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Christo Bojkov has over 36 years of experience in the semiconductor industry as Eng. Director and 
Senior Technical STAFF at multiple leading Integrated Device Manufacturers (IDM). He has managed 

large engineering groups in the Front End of line (FEOL) and back end of line (BEOL) Fabrication 

facilities with focus on heterogeneous integration of Cu interconnects, Cu-CMP, Pb-free Flip Chip, Cu- 
pillars with Cu-RDL, CSP Assembly and Test for high-power high-frequency GaN & GaAs  mmWave 

products. Christo began his career as a Research Fellow at the Universities of Paris (France), Rome 

(Italy) and at the Max-Plank Institute (Germany). He provides leadership activities currently as active 

committee member at IMAPS and at IEEE/ECTC and as Adj. faculty at UT-Dallas.

Joana Catarina Mendes is a Researcher at the Institute for Telecomunications, Aveiro, Portugal. Her 
research focuses on integrating synthetic diamond into advanced packages for thermal management, 

addressing the challenges of high-power density in AI, HPC, and RF systems. Dr. Mendes has led and 

contributed to multiple international R&D projects, has over 60 peer-reviewed publications, and serves on 
the Steering Committee of the Workshop on Compound Semiconductor Devices and Integrated Circuits 

held in Europe (WOCSDICE). She chaired the 2023 and 2024 editions of the IEEE Signal and Power 

Integrity Workshop, and is a member of the Assembly & Manufacturing Technology sub-committee of the 
IEEE Electronic Components and Technology Conference (ECTC).

Bill Ishii is Sumitomo Electric USA (Thermal Solutions Group) Marketing and

Sales manager, with over 25 years experience in electronic packaging,

assembly, with focus on semiconductor thermal management components. Bill started his microelectronics 

career with Kyocera handling IC packaging for the high-reliability market, high-power and high-frequency 

applications Assembly experience includes wire bond, flip chip, die attach, and SMT. For

the past 10 years with Sumitomo, his work centers on advanced thermal

management materials with attention to CTE requirements. Bill is involved with IMAPS as a Symposium 

track chair, IEEE EPS’ Assembly & Manufacturing Technology committee (AMT/ECTC), and CMSE as a 

session chair.

https://ectc.net/
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Agenda:

❖ Christo Bojkov - Thermal Interface Materials Review 
▪ TIM1/TIM1.5/TIM2 – materials performance vs expectations
▪ Metrology and Reliability
▪ Roadmaps 2025-2030

❖ Joana Mendes - Diamond heat spreaders and related applications
▪ Cooling with Diamond
▪ Integrating Diamond into Advanced packages
▪ Challenges integrating diamond

❖ Bill Ishii - Advanced composite materials for thermal management
▪ Composite Heat Spreader materials and applications
▪ Microfluidics cooling and Spacers for double-side cooling
▪ Siver-Diamond capabilities and roadmap

CMSE, April 29th, 2026  Los Angeles

29th Annual Components for Military & Space Electronics Conference & Exhibition, 2026, Los Angeles, CA
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Power Dissipation is Arguably the Greatest Challenge Facing Modern Electron Devices

TIM 1 (TIM 1.5) -  Die-attach 
materials (Sintered metals, LT Solders, 
PC materials  Thermally Matched 

Composites ……are 60-110W/m-K 

TIM2 – Elastomers, Thermal grease, 
limited to 20+W/mK with most used 
cases closer to 5 W/m-K
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Power Dissipation is Arguably the Greatest Challenge Facing Modern Electron Devices

IMAPS, DPC, March 02, 2026
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Thermal Interface is the issue in most cases- thickness, roughness, Covalent bonding, modulus, 

CTE & elongation under stress, moisture intake…… determine total thermal impedance.

