant, Maximum: 1 sec in well-stirred oil, 10 sec in still air, ~ Color Gode: Brown epoxy body, gray end.
Time constant is the time required for thermistor to indicate 63% of a Storage Temperature: -80t0 +1057C (-1121t0 +221°F).

newly impressed temperature. Resistance versus Temperature:  -30t0 +100°C
Resistance versus Temperature Data
Temp T1 T2 Temp T1 T2 Temp T1 T2 Temp T1 T2
°C Res. Res. °C Res. Res. °C Res. Res. °C Res. Res.
Ohms Ohms Ohms Ohms Ohms Ohms Ohms Ohms
-30 106.2K 481.0K 10 11.94K 58.75K 50 2162 10.97K 90 549.8 2799
29 99.82K 453.5K 11 11.38K 56.07K 51 2080 10.57K 91 533.2 2714
28 93.88K 427.7K 12 10.85K 53.54K 52 2004 10.18K 92 517.2 2632
27 88.32K 403.5K 13 10.35K 51.13K 58 1930 9807 93 501.8 2552
26 83.12K 380.9K 14 9878 48.84K 54 1859 9450 94 486.8 2476
25 78.26K 359.6K 15 9428 46.67K 55 1792 9109 95 472.4 2402
24 73.72K 339.6K 16 9000 44.60K 56 1727 8781 96 458.6 2331
23 69.46K 320.9K 17 8594 42.64K 57 1664 8467 97 4452 2262
22 65.48K 303.3K 18 8210 40.77K 58 1605 8166 98 432.2 2195
21 61.74K 286.7K 19 7844 38.99K 59 1547 7876 99 419.6 2131
100 407.6 2069
20 58.26K 271.2K 20 7496 37.30K 60 1493 7599
19 54.98K 256.5K 21 7166 35.70K 61 1440 7332
18 51.90K 242 .8K 22 6852 34.17K 62 1389 7076
17 49.02K 229.8K 23 6554 32.71K 63 1341 6830
16 46.32K 217.6K 24 6270 31.32K 64 1294 6594
15 43.78K 206.2K 25 6000 30.00K 65 1249 6367
14 41.40K 195.4K 26 5744 28.74K 66 1207 6149
13 39.16K 185.2K 27 5500 27.54K 67 1165 5940
12 37.04K 175.6K 28 5266 26.40K 68 1126 5738
11 35.06K 166.6K 29 5046 25.31K 69 1087 5545
10 33.20K 158.0K 30 4834 24.27K 70 1051 5359
9 31.49K 150.0K 31 4634 23.28K 71 1016 5180
8 29.80K 142.4K 32 4442 22.33K 72 981.8 5007
7 28.24K 135.2K 33 4260 21.43K 73 949.4 4842
6 26.78K 128.5K 34 4084 20.57K 74 918.0 4682
5 25.45K 122.1K 35 3918 19.74K 75 888.0 4529
4 24.10K 116.0K 36 3760 18.96K 76 859.0 4381
3 22.88K 110.3K 37 3610 18.21K s 831.2 4239
2 21.72K 104.9K 38 3466 17.49K 78 804.4 4102
-1 20.62K 99.80K 39 3328 16.80K 79 773.6 3970
0 19.59K 94.98K 40 3196 16.15K 80 753.8 3843
+1 18.62K 90.41K 41 3070 15.52K 81 729.8 3720
2 17.70K 86.09K 42 2950 14.92K 82 706.8 3602
3 16.83K 81.99K 43 2836 14.35K 83 684.4 3489
4 16.01K 78.11K 44 2726 13.80K 84 663.0 3379
5 15.24K 74.44K 45 2620 13.28K 85 642.4 3273
6 14.50K 70.96K 46 2520 12.77K 86 622.6 3172
7 13.81K 67.66K 47 2424 12.29K 87 603.4 3073
8 13.15K 64.53K 48 2334 11.83K 88 584.4 2979
9 12.53K 61.56K 49 2246 11.39K 89 567.0 2887




YSI 44019A Thermilinear Composite

Maximum Operating Temperature:  85°C (185°F). Not recommended
for long-term continuous use above 50°C (122°F).

Accuracy and Interchangeability:

55°C) when incorporated in a YSI Thermilinear Network.

Time Constant Maximum:

Resistance versus Temperature Data

+0.4C(0t0 857C); +0°C (0 to -

1 sec in well-stirred oil, 10 sec in still air.
Time constant is the time required for a thermistor to indicate 63% of
a newly impressed temperature.

Dissipation Constant, Mimimum:

8 mW/C in well-stirred oil,

1 mW/C in still air. Dissipation constant is the power in milliwatts
to raise a thermistor 1°C above surrounding temperature.

Color Code: Brown epoxy body, white end.
Storage Temperature: -80to +50°C (-112to +122°F).
Resistance versus Temperature:  -55t0 +85°C

Temp
°C

59

57
56
-55

T1
Res.
Ohms

48.32K
45.36K
42.60K
40.03K
37.63K

35.39K
33.30K
31.35K
29.52K
27.81K
26.22K
24.72K
23.32K
22.01K
20.79K

19.64K
18.56K
17.54K
16.59K
15.70K
14.86K
14.07K
13.30K
12.63K
11.97K

11.35K
10.77K
10.22K
9705
9218
8758
8323
7914
7527
7161

T2
Res.
Ohms

607.8K
569.6K
534.1K
501.0K
470.1K

441.3K
414.5K
389.4K
366.0K
344.1K
232.7K
304.6K
286.7K
270.0K
254.4K

239.8K
226.0K
213.2K
201.1K
189.8K
179.2K
169.3K
160.0K
151.2K
143.0K

135.2K
127.9K
121.1K
114.6K
108.6K
102.9K
97.49K
92.43K
87.66K
83.16K

Temp
°C

s
EFNWAUO~N®©O

4

©oO~NOU D WNEF O

T1
Res.
Ohms

6815
6489
6180
5887
5611
5349
5101
4866
4643
4432

4232
4042
3862
3691
3529
3374
3228
3088
2956
2830

2710
2596
2487
2384
2286
2192
2102
2017
1936
1859

1785
1714
1674
1582
1521
1462
1406
1353
1302
1253

T2
Res.
Ohms

78.91K
74.91K
71.13K
67.57K

61.02K
58.01K
55.17K
52.48K
49.94K

47.54K
45.27K
43.11K
41.07K
39.14K
37.31K
35.57K
33.93K
32.37K
30.89K

29.49K
28.15K
26.89K
25.69K
24.55K
23.46K
22.43K
21.45K
20.52K
19.63K

19.79K
17.98K
17.55K
16.49K
15.79K
15.13K
14.50K
13.90K
13.33K
12.79K

Temp

20

22
23

25
26
27
28
29

30

32
33

35
36
37
38
39

40
41
42

45
46
a7

49

51
52
53

55
56
57
58
59

T1
Ohms

1206
1161
1118
1077
1038
1000
963.9
929.4
896.3
864.5

834.0
804.8
776.8
749.9
724.1
699.4
675.6
652.7
630.8
609.7

589.5
570.0
551.2
533.2
515.9
499.2
483.2
467.8
452.9
438.6

424.8
411.6
398.8
386.5
374.7
363.2
352.2
341.6
3313
321.5

T2
Ohrﬁs

12.26K
11.77K
11.29K
10.84K
10.41K
10000
9605
9227
8867
8523

8194
7880
7569
7291
7016
6752
6500
6258
6026
5805

5592
5389
5193
5006
4827
4655
4489
4331
4179
4033

3893
3758
3629
3504
3385
3270
3160
3054
2952
2854

Temp T1
“C Res.
Ohms
60 311.9
61 302.7
62 293.9
63 285.3
64 277.0
65 269.0
66 261.3
67 253.9
68 246.7
69 239.7
70 233.0
71 226.5
72 220.2
73 214.1
74 208.3
75 202.6
76 197.1
77 191.8
78 186.7
79 181.7
80 176.9
81 172.2
82 167.7
83 163.3
84 159.1
85 154.9

T2
Res.
Ohms

2760
2669
2582
2487
2417
2339
2264
2191
2122
2055

1990
1928
1868
1810
1754
1700
1648
1598
1549
1503

1458
1414
1372
1332
1293
1255

For more information,
contact us at 800 747-5367 or
937 427-1231« Fax 937 427-1640
Info@YSI.comewww.YSI.com




YSI 44020 Thermilinear Composite

Maximum Operating Temperature:  55°C (131°F) Dissipation Gonstant, Minimum: 8 mW/°C in well-stirred oil, 1 mW/
Accuracy and Interchangeability:  +-0.1°C when incorporated in a °C in still air. Dissipation constant is the power in milliwatts to raise a
YSI Thermilinear Network. thermistor 1°C above surrounding temperature.

Time Constant, Maximum: 1 sec in well-stirred oil, 10 sec in still air. Color Code: Red epoxy body, black end.
Time constant is the time required for a thermistor to indicate 63% of Storage Temperature: -801to +120°C (-112to +250°C).

anewly impressed temperature. Resistance versus Temperature:  -50to +50°C.

Resistance versus Temperature Data

Temp T1 T2 T3 Temp T1 T2 T3 Temp T1 T2 T3
°C Res. Res. Res. °C Res. Res. Res. °C Res. Res. Res.
Ohms Ohms Ohms Ohms Ohms Ohms Ohms Ohms Ohms
-50 134.1K 662.1K 2540K 10 11.06K 71.34K 237.0K 20 2499 18.40K 55.95K
49 124.9K 621.8K 2376K 9 10.48K 67.92K 224.9K 21 2389 17.66K 53.54K
48 116.4K 584.2K 2223K 8 9928 64.69K 213.5K 22 2284 16.95K 51.25K
vg 108.5K 549.1K 2081K 7 9410 61.63K 202.8K 23 2185 16.27K 49.06K
46 101.2K 516.3K 1949K 6 8922 58.73K 192.6K 24 20.90 15.62K 46.98K
45 94.41K 485.7K 1826K 5 8463 55.98K 183.1K 25 2000 15.00K 45.00K
44 88.14K 457.0K 1712K 4 8029 53.38K 174.0K 26 1915 14.41K 43.11K
43 82.33K 430.2K 1605K 3 7621 50.91K 165.4K 27 1833 13.84K 41.31K
42 76.94K 405. 1506K 2 7236 48.57K 157.4K 28 1756 13.30K 39.60K
11 71.93K 381.7K 1413K 1 6873 46.35K 149.7K 29 1682 12.79K 37.96K
0 6529 44.24K 142.5K
40 67.29K 359.7K 1327K 30 1611 12.30K 36.40K
39 62.97K 339.2K 1246K +1 6205 42.24K 135.5K 31 1544 11.82K 34.91K
38 58.96K 319.9K 1171K 2 5899 40.34K 129.1K 32 1480 11.37K 33.50K
37 55.22K 301.8K 1101K 8 5610 38.54K 123.0K 33 1420 10.94K 32.14K
36 51.75K 284.9K 1035K 4 5337 36.82K 117.2K 34 1362 10.53K 30.85K
35 48.52K 269.0K 973.7K 5 5078 35.20K 111.7K 35 1306 10.13K 29.61K
34 45.51K 254.0K 916.3K 6 4834 33.65K 106.4K 36 1253 9752 28.43K
33 42.71K 240.0K 862.6K 7 4603 32.18K 101.5K 37 1203 9390 27.31K
32 40.09K 226.9K 812.3K 8 4384 30.78K 96.79K 38 1155 9042 26.23K
31 37.65K 214.5K 765.3K 9 4177 29.45K 92.34K 39 1109 8710 25.20K
30 35.38K 202.9K 721.2K 10 3980 28.18K 88.12K 40 1065 8391 24.22K
29 33.25K 192.0K 698.0K 11 3794 26.98K 84.11K 41 1023 8085 23.28K
28 31.27K 181.7K 641.3K 12 3618 25.83K 80.30K 12 983.1 7792 22.38K
27 29.42K 172.0K 605.0K 13 3451 24.73K 76.69K 43 944.9 7511 21.52K
26 27.69K 162.9K 571.0K 14 3293 23.70K 73.26K 44 908.3 7242 20.70K
25 26.07K 154.4K 539.1K 15 3143 22.71K 69.99K 45 873.4 6984 19.91K
24 24.56K 146.3K 509.2K 16 3000 21.76K 33.90K 46 839.9 6736 19.16K
23 23.14K 138.7K 481.1K 17 2865 20.86K 63.95K 47 808.0 6498 18.44K
22 21.81K 131.5K 454, 7K 16 3000 21.76K 66.90K 48 777.4 6270 17.75K
21 20.57K 124.8K 429.9K 17 2865 20.86K 63.95K 49 748.1 6051 17.09K
18 2736 20.00K 61.15K 50 720.1 5840 16.45K
20 19.41K 118.4K 406.5K 19 2614 19.18K 58.49K
19 18.31K 112.4K 384.6K
18 17.29K 106.7K 364.0K
17 16.33K 101.4K 344.6K
16 15.43K 96.34K 326.3K
15 14.58K 91.56K 309.1K
14 13.79K 87.05K 292.9K
13 13.04K 92.79K 277.7K
12 12.34K 78.76K 263.3K
11 11.68K 74.94K 249.8K

For more information,

contact us at 800 747-5367 or
037 427-1231« Fax 937 427-1640
Info@YSI.comewww.YSI.com



SecTion 2
Special Test
Services

Gold Freezes (1064.18°C)

* YSI Facilities Silver Freezes (961.78°C)

e Custom Specifications

¢ Thermistor Calibration
¢ [SO 9001 Certification
« Platinum RTD Calibration Aluminum Freezes (660.323 C)

¢ Standard Platinum Resistance
Thermometers

Zinc Freezes (419.527°C)

Tin Freezes (231.968°C)
SPRT
Indium Freezes (156.5985°C) Range
-200to
+500°C

Gallium Mdlts (29.7646°C)
Water Triple Point (0.01°C)
Mercury Triple Point (-38.8344°C)

Argon Triple Point (-189.3442°C)

eH2 Triple Point(-259.3467°C)
Absolute Zero (-273.15°C)

ITS-90 Scale



Special Test Services

Our Facilities

We havethefacilitiesto qualify our thermistorsto
meet NASA specification GSFC S-311-P-18. Wecan
aso performtestsdefined in MIL R-23648.

Y Sl hasresistance temperature measurement
capabilitiesto determinethe resistance of thermistors
from-60to +125°C. Resolutionisnormally at least 1
part per 10,000 for the zero power resistiance mea
surement. All temperature measurementsare trace-
ableto the Nationa Indtitute of Standardsand
Technology (NIST).

Custom Specifications

Many leading aerogpace companies have developed
their own specificationsfor qualifying, screening and
using thermistorsin high-reliability applications. We
welcome your inquiry on special measurement points
or screening teststhat use our capabilities, whether
listedin MIL PRF-23648, GSFC-311-P-18 or your own
requirements.

Thermistor Calibration

Y Sl will cdibrate thermistors and thermistor probes
based on ITS-90. All calibrationsare tracegbleto
NIST or derived from accepted va ues of physical
congants. Wefurnish acertificate of calibration and a
certificate of traceability with every thermistor we
cdibrate. We cdibrate thermigtor reference probesin
NIST traceable congtant temperature bathsand with
fixed points. Standard calibration temperaturesare
-40, 0, +25, +40, +70, +100 and +125°C.

ISO 9001 Certification

Y Sl hasreceived 1SO 9001 quality standard
regigration. The SO 9001 standard
includes qudity management and
qudity assurance and isthe most
comprehensdve sandard inthe series
devel oped by the International
Organization for Standardization (1SO)
in Geneva,

Platinum RTD Calibration

Y S will calibrate platinum RTDsbased on I TS-90.
All cdlibrations aretraceableto NIST. Wefurnisha
certificate of calibration and acertificate of
traceability with every RTD we cdibrate. Standard
cdibration temperaturesare-40, 0, +25, +40, +70,
+100 and +125°C.

Wecan dso cdibrate your RTD at any reference
point of I TS-90 between -189 and +420°C.

Standard Platinum Resistance Thermometers

Thesetraditiond Standard Platinum Res stance Ther-
mometers (SPRTs) aretheworld’sworking standard
of temperature. We have been building them since
1981 from aLeedsand Northrup design.

Madefrom carefully wound hdlixesof reference-
grade platinum, these thermometersare highly stable
over long periods and measure from-200 to +500°C.
Resstanceisabout 25.5 ohmsat 0°C.

Wewill calibrate any SPRT in good condition
manufactured by L & N or'Y SI. We can often repair
broken thermometersaswell.

For more information,

contact us at 800 747-5367 or
937 427-1231Fax 937 427-1640
Info@YSI.comewww.YSI.com



Section 3
Configure-to-Order
Thermistor Probes

s S—

YSI 010 Round Epoxy Tip Probe .........cccoccvvveiiiiiiiiiices
YSI 011 Round PVC Tip Probe .........cocoveiiiiiiiiiiieeeieene
.=—""/
~~
YSI 012 Epoxy TipProbe ..........covviiiiiiiii i
YSI 013 Acrylic Coated Tip Probe .........ccoooveeeiiiiiiiiiiicce,
. e
—_
o= —<:
YSI 014 Thermistor with Leads Probe .............cccccvvivviieieniiinin,
/\
YSI 015 Thermistor in Teflon Probe ...,
o mm—/
"
YSI 016 Radial Lead Thermistor .........cccccoeeeeeeiiiieieeeeeeeeeeea,
E\E\
YSI 030 '/s” OD Tubular Probe .........ccccceeeeeeieeeeicciieiee e e
YSI 031 3/5” OD Tubular Probe .........ccccueieieiieieciciiiiiieece e
YSI 032 1/,” OD Tubular Probe .........cccceeeeeeeeeeeeeecirieieeeeeeeeea,
YSI 033 1/s” OD Hermetic Tubular Probe ......
YSI 034 3/46” OD Hermetic Tubular Probe ............cccocveeeeeeernnnn.
YSI 035 /,” OD Hermetic Tubular Probe ............ccccoooivieeeeeeennn.
YSI 036 Pyrex Probe ........cccooueemeeieieierie e : .....
7
YSI 038 '/,” OD Pointed Tubular Probe with Handle ..... "™ .........
E\\
YSI 050 Bird Cage Air Probe ..........oooeeeeieeeee e
YSI 051 Air Probe for Compression Fitting ..........ccccccoevennennnene
I __
~
YSI 052 Waterproof Airway Probe..........ccccveevveieericiceenee e

_§

YSI 070 Underwater Probe ..........cccccciieieeeeeecececeeeeeeee e

G —
N\

YSI 071 Deepwater Probe ........ccceeiviieiiieeiieieeee e

o— RS

YSI 080 Banjo Surface Probe .........cccccvviveeeiiriiein e,

*—

YSI 081 Surface Probe .......cooooeceiiiiieee e,

YSI 082 Small Surface Probe

el

N\
YSI 083 Attachable Surface Probe..........ccccevevvcieiriicceieenceen,
YSI 084 Spade Lug Probe ........cccoeoiieiiieiieieeee e
YSI 085 Flag Lug Probe .........ccooeriiieieeeeeeece e

o

YSI 090 8-32 Brass Screw Probe.........
YSI 091 10-32 Brass Screw Probe.......
YSI 093 8-32 Stainless Steel Probe ....

YSI 094 10-32 Stainless Steel Probe ..........cccuvveeeeieieicccnns

YSI 096 '/s” Brass Pipe Plug Probe .....

-ﬂ

YSI 100 /5" Tubular Probe with Fitting
YSI 101 %/36” Tubular Probe with Fitting
YSI 102 '/,” Tubular Probe with Fitting

YSI 190 /5" Stainless Steel Plug Probe



About
Configure-to-Order
Probes

Y Sl Configure-to-Order probes offer the flexibility of
custom design at the price of sandard parts. Match
any Y Sl Precison Interchangeable Thermistor with
cable and sheath optionsto create acustom probefor
your temperature measurement application.

Thefollowing pages detail the materid swe use,
time constants and explain how to congtruct aprobe
to meet your requirements.

Operating Temperatures

If you planto useyour probe above 100°C, you must
select optionsthat can withstand higher temperatures.
Probeswith glassthermigtors, stainless sted sheaths
and Teflon cable arerated to 200°C.

Thermistor Components

Choose thermistorsfrom Section 1. You may design
probesto useany Y Sl thermistor.

YS 44000 SeriesThermigtors
» Cost-effective
¢ +0.2°C or £0.1°C interchangesbility

Y Sl 44000 Series Thermilinear Components
* Linear outputs

YS 45000 SeriesThermigors
» Stable
* High operating temperature

YS 46000 SeriesThermigtors
* Unsurpassed long-term stability
* +0.2°Ct0+0.05°C interchangeability

Y Sl 55000 GEM SeriesThermistors
 Low cost hermetic
«Upto200°C

Probe Materials
Epoxy—-We match epoxiesto design requirements.
Stainless Sted -316SS. Tubular probeshaverolled

endsand uniformwall thickness throughout, her-
metic tipsand amedical grade polished finish.

