
 

Composantes de la station (Instrumentation) 

 

Caractéristiques des thermistances utilisées   YSI44033 

 

Figure 18     Schéma avec caractéristiques physiques d’une thermistance (source YSI) 

 

 

Figure 19     Description illustrée d’une thermistance (source YSI) 



Figure 20    Tableau avec paramètres des thermistances 

 

 “Interchangeability tolerance” is the value, in temperature, of how far a specific part may be from the 
nominal Resistance vs. Temperature curve. For example, a GSFC S311P18-08S7R6 thermistor is 
defined as having an interchangeability tolerance of ±0.1°C over the range from 0° to 70°C. This 
means at all points between 0° and 70°C, all S311P18-08S7R6 thermistors are within 0.1°C of the 
nominal resistance values for that particular thermistor curve (typically programmed into the 
instrumentation). This feature results in temperature measurements accurate to ±0.1°C no matter how 
many different S311P18-08S7R6 thermistors are substituted in the application.  

The GSFC specification provides a range of resistance values from 2252 Ω to 30k Ω in either ±0.2° or 
±0.1°C tolerances. YSI also offers a full line of precision probes and components featuring 
interchangeability tolerances of ±0.2°C, ±0.1° and ±0.05°C. These parts may be specified in a Source 
Control Drawing to meet applications requiring a wider range of resistance values or higher levels of 
long-term stability.  

Thermistor stability may be defined as the ability of a thermistor to maintain the same resistance value 
over time when exposed to the same temperature. Failure to maintain the same resistance is 
described as thermistor “drift.”  

“Thermometric drift” is a more specific type of drift in which the drift is the same amount of temperature 
at all temperatures of exposure. For example, a thermistor that exhibits a -0.02°C shift at 0°, 40° and 
70°C (even though this is a different percentage change in resistance in each case) would be 
exhibiting thermometric drift. Thermometric drift: (1) occurs over time at varying rates, based on 
thermistor type and exposure temperature, and (2) as a general rule, increases as the exposure 
temperature increases. Most drift is thermometric.  

Choosing the correct thermistor for the application is the key to providing accurate long-term 
measurements. YSI S-311-P-18 thermistors are recognized among the most stable parts in the 
industry exhibiting less than 0.01°C drift at room temperature exposure for many years. The 
comparison below shows typical drift for YSI thermistors after 10 month continuous exposure at 100° 
and 150°C:  



 
Here are some common failure modes for thermistors:  

Silver migration 
This failure can occur when one of the following three conditions are present: constant direct current 
bias, high humidity, and electrolytes (disc contamination). Moisture finds its way into the thermistor and 
reacts with the contaminant. Silver (on the thermistor electrodes) turns to solution, and the direct 
current bias stimulates silver crystal growth across the thermistor element. The thermistor resistance 
decreases, eventually reaching zero Ω (short). Probably the most common failure mechanism, this 
failure can be eliminated by using the YSI 45000, 46000 or 55000 Series glass-coated thermistors in 
which the glass provides a hermetic seal around the thermistors.  

Micro cracks 
Thermistors can crack due to improper potting materials if a temperature change causes potting 
material to contract, crushing the thermistor. The result is a thermistor that has erratic resistance 
readings and is electrically “noisy.” Occurrence of this failure mechanism can be reduced by properly 
selecting potting materials with compatible rates of thermal expansion and contraction.  

Aging out of resistive tolerance 
If thermistors are exposed to high temperatures over time, sometimes referred to as “aging,” their 
resistivity can change. Generally the change is an upward change in resistivity, which results in a 
downward change in temperature. The occurrence of this failure can be minimized by selecting the 
proper thermistor for the temperature range being measured. Compare the following drift 
characteristics:  

YSI 44000 Series (Used in S-311-P-18 parts)  

 Epoxy-coated, high-density pressed disk.  

 0.20°C drift  

Temperature cycling may be thought of as a form of aging. It is the cumulative exposure to high 
temperature that has the greatest influence on a thermistor component, not the actual temperature 
cycling. Temperature cycling can induce shifts if the component has been built into an assembly with 
epoxies or adhesives which do not match the temperature expansion characteristics of the thermistor.  

