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FRAVILLIG TECHNOLOGIES’ 
THERMAL INTERFACE PRODUCTS 

Electricity drives the modern world.  It can be divided 
into two broad segments:  electrical and electronic. 

‘Electrical’ refers to the power generation, distribution 
and motor technologies.  ‘Electronic’ refers to the use 
of electricity to drive appliances of all types and sizes, 
and is generally based on a printed circuit board (PCB) 
format.  Electronic appliances would include tele-
communications, computers, and many others. 

‘Power electronics’ is the 
intersection of electrical and 
electronic, where raw current is 
converted for use in appliances.  
The packaging of power 
electronics requires demanding 
thermal performance, yet is very 
cost-sensitive.

The range of thermal 
management solutions offered in 
the market is based on mature 
technologies that are decades-
old.

Fraivillig Technologies (FT) has 
developed the next-generation 
thermal-management solutions:  
PowerSite™ products, which 
provide excellent performance, 
cost-effectiveness, and 
unsurpassed design flexibility.  The high value 
delivered to the customer by the proprietary technology 
enables the products to be sold at high, sustainable 
profit margins. 

The key to PowerSite products is the heat-sealable TPI 
bond film.  TPI bonds the electronic substrate to the 
metal heat sink.  This allows the soldering of power 
devices directly to the heat sink, giving high thermal 
dissipation while maintaining electrical isolation, all 
without attachment hardware.

FT provides a complete range of electronic packaging 
solutions for demanding power applications.  We 
expect that these products will become the industry-
standard for decades into the future.  When adopted, 
the proprietary nature of PowerSite technology offers 
an excellent business opportunity. 

FT is seeking partners to drive the power electronics 
market to a new standard for thermal management.  

PowerSite TPI-based products have proven their 
performance and durability in demanding power 
applications.  We are now eager to scale-up. 

The business requirements for creating a new standard 
in thermal management follow: 

Leveraging adoptions in the present ‘beta 
applications’ to the broader power market 

Promotion of the PowerSite technologies through 
publications, advertisements, conferences and trade 

shows

Identification and 
development of new 
applications at power 
OEMs and design centers 

A Sales/Marketing force 
than understands the 
thermal management 
market and the power 
electronics industry, and 
can promote and capture 
the value of a high-
performance product 

Establishment of 
partnerships with contract 
manufacturers in Asia 
(where the majority of 
power electronics are now 
assembled) 

Development of additional TPI bond film products, 
so that more application opportunities can be 
pursued (such as where cost is much more 
important than performance). 

All of these critical program items require both 
financial investment and business commitment.  

If you are interested in discussing this opportunity, please 
contact Jim Fraivillig at 512-784-5698, or 
jim@fraivillig.com. 

Fraivillig Technologies Company 
98 Charles Street #1 
Boston, MA  02114 
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FT’s versatile product portfolio is illustrated above.

BACKGROUND:  ‘Power electronics’ covers a wide range of 
industrial applications that utilize power semiconductors.  These 
include units where electric current is transformed from AC to DC, 
from DC to AC, from one voltage to another, etc. (market: power 
converters)., or where electric current is transformed into physical 
motion (market: controls for motion, motor, automotive).  This 
electrical transformation process is not 100%-efficienct and 
produces heat that must be dissipated, or the power semiconductors 
will fail. 

The thermal interface material (TIM) between the power 
semiconductor and the heat sink is critical to the operation of these 
units.  The interface must have high thermal conductivity between 
the surfaces, while maintaining reliable dielectric separation.   

The power electronic market can be viewed as “electronic 
plumbing”, carrying the current where it needs to be in the form 
that is required by the application – the thermal interface has to be 
extremely reliable, but is rarely noticed, unless something goes 

wrong.  In some ways, thermal interface materials are analogous to 
household plumbing materials, but transporting heat not water.  The 
household construction market tends to have a slow conversion to 
new plumbing technologies:  first from wood pipe to metal pipe in 
the 1850s, and then from metal pipe to plastic pipe about a century 
later.  But the adoption of a new technology in this conservative 
market is pretty close to permanent (within a human lifetime at 
least).  The technology transitions in TIMs within the power 
electronics industry are analogous -- slow-but-steady, but with 
product life-cycles in decades rather than centuries. 

PowerSite products are one of only a handful of thermal 
management technologies to have originated and been 
commercially-adopted in the past 30 years old. 

In addition to power electronics, there are other thermal 
management applications in electronic packaging that could well 
utilize PowerSite technology:  CPU modules, LEDs, thermoelectric 
coolers, conventional printed circuit boards.  (Our primary focus is 
now power electronics.  In the quest, to change a technical 
standard, it’s good to start with the ‘low-hanging fruit’.)
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FRAVILLIG TECHNOLOGIES’ 
THERMAL INTERFACE PRODUCTS 

EXECUTIVE SUMMARY 

The portfolio of FT products has the performance and cost-structure to become the next-
generation standard in the thermal management of power electronics.   

The technologies are based on the heat-sealable TPI bond film and are protected by a 
range of patents, awarded and pending.

The TPI materials, equipment and processes are already developed and optimized. 

The performance in leading-edge power applications has been proven. 

The next step is leveraging our experience --and promoting, qualifying and selling-- the 
technology across power electronics and other high-performance markets. 

Once adopted, the high value-in-use of the proprietary TPI technology will provide 
profitable sales with long-term customers.  This value can be captured by selling only the 
high-margin TPI bond film to converters and manufacturers.  Or, forward-integration into 
electronic assemblies –even on a subcontract or license basis-- would allow greater 
revenue and profitability. 
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A forecast of potential demand for TPI bond film follows:, based on market size, along 
with expected penetration and product pricing by application.

TPI MARKET 
POTENTIAL Material Demand  Material Revenue

POWERSITE 0.7 M sqft/yr  $5 M/yr 

       
POWERFLEX (taking business from…)     

High power IMS 0.7 M sqft/yr  $6 M/yr 
 Ceramic 1.7   $14 M/yr 

Auto control PCB/PSA 3.0   $15 M/yr 

Subtotal    5.4 M sqft/yr  $34 M/yr 

POWERVIA 0.7 M sqft/yr  $6 M/yr 

     
TOTAL DEMAND 6.9 M sqft/yr  $45 M/yr 

       

These projections are based on market size, along with expected product penetration and 
pricing by application: 

         
POWERSITES   (thru-hole PCB)   POWERFLEX  (SMT PCB)   
Discrete devices 1.0 Billion  IMS Total market 150 M USD  
Area/device 0.7 sqin   Cost/area 0.3 USD/sqin 
Total market 4.9 M sqft   Total area 3.5 M sqft  
Penetration 15%    Penetration 20%   
Total potential 0.7 M sqft   Total potential 0.7 M sqft  
Avg price $7.00 /sqft   Avg price $8.00 /sqft  
        
    Ceramic Total market 1000 M USD  
POWERVIA  (SMT PCB)    Cost/area 0.4 USD/sqin 
Total automotive 20 M cars   Total area 17.4 M sqft  
Total appliances (‘App’) 500 M units   Penetration 10%   
Number/car 20 cooled devices  Total potential 1.7 M sqft  
Number/app 4 cooled devices  Avg price $8.00 /sqft  
Penetration--Auto 10%       
Penetration--App 3%   PCB/PSA Total market 20 M cars  
Area/PV 1 sqin   Area/car 1 sqft  
Total area 0.7 Msqft   Total area 20 M sqft  
Average film price $8.00 /sqft   Penetration 15%   
Material revenue $5.6 M   Total potential 3.0 M sqft  
Average PV price $0.20     Avg price $5.00 /sqft  
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Reaching market penetrations of 3% or 10% with a revolutionary new technology in a 
conservative market takes time, effort and resources.  Based on the proven performance 
and the competitive cost-structure of the TPI technology, we believe that these are 
realistic medium-term goals. 

Profitability

TPI bond film has a gross margin of 60-75%, depending on the application and volume.  
(For instance, with a $1000 sale of TPI film, the total cost of materials and processing is 
only $0.25-0.40.) 

As with any new material, expense for marketing and technical support would be 
required to build the business.

With forward-integration into subassemblies, the absolute profitability potential 
increases, but the relative margin falls.  The sustainable mark-up on purchased hardware 
materials for subassemblies --such as heat sinks and power devices-- generally is 15-30% 
in competitive, high-volume applications. 

PowerSite TPI technology is unparalleled in the system performance-vs-cost in many 
thermal management applications.  In addition, it is proprietary and patented.  This could 
provide licensing opportunities, in which royalties are paid by qualified manufacturers on 
sales of their units.  (This might slow adoption rates, but could dramatically increase 
profitability.)
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BUSINESS MODEL and INVESTMENT 

Owning the standard for thermal management in power electronic packaging provides a 
substantial business opportunity.  The PowerSite TPI technology is proprietary and 
patented.  Profit margins products are high.  Once widespread adoption is underway, 
sales revenue potential would be a decided by the owner of the TPI technology:  What 
level of pricing is appropriate to garner the widest profitable sales? 