Glass—TheY Sl 036 glassprobeisPyrex. Thetipis
melted to form ahermetic sedl.

Teflon-\Weuse FEP Teflon for theY S| 015.
Aluminum-Weuse 2024 T4 intheY S 083 probe.

Brass—Screws and fittingsper ASTM B16 and
ASTM B453.

Options

Compresson Fitting—A compression fitting Szed to
fit the tubular probe. Availablein Y, /s, 42 NPT
threads. Specify by thread Sze.

FEP—Sealed end Teflon tubing over the stainless
sted sheath to protect from caudtic materids. FEPis
compatiblewith compression fitting option.

Terminations

T
F

Stripped and Tinned Leads (ST)

=) I

#6 Spade Lugs (SP)

o ]

5" Phone Plug (PH)

Termination Table
For probe styles using multiple thermistors

No. of Conductors
2 3 4 Example
» T1 | Bk Blk Blk Red
e mn | — Wht  Wht
g T3 | — —  Gm
§ Com| Wht/Red Red  Red
Bk  Wht Gmn

Phone Plug Termination

Barrel Tip Barrel Tip Ring

4 44001-44015 £ 44018,44019



Cable & Lead Styles

Type Description Temperature Color Gauge Conductor/Shield Typical Outer Diameter
Range Available 1-wire 2-wire 3-wire 4-wire

RP Round PVC  -40 to +105°C 24 AWG stranded/- - 0.147” 0.170”

RPS Round PVC  -55to +105°C 24 AWG stranded/foil - 0.150” 0.160” 0.180”

RPM Round PVC  -55to +105°C 28 AWG stranded/- - 0.100” 0.115” 0.135”

RT  Round TFE  -65to +200°C 26 AWG stranded/- - 01.05” 0.125” 0.125”
Teflon

RTS Round TFE  -65 to +200°C 26 AWG stranded/braid - 0.120” 0.126” 0.136”
Teflon

RN  RoundSJO  +60°C max 18 AWG stranded/- - 0.300” 0.330” 0.355”
Neoprene

RNS RoundSJO  +60°C max 18 AWG stranded/braid - 0.295” 0.340” 0.340”
Neoprene

FPE  Flat PE -60 to +105°C 28 AWG stranded/- .035” x .082” .035” x .082"-

FP Flat PVC -40 to +105°C 24 AWG stranded/- - .058” x.115” .044” x .150”

FT Flat TFE -65 to +200°C 30 AWG stranded/- - .032” x .80” .032” x .125”
Teflon

IA Individual -65 to +150°C 28AWG stranded/- 0.028” - - -
Tefzel®

IP Individual PVC -55to +105°C  C 28 AWG stranded/- 0.034” - - -

IPL  Individual PVC -40 to +80°C C 22 AWG stranded/- 0.057” - - -

IPM  Individual PVC -55 to +105°C 32 AWG stranded/- 0.028” - - -

IT Individual TFE -60 to +200°C C 28 AWG stranded/- 0.027” - - -
Teflon

ITL  Individual TFE -60 to +200°C  C 24 AWG stranded/- 0.036” - - -
Teflon

ITM  Individual TFE -60 to +200°C 32 AWG stranded/- 0.021” - - -
Teflon

v Individual -40 to +180°C 32 AWG solid/- 0.008” - - -
varnish-insulated

IC Individual NA 32 AWG solid/- 0.008” - - -
tinned copper

ID Individual NA 32 AWG solid/- 0.008” - - -
Dumet

Note: Lead length tolerance is -0 to +10%

For more information,

contact us at 800 747-5367 or
037 427-1231eFax 937 427-1640
Info@YSI.com e www.YSI.com



How to Order
Configure-to-Order
Probes

You can easily configure your own probefrom our
many thermistor, sheath and cable options. We've
created an example below of how to do it yoursaif.

1. Choosethe probe style that matches your applica:
tion. Turnto the pagein thissection that liststhe op-
tionsfor that style. For our example, we' ve chosen
theY Sl 032.

2. Sdlect the thermigtor that best suitsyour need from
the choices on the probe page.

3. Select the probe (shegth) length (L) ininches.

4. Sdlect acable or lead typeto match your
requirements.

Thermistor From

Component Section Cable Style

Probe Style

[ 032 |-

Sherth Length- Colors?

In Inches

For more information,

contact us at 800 747-5367 or
937 427-1231Fax 937 427-1640
Info@YSI.com ® www.YSI.com

Cable Length

Thekmistor Probe Length Lead; Color Selection
| | ./
inches

5. If you'reusing individud leads, and color coding
isimportant, enter those colors here. Non-Thermilin-
ear partsare supplied with black individual leads.

6. Select thelength of cable(L,) ininches.
7. Indicate cabletermination: ST, PH, SP.

8. Choosean option if required; the optionsare FEP
(Teflon sheath) and/or Compression Fitting (Specify

thread).

.250" DIA

Compression
Fitting

Termination

-

] 1/8", 1/4, 1/2"
. . eFFD
Cable Termination

LeadiLength

We Build
OEM Probes

If you don't find a Configure-to-Order probe that
suitsyour application, we can design probes specifi-
caly for your application.



YSI010
Round Epoxy
Tip Probe

TheYSl 010 probe providesagood mix of rugged-
ness, flexibility and response time. Epoxy encapsula-
tion provides high compression strength and the PVC
cable providesabrasion protection.

Thisdesignisexcelent for pot-in-place applica
tionssuch asanayticd instruments and supplying
temperature data of test subjectsfor compensation.
Thisprobeisnot designed for long wet immersion;
usetheY Sl 070 and 071 ingtead.

Typical TimeConstant: 5.0 seconds

TemperatureRange: -40t0105°C

YSI 011
Round PVC
Tip Probe

TheY Sl 011 probe combinesruggedness, flexibility
and short responsetime. Thevinyl plastisol encapsu-
|ation protects againgt mechanical shock. ThePVC
cable congtruction provides abrasion protection.

Sncethethermistor and cable are constructed
from the same materia, the sedl isasgood asthe
cable. Thisdesignisexcelent for gpplicationssuch
asenvironmental temperaturesand supplying tem-
perature data of test subjectsfor compensation. This
designwill tolerate many days of immersion without
internal water shunts.

Typical TimeCongtant: 2.0 seconds

TemperatureRange: -40t0105°C

I‘ L2 ]
‘<— .30" MAX "
s —
.20" MAX
Probe Style  Thermistor Probe Length  Lead Lead Length Termination
L1 Style L2
| | - | |- NA -] | - | | - | |
Lengthin Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination

Round PVC =~ RP
Round Shielded PVC = RPS
Round Miniature PVC = RPM




YSI012

Epoxy Tip
Probe

TheYSl 012 probeissmilar totheY Sl 010 probe.
TheY Sl 012 offerspardld leadsand afaster
responsetime. Itsshapedlowsit to beinserted in
areaswhich areanintegra part of the sample
environment.

Thisstyle permits more accurate measurements
of surfacesthan theY SI 010 style because the lead
may be placed in contact with the surface more ef-
fectively. Sncethe primary thermd transfer path is
through the conductor (lead), it'simportant to have
severd inches of thelead at the sampletemperature.

Use glassthermistorswith FPE cableif long-
termimmersonisplanned.

Typical Time Constant: 3.0 seconds

TemperatureRange: Thermistor and cable

dependent

YSI013
Acrylic Coated
Tip Probe

TheY Sl 013 probeisalow-cost probe assembly
using an ultraviolet curable acrylic coating material.
Low cost is achieved through automation of the
thermistor coating process. Theacrylic materid has
good moistureres stance, which alowsthe probeto
be used in high humidity environmentsand for short-
term immersion. The HDPE (high-density poly-
ethelene) cable and acrylic material have beentested
for biocompatibility and areres gant to gamma
radiation sexilization. Thisis appropriatefor medica
applicationswhere amoderate temperature range and
biocompatibility arerequired.

Typical Time Constant: 3.0 seconds

TemperatureRange: -60t0105°C

L2 >
’&.30" MAX "
: /
C ——_
20" MAX
Probe Style  Thermistor Probe Length  Lead Lead Length Termination
L1 Style L2
| | - | |- NA -] | - | | - |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination

FlatPVC  FP
YSIO12 | FlatTFE Teflon  FT

Flat FPE ~ FPE
YSI 013

Flat FPE = FPE




YSI 014
Thermistor
with Leads
Probe

TheY S 014 probeiscongructed with individual
el leadsfor flexibility or use. Aswith any sensor with
30" MAX leads, the stem artifact must be recognized. The
'Lz 00" advantage of theY Sl 014 probeisthe ability to
control placement and insulation of theleadsto
'< maximize responsetime and reduce stem effect. This
f 125" MAX design letsyou create alow stem effect, fast time
congtant and small volume sensor. Y Sl 014 probes

Glass-Encapsulated Thermistor aregenerally thelowest cost and are used frequently
ininstrumentation.

mh

: L2 - Typical Time Congant: 1.0to 3.0 seconds
— 1«30 MAX | TemperatureRange: Thermistor and cable
J_O = dependent
oo I
.20" MAX

Epoxy-Encapsulated Thermistor

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- NA -] I A | - |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination

Individual Tefzel = IA . . Yellow: Yel White: Wht
Individual Large TFE Teflon = ITL .

Individual Large PVC =~ IPL .

c?ﬁz QP&
Individual PVC = IP | - - . . 1 48" . . .

indvioual Miniature Pve, M __{ = = - - [1x 4| - - _- | LeadColorsAvailable
i lE@'Y":“a'IEEe]‘::O” K - - B jg l B Black:Blk  Green: Gm
ndividual Miniature eflon = |- . . . . 1" - . . : i

Individual Varnish-Insulated = IV . - . . o5 12" . Er?ng gm \|?/1|U|etB\|/U
Individual Tinned Copper ~ IC . . o5 12" . ed: he l0let: Vio
Individual Dumet 1D . . 05" 12" | - Orange:Org  Gray: Gry

For more information,

contact us at 800 747-5367 or
037 427-1231Fax 937 427-1640
Info@YSI.com @ www.YSI.com



YS/015
Thermistor
in Teflon Probe

‘<— L1 _.’_7 L2 ——|
s —_—

TheY Sl 015 probe'sdesgn dlowsit toresist attack
fromamog al chemicdsintheindugtrid environ-
ment. The exceptionsare hydrofluoric acid, dkaline
metals and afew other compounds. While Teflonis
highly water-vapor-permesble, it'sextremely ress-
tant to attack by ionized compounds. The specific
hest of Teflon isquite high, making theY Sl 015a

.12 DIA :
poor choicefor gastemperature measurement.

A frequent application of theY S 015 probeis
temperature measurement and control of plating
baths. When mounting theY SI 015 probein achemi-
cally active environment, prevent splashing into the
back of thetube.

Typical TimeCongtant: 2.5 seconds

Temper atureRange: Thermistor and cable

dependent

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- | - | e A e Y R
Length in Length in
inches inches
min = 1"
max = 24"
Lead Style Thermistor Lead Length L2 Termination
S
. &
c??\ QP& QQ\’ N
Individual PVC = IP . . . - | 1" 48" | - - .
Individual Miniature PVC ~ IPM ) . - . 1" 48" - - -
Individual TFE Teflon ~ IT . © - . . - 1" 48" - - .
Individual Miniature TFE Teflon = ITM . - . - . 1" 48" . . .
Individual Varnish-Insulated = IV . . . . 0.5" 12" .
Individual Tinned Copper  IC ] . 0.5" 12" .
Individual Tefzel = IA . . . . - 1" 48" | - - .




YS/016
Radial Leaded
Thermistor

}+0.375¢.oo5»}<— 2" length —>|

TheYS 016 Radid Leaded Thermistor hasbeen
designed to dlow use of automatic lead forming/
insertion equipment. Thissyle alowsthe use of any

v non-Thermilinear thermistor. Thethermistor is
O // potted into a0.187"diameter, 0.375" long cylindrical
+ potting cup. Leadsare 22 AWG s ver plated copper,
N : 2" long. Thiscomponent isan excellent choicefor
0.187+.005 E:?f;gsmaﬂon i,%reA ‘(’gga'_‘f""d on-board temperature compensation, or other PC
Shell board application.
Typical TimeConstant: 3.0 seconds
TemperatureRange: -40t0120°C
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | o N I T s Y A = |- st |
Length in Length in
inches inches

Lead Style

Individual Tinned Copper  IC

Thermistor Lead Length L2| Termination

For more information,

contact us at 800 747-5367 or
037 427-1231eFax 937 427-1640
Info@YSI.com e www.YSI.com




YS! 030
118" OD
Tubular Probe

Cable TheYS 030 tubular probeisa¥s” diameter 316 stain-

Adapter less sted assembly. Itsprimary gpplicationis
L1 75n L2 measurement and control sensing inwet environ-
ments. Interna congtruction reduces stem effect er-
p * - | rorsby increasing the thermal path at the thermistor.
L 125" DIA A L Immersion depthswill sgnificantly affect measure-
' 25" ment accuracy. To establish the appropriate immer-
DIA son depth, follow theingructionsin the Technical
Information Section. The optiona compression fitting
L1 samplifiesingertion in aprocessflow.
J] Typical TimeConstant: 3.0 seconds
e 3 [ } TemperatureRange: Thermistor and cable
L dependent
.125" DIA
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination Options
L1 Style Option L2
| | - | | - | |- | - ] | - | - | |
Length in Length in < Compression
inches inches Fitting
min = 1/2" 1/8", 1/4", 1/2"
max = 18" *FEP
Lead Style Thermistor Lead Length L2 Termination
O
6§§® QP& @é&
Round PVC ~ RP . - . |3 1007 = - -
Round Shielded PVC = RPS b o © . 3" 1200"| * i ©
Round Miniature PVC_ RPM - . O b 3" _1200"] *© ° © P
Round TFE Teflon ~ RT . - - e |3 1200t = - Iéfa(:fé’lt’rs A"%“ab"_’ a
Round Shielded TFE Teflon_ RTS __ -« o |3 00| -+ - - ack. reen: G
Individual PVC  IP - - - ™ 48" - - - Brown: Brn B.Iue: BIU
Individual Large PVC ~ IPL . . . . e |1t 48" c . . Red: Red Violet: Vio
Individual Miniature PVC_ IPM - . - |1 48 = . . Orange: Org  Gray: Gry
Individual TFE Teflon ~ IT - b © b 1" 48" © ° © Yellow: Yel White: Wht
Individual Large TFE Teflon ~ ITL - b © . 1" 48" © © ©
Individual Miniature TFE Teflon ~ ITM M © hd 1" 48" © © ©
Individual Tefzel = 1A b o . 1" 48" © ° ©




YS! 031 YS/ 032
3/16" OD Tubular 114" OD Tubular
Probe Probe

TheYSl 031andY S 032 tubular probesare’/;s" or ¥," diameter 316 Sainless
ged assemblies. Their primary application is measurement and control sensing
inwet environments. Internal congtruction reduces stem effect errorsby increes-
ing thetherma path at the thermisgtor. Immersion depthswill significantly affect
measurement accuracy. To establish the gppropriate immersion depth, follow the
indructionsin the Technical Information Section. The optional compression
fitting amplifiesinsertion in aprocessflow.

YS 031 Typical TimeConstant: 3.8 seconds YS 032 Typical TimeCongtant: 4.5 seconds
TemperatureRange: Thermistor and cable Temperature Range: Thermistor and cable
dependent dependent

C LY

L .188" DIA YSI 031
.250" DIA  YSI 032

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination Options
L1 Style Option L2
| | - | |- | |- | -7 ] | - | | - | |
Length in Lengthin = Compression
inches inches Fitting
min = 1/2" /8", 1/4", 1/2"
max = 18" *FEP
Lead Style Thermistor Lead Length L2 Termination

&
Y
%

Round PVC = RP . . L . . 3" 1200"| - L3 .
Round Miniature PVC = RPM . . . . . 3" 1200"| - . . .
RoundTFETeflon RT | = = = = = [3 w00~ - = Lead ColorsAvailable
Round Shielded TFE Teflon =~ RTS . - - - e | 3 ‘12000 - - . Black: Blk Green: Grn
individual PVC P« | = - . - « |17 48" | - . - Brown: Brn Blue: Blu
Individual Large PVC IPL = | = = = (0320ny) | 1" 48" | - = . Red: Red Violet: Vio
Individual Miniature PVC = IPM ___ | = - . - . 1" 48" - . - Orange: Org Gray: Gry
Individual TFE Teflon ~ IT . - i . . . 1" 48" . . . Yellow: Yel White: Wht
Individual Large TFE Teflon ~ ITL  « - i ) . . 1" 48" - . . ) :
Individual Miniature TFE Teflon = ITM . L . . - 1" 48" . L3 .
Individual Tefzel = 1A . . . . . 1" 48" . . .



YS/ 033
/8" OD Hermetic
Tubular Probe

The Y Sl 033 probe hasthe same propertiesastheY Sl
030 with the notable exception of being hermeticaly
sedled. The hermetic seal prevents condensation of
water at the sensor or leadsand eliminates electrical

shunt error.
L1 A—rf 1.75" L2
"7 Thetransfer rate of water vapor isafunction of the
«:% | differential vapor pressure. At 0°C and 100% RH the
125" DIA -Zm condensing vapor pressure is4.5_8 mmHg and at 20°C
and 50% RH the vapor pressureis8.77 mmHg. The
differential pressureis4.19 mm Hg. Thisis

approximately 0.8 PSIG, whichissignificant over
time. Multiple cycle and life studies (ask for document

For more information, TDO001) demonstrate the value of this probe style for
contact us at 800 747-5367 or gability inlong-term cooling fluid systems.

937 427-1231=Fax 937 427-1640 Compression fitting adaptability enhancestheY Sl 033
Info@YSI.com ® www.YSI.com probe’sversdtility.

Typical Time Constant: 3.0 seconds
TemperatureRange: Thermigtor and cable

dependent
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination Options
L1 Style Option L2
[ 32 |- |- | - | -7 ] | - | - |
Length in Length in < Compression
inches inches Fitting
min = 1" 1/8", 1/4", 1/2"
max = 18" =FEP
Lead Style Thermistor Lead Length L2 Termination

Round PVC = RP
Round Shielded PVC = RPS
Round Miniature PVC = RPM ___ |
Round TFE Teflon = RT
Round Shielded TFE Teflon ~ RTS __ |
Individual PVC
Individual Large PVC = IPL =
Individual Miniature PVC = IPM |
Individual TFE Teflon = IT g
Individual Large TFE Teflon ~ ITL <
Individual Miniature TFE Teflon ~ ITM |
Individual Tefzel = 1A

Lead Colors Available
Black: BIk Green: Grn
Brown: Brn Blue: Blu
Red: Red Violet: Vio
Orange:Org  Gray: Gry
Yellow: Yel White: Wht

o

[ ]
(] [ ] [ ] L[] [} (] [ ] [ ] [ ] (] [ ] [ ]
(] [ ] L[] [} [} (] [ ] L[] [} [} [ ] L[]
* 0 0 0 o 0 06 0 0 0 0
(] [ ] L[] [] [} (] [ ] L[] [} [} (] [ ]
RhRRRRRQW QWY

&
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YS! 034 YSI 035
316" OD Hermetic /4" OD Hermetic
Tubular Probe Tubular Probe

TheYS 034 andYS 035 arehermetically seded, which prevents condensation
at the sensor or leadsand eliminates eectrical shunt error. Thetransfer rate of
water vapor isafunction of the differentia vapor pressure. At 0°C and 100%

RH the condensing vapor pressureis4.58 mmHg and at 20°C and 50% RH the
pressureis8.77 mmHg. Thedifferentid pressureis4.19 mmHg. Thisisap-
proximately 0.8 PSIG, whichissignificant over time. Multiplecycleand life
studies (ask for document TD0O1) demongtratethe value of thisprobefor stability
inlong-term cooling fluid applications. Compression fitting adaptability en-
hancestheY S| 034 probe sversdtility.