 

The operating temperature was originally specified to minimize long term drift and 

provide long term survivability. The following chart defines a typical thermometric drift 

over time based on temperature.  

Operating Temperature Typical Thermometric Drift 

  10 Months 100 Months 

0°C <0.01°C <0.01°C 

25°C <0.01°C <0.02°C 

100°C 0.20°C 0.32°C 

150°C 1.5°C not recommended 



Operating the part above +70 or +90°C (up to 150°C) will not damage the part, but may cause the part 
to shift out of its original ±0.1° or ±0.2°C tolerance.  

 
The operating temperature range is based upon continuous operating within the temperature range. 
Intermittent temperature incursions above and below the operating range will not effect long-term 
survivability. Encapsulant epoxy typically begins to break down at 150°C and the solder attaching 
leads to the thermistor body typically reflows at about 180°C. Either condition could result in failure of 
the thermistor.  

 
YSI manufactures and tests thermistors based upon application specific requirements. We will test 
commercial parts to the GSFC Group A testing criteria, package and mark to customer specifications, 
assemble thermistors into customer specified housings then perform customer specified testing, and  

 
Per MIL-DTL-39032E, Table 1, thermistors by definition are not ESD sensitive.  

 
While specific testing on GSFC S-311-P-18 parts in radiation has not been performed, other YSI parts 
have been exposed to radiation with the following results:  

44033 Thermistors 
The YSI 44033 thermistor is a 2252 Ω @ 25°C (±0.1°C from 0 to 70°C), B-mix part (used in GSFC 
S311P18-01 and -02). Three 44033 thermistors were used for testing, with one thermistor used as a 
control and not irradiated. All thermistors were measured in a constant temperature oil bath before and 
after irradiation. The irradiated thermistors were connected in series with each other through a 1 MΩ 
resistor to a 4.3V supply during exposure to 2.3 x 105 roentgens. The thermistors were packed in dry 
ice continuously from the time irradiation began until they were again measured in the oil bath. 
Thermistor resistance measurements during irradiation indicated they were at approximately -55°C 
during this period.  

These tests were run in air using a 12 kilocurie Co60 spatially extended source. Radiation received 
directly from the source was probably pure gamma rays since the covering on the Co60 blocks beta 
particles. Approximately 50% of the gamma rays had an energy of 1.17 Mev and approximately 50% 
had a 1.33 Mev energy level. The dose rate was approximately 2.3 x 105 roentgens. The only 
measured changes could be attributed to the bath temperature tolerance of ±0.05°C.  

Lead Insulation  
Use of Tefzel (Type “A” lead insulation in the GSFC S-311-P-18) is recommended for its superior 
resistance to atomic oxygen over Teflon (Type “T” insulation material).  

 
There is no limit to the resolution of a thermistor. The limitations are in the electronics needed to 
measure to a specified resolution. Limitations also exist in determining the accuracy of the 
measurement at a specified resolution. For example, a typical YSI thermistor changes four percent of 
resistance for a one degree Celsius change at 25°C. A 10,000 Ω thermistor (S311P18-07) will change:  

400 Ω / 1.0°C 
40 Ω / 0.1°C 
4 Ω / 0.01°C 
0.4 Ω / 0.001°C 
0.04 Ω / 0.0001°C 
0.004 Ω / 0.00001°C 
0.0004 Ω / 0.000001°C  



Based on the example above, in order to define 1 µK (Kelvin), or 1 x 10-6 °C, instrumentation must be 
able to detect a change of 0.4 milliΩ. While this resolution is possible, self-heat and environmental 
conditions are critical considerations when trying to resolve such a small change in resistance. 
Defining absolute temperature to 1 µK is another matter; it is not possible with today’s temperature 
measurement technology. Many of the fixed points used in temperature only state precision to 100 µK 
or 1 x 10-4 °C.  