The business model could be as simple as selling a single type of TPI bond film in roll 
form.  The amount of value-addition could be decided based on incremental profitability: 
from supplying the TPI in sheets or punched shapes –to-- building custom baseplates 
with soldered components.  As the TPI technology results in a ‘better power supply’, 
licensing opportunities could also exist for exclusive agreements with selected 
subcontractors and even OEMs. 

The product and process development of the PowerSite TPI technology has already been 
done for most enduse applications.  The technology has already been tested, qualified and 
commercialized.  Investment would be required mainly to expand the market and develop 
the brand.  In addition, this TPI technology may already have synergy with existing 
product lines with manufacturers, and can be sold to existing customers. 

As reviewed in the Introduction section, the business requirements for creating a new 
standard in thermal management follow:

Leveraging adoptions in the present 
‘beta applications’ to the broader power 
market

Promotion of the PowerSite 
technologies through publications, 
advertisements, conferences and trade 
shows

Identification and development of new 
applications at power OEMs and design 
centers

A Sales/Marketing force than 
understands the thermal management 
market and the power electronics 

industry, and can promote and capture 
the value of a high-performance product 

Establishment of partnerships with 
contract manufacturers in Asia (where 
the majority of power electronics are 
now assembled) 

Development of additional TPI bond 
film products, so that more application 
opportunities can be pursued (such as 
where cost is much more important than 
performance).

Power electronics –the main market-focus for the PowerSite products at this stage—tends 
to be conservative in the adoption of new materials. The upside of this conservatism is 
that once entrenched, a product’s market position tends to remain secure.  New products 
are typically evaluated on a next-generation design of a power module.  Even if 
everything goes smoothly in the module’s prototype, qualification and overseas 
manufacturing, the sales revenue for a material in that module might still lag due to many 
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reasons.  For instance, the OEM’s customers for power supplies also tend to be 
conservative and wary of betting on new technology (mostly the power supply, not the 
insulation material).   

A representative revenue stream for a material in 
a specific (theoretical) power module design is 
shown opposite.  Sales for many designs might 
not peak for 4-5 years.  After the product matures, 
sales flatten while the next-generation design is 
introduced to the market by your customer, and 
his customers begin to adopt the new design. 

The market development plan should reflect this 
adoption and product lifetime cycle.  The early 
adoptions, before a product becomes established, 
are the toughest to garner. 

Much of this, of course, comes as no surprise.  Manufacturers of high-tech materials are 
generally very familiar with the requirements and steps to drive a new technology into the 
market.  There will be incremental cost associated with the following: 

Building the PowerSite TPI ‘brand’ – like practically all markets, power electronics 
market is brand-conscious.  Advertising in industry magazines, literature mailings, 
trade shows and conference papers all provide important exposure and leads.  The 
technology’s cost-effectiveness and design-flexibility should be emphasized. 

Marketing and Sales organizations – incremental cost can be minimized by using 
existing Marketing organizations and Sales channels.  There will be a need for 
specialized training and technical support with even the most technically-advanced 
sales force.  The marketing force would also lead the effort to identify and develop 
other markets beyond conventional power electronics. 

Supply chain – the success of the PowerSite TPI technology is dependent on its 
proper usage and the competitive pricing of the electronic subassemblies that utilize 
it.  An experienced and qualified supply chain is critical in all regions.  Identifying 
and supporting the PowerSite TPI converters and manufacturers (of PCBs and heat 
sinks) will require resources, especially during scale-up.  Supply-chain partners will 
require specialized equipment and tooling for TPI bonding.  Expertise and comfort 
with custom equipment is a critical. 

Product development – to best take advantage of the market opportunities, a TPI bond 
film product line with tiered price-vs-performance will be required.   This product 
structure, of course, allows differential pricing based on the trade-off between cost 
and performance.  For example, we already have some excellent candidates for a 
lower-cost TPI bond film, which could be priced one-half of the standard all-
polyimide TPI film, and still be very profitable.  (Its thermal impedance and 
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durability would not be as good as the standard TPI, but would work great in many 
low- and mid-range applications.)  There would be minor costs associated with 
developing, testing and qualifying this and other new thermal interface products. 

The amount of resources that would be required to develop, grow and support the 
PowerSite TPI business depend –in a large part-- on the capabilities of the existing 
organization and supply-chain partners. 

The incremental marketing and development expenses (reviewed above) to support the 
business would be invested efficiently.  Since its inception, Fraivillig Technologies has 
practiced lean manufacturing, lean R&D, lean sales/marketing, lean technical service and 
support.  This experience can be brought-to-bear on the business moving forward. 
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FRAVILLIG TECHNOLOGIES’ 
THERMAL INTERFACE PRODUCTS 

TECHNICAL SUMMARY 

PowerSite™ technology has the potential to revolutionize the thermal management of power 
electronics and other demanding applications.  It provides a robust method of attaching power 
electronics as close as possible –both physically and thermally—to the metal heat sink and ambient 
cooling air.  One OEM refers to PowerSite technology in their press releases as “metal-to-metal 
bonding”… and except for 1.3 mils of ceramic-filled polymer, that is literally true.  And this is 
accomplished with 4000Vdc dielectric strength, no attachment hardware and no pressure dependency. 

The beauty of the PowerSite technology is its simplicity.  Despite a wide range of end-use product 
formats for PowerSite, PowerFlex and PowerVia constructions, a single bond film can satisfy 
practically all applications.  Our standard bond film product is 130TPI, which is a ceramic-filled 
Kapton® polyimide film with 0.15 mil of thermoplastic polyimide adhesive on both sides, and could 
be used in all applications.

Typical properties for a PowerSite made with 
130TPI are shown in the adjacent chart.  This 
construction includes processes of heat-seal 
bonding copper foil to an aluminum heat sink, 
and then soldering-on of a power device.  (See 
schematic below; PowerFlex and PowerVia 
formats would have equivalent properties.)   

On a micro-level, where the thermal transfer happens, the PowerSite 
construction is practically always the same:  copper foil intimately-bonded 
to aluminum.   

The PowerSite process is always the same:  heat-sealing the copper foil to 
the aluminum heat sink.  The tooling and process conditions can vary, for 
both the bonding and the soldering operations, based on the heat sink 
configuration.  A schematic of the typical PowerSite processing is shown 
opposite.
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The equipment required for PowerSite processing is very simple.  It’s all about heat and pressure:  the 
polyimide-adhesive bonding is done up to 300oC and 600 psi.  Dwell time at full-pressure is short, 
typically 15-30 seconds.  For high-volume, the PowerSite process is easy to automate. 

The performance-vs-cost ratio delivered by 
PowerSite technology is unparalleled: 

Competing against insulation 
pads+hardware for mounting power 
devices… PowerSite technology has much 
higher thermal transfer at comparable cost. 

Competing against metal-clad PCBs for thermal circuitry… PowerSite technology has comparable 
thermal transfer and more design flexibility, at lower cost. 
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The performance of PowerSite pads is compared with conventional technologies in the adjacent chart: 
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Conventional thermal management technologies are mature.  There is little room for any improvement, 
other than ‘incremental bumps’ in performance.  (See ‘Intellectual Property’ section for in-depth 
review of both PowerSite technology and that under-development at the market leaders.) 

PowerSite technology can still benefit from improvements in thermal performance and cost-
effectiveness.  In the chart below, TPI modification options are reviewed for altering (1) the thickness 
of the substrate, (2) the composition of the substrate and (3) the adhesive type.  The impact on the 
electrical and thermal performance, along with the relative cost, is given for each candidate. 

PowerSite™  TPI Bond Film Design Modifications 

Modification Thickness
(total, mil)

Thermal impedance
(oC-sqin/W)

Dielectric strength
(Vdc, minimum)

Cost
(relative)

Thinner substrate
(same ceramic-loading) 1.0 0.08 3000 1.2

Standard
(FT’s 130TPI) 1.3 0.10 4000 1X

1.0 0.12 4000 0.8
Unfilled substrate

(no ceramic-loading) 1.3 0.15 5000 0.7

Unfilled substrate 
+

Hybrid adhesive 
1.3 0.15 5000 0.5

In high-end applications requiring the maximum thermal transfer, customers will eagerly pay a higher 
price for PowerSite bond film. 

In many other applications, however, customers would want to minimize their cost (especially where 
PowerSite performance exceeds their requirements) and would gladly use the lower-cost bond film. 

