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U
ntil recently, the limiting 
factor in high-temperature 
electronics has been the 
degradation in semiconduc-

tor properties of the active components 
used. However, with recent advances in 
high-temperature semiconductors and 
silicon-carbide-based materials, passive 
components such as resistors have been 
the limiting factor. As a result, proper 
resistor selection has become a critical 
factor in the design of high-temperature 
electronics to ensure proper operation 
and reliability.

Resistors have traditionally been manufactured by a variety 
of methods and technologies, including metal and metal-ox-
ide film, metal foil, carbon, wirewound, and thick-film meth-
ods. Each has specific characteristics that make them more 
or less suitable for high-temperature applications. Resistor 
degradation at high temperature can vary from a small resis-
tance change over time to a catastrophic change in resistance, 
exhibited by either becoming open circuit or, in some cases, a 
short circuit.

Wirewound Resistors
Although thought of as a mature technology, many wire-

wound resistors actually fare quite well in high temperature 
applications up to ambient temperatures of 200 to 250°C and 
above. Of relatively simple construction, wirewound resistors 
are made by winding a resistance wire (such as Nichrome, 
which has very good high-temperature characteristics and is 
often used in heating elements), onto an alumina or steatite 
ceramic core, and welded to metal end caps press-fit onto each 
end. 

The resistor is typically insulated and 
made weatherproof by encapsulating 
the unit using a vitreous enamel (glass), 
silicone, cement, or epoxy compound. 
The encapsulation material is often the 
“weakest link” and can be the source of 
failure at high temperatures. This can be 
the result of a difference in thermal ex-
pansion coefficient causing cracks in the 
coating and allowing humidity or mois-
ture ingress, initiating stresses on the un-
derlying wire, or due to decomposition or 
degradation in its insulating properties at 
high temperature. As a result, epoxies 

generally aren’t best suited for long-term high-temperature 
applications, but silicones and vitreous enamel materials func-
tion well. 

Vitreous enamel-coated resistors create a near hermetic 
package and provides additional protection in hazardous 
environments that occasionally can be associated with high 
operating temperatures, especially in the oil and gas industry. 
One caveat, though, is that the bulk resistivity of the enamel-
coating material tends to drop significantly at high tempera-
tures, and it’s been known to affect the overall installed re-
sistance as the insulation properties are significantly reduced 
with increasing temperature. 

The high temperature stability of vitreous enamel-coat-
ed wirewound resistors is quite good, exhibiting resistance 
changes of around 1-2% upon exposure to 200°C for 1000 
hours, with typically larger changes for other wirewound 
resistor types. One downside to wirewound resistors is their 
limited upper resistance range, inherent associated induc-
tance (although this can be greatly reduced by specifying a 
non-inductive “Ayrton Perry” winding, which essentially 

Selecting the Right 
Resistor for High-
Temperature Apps 
Although resistors and other passive components are often taken for granted, high-
temperature applications can tax the performance of many resistor types.

1.  Shown is thick-film chip resistor con-

struction.
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winds two wires in opposite directions around the core to 
cancel inductance), and their relatively large size. As a result, 
other resistor types hold more promise for high-temperature 
operation.

Thick-Film Resistors
Thick-film resistors have received a significant amount of 

attention for high-temperature applications in recent years. 
These resistors are made by depositing a blend of metal and 
particles onto a ceramic substrate and firing at a high tem-
perature (typically 850°C or so in air) which creates a con-
ductive cermet matrix. Thick-film conductor formulations for 
high temperature use are typically gold, palladium-silver, or 

platinum-silver (Fig. 1). After laser trim-
ming to value, a layer of glass insulator is 

often applied on top for environmental protection. Thick-film 
resistors can be made quite small, routinely down to 0201 or 
smaller in surface-mounted sizes. 

Because the initial processing temperature for thick-film 
resistors is quite high, this technology holds excellent prom-
ise for future developments of high-temperature applications. 
Testing of special high-temperature thick-film resistors manu-
factured by TT Electronics show less than 0.25% average re-
sistance change after 1000 hours (no load) at 300°C (Fig. 2).

For operation at high temperatures, traditional solders 
aren’t an option (typical lead-free solders have a liquidus tem-
perature of approximately 221°C), so other methods of attach-
ment including wirebonding, high-lead-content HMP solder 

(often Sn05Pb93.5Ag1.5-296°C), or con-
ductive adhesives are used. As a result, 
it’s necessary to select the termination 
materials compatible with the attach-
ment method. This usually requires gold 
terminations for wirebonding or conduc-
tive adhesives, polymer silver, Pd-Ag or 
Pt-Ag for conductive adhesives, and plat-
ed materials with a nickel underlayer for 
HMP solders.

For thick-film resistors, the typical 
temperature coefficient of resistance 
(TCR) is approximately ±100 ppm/°C 
over normal temperature ranges, but it 
can be (and often is) dramatically nonlin-
ear as the temperature deviates from nor-
mal ranges (Fig. 3). However, even if we 
assume a TCR of 100 ppm/°C, operation 
at 200°C above ambient can result in a 
perceived resistance change of as much as 
2% simply due to the temperature excur-
sion—and possibly much more depend-
ing on the actual TCR characteristics at 
higher temperatures. As a result, more 
precise applications may require thin-
film networks or wirewound resistors. 

