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Abstract:
Excessive self-heating in integrated circuits (ICs) is a 
major barrier to performance and reliability within the 
semiconductor industry and necessitates innovation 
in thermal management [1,2], prompting detailed 
measurements of IC temperature with adequate spatial 
and temporal resolutions in designing and characterizing 
innovative cooling devices. This project presents the 
fabrication of an in-line spatial and temporal temperature 
mapping system designed to interface directly between 
an IC and its cooling device, consisting of a dense 

(RTD) sensors. The RTD array was successfully 
fabricated at CNF using a single-layer lift-off process 
on an oxide-coated silicon wafer, before integration into 
a measurement system. Our project validates the design, 
fabrication, and characterization of an aluminum RTD 
sensor array system for in-situ, high resolution thermal 
mapping, contributing to the experimental evaluation of 
IC thermal management solutions.

Summary of Research:
Resistance Temperature Detectors (RTDs) were 
chosen due to their straightforward device physics, 
use of a single conventional conductor, and fabrication 
simplicity through a single lithography step [3,4]. The 

mm sensing area (Figure 1), with two arrays fabricated 
on a single 4-inch wafer. Fabrication employed a lift-

thermally grown SiO2 (Figure 2). A bi-layer of lift-off 
resist and positive tone photoresist were spin-coated 

maskless direct-write tool was used to expose the RTD 
design. The exposed photoresist was then developed in 
a Hamatech-Steag wafer processor, followed by dry-

oxygen plasma descum using an Anatech plasma asher 
to remove resist residues. 
Following development, metallization was performed, 

beam physical vapor deposition (EB-PVD). Lift-
off was performed with an automated tool, and SiO2 
passivation was applied atop metal pattern using 
PECVD after optimizing pre-cleaning to avoid damage 
to the aluminum, providing necessary electrical and 
mechanical insulation. After dicing and packaging, the 
calibrated system performed real-time measurements 
by multiplexing continuously across the sensor array to 
perform 4-point resistance measurements.
Once calibrated, the sensor array showed minimal 
sensor-to-sensor temperature variation under ambient 

During thermal transients, spatial temperature variations 

Conclusions and Future Steps:
The fabricated RTD sensor array successfully 
demonstrated ambient and transients with suitable 
spatiotemporal resolution for non-uniform thermal 
gradients during heating and cooling cycles. The 

consistent with design expectations. Limitations include 
aluminum's inferior thermal properties compared to 
platinum for RTDs, and a lower spatial resolution of 

applications. Future work will focus on validating the 

element analysis (FEA) to ensure accuracy in detecting 
spatial temperature variations.
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