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An innovative process is reducing diffusion 
bonding time of aluminum and aluminum 

alloys by up to 50%, energy use by 30%, and 
improving quality.

Contract manufacturers and design engineers 
in the aerospace, semiconductor, high-power 
electronics, and energy industries have been 
turning to diffusion bonded metals to produce 
new cutting-edge innovations.

Diffusion bonding is an essential joining 
method used to achieve a high-purity interface 
when two similar or dissimilar metals require 
superior structural integrity, and a traditional 
brazing approach fails to yield quality results. 
The process involves applying high temperature 
and pressure to metals mated together in a hot 
press, which causes the atoms on solid metallic 
surfaces to intersperse and bond.

Today, much of the innovation occurring in 
either high-demand or high-quality industrial 
sectors involves aluminum as one or more of 
the layers of metals that are bonded. Alumi-
num, and its broad family of alloys, is prized 
as a lightweight metal with strong structural 
integrity, high electrical and thermal conductiv-
ity, corrosion resistance, and a malleability that 
makes it easy to shape. 

Aluminum’s unique blend of lightness, 
strength, and purity makes it indispensable 
across various industries. In aerospace, its high 
strength-to-weight ratio is crucial for structural 
components. For semiconductor equipment, 
aluminum enables the fabrication of intricate, 
contamination-free channels essential for gas 
and fluid flow, avoiding the impurities inherent 
in traditional joining methods like brazing or 
welding. Furthermore, aluminum’s compatibili-
ty with diffusion bonding allows for the cre-
ation of complex cooling channels in high-pow-
er electronics, injection molds, and specialized 
heat exchangers—designs often impossible to 
achieve through conventional machining.

Unfortunately, the characteristics of aluminum 
present a challenge for the traditional diffusion 
bonding process, which involves the application 
of radiant heat into the metal layers while in 
a vacuum furnace. Aluminum tends to reflect 
radiant heat and has a relatively low melt-
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ing point in relation to the temperatures that must be 
achieved for proper diffusion bonding.

Engineers cleverly confronted the issue by developing a 
conductive heating method which more rapidly reaches 
bonding temperature. This new approach offers an alter-
native to traditional diffusion bonding by circumventing 
the slow process of radiant heating structural assemblies 
in a vacuum environment.  

The c.BOND machine utilizes precisely controlled 
heat conduction, instead of radiation, to enable high 
speed production of aluminum-to-aluminum, or alu-
minum-to-dissimilar material parts. After several years 
of developmental research, the c.BOND tool can now 
reduce total diffusion bonding process time essentially 
in half, and thus reducing the energy required during 
processing by as much as 30%.  This also improves the 
quality of the bond in certain instances.  

Expediting Aluminum Diffusion Bonding
In the traditional diffusion bonding process, a vacuum 
furnace provides radiant heat to the surface of the part.  
Subsequently the heat is conducted through the assem-
bly and transmitted to the faying surface where required. 
However, when radiation becomes the dominant form 
of heat transfer, particularly at relatively lower tem-
peratures in vacuum, below 600°C, aluminum’s thermal 
conductivity is time consuming.   

Aluminum excels at conducting heat, particularly at lower 
temperatures, making it ideal for applications requiring 
efficient heat dissipation, such as in electronics and auto-
motive components.

“Aluminum’s high reflectivity poses a challenge in tradi-
tional diffusion bonding. It’s like trying to heat a mirror 
with a spotlight – the energy is reflected away instead 
of being absorbed into the material [using the tradition-
al diffusion bonding process],” says Horst-Gunter Leng, 
Product Manager, PVA TePla, a global manufacturer of 
industrial furnaces and PulsPlasma nitriding systems.

Horst-Gunter Leng adds that diffusion bonding of alumi-
num requires superior temperature control throughout 
the process. To prevent overheating of the load, slow 
heating rates traditionally are applied, leading to long 
process times.

In addition, aluminum alloys have a narrow processing 
temperature range for successful bonding. When tem-
peratures fall outside that critical temperature band a 
poor bond is produced. 

To overcome the existing challenges of bonding alumi-
num, PVA TePla and its partner initiated an extensive 
development program and came up with an innovative 
solution: integrating heating elements directly into the 
press platens, explains Horst-Gunter Leng. “This approach 
speeds up the bonding process, and significantly enhanc-
es efficiency by directly transferring heat to the aluminum 
components.”

The culmination of extensive research and development 
is the c.BOND machine, features a unique combination 
of direct conduction heating through the top and bottom 
platens which are in contact with the assembly. This inno-
vative design ensures bi-directional homogenous heating 
and more precise temperature at the bonding interface 
where it is required.