 
Thermistors are advanced ceramics where the repeatable electrical characteristics of the molecular 
structure (spinel) allow them to be used as solid-state, resistive temperature sensors. This molecular 
structure is obtained by mixing metal oxides together in varying proportions to create a material with 
the proper resistivity. YSI uses three general types of mixes in formulating thermistors of various 
values:  

B Mix: The Basic or standard mix material, which utilizes two metal oxides to form the thermistor 
spinel. This mix is used in parts ranging in value from 2000 Ω to 10,000 Ω @ 25°C.  

L Mix: A Low resistance mix uses an additional metal oxide to lower the base resistivity of the 

thermistor material. This mix is used in making 100 Ω, 300 Ω, and 1000 Ω @ 25°C parts. L Mix parts 
exhibit greater shift in resistance over time and temperature than the other mixes. This makes L Mix 
parts less suitable for higher temperature applications.  

H Mix: A High resistance mix uses an additional metal oxide to raise the base resistivity of the 
thermistor material. This mix is used in making 10k Ω, 30k Ω, 100k Ω, 300k Ω, and 1M Ω @ 25°C 
parts.  

Parts for the GSFC S-311-P-18 specification use “B” and “H” mixes to produce the ceramic sensors. 
“B” mix is used to formulate -01 through -06 parts of 2252 to 5000 Ω @ 25°C, “H” mixes are used to 
formulate the -07 and -08 10k Ω and -09 and -10 30k Ω parts. Note the 10k Ω parts available per the 
GSFC S-311-P-18 specification are “H” mix. 10k Ω parts made from “B” mix are not currently available 
to the GSFC S-311-P-18 specification.  

 
The Steinhart & Hart equation is a three-term polynomial curve-fit of a thermistor’s Resistance vs. 
Temperature response - it is not specific to YSI thermistors. There are other polynomial expressions 
which can be used as well (i.e., four-term and five-term expressions). YSI has a great deal of 
experience with the Steinhart & Hart equation, having used it to generate catalog Resistance vs. 
Temperature charts (all YSI parts are tested to resistance values reflected on these charts). There will 
be some error in applying the Steinhart & Hart equation, but these errors are typically less than 
0.02°C.  

The Resistance vs. Temperature data listed in the YSI catalog was calculated using the Steinhart & 
Hart equation and temperature/resistance values 10°C apart. The calculated values for these 30°C 
regions were then “strung together” and tabulated. This method yields the best curve fit and the error 
for these values is 0.001°C to 0.002°C.  

 

Regarding the RoHS directive, our 55000, 45000, 46000 series and standard bead glass 

encapsulated thermistors with bare leads are compliant with the directive. Our epoxy 

encapsulated thermistors, 44000 and 44900 series do not currently meet the lead free 

requirements of the RoHS directive. We are currently investigating the use of lead free 

solders for our manufacturing processes for our industrial thermistors and probe 

assemblies. We expect to be in full lead free production for the industrial products by the 

end of the first quarter 2006. 



Current tin plated wire, terminal components and solder contain no more than 97% tin.  

The epoxy used to encapsulate our 44000 and 44900 series thermistors is approved by 

NASA as a low outgas epoxy. A copy of the NASA certification letter is available upon 

request. 

 

 

 

Figure 21    Caractéristiques des différents types de senseurs (source YSI) 



 

Figure 22     Valeur des résistances en fonction de la température (source YSI) 



Annexe 6 
Composantes de la station (Instrumentation) 

 

Belden 88761 

22 AWG Stranded Conductors  

Tinned copper 

Twisted pair 

Overall 100% Bed foil Shield 

22 AWG Stranded TC Drain Wire 

Red FEP Jacket (Teflon) 

NEC CMP 

FEP Insulation 

________________________________________________________________________ 

Metal film resistors 

PR1/10,  TC5, 7.5K, 0.1% 

Shunt resistors 

 
 

 



  



 

 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 

 

 
 

 

 

 

 

 

 



 

 

 

 

 

 
 

 

 

 

 

 

 



 