YS 034 Typical TimeCongant: 3.8 seconds YS 035Typical TimeCongant: 4.5 seconds
TemperatureRange: Thermistor and cable Temper atureRange: Thermigtor and cable
dependent dependent
’<7 L1 AT—L?S"—><— L2 N ’<7 L1 #1.38"—><— L2 N
E .188" DIA E27% E .250" DIA EZﬁ
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination Options
L1 Style Option L2
| | - | |- | - | -7 ] | - | |- | |
Length in Length in < Compression
inches inches Fitting
min = 1" 1/8", 1/4", 1/2"
max = 24" - FEP
Lead Style Thermistor Lead Length L2 Termination

Round PVC = RP
Round Shielded PVC = RPS
Round Miniature PVC ~ RPM ___|
Round TFE Teflon = RT
Round Shielded TFE Teflon  RTS ___|
Individual PVC ~ |P .
Individual Large PVC ~ IPL <«
Individual Miniature PVC ~ IPM ___|
Individual TFE Teflon = IT .
Individual Large TFE Teflon ~ ITL =
Individual Miniature TFE Teflon  ITM ___|
Individual Tefzel = |A

Lead Colors Available
Black: Blk Green: Grn
Brown: Brn Blue: Blu
Red: Red Violet: Vio
Orange:Org  Gray: Gry
Yellow: Yel White: Wht

(035 on

[ ] L[] [ ] (] [ ] [ ] L[] [ ] (] [ ] L[] L[]
L[] L[] [} (] [ ] L[] L[] [} [ ] [ ] L[] L[]
[ I e 0 0 0 0 0 0o 0 [
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YSI 036
Pyrex Probe

; "‘F-:t"‘]j‘l.lg‘; "l'— L2
_‘L_x_u 38 ' |

.14" DIA .20" DIA L_25" DIA E

TheY Sl 036 isaPyrex-sheathed probe designed pri-
marily for applicationsin wet chemistry. Thisglass
probeisfrequently used for measurement and control
of temperaturesin glassreactor systems. Pyrexislim-
ited by its solubility and reaction in hydrofluoric acid
and strong bases. In EPA-type gpplications, sample-to-
sample carryover must be prevented.

Theimmersion depth of thetip may haveamgor
effect on accuracy and repeatability. Refer to the Tech-
nical Information Section for guidelinesto minimize
gem effect error.

Pyrex isfragile. Useof compression fittingsisfea
sblebut they require Teflon ferrules (not available
fromY S). We recommend stainless steel tubular
probes (Y Sl 030-035), wherepracticd.

Typical Time Constant: 4.2 seconds

TemperatureRange: Thermigtor and cable

dependent
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | | - | | - | | - | / | - | | - |
Length in Length in
inches inches
min=1"
max = 18"
Lead Style Thermistor Lead Length L2 Termination
d"“\z @6
Round PVC = RP . . . . . 3" 1200"| - . .
Round Shielded PVC = RPS . . . . . 3" 1200"| - . .
Round Miniature PVC  RPM ___ | = . . - L3 3" 1200"| - - -
Round TFE Teflon = RT . . . . « [ 3 1200"| - . . Lead Colors Available
Round Shielded TFE Teflon = RTS I e L . - 3" 1200" - . Ld Black Blk Green Grn
Individual PVC [P e | - . . . . 1" 48" . . . Brown: Brn Blue: Blu
Individual Large PVC  IPL = | = . . . . 1" 48" . . . o g
Individual Miniature PVC ~ IPM | = - . - . 1" 48" . . - Red'Re_d VIOIeT'VIO
indvidual TFE Teflon 1T = | = = = = =« [1 48 [+ - - | Orange:Org  Gray:Gry
Individual Large TEE Teflon  ITL | = . . . o | v agn . . . Yellow: Yel White: Wht
Individual Miniature TFE Teflon = ITM . - . - L3 1" 48" L3 L3 -
- - o o - 1" - - .

Individual Tefzel = 1A




YSI 038
/4" OD Pointed Tubular
Probe with Handle

TheY S 038 syleprobeisspecidly designed for
measurement of interna temperature of various
materias. Thepointedtipand T handleaidin
insertion. The detachable cable offerseasy
replacement in high wear situations. Although the

120"

z cable attachment point is not waterproof, the probeis
"7 24" or 36" 4’| widely used in streambed temperature measurement
P ' % q v] and other environmental applications. Measurement
4 ~ of meat temperatureis another common use.
.250" DIA 4.00 Typical Time Constant: 4.5 seconds
375" DIAM 1« i TemperatureRange: 105°C a cable exit
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | | - [240r36] - | -7 |- 120 |- |
Length in Length in
inches inches

Lead Style Thermistor Lead Length L2 Termination

For more information,

contact us at 800 747-5367 or
037 427-1231Fax 937 427-1640
Info@YSI.com « www.YSI.com



YSI 050
Bird Cage
Alr Probe

TheY Sl 050 probeisdesigned to measure
temperaturein dry gasstreams. TheY Sl 050 hasthe
fastest response time of any standard protected probe.
Typical applicationsinclude incubator and low-

1.875" — temperature drying systems.

v Whilethe thermigtor is seded with aninsulating
- %\" 3 ¢ y | epoxy, the sed isnot useful in aqueous solutionsand
. P——9 should not beimmersed. For exposureto wet or

L 50" DIA T_ . % abradve environments, use either theY'S 030 or the

: 25" DIA

Probe Style Thermistor

Probe Length

YS 052.

Whilethe sensor is shielded from radiant energy,
the cage may reradiate energy to thethermigtor if
exposed to direct sunlight and bias the measurement.

Typical Time Constant: 1.0 seconds

TemperatureRange: Thermistor and cable

Round PVC
Round Shielded PVC
Round Miniature PVC

Round TFE Teflon
Round Shielded TFE Teflon

Individual PVC
Individual Large PVC
Individual Miniature PVC

Individual TFE Teflon
Individual Large TFE Teflon
Individual Miniature TFE Teflon

Individual Tefzel

Lead Style

RP
RPS
RPM __|
RT
RTS |
P -
PL -
IPM
|
m -
IT™
1A

dependent
Lead Color Selection Lead Length Termination
Style Option L2
- -] | - | |
Length in
inches
Thermistor Termination

W
. . « |3 100 - - .
. . « |3 1200 - - .
- . « |3 120" - _- -
- . e |3 12007 - - .
- - - |3 1200 - - .
. . < |1 48 . . . ;
. . B . B Lead Colors Available
e e o1 s | e < . Black: Blk Green: Grn
. o < | v 78 o . o Brown: Brn Blue: Blu
. . - |1t 4 . . . Red: Red Violet: Vio
. . c |1t 48 o - © Orange:Org  Gray: Gry
° : L - ° Yellow: Yel White: Wht



YSI 051
Air Probe for
Compression Fitting

TheYSl 051 probeisdesgned to measure
temperaturein dry gaspipesand lines. TheY Sl 051
hasthe fastest responsetime of any standard probe
that will passthrough acompression fitting.

Whilethethermigtor is sealed with aninsulating
epoxy, the sed isnot useful in aqueous solutionsand
should not beimmersed. For exposureto wet or abra
sve environments, use either theYSl 030 or theY Sl
052.

Whilethe sensor is shielded from radiant energy,
the cage may reradiate energy to thethermigtor if
exposed to direct sunlight and bias the measurement.

Typical Time Constant: 2.0 seconds

TemperatureRange: Thermistor and cable

dependent

20" |

YSI 052
Waterproof
Airway Probe

TheY Sl 052 probeisacompletely enclosed gas
temperature probe. Itsprimary benefit is pressure-
resstant congtruction with fast reponsetime. Appli-
cationsinclude measurement in wet, abrasve or
pressurized gassreams. TheY Sl 052 isalso used to
measurear temperaturein fluidized baths. It has been
used to measurewet air float transport of powdered
cod, plastic and freeze dried foods. Stem effect may
reduce accuracy and repeetability; seethe Technica
Information Section for guidelineson minimizing
gem effect error.

Typical Time Congtant: 3.0 seconds

TemperatureRange: Thermistor and cable

dependent

| ) L2 '47 2.5"4>'<7 L2
| ] | v
[ RS I LY 34 I
L.250" DIA L.250" DIA
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination Options
L1 Style Option L2
| | - | |- NA ]- ] | - | |- | | - | - | |
Length in Length in < Compression
inches inches Fitting
1/8", 1/4", 1/2"
Lead Style Thermistor Lead Length L2 Termination
o
Q‘OQ\Q, (P& V@\/
Round PVC = RP . . . - |3 120 - . .
Round Shielded PVC = RPS . . . - |3 1200"| - - -
Round Miniature PVC - RPM ___ | = - . = |3 1200"] - - -
Round TFE Teflon = RT . . . - |3 1200"| - . -
Round Shielded TFE Teflon = RTS o - o - 3" 1200"| - . - .
ndividual PYC . P < | - - o < | 1@ 28" . - . Lead Colors Available
Individual Large PVC  IPL = | = . S o | 1n  agv 5 . o Black: Blk Green: Grn
Individual Miniature PVC  IPM ___[ = - . - | a1v 4 - - . Brown:Brn  Blue:Blu
Individual TFE Teflon ~ IT | - o O . 1" 48" o . © Red: Red Violet: Vio
Individual Large TFE Teflon ~ ITL . o b o o 1" 48" . . - Orange' Org Gray' Gry
Individual Miniature TFE Teflon = ITM . - . - |1t 48" . . . \ S
individual Tefzel | IA e "o e Tl e . - Yellow:Yel - White: Wht




YS/ 070
Underwater
Probe

TheYSl 070 probeisdesigned for long-term buria
insoil, concrete or other high-wetness environments.
Thisprovidesahigh-integrity seal aswell as
mechanica protection to thethermistor itsalf.

For best long-term performance we recommend
glass-encapsulated thermistors (Y SI 45000, 46000,
55000).

While not designed for degpwater immersion, the
Y Sl 070isfrequently used to measure thetempera-
ture of bogs, wetlandsand wells. It can withstand the
pounding punishment of burial ininterstate roadways
and airport runways.

It'spotted in urethanein apolyvinyl cap.

Typical Time Constant: 15.0 seconds

Temper ature Range: 60°C max

v ——|(1.50" MAX o—r— |2 %7/

t

YSI 071
Deepwater
Probe

TheYSl 071 probeisdesgned for long-term
immersion a consderable depth. It hasagtainless/
neoprene vulcanized sedl with amolded externa
splice protector. Thisassembly method providesa
high-integrity seal aswell asmechanical protectionto
theleads and thethermistor.

For best long-term performance we recommend
glass-encapsulated thermistors (Y SI 45000, 46000,
55000).

It'sdesigned for degpwater immersion and isfre-
quently used to measure the temperature of deegpwater
reservoirs, wetlands and wells. Multiple-year immer-
gonat 2,000feet isfeasble. Severd suchingadla
tionsarein placefor therma gradient power genera
tiontests TheY S 071 can withstand theforces of
pier mounting in high-wave environments.

Typical TimeConstant: 5.0 seconds

Temper ature Range: 60°C max

.250" DIA L.56" DIA

50" MAX
Probe Style  Thermistor Probe Length  Lead Lead Length Termination
L1 Style L
| | - | |- [ Na -] | - | | - | |
Lengthin Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination
N NG

Round SJO Neoprene = RN
Round Shielded SJO Neoprene = RNS




YS/080

Banjo Surface

Probe

"73.625"__|‘ 1.25"-|‘— L2
B A i

Lor
O=—

.25" DIA

e

/—.40" DIA

The Y Sl 080 probeisdesigned for handheld surface
temperature applications. The design providesfast
response and minima stem effect error, while provid-
ing an electrically isolated thermistor. SincetheY SI
080 hasalarge captureareaand small mass, it'salso
useful for sampling measurement of gasand air
dreams.

All flat surface sensorsrequire the best contact
feasible while protecting the noncontacting surface
from high levels of radiant energy. Thiscan be accom-
plished by placing areflective surface between the
sensor and the source.

Typical Time Constant: 0.6 seconds

TemperatureRange: Thermistor and cable

dependent

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- NA |- | - | / | - | | - |
Lengthin Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination
\\)Q‘
d@% QQ&
Round PVC = RP . . e | 3" 1200"| - . . .

Round Shielded PVC | RPS - - - | 3" 1200 - - . Lead Colors Available
Round Miniature PYVC  RPM ___| = . e | 3" 1200"] - - . Black: Blk Green: Grn

Round TFE Teflon = RT . L4 . 3" 1200" - . - Brown: Brn B|ue Blu

Round Shielded TEE Tefon Sy - e —— Red: Red Violet: Vio

. . . . " " Orange:Org  Gray: Gry

Individual Large PVC ~ IPL . 1 48 . . . . .,
individual Miniature PVC IPM | = _ = = | 1" 48" | -« . . Yellow:Yel  White: Wht
Individual TFE Teflon = IT . . . . 1" 48" . . .
Individual Large TFE Teflon = ITL | - b © 1" 48" . - -
Individual Miniature TFE Teflon  ITM ___| < hd © 1" 48" . - o . .
Individual Tefzel = IA - - « | 1 a8 - . . For more information,

contact us at 800 747-5367 or
037 427-1231Fax 937 427-1640
Info@YSI.com @ www.YSI.com



YS/ 081 YSI 082
Surface Small Surface
Probe Probe

YS 08land YS 082 probesare designed for permanent or temporary fixed-mount
surface temperature applications. The congtruction of the probes providesfast re-
sponse and minimal stem effect error when used with relatively lightweight leads
and properly mounting theleads. Thethermigtor iselectrically isolated fromthe
cae.

One application of these probesisthe measuring of coil and radiator tempera-
turesin heat exchangers.

All flat surface sensors require good surface contact while protecting the
noncontact surface from high levels of radiant energy. This can be accomplished by
placing areflective surface between the sensor and the source. These probes are not

waterproof.
Typical Time Constant: 1.1 seconds Typical Time Constant: 0.3 seconds
Temperature Range: Thermistor and cable Temper ature Range: Thermistor and cable
dependent dependent
{ L2 - | i= L2 =i
L 13" MAX L .09" MAX (13" MAX with YSI 55000)
G = : =
Z 380 210" DIA
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- NA_|-]| S A | - | |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination
c?e (P& S
FlatPVC = FP - e | 1" 1200 . - .
Flat TFETeflon FT | = - | 1 120" . - - Iéfa(:féﬂ:’rs Avaglablg g
ndividialP\C P < | = = | 1@ 4 - [+ = acK. reen: Lm
Individual Miniature PVC  IPM __| o _ o | 1" 48" - | o Brown:Bm  Blue: Blu
Individual TFE Teflon ~ IT -l - . 1 48" - - - Red: Red Violet: Vio
Individual Miniature TFE Teflon MM ___| = - | 1t 48" - . . Orange:Org  Gray: Gry
Individual Tefzel 1A . . 1" 48" o . O Vallow: Ye| White: Wht




YS/ 083
Attachable
Surface Probe

The Y Sl 083 surface-temperature probeisdesigned
for bolt-in-place gpplications. Thisisour most rug-
ged surface temperature probe. Withthe use of a
thermd transfer compound, theY S 083 will collect
O L2 accuratetemperature databecauseit’ sinintimate
1.00" T 250" DIA THRU contact with the body to be measured.

TheY Sl 083 isfrequently used to measure,

% monitor and control temperaturesof smal motors,
heat exchangersand fluid pumping systems.

All flat surface sensors require good surface con-
tact while protecting the noncontact surfacefrom
high levelsof radiant energy. This can be accom-
plished by placing areflective surface between the
sensor and the source.

Typical Time Constant: 8.0 seconds

TemperatureRange: Thermistor and cable

dependent
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- NA -] e A | - | |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination

Round PVC = RP L . L - 3" 1200"| - . -
Round Miniature PVC = RPM __ | = L o - . 3" 1200"| - . -
Round TFE Teflon = RT . . . . L3 3" 1200 . . - Lead Colors Available
Round Shielded TFE Teflon  RTS | = . - 3" 1200 . . . Black: BIk Green: Grn
Individual PVC =~ IP . . . . - . 1" 48" . . - Brown: Bm Blue: Blu
Individual Large PVC = IPL - . . - - L3 1" 48" . L3 - ’ e
Individual Miniature PVC IPM __| = o o o e 1" agn | + . . Red: Red Violet: Vio
Individual TFE Teflon  IT | = . . . 1" 48" - . . Orange:Org  Gray: Gry
Individual Large TFE Teflon =~ ITL = . . . . . 1" 48" - - . Yellow: Yel White: Wht
Individual Miniature TFE Teflon =~ ITM . - . - L3 1" 48" - . -
Individual Tefzel = 1A g . - . . 1" 48" . . -

For more information,
contact us at 800 747-5367 or
937 427-1231=Fax 937 427-1640
Info@YSI.com « www.YSI.com



YSI 084

Ring Lug
Surface-Temperature
Probe

TheY Sl 084 ring lug surface-temperature probeis
designed for screw-in-place applications. Thelugis
uninsulated plated copper and correspondsto a#8ring
L2 > lug. Thethermigtor ispotted inthe barrel. TheY S| 084
wasoriginaly desgned for usein satellite systems and
o isfrequently used to measure, monitor and control
' < temperatures of small motors, heat exchangersand
fluid pumping systems.

169" All flat surface sensors require good surface contact
while protecting the noncontact surface from high
levels of radiant energy. This can be accomplished by
placing areflective surface between the sensor and the
source.

Typical TimeCongtant: 5 seconds
Temper atureRange: Thermistor and cable

dependent
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L
| | - | |- NA -] -7 -] | - |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination

Round PVC = RP - . - 3" 1200"| e . .

Round Miniature PVC - RPM | = . . . 3" 1200"| - . .
Round TFE Teflon = RT - - - . 3" 1200"| e . -

Round Shielded TFE Teflon = RTS . - 3" 1200"| e . .
FlatPVC FP ~ | = - - - | 1" 1207 | - - .

Flat TFE Teflon  FT | = - - . 1" 120" . . -

Individual PVC ~ IP . - . - . 1" 48" . . -

Individual Large PVC ~ IPL = - - . 1" 48" . . -
Individual Miniature PVC - IPM | = - - . 1" 48" . . .
Individual TFE Teflon = IT . . - . . 1" 48" - - -
Individual Large TFE Teflon ~ ITL = - . - . 1" 48" . . .
Individual Miniature TFE Teflon = ITM . - - . 48" 48" . . .
individual Varnish insulated IV~ | = - . . 1" T2 | e T e e
Individual Tefzel = IA . . - . 1" 48" . . -



YSI 085
Flag Lug Probe

TheY Sl 085isan attachable surface temperature
probein aflag lug configuration. Theflag is made of
f o #6 Clear tin-plated copper and the mounting holeis a#6.
66" 22" Thisprobe can be used in avariety of surface

39" s
l ' T <’ : require good surface contact while protecting the
" Lo F noncontact surfacefrom high levels of radiant
energy. Thiscan be accomplished by placing a
reflective surface between the sensor and the source.

Typical Time Constant: 3.1 seconds
TemperatureRange: Thermigstor and cable

temperature applications. All flat surface sensors

dependent
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- NA -] A | - | |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination

Round PVC = RP . . . . . 3" 120" | - . .

Round Shielded PVC = RPS . i - . . 3" 120 . . .
Round Miniature PVC - RPM ___ | = . o d - 3" 120" | - . .
Round TFE Teflon = RT L . L . . 3" 120" | - . .

Round Shielded TFE Teflon  RTS __ | < . o . © 3" 120" | - . -
Flat PVC = FP . . . . . 1" 120" | - . .

FlatTFE Teflon FT | = . . . . 1" 120" | . .

Individual PVC = IP . . . . . . 1" 48" | - . .

Individual Large PVC ~ IPL o - = . . 1" 48" . . .
Individual Miniature PVC - IPM | = . L . . 1" 48" . . .
Individual TFE Teflon  IT . . . - . . 1" 48" . . .
Individual Large TFE Teflon = ITL = . i - . . 1 48" . . .
Individual Miniature TFE Teflon ~ ITM | = - . - . 1" 48" - . .
Individual Tefzel = 1A o o o . . 1" 48" . - .

For more information,

contact us at 800 747-5367 or
937 427-1231Fax 937 427-1640
Info@YSI.com « www.YSI.com



YS/090
8-32 Brass
Screw Probe

The Y Sl 090 probeisathermistor mounted in a8-32
brass hex head bolt. Thedesignisespecialy useful
for measuring relatively thick samplesthat areunder
vibration. Thelead should not be excessively flexed
in high-vibration environments. Brassprovidesan
excdlent therma pathway andismuch less
susceptiblethan stainless stedl to spurious heat
oUrce erors.

Typical Time Constant: 2.0 seconds

TemperatureRange: Thermistor and cable

YSI 093
8-32 Stainless
Steel Probe

The Y Sl 093 probeisathermistor mounted in a8-32
dainless seel hex head bolt. Thedesignisespecidly
useful for measuring relatively thick sampleswhich
areunder vibration. Thelead should not be exces-
svely flexed in high vibration environments. Stain-
lesssted providesapoorer therma pathway than
brassand may be susceptible to spurious heat source
errors.

Typical Time Constant: 2.5 seconds

TemperatureRange: Thermistor and cable

dependent dependent
'ﬂu‘ L2 y
L =
Z - \
8-32 UNC 2A Thread
Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option )
| | - | | - | | - | / - | - |
1/8" or 1/4" Lengthin
inches
Lead Style Thermistor Termination
cﬁp\% d’b

Flat TFE Teflon = FT

Individual PVC = IP .
Individual Miniature PVC = IPM

Individual Large TFE Teflon = ITL =
Individual Miniature TFE Teflon = ITM

Individual TFE Teflon = IT . .