The c.BOND machine utilizes a hot-press tool with 
advanced software and feedback sensors to achieve 
micrometer-precise pressure control across the entire 
component surface. This ensures uniform bonding over 
large areas. Furthermore, the system allows for selective 
heating of specific areas, preventing unnecessary heat 
exposure to other parts of the component. 

The high-vacuum atmosphere within the chamber elim-
inates contamination and prevents voids in the bonded 
joint.

“With the [c.BOND] the time to heat the part to the 
ideal temperature for bonding is cut in half compared 
to traditional radiant heating. With less processing time 
required, the energy requirements are reduced by up 
to 30% as well,” says Horst-Gunter Leng. He notes that 
multilayer stacking is also possible, which can further 
increase productivity.

The c.BOND  technology demonstrates significant  quality 
improvement of bonded aluminum components. The 
technology improves temperature homogenity in the 
load by 70%, which enhances bonding across the the en-
tire surface. The technology also improves the parallelism 
of parts by 50%, which enhances the accuracy of geomet-
ric dimensions, tolerances, and product specifications. 

According to Horst-Gunter Leng, the c.BOND furnace 
technology by PVA TePla is commercially available today 
for high volume production. The innovative furnace 
technology incorporates another feature unique to the 
industry, utilizing PVA TePla’s proprietary automatic bond-
ing software (ABP).

“With the automatic bonding software, you place your 
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parts in the furnace, input a few parameters such as 
the size of the bonding area and the software calculates 
automatically the optimum processing parameters. No 
specific diffusion bonding knowledge from the operator is 
required,” says Horst-Gunter Leng.

He notes that the recipes can be modified according to 
the type of material being bonded, the thickness of the 
material, its surfaces, and other factors. During the pro-
cess the software continuously monitors the process in 
real-time and adjusts parameters accordingly.

A c.BOND unit is installed at a national research facility in 
Germany, The Günter Köhler Institute for Joining Tech-
nology and Materials Testing (ifw Jena) an independent, 
non-university industrial research institution that con-
ducts research in diffusion bonding, additive manufactur-
ing, brazing, welding, laser processing, material science, 
and other forms of bonding.

The c.BOND system is compact, requires minimal main-
tenance, and enables high-volume production of alumi-
num components for diverse industries. Its benefits are 
being realized in aerospace, where it creates lightweight 
yet strong aircraft components. In the semiconductor 
industry, it provides a cleaner alternative to brazing, 

eliminating the risk of solder contamination. There is also 
growing demand for diffusion-bonded aluminum heat 
sinks, crucial for cooling high-power silicon carbide (SiC) 
electronics.

Diffusion bonding also has applications for conformal 
cooling. The concept is to bond layers of sheet metal 
that contain machined channel/microchannel structures. 
When combined, the channels provide a path for heat 
dissipation. Current applications include power electron-
ics for effective heat management and rapid cooling of 
molds utilized in injection and blow molding processes.

With the size of components continually getting smaller 
in sectors like semiconductors and electronics, controlling 
the amount of time, and by extension heat, introduced 
into the part becomes more critical.

“As the features [of the internal channels] become more 
miniaturized, it becomes even more important to control 
the heating during the diffusion bonding process to avoid 
any distortion in the part,” says Horst-Gunter Leng. “If you 
can shorten the cycle time, you introduce less heat into 
the part. This will facilitate creating parts with conformal 
cooling channels that have finer and finer features.”
Diffusion bonding is increasingly valuable for joining 
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dissimilar metals, such as aluminum to steel or titanium. 
This allows engineers to design components and assem-
blies with the best properties of each metal. For example, 
one metal might offer superior corrosion resistance while 
the other provides greater strength. This ‘packaging’ of 
dissimilar metals opens up new possibilities in design, 
particularly for overall weight reduction of design and 
enhancing performance in challenging environments.

When joining dissimilar surfaces, a liquid-phase diffusion 
bonding process is utilized, particularly when the bonding 
interface extends beyond R&D sized samples. This often 
involves an interlayer of an alloy that typically melts at 
the faying surfaces. When the interlayer includes alumi-
num, the c.BOND can delivery controlled heat to increase 
the bonding speed. 

Although the c.BOND technology is designed to improve 
the diffusion bonding of aluminum, PVA TePla can design 
the machine around the specific needs of the customer 
customized for the alloy, including copper, which has 
many applications in specialized heat exchanger or for 
products used in the microelectronics industry.  The 
company is exploring options to modify the c.BOND to 
achieve even higher temperatures above the current 

maximum of 800°C, according to Horst-Gunter Leng.

As diffusion bonding of aluminum gains importance 
across industries, contract manufacturers and design en-
gineers must embrace the latest advancements to remain 
competitive. By adopting fast, energy-efficient diffusion 
bonding technologies for aluminum and other materials, 
they can unlock higher production volumes, reduce costs, 
improve or achieve global sustainability targets, and real-
ize increased profitability.