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

CMSE, April 29th, 2026  Los Angeles, CA6
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

Industry Examples
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K. BrennerChristo Bojkov, Kevin Brenner, Walter Voit

https://roadmap.inemi.org/ir/thermal-interface-materials

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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https://roadmap.inemi.org/ir/thermal-interface-materials

CMSE, April 29th, 2026  Los Angeles, CA9



K. BrennerChristo Bojkov, Kevin Brenner, Walter Voit

Power Dissipation is Arguably the Greatest Challenge Facing Modern Electron Devices

CMSE, April 29th, 2026  Los Angeles, CA10



K. Brenner

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

Christo Bojkov, Kevin Brenner, Walter Voit

Thermal Interface is the issue in most cases- thickness, roughness, co-valent bonding, moisture determines total thermal impedance.
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Power Dissipation is Arguably the Greatest Challenge Facing Modern Electron Devices
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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Metallic packaging is fundamentally limited to k ~ 102 W/mK and few materials can tap into the 103 W/mK range.

8/18

G. Chen. Nanoscale Energy Transport and Conversion. Oxford University Press 2005.

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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https://www.pcmag.com/news/huaweis-graphene-conduction-cooling-from-the-lab-to-your-pocket

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

CMSE, April 29th, 2026  Los Angeles, CA15
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

Christo Bojkov, Kevin Brenner, Walter Voit CMSE, April 29th, 2026  Los Angeles, CA17
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Graphene and graphite can be grown directly on 3D metal templates. 
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Chemical Vapor Deposition Microscopic Image Macroscopic Image

Flakes, sheets, foams

Millimeter to centimeter dimensions

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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The thermal conductivity and material quality can be simultaneously characterized for carbon-based TIMs.

16/18

Raman spectroscopy is one of the few metrologies that can uncover the 
underlying nature of changes in thermal conductivity. For example, correlating it 

with a wide range of material properties (defects, strain, etc.)

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

Based on the volume fraction, the solid 
component has k ~ 524 W/mK

CMSE, April 29th, 2026  Los Angeles, CA20
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Raman thermometry can provide accurate temperature measurements for extracting thermal conductivity.

93 C at 7.3 mW heat flux gives k ~ 140 W/mK
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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…..(Dr.Kevin. Brenner at UTD)

Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices
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Power Dissipation is Arguably the Greatest Challenge Facing Electron Devices

Christo Bojkov, Kevin Brenner, Walter Voit, Rafic Addou

https://sites.google.com/view/robert-m-wallace/home/recent-research 

https://sites.google.com/view/robert-m-wallace/home
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Capabilities at UTD in Materials Science and Engineering

❖ Modern CVD techniques to engineer 

▪ properties of highly thermally conductive carbon-based materials on supported (mesh)

❖ Modern spectroscopy methods to establish 

▪ atomic structures and nature of 

▪ defects affecting thermal conduction

❖ Experimental recipes to attach TIM-2 to thermal spreaders (Cu) 

▪ die attach to laminate substrates. 

▪ demonstrations of lateral cooling under multiple die for OVM & SiP designs

❖ RF testing capabilities ( <100 MHz) to register cooling effects (Tj)

❖ Customer driven prototype for micro assembliey

▪ electroless conditioning of CVD coated foams or mesh with conductive materials

▪ PVD coating of foams or mesh for thermal improvements at the interfaces

❖ Engineering talent exchange with the customer under UTD Department of Materials Science and Engineering

18/18IMAPS, DPC, March 02, 2026CMSE, April 29th, 2026  Los Angeles, CA24
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TYPES OF DIAMOND: pros and cons

https://www.diamond-materials.com/en/products/thermal-management/heat-spreaders/; Gracio2010; Zolotukhin2012; http://www.chm.bris.ac.uk/pt

SCD and PCD is commercially available from different 
suppliers

(US, Europe, China, India, …)

Single-crystal diamond (SCD):

 Perfect crystalline structure.

 Thermal conductivity up to 2200 W/m-K.

 Routinely available in sizes up to 10×10 mm2; 2 and 4-inch reported.

Polycrystalline diamond (PCD):

 Polycrystalline structure, with diamond grains connected via grain 
boundaries (graphite, amorphous carbon, etc).

 Phonons are scattered by the grain boundaries, decreasing the 
thermal conductivity.