The option listed last on the above chart –the bond film with ‘Unfilled substrate + Hybrid adhesive’—
will also be attractive from a processing standpoint.  This hybrid adhesive activates at a considerably 
lower heat-seal temperature than the thermoplastic polyimide adhesive on the other bond film 
candidates.  (However, a post-bake in a oven is required then to fully-cure the hybrid adhesive before 
device soldering.) 
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OTHER CONSIDERATIONS 

Moisture absorption

All polyimides absorb moisture, which must be dry before exposure to extremely high temperatures, 
such as those experienced during PowerSite heat-sealing and device soldering.  After heat-seal bonding 
(and before soldering), PowerSite heat sink assemblies need to be kept in a sealed, dry environment to 
prevent water absorption from ambient air.  If water absorption has occurred, the PowerSite assembly 
should be baked before soldering.  [NOTE:  In general, moisture release is only a problem if it has 
nowhere-to-go, such as when it trapped between metal layers, whether in the application or process.  
Blistering then can result.]

Moisture evolved from condensation reaction (during heat-sealing only)

The TPI thermoplastic polyimide adhesive is partially-cured until exposure to the high-temperature  
heat-sealing process, where the conversion from polyamic acid to polyimide polymer is completed.  
During heat-up in the bonding fixture, this moisture from the polyimide chemistry’s condensation 
reaction --along with the moisture from water absorption-- needs to escape before full-pressure is 
applied.  If this is not allowed to occur, blistering will occur in the bondline, which is detrimental to 
both physical and thermal integrity.  Proper drying typically only requires a fraction of a minute at the 
elevated PowerSite temperatures.  The PowerSite heat-sealing equipment and processes are designed 
for this product characteristic. 

Solder

As in any surface-mount application, PowerSite pads require a thin layer of solder to adhere the power 
device to the copper.  To minimize cost, we recommend –and can supply at a nominal charge—solder 
pre-forms for this process.  Especially in applications that require lead-free solder, the cost of 
conventional no-lead solder paste is considerably greater than rolled solder pre-forms. 

Dielectric Durability

In some rare applications where the metal surfaces that are heat-sealed (solderable surface and/or heat 
sink) have a significant amount of surface roughness, the dielectric integrity of the PowerSite might be 
compromised, due to physical damage.  In these cases, we would supply a TPI bond film with a thicker 
substrate.

Corona-Resistance

In some power supply applications (continuous AC exposure > 500Vac), corona-resistance of the 
PowerSite polyimide-based dielectric becomes critical.  For these instances, we would supply a TPI 
bond film with enhanced properties for corona-resistance.  This filled polyimide substrate has about 
100X the corona-resistance of conventional unfilled polyimide films of equivalent thickness and 
slightly lower thermal transfer. 
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POWERSITE™ SOLDERABLE PADS 

PowerSite pads are copper patches 
bonded to heat sinks with TPI bond film.  
Discrete power devices, such as TO-
220s and TO-247s, can be soldered to 
the copper patch.  No attachment 
hardware is required.  Thermal 
impedance for a PowerSite made with 
FT’s flagship all-polyimide 130TPI 
bond film is only about 0.1oC-sqin/W. 

The temperature level in power 
electronic packaging is high and 
continues to climb.  Semiconductor die 
temperature must be kept below 150 oC,
or the power device, and therefore the entire power supply, will fail.  The use of 
PowerSites –versus a conventional insulating pad and attachment hardware—can reduce 
device operating temperature by 2 oC/Watt for a TO-220 or 1oC/Watt for a TO-247.  The 
more thermally-efficient PowerSite can allow the design and operation of power supplies 
with more power, more reliability, more compact design. 

In conventional applications with insulation 
pads, attachment hardware is required to hold 
the power device onto the heat sink at high 
pressure (which ensures its thermal transfer). 
As noted earlier and shown in the illustrations, 
PowerSites uses a heat-sealed bond film and 
copper pad + solder to adhere the device 
directly to the heat sink.  This aspect also 
eliminates the need for modifying the heat 
sink to accept attachment hardware, as well as 
gives more UL clearance around the heat sink 
subassembly in the power supply. 

High-end power supplies often use power devices that are $1 to $2 or more per device.  
The cost of the PowerSite is a small fraction of this, and can be well justified in many 
applications. 

Benefit of owning the PowerSite technology: 

PowerSites are the highest performing insulation pads on the market. 
The technology is patented, with other patents pending. 
As PowerSites provide high value-in-use… yielding excellent performance which 
enables the OEM to market a premium product… therefore, the materials can be sold 
at a high margin. 
In addition, profits from manufacturing proprietary power subassemblies can be 
obtained.  (This could include technology licensing.) 
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When power electronic applications move to PowerSite technology, it becomes very 
difficult for an OEM to ‘switch back’ to the old design, due the high thermal 
performance and the elimination of hardware. 

Product description:

The key to the PowerSite technology 
is the bond film.  Our flagship 
product, 130TPI, is an all-polyimide 
construction of thermally-conductive 
Kapton film with a very thin coating 
of thermoplastic polyimide on both 
sides.  The total thickness is 1.3 mils, 
or 33 microns.  This is one-half the 
thickness of a human hair.  Yet the 
dielectric strength is over 4000 Vdc.

The copper foil used in PowerSites is 
a custom-grade with a low-profile treatment on one side (to accommodate the thin 
adhesive coating during bonding) and a durable tarnish-resistant coating on the opposite 
side to guarantee solderability. 

The solder used in PowerSites can be either paste or pre-forms.  
Rolled pre-forms are preferred for high-volume applications, due 
to cost, especially with the transition to lead-free solder. 

Heat-sealing equipment for PowerSite assemblies are simple 
custom designs with heated platens and an air-pressure cylinder.  
Custom fixturing is required for each job.  A single heat-sealing 
station can produce several PowerSite units per minute with a 
single operator.  The cost of the heat-sealing station would be 
about $10-15K.  The run-rate depends on the size of the assembly, 
but manufacturing time per assembly is typically about 2-to-4-per-
minute-per-station.  

The soldering of the power devices to the heat 
sink is done with a hot-plate system that 
moves the assemblies through the process and 
reflows the solder.  The cost of the soldering 
station is about $5-10K.  Run-rate is 
dependent on the size of the assembly, but 4-
12 per-minute is typical.  (Rate is typically 
limited by the manual placement of the solder 
and power devices on the heat sink.) 
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Placement templates are often required to 
ensure accurate positioning of the PowerSite 
patches through the bonding process.  These 
templates would also be sold to the customer, 
and are a disposable item.  An example of a 
disposable template is shown opposite.  The 
power supply construction –PowerSite baseplate 
soldered to the PCB—are shown below. 

Performance:

PowerSite pads use solder to attached power devices directly to heat sinks.  No hardware 
is used, and therefore pressure dependency --to ensure thermal transfer-- is eliminated.  
The thermal transfer of PowerSites is much better than insulation pad materials + 
hardware (even with ideal pressure).  A chart comparing PowerSites, generically 
described as ‘Laminated copper’ below, to various insulation pads appears below. 

Note that PowerSites run cooler with the same heat-load, due to the low thermal 
impedance across the interface. 
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PowerSite thermal impedance is only 0.1oC-sqin/W.  This lower impedance translates to 
a considerable thermal advantage over conventional insulation pads: 

POWERSITE THERMAL ADVANTAGE
(over alumina-filled pads + hardware)

TO-220 2oC/W

TO-247 1oC/W

Example:  A TO-220 device with 10 Watts of dissipated heat will run about 20oC cooler 
with PowerSite mounting.

For OEMs, this advantage can translate into power supplies with higher output and 
improved reliability.  This allows OEMs to make higher margin on their unit-sales. 

Supply chain:

TPI bond film consists of thin coatings of high-temperature, heat-sealable adhesive on 
both sides of a high-temperature dielectric film.   

Kapton polyimide film is purchased from the DuPont Company.  Alternative substrates 
would also work in most applications (and could be preferred in very cost-sensitive 
cases) – these would include Ultem film and generic polyimide film. 

Adhesives used by FT are proprietary formulations.  Toll manufacturing is done in New 
Jersey and Chicago.  Adhesive formulations are trade-secrets.  (The adhesive must bond 
quickly in a heat-seal operation, but then be able to withstand high-temperature soldering 
in the next process step – this characteristic makes the adhesive’s properties unique.)   

Film coating is done on a toll-basis in New Jersey. 

EIS Fabrico of Kennesaw, GA provides value-added conversion services and markets the 
PowerSite technology to OEMs.  EIS also designs PowerSite process equipment and runs 
prototype production. 

PowerSite subassemblies are built by several companies in Asia.  Union Bridge of 
Guangdong, China has been a qualified PowerSite supplier for several years.  GMTS of 
Taipei, Taiwan should receive full-qualification shortly.  Other suppliers are in the 
process of being evaluated as well. 



FT PowerSite 5 9/3/2005 

Competitive position:

PowerSites must compete with the wide range of thermal insulating pad suppliers.  These 
include Bergquist, Loctite Power Device, Parker Chomerics, among many others.  As this 
is a mature and often very competitive market, prices can be quite low.   