Individual Tefzel = 1A

For more information,

contact us at 800 747-5367 or
937 427-1231Fax 937 427-1640
Info@YSI.com @ www.YSI.com

Lol Rl el [l el e

120" - . c Lead Colors Available
. Black:Blk ~ Green: Grn
g [ - . Brown:Brn  Blue: Blu
e R - Red: Red Violet: Vio
48" | o . . Orange:Org  Gray: Gry
LA y Yellow: Yel White: Wht



YS/ 091
10-32 Brass
Screw Probe

TheYSl 091 probeisathermistor mountedina 10-
32 brasshex head bolt. Thedesignisespecialy use-
ful for measuring relatively thick sampleswhich are
under vibration. Thelead should not be excessively
flexed in high vibration environments. Brass pro-
videsan excdlent therma pathway andismuch less
susceptible than stainless stedl to spurious heet
source erors.

Typical Time Constant: 3.5 seconds

TemperatureRange: Thermistor and cable

dependent

YS! 094
10-32 Stainless
Steel Probe

TheY Sl 094 probeisathermistor mounted ina10-32
gainlesssteel hex head bolt. Thedesignisespecialy

useful for measuring relatively thick sampleswhich are

under vibration. Thelead should not be excessvely
flexed in high vibration environments. Stainless steel
providesapoorer therma pathway than brassand may
be susceptibleto externa heat sourceerrors.
Typical Time Constant: 4.0 seconds
Temperature Range: Thermistor and cable

dependent

1 10-32 UNF-2A Thread

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- | | - | |- | - |
1/8" or 1/4" Length in
inches
Lead Style Thermistor Lead Length L2 Termination

Round Miniature PVC

Flat PVC = FP
Flat TFE Teflon = FT

Individual PVC ~ IP .
Individual Large PVC = IPL
Individual Miniature PVC = IPM

Individual TFE Teflon = IT .
Individual Large TFE Teflon = ITL .
Individual Miniature TFE Teflon = ITM

Individual Tefzel = 1A

- . - 3" 120"| - - -
- T 120" - - -

- - - o |1 12| - - - .

— . T 48" [ = . - Lead Colors Available

. o |1 48| - . . Black: Blk Green: Grn
- . - o |1 48" | - . - Brown:Brn Blue: Blu
‘B O OB B Red: Red Violet: Vio
. . i jg - B Orange:Org  Gray: Gry
— — - . - Yellow: Yel White: Wht



YS/ 096
/8" Brass
Pipe Plug Probe

TheY Sl 096 probeisathermistor mountedin a¥s"
NPT brass pipe plug. The pipe plug design dlows
easy application in piping systems. Thelead should
not be excessively flexed in high vibration environ-
ments. While brassisan excellent conductor, unless
careistaken, thewall temperaturerather thanthe
sample temperaturewill be measured.

Typical Time Constant: 10.0 seconds

TemperatureRange: Thermistor and cable

dependent

L2

YSI 190
/8" Stainless Steel

Plug Probe

TheYS 190 probeisathermistor mountedina¥s'
NPT dainlesssted pipe plug. The pipe plug design
alowseasy application in piping sysems. Thelead
should not beexcessvely flexed in high vibration
environments. Since tainless sted isnot agood
therma conductor, unlesscareistaken, thewall tem-
peraturerather than the sampletemperaturewill be
messured.

Typical Time Constant: 15.0 seconds

TemperatureRange: Thermistor and cable

dependent

1/8" NPT Thread

%

Individual Large TFE Teflon = ITL
Individual Miniature TFE Teflon ~ ITM

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination
L1 Style Option L2
| | - | |- Na -] I |- | - | |
Length in Length in
inches inches
Lead Style Thermistor Lead Length L2 Termination
S
c??\z d’& »P@ Ny

Round PVC = RP . . . . - | 3" 120"| - . .

Round Shielded PVC = RPS . . . . e |3 120" - . .

Round Miniature PVC ~ RPM ___ | = - . . e | 3 120" - . -

Round TFE Teflon = RT . . . . . 3" 120 . . .

Round Shielded TFE Teflon = RTS ___ | - . - . 3" 120" | . - Lead Colors Available
Flat PVC = FP . . . . « [ 1v 120" - . . - -
FlatTFETeflon FT | = = = o o | 1" 120" « - - Black:Blk  Green: Grn
Individual PVC ~ IP - . - . - - 1" 48" - o . Brown: Brn Bllue. Bll_,l
Individual Large PVC  IPL = | - - - e | 1m 48| - . Red: Red Violet: Vio
Individual Miniature PVC IPM | = = e e e | 1" 48" | o . - Orange:Org  Gray:Gry
Individual TFE Teflon - IT = | . . - e [1T7 48" | - . - Yellow: Yel White: Wht

- - - - - 1" - - -

- - - - - 1" - - -

. . . . o 1" - . .

Individual Tefzel = 1A




YS/ 100 YSI 101 YSI 102

8" Tubular Probe 346" Tubular Probe /4" Tubular Probe
with Fitting with Fitting with Fitting

TheYS 100, 101, 102 are stainless sted tubular YS 100 Typical TimeCongtant: 3.0 seconds
probeswith ¥g" NPT fittings. Thisdesign hasahigh YS 101 Typical TimeCongant: 3.4 seconds
tolerancefor pressure and tolerateshigh flow ratesfor YS 102 Typical TimeCongtant: 4.5 seconds
short periods. The stainless stedd congtruction Temper atureRange: Thermistor and cable
provides protection from stress corrosion and cavita- dependant
tion etching. Applicationsinclude accurate readings
inpipdines.
T L1 —ul 75" |.— L2
——F F@ %
1/8" NPT Thread

.125" DIA - YSI 100

.188" DIA - YSI 101

.250" DIA - YSI 102

Probe Style Thermistor Probe Length  Lead Color Selection Lead Length Termination Options
L1 Style Option L2
| | - | | - | - | L ] | - | | - | |
Length in Length in *FEP
inches inches
min = 1/2"
max = 24"
Lead Style Thermistor Lead Length L2 Termination

(e
S
%

Lead Colors Available

round pve (B . . o . . Black: Blk Green: Grn
Round Shielded PVC ~ RPS e e e |3 10 - o . Brown:Bm  Blue:Blu
Round MiniaturePVC ~ RPM___| = o o | 3" 120" - - _ . Red: Red Violet: Vio
Round TFE Teflon = RT . . - [ 3 120 - . . Orange:Org  Gray: Gry
Round Shielded TFE Teflon  RTS __ | < . © 3" 120" | - . . Yellow: Yel White: Wht
Flat PVC = FP © o © 1 120"| - . .
Flat TFE Teflon FT | = . o 1" 120" - - .
Individual PVC ~ IP . o o © 1 48" . . .
Individual Large PVC ~ IPL - i ) 1" 48" . . .
Individual Miniature PVC ~ IPM ___ | = . o 1" 48" - - -
Individual TFE Teflon = IT . o o © 1 48" . . .
Individual Large TFE Teflon ~ ITL . . . 1 48 . . . For more information’
Individual Miniature TFE Teflon = ITM © - © 1" 48" - . -
Individual Tefzel . IA e T T [ - contact us at 800 747-5367 or

037 427-1231=Fax 937 427-1640
Info@YSI.com @ www.YSI.com



Section 4

YSI Series 400 and
YS! 700 Standard
Reusable Probes

¢ General-Purpose and Tubular Probes
¢ Surface Probes and Autoclavable Probes
¢ Gas and Airway Probes

¢ Technical Data




YS! Standard Reusable
Temperature Probes

We offer two series of precision probesfor

manufacturing, research and medicine.

* Every probetracesbletothe NIST

* Subdtitute any probein either seriesfor any other
inthe same serieswith no loss of accuracy

* YSl reusable probesare theworld stlandard for
medical usein humans

* YSl Series 700 Probes providelinear reponse

» Madewithout latex to reduce dlergic reactions

* Probesaredectricaly-isolated

* Durable molded phone plugs

 Extenson leads available

Applications

* Incubators

* Cuvettes

* Patient monitoring

* Environmental control
* Rescarchlabs

» Many indudtria uses

General-Purpose Probes

YSI 401 & 701 General-Purpose

j k— 5/16" max (3 mm)
1
(I

[ 3/16" max (401) (4.8mm) — /64" dia (3.6 mm)

1/4" max (701) (6.4 mm)

* Rugged vinyl probe

* For air, sub-soil and short-term water

» Time congtant 401 7 sec; 701: 9 sec

* Range401: -40to +100°C; 701: -30to +100°C

For more information,

contact us at 800 747-5367 or

937 427-1231=Fax 937 427-1640
Info@YSI.comewww.YSI.com

YSI 402 & 702A Small Vinyl

13" |

— 3/16" (402) (4.8 mm)

1/4" (702) (6.4 mm)

@ 3 { :///
[ 1/8" dia max (402) (3.2 mm)

1/4" dia max (702) (6.4 mm)

* Smdler, flexibleversonsof YS 401 and 701

» For patient monitoring with aquicker responsetime
* Time congtant 402: 3.2 sec; 702A: 3.6 sec

* Range 402: -40to +100°C; 702A: -30to +100°C

* Rectal temperaturesof smdl animals

YSI 423 Small Nylon

2 1/2" (63.5 mm)
O L ———
E 1/8" dia max (3.2 mm) * 3/32" dia (2.4 mm)

* Epoxy tip, nylontube

* Fastest response time of genera -purpose probes
* For cuvette, research, shallow immersion

* Time congtant 1.4 sec

* Range-40to0 +100°C

Tubular Probes

YSI 403 & 703 Stainless Steel Tubular
‘— 5/32" dia (4 mm)

3¢ (T

C
T
41/2" (114 mm) e

(22 mm)

* Sheath compatible with many fluids

* Quick and durable

* Time congtant 403: 3.4 sec; 703: 3.6 seC

» Range403: -40to +150°C; 703: -30to +150°C

YSI 451 Teflon Tubular
(19.'? am) 90" (229 mm)

—C T T {

0.051,,4‘ 304sS \ Flexible TFE
(L3 mm) Tube Teflon Tubing

* Can befed through an 18- gaugethin-wall hypo. needle

* Short-termimmersioninsmall liquid samples
* Time congtant 3.1 sec
* Range: £0.1°C from Oto+70°C



YSI 404 & 704 Pyrex Tubular
3/16" dia (4.8 mm)
(@ 3§ l

%
(127 mm)

 Chemically inert for immersion

» Thermometric titrations, freezing points

* Time congtant 4.2 sec

* Range 404 -40to +150°C; 704: -30to +150°C

YSI 406 Small Tubular

T

r 1/8" dia (3.2 mm)
c f 3e ( THI
(1111{4/2;1. m) (Zzlﬁ:m) F

e Smilar toYS 403 but thinner and faster
» Time congtant 2.5 sec

* Range-40t0 +150°C

YSI 410 & 710 Tubular with NPT Fitting

1/8" NPT

5/32 dia (4 mm)

it

il

L
L41/2 (114 mm) 4—1

* For useinpipesand vesdl's

* 316 dainlesssted withstands500 ps

* Time congtant 3.4 sec

* Range 410: -40to +150°C; 710: -40to +150°C

YSI 416 Autoclavable Tubular

1/8" NPT

5/32" dia
(4 mm)

L b

(25.4 mm) (33.3mm)

» Sainless sed fitting and sheeth; detachablelead
* Not electrically isolated

* Time congtant 3.4 sec

* Range-40t0 +150°C

YSI 418 Pointed Tubular

ﬂ b 1/4" (6.4 mm) r 5/32" dia (4 mm)
< 3 €

[V

411/16" 7/8"
(119 mm) | (22mm)
* For sami-solids such as mest, fruit, tobacco, rubber

* 316 gainlesssted
* Time congtant 3.7 sec: Range-40t0 +150°C

YSI 433 Pointed Tubular

|« .25" (6.4 mm)

3.5" (89 mm)
e 4.75"
(121 mm) l

\ A

» For semi-solids such as meat and fruit
316 stainless stedl

Time constant 3.7 sec

Range -40 to +150°C

Surface Probes

YSI 408 & 708 Banjo Surface

13/32" dia (10.3 mm)

= TIIIMIIIImD

5/64" (2 mm) E 17 gauge
—am — g -
* For mdustrlal, process and medical use
» Handle ssimplifies use
* Time constant 408: 0.6 sec; 708: 1.0 sec

* Range 408: -40 to +150°C; 708: -30 to +100°C

YSI 409A & 709A High-Temperature

Flat Teflon Lead

[ 3/8" dia (9.5 mm) 10" x .03"
O%/ ———— =

e —
N

e —

Tlls" (3.2 mm)
* 12" Teflonleads
» Stainless sted disc with epoxy back protects
probe from environment
* Timecongtant 1.1 sec
» Range409A: -40t0 +150°C; 709A: -30to +100°C

YSI 409B & 709B Rugged Surface

[ 3/8" dia (9.5 mm)

L / Olsgmxmlfg 4er11-|(‘)n X 3000 mm)
—E 1/8" max (3.2 mm)
* Morerugged than'Y Sl 409A and 709A

* Vinyl-covered leads, time congtant 1.1 sec
* Range 409B: -40t0 +100°C; 709B: -30to +100°C




YSI 427 & 729 Small Surface

[ 3/16" dia (4.8 mm)

O—

T (610 mm)

Le‘ / |

1/16" (1.6 mm)

» SmilartoY Sl 421 but not autoclavable and
leads not detachable

* Time congtant 0.3 sec

* Range427: -40to +150°C; 729: -30to +100°C

3/32 (2.4 mm)

Gas Temperature Probes

YSI 405 Gas

—

=

| S—
B LP ]
dia 17/8" (48 mm)

(13 mm)

 Thermigtor protected by stainlesssted cage

» For low humidity such asincubators, test rooms,
gasstreams

* Time congtant 10 secin 3ft/sec air at 0% RH

* Range-40t0 +150°C

1/4" dia (6.4 mm)

YSI 441A Airway
[ 3

J L 0.300" dia, 1" taper (7.6 mm)

» For anesthesia, respiratory care, in-line measurement
* Time congtant 30 sec (worst casein air)
* Range0t0 50°C

Technical Data

YSI Series 400 Probes

Temperature Range: -40 to +150°C (-40 to +300°F) except as
specified. Lead wires may be subjected to 100°C.

Interchangeability: +0.25°C at -40°C; +0.10°C from 0 to 70°C;
+0.21°C at 100°C; +0.40°C at 150°C

0.5
0.4 Interchangeability
Tolerance

0.3
+°C 0.2

0.1

T T T [T T T [T T T [T T T[T T1T7T]
-40 0 40 80 120

Time Constant: Derived from measurements in water at 3 feet per
second. A probe requires approximately 5 time constants to read
99% of a total change.

Leads: Non-detachable 10’ vinyl-covered shielded wire, except as
noted. Junction between probe and leads should not be immersed.
Detachable leads are not water-resistant. Extension leads available:

YSI14010 10’ Extension Lead
YSI 4025 25’ Extension Lead
YSI 4050 50’ Extension Lead

Termination: Right-angle molded phone plug, except as specified.
Gray plugs are 2-conductor.

Electrical Isolation: Sensing elements and lead wires are
electrically isolated from the outer probe surfaces, except as noted.

Cleaning: All probes are EtO-sterilizable.

YSI Series 700 Probes

Temperature Range: -30 to +100°C (-22 to +212°F), except as
specified. Lead wires may be subjected to 100°C.
Interchangeability: +0.15°C from -30 to +100°C

Time Constant: Derived from measurements in water at 3 feet per

second. A probe requires approximately 5 time constants to read
99% of a total change.

Leads: Non-detachable 10’ vinyl-covered shielded wire, except as
noted. Junction between probe and leads should not be immersed.
Detachable leads are not water-resistant. Extension leads available:

YSI 7010 10’ Extension Lead
YSI 7025 25’ Extension Lead
YSI 7050 50’ Extension Lead

Termination: Right-angle molded phone plug, except as specified.
Black plugs are 3-conductor.

Electrical Isolation: Sensing elements and lead wires are
electrically isolated from the outer probe surfaces, except as noted.

Cleaning: All probes are EtO-sterilizable.

Resistance or Voltage Outputs: You may combine a YSI Series 700
Probe with two fixed resistors for a linear response to temperature in
either a resistance or voltage mode. YS! offers 4 standard networks
for the range -30 to +100°C. Special networks are also available. For
more information, call YSI Customer Service.



YSI Series 400AC Probes

Temperature Range: -40 to +130°C (-40 to +266°F), except as
specified. Lead wires may be subjected to 100°C.

Interchangeability: +0.2°C from -40 to +70; + 0.1°C from 0 to 50°C.
Sterilization: Steam autoclave (20 minutes at 121-123°C). See
probe instructions for additional cleaning and sterilizing information.
Leads: Non-detachable 10’ thermoplastic elastomer-covered wire.

Termination: Right-angle molded phone plug. Beige plugs are
2-conductor.

Autoclavable Probes (qualified for medical use)
YSI 401AC General Purpose

.188" dia (4.8 mm) — 150" dia (3.8 mm)
) .
"]
.5625"
(14.3 mm)

* Long-term immersion
* Time constant 10 sec
* Range -40 to +130°C

YSI 402AC General-Purpose

125" dia (3.2 mm) — o dia (2.3 mm)

(D!

P

312"
(8 mm) _

* Long-term immersion

* Time constant 6 sec
* Range -40 to +130°C

YSI 409AC Surface
o 375" dia (9.5 mm)

Cj — .090" dia (2.3 mm)
( > Y

A

[ ]
» Measurement in high-moisture environments
* Time constant 18 sec
* Range -40 to +130°C




SecTion 5

YS! 4600 Precision
Thermometer

¢ High-Precision with Standard Probes for
Labs, the Manufacturing Floor and the Field

e Affordable Metrology-Level Measurement

46.! }| i ~ Przgigion
| Thermpimeter




YS! 4600 Series
Precision
Thermometers

Our new handheldY Sl 4600 Series Precision
Thermometerstake metrology-level temperature
measurement to thelaboratory, the manufacturing
floor and thefield, at an affordable price.

Three Versions for a Range of Applications

We makethree versons of thethermometer to
addressabroad range of temperature measurement
applications.

TheYS 4600 givesyou high-precison and the
convenience of awide sdection of off-the-shelf YSI
400 Series Probes.

The Y Sl 4610 offershigher syslem accuracy
with interchangeabl e probes.

TheY Sl 4600S providesmetrology-level
accuracy because we calibrate each unit witha

specific probe.
All Versions Include These Features

* Resolutionto 0.01°C
* RS232 port

* NIST traceshility

* °For °Creadout

» Hold

e Min/max

« AT

e Store

YSI 4600-Flexibility and Precision

TheY Sl 4600 isa precision thermometer for use

with standardY SI 400 Series Probesover thewide

range-40to +150°C. It'sided for gpplications

requiring system accuracy and flexibility.
Theingrument offershigh accuracy, +0.015°C,

from 0to 50°C; system accuracy is+0.115°Cwith

over 20 sylesof Y'S| 400 Series Probes.

» Sainlesssted tubular

* Air/gas

* Vinyl tip

* Catheter

Use the YSI 4600 to measure-

e Gas& air
* Liquids
* Sami-solids& solids

YSI 4610-Higher Accuracy with
Interchangeable Probes

TheY Sl 4610 offersextremely high system accuracy
when you usetheY Sl interchangeable probesthat we
test and calibrate just for thisthermometer. System
accuracy is+0.05°C from 20 to 50°C with two
gpecia probes-acatheter probeand avinyl tip
generd-purpose probe. Thetemperaturerangeis
0to70°C.

 Anayticd instrument calibration

» Feddservice

* Processvdidation

 Dataacquisition

YSI 4600S -Transfer Standard

TheY Sl 4600S offersmetrology-level accuracy over
user-defined temperatureranges. Each systemis
cdibrated with amatched probe (built usngaY S
46000 Super-Stable Glass Thermistor) gppropriate
for your gpplication. Single-point and 4-point NIST
traceablecdibrationsareavailable. System accuracy
astight as+0.025°C between 0to 50°C is obtainable
with a4-point calibration. ContactY S| for
cdibration details.

* Metrology labs

» Tedtinglabs

» Critica process monitoring

* Trandfer standard

About calibration

Weprovideevery Y Sl temperature product with a
Certificate of Traceability, indicating that it was
cdibrated during manufacture with sandards
traceableto the Nationd Inditute of Standards and
Technology.



