
As advancements in technology accelerate by 
the day, a world is on the horizon in which 
almost every electronic device, from tele- 

		    visions to household appliances, will be
connected to the internet. This will add enhanced 
functionality and convenience, including over-the-air 
software updates, information notifications to users, 
and interactions with other devices. Smartwatches 
are already an example of a powerful connected ac-
cessory that offers a glimpse into the future: biomet-
ric monitoring and health problem detection are built  
into many newer models. Medical devices and active 
medical implants are joining this trend as well.  Con-
nected capabilities allow them to send important, re-
al-time information straight to computers and smart-
phones for an enhanced level of health awareness  
and patient care.

With increased connectivity comes a need for electron-
ic components that can be unobtrusively incorporated 
into devices and everyday items. For medical applica-
tions, low-profile components enable smaller devices 
that are more comfortable and less invasive for pa- 
tients. These trends toward miniaturization and con-
nectivity can pose challenges for traditional approach- 
es to hermetic packaging, which is used to create a  
long-term, vacuum-tight seal that protects sensitive 
electronics from potentially damaging elements such  
as moisture, heat, vibrations, and pressure.

A sealing technology known as Glass Micro Bonding is  
expanding hermetic packaging capabilities while en- 
abling unprecedented miniaturization and wireless  
signal transmission. 

The wafer level process allows the direct bonding of 
two or more glass wafers without any interface mate-
rials, enabling transparent all-glass wafer level chip 
scale packaging (WLCSP) in a wide range of applica- 

tions. These include medical implants, microelec- 
tromechanical systems (MEMS) devices, and other 
reliability-critical electronic and optical devices. In  
addition, thanks to the room temperature laser-seal- 
ing process, the technology can be used to package 
electronics and sensors that previously couldn’t with-
stand the environmental heat emitted in standard wa- 
fer bonding processes, opening new possibilities for  
ultra-reliable and fully connected chip-size devices.

A side-by-side comparison showing a typical medical implant (right) 
and a SCHOTT Primoceler all-glass implant (left).

PROTECTING ELECTRONICS 
FROM HARSH ENVIRONMENT CONDITIONS

In the current industry landscape, there are two main 
approaches for sealing of electronic assemblies: ad-
hesive-based bonding and direct hermetic bonding. 
Adhesive-based bonding uses glue or epoxy to create 
a seal and can be done at room temperature. Howev-
er, the organic nature of these materials makes them 
non-hermetic and, therefore, unsuitable for long-term 
protection as they wear out over time. This breakdown 
process can be exponentially accelerated if exposed to 
harsh environment conditions, ultimately making ad-
hesive-based bonding unsuitable for reliability-critical 
medical applications.
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In contrast, direct hermetic bonding offers a true her-
metic and vacuum-tight seal, delivering the best pos-
sible protection for electronics in reliability-critical  
applications. This makes it the ideal choice for com- 
plete electronics protection. Only inorganic materials 
are used — such as glass, metal, and ceramic — which 
offer durable seal integrity and remain reliably intact,  
even under extraordinarily harsh environmental sur-
roundings. Direct hermetic bonding offers significant  
advantages; however, commonly known hermetic 
sealing technologies such as glass-to-metal or ceram- 
ic-to-metal sealing technologies have certain size lim- 
itations. While they can be made in very small form  
factors (as small as a few millimeters), new demands 
in cutting-edge devices for extreme miniaturization as  
well as radio frequency (RF) functionality pose a chal-
lenge as the boundaries of miniaturization continue 
to be tested.

Glass Micro Bonding is an innovative process that opens 
new doors for wafer-scale sealing of electronics with all-
glass hermetic electronic packages. The her-metic seal 
is formed using an extremely precise laser to fuse glass-
to-glass by melting only the cross section where the 
glass meets — an area of just a few microns— while lea-
ving all other surfaces untouched. This one-step manu- 

facturing process does not require any type 
of adhesive or additive materials and forms a  
true direct hermetic seal between the glass wafers.

The extremely small and isolated area heated by  
Glass Micro Bonding to form the seal allows even the 
most heat-sensitive electronics and sensors to be vac-
uum-sealed in an all-glass hermetic package at room 
temperature. This opens new doors for Glass Micro 
Bonding to be used for hermetic sealing in microflu- 
idic devices or sensors that may contain a sensitive  
organic layer or coating applicable to their specific  
function.

Glass Micro Bonding is a simple, straightforward pro-
cess that does not require any additive materials  
and can be performed with new glass types that of- 
fer excellent biocompatibility. This makes it an ideal 
technology for medical applications in which biocom-
patibility is of paramount importance — particularly  
for implantable devices. There is also a decreased  
likelihood of reactions with other materials. Such a  
reaction could cause materials to break down, lead- 
ing to device malfunction. In addition, the extremely 
small and precise seal areas add negligible bulk to the 
electronic components. 

An explosion view diagram of a device encapsulated with Glass Micro Bonding.
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While the technology allows for the use of wafers with 
hermetically sealed-in through-glass vias, a notable 
advantage of Glass Micro Bonding is that its transpar-
ent glass encapsulation can even eliminate the need 
for wired connections — RFs can travel through the 
all-glass package. This can reduce both bulk and com-
plexity in device designs while also allowing devices 
to be internet-connected by emitting and receiving 
over-the-air data signals. This is extremely intriguing 
in medical device and implantable applications, as RF 
can be used for live monitoring as well as reprogram-
ming or updating a device without removing it from 
its existing setting. Glass Micro Bonding also enables 
sealed electronics to be combined with chip-based 
optical components to create optical devices for sens-
ing, imaging, or telecommunications applications. 