Even with extremely good thermal performance, PowerSites must be close in total cost to 
the conventional insulation pad designs, which include the pad, the attachment hardware 
(with required heat sink modifications), and the assembly labor.  With low-cost Asian 
labor and a lower-cost FT bond film, we should be able to ‘compete on price’ in power 
applications where cost considerations are paramount.   

PowerSite technology provides excellent thermal performance and durability in thermal 
management applications.  Once production-volume processing is established, the cost of 
PowerSites is very competitive with the existing insulation pad + hardware technology.  
A comparison chart is shown below for the system costs of commodity- and premium-
grades of both PowerSite and conventional insulation pads. 

THERMAL MOUNTING COSTS for TO-220 DEVICE
(Asia-based high-volume assembly operation)

POWERSITE INSULATION PADS 
Component Commodity Premium Commodity Premium 
Insulation material $0.05 $0.10 $0.03 $0.10 
Hardware 0 0 $0.01 $0.10 
Heat sink modification 0 0 $0.01 $0.05 
Assembly labor $0.05 $0.05 $0.03 $0.05 
TOTAL $0.10 $0.15 $0.08 $0.30 

Note: These are general estimates.  Specific applications will vary. 
Material cost for larger TO-247 devices will be higher. 

Note that PowerSites are cost-competitive in both (1) materials and (2) total system cost 
with the conventional insulation pad + hardware.  This parity is a requirement in the 
hyper-cost-sensitive Asian power supply market, where most OEM units are now 
assembled.  When PowerSites are designed-in for their improved performance, there 
would be no incentive to switch back.  In fact, in applications where the higher thermal 
transfer of a PowerSite is utilized in the design, switching to insulation pads + hardware 
would require downgrading the rated performance of the unit, which of course OEMs 
would be very reluctant to do. 

PowerSite technology is protected by patents awarded and pending.  If an unlicensed 
overseas supplier was identified as using patent-protected technology –without FT 
materials and/or permission-- shipments of the entire assembly (such as a power supply) 
could be stopped by US Customs.   
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POWERFLEX™ THERMAL CIRCUITS 

PowerFlex thermal circuits provide next-generation, high-
performance thermal management, using conventional materials and 
processes.  They utilize conventional printed circuits, such as FR4, 
bonded with FT’s proprietary TPI bond film to aluminum heat sinks. 

The thermally-conductive Kapton substrate and thin coating of 
polyimide adhesive of the TPI bond film yield a construction where 
the copper conductors are bonded within 1.3 mils of the heat sink 
(thermal impedance of about 0.1oC-in2/W), while providing over 
4000 Vdc dielectric strength.

PowerFlex yields the following advantages over existing thermal management substrates, 
which include --at the 'high-end'-- Insulated Metal Substrate (IMS) and Direct-Bond 
Copper ceramic wafer (DBC): 

Higher thermal transfer than conventional mounting methods of flexible and rigid 
printed circuit boards to heat sinks at comparable cost.   

Elimination of assembly hardware – the printed circuit can be bonded directly to the 
heat sink.
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Lower cost than IMS and DBC constructions.  We can use standard commodity FR4 
and standard punched or extruded heat sinks. 

Higher thermal transfer than more-expensive IMS and DBC constructions in many 
applications.  The PowerFlex printed circuit can be bonded DIRECTLY to the heat 
sink -- the thermal interface resistance resulting from the mechanical attachment of 
the IMS and DBC to the heat sink is eliminated.  

Greater design flexibility than IMS and DBC constructions:
�  Physically flexible (plastic film dielectric) 
�  Inexpensive addition of additional circuitry layers (standard print-and-etch) 
�  Can be bonded directly to practically any shape or size or material type heat sink  
�  Allow circuitry to extend past the edge of the heat sink

(perhaps connecting to other subassemblies) 
�  Use conventional circuit processing equipment and materials 
�  Physically robust (‘unbrittle’ plastic film or fabric dielectric and metal heat sink)  
�  Can be made into literally any dimension (width or length). 

Benefits of owning or licensing the PowerFlex technology:

PowerFlex has thermal comparable performance to IMS, but can be manufactured at 
lower cost.   In addition, the design flexibility options help ‘lock-in’ the customer. 
The technology is proprietary (patents pending and trade-secrets). 
As PowerFlex technology provides high value-in-use, the TPI materials can be sold at 
a high margin. 
In addition, profits from manufacturing proprietary power subassemblies can be 
obtained.  (This could include technology licensing.) 
Practically any PCB shop can be ‘qualified’ to manufacture PowerFlex assemblies. 

Product description:

PowerFlex uses TPI bond film and a heat-sealing 
process to mate the PCB and the heat sink (see 
‘PowerSites’ for details).   

For multilayer applications, the TPI is tack-bonded to 
the back-side of the finished FR4 panel.  The individual 
circuits are then depanelized.  The TPI, already on the 
PCB, allows heat-sealing to the aluminum heat sink.  
The same bonding and solder reflow equipment is used 
as with PowerSites. 
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Performance:

PowerFlex TPI bond film has very low thermal 
impedance:  0.1oC-sqin/W.   This is about the 
same value as alumina-based IMS.  (See studies 
show opposite.) 

In addition, PowerFlex circuits can be bonded 
directly to practically any aluminum heat sink.  
IMS plates need to be attached with hardware 
and interface materials.  This adds cost, labor 
assembly thickness, and thermal resistance. 

For multilayer constructions, FR4 can be used 
for the conductive circuit layers, in conjunction 
with TPI bond film.  Thermal vias between 
layers provide excellent heat transfer to the TPI 
bond film. 

The all-polyimide performance of TPI bond 
film allows higher operating temperatures, up to 
200oC continuous.  Other metal clad baseplates 
are epoxy-based, and are limited to about 
135oC.  This feature will become more 
important as  future electronics become more 
densely populated, and need to run hotter and 
hotter. 

Supply chain:

PowerFlex uses the same supply chain for TPI as PowerSites.   

Circuit board work can be provided by any practically any FR4 shop, but experience with 
thin substrates is generally preferred. 

EIS Fabrico of Kennesaw, GA provides value-added conversion services and markets the 
PowerFlex technology to OEMs.  EIS also designs process equipment and makes limited 
prototypes runs. 

PowerFlex subassemblies are built by several companies in Asia.  Union Bridge of 
Guangdong, China has been a qualified PowerSite supplier for several years.  GMTS of 
Taipei, Taiwan should receive full-qualification shortly.  Other suppliers are in the 
process of being evaluated as well. 



FT PowerFlex 4 9/3/2005 

Competitive position:

The existing products, both IMS and 
DBC, have set fairly high price 
expectations in the market.   

PowerFlex is well positioned to provide 
comparable performance at lower-cost, 
and with more design and manufacturing 
flexibility.  This is especially true in 
multilayer constructions, where 
commodity FR4 can provide comparable 
thermal performance to IMS on inner-
layer thermal resistance – with thermal 
vias in the FR4, all the heat in the PCB 
rushes to the bond film interface, where 
TPI can match the IMS layer. 

Due to its high value-in-use, TPI can command a high margin and still provide an 
electronic packaging system that is much lower in cost than IMS or DBC. 

For cost-competitive applications, such as low-end power supplies and automotive 
control circuitry, FT is developing a lower-cost TPI bond film (with lower thermal 
transfer) to displace the assembly adhesives now being used. 

FT has patents pending on the PowerFlex technology.  In addition, the adhesive 
formulations are trade-secrets. 
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POWERVIA™ THERMAL COLUMNS 

PowerViaTM thermal columns are solid-metal, electrically-isolated thermal vias.  When used in a 
conventional surface-mount printed circuit board (PCB), PowerVias can dramatically improve 
power device cooling, and offer design options and enhanced manufacturability in electronic 
packaging.

PowerVias allow the attachment of a fully-assembled FR4 printed circuit board onto a heat sink 
with the thermal path between the power device and the heat sink impeded by only 1.3 mils of 
dielectric film, which is integrated into the PCB.  The thermal resistance of the PowerVia is 1-
2oC/W, depending on the model. 

PowerVias can eliminate the need for through-hole mounting of power devices into a surface-
mount PCB.  This avoids the subsequent (often clumsy) grappling with the independent cooling 
and electrical isolation requirements of the through-hole devices. 

PowerVias offer the following advantages versus existing plated-through thermal via technology, 
including:

Higher thermal transfer, mainly due to its solid metal structure 
Eliminates pressure dependency of thermal transfer 
Component mounting on both sides of the PCB with a flat heat sink surface 
Addition of ‘thermal mass’ to the PCB, allowing short-term full-strength electrical testing. 