 Depending on grain/grain boundaries (sp3/non-sp3) ratio the 
thermal conductivity may vary between 1000-1800 W/m-K.

 Routinely available in 4-inch size; 8-inch has also been reported.
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1. Polishing
 Mechanical polishing 

(diamond slurry + rigid plate)
 Chemical-mechanical 

polishing (CMP)
2. Microfabrication
 Laser micromachining 

(cuts, trenches, channels, 
vias)

 Lithography (Al, Cr, Ni, SiO2, 
SiN) + RIE/ICP O2 plasma

3. Surface cleaning
 Plasma cleaning (Ar, O2) 
 Wet cleaning (strong 

oxidizing/acid mixtures)

4. Metallization
 Adhesion layer (Ti/Cr)
 Diffusion barrier (Pt/Ni/W)
 Bonding layer (Au/Cu)

5. Bonding
 Thermocompression 

bonding
 Eutectic soldering
 Nano-Ag sintering
 Liquid-metal bonding

DIAMOND HEAT SPREADERS: CRITICAL MANUFACTURING STEPS



28

DIAMOND & Si, THERMOCOMPRESSION BONDING

Zhong2024a

Reflow (Peak 
260ºC) 6 times

TCT -55~125ºC 
1000 cycles

uHAST 130ºC 
85%RH 96 hrs

HTSL 150ºC 1000 
hrs

Bonding @200°C: metastable Cu-Au-Ti 
nanolayer interface!

 Heterogeneous bonding layer with residual voids and distinct grain boundaries.

 Competing mechanisms during reliability testing:
 In most samples enhanced atomic diffusion during thermal cycling reduces 

residual porosity (void healing).
 In other samples local stress concentrations due to diamond-Si CTE mismatch 

promote void growth and interfacial degradation.
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THERMALLY-ENHANCED PQFN PACKAGE (2023)

Martin2023

Deposition of 100/200/600 nm 
Ti/Pt/Au on TTC backside and 
110 µm-thick diamond.

TTC thinning down. Wet/mounting of TTCs on diamond using 
nano-Ag paste + pressureless sintering in N2.

Wire-bonding.Over-molding. Screen printing and wet mounting 
of TTC-diamond stack on Cu +  
pressureless sintering in N2.

Commercial TTCs.
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SYSTEM- LEVEL APPLICATION: GaN HPA MMIC (2024)

MMIC-on-diamond-
on-MoCu cold plate. 

Placement of 5.25×5.4 mm2 
GaN-on-SiC MMIC on diamond heat 
spreader with a die-bonder and 
pressureless sintering in N2.

Placement of MMIC-on-diamond 
on MoCu cold plate and 
pressureless sintering in N2.

Dispensing of nano-Ag paste on 
Ti/Pt/Au-plated diamond heat 
spreaders and 25.4×25.4×3 mm3 
Au-plated MoCu cold plates.

VanHeijningen2024

DIAMOND 
ID

TC
(W/m-K)

THICKNESS
(µm)

AREA
(mm2)

TM100_500 1000 500

8×8TM200_300 2200 300

TM200_500 2200 500

 Thickness Ag layer: 30 µm.

 TCAG layer 100 W/m-K.

Experimental temperature 
values of CuMo cold plate 
obtained with 1 ms pulses 
and 10% duty cycle. 

 Temperature of MoCu cold plate below the diamond heat 
spreader is almost 30% lower than without a heat spreader. 
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COMPARISON OF DIFFERENT BONDING TECHNIQUES
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COMPARISON OF DIFFERENT BONDING TECHNIQUES
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1. Diamond’s intrinsic properties (low CTE, high Young 
Modulus) may affect assembly reliability.

2. CTE mismatch between diamond heat spreader and chip, 
combined with high lattice stiffness, generates significant 
thermomechanical stress during thermal cycling. 

3. Thermal stresses scale with planar dimensions (length and 
width), so CTE mismatch is especially critical for large-area 
chips and heat spreaders.

