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Abstract:

Effective thermal management has become mandatory for testing devices with faster
switching speed transistors that are increasing in numbers in smaller packages. These
devices are dissipating more heat while being held at steady test temperature extremes.
In most cases, the heat will exit the device-under-test by conduction through the probes
in the contactor. Newer probe technologies incorporate in-probe radiation features to
support convection for thermal management along with two-point contact for effective

conduction heat removal.

Since these are based on convection and conduction heat removal, it is important that
one understands and apply Re (thermal resistance) as it relates to the probes impact on
thermal management. We must consider this with Re being equal to L/(k * A) where L=
length, k=thermal conductivity of probe material, and A=cross-sectional surface area.
Re = L/(k * A) is only one part of a systemic understanding of what is required from
today’s high performance contactors. This paper will describe how newer probe
technologies are being deployed to improve thermal management at the device-under-
test while reducing the need for large test handler thermal offsets.
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Thermal Management

« Thermal Management is the ability to control the
temperature of a system

» Heat by definition is energy in transit due to a
temperature difference Heat flows from higher
temperature to lower temperature
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Temperature and Heat

* What is temperature and what is heat

— Temperature is the physical property which determines the
direction of heat flow

— Temperature is the physical property of a system that provides a

measure of hotness or coldness

— Temperature is a measure of the average kinetic energy of | * Lower Kinetc
molecules in a body

— Heat flows from higher temperature to lower temperature T
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Analogies

» Electrical engineers use Ohm’s law as an analogy when doing thermal resistance
calculations

* Mechanical and structural engineers use Hooke’s Law and use it as an analogy when doing
thermal resistance calculations

Flux Density

Stress 6[Pa=N/m?]

Velocity v[m/s]

Heat Flux q [W/m?]

Type Structural Analog Hydraulic Analogy Thermal Electrical
Quantity v [ Volume V [m?] Heat Q [J] Charge q[C]
Potential Displacement X[m] Pressure P[n/m?] Temperature T[K=j/k,] Potential V[V=J/C]
Heat Transfer rate Q Current I
3
Flux Load of force F [N] Flow rate Q [N/m¥/s] W=Jis] [A=CJs]
Current Density j

[C/(m?- s)=A/m?]

Thermal Resistance R

Electrical Resistance R

Q=kVT

Resistance Flexibility 1/k[... Fluid resistance R[...
y UK[...] L] BT oo
.. . Thermal Conductivity Electrical Conductance
Conductivity Stiffness k [N/m] R [W/K:m)] UR[...]
Lumped clement finear model Hooke’s Law Hagen-Poiseuille Newton Law of Cooling Ohms Law
P AX=F/k Equation P=QR T=QR V=IR
Distributed linear model Fourier’s law Ohm’s law J=cE
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Heat Transfer

« Heat flows in response to a temperature gradient

« |If two points are in thermal contact and at different temperatures,
(e.g., T1and T 2) then energy is transferred between the two in
the form of heat, Q

» The rate of heat flow from T1 to T2 depends on the two
temperatures and the material conductivity

* If heat rows from hot to cold, (the standard convention)

Thermal diffusivity of selected materials

: T
kA - s s In heat transfer analysis:
4 ® “ T1 g 1 Thermal Th | diffusivity i
“se. "' o™ -. 2 l L Material diffusivity etr:‘a II USIVItYiS
: et gt v [ ] = mm2/s e thermal
X < L, | F, ., s - < T Ais area Gold d ) 127 conductivity divided
. q h -
. . o . . 9 '-‘ v et it 1 is length Copper at 25 °C 111 by density and specific heat
. enesgy molecul PVC (Polyvinyl Chloride) 0.08 capacity at constant
k IS thermal COﬂdUCtIVIty Brick, adobe 0.27 pressure

Wood (Yellow Pine) 0.082 &,
a
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Conduction Heat Transfer

B ﬂ T,-T,

Gekge Gt
q" is the heat flux i.e., the heat transfer rate
x is the transfer rate per unit area If two points are in thermal contact and at
perpendicular to the direction different temperatures, T1 and T2, then
k is the thermal conductivity (W/m)and is  energy is transferred between the two
characteristic of the contact probe material = T
and device lead material . W T |
- the minus sign is a consequence of heat :-,‘.v;-:‘,',‘ *d |
transferred in the direction of decreasing 4 .:~,~,"‘.’,« “...
temperature Lo R e

In short: Heat flow is in response to
temperature gradient
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Forced Convection Heat Transfer

Convection is heat energy transferred between a surface and a moving fluid with different
temperatures as convection.

A fluid is anything that has loosely moving molecules that can move easily from one place to another, i.e.,
Liquids and gases

Though the convection thermal transport is more complicated than with conduction, convection heat
transfer is complicated since it involves fluid motion as well as heat conduction. The fluid motion enhances
heat transfer (the higher the velocity the higher the heat transfer rate). Fluid motion and convection go
beyond the scope of the paper.

The basic convection heat transfer equation is quite simple: ¢ = k A AT (Fourier's Law)
* q’is the heat flux i.e., the heat transfer rate (Q is heat transport per unit of time)

*  kis the thermal conductivity (W/m) and is characteristic of the contact probe material and device lead
material

«  Ais the heat transfer area of the surface (m?)
* AT is the difference between the surface and the bulk fluid (°c)
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Good Thermal Management /Heat Transfer
at the Device-Under-Test
« Conduction and Forced Convection heat transfer
— Required:
* A low pin surface Ra value with repeatable pin force biasing

* A large surface area
* A material with good thermal conductivity Temperature Difference

AT=T,T,
. (k)
Poor surface-to-surface heat conduction

Thermal Conductivity
(W/(m-K))

Thermal Energy
(W)

\Temperaturez
Temperature, (K)

¢k
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CD ragon Lower Kinetic

Higher kinetic energy molecules
energy molecules

* Thermal
— Multi beam design allows for better airflow thru contact pin elements
* Integrated airflow tunnels allow the pins to remain very close to handler’s set temperature during testing

» Heat by definition is energy in transit due to a temperature difference

Conduction Convection

Q:kl—A(T1—T2) q=kAAT

0 q" is the heat transfer rate k is
* Qs heat transport per the thermal conductivity

unit of time *  Ais the heat transfer area of
* Aisarea the surface (m?)
* lislength * AT is the difference between

. - the surface and the bulk fluid
kis thermal conductivity Nature Likes Balance (°C) temperature
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* Imbedded Thermal Diode (LT8614)
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Customer Validation
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Thank You

From
Bert, Mehdi, and everyone at Cohu
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