Precision Temperature sensing options for the Radium Thermo Cycler

Background:

The Radium Real time PCR instrument requires a precise, stable, long life thermal
sensor for the PID control system as used for the Thermo Cycler.

The Perfect Temperature Sensor:

e Has no effect on the medium it measures.
e Sensor is precisely accurate?

e Responds instantly (in most cases).

e Has an easily conditioned output.




Comparing NTC/RTDs

Sensor NTC Thermistor Semiconductor RTD Thermocouple Platinum
Sensing Technology Sensor Ceramic (metal oxide spinel) Platinum wirewound or metal film
Temperature Range (typical) -100 to +325°C -200 to +650°C
Accuracy(typical) 0.05t01.5°C 0.1t01.0°C
Long-term Stability @ 0.2°C/year (epoxy) 0.05°C/year (film)

° . 0.02°C/year (glass) 0.002°C/year(wire)
100°C(typical)
Output NTC Resistance : -4.4%/°C typical PTC resistance: 0.00385Q/Q/°C
Linearity Exponential Fairly linear

Power Required

Constant voltage or current

Constant voltage or current

Response Time Fast

0.12 to 10 seconds

Generally slow 1 to 50 seconds

Susceptibility to Electrical Noise

Rarely susceptible (High resistance only)

Rarely susceptible

Lead Resistance Effects

Low resistance parts only

Very susceptible. 3 or 4-wire configurations required

Cost Low to moderate Wire-wound — High
Film — Low

Advantages e Sensitivity (High) e Accuracy (Good)

e Accuracy (High) e Stability (High)

e Cost (low to high) e Linearity (Fair)

* Rugged (high)

¢ Flexible (good)

ePackages (several options)

e Hermetic Seal ?
Disadvantages ¢ Non-linearity e Lead resistance error

o Self-heating
* Moisture failures (non-glass only)

e Response time
¢ Vibration resistance
* Size

e Package limitations




Thermal sensor notes.(Limited to thermistors and RTDs)

Thermistors and RTDs differ in their basic theory of operation.
Temperature ranges vary for each sensor technology .

Accuracy depends upon basic sensor characteristics. Both Platinum elements and thermistors exhibit high accuracy. Generally the better the accuracy, the higher
the price.

Long-term stability is defined by how consistently a sensor maintains its accuracy over time. Stability is dictated by basic physical properties of the sensor.
Stability is typically worsened by exposure to high temperatures. Wirewound platinum and glass encapsulated thermistors are the most stable sensor types.

Thermistors change resistance inversely proportionally with temperature, thus the name negative temperature coefficient (NTC).
Base metals such as platinum have positive temperature coefficients (PTC). Thermistors are exponentially non-linear, exhibiting a much higher sensitivity at low
temperatures than at high temperatures.

Linearity of a sensor has become less of an issue over time, as microprocessors are more widely used in sensor signal conditioning circuits.

When powering, both thermistors and platinum elements require constant voltage or constant currents. Power regulation is important to limit self-heat in either
thermistors or platinum RTDs.

Response time, or how quickly a sensor indicates temperature, is dependent on the size and mass of the sensor element (assuming no predictive method is used).
Platinum wirewound elements are slow at responding. Platinum film and thermistors are available in small packages, thus have high-speed options. Glass micro-

beads are the fastest responding thermistor configuration. Electrical noise inducing errors in temperature indication is a problem mostly with Thermistors with very
high resistances may present a problem in some cases.

Lead resistance may cause an error offset in thermistors and RTDs. This effect is more pronounced with low resistance devices such as 100Q platinum elements or
low resistance thermistors. For platinum, 3 or 4-wire lead configurations are used to eliminate the problem. For thermistors, typically choosing a higher resistance
value eliminates the effect.




Requirements for Temperature sensing for Radium

Key requirements for a thermal sensor:

1. Stability throughout product life cycle. (Working with vendors to define a suitable specification.)
a. The thermal sensor resistance value shall not deviate more than +/- 0.xx % through the service life of the thermal sensor.

