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Developing Novel Thermometry for Operating HEMTs
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Abstract:

As power densities of transistors continue to increase
for high-frequency and high-power electronics,
management of hotspots and heat withdrawal is
becoming an increasingly important aspect of transistor
and chip design. As such, the ability to measure device
heating with high spatial and thermal resolution is highly
desirable to advance device design, budgeting, and heat
spreading systems. However, existing thermometry
approaches are limited to being largely surface-sensitive
or providing insufficient spatial resolution to measure
sub-micron features within transistor structures. In this
project we are developing a synchrotron-based X-ray
diffraction imaging technique into a novel nanoscale
thermometry method for operating high-electron-
mobility transistors.

Summary of Research:

Prior to any attempted measurements of operating
transistors by X-ray diffraction imaging, it is crucial
to understand the structural and electronic properties
of a transistor. As such, two major characterization
approaches were taken at CNF to support our
synchrotron-based measurements. The first is the
characterization of specific device dimensions,
chip layouts, metal contact thicknesses, and surface
roughness in different device regions. These properties
inform and enable X-ray diffraction-based imaging in
different ways. Specific device dimensions and layouts
were used to find a specific transistor to image within
a larger chip even when in situ microscope imaging is
not available, necessitating a blind alignment onto a
device. Metal contact thickness, as measured by atomic
force microscopy, allows a clearer understanding
of the expected X-ray absorption contrast possible.
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Surface roughness measurements were also extracted
from atomic force microscopy for our ongoing efforts
in integrating heat-spreaders into the device structure.
An example of a transistor structure characterized for
measurements by AFM is shown in Fig. 1.
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Figure 1: A high-resolution topographical map of a power
transistor made from stitching together three atomic force
microscopy images with regions of the device labeled. Quantifying
the roughness of the annealed source and drain contacts is critical
for designing effective heat spreader integration strategies.

The second class of characterization carried out for this
project was electrical measurements of the transistors.
Output and transfer curves were measured for transistors
of different source-gate and gate-drain geometries to
determine the relationship with current droop, which
is caused by the device heating. Devices with higher
current droop were selected for better visibility in X-ray
thermal imaging, as well as to test the impact of placing
heat spreaders on the devices. Preliminary measurements
at CNF were compared with measurements during
and after beam time at the Advanced Photon Source
to monitor device health, as navigating measurement
while avoiding X-ray induced damage is a major aim
of the project. Fig. 2 shows output curve measurements
made on the same device at different stages in the
measurement process. It was found that this device
remained operational after exposure to 20 keV X-rays
but was damaged during heated measurements.
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Conclusions and Future Steps:
Chip 5, Device 1A at CNF and then APS

High-resolution spatial and topographical
characterization has been completed through a
combination of optical microscopy and atomic force

microscopy to facilitate X-ray diffraction imaging of
r - (N 1S 7 operating devices to develop temperature extraction
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Figure 2: Output curves of a transistor device measured at beam
time. Solid curves represent measurements completed at CNF
and dotted curves represent measurements at the Advanced
Photon Source during X-ray measurements. Monitoring these
electrical measurements allows insight into changes throughout
measurements.
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