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Introduction: 

Thermal microscopy is a valuable tool for performing failure analysis on electronic parts 

[1]. Failure modes such as a leaking gate often lead to localized current flow, which leads to 

Joule heating which can be detected by infrared (IR) microscopy. Unfortunately, resolution of IR 

thermography is diffraction-limited to ~1m, which limits this technique’s ability to fully 

characterize device failure points, especially when nanoscale electronic materials are being 

evaluated. 

Scanning Joule Expansion Microscopy (SJEM) is a scanning probe microscopy (SPM) 

technique that allows for the detection of the Joule expansion of self-heating samples with the 

nanoscale resolving power of SPM methods [2-4]. SJEM experiments do not require specialized 

SPM probes, and can be performed on modified versions of most commercial SPM systems.  

In this report, we demonstrate the applicability of the SJEM methodology as a high-

resolution compliment to IR microscopy for performing failure analysis on foundry-grade 

electronic parts. A localized failure point in a damaged transistor was imaged via SJEM with 

submicron resolution.  

Instrumentation: 

SJEM measurements are performed with a commercial SPM system having a few 

modifications (Fig. 1). The basic operating principle of the technique is to use the SPM to 

monitor the local thermomechanical expansion as an electrical bias is applied to the sample. 

Although conventional SPMs are able to detect height changes on the order a few Ångstroms, 

the SJEM technique can lower the noise floor even lower to as little as a few 10s of picometers 

by using a lock-in amplifier to detect height changes occurring at the frequency of the bias 

applied to the sample [2]. 

Figure 1: Schematic of the SJEM instrumentation.
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Results: 

A GaN/AlGaN high electron mobility transistor (HEMT) was intentionally stressed to 

failure by placing a -200V bias across the gate and source until a short between gate and source 

developed. IR microscopy imaging of the damaged device at 15x magnification revealed a small 

thermal hotspot, visible as only a few pixels (Fig. 2). SJEM imaging of the hotspot region 

measures the topography of the region along with a map of the current-induced Joule 

expansion, showing in much greater detail the self-heating in the gate feed of the device.    

Figure 2: 15x IR micrograph of damaged GaN HEMT under a 17Vpp, 30kHz gate bias, showing a localized hotspot (top), 20 m
2
 

SPM topograph of the gate feed region (bottom left), and 20 m
2
 SJEM expansion image of the hotspot (bottom right). 
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