2. Response time(thermal time constant). Preferably <1 second in air.
a. The thermal sensor response shall stabilize within within 1 second in air. (This may be too tight)

b. Dissipation Constant < ImW/C (YSI 44036 has specified 1mW for a dissipation constant. GE ABOE8-BR23KA103N is 0.38 is rated at
0.38mW/()

5. Maximum power dissipation as related to self heating.(Both NTC’s and RTD’s exhibit this).
a. Maximum error(uncertainty) in temperature measurement due to self heating.(TBD)

b. T(error) = Power Dissipation/Dissipation Constant(Te= P/dTh) (TBD)

Mounting:

1. Two thermal sensors will be surface mounted with in grooves adjacent to the Peltier device(s) on a given Thermo Cycler plate.

2. Thermal mass and encapsulant:
a. Materials/epoxy/Glass TBD>



Sensor Manufacturer Questions to date

From US Sensors

What is the maximum temperature that the sensor will be exposed to?
* Qver what temperature range will measurements be taken, and is there a portion of this temperature range that is
most critical?

If a portion is most critical, what is this critical temperature range?

* What temperature accuracy is required over this critical temperature range?
* How long should the lead wires be?

* |s a simple leaded component or a complete probe assembly required?

If a probe assembly:

* What style of probe housing is envisioned? (e.g. straight tube, straight tube with NPT fitting, etc.)
* What are the size limitations for the probe housing? (e.g. tube length, tube diameter, etc.)

* What material should the probe housing be made from? (e.g. stainless steel, brass, etc.)

* What quantities would be purchased?



Sensor Manufacturer Questions to date

From QTI

There is no tolerance or accuracy figure called out; is this unnecessary because Gen-Probe will be calibrating all sensors
individually? Or would you prefer a precision sensor that did not require calibration and thus eliminate that extra expense?

There is no specification on element size.

Mass can greatly determine response time but your requirement is only that it “will have a response <1 second in air” Does
this mean that the element is expected to read final temperature in less than a second or, per MIL-PRF 23648 which QTI uses
for its milspec parts: “ The thermal time constant is the time required for a thermistor to change to 63.2 percent of the total
difference between its initial and final body temperature when subjected to a step function change in temperature under
zero power conditions”?

What is the primary “driver” of your decision on a sensor? s it simply the lowest cost for the most stable device? If so,
what kind of data do you need to see in order to make a selection? Or do you just need a quotation?

These are some of the parameters we would like to establish. And although you may have received multiple quotations for
this part, | tend to think they are not all describing the same identical device based upon my previous questions. We just
want to be sure we’re quoting “apples to apples”.



Sensor Manufacturer Questions to date

From Measurement Specialist

Regarding the time response. We presume you mean time constant of 1 second in still air. This would would dictate a small
bead (0.013”). These are often (but not always) axially leaded—that is, the leads are out the opposite side of the
element. Are you looking for this or for radial leads (which come out the same side of the part)?

Also, there is no resistance given. We understand this to mean that you are open to suggestion, but do you have limits? Can
you use a 100Q part, or a 1,000,000Q part? We're not suggesting that we would recommend those values; we just want to
get a handle on what you consider optimum and can live with.

The small beads typically have platinum leads .001” diameter and .312” long. We cannot make them with significantly
longer leads; however, if it is a radially leaded part we can weld the leads to, for example, a nickel bifilar wire, which will
have a little more stiffness.

If we had a little more application information it might prove useful—such as the mechanical configuration you are looking
to measure. Also, the temperatures you expect—will the part be constantly cycling? How often will it see the 110°C top
end?



Sensor Manufacturer Quotes

Model Qty Price Delivery
46006 / 46016 Min 52 — 99 pcs $38.20 pc 8 wks
100 — 499 pcs $34.38 pc 8 wks
500 — 1499 pcs $32.47 pc 8 wks
46031/ 46036 Min 27 — 99 pcs $76.40 pc 8 wks
100 — 499 pcs $68.76 pc 8 wks
500 — 1499 pcs $64.94 pc 8 wks
46041 / 46046 Min 12 — 99 pcs $168.50 pc 8 wks
100 — 499 pcs $151.65pc 8 wks
500 — 1499 pcs $143.23 pc 8 wks




46006 Super Stable Glass NTC Thermistor  *%

measurement

Unmatched Long Term Stability
Glass Hermetic Sea

Use up to 250°C

10,000 ohm Resistance @ 25°C
Interchangeable £0 2°C, 0° to 70°C,
Pressed Disk Ceramic Sensor

High sensitivity

Thermally conductive epoxy coating
32 AWG, 3" (7 6 om) long Gold Plated
Dumet leads

+  RoHS Compliant

YSI Data Sheets(0.2C, 0.1C, and 0.05C

T T L T

46031 Super Stable Glass NTC Thermistor

Unmatched Long Term Stability
Glass Hermetic Seal

Use up to 250°C

10,000 ohm Resistance @ 25°C
Interchangeable +0.1°C, 0°C to 70°C,
Pressed Disk Ceramic Sensor

High sensitivity

Thermally conductive epoxy coating
37 (7.6 cm) long Gold Plated
Dumet leads

+  RoHS Compliant

l"
&

DESCRIPTION

Hermetically Sealed Glass Encapsulsted Precision Interchangeable NTC Thermistor utiizing high stability
pressed-dick ceramic sensor for high temperature and high stability applications.