Specifications
Accuracy and Temperature Range

YSI 4600 Thermometer—System accuracy with YSI 400 Series
Probes

+0.350°C at -40°C
+0.115°C from 0 to 50°C
+0.125°C at 70°C
+0.275°C at 100°C
+0.720°C at 150°C

YSI 4610 Thermometer—System accuracy with YSI 4610 Series
Probes

+0.05°C from 20 to 50°C
+0.1°Cat 0°C
+0.1°C at 70°C

YSI 4600S Thermometer—System accuracy with YSI Configure-to-
Order Probe

+0.025°C from 0 to 50°C

System accuracy from -40 to 125°C depends on specified
calibration.

Resolution: 0.01°C from -40 to +102°C;
0.02°C from 102 to 150°C

Repeatability: 0.0002 to 0.01°C (-20 to +100°C) typical for one
week at constant ambient temperature.

Reading rate: 2 readings per second

Display: 4 '/>-digit LCD

Battery Life: 20 hours typical (9V alkaline cell included)

Battery Indicator: Displays flashing battery symbol when less than
5% of life remains

Temperature Units: °F or °C selected from keypad

Auto Shutoff: 10 minutes with battery power and no RS232
communications

Mating Gonnection: '/+” phone jack

Operating Gonditions: 10 to 40°C; 0 to 85% RH
Size: 21Hx 10wx 3.80cm, 0.34 kg;

8.251 X 4.00w x 1.50p inches, 12 0z

Thermometers
YSI4600 Precision Thermometer (uses YSI 400 Series Probes)

YSI 4610 High-Accuracy Thermometer (uses YSI 4610 Series
Interchangeable Probes)

YSI 4600S Thermometer & Probe (calibrated with a Configure-to-
Order Probe)

Accessories

YSI 4651 RS232 Cable

YSI 4652 Carrying Case

YSI 4654 Tripod

YSI 4661 Battery Eliminator, US

YSI 400 Series Probes for YSI 4600 Thermometer
YSI 401 Vinyl Tip General-Purpose Probe

YSI 402 SmallVinyl Tip General-Purpose Probe
YSI 403 Stainless Steel Tubular Probe

YSI 404 Glass Tubular Probe

YSI 406 Small SS Tubular Probe

YSI 410 Tubular Probe with NPT Fitting

YSI 416 Autoclavable Tubular Probe

YSI 418 Pointed Tubular Probe

YSI 408 Banjo Surface Probe

YSI 409A High-Temperature Surface Probe

YSI 409B Surface Probe

YSI 421 Autoclavable Surface Probe

YSI 427 Small Surface Probe

YSI 405 Air/Gas Probe

YSI 451 1 mm Flexible General-Purpose Probe

YSI 4610 Series Probes for the YSI 4610 Thermometer
YSI 4611 1 mm Flexible General-Purpose Probe
YSI 4612 Small Flexible General-Purpose Probe

YSI Configure-to-Order Probes for the YSI 4600S Thermometer

For optimal long-term performance, we recommend using YSI 46000
Super-Stable Glass Thermistors with the YSI 46008S system. These
thermistors are available in Configure-to-Order Probes.

For more information,

contact us at 800 747-5367 or
937 767-7241« Fax 937 767-9353
Info@YSI.comewww.YSI.com
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Thermistor Theory

NTC thermistor materias are prepared by heating
mixtures of metal oxidesto high temperatures so that
the oxidescombine chemicaly to form the spindl
crystallographic sructure. The namederivesfromthe
minerd spind, MgAI20,, which hasthis structure. In
thisstructure Mg occupiestetrahedrd, or A Stes, in
thecrygtd latticeand Al occupiesoctahedra, or B
dtes. Thisisanorma spinel, with one 2+ metal ionon
theA site, two 3+ metd ionsonthe B sitesand four
oxygens. Thisiscommonly written Mg[Al2]O,,
wherethe elementsin the bracket represent the B
gtes.

Aninverse spind has half thetrivalentiononthe
A stesand thedivaentionontheB sites such as
nicke ferrite, FE[NiFe]O,. Variousdegrees of inver-
son can occur depending on the metd ions, thetem-
perature of reaction, and any annedling cyclesto
which the materid is subjected. A common thermistor
materia isnickel manganite, apartialy inverse spind
with manganese present onthe B dtesin 3+ and 4+
dates.

Thesetypesof materidsarereferred to as
va ence-controlled semiconductors. Conduction
occurswhen ions having multiple valence sates
occupy equivalent crystallographic sites. They must
bethe same d ement and differ in valence by one unit
and occupy B sites. The conduction mechanismisa
thermally activated el ectron hopping process, in
which the dectronshop from one cation (Mn®*) to
another (Mn™) inthe B | attice Stesunder theinflu-
enceof apotentia gradient acrossthe material.

The conductivity isaproduct of charge density
and mobility. Charge dendity isdetermined by the
number of charge carries, thedensity of B sitesand
the probability of aB sitebeing active. Themobility is
determined by the distance between the nearest neigh-
bor B dtes, the activation energy (needed for theelec-
tron to movefrom onesite to another) and afre-
quency factor (how oftenit triesto jump). Charge
carriesare aso produced by other defectssuch as
non-stoichiometry and grain boundaries.

By consdering the effects of al the abovefactors,
an expression for conductivity can be derived:

o= (UKT)

wheres. istheinfinite temperature conductivity (which
includescong deration of charge densty and mobility),
-qistheactivation energy, k is Boltzmann's congtant,
and T the absolute temperature. For thermistors, the
resgtivity s(and henceresistance) isof moreinterest
and the above becomes

o=, (OKT)

Beta Constant

By replacing resistivity with resstance vaues and
combining the activation energy and Boltzmann's
congtant terms, thefamiliar thermistor expressonis
obtained

R= A(B/T)

whereA includes dimeng onal factorsand infinite
temperatureresistance, Risthe materid congant beta
and T isthe absol ute temperature.

One can determine the beta congtant by measur-
ing theresistance at two temperaturesand using the
above equation,

R/R, =¥ T KT2)

In(RllRZ) = B(]-/Tf ]JTz)
B=InR/R)/ (UT - UT))

Alpha Temperature Coefficient of Resistance

Thetemperature coefficient of resistancea is
determined by

a=1RdrR/dT

andisusualy expressed intermsof % changein
resstance per degree.

The coefficient of res sance and the materia
congant Rarerelated to each other by

a=(-RT>
Betaand a aretwo different waysof expressing the
same property.

R versus T Approximation Methods

AlthoughtheexpressonR= A(m) gives good
agreement with empirical dataover short temperature
spans, abetter method of interpolation over larger
temperaturerangesis necessary for accurate
temperature measurements.



Thermigtor accuracy dependsonthe precision and
uncertainty of the cdibration system used. Thepreci-
son of the measurement statement, however, isinlarge
part dueto the method of gpproximation and

interpol ation. The gpproximation methodsoutlined
below provide severa choicesfor maximum smplicity
while dlowing for preciseinterpolation.

Narrow Range Approximation Methods

Thefollowing table shows two approximation
methods, the applicable temperature range and range
of deviation from nomina resistance.

Equation Temperature Range Deviation
Ln®R)=A very small -

T
R, = A(B/T) -20t0 +120°C +0.94,-0.82°C

Steinhart and Hart

The Steinhart and Hart equation isan empirical
expression that has been determined to be the best
mathematical expression for the red stance-temperature
relationship of anegativetemperature coefficient
thermistor. It isusualy found explicitinT:

UT=a+b(LnR)+c(LnR)’ (1)

where: T =Kevin units(°C + 273.15)
ab,c = coefficients derived from measurement
Ln R = naturd logarithm of res stancein ohms

Tofind a, b and ¢, measure athermistor at three
temperatures. Thetemperatures should be evenly
spaced, and at least 10°C gpart. Usethe threetempera:
turesand resistances to solve three Smultaneous
equations.

UT,=a+b(LnR)+c(LnR)’
UT,=a+b(LnR)+c(LnR)’
UT,=a+b(LnR)+c(LnR)’
Theequationsallow you to derivea, b and cfor any
temperaturerange. We have cal culated these

coefficientsfor therange 0to 100°C with 50°C asthe
intermediate point. These are listed below for your use.

Coefficients derived from 0, 50 and 100°C catalog resistance

Thermistor 25°C a b c

type resistance

001A 100 Q 0.0017709 0.0003406  1.479E-07
002A 300Q 0.0015632 0.0003108  9.747E-08
003A 1KQ 0.001313  0.0002906  1.023E-07
004 2252Q  0.0014733 0.0002372  1.074E-07
005 3KQ 0.0014051 0.0002369  1.019E-07
007 5KQ 0.001262  0.0002359  9.411E-08
017 6KQ 0.0012473  0.000235 9.439E-08
016 10KQ 0.0011303 0.0002339  8.863E-08
006 10KQ 0.0010295 0.0002391 1.568E-07
008 30KQ 0.0009354 0.0002211 1.275E-07
011 100KQ  0.0008253 0.0002045  1.144E-07
014 300KQ  0.0008207 0.0001848  1.014E-07
015 1MEGQ 0.0008142 0.000167 8.819E-08

Knowing a, b and c for thethermistor alowsyou
to use the Steinhart and Hart equation intwo ways. If
ressanceisknown and temperatureisdesired, use
equation (1) above. If thetemperatureisknown and
expected red sanceisdesired, use equation (2) below.
Remember that T isin Kelvin units.

r= d(B-©@2)* (R+@2)*]

where
a= (a- (1/T))/C and 3= [ (%)3 +%2]ﬂ2

It should be noted that these values of dphaand
betaare not rel ated to the dphaand betaused with
sngleterm exponentia equations.

Theability to precisely interpolatefor agiven
temperature from measurements at known fixed-
points dependsin part on the closeness of those
points. Fixed-pointssuch asthewater triple point,
mercury triple point, galium melting point and in-
dium freezing point provideasolid basisfor thein-
terpolation.

For practical reesonssomeof theRvs. T tables
have small interpol ation differences when random
vauesfromthetablesare used in the above equa-
tions, particularly over large temperature spans.

For more information,

contact us at 800 747-5367 or
937 767-7241« Fax 937 767-9353
Info@YSI.comewww.YSI.com




Spreadsheet Program

Thefollowing spreadsheet program (L otus 123)
alowscdculation of the Steinhart and Hart
coefficients, using three res sances at three tempera-
tures. It calculatesresistance, dR/AT or determines
thetemperature for aknown resstance.

Labelsgtart with an gpostrophe (*). Brackets
indicate datayou must enter. Other cellsare
formulas.

B1: ' Temp.(C)

C1: 'Resistance

D1:'T(K)

E1:’In(R)

A2:’Low

B2: [Input low temperature in °C]

C2: [Input low temp. resistance in ohms]
D2: +B2+273.15

E2: @LN(C2)

A3:’Mid

B3: [Input mid temperature in °C]

C3: [Input mid temp. resistance in ohms]
D3: +B3+273.15

E3: @LN(C3)

A4:’High

B4: [Input high temperature in °C]

C4: [Input high temp. resistance in ohms]
D4: +B4+273.15

E4: @LN(C4)

A6:’In(R1)-In(R2)

B6: +E2-E3

A7:’In(R1)-In(R3)

B7: +E2-E4

A8:’(1/T1)-(1/T2)

B8: 1/D2-1/D3

A9:’(1/T1)-(1/T3)

B9: 1/D2-1/D4

A11: Coefficients: a=
B11:1/D2-B13*E2/3-B12*E2

A12:’b=

B12: (B8-B13*(E2/3-E3/3))/B6
A13:c=

B13: (B8-B6*B9/B7)/((E2/3-E3/3)-B6*(E23-E4/3)/B7)
A15:’Solving for R, givenT:

A16: 'Degrees C=

B16: [Input known temperature in °C]

C16: +B16+273.15

D16:(B11-(1/C16))/B13

E16:'=A

D17: @SQRT((B12/(3*B13))A3+(D16/2)/4)

E17:'=B

A18: ’Resistance (Ohm)=

B18: @EXP((D17-(D16/2))~(1/3)-(D17+(D16/2))\(1/3))
A19:’dR/dT=
B19:-1*B18/(C16/2*(B12+3*B13*(@LN(B18))"2))
A20:%dR/dT=

B20: +B19/B18*100

A23:’Solving for T, given R:

A24:°0hms=

B24: [Input known resistance in ohms]

A26: 'Temperature (C)=

B26: 1/(B11+B12*@LN(B24)+B13*(@LN(B24))"3)-273.15

For more information,
contact us at 800 747-5367 or

937 427-1231=Fax 937 427-1640

Info@YSI.comewww.YSI.com



How to Use
Thermilinears

We present agenerd description of Thermilinear
Networksin the Thermilinear Component Section of
the catalog. The examples below describe general
circuit development that may be used withY'Sl Ther-
milinear Networks.

Voltage Mode

You can devel op athermometer circuit without active
circuitry using the voltage mode. The voltage mode
configuration isbased onavoltagedivider (figure 1)
or Whegtstone bridge (figure 2). We consider both
circuitstogether in thefollowing examplesincethe
bridgeisan extenson of the voltage divider.

Ri3
= Eout(+)

R2
‘YAV‘VAV
Eout(-)
>
T1 (% > T2 l

Ein

Figurel
. R < ==
R1% I—_nwh._ - $Rs =Ein
R2 I
WA 4 2 R5
Eout
T1 QaTz I $R4
Figure2

Voltage Mode Circuit Design Example

Therange and output dope must be established fird.

The signsand units must be known. The example will

be:

range: 0to 100°C

output dope: -10 mv/°C (negative slope)
WeusetheY Sl 44201 network inthe example.

Thisnetwork hasatemperature range of 0to 100°C,

includestheY S 44018 Thermilinear compositeand

theY Sl 44301 resstor set. We ve taken design data

fromtheY Sl Thermilinear Network Specification

pages.

R,=3200Q

R=6250Q

E, = (-0.0053483E )t + 0.86507E,,
sengtivity congtant

= (),
=-0.0053483

|

output voltageat 0°C per voltin
= 00°C/ 6Ein

=+0.86507

R =(-17.115)t + 2768.23

-0R

R @0°C

1. Determineinput voltagethat resultsinthe desired
voltage sengtivity (-10mV/°Cinthisexample). This
isequd to the voltage sensitivity per degreedivided
by the sensitivity constant.
E,,= (3E/31) (3/3)/E,)
=-01V/°C 4 -0.0053483/°C
=1.869753V

2. Determine output voltage (E, ). The generd equa:
tionisgiven with thetemperature asthe variable.

o= [(QRTYE) XE ] X+ (0B, E, X E,)

@0°C=-0.0053483/°C x 1.869753V x 0°C +
0.86507 x 1.869753V = 1.617467V




3. Power dissipation. Cdlculate self-hest to evauate
the effect of power on measurement accuracy. Sdlf-
heat ismost severefor the higher resstance ther-
mistor (T,) a high temperature. A 30K Q @ 25°C
thermistor has aresistance of 2069 Q at 100°C.
P=E’4R

Where:

P = power dissipation in watts

E = voltage at the maximum temperature

R =redstance of the higher res stancethermistor at
the maximum temperature

P=0.617467"V 4 2069 Q = 0.000184 Waits

Thedissipation congtant isused to turnthisinto a

temperature unit. We will assumefor theexample

that the component isimmersed in flowing water. The

diss pation congant for aY Sl 44018is8 mw/°C

(0.008W/°C) inflowing weter.

Sdf-hegt error = 0.000184 W 4 0.008W/°C
=0.023°C

TheresstorsR,, R, and R, are selected next. The
god isto pick theseresgtorsto achieve OV out a
0°C. Thefirgt thing that must be doneisto determine
theresstanceof T,, R,and T, at 0°C. Thetota of
theseresigtanceswill becadled R, R, will be
caculated by first calculating thetota resistancefor
theleft half of thebridge, R, and then subtracting the
effect of R,. For thisexample, theequation for R, is
found in the datatable for theY SI 44201 network.

R =(17.115 Q/°C) X t°C + 2768.23 Q

@0°C=(-17.115Q/°C)x 0°C + 2768.23Q
=2768.23

@100°C=(-17.115Q/°C) x 100°C + 2768.23 Q
=1056.73

@ 100°C =-0.0053483/°C x 1.869753V x 100°C +
0.86507 x 1.869753V = 0.617467V

For more information,

contact us at 800 747-5367 or

937 427-1231=Fax 937 427-1640
Info@YSI.comewww.YSI.com

Now R_, iscalculated with thefollowing
formula:

1 1 1
Rca = Rl - R:L
1 1 1
Rca @rc— R1@0°c - R1
1 1 1
Rca @rc— @rc 1
For theexample:
1 1 1
Rugoc= 276823Q  3200Q=
0.000048742
Rogoc = 1/0.000048742=20516.3Q

A ratio calculation isdoneto determinethevauesfor
R,andR,.

R, = R,
R

cal @0°C

Another resistor, R, isintroduced at thistime.
Thisisthe zero control. Thetota resistanceof this
resstor isto be equd to two timesthetolerance of the
larger of R, and R,. When making circuit calcula-
tions, it isassumed that haf of R,'sresistanceis
included with R, and the other half withR,.

R, ischosen by the designer and R, is cal cul ated
based on the selection of R,. For theexample:

choose R, =4990 +1% (approximately +50 Q)
R,=2x50=100

R,+ Ry/2issubdtituted for R, intheratio equation
above.

R,+ RJ/2issubdituted for R, intheratio equation
above.

Solvetheratio equation:

R,=R./2=[R, X (R,+R/2)] IR 4pc

R,= [(RX(R,+R/2) /R ,d -R/2

=[(3200Q x (4990 Q +500Q))/20516.3 Q] -100/2=
736.1Q

A standard resstor valueis selected that isnear to this
caculated vaue. 732 Q issdlected for theexample.
Thelast step isto ascertain that the null value of the
circuit falswithin the adjustment range of the
control.



R = ((Re +R,+ Rs) X Eout@o") R,

Where:

R, =thepart of the control added to R,. Thisisnot to

exceed R,/2.

For theexample:

R, =((732+ 4990+ 100) x 0.86507) - 4990
=46.44Q

SnceR <R./2, the resstor selections are acceptable.

Resistive Mode Operations

Using the Thermilinear Network intheresstive
mode requires energizing the network with aconstant
current. Thiscan be done by connecting the network
inthefeedback |oop of an operationd amplifier
(below).

Figure3

Thegenerd trandfer function for thiscircuitis:

Eout:[1+%4] g-%Em

Where: R, = Resstance of thenetwork inthe
resstivemode

(feedback resstance)
€ = voltage at the positiveinput

Asinthevoltage mode, therange and output dope
must be established. Thesignsand unitsmust be
known.

range: 30to 100°F

output dope: -10mV/°C (negative s ope)

WeusetheY S 44204 Network in the example.
Thisnetwork has atemperature range of 30to 100°F,
includestheY S 44018 Thermilinear composteand
theY Sl 44304 resstor set. We vetaken design data
fromY S Thermilinear Network Specification pages.

R, must be calculated for thiscircuit. Asseenin
the equation above, zero output occurswhenR =R,
and E = 2e. Zero degreescan be placed at any rea-
sonable point, either inside or outsde theintended
range of thecircuit.

ThisexamplesatsR, =R at 0°F, whichisoutsde
therange. Thismeansthat the equation above may
not be used, and the R equation must be used. The
equation for theY Sl 44204 Network is:

R =(-17.834)t +5173.7

dR
R @O°F
sncet=0°F, R =5173.7Q =R,

R,, R, and R, are selected to achieve avoltage
divider sothat e can beset at one half of E,.

Thevaueof E isgivenby:

E, =2dE(R@0°F)
dR

Where: dE = Thechangein E, per degree
dR =Thechangein network resistance per
degree

subgtituting numbersfrom the example:
E,=2x0.01x5173.7
17.834
=5.802

Power Dissipation

A method to determine power dissipation isdescribed
inthe voltage mode circuit design example.

Theexcitation voltage (E,) must bestablefor
supply and temperature variations because the current
requirement iscongtant in thisexample. A series
variablered stance can be used for setting E,  to
producethe correct full scale outpuit.



Two-Wire System

A 3-wire sensor can be reduced to a2-wire sensor
(below) if R, isconnected at the sensor end of the
cablein either thevoltage or resstivemode. Note R;
isconnected to the other end of the cable. Resistance
errorsdueto very long leads may then be subtracted

fromR,.

Multiplexing

Oneresgor sat may serve any number of Thermilin-
ear Compositesfor monitoring at severd locationsas

shown below.
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Assurnng Accurate
Measurement

You can ensure the accuracy of your measurement by
avoiding the common errors explained bel ow.

Immersion Stem Effect

An error sourcefrequently ignored is stem effect. It
can bethe source of very large errors. Stem effect
occurswhen aportion of the probeisat atemperature
other than the temperature of the sample.

Here'sasmple method for determining em
effect. Sowly insert the probeinto asample at ap-
proximately the test temperature while observing the
readout to determinewhen there sno further change
with further insertion. When no further changeis
observed, gem effect error iseliminated.