Thin-Film Resistors
Unlike thick-film resistors, which are 

characterized by an additive high-tem-
perature manufacturing process, thin-
film resistors are typically manufactured 
using a subtractive, sputter deposition 
process. Subsequent manufacturing op-
erations are used to condition the resis-
tor films to optimize high-temperature 

4. The TCR of thin-film resistors in a DIP net-

work is shown at elevated temperature.

2. The effects of high-temp exposure are 

demonstrated by 1000-hr no-load resis-

tance change (HTC series, 0805 size, 180 

kΩ, 20 pcs).

3. Typical TCR characteristics of thick-film 

resistors.
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performance. Thin-film resistors are typically characterized 
by low TCR, precision performance, and often available in 
networks or packages with more than a single resistor. 

The thin-film resistor material of choice is typically either 
a nichrome alloy or tantalum nitride. Both of these materials 
(see table) tolerate high melting points, which tend to result 
in less microscopic grain growth at high temperature and are 
highly resistant to oxidation—two potential sources for sig-
nificant resistance change at high operating temperatures.  

Both resistor films offer good resistance stability and excel-
lent low TCR at normal operating temperatures which carry 
over to some extent at high temperature operation. In addi-
tion, they both possess a relatively linear TCR curve over a 
wide temperature range (Fig. 4). Although the data shown is 
for a nichrome-alloy metal film resistor, similar characteristics 
are seen with the tantalum-nitride materials. An additional 
benefit is illustrated in the graph, which demonstrates the 
close TCR tracking or matching between the resistors in the 

common network (in this case, a 7-resistor network).
One intriguing aspect of thin-film resistors is that a signifi-

cant amount of the total resistance change occurs during the 
first 100 to 200 hours of operation (Fig. 5). Various mecha-
nisms, such as oxidation, migration of metallic layers, or me-
tallic diffusion can cause this resistance change. 

However, the rate of resistance change significantly decreas-
es over time, which allows for a marked reduction in the abso-
lute change in resistance over life by subjecting the resistors to 
a high-temperature bake at or exceeding the temperature that 

the resistors will be used.  This reduction 
in the resistance change is illustrated in 
Figure 6, showing a similar resistor net-
work as in Figure 5, but with a 200°C, 
148-hr bake added. In this case, the re-
sistance change has been reduced to less 
than half over 1,000 hours of exposure, 
dramatically improving overall resistor 
stability. 

Figure 6 also demonstrates another im-
portant characteristic: All of the resistors 
in the common network track each other 
very well over time and temperature. This 
makes it possible for very accurate resis-
tor divider and voltage ratio networks to 
provide excellent performance, even at 
elevated temperatures. 

It almost always lowers cost to specify 
a resistor network with two or more resis-
tors (of different values) that track each 
other well, rather than using individual 
resistors that will give similar tracking 
and matching performance. Figure 7 il-
lustrates the typical ratio tolerance per-
formance of a high temperature resistor 
network—the difference in ratio perfor-
mance is within 0.005% (50 ppm) over 
life.

Thin-film resistor networks can be 
purchased in a variety of package config-
urations, such as SOT23, SOT147, SOIC, 
QSOP, BGA in SMT, along with the ma-
ture through-hole packages like SIP/DIP 
configurations. The 3-terminal (2-resis-

Thin Film 
Material

Melting point 
(°C)

Absolute TCR 
(ppm/°C)

Tantalum Nitride (TaN) 3360° +-15

Nichrome (80Ni20Cr) 1400° +-10

The table illustrates characteristics of common thin-film resistor 

materials.

5. The thin-film resistance shift with time at elevated temperature reveals that a significant 

amount of total resistance change occurs during the first 100 to 200 hours of operation.

6. This resistor network is similar to that as in Figure 5, but with a 200°C, 148-hr bake added. 

The image depicts a reduction in the resistance change, reduced to less than half over 1,000 

hours of exposure, significantly improving overall resistor stability.   
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tor) 1206 divider package shown in Fig-
ure 8 offers outstanding high-tempera-
ture performance and excellent resistor 
tracking over time and temperature. Both 
gold and solder terminations allow flex-
ibility in attachment.

Other Resistor Types
A variety of other resistor types are 

available to the design engineer. These 
include composition, foil, metal oxide, 
and others. With the exception of foil 
technology, other resistor types gener-
ally suffer from reduced performance in 
high-temperature applications and have 
limited applicability. Foil resistors usually exhibit very good 
performance, but they come at a very high cost. Very low re-
sistance value resistors (such as for shunts or current-sensing 
applications) can be facilitated in high-temperature applica-
tions by using metal-strip or formed-metal resistors.

Conclusion
Proper selection of resistors for high-temperature applica-

tions is critical for optimum performance and economy. Al-
though many resistor technologies are available to the circuit 
designer, knowledge of each type’s characteristics and con-
struction is necessary to make the best selection.
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7. The plot illustrates the ratio drift between 

resistors in a high-temperature resistor net-

work.

8. Shown is a cost-effective, 1206-size, 

high-temperature divider package (PFC-HT 

Series).
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