FEATURES

APPLICATIONS

+  Glass Hermetic Seal

+  10.000 Ohm Resistance @ 25°C
Interenangzailty

Excellent High Temperature Performance
Drift Gertified Unmiatehed Long Tam Stability

High Sensitivity

Thermally Conducti

xy Coating

RoHS Compliance

High Moisture Applications
Low to Mid Range Temperature Applications
Tight Telerance Instrumentation

Use up to 28
+  Applications Requiring Outstanding Stal

Applications Requiring Sensing Small Changes in
Temperaturs

Hon-condensing Moisture Environments

Allows use in Applications Workd-wide

PERFORMANCE SPECS

[Parameter [Unis [ Vale ]
Resistance @ 25°C Ohms 10,000
Tolerance 0°C to 70°C © 02
Beta Value 25/85 K 684
Tolerance on Beta Vaiue % 08
Time response in stimed of bsth Seconds <25
Dissipation Constant in stimd oil bath mWAC 10
Insulation Resistance (Min. of 100Mchms for 1 Sec.) Volts 500

DESCRIPTION

Sealed Glass NTC Thermistor utilizing high stability
pressed-disk ceramic sensor for high |emuem|ure ant high stabilty applcations.

FEATURES APPLICATIONS

+  Glass Hermetic Seal + High Moisture Applications
« 10,000 Ohm Resistance @ 25°C Wid Range Temperature Applications

= Interchangeability Tight Tolerance Instrumentation

«  Excellent High Temperature Performance Use up 10 250°C

= Drit Certified Unmatched Long Term Stability Applications Requiring Outstanding Stability

+ bigh senstvity ?gﬂﬁ;};g;Requiring Sensing Small Changes in
Non-condensing Moisture Environments

Allows use in Applications Worl

= Thermally Conductive Epoxy Coating
«  RoHS Compliance

PERFORMANCE SPECS

Parameter

T Uit |
Resistance @ 25°C Ohms.

Tolerancs 0°C to 70 <

Beta Value 25/35 K

Toleranes on Beta Value E

Time response in stirred oil bath
Dissipation Constant in stired oil bath
istancs (Min. of 100Mohms for 1 Ses. )

Insulation

accuaracy)

46041 Super Stable Glass NTC Thermistor ¢

Illt:dhulelllt:lll

Unmatched Long Term Stability
Glass Hermetic Seal

Use up to 250°C

10,000 ohm Resistance @ 25°C
Interchangeable +0.05°C, 0°C to 70°C,
Pressed Disk Ceramic Sensor

High sensitivity

32 AWG, 3" (7.6 cm) long Gold Plated
Dumet leads

+  RoHS Compliant

DESCRIPTION

Hemetically Sealed Glass Encapsulated Precision Interchangeable NTC Thermistor utiizing high stability
pressed-disk ceramic Sensor for high temperature and high stability applications.

FEATURES

APPLICATIONS

«  Glass Hermetic Seal

« 10,000 Ohm Resistance @ 25°C

«  Interchangeabilty

+  Excellent High Temperature Performance

«  Drift Certified Unmatched Long Term Stability
+  High Sensitivity

+  RoHS Compliance

High Moisture Applications

Mid Range Temperature Applications

Tight Tolerance Instrumentation

Use up to 250°C

Applications Requiring Outstanding Stability

Applications Requiring Sensing Small Changes in
Temperature

Allows use in Applications World-wide

PERFORMANCE SPECS

[Farameter [Units — [Value ]
Resistance @ 25°C Ohme 10000
Tolerance 0°C 1o 70°C c £005
Beta Value 25/85 K 3694
Tolerance on Beta Value % 04
Time response in stirred oil bath Seconds. <25
Dissipation Constant in stirred oil bath mWiFC 10

Insulation Resistance (Min. of 100Mohms for 1 Sec.)