How to Eliminatelmmerson Stem Effect

1. Immersion should be at least 10 timesthe
diameter of the probe.

2. The sample volume should be no lessthan 1,000
times the mass of the sensor.

Dissipation Error (Self-Heat)

Power application to athermistor may induce atem-
perature changein the sensor. Thischangeiscalled
dissipation or self-heat error. You may reducedissipa
tion error by limiting the power applied to ather-
mistor during ameasurement.

Thegraph curvesrepresent 10 mk (0.010°C) of
sef-heat for a1lkQ (Y SI 44003A), 10kQ (YS
44006) and 100kQ (Y Sl 44011) thermigtor at a
Specific temperature when a specific voltageis
applied. Thedisspation congantis ImW/°Cin till
ar.

\olts 10
DC 0.9

44006

44003

0.0
o;10|20|30|40|50|50|70|80|90'100

15 25 35 45 55 65 75 85 95

Temperature, Degrees Celsius

Gas Stream Error

A mgor sourceof error in the measurement of low-
flow gas streamsisanother sort of sem effect. Inthis
case, theleads conduct better than the sample and
transfer heat to the thermistor. Mounting thether-
mistor on itsown leads and having as much of the
leads exposed to the sample as possible will improve
the accuracy of the measurement. A very low mass
formfor lead support exposesagrester length of lead
tothesample.

In ill air, self-heat from over gpplication of
power to the thermistor can contribute sgnificantly to
theerror. If thethermistor is self-heated, any change
inar flow will changeitsres sance and its gpparent
temperature.



Radiant Error

Radiant energy directed on the sensor may cause
radiant error. Thiserror, amilar to stem effect, iscom-
mon and significant when measuring in direct
sunlight or other radiant source. Inserting areflective
surface between the radiant source and the sensor-
lead combination reduceserror.

Pipe Error

Fipeerror may occur if asignificant temperaturedif-
ferentia existsbetween the pipewall and thefluid or
gas. Flow rate and immersion depth of the probewill
sgnificantly affect the accuracy of the measurement.
The drawing below illustratesthis effect. Thetwo
probeson the right are measuring pipe temperature;
the probe on the left ismeasuring the temperature of
the flow.

Arrow size shows relative heat transfer rate

09X ® Thermistor
09X

For more information,

contact us at 800 747-5367 or

037 427-1231eFax 937 427-1640
Info@YSI.comewww.YSI.com



Thermistor Applications

Complete Heating & Cooling Automatic Thermostat

5V AT 85pA
v
l 7z Tis |
p $20Mm \
3 1 LTC1040
4.32k$4.99k 5] ‘
4 +
6l 1 4
7| .COMP A
B / |
Q -
T1 82K$ | ‘
Hi T ol | e
5k =
Temp & < ‘ ‘
Adjust 14,
< a3l | hs
6.81k$ 2] |{COMP B i > Cool
n o 10M
[y | / ‘16 0
} 82K§ ‘ ‘ o.14F
i | I S R 1)
~ | _ AMA
Separation N =
(20mv) 20M

T1 Thermistor #44007
Yellow Springs Instrument Co., Inc.
Hysteresis = 5Vx82k = 20mV
20M

Half Bridge with A/D Converter

+5VDC
L4

e I

uProcessor

A/D Converter

Thiscircuit providesalow cost method of achieving
precisetemperature measurementswhen a
microprocessor and A/D convertor areavailable. The
half bridgeinterface providesavoltage which the
A/D convertsto counts. The microprocessor usesa
lookup table which quickly convertsthe A/D counts
to atemperature value. Thiseliminatesthe need to
implement thermistor equationsin codeor use a
floating point library.

Temperature

28'C 3 Air conditioning on
/\/\ Hysteresis
? J l l 1\ (/ v Air conditioning off
Separation ‘ \ ‘ ‘ \/\/ Hysteresis
27”(3¢ | ‘ | l ) % Y L ' Heater On
[
Heat ‘ | | ‘
ot
Cool i ' i '

Time

Reprinted with the permission of Linear Technology Corporation—LTC
1040 1990 Linear Databook Volume 1.

Micropower Thermocouple Signal Conditioner
with Cold Junction Compensation

4.5V
(3AA Cells)

R4
100k 233k*
R1

Catalyst i LT21\9 348 16840
ResearchCorp — . y Oy to 3V 9ut
Model 2736 R2 ) 0 é:E éao [+
28V +0.

186* $

5.76M*

Type J Thermocouple

Total Power Consumption <500pW
*=TRW MAR-60.1%

Rt = Yellow Springs Inst. Co
Model 44007 5k @25°'C

Reprinted with the permission of Linear Technology Corporation—LTC
1006 Linear Databook Volume 1.



Custom Thermilinear Ranges

Thispagelists Thermilinear ranges devel oped for cus-
tom gpplications. Below are rangesdeveloped for ap-
plicationsin °C. Please note that the user suppliesthe

rangeresstors.

YSI 44018 Custom Thermilinear Ranges in °C

Temperature
No. Range°C
1 -40to+70
2 -30to+50
3 -30to+55
4 -30to+60
5 -30to+70
6 -25t0+55
7 -5t0+45
8 -5t0+50
9 -5to+125
10 -2t10+38
1 0to 10
12 0to30
13 0to40
14 Oto60
15 0to 100
16 0to120
17 5t0130
18 15t0 35
19 15t0 45
20 15t0 65
21 20to 32
22 20to 65
23 20to120
24 22t042
25 28to 64
26 35t0135
27 45t0 75
28  45t0125
29  50to0100
30 55t0 65

Linearity
Deviation

°C

1.20
0.16
0.31
0.37
0.96
0.20
0.06
0.08
111
0.03
0.00
0.04
0.27
0.14
0.22
0.81
0.88
0.01
0.03
0.07
0.00
0.06
0.23
0.02
0.04
0.27
0.04
0.19
0.05
0.00

For more information,
contact us at 800 747-5367 or

937 427-1231=Fax 937 427-1640

17290
18700
18900
14000
14500
16000
5700
5690
2610
5700
42000
11680
5900
7775
3200
2610
2130
4400
4380
6739
4400
2500
1696

1900
1175
2000
1030
2500
2000

Info@YSI.comewww.YSI.com

35250
35250
37000
25500
30000
31000
12000
11600
5230
12400
67900
22960
12400
14800
6250
5230
4635
10100
9450
12252
10100
5360
3383
10800
4300
2375
3900
2050
4530
3900

R Variables

Slope (m)

-112.6240
-127.0960
-128.3340
-91.2740
-94.4784
-106.6430
-32.4020
-32.6089
-13.3552
-32.1012
-310.7530
-73.8485
-28.5226
-47.0450
-17.1150
-13.3552
-10.6233
-23.5611
-23.8370
-39.8117
-23.5181
-12.6473
-8.2913
30.8702
-91144
-5.4353
-9.8670
-4.6619
-12.8234
-9.8319

I ntercept (b)

11457.50
12175.00
12326.50
9626.57
10013.90
10786.10
4593.39
4577.55
2304.34
4603.11
21849.50
8358.02
444272
5938.37
2768.23
2304.34
1936.67
3687.77
3660.60
5225.63
3686.65
2234.19
1577.55
4388.70
1750.58
113310
1816.00
1002.50
2202.82
1813.85

E,, Variables

out

Sope(m)

-0.0065138
-0.0067965
-0.0067902
-0.0065196
-0.0065158
-0.0066652
-0.0056846
-0.0057309
-0.0051169
-0.0056318
-0.0073988
-0.0063226
-0.0048347
-0.0060508
-0.0053483
-0.0051169
-0.0049874
-0.0053547
-0.0054422
-0.0059080
-0.0053450
-0.0050589
-0.0048887
-0.0056694
-0.0047970
-0.0046257
-0.0049335
-0.0045261
-0.0051294
-0.0049159

I ntercept (b)

0.662664
0.651070
0.651290
0.687610
0.690610
0.674130
0.805858
0.804490
0.882889
0.807563
0.520226
0.715584
0.753067
0.763770
0.865070
0.882889
0.909235
0.838130
0.835753
0.775471
0.837875
0.893676
0.930159
0.806006
0.921358
0.964340
0.908000
0.973301
0.881120
0.906924



Resistance versus Temperature -80 to -11°C

~ ~ ~ 2 2 @ = = 2 2 2 Z Z
Q at 25°C 100 300 1000 2252 3000 5000 6000 10,000 10,000 30,000 |100,000 |300,000 1 MEG
oF oC
-112.0 -80 14.47K 67.66K 278.8K 1660K 2211K 3685K 4423K 7371K 3558K
110.2 79 13.51K 62.78K 258.1K 1518K 2022K 3371K 4044K 6741K 3296K
108.4 78 12.62K 58.29K 239.1K 1390K 1851K 3086K 3703K 6172K 3055K
106.6 77 11.80K 54.15K 221.7K 1273K 1696K 2827K 3392K 5653K 2833K
104.8 76 11.04K 50.34K 205.6K 1167K 1555K 2592K 3109K 5182K 2629K
103.0 75 10.33K 46.83K 190.8K 1071K 1426K 2378K 2853K 4756K 2440K
101.2 74 9672 43.58K 177.2K 9082.8K 1309K 2182K 2618K 4364K 2266K
99.4 73 9061 40.59K 164.7K 902.7K 1202K 2005K 2405K 4008K 2106K
97.6 72 8494 37.82K 153.1K 829.7K 1105K 1843K 2211K 3684K 1957K
95.8 71 7966 35.26K 142.5K 763.1K 1016K 1695K 2033K 3389K 1821K
-940 -70 7475 32.9K 132.6K 702.3K 935.4K 1560K 1871K 3119K 1694K
92.2 69 7018 30.71K 123.5K 646.7K 861.4K 1436K 1723K 2872K 1577K
904 68 6592 28.68K 115.1K 595.9K 793.7K 1323K 1588K 2646K 1469K
88.6 67 6195 26.8K 107.3K 549.4K 731.8K 1220K 1464K 2440K 1369K
86.8 66 5825 25.06K 100.1K 506.9K 675.2K 1126K 1351K 2251K 1276K
85.0 65 5479 23.45K 93.48K 467.9K 623.3K 1039K 1247K 2078K 1190K
83.2 64 5157 21.95K 87.3K 432.2K 575.7K 959.9K 1152K 1919K 1111K
81.4 63 4856 20.55K 81.58K 399.5K 532.1K 887.2K 1064K 1774K 1037K
79.6 62 4575 19.26K 76.28K 369.4K 492.1K 820.5K 984.2K 1640K 968.4K
77.8 61 4312 18.05K 71.35K 341.8K 455.3K 759.2K 910.7K 1518K 904.9K
-76.0 -60 4066 16.93K 66.78K 316.5K 421 5K 702.9K 843.3K 1405K 845.9K
74.2 59 3835 15.89K 62.53K 293.2K 390.5K 651.1K 781.2K 1302K 791.1K
724 58 3620 14.92K 58.59K 271.7K 361.9K 603.5K 723.9K 1206K 740.2K
70.6 57 3418 14.02K 54.92K 252K 335.7K 559.7K 671.4K 1119K 692.8K
68.8 56 3229 13.17K 51.5K 233.8K 311.5K 519.4K 622.9K 1038K 648.8K
67.0 55 3051 12.39K 48.32K 217.1K 289.2K 482.2K 578.4K 964K 607.8K
65.2 54 2885 11.65K 45.36K 201.7K 268.6K 447 9K 537.4K 895.6K 569.6K
63.4 53 2729 10.97K 42.6K 187.4K 249.7K 416.3K 499.3K 832.1K 534.1K
61.6 52 2582 10.33K 40.03K 174.3K 232.2K 387.1K 464.4K 774K 501K
59.8 51 2445 9730 37.63K 162.2K 216K 360.2K 432.1K 720.2K 470.1K
-58.0 -50 2315 9171 35.39K 151K 201.1K 335.3K 402.3K 670.5K 441 .3K
56.2 49 2194 8647 33.3K 140.6K 187.3K 312.3K 374.6K 624.3K 414 5K
54.4 48 2079 8158 31.35K 131K 174.5K 291K 349K 581.7K 389.4K
52.6 47 1972 7699 29.52K 122.1K 162.7K 271.3K 325.3K 542 .2K 366K
50.8 46 1870 7270 27.81K 113.9K 151.7K 253K 303.5K 505.8K 344.1K
490 45 1775 6867 26.22K 106.3K 141.6K 236.2K 283.2K 472.0K 323.7K
472 44 1685 6489 24.72K 99.26K 132.2K 220.5K 264.5K 440.8K 304.6K
45.4 43 1600 6135 23.32K 92.72K 123.5K 205.9K 247K 411.7K 286.7K
436 42 1521 5803 22.01K 86.65K 115.4K 192.5K 230.9K 384.8K 270K
41.8 41 1445 5491 20.79K 81.02K 107.9K 180K 215.9K 359.8K 254 .4K
-40.0 -40 1374 5198 19.64K 75.79K 101K 168.3K 201.9K 336.5K 239.8K 884.6K 3356K
38.2 39 1307 4922 18.56K 70.93K 94.48K 157.5K 189K 315K 226K 830.9K 3147K
36.4 38 1244 4663 17.54K 66.41K 88.46K 147.5K 176.9K 294 9K 213.2K 780.8K 2951K
34.6 37 1184 4420 16.59K 62.21K 82.87K 138.2K 165.7K 276.2K 201.1K 733.9K 2769K
32.8 36 1127 4191 15.7K 58.3K 77.66K 129.5K 155.3K 258.9K 189.8K 690.2K 2599K
31.0 35 1073 3975 14.86K 54.66K 72.81K 121.4K 145.6K 242.7K 179.2K 649.3K 2440K
29.2 34 1023 3772 14.07K 51.27K 68.3K 113.9K 136.6K 227.7K 169.3K 611K 2292K
27.4 33 9749 3580 13.33K 48.11K 64.09K 106.9K 128.2K 213.6K 160K 575.2K 2154K
25.6 32 929.6 3400 12.63K 45.17K 60.17K 100.3K 120.3K 200.6K 151.2K 541.7K 2025K
23.8 31 886.6 3230 11.97K 42.42K 56.51K 94.22K 113K 188.4K 143K 510.4K 1904K
-220 -30 846.0 3069 11.35K 39.86K 53.1K 88.53K 106.2K 177K 135.2K 481K 1791K
20.2 29 807.5 2918 10.77K 37.47K 49.91K 83.22K 99.83K 166.4K 127 9K 453.5K 1685K
184 28 771.0 2775 10.22K 35.24K 46.94K 78.26K 93.89K 156.5K 121.1K 427.7K 1586K
16.6 27 736.4 2640 9705 33.15K 44.16K 73.62K 88.32K 147.2K 114.6K 403.5K 1494K
14.8 26 703.6 2512 9218 31.2K 41.56K 69.29K 83.13K 138.5K 108.6K 380.9K 1407K
13.0 25 672.5 2392 8758 29.38K 39.13K 65.24K 78.28K 130.5K 102.9K 359.6K 1326K
11.2 24 643.0 2278 8323 27.67K 36.86K 61.45K 73.72K 122.9K 97.49K 339.6K 1250K
94 23 614.9 2170 7914 26.07K 34.73K 57.9K 69.46K 115.8K 92.43K 320.9K 1178K
7.6 22 588.3 2068 7527 24.58K 32.74K 54.58K 65.49K 109.1K 87.66K 303.3K 1111K
5.8 21 563.0 1972 7161 23.18K 30.87K 51.47K 61.76K 102.9K 83.16K 286.7K 1049K
-40 -20 538.9 1880 6815 21.87K 29.13K 48.56K 58.27K 97.11K 78.91K 271.2K 989.8K
2.2 19 516.1 1794 6489 20.64K 27.49K 45.83K 54.99K 91.65K 74.91K 256.5K 934.6K
0.4 18 494.3 1712 6180 19.48K 25.95K 43.27K 51.9K 86.5K 71.13K 242 8K 882.7K
1.4 17 473.6 1634 5887 18.4K 24 51K 40.86K 49.02K 81.71K 67.57K 229.8K 834K
3.2 16 454 .0 1561 5611 17.39K 23.16K 38.61K 46.33K 77.22K 64.2K 217.6K 788.2K
50 15 435.2 1491 5349 16.43K 21.89K 36.49K 43.77K 72.96K 61.02K 206.2K 745.2K
6.8 14 417.4 1424 5101 15.54K 20.7K 34.5K 41.4K 69.01K 58.01K 195.4K 704.7K
8.6 13 400.4 1361 4866 14.7K 19.58K 32.63K 39.17K 65.28K 55.17K 185.2K 666.7K
10.4 12 384.2 1302 4643 13.91K 18.52K 30.88K 37.06K 61.77K 52.48K 175.6K 630.9K
12.2 11 368.8 1245 4432 13.16K 17.53K 29.23K 35.06K 58.44K 49.94K 166.6K 597.2K
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Resistance versus Temperature -10 to +59°C