Benefits of owning the PowerVia technology:

PowerVias can convert a simple thick FR4 board –easily mated with a planar heat sink 
surface-- into a high-performance thermal management system. 
PowerVias are a proprietary technology, with high thermal performance and unique design 
capabilities.  Once adopted, these features ‘lock-in’ the customer. 
As PowerVia technology provides high value-in-use, the units can be sold at a high margin. 
PowerVias can be offered in standard sizes, for off-the-shelf availability. 
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Product description:

PowerVias use TPI bond film (see ‘PowerSites’ 
for details) that adhere a solderable copper 
patch to the top of an aluminum column. 

The PowerVias are inserted into the underside 
of the PCB, and then the power components are 
soldered onto the PowerVias copper surface 
(which poke through the PCB). 

The fully-assembled PCB can then be attached 
with hardware to the heat sink (but with no 
pressure-dependency).  Thermal compound –
either thermal grease or phase-change 
material—ensure heat transfer to the heat sink 
during operation. 

The PowerVias can allow for 
double-sided PCBs, as they provide 
a stand-off from the heat sink. 

In comparison, conventional 
mounting of PCBs with plated-thru 
thermal vias requires insulation pads, 
where high-pressure must be applied 
to the PCB to ensure heat transfer to 
the heat sink.  (See comparison 
opposite.)

Often, conventional mounting 
requires a contoured heat sink, if 
double-sided PCBs are to be used.    
This adds cost and complexity.  (See 
opposite.)

Performance:

The thermal transfer performance difference between 
PowerVias and conventional mounting with plated-thru vias 
and insulation pads is significant. 

The following chart shows that PowerVias can reduce the heat 
of D2Pak device as much as 7-8oC/W.
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In addition, PowerVias can add enough ‘thermal mass’ to the subassembly that the fully-
assembled PCB can be tested at full power, before the unit is attached to the heat sink.  This 
feature streamlines the manufacturing process. 

Supply chain:

PowerVias use the same supply chain for TPI as PowerSites.   

The aluminum columns can be sourced from any precision machine shop that works with 
extruded and screw-cut metal rods.  For high-volume supply, sourcing from Asia is 
recommended. 

The assembly heat-seal bond process for converting the aluminum columns into PowerVias can 
be designed for automation or high labor content (which becomes efficient when the per-hour 
charge is low). 

Competitive position:

An FT patent protects PowerVia technology.  In addition, the adhesive formulations and the 
PowerVia manufacturing process are trade-secrets. 
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DIELECTRIC COATED COPPER 

Dielectric-coated copper (DCC) provides excellent cost-effective layer addition in a wide 
range of compact, low-voltage electronic packaging applications.  The conventional 
substrate material of fiberglass or plastic film is eliminated.  Dielectric strength is 
provided by the combination of ceramic filler and polymeric coating.  Features include: 

Ultra-thin layer addition 
Extremely low thermal impedance 
Tailored dielectric strength 
Highly-flexible packaging (with selected polymers) 
Enhanced processing:

Easy lay-up 
Fast lamination cycles (selected polymers) 
Fast, clean laser ablation 
Fast chemical etching 

Cost-effective, vs comparable substrate constructions 

Benefits of owning the DCC technology:

This technology provides the ultimate in high 
thermal-transfer, low-cost substrates for low-
voltage applications, and could replace DBC 
ceramic and IMS. 
DCC technology can also be applied to 
conventional PCB manufacturing for multilayer 
addition.

Product description:

The term ‘Dielectric-Coated Copper’ is self-
explanatory.  This is a simple-yet-proprietary 
concept, applied to demanding high-end thermal 
applications, where only several hundred volts 
isolation is required.  (NOTE:  ‘Dielectric 
overdesign’ enacts a penalty in both the cost of 
the required materials and thermal resistance of 
those ‘extra materials’.) 

After the copper has been coated with the 
polymer with ceramic loading –serving as both 
a dielectric and adhesive—the foil is bonded to 
a metal substrate layer of either aluminum or 
copper.  The copper is then printed and etched 
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by conventional PCB manufacturing.  The resultant circuitry can then be used as an 
electronic substrate for soldering power components.  Heat generated by these 
components is quickly drained away to the metal substrate layer, which can be attached 
to a larger heat sink. 

Supply chain:

DCC laminates use the same supply-chain polymer formulation and coating operations as 
PowerSites, except for the contract sheet-lamination of the coated copper and substrate 
plate.  Long-term, it probably would be optimal to do the lamination and printing-and-
etching in Asia, close to the power electronics manufacturing. 

Competitive position:

An FT patent protects DCC technology.  In 
addition, the adhesive formulations are trade-
secrets.

As disclosed in the FT patent (see opposite), the 
ceramic particles maintain the spacing and 
dielectric separation between the conductive 
layers.  Other coated copper systems --such as 
IMS-- are much thicker, using the bulk of the 
overall material to ensure spacing and dielectric 
strength between the conductive layers.
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TARGET MARKETS and APPLICATIONS 

The core of PowerSite technology is the heat-sealable TPI bond film, which is used in 
PowerSite solderable patches, PowerFlex thermal circuits and PowerVia thermal vias.  
We expect that this revolutionary technology will become the standard of the next-
generation thermal management for mounting power semiconductors to heat sinks. 

The power electronics market is a natural target for PowerSite technology, especially 
applications with high power density, which dramatically increases the need for thermal 
management. 

Power supply units are used where electrical current must be converted from one form to 
another.  These ‘power conversion’ modules are not 100%-efficient, and this inefficiency 
results in heat that must be dissipated, or the power semiconductors will fail.   

For instance, a 300-Watt power supply might be 85%-efficient.  This means that there 
will be 45W of heat to be dissipated [= 300 x (1-0.85)].  Much of this waste heat is 
generated in the power semiconductors, which have very small footprints.  So the heat 
must be removed quickly and efficiently from these tiny packages.  If the silicon chip (or 
‘die’) in the power semiconductor exceeds 150oC, it is in danger of failing.  Even at 
temperatures less than this critical point, the rule-of-thumb is every 10oC in increased 
operating temperature corresponds to a doubling of the failure rate of the power devices. 

In general, PowerSite technology has the best applicability and competitive advantage in 
demanding applications:  

Where the power supply manufacturer wants to push his design to the limit, to 
increase revenue.  Often, the switch to PowerSite technology will allow the same 
power supply design to operate with a higher output power, with the same hardware.  
For instance, producing an output of 350W instead of 300W.  As power is often sold 
by-the-Watt, this is a significant feature.  In addition, the same power supply design 
becomes ‘higher-density’ at the higher power, and high-density units typically sell for 
higher-margin.   

Where ambient operating temperatures are high, and therefore there is less ‘driving 
force’ to cool the power devices.  Many power supplies need to use an ambient air 
temperature as hot as 75-85oC (167-185oF) to cool their heat sinks.

Where power density is high (expressed in Watts-per-volume of the module), as this 
raises the temperature of the entire package. 

Where attachment hardware for the power devices is bulky, expensive, encroaches on 
UL electrical clearance, or is hard-to-install and/or tighten.  Or maybe, where the 
manufacturer just doesn’t want to worry about thermal interface pressure-dependency 
at all. 
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Fraivillig Technologies has focused on the 
power conversion market: the manufacture 
of power supplies.  But other high-power 
applications offer opportunities as well.   

(NOTE:  The series of charts shown opposite show 
applications and US-based OEMs that design and/or 
manufacture power supplies.  The 2003 charts are 
slightly out-of-date.) 

The main application presently for our 
technology is compact DC-to-DC modules 
that are plugged into large circuit boards:  
“Board-mounted power”, or BMP.  This 
specific power format is know as a ‘brick’,
which has become a standard footprint 
with many power end-uses, such as 
telecom base stations, servers and military 
applications.  These ‘brick’ design 
engineers have very tough thermal 
requirements, and are relatively more 
receptive to new technology (once they 
feel comfortable with its robustness). 

As the thermal demands increase in all 
types of power supplies, the attractiveness 
of a PowerSite technology is manifest.  In 
addition, our ongoing efforts to reduce the 
installed cost of the PowerSite technology 
--through process and product 
improvements-- will also pay dividends in 
adoptions.
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In addition to power conversion, other industries have electronic systems with similar 
cooling requirements.  These markets also would offer significant potential for PowerSite 
technology.

PowerSite technology has been adopted in demanding commercial applications.  With 
few exceptions, these are all high power-density applications, mostly DC/DC brick 
converters.

A DC/DC full-brick baseplate, where the 
power devices run about 20oC cooler with 
PowerSites than the next-closest high-
performance thermal interface system.  In 
addition, installing the attachment hardware 
for insulation pads was problematic. 
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A DC/DC half-brick using PowerSites 
to solder the assembled PCB to the 
aluminum baseplate.  Runs about 25oC
cooler than insulation pads+thermal 
compound+hardware.  With the old 
system, applying sufficient pressure 
was problematic. 

A DC/DC full-brick with 
solderable plates for direct-
die attach, bonded in a routed 
pit in the aluminum 
baseplate.

