
Amalga™
a new miniaturization paradigm

Xidas uses a new interdisciplinary paradigm for micro-
engineering called Amalga™, moving microfabrication beyond the 
limits of semiconductor-style processing to true heterogeneous 
integration at the microscale. Xidas engineers draw from a 
toolbox of hundreds of materials and processes for producing 
ultra-small, precision sensors, actuators and  

Micro-electromechanical systems (MEMS) are small devices 
with tiny moving parts designed to perform sensing, routing 
or actuation functions. MEMS are typically manufactured 
in silicon using thin-film processing techniques, and the 
manufacturing infrastructure has grown to be relatively mature, 
enabling designers to produce optimized products that can be 
manufactured with good quality at high yields. This success has 
taken many years of research and development, starting from 
early work in the 1980s at IBM, Berkeley, Stanford and other 
locations with significant support from DARPA through the 
years. Current successful commercial products include pressure 
sensors, accelerometers, gyroscopes, microphones and micro-
mirror arrays. 

Despite the commercial success of these MEMS products 
and growing market demand, there are relatively few distinct 
electromechanical products that have successfully been 
miniaturized. Currently <8% of the overall relays, actuators, 
sensors and components market has been satisfied by the 
current MEMs solutions. A large part of this problem lies with the 
way that MEMS are manufactured. Xidas is bridging this large 
market gap with our new, patented approach to designing and 
manufacturing micro-electromechanical components.

INTRODUCTION: A NEW WAY OF FABRICATING 
MICRO-DEVICES

CONVENTIONAL MICRO-DEVICE (MEMs) 
MANUFACTURING: SILICON
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Advantages: The silicon paradigm for building miniature 
devices has several distinct advantages, notably the benefit of 
borrowing from the large infrastructure of the semiconductor 
manufacturing industry – knowhow, materials, processes, test 
procedures and tooling needed for producing MEMS devices are 
similar to, or even identical to, those used in the semiconductor 
industry. Many MEMS foundries and research institutes 
utilize older semiconductor tooling that is no longer useful for 
semiconductor devices (which now routinely require sub-micron 
precision and 12 inch or larger wafers) thus reducing the need 
to procure unique, original tooling and giving second life to tool 
producers.

Disadvantages: The semiconductor manufacturing strategy 
utilizes thin-film deposition, where each layer is deposited or 
grown on top of the previous processed layer to produce a final 
wafer of structures. This thin-films approach of semiconductor 

3D micro-structures. Using this approach, Xidas can produce 
microscopic devices and systems that were previously impossible 
to build. With Amalga™, the possibilities are staggering. Through 
over 15 years of utilization, the Xidas team has also developed 
extensive design methodologies that allows for disruptive 
innovations through this technology.



manufacturing can lead to high patterning precision, but strictly 
limits the number of materials; typically silicon, polysilicon, 
silicon oxide, silicon nitride, glass, sapphire, some metals and a 
few polymers (e.g. polyimide, photo-patternable epoxy). This is 
because all materials must survive all processes. There are only a 
few manufacturing processes available for silicon manufacturing, 
namely physical or chemical vapor deposition, lithography, and 
etching. Furthermore, the process yield inefficiencies multiply, 
since any yield loss on any layer affects all other layers. 

Another disadvantage is in the process of surface micromachining 
inherently resulting in flat 2D structures; bulk micromachining 
results in 2D structures, albeit at higher aspect ratios (so-called 
“2.5D”). In almost all cases, it is very difficult to manufacture 
truly complex 3D structures with high aspect ratios in silicon, and 
even more difficult to build truly integrated devices that utilize 
many differing materials and technologies, such as polymers, 
composites, laminates, metals, ceramics, semiconductors 
and even biomaterials. These limitations produce significant 
constraints on the MEMS designer, who must bend the design of 
the device around the limitations of the manufacturing process 
and available materials. 

One of the largest problems and costs associated with 
silicon MEMS devices is the packaging that is required after 
manufacturing. All micro-machined devices must eventually 
be placed in a protective housing so that electrical connections 
can be made to the devices and to protect the devices from 
the environment, while (in most cases) allowing access to 
the environment. MEMS devices are extremely fragile and so 
great care must be taken to move them from their fabricated 
substrates (e.g. wafers) to micro-electronic packages. It is well 
known that 50-80 percent of the final cost for a MEMS device is 
from the costs associated with packaging. 

