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Tip-sample surface temperature matching – drift minimization

Highlights
 New high temperature vacuum nanoindenter
 Independent non-contact tip heating and active surface referencing
 Thermal drift rates < 5 nm/min at 600°C on Cu – stable measurements

Introduction
One of the primary motivations for development of instrumented indentation was to measure the
mechanical properties of thin films and individual phases/grains. Characterization of thin film
mechanical properties as a function of temperature is of immense industrial and scientific interest.
The major bottlenecks in elevated temperature measurements have been thermal drift, signal
stability (noise), oxidation of surfaces and tip-sample reactions. We present a new high temperature
vacuum nanoindenter capable of performing ultra stable measurements using active surface
referencing.

Working principle

The temperatures read by the thermocouple are not the true temperatures of the indenter and
reference tips as well as that of the sample surface. Therefore, the tip-sample surface
temperature needs to be matched precisely to avoid heat flow across the contact and
consequently, thermal drift. We developed the following 3 step procedure to match the tip-sample
surface temperature for this indenter:
1. Bring the indenter tip within ~ 100 microns from the sample surface and use PID controls to
heat the sample and the tips to the target temperature. A thermocouple mounted on indentation
head will make contact with the sample surface directly now. Adjust the sample surface
temperature to target temperature. Upon temperature stabilization, switch to constant power
mode to prevent instantaneous temperature fluctuations.
2. Coarse tuning: Adjust indenter tip temperature, by using the indenter tip thermocouple as a
probe, to minimize temperature change during high load indents into the sample surface
3. Fine tuning: Further fine tune the indenter tip power to achieve ~ zero thermal drift rates.
(b)

(a)

This system is based on the Ultra Nanoindentation Tester (UNHT) that utilizes an active surface
referencing technique comprising of two independent axes, one for surface referencing and
another for indentation. Extremely stiff and very low thermal expansion coefficient materials used in
tin this symmetric architecture and differential depth measurement technology results in negligible
compliance of the system and very low thermal drift rates. This enables stable and long term
measurements (e.g. creep testing) without having to worry about drift and noise.
Each axis has its own actuator, displacement and
load sensors. For both axes, the displacement is
applied via piezo actuators A1 and A2. The load on
the indenter and the reference is obtained from the
displacement of the springs K1 and K2, measured
with capacitive sensors C1 and C2. The
displacement of the indenter is measured relative to
the reference through the differential capacitive
sensor C3. Continuous control of normal force on
both the indenter and the reference is ensured by
precise feedback loops.

(c)

(a) Indenter temperature change on performing long term creep
indent on the sample
(b) Coarse tuning by adjusting the indenter temperature to
minimize temperature change on contact
(c) Fine tuning indenter heating power directly from thermal drift
measurements
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Pumping speed: 800 l/s
Ultimate Vacuum: 10-7 mbar
Process Vacuum: 10-6 mbar
Vacuum chamber Volume: 100 liters
Partial pressure mixture gas control: 10900 mbar
Flow gas mixture control rate: 0-2000
sccm
User available additional ports
Integrated compressed air-pistons

Non-contact IR heating
and water cooling allow
having precise thermal
flow management
Patent pending

Power delivery
optimization

Isolate mode – Both pumps (Turbo and Roughing) OFF
Measure Mode – Silent mode developed for stable
measurements
The noise introduced by
water cooling is
minimized design
improvements

Special tip design
with embedded
thermocouples

Pumping speed
Vacuum levels up to 5E-6 mBar
achieved within 30 minutes.

Measurements

Conclusions

Thermal drift is a measurement artifact that arises due to thermal expansion/contraction of indenter
tip and loading column. High conductivity and large thermal expansion coefficient materials are the
most challenging samples for elevated temperature measurements due to high thermal drift rates.
Hence, measurements were performed on Oxygen Free High Conductivity Copper (OFHC Cu).

 A new high temperature vacuum nanoindentation system is presented that can go up to 800 °C
 Extensive design features have been incorporated to ensure that noise levels are kept to a
minimum in spite of using turbo pumps for vacuum and water flow for cooling the head.
 The indenter tip and the reference are independently heated using non-contact technology so as
not to affect the measurement signals.
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 The sample and tip temperatures are stable over the duration of measurement without
exhibiting any fluctuations when used in constant power mode.
 Tip and sample surface temperature are matched using a three step calibration procedure to
attain drift rates less than 10nm/min on Cu at temperatures as high as 600 °C. This paves the
way for stable long term measurements like indentation creep testing.
 Stable load-displacement curves were obtained on copper sample and the extracted properties
are consistent with literature thereby validating this system for elevated temperature operation.

Future work
 Push the maximum operating temperatures even higher (up to 1000°C).
 Map out composition gradient thin films deposited on Si wafer as a function of temperature for
accelerated alloy design.
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