A DC/DC eighth-brick using PowerFlex to mount the 
power circuitry directly to a finned baseplate.  The 
manufacturer reports 15% more power output than the 
comparable design with IMS+heat sink. 
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Power adaptor that can generate 
125W from a 12V car outlet.  
PowerFlex with thin FR4 PCB 
bonded to a thick heat plate. Cooled 
only by potting compound’s 
conduction to ambient case.    

DC/DC eighth-brick PCB bonded to 
thick baseplate baseplate (prototype 
demo unit).  PowerFlex with thick, six-
layer FR4 PCB. 
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This is a classic configuration of power devices 
mounted to a heat sink.  The power devices are 
aligned in an linear array, and plugged into a 
PCB in a ‘box’ power supply (a classic example 
is the ‘silver box’ in the back of a personal 
computer).  A high-speed fan blows or sucks air 
threw the power supply, and removes the 
dissipated heat from the heat sinks.  A rack-
mounted, hot-swappable AC-to-DC power 
supply is shown below. This format is often used 
in large banks of power supplies in the telecoms 
industry.

Another heat sink format used in box power 
supplies:  an array of power devices are mounted 
to a metal baseplate, and then –after the devices’ 
electrical leads are plugged into, and soldered 
onto, the PCB-- the metal baseplate is screwed up 
against the wall of the power supply enclosure 
(literally, the inside of the metal box).  The 
dissipated heat is then managed externally to the 
power supply.



FT Target Markets and Applications 7 9/3/2005 

In many power-density applications, single 
power devices are mounted on individual heat 
sinks, and this mini-subassembly is then 
plugged into the PCB.  A small percentage of 
these units have high thermal dissipation 
demands and could benefit from PowerSite 
technology.  But even where the thermal 
demands are low, PowerSite technology –
competitively-priced, of course—would offer 
design and manufacturing advantages, versus 
dealing with insulation pads and clumsy 
attachment hardware.   

MOTOR and MOTION CONTROL 

Motor controls and motion controls (for automation) have electronic packaging that is 
very similar to that in power supplies.  This includes the need for optimal thermal 
management.  The markets for motor and motion control are not as large as the power 
supply market, but much of the manufacturing has remained in the US, and price 
pressures are lower. 

AUTOMOTIVE CONTROLS 

This is the biggest application for thermal management of power electronics in the world.   
Power electronics now control the car’s engine, transmission, brakes and (soon) steering 
– virtually, drive-by-wire.

Until recently, the power density has been low 
for these modules, and designers did not need a 
high-performance thermal system.  On many 
applications, they’ve been using a system that 
has 5-8X the thermal resistance of PowerSite 
technology:  PCB soldermask for electrical 
insulation with a layer of pressure-sensitive 
adhesive to mate with the aluminum baseplate.  
The state-of-the-art, sort of:  Circuits have been 
bonded down to heat sinks with Scotch tape.  An 
example of this design in shown opposite.  

The automotive market is dramatically increasing the power requirements in cars (not 
even including hybrid and fuel-cell designs), while moving to more compact electronic 
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packaging to save space and weight.  Historically, when the going-got-tough thermally, 
automotive designers would use ceramic-based substrates.  But these are very expensive 
and not design- and manufacturing-friendly. 

Another trend that enhances the attractiveness of PowerSite technology in automotive:  
the ecologically-driven transition to lead-free solder.  This increases the solder reflow 
temperature, where the metal alloy goes liquid and bonds the electronic component to the 
PCB (both physically and electrically).  This higher reflow temperature is beyond where 
many of the old-style packaging formats with the “Scotch tape” bond film can survive.  
PowerSite technology can survive these high temperatures with ease. 

The time is right for the next-generation in thermal management of automotive power 
electronics.  PowerSite technology products, with their cost-efficient nature and design 
flexibility, are well-positioned. 

LIGHT DISPLAYS (LEDs) 

Light-Emitting Diode (LED) technology enables lighting 
systems that are highly-effective and energy-efficient.   
LEDs are now moving beyond light displays and taillights 
(where they need to be bright and visible) to automotive 
headlights (where they actually project light).

An illustration of the use of LEDs in automotive taillights and headlights from an 
industry publication is shown below.
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As LEDs have gotten brighter and brighter, their power requirements have increased, and 
with that, the need for thermal dissipation.  Like power semiconductor devices, if the 
LED exceeds a temperature of 125oC, it is in danger of failure. 

Next-generation LEDs are now being designed with IMS substrates, moving away from 
standard FR4 hardboard packaging.  These applications are a prime target for both 
PowerFlex and DCC technologies: 

PowerFlex technology combines standard PCB packaging with high-performance 
thermal management, and IMS-like thermal transfer performance.  In addition, TPI 
film allows the bonding of the circuitry to a larger heat sink, to which the IMS needs 
to be adhered anyway. 

Dielectric-coated technology (DCC) – LEDs have very low voltage requirements and 
very high thermal dissipation requirements… a perfect fit for DCC as a drop-in 
replacement for IMS. 

CERAMIC ELECTRONIC PACKAGING 

Ceramic is the grandfather of high-performance thermal management of electronic 
packaging.

Ceramic substrate combines electrical dielectric insulation properties with high thermal 
transfer.  (Examples of ceramic substrates are shown below.)  However, ceramic 
packages are expensive, tough-to-process and are brittle, of course.
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In addition, ceramic packages also require mechanical attachment to a much larger metal 
heat sink to dissipate the heat to atmosphere.

A ‘relative newcomer’ in comparison to ceramic substrates, IMS has made much 
progress in converting ceramic applications to polymer-based insulation systems for 
printed circuits.  (Insulated metal substrate, or IMS, is ceramic-powder-filled epoxy resin 
that bonds copper foil to aluminum plate.)   

FT’s PowerFlex and DCC technologies could garner significant share of the present 
ceramic market where the packaging requirements include: 

Low-voltage dielectric – many high-power applications have high electrical currents, 
but are at low voltage.  Many cases only require 3-100Vdc.  DCC could provide the 
same thermal performance as the very-best ceramic, at a fraction of the cost. 

Multilayer circuitry – building multilayer ceramic circuits is notoriously difficult and 
expensive.  PowerFlex with thin FR4 (with thermal vias) can approach the thermal 
performance of the commodity alumina substrates, and if the PowerFlex can be 
bonded directly to the companion metal heat sink, the overall thermal resistance can 
even below lower than with the ceramic system.   In addition, the mechanical 
hardware or adhesive bonding required to mate the ceramic package to the metal heat 
sink is eliminated. 
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There are many applications within the ceramic substrate market… 

Power semiconductor devices
• IGBT- MOS Modules 
• Diode-,Thyristor Modules 
• Solid-State-Relays 
• Discrete devices 

Automotive electronics
• Ignition 
• Electronic assisted steering 
• ISAD-integrated starter/alternator 
• Diesel pump control 
• Servomotor control 
• Air condition control 

Telecommunication
• Power supply SAT 
• Power supply base stations 

Industrial electronics
• Frequency converter 
• Welders 
• Pump control 
• Traction drives/power supplies 
• Drive control 
• Cooling technology (Peltier/laser) 

Aerospace
• Servomotor control 
• Solid state switches 
• Radar 

Power supplies
• DC/DC converter 
• AC/DC converter 
• RF amplifier 

…however, several could be deemed ‘low-hanging fruit’ for targeting.  These 
applications would have one or more of the following attributes:  cost-sensitivity, low-
voltage, packaging complexity.

For example: 

Thermoelectric coolers (TECs) are an excellent example 
of an application that uses a ceramic substrate, where an FT 
DCC substrate could work better thermally and cost 
considerably less.  These typically run on only 3-14Vdc.  
[NOTE:  FT already has a DCC development underway 
with Marlow Industries, the market leader in TECs.] 

Automotive ceramic packaging runs at only 12-42Vdc.  This market represents another 
significant potential for DCC (where single-layer circuits are required) and perhaps 
PowerFlex (where circuit complexity drives cost).  
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SUPPLY-CHAIN

TPI bond film uses standard adhesive-formulation and film-coating processes, and its 
manufacture is out-sourced to competent specialists. 

The thermoplastic polyimide adhesive (property of FT) is formulated by Lubrizol Dock 
Resins in Linden, NJ.  A schematic of a representative reactor is shown opposite. 

The polyimide adhesive is coated on polyimide film by Lamart Corporation in Clifton, 
NJ.  A schematic of a representative coating operation is shown below. 

Both Lubrizol and Lamart offer their services on a toll-basis (per batch or 
hour).

The film is slit-to-width by Lamart or Metlon Corporation (Cranston, RI). 

The film is punched into custom shapes by EIS Fabrico of Kennesaw, GA. 

EIS also builds subassemblies (qualification prototype quantities) with 
PowerSite technology with heat-sealing and soldering equipment.  They also 
provide technical support and drawings for other companies to build 
subassemblies with PowerSite technology (so that EIS can sell customers the TPI and related materials). 