Thermistor g & & & & et & ] & & & & =l
Mix = = = = = ~ ~ -~ o - o ~ ~
~ ~ ~ = = = = = -~/ % -] Z &
Qat 25°C 100 300 1000 2252 3000 5000 6000 | 10,000 | 10,000 | 30,000 |100,000 | 300,000 | 1mec
OF OC
+140 -10 354.1 1191 4232 12.46K 16.60K 27.67K 33.20K 55.33K 47.54K 158K 565.5K
15.8 9 340.0 1140 4042 11.81K 15.72K 26.21K 31.47K 52.44K 45.27K 150K 535.6K
17.6 8 326.7 1091 3862 11.19K 14.90K 24.83K 29.81K 49.69K 43.11K 142.4K 507.5K
19.4 7 313.9 1045 3691 10.60K 14.12K 23.54K 28.24K 47.07K 41.07K 135.2K 481K
21.2 6 301.7 1001 3529 10.05K 13.39K 22.32K 26.78K 44.63K 39.14K 128.5K 456K
23.0 5 290.1 958.9 3374 9.530K 12.70K 21.17K 25.40K 42.34K 37.31K 122.1K 432.4K
24.8 4 278.9 919.0 3228 9.050K 12.05K 20.08K 24.10K 40.17K 35.57K 116K 410.2K
26.6 3 268.3 881.0 3088 8.590K 11.44K 19.06K 22.88K 38.13K 33.93K 110.3K 389.2K
284 2 258.2 844.8 2956 8.150K 10.86K 18.10K 21.72K 36.19K 32.37K 104.9K 369.4K
+30.2 -1 248.5 810.3 2830 7.741K 10.31K 17.19K 20.62K 34.37K 30.89K 99.80K 350.7K
320 0 239.2 7775 2710 7355 9796 16.33K 19.60K 32.66K 29.49K 94.98K 333.1K 1088K 3966K
+33.8 +1 230.3 746.2 2596 6989 9310 15.52K 18.62K 31.03K 28.15K 90.41K 316.4K 1030K 3740K
35.6 2 2219 716.3 2487 6644 8851 14.75K 17.70K 29.50K 26.89K 86.09K 300.6K 975.3K 3529K
374 3 213.8 687.8 2384 6319 8417 14.03K 16.84K 28.06K 25.69K 81.99K 285.7K 923.8K 3330K
39.2 4 206.0 660.6 2286 6011 8006 13.34K 16.02K 26.69K 24.55K 78.11K 271.6K 875.2K 3144K
41.0 5 198.6 634.6 2192 5719 7618 12.70K 15.24K 25.40K 23.46K 74.44K 258.3K 829.5K 2969K
428 6 1915 609.9 2102 5444 7252 12.09K 14.50K 24.17K 22.43K 70.96K 245.7K 786.3K 2804K
44.6 7 184.6 586.2 2017 5183 6905 11.51K 13.81K 23.02K 21.45K 67.66K 233.8K 745.6K 2649K
46.4 8 178.1 563.6 1936 4937 6576 10.96K 13.15K 21.92K 20.52K 64.53K 222 .5K 707.2K 2504K
48.2 9 171.9 542.1 1859 4703 6265 10.44K 12.53K 20.88K 19.63K 61.56K 211.9K 671K 2367K
50.0 10 165.9 521.5 1785 4482 5971 9951 11.94K 19.90 K 18.79K 58.75K 201.7K 636.8K 2238K
51.8 11 160.1 501.7 1714 4273 5692 9486 11.38K 18.97K 17.98K 56.07K 192.2K 604.5K 2117K
53.6 12 154.6 482.9 1647 4074 5427 9046 10.85K 18.09K 17.22K 53.54K 183.1K 574K 2003K
55.4 13 149.3 464.9 1582 3886 5177 8628 10.35K 17.26K 16.49K 51.13K 174.5K 545.2K 1896K
57.2 14 144.2 447.6 1521 3708 4939 8232 9879 16.47K 15.79K 48.84K 166.3K 518K 1795K
59.0 15 139.4 431.2 1462 3539 4714 7857 9429 15.71K 15.13K 46.67K 158.6K 492.3K 1700K
60.8 16 134.7 415.4 1406 3378 4500 7500 9000 15K 14.50K 44.60K 151.3K 468K 1610K
62.6 17 130.2 400.2 1353 3226 4297 7162 8595 14.33K 13.90K 42.64K 144.3K 444 9K 1525K
64.4 18 125.9 385.8 1302 3081 4105 6841 8209 13.68K 13.33K 40.77K 137.7K 423.2K 1446K
66.2 19 121.7 371.9 1253 2944 3922 6536 7844 13.07K 12.79K 38.99K 131.4K 402.6K 1370K
68.0 20 117.7 358.6 1206 2814 3748 6247 7497 12.50K 12.26K 37.30K 125.5K 383.1K 1299K
69.8 21 113.9 345.9 1161 2690 3583 5972 7167 11.94K 11.77K 35.70K 119.8K 364.6K 1232K
71.6 22 110.2 333.7 1118 2572 3426 5710 6853 11.42K 11.29K 34.17K 114.5K 347.1K 1169K
734 23 106.7 322.0 1077 2460 3277 5462 6554 10.92K 10.84K 32.71K 109.4K 330.6K 1110K
75.2 24 103.3 310.8 1038 2354 3135 5225 6272 10.45K 10.41K 31.32K 104.5K 314.9K 1053K
77.0 25 100.0 300.0 1000 2252 3000 5000 6000 10.00K 10.00K 30.00K 100.0K 300.0K 1000K
78.8 26 96.9 289.7 963.9 2156 2872 4787 5744 9574 9605 28.74K 95.51K 285.9K 949.7K
80.6 27 93.8 279.8 929.4 2064 2750 4583 5499 9165 9227 27.54K 91.34K 272.5K 902.2K
824 28 90.9 270.3 896.3 1977 2633 4389 5267 8779 8867 26.4K 87.38K 259.8K 857.2K
84.2 29 88.1 261.1 864.5 1894 2523 4204 5046 8410 8523 25.31K 83.6K 247.8K 814.7K
86.0 30 85.4 252.4 834.0 1815 2417 4029 4836 8060 8194 24.27K 80.00K 236.4K 774.5K
87.8 31 82.8 243.9 804.8 1739 2317 3861 4633 7722 7880 23.28K 76.58K 225.6K 736.5K
89.6 32 80.3 2359 776.8 1667 2221 3702 4441 7402 7579 22.33K 73.32K 215.3K 700.5K
914 33 77.8 228.1 749.9 1599 2130 3549 4260 7100 7291 21.43K 70.22K 205.5K 666.4K
93.2 34 75.5 220.6 724.1 1533 2042 3404 4084 6807 7016 20.57K 67.26K 196.2K 634.1K
95.0 35 73.2 2134 699.4 1471 1959 3266 3919 6532 6752 19.74K 64.44K 187.4K 603.6K
96.8 36 71.1 206.5 675.6 1412 1880 3134 3762 6270 6500 18.96K 61.75K 179K 574.6K
98.6 37 69.0 199.8 652.7 1355 1805 3008 3610 6017 6258 18.21K 59.19K 171K 547.2K
100.4 38 67.0 193.4 630.8 1301 1733 2888 3466 5777 6026 17.49K 56.75K 163.5K 521.2K
102.2 39 65.0 187.3 609.7 1249 1664 2773 3328 5546 5805 16.8K 54.42K 156.3K 496.6K
104.0 40 63.1 181.4 589.5 1200 1598 2663 3197 5329 5592 16.15K 52.19K 149.4K 473.2K
105.8 41 61.3 175.7 570.0 1152 1535 2559 3069 5116 5389 15.52K 50.07K 142.9K 451K
107.6 42 59.6 170.2 551.2 1107 1475 2459 2949 4916 5193 14.92K 48.04K 136.7K 430K
109.4 43 57.9 164.9 533.2 1064 1418 2363 2835 4725 5006 14.35K 46.11K 130.8K 410K
111.2 44 56.2 159.8 515.9 1023 1363 2272 2726 4543 4827 13.8K 44.26K 125.1K 391.1K
113.0 45 54.7 154.9 499.2 983.8 1310 2184 2621 4369 4655 13.28K 42.5K 119.8K 373.1K
114.8 46 53.1 150.1 483.2 946.2 1260 2101 2521 4202 4489 12.77K 40.81K 114.7K 356.1K
116.6 47 51.7 145.6 467.8 910.2 1212 2021 2425 4042 4331 12.29K 39.2K 109.8K 339.8K
118.4 48 50.2 141.2 452.9 875.8 1167 1944 2333 3889 4179 11.83K 37.66K 105.2K 324.4K
120.2 49 48.9 137.0 438.6 842.8 1123 1871 2246 3743 4033 11.39K 36.19K 100.8K 309.8K
122.0 50 47.5 132.9 424.8 811.3 1081 1801 2162 3603 3893 10.97K 34.78K 96.54K 295.9K
123.8 51 46.2 128.9 411.6 781.1 1040 1734 2081 3469 3758 10.57K 33.44K 92.52K 282.7K
125.6 52 45.0 125.1 398.8 752.2 1002 1670 2004 3340 3629 10.18 32.15K 88.69K 270.1K
127.4 53 43.8 1215 386.5 7245 965.0 1608 1930 3217 3504 9807 30.92K 85.04K 258.1K
129.2 54 42.6 117.9 374.7 697.9 929.6 1549 1859 3099 3385 9450 29.74K 81.55K 246.7K
131.0 55 41.5 1145 363.2 6725 895.8 1493 1792 2986 3270 9109 28.61K 78.22K 235.9K
132.8 56 40.4 111.2 352.2 648.1 863.3 1439 1727 2878 3160 8781 27.53K 75.04K 225.6K
134.6 57 39.3 108.0 341.6 624.8 832.2 1387 1665 2774 3054 8467 26.5K 72.01K 215.8K
136.4 58 38.3 105.0 331.3 602.4 802.3 1337 1605 2675 2952 8166 25.5K 69.11K 206.4K
138.2 59 37.3 102.0 321.5 580.9 773.7 1290 1548 2580 2854 7876 24.56K 66.34K 197.5K
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Resistance versus Temperature 60 to 129°C

- & & & & & & & & & & & & &
pomiger 5 5 8§ 5 0§ 5 5 5 5 5 5 5 05
~ ~ ~ o 9 = = = 2 Z Z Z Z

Qat 25°C 100 300 1000 2252 3000 5000 6000 | 10,000 | 10,000 | 30,000 | 100,000 300,000 1mEec
o F QC
140.0 60 36.4 99.1 3119 560.3 746.3 1244 1493 2488 2760 7599 23.65K 63.7K 189.1K
1418 61 35.4 96.3 302.7 540.5 719.9 1200 1440 2400 2669 7332 22.77K 61.17K 181K
1436 62 34.5 93.7 293.9 521.5 694.7 1158 1389 2316 2582 7076 21.94K 58.75K 173.3K
1454 63 33.7 911 285.3 503.3 670.4 1117 1341 2235 2497 6830 21.14K 56.44K 166K
1472 64 32.8 88.6 277.0 485.8 647.1 1079 1294 2157 2417 6594 20.37K 54.23K 159K
149.0 65 32.0 86.1 269.0 469.0 624.7 1041 1250 2083 2339 6367 19.63K 52.12K 152.3K
150.8 66 312 83.8 261.3 452.9 603.3 1006.0 1207 2011 2264 6149 18.93K 50.1K 146K
152.6 67 30.4 815 253.9 437.4 582.6 971.1 1165 1942 2191 5940 18.25K 48.17K 139.9K
154.4 68 29.7 79.3 246.7 422.5 562.8 938.0 1126 1876 2122 5738 17.6K 46.32K 134.1K
156.2 69 29.0 77.2 239.7 408.2 543.7 906.3 1088 1813 2055 5545 16.97K 44.54K 128.6K
158.0 70 28.3 75.2 233.0 394.5 525.4 875.7 1051 1752 1990 5359 16.37K 42.85K 123.3K
159.8 71 27.6 73.2 226.5 381.2 507.8 846.4 1016 1693 1928 5180 15.8K 41.23K 118.3K
161.6 72 26.9 713 220.2 368.5 490.9 818.3 981.8 1636 1868 5007 15.25K 39.67K 113.5K
1634 73 26.3 69.4 214.1 356.2 474.7 791.2 949.0 1582 1810 4842 14.72K 38.18K 108.9K
165.2 74 25.6 67.6 208.3 344.5 459.0 765.1 917.9 1530 1754 4682 14.21K 36.75K 104.5K
167.0 75 25.0 65.9 202.6 333.1 444.0 740.0 887.5 1479 1700 4529 13.72K 35.39K 100.3K
168.8 76 24.5 64.2 197.1 322.3 429.5 715.9 858.7 1431 1648 4381 13.25K 34.08K 96.31K
1706 7 23.9 62.5 191.8 3118 415.6 692.7 830.7 1385 1598 4239 12.79K 32.82K 92.48K
1724 78 23.3 60.9 186.7 301.7 402.2 670.3 803.8 1340 1549 4102 12.36K 31.62K 88.82K
1742 9 22.8 59.4 181.7 292.0 389.3 648.8 778.0 1297 1503 3970 11.94K 30.46K 85.32K
176.0 80 22.3 57.9 176.9 282.7 376.9 628.1 753.2 1255 1458 3843 11.54K 29.35K 81.98K
1778 8l 21.8 56.5 172.2 273.7 364.9 608.2 729.2 1215 1414 3720 11.15K 28.29K 78.78K
179.6 82 213 55.1 167.7 265.0 353.4 588.9 706.0 1177 1372 3602 10.78K 27.27K 75.71K
1814 83 20.8 53.7 163.3 256.7 3422 570.4 683.9 1140 1332 3489 10.42K 26.29K 72.78K
1832 84 20.3 52.4 159.1 248.6 3315 552.6 662.3 1104 1293 3379 10.08K 25.35K 69.98K
185.0 85 19.9 511 154.9 240.9 321.2 535.4 641.8 1070 1255 3273 9744 24.45K 67.29K
186.8 86 194 49.9 151.0 233.4 3113 518.8 621.8 1036 1218 3172 9424 23.59K 64.72K
188.6 87 19.0 48.7 147.1 226.2 301.7 502.8 602.7 1004 1183 3073 9117 22.76K 62.26K
190.4 88 18.6 47.5 143.4 219.3 292.4 487.4 584.3 973.8 1149 2979 8821 21.96K 59.91K
1922 89 18.2 46.4 139.8 212.6 283.5 4726 566.4 944.1 1116 2887 8536 21.19K 57.65K
194.0 90 17.8 45.3 136.2 206.1 274.9 458.2 549.1 915.2 1084 2799 8261 20.45K 55.48K
1958 91 17.4 44.2 132.8 199.9 266.6 444.4 532.6 887.7 1053 2714 7996 19.75K 53.41K
197.6 92 17.0 43.2 129.5 193.9 258.6 431.0 516.6 861.0 1023 2632 7741 19.07K 51.42K
1994 93 16.6 42.1 126.3 188.1 250.9 4182 501.2 835.3 994.2 2552 7496 18.41K 49.52K
2012 94 16.3 41.2 123.2 182.5 243.4 405.7 486.2 810.4 966.3 2476 7259 17.78K 47.69K
203.0 95 15.9 40.2 120.2 177.1 236.2 393.7 471.8 786.4 939.3 2402 7030 17.18K 45.94K
204.8 96 15.6 39.3 117.3 171.9 229.3 382.1 458.0 763.3 913.2 2331 6810 16.6K 44.26K
206.6 97 153 38.4 114.4 166.9 222.6 370.9 444.7 741.1 887.9 2262 6598 16.04K 42.65K
2084 98 15.0 37.5 1117 162.0 216.1 360.1 431.6 719.4 863.4 2195 6393 15.5K 41.1K
2102 99 14.6 36.7 109.0 157.3 209.8 349.7 419.1 698.5 839.7 2131 6195 14.98K 39.62K
2120 100 | 14.3 35.8 106.4 152.8 203.8 339.6 407.1 678.5 816.8 2069 6005 14.48K 38.2K
2138 101 148.4 197.9 320.8 395.4 659.0 794.6 2009 5821 14K 36.84K
2156 102 144.2 192.2 320.4 384.2 640.3 773.1 1950 5643 13.54K 35.53K
2174 103 140.1 186.8 3113 373.3 622.1 752.3 1894 5472 13.09K 34.27K
2192 104 136.1 1815 302.5 362.6 604.4 732.1 1840 5307 12.66K 33.06K
2210 105 132.3 176.4 294.0 352.5 587.5 712.6 1788 5147 12.25K 31.91K
2228 106 128.6 1714 285.7 342.6 571.0 693.6 1737 4993 11.86K 30.79K
2246 107 125.0 166.7 277.8 333.0 555.1 675.3 1688 4844 11.47K 29.72K
2264 108 121.6 162.0 270.1 324.0 540.0 657.5 1640 4700 11.11K 28.69K
2282 109 118.2 157.6 262.6 314.9 524.9 640.3 1594 4561 10.75K 27.71K
2300 110 115.0 153.2 2554 306.4 510.7 623.5 1550 4427 10.41K 26.76K
2318 111 111.8 149.0 248.4 297.9 496.4 607.3 1507 4297 10.08K 25.84K
2336 112 108.8 145.0 241.6 289.9 483.1 591.6 1465 4172 9763 24.96K
2354 113 105.8 1411 2351 281.9 469.8 576.4 1425 4051 9456 24.12K
2372 114 103.0 137.2 228.7 274.4 457.4 561.6 1386 3933 9161 23.31K
2390 115 100.2 133.6 2226 267.0 444.9 547.3 1348 3820 8876 22.52K
2408 116 97.6 130.0 216.7 260.0 433.4 533.4 1311 3711 8601 21.77K
2426 117 95.0 126.5 2109 253.1 421.8 519.9 1276 3605 8336 21.05K
2444 118 92.5 123.2 205.3 246.4 410.7 506.8 1241 3502 8080 20.35K
2462 119 90.0 119.9 199.9 239.8 399.6 494.1 1208 3403 7832 19.68K
2480 120 87.7 116.8 1947 233.7 389.4 481.8 1176 3307 7594 19.03K
2498 121 85.4 113.8 189.6 227.5 379.2 469.8 1145 3214 7364 18.41K
2516 122 83.2 110.8 184.7 221.7 369.4 458.2 1114 3124 7142 17.81K
2534 123 811 107.9 179.9 216.1 360.1 446.9 1085 3038 6927 17.23K
2552 124 79.0 105.2 1753 2105 350.8 435.9 1057 2953 6720 16.68K
2570 125 77.0 102.5 170.8 205.2 341.9 425.3 1029 2872 6519 16.14K
2588 126 75.0 99.9 166.4 199.8 333.0 414.9 1002 2793 6326 15.62K
2606 127 73.1 97.3 162.2 194.8 324.6 404.9 976.3 2717 6139 15.12K
2624 128 713 94.9 158.1 190.0 316.6 395.1 951.1 2643 5958 14.64K
2642 129 69.5 92.5 154.1 185.2 308.6 385.6 926.7 2571 5784 14.18K
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Resistance versus Temperature 130 to 199°C

Thermistor & & &
Mix < < <
~ ~ ~
Q at 25°C 100 300 1000
op oC
2660 130
267.8 131
2696 132
2714 133
2732 134
2750 135
2768 136
2786 137
280.4 138
2822 139
2840 140
2858 141
2876 142
289.4 143
2912 144
2930 145
2048 146
2966 147
298.4 148
3002 149
3020 150
3038 151
3056 152
307.4 153
3092 154
3110 155
3128 156
3146 157
3164 158
3182 159
3200 160
3218 161
3236 162
3254 163
3272 164
3200 165
3308 166
3326 167
3344 168
3362 169
3380 170
339.8 171
3416 172
3434 173
3452 174
3470 175
3488 176
3506 177
3524 178
3542 179
356.0 180
3578 181
3596 182
3614 183
3632 184
3650 185
366.8 186
368.6 187
3704 188
3722 189
3740 190
3758 191
3776 192
3794 193
3812 1%
3830 195
3848 19
386.6 197
3884 198
3902 199

80

90.2
87.9
85.7
83.6
81.6
79.6
77.6
75.8
73.9
72.2

70.4
68.8
67.1
65.5
64.0
62.5
61.1
59.6
58.3
56.9

55.6
54.5
53.3
52.1
50.9
49.7
48.7
47.6
46.5
45.5

44.5
43.5
42.6
41.7
40.8
39.9
39.0
38.2
37.4
36.6

35.8
35.1
34.3
33.6
32.9
32.2
31.6
30.9
30.3
29.7

29.1
28.5
27.9
274
26.8
26.3
25.8
25.3
24.8
24.3

23.8
23.4
22.9
225
22.1
21.7
213
20.9
20.5
20.2

150.3
146.5
142.9
139.4
136.0
132.6
129.4
126.3
123.2
120.3

117.4
114.6
111.9
109.2
106.7
104.2
101.8

99.4

97.1

92.7
90.8
88.8
86.8
84.9
82.9
811
79.3
77.6
75.9

74.2
72.6
71.0
69.5
68.0
66.4
65.1
63.7
62.3
61.0

59.7

335

180.6
176.1
171.6
167.6
163.3
159.3
155.6
151.9
148.1
144.7

141.2
137.7
134.5
131.3
128.4
125.2
122.3
119.6
116.7
114.0

111.5
109.0
106.5
104.1
101.8
99.4
97.3
95.1
93.0
91.0

89.0
87.1
85.2
83.3
815
79.7
78.1
76.4
74.8
73.2

7.7
70.1
68.7
67.3
65.9
64.5
63.2
61.9
60.7
59.4

58.2
57.1
55.9
54.8
53.7
523
51.6
50.6
49.6
48.6

41.7
46.8
45.9
45.0
44.2
43.4
42.6
418
41.0
40.2

301.1
293.5
286.0
279.3
272.2
265.5
259.3
253.1
246.9
241.1

2353
229.6
224.2
218.9
214.0
208.7
203.8
199.4
1945
190.1

185.9
181.7

69.6
68.3
67.1

&
S

7

&

10,000

376.4
367.4
358.7
350.3
342.0
334.0
326.3
318.7
3113
304.2

297.2
290.4
283.8
277.4
271.2
265.1
259.2
253.4
247.8
242.3

237.0
231.7
226.6
221.7
216.9
212.2
207.6
203.2
198.8
194.6

190.5
186.5
182.6
178.7
175.0
171.4
167.8
164.4
161.0
157.7

154.5
151.4
148.3
145.3
1424
139.6
136.8
134.1
131.5
128.9

126.3
123.9
121.5
119.1
116.8
114.6
112.4
110.2
108.1
106.1

104.1
102.2
100.2
98.4
96.6
94.8
93.0
91.3
89.7
88.0

&

&

7

Z
30,000

903.0
880.0
857.7
836.1
815.0
794.6
774.8
755.6
736.9
718.8

701.2

667.5
651.3
635.6
620.3
605.5
591.1
577.1
563.5

550.2
537.7
525.1
512.9
501.0
489.3
478.1
467.2
456.6
446.2

436.1
426.3
416.7
407.4
398.3
389.5
380.8
372.4

356.3

348.6
341.0
333.6
326.4
319.4
312.7
305.9
299.4
293.1
286.9

281.0
275.0
269.3
263.7
258.3
253.0
247.7
242.7
237.7
232.9

228.2
223.6
219.1
214.7
210.4
206.2
202.1
198.2
194.2
190.4

&
§

7

o

100,000

2434
2369
2306
2244
2185
2128
2072
2018
1965

1914
1865
1817
1770
1725
1681
1639
1598
1558
1519

1481

&
=~

7

Z
300,000

5615

5294
5141
4994
4851
4713
4580

4325

4204
4087
3974
3864
3757
3654
3555
3458
3364
3274

3186

&

&

7

T

1mMEG

13.74K
13.31K
12.89K
12.49K

12.1K
11.73K
11.37K
11.02K
10.69K
10.36K

10.05K
9746
9455
9173
8901
8637
8383
8137
7899
7669

7447




Resistance versus Temperature 200 to 250°C
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3020 200 14.9 19.8 32.9 39.6 65.9 86.5 186.7
3038 201 32.3 38.8 64.7 84.9 183.1
3956 202 317 38.1 63.5 83.3 1795
3974 203 31.2 37.4 62.3 81.9 176.0
3092 204 30.6 36.7 61.2 80.4 172.6
4010 205 30.0 36.0 60.1 79.0 169.3
4028 206 295 35.4 50.0 776 166.1
4046 207 29.0 34.8 58.0 76.2 162.9
4064 208 285 34.2 57.0 74.9 159.8
4082 209 28.0 336 56.0 73.6 156.8
4100 210 275 33.0 55.0 723 153.8
4118 211 27.0 324 54.0 71.0 150.9
4136 212 265 31.8 53.1 69.8 1481
4154 213 26.1 313 52.1 68.6 145.3
4072 214 25.6 30.7 51.2 67.4 142.6
4190 215 25.1 30.2 50.3 66.2 139.9
4208 216 24.7 29.7 495 65.1 137.3
4226 217 24.3 29.2 48.6 64.0 134.8
@044 218 23.9 28.7 47.8 62.9 1323
4262 219 235 28.2 47.0 61.8 129.9
4280 220 231 217 46.2 60.8 1275
4298 221 227 27.2 45.4 50.8 125.2
4316 222 223 26.8 a7 58.8 1229
4334 223 22.0 26.3 43.9 57.8 120.7
4352 224 216 25.9 43.2 56.8 1185
4370 225 21.3 255 425 55.9 1163
4388 226 20.9 25.0 418 55.0 1143
4406 227 205 24.6 411 54.1 112.2
24 228 20.2 24.2 40.4 53.2 110.2
a42 229 19.9 23.8 30.7 52.3 108.3
460 230 195 23.4 39.1 515 106.4
4478 231 19.2 23.1 38.5 50.6 104.5
4496 232 18.9 227 37.8 49.9 102.6
4514 233 18.6 22.3 37.2 49.0 100.8
4532 234 18.3 22.0 36.6 48.2 90.1
4550 235 18.0 21.6 36.0 47.4 97.3
4568 236 17.7 21.3 35.5 46.7 95.7
4586 237 17.4 20.9 34.9 46.0 94.0
4604 238 17.1 20.6 34.4 45.2 92.4
4622 239 16.9 20.3 33.8 445 00.8
4640 240 16.6 20.0 33.3 4358 89.2
4658 241 16.3 19.6 32.8 43.1 87.7
4676 242 16.1 19.3 322 2.4 86.2
4694 243 15.8 19.0 317 418 84.8
4712 244 15.6 18.7 31.3 411 83.3
4730 245 15.3 185 30.8 40.5 81.9
4748 246 15.1 18.2 30.3 39.9 80.5
4766 247 14.9 17.9 20.8 39.3 79.2
4784 248 14.6 17.6 20.4 38.7 77.9
4802 249 14.4 17.4 28.9 38.1 76.6
4820 250 14.2 17.1 285 375 75.3

For more information,

contact us at 800 747-5367 or
937 767-7241Fax 937 767-9353
Info@YSI.comewww.YSI.com



Glossary

316SSA stainlessstedl containing approximately 2%
Mn, 2% Mo0,12% Ni and 17% Cr, with the balance Fe
andtraceC, S, Pand S.