For more information, contact PVA TePla America at 951-371-
2500 or 800-527-5667 or visit www.pvateplaamerica.com    •
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Klein Tools® Combines 
Four Essential Testing Tools 
into One Convenient Kit

Klein Tools, for professionals since 1857, introduces the 
Premium Meter Electrical Test Kit, featuring four best 
selling testing tools in one convenient kit.

Premium Meter Electrical Test Kit (Cat. No. CL220VP)
• CL220 Clamp Meter measures AC current and AC/

DC voltage, resistance, and continuity via test leads, 
and temperature with thermocouple 

• Auto-ranging TRMS meter has a backlit LCD on 
clamp to provide better viewing in low light and is 
CAT III 600V, Class 2 Double Insulated 

• NCVT3P has dual-range capabilities to detect from 
12 to 1000V AC or 70 to 1000V AC for a broad vari-
ety of low-voltage or standard voltage applications 

• Bright flashlight illuminates work area and may be used independent of NCVT-3P voltage detection function 

• ET40 tests AC voltages from 12V to 240V and DC voltages from 1.5V to >17V to 24V at four useful levels aligned 
with commonly used residential voltages 

• ET40 also has built-in test lead holders spaced for testing tamper-resistant US-style outlets and convenient for 
storage 

• RT210 detects common wiring problems in standard and GFCI receptacles: open ground, reverse polarity, open 
hot, open neutral, and hot/ground reversed

 
“Putting multiple tools that are often used together into a kit is something Klein Tools does regularly,” says Amy Hart, 
associate director of product management at Klein Tools. “Combining these four testing tools into this Premium Meter 
Electrical Test Kit gives electricians, maintenance professionals and homeowners a convenient testing solution that is 
designed with optimum reliability and safety in mind.” 

For more information on Klein Tools safety products, visit www.kleintools.com/safety or search for #NewKleins on 
social media. 

About Klein Tools
Known by trade professionals worldwide as a premier manufacturer of hand tools, Klein Tools is a family-owned and 
operated company. Since 1857, Klein Tools has prided itself on designing, developing and manufacturing a wide variety 
of best-in-class, precision Made in the USA products including pliers, wire strippers, screwdrivers, cutting, crimping 
tools, and more. Klein Tools remains the number one choice among electricians, ironworkers, HVAC Technicians, and 
other trade professionals. For more information, visit www.kleintools.com

Klein is a registered trademark of Klein Tools, Inc.

www.kleintools.com    •
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Klein Tools, for professionals since 1857, introduces new MODbox™ Tool Bag, Tote and Backpack Component Box, with 
multiple configuration options to fit into your MODbox™ ecosystem and easily connect to your on-the-go tool bags. 

MODbox™ Tool Bag, Tote, and Backpack Component Box (Cat. No. 54812MB) 

• Designed to connect to the bottom of the Electrician’s Backpack, Tool Tote or Tool Bag (Cat. Nos. 62201MB, 
62202MB, 62203MB) 

• Clear lid to easily view contents for enhanced efficiency and to allow quick assessment of inventory 

• Stay-put lid design prevents contents from shifting 

New Component New Component 
Box from Klein Box from Klein 
Tools® Connects  Tools® Connects  
to MODbox™  to MODbox™  
Tool Bag, Tote  Tool Bag, Tote  
and Backpackand Backpack
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• Comes with 3 removable dividers to organize small 
parts such as wire nuts, connectors and fasteners 

• Made with impact resistant polymers and is IP65 rated 
for protection against debris and rain 

• One handed system release mechanism for quick tool-
box removal and reconfiguration

“The new MODbox™ Tool Bag, Tote and Backpack Com-
ponent Box is designed to be a durable, portable storage 
solution for small parts and tools,” says Scott Rabe product 
manager at Klein Tools. “This new Component Box works 
great for additional storage and portability when attached 
to the MODbox Backpack, Tote or Tool Bag, and is designed 
with tapered sides that match the backpack’s curved bot-
tom for wearer comfort.”

For more information, visit www.kleintools.com/new-prod-
ucts or search for #NewKleins on social media.

About Klein Tools
Known by trade professionals worldwide as a premier 
manufacturer of hand tools, Klein Tools is a family-owned 
and operated company. Since 1857, Klein Tools has prided 
itself on designing, developing and manufacturing a wide 
variety of best-in-class, precision Made in the USA prod-
ucts including pliers, wire strippers, screwdrivers, cutting, 
crimping tools, and more. Klein Tools remains the number 
one choice among electricians, ironworkers, HVAC Techni-
cians, and other trade professionals. For more information, 
visit www.kleintools.com.

Klein is a registered trademark of Klein Tools, Inc.

www.kleintools.com    •
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