Components sealed with this new technology can be 
as small as a few cubic millimeters. The technique is 
very flexible and can be performed on a chip-scale all 
the way up to wafers as large as 12 inches, making it 
simple and cost-effective to scale up for high-volume 
manufacturing.

REVOLUTIONARY STEPS ALREADY BEING 
TAKEN IN MEDICAL AND AEROSPACE SETTINGS

Glass Micro Bonding creates an extremely robust and 
reliable seal that encapsulates sensitive electronics, 
supporting long-term reliable electronic device oper-
ation. The technology is quickly becoming established 
in applications where failure is not an option and ul-
tra-miniaturization is an advantage or requirement, 
particularly for medical devices and implants as well 
as aerospace settings. 

Israel-based Nano Retina is using Glass Micro Bonding 
to seal and protect electronics in a retinal implant de- 
vice designed to help restore vision in individuals with  
blindness from retinal degenerative disease. It was key  
that the sealing technology not only be clear so it can 
be used in the eye, but also extremely low profile while 
maintaining strength and reliability. The implantable 
device, which works with a set of eyeglasses worn by 
the patient, replaces the functionality of damaged pho- 
toreceptor cells in the eye and creates electrical stimu-
lation that activates remaining healthy retinal cells. 

Further adding to a reputation of reliability is the use of 
Glass Micro Bonding in electronic components onboard  

satellites, where repair or replacement processes of  
any kind are typically not an option due to inaccessibil-
ity in space. Glass Micro Bonding can support the lon-
gevity of key components for the lifetime of the satel-
lite and also withstand the extreme conditions present 
during launch and orbit. The European Space Agency is  
using Glass Micro Bonding for robust packaging of an 
optical sensor with sealed-in electrical feedthroughs, 
which has already seen success in several test projects.

WHAT DOES THE FUTURE HOLD? 

Today, most medical diagnostic tests require a blood 
test at a doctor’s office, which is then sent to a lab for 
analysis. Results can take anywhere from a few hours  
to several days or even weeks for non-standard tests. 
Extremely small implantable sensors are an innova- 
tion that could remedy this less-than-ideal reality: by 
continuously gathering data and monitoring blood  
status in the body, trips to the doctor can be reduced, 
and safety can even be enhanced with real-time alerts  
of any abnormal readings. Glass Micro Bonding could 
help push these developments forward and make  
such sensors an everyday reality with ultra-minia- 
turized biocompatible glass packages that enable RF 
transmission and even potential wireless charging  
capabilities. 

Environmental sensing is another application area  
that could benefit from this new technology. Glass  
Micro Bonding could be combined with high-quali- 
ty optics to make small devices that provide images 
or analytical information by continuously monitor- 
ing the environment. Examples of this include light  
detection and ranging (LiDAR) for automotive appli- 
cations, such as autonomous driving, and a variety  
of other applications requiring high-performance  
micro-optics components.

FROM CONCEPT TO COMPLETION 

Glass Micro Bonding is a specialized and proprietary 
technology that is helping overcome hurdles in her-me-
tic packaging limitations that have previously seemed 
insurmountable. SCHOTT Primoceler Oy uses a highly 
collaborative process to work with customers incorpora-
ting this new hermetic sealing technology into products. 
From concept development to prototyping, testing, and 
manufacturing scale-up, the company’s in-house experts 
can help make innovative application ideas a reality. 
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This pioneering hermetic sealing technology can be 
performed with a wide variety of glass types, inclu-
ding borosilicate, fused silica, quartz and soda lime 
glasses, and silicon. It may seem counterintuitive to 
use what is often thought of as a breakable materi-
al for protection, but the glass assemblies maintain  
integrity because of their inorganic complexion that 
is non-porous, non-ag-ing, and resistant to drastic  
environmental changes. Application-specific testing is 
performed to validate that the assembly will remain 
durable and intact under the extreme stress. 

Testing processes include temperature cycling,  
moisture resistance, high-temperature storage life,  
mechanical shock and vibration, and leak-tight-ness. 

About SCHOTT
 
SCHOTT Electronic Packaging is part of the global technology group SCHOTT and a leading developer and 
manufacturer of hermetic housings with over 80 years of experience in hermetic sealing for harsh environment, 
high-reliability applications. SCHOTT’s experts work directly with customers, including medical device desi-
gners and manufacturers, to formulate customized hermetic sealing solutions based on individual application 
needs. SCHOTT also offers customizable and fully hermetic Solidur® LED modules and Eternaloc® connectors 
that can reliably withstand extremely harsh environments, such as typical sterilization conditions in autoclaves. 
SCHOTT Primoceler Oy is a wholly-owned subsidiary of SCHOTT that offers Glass Micro Bonding, a revolutio-
nary laser-based process that enables ultra-miniaturized hermetic packaging for highly sensitive electronics in 
demanding applications. 

Glass Micro Bonding is helping to create new types of  
ul-tra-miniaturized devices that are reliable and well-
tested while also offering connectivity through RF 
transmission. The hermetic seals created with this  
technology will hold up for the lifetime of the device  
and have proven reliability in extreme environments. 
 
In the discussion of what’s next for advancements in her-
metic packaging technolo-gy, Glass Micro Bonding is 
bridging the gap between to-day’s ideas and tomorrow’s 
advancements in an increas-ingly connected global 
landscape.

Ultra-miniaturization is a key benefit of components sealed with Glass Micro Bonding.