Absolute zero The lowest possble temperature; the
temperature at which therma energy isat amini-
mum. Defined asOKevinor -273.15°C.

Accuracy Measure of the closeness of areading to
theactud value.

Ambient range In generd, the human environmental
range, -20to +50°C. Theindustria application
ambient rangeis0to 70°C, themilitary rangeis
-55t0 +125°C.

Ambient temper atur e Temperature of the back-
ground or surrounding environment.

Ampere(A) Sl unit of eectric current.
AN G American Wire Gauge.

Beta value Anindicator of the shape of theresstance
vstemperature curve.
B=In(R/R(UT-VT,)

Calibration Documenting asensor’svaue as deter-
mined by aprecise measurement.

Cdsius(Centigrade,°C) A temperature scal e defined
by setting theice point of water at 0°C and the boiling
point of weter at 100°C.

CE Mark Signifiesproduct acceptance by the
European Community. The Joint European Standards
Indtitution.

Control point Thetemperature at which the con-
trolled systemisto be maintained.

Current (1) Therate of flow of an electric charge,
usually expressed in amperes.

Current proportioningA type of temperature con-
troller which providesacontrol current proportiona
to the difference between the measured temperature
and the control point.

Direct current (dc) Current that flowsin one direc-
tion only. Thetypeof current that is supplied by bat-
teries.

Degree (°) Anincrement of atemperaturescae. The

szeof adegreeisdifferent in different temperature
scales, for example, 1°C = 1.8°F

De-rated A ddiberatereductionin therating of a
component to improve reliability.

Deviation The difference between an obsarved and a
fixed value the difference between the observed tem-
perature and the set point of the controller.

DidlectricAny materid capable of susaining a
seady dectric field; aninsulator.

Differential The difference between the temperature
at which acontroller turns heat off and thetempera-
tureat which the heat isturned on, in degrees.

Disdpation congtant Theratio of power disspation
to temperature riseinduced when current isgpplied to
athermistor (e.g. 8mW°/C representsa 1°C temper-
aturerisefor every 8 mwW of power disspated).

Drift A dow variation of any performance character-
igtic of adeviceor circuit.

Dumet A copper-clad, nickd-iron aloy with ather-
mal expansion closaly matching that of glass. Pro-
videshermetic sealsin soft glasses.

emf Electromotiveforce. Difference of dectrica po-
tentid that drives currentsthrough circuits. Unit isthe
volt.

Epoxy A flexibleresn used in coatingsand adhe-
sves. Also caled epoxy resin.

Error Thedifference between thecorrect or desired
vaueand the actual reading.

Fahrenheit A temperature scae defined by setting
thefreezing point of water at 32°C and the boiling
point of water at 212°C.

Galvanometer Aninstrument that measuressmall
electrical currentsby means of deflecting magnetic
coils.

Ground A conducting path between an electricd cir-

cuit and the earth or some conductor servinginits
place.

GSFC S-311-P-18A specification issued by the God-
dard Space Flight Center covering thermigtorsfor use
inspaceflight.

Heat Energy inthe processof transferring between a

system and its surroundings as aresult of temperature
differences.

Heat transfer The processwhereby therma energy
flowsfrom ahigh energy body to alow energy body
viaconduction, convection or radiation.



HermeticAirtight

Hysteresis Theretardation or lagging of an effect
behind the cause of the effect.

ID Inddediameter.

Input impedance Thesmal sgna impedance mea-
sured between theinput terminas of anetwork.

I nsulation resisgance Thered stance between two
conductors, or between aconductor and ground, when
they are separated only by insulating materid.

I nter changeableAbleto subgtitute one sensor for an-
other while maintaining cons stent readings.

I nter changeability error A measurement error that
can occur if two or more probesare used to make the
same measurement. It is caused by adight variation
in characterigtics of different probes.

I sother mal Occurring at constant temperature.
I TS-90 International Temperature Scale of 1990.

Kevin (K) An absolute temperature scale based on
the Cdcius scale; the thermodynamic temperature
scae. Onekevinisthe sametemperatureinterva as
onedegree Cdlcius, and OK =-273.15°C.

Linearity deviation The difference between the actual
response of adeviceand itstheoretical sraight-line
approximation.

M aximum oper ating temper atur e Thetemperature
abovewhich adevicewill not safely operate.

Maximum power rating The maximum power that
adevicecan safely handle.

M etrology The science of measuring.

MicaA transparent minera used to makethe cross
supporting the platinum wirewindingsin an SPRT.
Oneof the best electricd insulators.

Microamp (HA) One millionth of an ampere, 10° A.

MIL-R-23648 The US Department of Defense general
specification for thermigtors.

Milliamp (mA) One thousandth of an ampere, 10° A.
Millivolt (mV) Onethousandth of avolt, 10°V.

Negativetemper ature coefficient (NTC) Decreasing
resstancewith increasing temperature.

NIST Nationa Ingtitute of Standardsand Technology.
The US government agency that defines measurement
gandardsin the United States.

NPT Nationa Pipe Thread.
OD Outer diameter.

Offset Thedifferencein temperature between the set
point and the actual processtemperature.

Ohms(Q) Sl unit of electrical resistance.

Ohm’slaw A rdationship between voltage (emf),
current and resistancein an electrical component car-
rying direct current. E=IR.

On/Off controller A temperature controller that turns
ahester fully on or fully off.

Operating Range The specified range over which a
deviceisexpected to operate.

Platinum res stance e ement An e ement made of
platinum whose resistance varies with temperature.

Positivetemperature coefficient (PTC) Increasing
res stance with increasng temperature.

Power (p) Rate of doing work, inWaitts (W).

Probe Usudly refersto asensing element built into
ahousing that isphysicdly suitablefor insertion into
the environment or substance to be measured.

PVC Polyvinyl chloride.

RangeAn areabetween two limitswithinwhicha
Sensor or instrument is operationa; the extent of the
sensor’s or ingrument’s capabilities.

Rankine (°R) An absolute temperature scale based
on the Fahrenheit scale, where one degree Rankineis
the sametemperatureinterva asone degree Fahren-
heit, and 0°R = -459.67°F.

Repeatability Theability of asensor or instrument to
givethe samereading or output under repeated identi-
cal conditions.

Resgance (R) Theresstanceto theflow of eectric
current measured in ohms(Q).

Resiganceratio Theratio of theres sance of ather-
mistor at two different temperatures, usualy ress-
tanceat 25°Ctoresstanceat 125°C (R,/R,,).

Resistor Andectrical component designed to
provideaknown resstance.

Responsetime Thetimerequired to change the out-
put of an eectronic circuit after asudden changein
input. Used by Y Sl asthetime required to sense 90%
of atemperature change. See Time Condant.




Sdection The examination of adevicefor compli-
anceto aspecific characterigtic, usualy associated
with Size or measurement tolerance.

SHf-heating The effect of driving, usudly resigtive
devices, a aleva whichinducesabiasin themea-
sured value.

Sengtivity The minimum changein temperatureto
which the instrument or sensor will respond.

Set point Thetemperaturewhich acontroller is set
tomaintain.

S System Internationale. The standard metric system
of units.

Sinter Toformsmall particlesinto larger particles,
cakes or masses by heating without liquifying.

SMID Surface-mount device.
SMT Surface-mount thermistor.
Solid wireA wirewith no stranding.

Span The difference between the upper and lower
limitsof arange.

SPRT Standard Platinum Resistance Thermometer.
A primary temperature sandard calibrated to fixed-
pointsof nature such asthetriple-point of water.

Sability Theability of aninstrument or sensor to
maintain acongtant output given a.congtant input.

Steinhart & Hart equation An equation which cal-
culatesresistance as afunction of temperaturefor
negative temperature coefficient thermistors.

Stranded wireWirewhose conductor iswoven from
individua wiresor strands.

Teflon DuPont trademark namefor polytetrafluoroet-
hene. Used to insulate € ectrical conductors. Noted
for itschemicd inertness and heat res sance.

Temper ature A measure of the degree of hotnessor
coolness of some sample. Temperatureisto hedt,
what voltageisto power.

Temper ature scale The scal e assgned to dlow deter-
mination of temperature. The Internationa Practica
Temperature Scaeisreviewed for fit to thethermo-
dynamic scale at approximately 20-year intervals.
Therearefour practica scales, Cdsus°C, KevinK,
Fahrenheit °F, Rankine °R, and onetheoretical scale,
the Thermodynamic Temperature Scale. The scales
differ in end pointsand vaueof divisons.

Thermal conductivity Theability of amaterid to
conduct thermal energy.

Thermal expansgon Anincreaseinsizedueto an
increasein temperature.

Thermal gradient Thedistribution of adifferential
temperature through abody or acrossasurface.

Thermal shock The shock which resultswhen a
body issubject to sudden changesin temperature.

Thermilinear component Two or threethermistor
disks built into one bead which, when used in anet-
work, providesalinear resitance vstemperature
curve.

Thermilinear networ k One Thermilinear compo-
nent and two or threeresigtorsthat can bewired to
providelinear resistance responseto temperature.

Thermigtor A temperature-sensitiveresisor made
of metal oxides sintered into adisk which exhibitsa
large changein resistance for asmal changeintem-
perature.

Time constant Thetimerequired for asensor to
register 63.3% of achangein temperature.

Tolerance Therange between alowable maximum
and minimum values.

UL Underwriters Laboratories, Inc. Anindependent
|aboratory that establishes sandardsfor commercia
and indudtrial products.

Volt (E) S unit of dectrica potentia difference.
VoltageAn dectrical potential measured in volts.

Voltagedivider Usudly aseriesof resstorsusedto
dividethe supply voltagein proportion to the value of
eschresstor inthe string.

Watt S unit of power.

WheatgtonebridgeA network of four res stances,
an emf source and agavanometer connected so that
when thefour resistances are matched, the galvanom-
eter will show azero deflection or null reading.

Zeropower resstance Theresstance of athermistor
with no power being disspated.



Sales Policy

New Accounts

To quickly qudify for open account status, please
supply thisinformation to our credit manager:

* Dun & Bradstreet rating or Duns number

* Two credit references from vendors

* Bank reference

» Name of chief executive officer or president

* Name of treasurer

» Name of controller

* Credit limit desired

Terms of Sale

Net 30 daysfrominvoicedate. We observethese
termsrigidly. Failureto meet them may result in non-
acceptance of new orders. Shipping prepaid and
added, FOB Yelow Springs, Ohio.

OEM and Contract Discounts

Qudlificationfor OEM discountsrequiresthat these
conditionsbe met:

* Useof YS product inafashion that’sintegral with
the product—wiredin.

* Description of gpplication inthe smplest non-pro-
prigtary terms.

* Expected userate

* Permisson to advertiseif useisnot proprietary.

» Wewill negotiate al agreementsbased on product
and volume. Basically al purchases of similar prod-
uctsmay be mixed for discount. Ddlivery schedules
areasignificant factor in developing thetermsof a
purchase agreement.

* Contact your loca manufacturers’ representative or
Y S Customer Service.

Order Change and Cancellation

Our termsfor order cancellation or changeare:

* Any cancellation of ordersfor stock products after
order entry must be 30 days before shipping date.

* Any cancellation after order entry of build-to-order
or build-to-specification productswill be subject toa
minimum $50 or 15% charge, whichever isgreater

* Any order for which materia or labor have been
expended will carry cancellation chargesequd to the
percentage completed or $50, whichever isgrester.

* Any customer changewhich adds cogt to the manu-
facture of productswill be charged at normal
overhead and profit.

Returned Goods

Wewill accept for return certain of our products.

* Cataloged thermigtors

* Certain other productswhich have been negotiated
before order placement.

Return for credit requires:

 Customer Service givesprior gpprova, RA number
and shipping ingructions

* Productsarein new condition

* Productsare not obsolete

Minimum Orders

Our minimum order requirementsare:

* For thermigtor components, 100 pieces. For smaler
quantities, contact our distributorsor stocking
representatives.

» For all types of sensor assemblies (mixed), $75.

Exceptional Service

Expected ddivery for manufactured-to-order prod-
uctsisnormally 4 weeks. When standard delivery
needsto beimproved with certainty, we offer excep-
tional service.

A. Two-week delivery assuming materia availability
for dl pre-engineered products.

B. Best possible ddivery will includefull force effort
(overtime) to complete and ship the product in
minimumtime.

Additional chargesfor A service are 25% of the
normal priceand 50%for B service.

On occasion, because of material shortages, ex-
ceptiona servicewill be unableto meet your needs.
Cal Customer Serviceto establishthat materidsare
avallable.

Limited Warranty

Wewarrant our productsagaing defectsin materias
and workmanship when the products are used accord-
ing to their ratings and specifications. Our maximum
liability islimited to repair or replacement (at our
option) of defective products.

For sensors, sensor assemblies and specid prod-
ucts, thewarranty periodis1 year from shipment
date. Wewill handlewarranty repairs and replace-
ments expeditioudy. Contact Customer Servicefor
ingructionsand best turn-around time.

For more information,
contact us at 800 747-5367 or

937 427-1231=Fax 937 427-1640

Info@YSI.comewww.YSI.com



Contacting theY Sl Precision Temperature Group

For order placement and product infor mation:

Ph 800.747.5367 (US)

937.427.1231, Option 1

Fax: 937 427-1640

Email: bpetrus@ysis.com (Bob Petrus)
phenry @ysis.com (Phyllis Henry)

Y Sl Precision Temperature Group accepts purchase orders (with approved credit), payment in
advance (viaVisaor Mastercard) and checks. Special payment terms are available for international

orders.

Y Sl Precision Temperature Group takes orders direct, sells through distributors, and has
Manufacturer's Representatives located throughout the United States. Small quantity orders,
particularly thermistors, should be forwarded to the nearest distributor. Below isalist of YSI
Distributors and Manufacturer's Representatives in the United States. If you are located outside the
U.S., please contact Y SI Temperature Products Customer Service for your nearest Distributor or to

purchase direct.

Y SI Precision Temperature Group
Thermistor Digtributors

Y Sl distributors stock Y SI Precision Thermistors and Thermilinear
components. Orders for less than 100 units must be directed to them.

Andruss-Peskin Corp.
P.O. Box 268

63 S. Main St.

Natick, MA 01760-0268
(508) 653-3919

800 878-3919

Fax: (508) 651-1924

RDP Corporation

5877 Huberville Avenue
Dayton, OH 45431
(937) 253-6175

Fax: (937) 254-1951

BJ Wolfe Enterprises
5321 Derry Ave., Unit E
AgouraHills, CA 91301
818 889-8412

800 554-1224

Fax: 818 889-8417

Computer Aided Solutions
8588 Mayfield Road
Chesterland, OH 44026
(440) 729-2570

Fax: (440) 729-2257

RJIM Sales

454 Park Avenue

Scotch Plains, NJ 07076
800 752-9055

(908) 322-7880

Fax: (908) 322-2160

Finnan Engineered Prod.
1149 Bellamy Rd. N., Unit 22
Scarborough, Ontario

M1H 1H7

(416) 438-6070

Fax: (416) 438-8739

Newark Electronics
4810 N. Ravenswood
Chicago, IL 60624
(800) 367-3573

Fax: (312) 275-9050

Thermx of California
31363 Medallion Drive
Hayward, CA 94544
800 300-1161

(510) 441-7566

Fax: (510) 441-2414



Y Sl Precision Temperature Group
Manufacturer's Representatives

Manufacturer's Representatives are available in your areafor technical
and purchasing support of Y Sl Precision Temperature Group products.

Analog Associates
Oakland, CA 94602

510 531-8896

Fax: 510 531-8897

Email: analog@ccnet.com
www.anal ogassoci ates.com

Quadra Sales Corporation
Beaverton, OR 97008

503 626-7550

Fax: 503 626-6960

Email: quadraor@aol.com
www.guadrasales.com

Sales Technology Inc.

Ft. Collins, CO 80525
303 530-9409

Fax: 970 663-0809
Email: bobshil @aol.com

Andruss-Peskin Corp.
Natick, MA 01760-0268
508 653-3919

800 878-3919

Fax: 508 651-1924

Email:
sales@andruss-peskin.com
www.andruss-peskin.com

Quantum M easurements
Hoover, AL 35226

205 824-3380

Fax: 205 824-3315

Emall: gmcglenn@aol .com

Advanced Industrial Sys
Chesterfield, MO 63005

314 532-2477

Fax: 314 532-7385

Email: sales@advindsys.com
www.advindsys.com

Quantum M easurements
Lutz, FL 33549

813 909-8322

Fax: 813 909-8622
Email: gmcfl @aol.com

EQS Systems

Chesterland, OH 44026

440 729-2222

800 729-8084

Fax: 440 729-2257

Email: sales@eqgssystems.com
WWW.egssystems.com

Quantum M easurements
Smyrna, GA 30080

770 433-0093

Fax: 770 433-9254

Emall: gmcrandy @aol.com

K-Technologies, Inc.
Minneapolis, MN 55431
612 835-7615

Fax: 612 835-0180

Email: jkresse@hotmail.com

RIM Sales

Scotch Plains, NJ 07076
908 322-7880

800 752-9055

Fax: 908 322-2160
Email: rjmnj@aol.com
www.rjmsales.com

Quadra Sales Corporation
Bothell, WA 98011

425 489-3428

Fax: 425 486-5784

Email: quadrawa@aol .com
www.quadrasales.com

RIM Sales

Chadds Ford, PA 19317
610 358-4014

Fax: 610 358-3776
Email: rjmpa@aol.com
www.rjmsales.com

Technica Component Sales of
Southern California

Costa Mesa, CA 92626

714 444-2276

Fax: 714 444-2278

Email:

techcompsal es@earthlink.net
Www.sensortek.com

Canada -

Hoskin Scientific Ltd.
Vancouver, BC, V5T 1J7
604 872-7894

Fax: 604 872-0281
Email: salesv@hoskin.ca

Hoskin Scientific Ltd.
Burlington, Ontario, L7L 5L6
905 333-5510

Fax: 905 333-4976

Email: salesb@hoskin.ca

Hoskin Scientific Ltd.
Montreal, Quebec, H4P 2L.1
514 735-5267

Fax: 514 735-3454

Email: salesm@hoskin.ca
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