4. For chips on crystalline substrates (e.g., GaAs, InP), 
excessive tensile stress can lead to substrate fracture when 
the assembly exceeds the chip’s tensile fracture load.

Mendes2025; Mendes2025a

KNOWN TO DATE RELIABILITY CHALLENGES
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CTE-tailored composites

 Adjust CTE by adding Cu or Al layers to metallization stack.

 Use Cu–Invar–Cu or Cu–Mo–Cu stacks to tune the overall 
expansion of the multilayer.

Die

Diamond heat spreader

Soft TIM - low-temperature solders (In, Bi alloys)

 Suitable for large chips on diamond.

 Low Young’s modulus and creep behavior help relieve strain 
during thermal cycling.

Hard TIM - high-temperature solders (AuSn, AuGe; 280–356 °C)

 High stiffness and higher CTE (13–16 × 10⁻⁶/K) reduce transfer of 
tensile load to brittle semiconductor substrates.

Mendes2025; Mendes2025a

RECOMMENDED MITIGATION STRATEGIES
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Pure Metals

Molybdenum(Mo), Tungsten(W)
Application: Diode and Thyristor, 
Power Transistor Substrate, LED Substrate

Metal Matrix Composites

Cu-W
Application: Opto Electronics, Photonics, 
Wireless Communication, LED Substrate

Cu-Mo
Application: Wireless Communication, 
Opto Electronics, Automobile, Green, LED, 
Industrial machine

CPC
Application: Wireless Communication, 
Opto Electronics, Automotive, Green, 
LED, Industrial machine

Ceramics

AlN
Application: Semiconductor Laser

Submount, LED Substrate

Metal Ceramics

MAGSIC
Application: Power Module, Industrial
machinery, Automotive (HEV) 

SUMICRYSTAL
Application: Semiconductor 
Laser Submount

CVD diamond
Application: Semiconductor 
Laser Submount, 
Power Transistor Substrate

Diamond

Ag-Diamond
Application: Wireless 
Communication, 
Ceramic Package, 
Power Transistor Substrate

Cu-Diamond
Application: Semiconductor 
Laser Submount, 
Power Transistor Substrate

Large selection of CTE engineered Composite materials

TM

TM

TM

-36-
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The importance for thermal management of power devices

As power devices grow in functionality, they generate higher heat and 
thus require advanced thermal management.

Coefficient of Thermal Expansion   

10⁻⁶/KCu 17.1

Si 3.0

GaN 5.6
Al2O3 7.2 

Large 
gap !!!

Thermal Conductivity

W/(m･K)Cu 394

Si 151 GaN 130

Al2O3 17 

00

High T.C.
High thermal stress
(high reliability risk)

-37-
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  CTE engineered thermally matched interface materials

1. High Thermal Conductivity 2. Coefficient of Thermal Expansion (CTE) 

Matching Attached Materials

Package
Si Device

Al2O3
(CTE: 6.5)

If CTE Matches with package,
→ NO ISSUES 

Heat spreader

Thermal Path

Cu Heat spreader
(CTE:17.5)

Cu-W Heat spreader
(CTE:6.5)

CTE mismatch with package,
→ CRACKS OCCUR. 

Si Device

Package

Heat spreader (Lid type)

-38-
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Spacers for Double Side Cooling Module

“Cu”  Spacer “CPC”  Spacer

Cracks occur No cracks occur

Operating temperature<200℃

-39-
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Cu-Mo

【Example】

■Features

■Application

SpacerAg sinter
Solder

Si, SiC

Cooler

Cooler

DBC/AMB

1. Integrated Production
   from raw material to products

2. Common plating types
 

3. Stamping

Ni, Ni-P, Au, Ag, Cu, Pd

Automotive

・Cu-soaked Mo
*Pressed Copper Molybdenum

Infiltration Cu-Mo Block

Infiltration Cu Plate

SinteringPowder 
Forming

(Mo)

10μm(Cross-section)

DSC Power Modules

-40-
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Cu-Diamond composite TIM (Submount for laser diode)