Voits 500



Sensor Manufacturer Quotes(YSl)

Model Qty Price Delivery
46006 / 46016 Min 52 — 99 pcs $38.20 pc 8 wks
100 — 499 pcs $34.38 pc 8 wks
500 — 1499 pcs $32.47 pc 8 wks
46031/ 46036 Min 27 — 99 pcs $76.40 pc 8 wks
100 — 499 pcs $68.76 pc 8 wks
500 — 1499 pcs $64.94 pc 8 wks
46041 / 46046 Min 12 — 99 pcs $168.50 pc 8 wks
100 — 499 pcs $151.65pc 8 wks
500 — 1499 pcs $143.23 pc 8 wks




US Sensor Data Sheets(accuracy ?)

B S
C) 0039 MAX

RESSTANCE @ +25°'C = 10,000 0 + 107
RESISTANCE/ TEMPERATURE CURVE
TEMPERATURE COEFFICEENT @ +25
BETA "8" (+25 TO +85'C) = 3977 NOMINAL

DISSIPATION CONSTANT = 0.5 mW/'C NOMINAL (STILL AR)
THERMAL TIME CONSTANT = 0.20 SECONDS NOMINAL (STRRED OL)
MAXINUM TEMPERATURE RATING = +300'C

##t ROHS COMPLIANT #**
SEE MANUFACTURING SPECIFICATION (LAYER 1)

0.0039" NOMINAL 0.0059" HOMINAL
DIANETER LEAD WIRES DAVETER LEAD WRES
4 100" MN e 100" MN >
(LSS
BOOY
NONE | RELEASE T0 PRODUCTIN 03/8/2 0 08| mUS 10 AEOY Wy | o
w N 100 ot | we FESSTACE » #5C = 0000 " T I
RESSTANCE /TEVPERATIRE C CPUOALEN REVNONE R-T THBLE —
SCALE NONE U.S. SENSOR corp. BETL (425 10 4651) = 400K NOUNAL SCALE NONE U.S. SENSOR
DRAIN BY = DSSPATON CONSTANT = 045 mi/C KWL (STLL AR) [N CORP.
(c) coprmer THERAL THE CONSTANT = 020 SECONDS NOWNAL (STRRED L) DRAWN BY (©) e
DAN DANKERT 0 TENPERATLRE. RATNG = ~40 T0 $220C OAN DANKERT &/t
—0JY— WWW.ussensor.com
DATE  03/13/12 T T T " ROHS CONPLIANT — 714-639-1000 www.ussensor.com
9| NIC THERMSTOR 7\ THERMSTOR
REV . NONE SEE MANUFACTURIG SPECIFICATION (LAYER 1) WK
wiw ooz | P/N_ GPTO3LN wa ooz | P/N GP104LBN
r 0063
oo
0.394" ,‘
+0075"
00472
+00028"
R CLASS COATED
PLATINUM ELEENT
4 PN
J
T PLATINUM PLATED NCKEL LEAD WIRES,
0.00934" 00413" CERAMIC SUBSTRATE  0.0079" NOMNAL DIAMETER
£ 0006" NOW
'+ | ADDED SUSSTRATE THONESS TNENSON (000384" : 0005°) g | w®
RESISTANCE & 0'C = 1,000 0 + 0.06x NONE | RELEASE T0 FRODLCTON /805 | 00
ACCURACY @ 0C = ¢ 015 w eV 0 we | w
DIN 43760 ACCURACY CLASS = "A"
TCR = 3850 ppm/C SCALE  NONE U S SENSOR
TEWPERATLRE RATING = ~200 TO +600°C oo CORP.
THERMAL TIVE CONSTANT = 12 SECONDS NOMINAL (AR 1 m,/SECOND) DRAWN BY 1832 W. COLLINS AVE.
DISSIPATION CONSTANT = 1.8 W /’C NOMINAL (AIR) DAN DANKERT ORANGE. CA. 92867
714-639-1000 www.ussensor.com
SEE NANUFACTURING SPECIFICATION (LAYER 1) DATE 12/55/06
RE\/"A” PLATINUM RTD SENSOR




