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- Joint Validation

- Conclusions
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Spectra-Mat leverages over 50 years of engineering and manufacturing experience in
serving the high power semiconductor laser, RF and MW industries

with tungsten copper and moly copper parts.

Spectra-Mat controls every single production steps in USA of tungsten copper parts
from powder purity to dedicated plating line.
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Heat Flow — .

raditional Material:
WO0Cu: 225 W/mK, CTE =6.5

Lateral Spreading

HTC Material:
Aluminum Diamond: 500W/mK, CTE =7.0
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Diamond 1500 14
Silicon 136 4.1
SiC 4H-Si 430 4
AlSiC 63% SiC >175 7.9
W90Cu 90% W 185 6.5
W?75Cu 75% W 225 9
Mo70Cu 70% Mo 185 9.1
Mo50Cu 50% Mo 250 11.5
CuMoCu 1:4:1 220 6
CuMoCu 1:1:1 310 8.8
Cu/Mo70Cu/Cu 1:4:1 laminate 340 8

(1) GaN HEMT Technical Status: Transistors and MMICs for Military and Commercial Systems. Ray Pengelly, Cree RF, Research Triangle.
Paper at IMS 2009 Boston
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Materials Used in Thermal Management Applications
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- High power densities lead to challenge for existing thermal
management packaging materials which can lead to de-rating
due to thermals

- This reduces the performance potential for the product

(3) GaN HEMT Technical Status: Transistors and MMICs for Military and Commercial Systems. Ray Pengelly, Cree RF, Research Triangle.
Paper at IMS 2009 Boston
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EI Low Surface Roughness (< 0. 84 1um Ra, 32 pinch achieved)
O Metallization that leads to successful die attach

O Good dimensional tolerances and material stability

O Machinable

O Ability to support complex 2d and 3d shapes

O Ability to support larger sizes (> 2" x 2”)
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Aluminum
Diamond

Cross Section of Aluminum Diamond Examples of Aluminum Diamond flange joined to
Joined to Copper Tungsten base Copper Tungsten base

9
5 NN LRt SM' Spectra-Mat, Inc.

Innovators of Nanomaterials and Nanocoatings a SAES Group company

000312



IMAPS 2016 RaMP Workshop and Tabletop Exhibition

package size.

3. Hybrid solution is economically viable.

Aluminum Diamond Copper Tungsten
Base Material AS-D60 Wecu 94/6|W/Cu 90/10
Thermal Conductivity (W,/mK) 500 176 201
CTE (x 10 /°C) 7 5.8 6.2
Specific Heat (1/g°C) 0.62 0.037 0.038
Density (g/cc) 3.2 17.6 17.2
Machinability Difficult Excellent | Excellent
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- Some customer may request AuGe bond of Aluminum
Diamond to Copper Tungsten to allow greater temperature
window for AuSn die attach

3. Other materials could be used such as:
- Silver epoxies
- Silver pastes
- Silver films
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Alloy Properties

Property
Liquidus (oC)

280

Solidus (oC)

280
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Argomax” 8020

Processing Peak Temp (oC) 320-340
Densi'ty (g/cm3) 14.18 Application Film - Die Transfer Film
Electrical Resistance (microhms cm) | 20.7 m—
Sintering Temperature 200-300°C
Electrical Conductivity (%IACS) | 83
Th 1 Conductivity (W"mK) 58 Thermal Conductivity 200-300W/mK
Tensile Strength (PSI) 40,000 Common substrates DBC
Yield Strength (PSI) 36,500
Surface Finish Compatibility Ag. Au
| Elongation (%) 2.1

AuSn 80/20 — Materion
Type = Au based solder
Peak temp = 320-340°C

Argomax 8020 — Alpha

Type = Silver based die transfer film

Peak temp = 300°C

Item
Cure condition
Viscosity

Elastic modulus

Coefficient of thermal expansion

Thermal conductivity

Volume restistance

Shear strength at 260 deg. C

Applicable adhered

Data

200 deg. C 90 min.

140 Pa"s
17.6 GPa
19 ppm
> 200 WTm*K
Gp @
> 30 MPa

Ag, Au, Bare Cu

Appendix
no pressure, in air
E type viscometer 0.5 rpm
Tensile test
TMA method
Laser flash method
Four point probe method

Die backside AufAg plated CU LF

Pressureless Silver Sintering Paste — Kyocera

Type = Silver paste

Peak temp = 200°C

CURED PROPERTIES (after 110°C, 60 minute pre-bake and 200°C, 30 minute cure)

Thermal conductivity 60 45 12 | Wim°K

Electrical resistivity 8 9 35 | pd-cm

Adhesion 3,200 2.200 4,000 | PSI 250+mil silicon die shear, bare ceramic
Thermal expansion 26 26 35 | ppm/°C

Flexural modulus 600,000 500,000 800,000 | PSI

lonic impurities <30 <30 <30 | ppm Total of CF, F-, K+, and Na+

Silver content 93 93 85 | % By weight

Density 6.7 6.7 48 | glee

« NANO MATERIALS
INTERNATIONAL CORPORATION
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Type = Silver Loaded Epoxy
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DM6030Hk — Diemat

Peak temp = 200°C
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aserftiasn or nonda i 2veral 10CaliC
in thermal diffusivity across the bond

- Destructive
- Cross section part and mechanically polish
- Examine with SEM and EDAX

- Cross section part and Argon ion beam polish
- Examine with SEM and EDAX
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- Process is accurate, quick, and non-destructive. Can be used
inline in production.
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Thermal Diffusivit

Thermal Diffusivity Thermal Diffusivity  Thermal Diffusivity
Location 1 Location 2 Location 3

Thermal Diffusivity versus Location

15
TR Ao SM' Spectra-Mat, Inc.

@ SAES Group company

Innovators of Nanomaterials and Nanocoatings

000318



IMAPS 2016 RaMP Workshop and Tabletop Exhibition

16
TR Ao SM' Spectra-Mat, Inc.

Innovators of Nanomaterials and Nanocoatings a SAES Group company

000319



IMAPS 2016 RaMP Workshop and Tabletop Exhibition

The Cross Sectioning Process

Shield

Ar ion beam

ction preparation by CP

Cross se

Sample

Reference: JEOL

JEOL CP Process

- SEM, and EDAX analysis can
be utilized to examine joint
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O Presently manufacturable at competitive cost in a variety of formats.

O Proven concept, and we have the capability to test the assemblies
as required.
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