
IMAPS Device Packaging Conference 2010

001760

D
ow

nloaded from
 http://m

eridian.allenpress.com
/im

aps-conferences/article-pdf/2010/D
PC

/001760/2265824/2010dpc-w
p21.pdf by guest on 03 January 2023



Phase Change Heat Transfer

High Heat Flux Ability Using Liquid Metals

Embedded Directly Under Electronics Heat SourceEmbedded Directly Under Electronics Heat Source

Good Si or Ceramic CTE Matching Abilities
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III. Micro Heat Pipes (MHPs): 

Concept was first introduced by Cotter in 1984Concept was first introduced by Cotter in 1984

Cotter defined micro heat pipe as being “ the one in which the 
mean curvature of the vapor-liquid interface is comparable in p q p
magnitude to the reciprocal of the hydraulic radius of the total 
flow channel”

The basic working mechanism is same as the heat pipes, the 
distinguishing factor being the omission of the “wick” structure

Characteristic small sizes, makes MHPs suitable for the semi-
conductor industry applications
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• DREI etch process performed in Auburn University micro-
machining laboratory

4

machining laboratory
• Process is well characterized and very repeatable in a 
manufacturing environment
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WaterWater
Natural Starting PlaceNatural Starting Place
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Boiling Limit LowBoiling Limit Low
Freezing Point HighFreezing Point High

Indium AlloysIndium AlloysIndium AlloysIndium Alloys

FutureFuture

Liquid MetalsLiquid Metals

Oxidation in AirOxidation in Air CurrentCurrent

G lliG lli MercuryMercury
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Incipient Site RadiusIncipient Site Radius 2 54 x 102 54 x 10--77 50 Å50 ÅIncipient Site RadiusIncipient Site Radius 2.54 x 102.54 x 10 50 Å50 Å

3M FCs3M FCs 0.34 W/mm0.34 W/mm22

WaterWater 1 2 W/mm1 2 W/mm22 2 4 W/mm2 4 W/mm22WaterWater 1.2 W/mm1.2 W/mm22 2.4 W/mm2.4 W/mm22

ThermexThermex100100°°C C 3.2 W/mm3.2 W/mm22

Merc rMerc r 100100°°CC 26 W/mm26 W/mm22 46 W/mm46 W/mm22MercuryMercury100100 C C 26 W/mm26 W/mm22 46 W/mm46 W/mm22

InIn--Ga EutecticGa Eutectic100100°°CC 34 W/mm34 W/mm22
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Liquid Metal MHPs Give Superior Liquid Metal MHPs Give Superior 
Performance.

B. Badran, et al., "Liquid-Metal Micro Heat Pipes," 
Proceedings of the 29th National Heat Transfer 
Conference, August 8-11, 1993, HTD Vol. 236, pp. 71-85 
[4]

Looked at Mercury, Sodium, Potassium
Hg (-38.4 C) Good Candidate 
Na (97 8 C)  T Too HighNa (97.8 C)  Tmelt Too High
K (63.7 C)  Tmelt Too High
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Higher Boiling Limitg g
Higher Heat Transfer Performance – ref. [4]

Melting PointMelting Point Specific Thermal Conductance*Specific Thermal Conductance*

MercuryMercury --38.4 38.4 °°CC 124124

SodiumSodium 97.8 97.8 °°CC 630630

PotassiumPotassium 63 763 7 °°CC 504504

Material Compatibility 
Commercially Available

PotassiumPotassium 63.7 63.7 °°CC 504504

Commercially Available
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Low Liquidus TemperatureLow Liquidus Temperature
High Surface Tension
Wets Si  SiO2Wets Si, SiO2

High Liquid Thermal Conductivity

Indalloy 
Number 

Liquidus Solidus Elemental Composition (% by Mass) 

 °C °C  
60 15 7 15 7 75 5 Ga/24 5 In60 15.7 15.7 75.5 Ga/24.5 In
77 25 15.7 95 Ga/5 In 
14 29.8  100 Ga 
18 61.5 61.5 61.72 In/30.78 Bi/7.5 Cd 

162 72 72 66.3 In/33.7 Bi 
25 77.5 77.5 48.5 Bi/41.5 In/10 Cd 
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Ga
Unknown transport properties
Performance is not predictable

h f h lNo heritage from heat pipe literature
Higher freezing point (~30 °C)
Low vapor density and pressureLow vapor density and pressure
No known safety concerns
Easier for sealing due to solid state during 

ievacuation.
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IV. Charge of the MHP:

It is the amount of working fluid filled into the MHP

Best performances of MHPs were recorded with lower fill ratios Best performances of MHPs were recorded with lower fill ratios 
rather than with high fill ratios [5]

---[5]
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II. Structure and components of the MHP array die: 
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• Base dimensions of the MHP array die
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Indium Bonding 
metallization

28 100 μm wide by 100 

300 μm thick Si Lid

metallization μm deep channels

150 μm thick by150 μm thick by 
5mm wide by 10 
mm long Si die

Deposited Liquid 
Metal
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FORCE

μ-pipette

Removable Glass Lid

Metal

Removable Glass Lid

Channel
Si Die
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10µm of 100µ 100µ Ti/Pt/Au10µm of 
plated In
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Etch wafer, saw and clean dieEtch wafer, saw and clean die
Dip into melted metal bath
Remove photomaskRemove photomask

This step done before dipping for Hg channels

Pattern lidatte  d
top – thermal sensors
bottom – channel metallization

Evacuate and bond lid onto die
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(a) Model                                                  (b) Within the insulation cover 

Calorimeter

Calorimet
er

Insulati
on 
CoverCover
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Thermal resistance

PowerTcesisThermal /tanRe Δ=

Where, 

ΔT = Temperature difference between the evaporator and    
condenser regions of the MHP

Power = Input power to the MHP
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A. First Method – Silicon  Equivalence Method
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Second Method – Effective thermal conductivity

Where, 
Q  I  

]/min)max/[()]/[( LTTAmhpQKeff −=

Q = Input power

L  = Length of the MHP

AMHP = Area of the MHP array

Tmax = Temperature at evaporator end for given Q

Tmin = Temperature at condenser end for given Q               
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Effective thermal conductivity vs. Power for various MHPs

IMAPS Device Packaging Conference 2010

001801

D
ow

nloaded from
 http://m

eridian.allenpress.com
/im

aps-conferences/article-pdf/2010/D
PC

/001760/2265824/2010dpc-w
p21.pdf by guest on 03 January 2023



Thermal resistance vs. Power
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Evaporator temperature vs. Power for various MHPs
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Temperature difference vs. Power for various MHPs

IMAPS Device Packaging Conference 2010

001804

D
ow

nloaded from
 http://m

eridian.allenpress.com
/im

aps-conferences/article-pdf/2010/D
PC

/001760/2265824/2010dpc-w
p21.pdf by guest on 03 January 2023



Uncertainty Analysis
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Comparison of average effective thermal conductivities for 
various MHPs
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Enhancement factor : Improvement of the average effective 
thermal conductivity a charged MHP over that of an empty MHP
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