We have two qualified PowerSite technology assemblers in Asia with custom process equipment built to our 
specifications:  Union Bridge (Hong Kong and Guangdong, China) and GMTS (Taipei, Taiwan).  We are 
qualifying other Asian companies as demand increases.   

Goals for supply-chain licensees and suppliers: 

“Easy to do business with” (pardon the grammar) – 
the 12,000 miles and the 12-hour difference with 
Asia is a challenge enough.  We look for companies 
to partner with that “say what they’ll do, and then do 
what they’ve said”.

Fair pricing – don’t take advantage of the sole-source 
position of the technology.  Where possible, 
standardize pricing.  We are focused on driving this 
proprietary technology to become the market 
standard, and need to maintain the OEMs’ trust – if 
they feel that they are being ‘held hostage’, they’ll 
run the other way. 

Responsive service – from quoting prototypes to 
after-sales issues. 

Appreciation of the honor of being qualified to 
provide a next-generation technology.  (This should 
especially have meaning/value in Asia.) 

Promotion of the technology to existing customers 
and to the wider market in their region. 

Process equipment – can build bonding and soldering 
machines to print.  Can design and build tooling.  
Experience with simple automation could also be 
required for high-volume manufacturing. 

Printed circuitry – economical sourcing of PCBs with 
thick copper (power requirement), thin FR4, gold- or 
tin-plating.  Fast quoting.  Fast prototype turnaround. 

Heat sink / baseplates – economical sourcing of 
stamped and extruded aluminum (and other metals), 
including machining.  Fast prototype turnaround. 

Circuit board assembly – has capability (or close 
business connection) to place and solder electronic 
components onto PowerSite and PowerFlex 
subassemblies. 

Sub-Contract Manufacturing (SCM) – there will also 
be opportunities to provide entire assemblies, such as 
power supplies or adaptors, with OEMs.  Providing 
this service, or managing this supply chain, could 
enhance profitability and/or ease-of-doing-business. 
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U
nited 

States 
patents 

are 
critical 

to 
protecting 

a 
com

pany’s 
‘Intellectual Property’ (IP).  Their reach extends beyond the specific 
technology of a m

aterial or process for a subassem
bly, all the w

ay to 
the final O

EM
 product.  This coverage provides a deterrent to patent 

violation that can be enforced if a m
odule is shipped to the U

S for 
sale from

 a country that is ‘IP-challenged’ (such as C
hina). 

This section review
s the Fraivillig Technology patent portfolio, and 

how
 our proprietary technology is protected.

In addition, the patent portfolios of the m
arket leaders in the therm

al 
m

anagem
ent –Bergquist, Parker C

hom
erics and Laird Therm

agon—

are review
ed for com

parison.  C
om

paring patent portfolios of these 
established com

panies w
ith that of FT clearly dem

onstrates the 
innovative, m

arket-changing nature of our technologies. 

The U
S patents, both aw

arded and pending, ow
ned by Fraivillig 

Technologies are sum
m

arized in the chart below
.   The Patent 

N
um

ber and Patent Title are listed on U
S Patent and Tradem

ark 
O

ffice’s w
ebsite.  The generic D

escription and target application-
usage (‘C

ools’) w
ere added for reference.  W

e are very confident that 
the pending patents w

ill also be aw
arded, due to the absence of 

relevant prior art. 

FR
A

IV
ILLIG

 PA
TEN

TS
(aw

arded and pending) 

Patent N
um

ber
D

escription
Cools 

Patent Title 

6208031
C

eram
ic particles ensure dielectric 

separation betw
een conductive layers 

w
ith thin coatings  

PC
Bs

C
ircuit fabrication using a particle filled adhesive 

6129260
B

onding solderable foil to heat sinks 
for intim

ate therm
al contact 

D
evices

Solderable structures 

6015607 
Therm

oplastic polyim
ide adhesive 

N
.A.

Flexible lam
inates and m

ethod of m
aking the lam

inates 

(Pending) 

20040055152
B

onding m
ulti-layer PC

B
s to heat 

sinks for intim
ate therm

al contact 
PC

Bs
B

onding of a m
ulti-layer circuit to a heat sink 

20020092163
B

onding PC
B

s to heat sinks for 
intim

ate therm
al contact 

PC
Bs

M
ounting a flexible printed circuit to a heat sink 

FT Intellectual Property portfolio 
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Patent Protection of Fraivillig T
echnology products:

Pow
erSite™

 solderable-pad technology is protected by U
S patent num

ber 
6129260, w

hich defines the construction and process.  Pow
erSites w

ill gain 
additional protection --w

here the copper patches are form
ed by printing-

and-etching-- 
w

ith 
the 

aw
ard 

of 
U

S 
pending 

patent 
application 

2002/0092163. 

Pow
erFlex™

 therm
al printed circuit technology is protected by U

S patent 
num

ber 6129260, w
hich definites selective bond processes.  U

S pending 
patent 

applications 
2002/0092163 

and 
2004/0055152 

w
ill 

provide 
construction and process protection.  A

s noted earlier, w
e are confident that 

these w
ill be aw

arded by the U
SPTO

.  [D
etails can be provided upon 

request.] 

Pow
erV

ia™
 therm

al colum
n technology is protected by U

S patent num
ber 

6129260, w
hich define the construction and m

anufacturing process of these 
units.

D
ielectric-C

oated C
opper (D

C
C

) technology is protected by U
S patent 

num
ber 

6208031, 
w

hich 
defines 

the 
unique 

functionality 
of 

the 
construction. 
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R
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B
ergquist 

and 
C

hom
erics 

w
ere 

pioneers 
in 

the 
therm

al 
m

anagem
ent industry.  C

hom
erics evolved from

 the high-end 
m

ilitary-side; B
ergquist from

 the high-volum
e com

m
ercial-side.  

B
oth w

ere established in the 1960s.  In additional to therm
al 

products, each has sizable, unrelated businesses.  B
ergquist has a 

significant touch-screen business.  C
hom

erics is also the m
arket 

leader in electronic shielding.

B
ergquist has the w

idest product line of therm
al products in the 

w
orld, including everything from

 com
m

odity insulation pads (of 
all thicknesses) to prem

ium
 ‘Insulated M

etal Substrate’ printed 
circuit boards (IM

S).  To protect this business, B
ergquist has a 

considerable list of therm
al m

anagem
ent patents.  Their patents 

back through 1986 are listed on the follow
ing pages. 

Their developm
ent efforts have been focused on the m

aterial 
com

position 
of 

their 
existing 

conventional 
constructions, 

increm
entally boosting therm

al perform
ance.  In addition, ,there 

are no significant innovations in the “patent pending” pipeline.

Interestingly, B
ergquist w

as aw
arded a patent in late 2003, 

#6649325, that w
as innovative from

 a conceptual standpoint --
using classic therm

oplastic resins as adhesive/dielectrics in 
lam

inates-- but this technology w
ould be problem

atic in use.  
(B

een there, tried that.)  B
ased on FT experience over a variety 

of 
applications: 

fully-cured 
therm

oplastic 
resins 

–even 
polyim

ide—
do 

not 
perform

 
w

ell 
in 

soldered 
electronic-

packaging.  [D
etails available upon request.] 

C
hom

erics has focused their developm
ent efforts on insulation 

pads (all thicknesses) and therm
al com

pounds.  A
gain, this 

entails 
increm

ental 
im

provem
ents 

of 
existing 

conventional 
products.  C

hom
erics’ patents are listed on a follow

ing page.  
C

hom
erics w

as purchased by Parker in the 1990s from
 W

.R
. 

G
race, w

ho purchased them
 in the 1980s from

 the founder and 
em

ployees. 

T
herm

agon entered the therm
al m

arket in the early 1990s, and 
has gained sizable share in C

PU
 therm

al pads and m
etal-

substrate PC
B

s.

U
ntil recently, their technology w

as ‘protected’ only by trade-
secrets, and no U

S patents w
ere issued.  Since 2002, how

ever, 
Therm

agon has focused considerable patent effort on a single 
product: 

 
using 

low
-tem

perature 
solder 

as 
a 

phase-change 
m

aterial.  This is a sim
ple-yet-truly-innovative

product, but its 
applicability beyond C

PU
-cooling in PC

s m
ight be lim

ited.  
Therm

agon w
as purchased by Laird (U

K
) from

 the founder and 
em

ployees in 2004. 

N
O

TE:  There are other therm
al m

anagem
ent com

panies in the 
w

orld m
arket, but m

ost of their R&
D

 efforts are also focused on 
increm

ental 
im

provem
ents 

in 
the 

perform
ance 

of 
existing 

conventional products. 