Aging Curve for Epoxy Encapsulated Thermistor

U.5. SENSOR CURVE "J" AGEING CHART
PRECISION INTERCHANGEABLE THERMISTOR

HEXCE M\ CURVES\AGE-EPONY-J
MOTE: 0.1% CHANGE IN RESISTANCE 1S EGUNALENT TO 0L02273°C TEMPERATURE CHANGE

0e

—
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o 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
Hours (@ 100°C



Aging Curve for Glass Encapsulated Thermistor

U.5. SENSOR CURVE "I" AGEING CHART
DO35 GLASS ENCAPSULATED THERMISTOR

HOTE: 0.1% CHANGE IN RESISTANCE 13 EQUIVALENT TO 0.02273*C TEMPERATURE CHANGE

D-és / [==2 Cluanee

% Change in Resistance

0 20000 40000 60000 850000 100000 120000
Hours @ 100°C



Sensor Manufacturer Quotes (US Sensor)

Part Number / Description: GP103J5N Rev None
Quantity / Unit Price:

50 pcs @ $10.00 each

5K pcs @ $1.95 each

Part Number / Description: GPJO4L8N Rev None
Quantity / Unit Price:

50 pcs @ $10.00 each

5K pcs @ $1.95 each

Part Number / Description: PPG102A6 Rev A
Quantity / Unit Price:

50 pcs @ $12.00 each

5000 pcs @ $3.96 each

Estimated Lead Time: 7-9 weeks ARO
FOB: Orange, CA
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Thermistor Calculations

Calculations for Temperature and Thermistor Applications
http://www.thermistor.com/calculators.php

Beta Value Calculator - The approximate relationship between the resistance and
temperature for a NTC thermistor.

R - T (Resistance vs. Temperature Tables) — A table showing the standard resistance
at each temperature point.

Steinhart-Hart Calculator - The Steinhart—Hart equation is a model of the resistance
of a semiconductor at different temperatures.

| .
= = A+ BIn(R) + C(In(R))*

Where: T is the temperature (in kelvins)

R is the resistance at T (in ohms)

A, B, and C are the Steinhart-Hart coefficients which vary depending on the type and
model of thermistor and the temperature range of interest. (The most general form
of the applied equation contains a (In(R))2 term, but this is frequently neglected
because it is typically much smaller than the other coefficients, and is therefore not
shown above.)


http://www.thermistor.com/calculators.php




Thermistor Powering

1I"rHEF
T = (Precision Voltage Reference)
(= NTC Thermistor
| <

7™ Precision Current S

K\_// Source <100pA y
—0 TOuUT
1Il"Ilr(Z:I._IT -
|r;~= | NTC Thermistor g (+19% tolerance, metal film)
Available typically 10kQ @ 25°C e

Current Source Voltage Source



High Reliability Thermistor Manufacturers

QTl

« www.thermistor.com QTI Have space grade and military grade parts.
e http://www.thermistor.com/productsNTCElementsSpace.php

* http://www.thermistor.com/productDetails.php?prodID=56

Measurement Specialist
* http://www.meas-spec.com/temperature-sensors.aspx

* http://www.meas-spec.com/temperature-sensors/ntc-thermistor-sensors/ntc-space-
qualified-hi-rel-thermistors.aspx () Have space grade and military grade parts

US Sensor

*  WWWw.Ussensor.com

Omega
 www.omega.com/prodinfo/thermistor.html|



http://www.thermistor.com/
http://www.thermistor.com/productsNTCElementsSpace.php
http://www.thermistor.com/productDetails.php?prodID=56
http://www.meas-spec.com/temperature-sensors.aspx
http://www.meas-spec.com/temperature-sensors/ntc-thermistor-sensors/ntc-space-qualified-hi-rel-thermistors.aspx
http://www.ussensor.com/
http://www.omega.com/prodinfo/thermistor.html

RTD Calculations

Callendar-Van Dusen Equation:
H: = RJ{(1+AT+BT*—100CT*+CT¥)
R;: = Resistance ({1) at temperature T (°C)

H. = Resistance ({1) at 0°C
T = Temperature in *C

For T=0°C, the quadratic formula can be used to solve for
Temperature as a function of measured resistance with the
result:

0 = R.BT*+RAT+ (R.—R;) implies...

