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Introduction

e Contact problems account for 40 percent of all
electrical/electronic failures

e Severe heating due to local current constrictions at thin
film contacts [1-3] and at bulk contacts [2,4] Iis also a
concern to high power microwave sources, pulsed
power systems, field emitters, thin film devices and
Integrated circuits, and interconnects, etc.
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Electro-Thermal Runaway: A Positive Feedback

Increase in Temperature T

Electro-
Thermal

Runaway

*\We investigate one aspect of electro-thermal instabilities,
namely, the increase in electrical conductivity as the
temperature increases, as typical of semiconductors.

*This may lead to thermal runaway, at a fixed voltage.
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Heat Conduction Equation

2
Ca—T:Ka-IZ- FJeE
ot OX

C: Heat capacity

T. Temperature

K. Thermal conductivity
J. Current density

E: Electrical field
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Heat Conduction Equation

Assume electrical conductivity c increases as
temperature T increases, typical for
semiconductors

oc(T)=o,+0,'T

)

JeE=0(T)E’ =(0,+0,'T)E’
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Heat Conduction Equation

)

oT 52T ,
CE v (o, +0,'T)E?

Assume | ~ ejkx

) C %I 0,'E? —xk? [T =0 E?
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Heat Conduction Equation

ol

GO'EZ—Kkz_T _ 00 2

ot

C C

fS>0, T ~e”,ie.thermal instability
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Voltage Scale for Electro-Thermal Runaway

GO'EZ—K‘kz_

S = > (

‘ E> K_kz
\ oo’

Multiply both sides by a length L

EL > (kL) |[—
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Voltage Scale for Electro-Thermal Runaway

—
K

EL > (kL)V — = (KL)V,
Oy

There Is a voltage scale V, which characterizes thermal runaway

—
K

S I
\ o5

k. Thermal conductivity [W/(mK)]

o, : Rate of change of the electrical conductivity with respect

to temperature [1/(QmK)]. NUCLEAR ENGINEERING
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Voltage Scale for Electro-Thermal Runaway

K
VS: —|
\ o

Note: V. depends only on material properties and
IS Independent of geometry or the operating
voltage. It measures the intrinsic tolerance of the
material to electro-thermal instabillity.
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Voltage Scale for Electro-Thermal Runaway

K g, V,
[W/(m-K)] [1/(Q-m-K)] [Volt]
Si 142 0.0012-0.7 14.2-348.9
Ge 58 0.0001-0.05 34-761.6
C (graphite) 127 1.67X10%-8.33%X10° 872.9-3903.8
SiC 370 4X 10" or negative 3% 10*

SIC is the most resistant to thermal runaway for the same
geometry and the same operating voltage, consistent with
the well-known property of this material
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Experimental measurement of
constriction resistance

RTotaI = VI
Rc = RTotal B Rbulk

How to accurately estimate R,
IS very important!

There Is arbitrariness in the decomposition of Ry, INto R
and Ry
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Experimental measurement of constriction resistance

@ current-collecting
electrode

M N

:;'mba a—sp@ﬂ)
B /

| Electrode
GaP :)

N Light emission

\/ Observation
current collected uniformly
S. Sawada, et al, Proc. 58th IEEE around thin film circumference

Holm Conf. on Electrical Contacts,
()

Portland, OR, 242 (2012). \ /'
Case (a) greatly influences R, and  =—_ Zf’“ *
also complicates its evaluation / \ >
Model (b) underestimates R, of
case (a)
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Additional sources of uncertainty
in two-terminal measurement

 Unavoidable contact
resistance at the
measuring electrodes

e Spreading resistance at

the current collecting
electrode

15

/ \Light emission
C Observation

We have case (a) here



Theory vs. 2D cylindrical simulation
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Good agreement due to same geometry used in simulation and theory

S. Sawada, et al, Proc. 568th |IEEE Holm Conf. on
Electrical Contacts, Port]Iand, OR, 242 (2012).



Theory vs. Experimental measurement of
constriction resistance1
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Conclusions

 Made vast generalization in theory of electrical contact, for
both bulk and thin-film contacts (applicable to high power
microwave sources, field emitters, thin-film devices, MEMS,
interconnects, etc).

e \oltage scaling developed for electro-thermal runaway.

e |ssues in experimental measurement of constriction
resistance are discussed.
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