Therm
al M

anagem
ent patents of M

arket Leaders  
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BER
G

Q
U

IST PA
TEN

TS
(aw

arded) 

Patent N
um

ber
D

escription
Cools

Patent Title 

 
6898084 

H
eat spreader (hardw

are) 
D

evices,
C

PU
s

Therm
al diffusion apparatus 

 
6797758 

C
onductive paste, com

bo of 
solder, ceram

ic, w
ax 

C
PU

s
M

orphing fillers and therm
al interface m

aterials 

 
6657297 

C
onductive pad, w

ith skin layer 
D

evices,
C

PU
s, PC

Bs 
Flexible surface layer film

 for delivery of highly filled or 
low

 cross-linked therm
ally conductive interface pads 

 
6650215 

Im
proved high-end heat sink 

(hardw
are)

D
evices,

C
PU

s
Finned heat sink 

 
6649325 

Therm
oplastic-coated copper 

lam
inate 

Printed
circuits 

Therm
ally conductive dielectric m

ounts for printed 
circuitry and sem

i-conductor devices and m
ethod of 

preparation

 
6624224 

C
om

posite pads w
/ solder, 

ceram
ic, oil 

D
evices

M
ethod of preparing therm

ally conductive com
pounds by 

liquid m
etal bridged particle clusters 

 
6399209 

C
om

posite pad w
/ ceram

ic, w
ax 

D
evices,

C
PU

s
Integrated release film

s for phase-change interfaces 

 
6339120 

C
om

posite pads w
/ solder, 

ceram
ic, oil 

D
evices

M
ethod of preparing therm

ally conductive com
pounds by 

liquid m
etal bridged paiticle clusters 

 
6197859 

C
om

posite pad w
/ ceram

ic, w
ax, 

plasticizer
D

evices
Therm

ally conductive interface pads for electronic devices 

 
6165612 

C
om

posite pad w
/ ceram

ic-filled 
film

, plasticizer 
D

evices
Therm

ally conductive interface layers 

 
6090484 

C
om

posite pad w
/ rubber, 

ceram
ic, plasticizer 

D
evices

Therm
ally conductive filled polym

er com
posites for 

m
ounting electronic devices and m

ethod of application 

 
5950066 

Phase-change m
aterial, based on 

w
ax w

ith ceram
ic or m

etal 
pow

der
All

Sem
isolid therm

al interface w
ith low

 flow
 resistance 

 
5679457 

Silicone rubber w
ith ceram

ic 
filler 

All
Therm

ally conductive interface for electronic devices 

Therm
al M

anagem
ent patents of M

arket Leaders  
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BER
G

Q
U

IST PA
TEN

TS
(aw

arded and pending) 
C

ontinued…

Patent N
um

ber
D

escription
Cools

Patent Title 

 
5463530 

M
ounting pow

er devices on both 
sides of a heat spreader 

D
evices

D
ual sided lam

inated sem
iconductor m

ounting 

 
4810563 

M
ounting pow

er devices on single 
side of a heat spreader 

D
evices

Therm
ally conductive, electrically insulative lam

inate

 
4853763 

U
nified design for m

fg of heat 
sink w

ith insulation pad 
D

evices
M

ounting base pad m
eans for sem

iconductor devices 
and m

ethod of preparing sam
e 

 
4842911 

Silicone rubber w
ith ceram

ic filler 
on glass 

D
evices

(flanged) 
Interfacing for heat sinks 

 
4755249 

U
nified design for m

fg of heat 
sink w

ith insulation pad 
D

evices
M

ounting base pad m
eans for sem

iconductor devices 
and m

ethod of preparing sam
e 

 
4685987 

Silicone rubber w
ith ceram

ic filler 
on glass 

D
evices

(flanged) 
M

ethod of preparing interfacings of heat sinks w
ith 

electrical devices 

 
4666545 

U
nified design for m

fg of heat 
sink w

ith insulation pad 
D

evices
M

ethod of m
aking a m

ounting base pad for 
sem

iconductor devices 

 
4602678 

Silicone rubber w
ith ceram

ic filler 
on glass 

D
evices

(flanged) 
Interfacing of heat sinks w

ith electrical devices, and the 
like

 
4602125 

Insulation pad w
ith flanges for the 

m
ounting holes 

D
evices

(flanged) 
M

ounting pad w
ith tubular projections for solid-state 

devices

 
4574879 

Silicone rubber w
ith ceram

ic on 
polyim

ide film
 

D
evices

(flanged) 
M

ounting pad for solid-state devices 

(Pending) 

 
20030187116 

Thick interface pad w
ith solder, 

m
etals, ceram

ic, w
ax, etc. 

D
evices, C

PU
s, 

PC
Bs

Therm
al interface pad utilizing low

 m
elting m

etal w
ith 

retention m
atrix 

 
20030027910 

Interface m
aterials w

ith solder, 
ceram

ic, w
ax, etc. 

D
evices, C

PU
s, 

PC
Bs

M
orphing fillers and therm

al interface m
aterials 

Therm
al M

anagem
ent patents of M

arket Leaders  
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C
H

O
M

ER
IC

S PA
TEN

TS
(aw

arded, none pending) 

Patent N
um

ber
D

escription
Cools

Patent Title 

 
6835453 

Interface pad of 'tin foil' w
ith w

ax and 
ceram

ic 
C

PU
s, devices 

C
lean release, phase change therm

al interface 

 
6705388 

H
eat spreader plate w

ith PSA
 

C
PU

s, devices 
N

on-electrically conductive therm
al dissipator for electronic 

com
ponents 

 
6644395 

R
elease liner for interface m

aterials 
C

PU
s

Therm
al interface m

aterial having a zone-coated release liner 

 
6835453 

R
elease liner for interface m

aterials 
C

PU
s

C
lean release, phase change therm

al interface 

 
6432497 

Interface pad of double-sided tape 
C

PU
s, devices 

D
ouble-side therm

ally conductive adhesive tape for plastic-
packaged electronic com

ponents 

 
6096414 

Silicone rubber w
ith ceram

ic filler on 
glass

D
evices

H
igh dielectric strength therm

al interface m
aterial 

 
6054198 

Interface pad w
ith w

ax and ceram
ic 

C
PU

s
C

onform
al therm

al interface m
aterial for electronic com

ponents 

 
5550326 

H
eat spreader plate w

ith PSA
 

D
evices

H
eat dissipator for electronic com

ponents 

 
5510174 

N
ew

 ceram
ic filler 

All
Therm

ally conductive m
aterials containing titanium

 diboride filler 

 
5298791 

Im
proved heat sink surface for therm

al 
transfer 

All
Therm

ally conductive electrical assem
bly 

 
5213868 

Im
proved heat sink surface for therm

al 
transfer 

All
Therm

ally conductive interface m
aterials and m

ethods of using the 
sam

e 

 
4869954 

U
rethane w

ith ceram
ic 

All
Therm

ally conductive m
aterials 



Therm
al M
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arket Leaders  
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TH
ER

M
A

G
O

N
 PA

TEN
TS

(aw
arded and pending) 

Patent N
um

ber
D

escription
Cools

Patent Title 

 
6849941 

H
eat spreader w

ith solder interface
C

PU
s

H
eat sink and heat spreader assem

bly 

 
6761928 

Interface pad of copper w
ith 

solder
C

PU
s

M
ulti-layer structure and m

ethod for form
ing a therm

al 
interface w

ith low
 contact resistance betw

een a 
m

icroelectronic com
ponent package and heat sink 

 
6617517 

Interface pad of copper w
ith 

solder
C

PU
s

M
ulti-layer structure having a therm

al interface w
ith 

low
 contact resistance betw

een a m
icroelectronic 

com
ponent package and a heat sink 

 
6372997 

Interface pad of copper w
ith 

solder
C

PU
s

M
ulti-layer structure and m

ethod for form
ing a therm

al 
interface w

ith low
 contact resistance betw

een a 
m

icroelectronic com
ponent package and heat sink 

 
(Pending) 

 
 

 

 
20050073816 

Interface pad of copper and solder 
C

PU
s

Therm
al interface assem

bly and m
ethod for form

ing a 
therm

al interface betw
een a m

icroelectronic com
ponent 

package and heat sink 

 
20050045372 

Interface pad of copper and solder
(thick)

All
H

eat spreading therm
al interface structure 

 
20030007329 

Interface pad of copper (or 
alum

inum
) and nickel and solder 

C
PU

s
Therm

al interface structure for placem
ent betw

een a 
m

icroelectronic com
ponent package and heat sink 

 
20020154485 

Interface pad of m
etal foil and 

solder
C

PU
s

M
ulti-layer structure and m

ethod for form
ing a therm

al 
interface w

ith low
 contact resistance betw

een a 
m

icroelectronic com
ponent package and heat sink 

 
20020148635 

Interface pad of m
etal foil and 

solder
C

PU
s

M
ulti-layer structure and m

ethod for form
ing a therm

al 
interface w

ith low
 contact resistance betw

een a 
m

icroelectronic com
ponent package and heat sink 