T|:| — _HDA_F"\'I H[:.E 2_4H|:|B{HD_HT}
2RB

Platinum RTDs are specified by resistance at 0°C, R,, and alpha,
o, a term related to the temperature coefficient of resistance, or
TCH. The Callendar-VYan Dusen constants A, B and C are de-
rived from alpha o and other constanis, delta d and beta g, which
are obtained from actual resistance measurements. Common
Callendar-Van Dusen constant values are shown in the table
below:

CALLENDAR-VAN DUSEN CONSTANTSY

Alpha, o (°C-) 003750 + .00003 | .003850 + .0001
Delta, 5 (°C) 1.605 + 0.009 1.4999 + 0.007
Beta, p* (°C) 0.16 0.10863

A (°C) 3.81 x 102 3.908 x 10-°
B (°C2) —6.02 x 107 —5.775 x 107
C (°C4* —6.0 x 10 —4.183 x 10

*Both g = 0and C = 0 for T=0°C




RTD Calculations Continued

The definitions of the Callendar Van Dusen constants: A, B, C,
and alpha, delta and beta («, 3 and g), and their inter-relation-
ships are given by the equations below. In all cases, the values of
the constants and the fundamental accuracy and repeatability
performance of an RTD is determined by the repeatability of the
empirically measured resistance values:

HC * ﬂ.HgHm{ * iH-m aﬂd Hgg: * ﬂ.HgEn

Ct"a —ﬂ’l‘a — .
A=at—m B = C..=
“T 300 100° ™ = TH00°
Rix — Re E_H:'[1+&'EBD]—H2§:
100+R - 416+ Ry*

p = Constant for T<0°C

Table 1. Callendar-Van Dusen Coefficients Corresponding to Common RTDs

Standard Temperature A B C*
Coefficient (o)
DIN 43760 0.003850 3.9080x 10-3 -5.8019x 107 |-4.2735x 1012
American 0.003911 3.9692x 1073 -5.8495x 107 |-4.2325x 10-12
ITS-90 0.003926 3.9848 x 1073 -5.870x 107 |-4.0000 x 10-12

* For temperatures below 0° C only: C = 0.0 for temperatures above 0° C.




RTD Circuit Powering Examples

|
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RTD Analog Front End Example

————————————————————————————————

1 R 1
: . Current
! W ' Generator
| ' Circuit
1 mAi | = Rper = 2.5kQ
! = Ao
! 1/
: MCP602
L9 +
Vin o My
R4=100 kQ @
= Rwi %
) VREF E
O +IN|N o
0O — " Vss
SOE || Rw
N . MCP3201
oz .
o Rﬁ
— Ry2 1
FIGURE 5: This circuit uses a RTD temperature-sensitive element to measure temperatures from

-200°C to 600°C. The current generator circuit from Figure 4 excites the sensor. An operational amplifier
(A3) is used to zero wire resistance error. A fourth amplifier (A,) is used to gain the signal and filter possible
alias interference. A 12-bit converter (MCP3201) converts the voltage across the RTD to digital code for the
8-pin controller (PIC12C508).



RTD Manufacturers/Suppliers

Measurement Specialist

* http://www.meas-spec.com/temperature-sensors.aspx
QTl

* http://www.thermistor.com/productsRTDsLeaded.php

RdF
e http://www.rdfcorp.com/products/surface rtds/r-scaplc 01.shtml
http://www.rdfcorp.com/products/capsule/r-mini 01.shtml

Omeqa
 http://www.omega.com/

Honeywell
* http://content.honeywell.com/sensing/prodinfo

Burns Engineering
* http://www.burnsengineering.com/



http://www.meas-spec.com/temperature-sensors.aspx
http://www.thermistor.com/productsRTDsLeaded.php
http://www.rdfcorp.com/products/surface_rtds/r-scaplc_01.shtml
http://www.rdfcorp.com/products/capsule/r-mini_01.shtml
http://www.omega.com/
http://content.honeywell.com/sensing/prodinfo
http://www.burnsengineering.com/

References

RTD App Notes

http://www.rdfcorp.com/anotes/pa-rtd/pa-rtd 01.shtml
http://www.omega.com/temperature/z/pdf/z033-035.pdf
http://content.honeywell.com/sensing/prodinfo/temperature/technical/c15 136.pdf
http://ww1.microchip.com/downloads/en/appnotes/00687b.pdf



http://www.rdfcorp.com/anotes/pa-rtd/pa-rtd_01.shtml
http://www.omega.com/temperature/z/pdf/z033-035.pdf
http://content.honeywell.com/sensing/prodinfo/temperature/technical/c15_136.pdf
http://ww1.microchip.com/downloads/en/appnotes/00687b.pdf

