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Compact Transistor Models: The Roadmap to First-Pass Amplifier Design 
Success, Tony Gasseling, Microwave Journal, March 2012
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Thermal Imaging Techniques

5

J. Christofferson, K. Maize, Y. Ezzahri, J. Shabani, X. Wang, and A. Shakouri, "Microscale 
and Nanoscale Thermal Characterization Techniques," J. Electronic Packaging, 130 (4) 

041101, 2008 
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Drain

Source

Source

Lock-in Thermoreflectance Imaging

Optical 
Image of 

GaN HEMT

(DR/R)/DT 
~10-4 /C

J. Christofferson, A. Shakouri, Rev. of Scientific Instruments, 2005 
K. Yazawa, A. Shakouri, Electronics Cooling Magazine, Vol. 3, p.10, March 2011

• Temp. resolution: 0.08oC
• Spatial: 100’s nm
• Time: 100ns (800ps)

Mega Pixel Lock-in Camera
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Point-by-point Hyperspectral 
Thermoreflectance Coefficient Calibration

-4.E-04

-3.E-04

-2.E-04

-1.E-04

0.E+00

1.E-04

2.E-04

3.E-04

4.E-04

5.E-04

425 450 475 500 525 550 575

Gold Pad

Wavelength (nm)

Th
er

m
or

ef
le

ct
an

ce
C

oe
ffi

ci
en

t (
/o C

)

Dustin Kendig, Microsanj

Gold

Gold
Passivated

Passivated 
Silicon

Silicon

Gold Gold Passivated

Gold 
Pad

Passivated Silicon



8A. Shakouri; 6/9/2017

Heating in GaN Power Transistors

K. Maize, E. Heller, D. Dorsey, et al. CSICS, San Diego, Oct., 2014
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GaN HEMT Breakdown Analysis

After Failure 
VD=26V

Before Failure 
VD=25.5V

Optical Image Thermal Image 141oC

58oC

LGate=2µm, VG= 3V

K. Maize, P. Ye, et al., IRPS, 2017
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Self Heating in Nanowire MOSFET
InGaAs Gate-All-Around 
Multi Nanowire MOSFET

Source

Drain
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150nm

Shin, Maize, et al, IEDM 2014
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Self heating in nanowire MOSFET

Shin, Maize, et al, IEDM 2014
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3D Thermal Mapping

Device 1

Device 2

1µs
500µs
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Joule Mag. (K) @10.8mA
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Sub-Diffraction Thermoreflectance Imaging

http://www.olympusmicro.com/
primer/java/mtf/airydisksize/

Amirkoushyar Ziabari (ITherm 2017)



14A. Shakouri; 6/9/2017Amirkoushyar Ziabari (ITherm 2017)

-3 -2 -1 0 1 2 3 4 50

5

10

15

20

X distance (µm)

DT
 (K

)

 

 

ANSYS Normalized for Au
ANSYS Filtered
Experiment

ΔT
 (K

)

-2 -1 0 1 2 3 40

5

10

15

20

25

30

35

X distance (µm)

DT
 (K

)

 

 

ANSYS Normalized for Au
ANSYS Filtered
Experiment

Distance (µm)

Sub-Diffraction Thermoreflectance Imaging
ΔT

 (K
)

1µm heater line

0.26µm heater line

ANSYS Theory  
+ Diffracton Experiment



15A. Shakouri; 6/9/2017Amirkoushyar Ziabari (ITherm 2017)

Thermal transport at/near nanoscale heaters
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Fourier Law (1822)

Thermal 
conductivity Jean Baptiste 

Joseph 
Fourier, 1822

∂T/∂t = (k/C) ∂2T/∂x2

k/C	~l2/t      <x2(t)>~ kt

Einstein’s Brownian Motion (1905)
Mean-free-path/time λ, t
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1000 steps, Lévy Flight 
a=1.6

1000 steps, Brownian 
Motion

∂T/∂t = D∂2T/∂x2∂T/∂t = D’∂1.6T/∂x1.6

B. Vermeersch, et al., Superdiffusive heat conduction in semiconductor alloys, 
II. Truncated Levy formalism, Phys. Rev. B. 2015 (ArXiv)

P(d)=d-3P(d)=d-2.6
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Summary
• High resolution transient thermal imaging

– Self heating in GaN, nanowires, membranes
• Huge temperature gradients inside power devices

– Pre-breakdown studies
– 3D thermal mapping, Compact thermal models

• New physics of heat transport at room T             
(Tgradient over <0.5µm)
– Hydrodynamic effects (reduced cross-talk between 

neighboring transistor fingers)
– Superdiffusion of heat (Levy random walk)

shakouri@purdue.edu