Various bonding layers 
can be formed

Sharp edge ⇒  
 Ensures thermal expansion

Sharp edge
(R≦5μm)

Heat sink

AuSn solder

ヒート

シンク

Au

Heat sink

Ti
Mo
Ni

Au

Pt

AuSn

10μm

■Features

Copper-Diamond
     (500W)

Copper-Tungsten
     (205W)

Aluminum Nitride 

High

High Thermal Conductivity

Low

２.Precise Processing ３. Metallizing １. Material

Submount

■Example

Laser 

diode

AuSn

(solder)

Temperature rise 
without heat dissipation

If R exists

-41-
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Thermal Expansion close to InP and GaAs

Thermal Conductivity higher than Copper

Suitable for the next generation of devices such as GaN and SiC 

Material Cu DC60 DC70 DC80

Thermal Conductivity (W/m・K) 394 550 500 450-500
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200 250 300 350 400
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Temperature (℃)

DC70
GaAs

DC60

W-8T

W-10T CTE can be engineered and 

controlled to customer’s 

specifications
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Application details for Cu-Diamond Composite Materials
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Sharp Edge

(<20μm）

Stacking
CuDia/CuW Submount

Laser Diode

Laser Diode Stack for Industrial / Medical High Power Laser

Mirror
Laser Medium

1. Dissipating heat generated from 

    Laser Diode

2. Reducing distortion of luminous point 

    of laser diode

    

   

   

    Increasing focusing rate of laser beam

Metalworking

1~2um

Cutting Welding

Industrial

Laser

Application of Cu-Diamond and Cu-W Submounts

-43-
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Thermal Properties of Ag-Diamond 

500

550

600

650

Decreasing of Thermal Conductivity Influence of Heat Treatment (800℃)

Before
Heating

After 1st

Heating
After 2nd 

Heating

Temperature Dependence of C.T.E.
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Al 2O3
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Applications of Ag-Diamond

2000 ・ Diamond（α＝2.3）

630 Ag-Diamond(α＝9.5）

500 Cu-Diamond(α＝6.5)
 429 ・ Ag（α＝19）

 393 Cu
 238 Al

Ni/Ni+Au Plating

High temp. brazing possible

２. High Reliability
  Stable After Temp Shocks

３. Metallizing 

【Example】Satcom

■Features
１.High Thermal Conductivity
    >600W/m・K 

Airborne Radar

Thermal Conductivity(W/m・K)

(α:Coefficient Thermal
 Expansion ppm/℃)

Au
Ni

Diamond

Ag

700

650

600

550

500

200 600400 800 10000T
h
e
rm

a
l 
C
o
n
d
u
c
ti
v
it
y
(W

/m
・
K
)

Thermal Cycling

Low

High

Ag-Diamond

Ag brazing Solder

Chipceramic

Ceramic PKG

-65℃

150℃

RT
RT

Repeat

Heat cycles condition
( Liquid bath )

■Applications

-45-
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   Applications for packaging and multiple product designs

Amplifier

Power Module

Submount,
Chip Carrier

Power Module

Power 
Module

Laser Diode

Wind Power Generator

Wireless Communication

Optical Communication Electric Railway

Automobile

MAGSICTM

（Mg-SiC）

CPCTM

Cu-W, Cu-Mo

Cu-Diamond
Cu-W

CPCTM

Cu-Mo

Cu-W Cu-Mo
CPCTM

-46-
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    Conclusion:

CPCTM & Cu-Mo for Spacer
-An ideal buffer plate with SiC & Cu.

-Realize higher reliability of DSC Power Modules.

Ag-Dia, Cu-Mo, Cu-W for Chip Carrier
-Ultra-high and stable TC after thermal cycling.

-Local thermal solution for high-end application.

Cu-Diamond, Cu-W for laser submount 
-High TC and Precision processing.

-Various bonding layers can be formed

MAGSICTM for Baseplate
-High TC and robust shape stability.

-Decrease Thermal Resistance and grease pump-out.

-47-
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 Heat spreader Materials of ALMT

-48-
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