Finally, it is important to note that silicon is incompatible 
with many potentially useful building materials, or in many 
cases absolutely the wrong material to use for a given MEMS 
application. For example, optical devices may require optically 
transparent materials of specific refractive index, a device may 
require ductile or compliant materials such as polymers (which 
must be processed at low temperature) and many emerging 

biomedical applications require biocompatible materials (typically 
not compatible with silicon).

The semiconductor manufacturing industry has a large sister 
manufacturing industry whose job is to perform final processes 
on semiconductor devices, such as thinning, singulation, 
packaging and assembly on to printed circuit boards. These 
industries of packaging and PCB manufacturing may be referred 
to as “post-semiconductor manufacturing” (PSM). Over the past 
15 years, the PSM technologies have undergone a revolution 
in quality and sophistication, as packaging and printed circuit 
board manufacturers have been pushed to produce products 
for consumer electronics with demands for small size, high 
performance and low cost. No longer can a “low tech” secondary 
industry to semiconductor fabrication, the PSM industry now 
routinely produces complex 3D products with multiple materials 
and components at high resolution. 

PSM uses a different approach to manufacturing from 
semiconductor, using primarily a lamination strategy to build-up 
complex structures. Different layers of materials (e.g. films, foils) 
are processed and bonded together to produce a final panel of 
structures. The two strategies produce a similar result – an array 
of final devices with multiple layers of materials. The laminate 
approach of PSM has inherent limitations on resolution since it is 
a mechanical process, but allows a wide variety of manufacturing 
processes and materials to be included and can outsource 
manufacturing of panel layers to different manufacturers with 
optimized processes for those materials. Yield inefficiencies need 
not multiply since layers can be inspected and tested before 
being laminated into the final device. 

Over the past 15 years and through roughly $20 million dollars of 
government and commercial grants at University of California’s 
CALIT2 research facilities, Professor Mark Bachman, PhD and 
G.P. Li, PhD have successfully demonstrated the ability to build 
multiple micro-electromechanical devices through PSM. This 
new paradigm was labeled Amalga™, since it allows an amalgam 
of different processes and approaches.
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AMALGA™ : THE DISRUPTIVE NEW PARADIGM



Each layer is built seperately, with a 
variety of processes and materials

Injection molded structural layer

Laser formed
Optical/mechanical layer

3D Electroformed
Mechanical layer

Multilayer substrate
Electronic layer
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HOW IT WORKS

Laminated and bonded together

1. GREATER MATERIAL SELECTION

2. EASIER INTEGRATION

3. EASIER PACKAGING

4. LOW COST MANUFACTURING

Amalga™ allows many more materials and processes 
to be included in the manufacturing process, including 
structural materials, biocompatible materials, optical 
materials, electronic materials and specialty materials. 
Since panel layers may be prepared separately, all 
materials need not survive all processes. 

Amalga™ provides more flexible materials that need 
not survive all processes. Manufacturing processes 
including thin-films processing, micro assembly, 
machining, laser forming, electroforming, embossing, 
injection molding, lithography, lamination, bonding. 
Dissimilar materials may now be integrated together, 
as well active materials (such as micro-electronic chips) 
with passives. Since panel films and foils may undergo 
thin-film processes prior to lamination, one can realize 
a wide variety of process capabilities. 

Since devices are built in packaging materials, using 
packaging techniques, packaging is easier to design 
into the device and, in many cases; the package is 
manufactured at the same time as the device. Indeed, 
devices can be built completely within circuit boards. 

Amalga™ is much cheaper than semiconductor 
manufacturing if integration and 3D is required and 
manufacturing can be done in batch on large panels. 
Furthermore, since manufacturing can be done 
on separate panels which are laminated together 
later, yields can be higher because the process is 
not sequential (which leads to multiplicative yield 
loss). Different manufacturers can manufacture 
different layers according to their best capabilities 
and manufacturing needs. Silicon manufacturing is 
performed layer-by-layer, a single manufacturer must 
be proficient at manufacturing all layers and a yield loss 
on any layer ruins all layers below it.


