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Abstract—This letter demonstrates, for the first time, a biocompatible radio frequency identification (RFID) tag fabri-
cated on an Ormocer substrate and encapsulated in it. Ormocomp belongs to a group of hybrid organic-inorganic
photostructurable materials called Ormocers. It is biocompatible, chemically inert, and electrically insulating—ideal for
body-implantable applications. In this letter, we have developed an Ormocomp-based printed circuit board and packaging

method and implemented a biocompatible RFID tag.

Index Terms—Sensor packaging, biocompatible, implantable radio frequency identification (RFID) tag, Ormocer, packaging, printed circuit

board (PCB).
I. INTRODUCTION

Since the first implantable pacemaker in 1958, numerous im-
plantable devices have been developed to address various physio-
logical, biochemical, or physical needs for medication, caring, and
monitoring [1]-[3]. Due to the diverse functions and specifications
of these implantable devices, different materials, structures, and elec-
tronics have to be applied and designed. Nevertheless, one common
challenge in developing implantable devices is the biocompatibility of
materials that are exposed to body tissues [2]. Therefore, implanted de-
vices are either encased with biocompatible materials or covered with
biocompatible coatings. Modern implanted devices with sophisticated
electronic functions need printed circuit boards (PCBs) for system
integration. However, traditional lamination-based PCB technology is
not biocompatible.

Hence, the first goal of this letter is to develop a biocompatible PCB
technology from an Ormocer, specifically Ormocomp. Ormocers are
a class of biocompatible copolymers synthesized from siloxane and
organic monomers. The properties of Ormocers can be tuned with the
addition of other copolymers and photoinitiators [4]. The cytotoxicity
of Ormocers has been extensively tested and they have been used in
dentistry since 1988 [5]-[8].

In this letter, Ormocomp was chosen as it is readily available
and extensively used in the fabrication of various microdevices such
as microfluidic devices [9]-[11] and cell growth scaffolds [6], [7].
The optical transparency of Ormocomp allows for the fabrication of
optical waveguides and sensors [12]-[15]. In [10], a free-standing
electrophoresis—electrospray device was fabricated in Ormocomp,
demonstrating the feasibility of the material as a substrate for microfab-
rication. In a preliminary study [16], a PCB technology based on cured
Ormocomp substrates was suggested. On such a PCB, conductors and
integrated circuits (ICs) of various types (including microelectrome-
chanical system (MEMS) sensors) can be integrated into one, easy to
encapsulate, unit. The conductors serve to interconnect the ICs and to
implement antennas and inductive as well as capacitive elements. This
allows for the creation of highly integrated body implants with only
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Ormocomp facing the body tissues. Such device integration technology
using a singular biocompatible substrate and encapsulation is not yet
available in current technologies.

As a proof of concept, in this letter, we describe the fabrication
process of an Ormocomp-based electronic product code (EPC) ultra
high frequency (UHF) Gen2 radio frequency identification (RFID) tag
containing a control IC and a loop antenna. The RFID functionality
is demonstrated by inserting the tag under a piece of swine tissue
and successfully detecting with an RFID reader. The detection range
and received signal strength indication (RSSI) were measured and
compared with a commercial tag.

. ORMOCOMP RFID TAG FABRICATION

The fabrication of the Ormocomp-based RFID tag (as well as any
other Ormocomp PCB based body-implantable device) can be broken
down into the following five main steps:

1) preparation of a thin Ormocomp substrate or “wafer;”

2) lamination of copper or aluminum metallization on one or both

sides of this substrate;

3) patterning the metallization using traditional photolithography

techniques;

4) bonding of electronic components on the Ormocomp PCB;

5) finally, encapsulation of the device in Ormocomp so it is entirely

biocompatible and can be safely body-implanted.

The Ormocomp substrates were prepared by casting between two
glass plates. The glass plates were first immersed in a 5% solution
of dimethyldichlorosilane in toluene to reduce the adhesion of cured
Ormocomp. A more detailed description of the subsequent process
flow of the lamination-based Ormocomp PCB process is illustrated in
Fig. 1.

a) Liquid Ormocomp is sandwiched between two glass plates with

250 wm spacers to control the thickness of the substrate.

b) The liquid Ormocomp is cured for 5 min. using an LED UV

lamp at a wavelength of about 400 nm.

c) The cured substrate is removed from the glass plates.

d) A small amount of Ormocomp is applied to a 25 pem thick copper

foil or a 15 pm thick aluminum foil.
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Fig. 1. lllustration of fabrication steps of an Ormocomp PCB-based body-implantable device.

e) The Cu or Al foil is pressed against the Ormocomp substrate
prepared in (c) between glass plates to bond the foil with the
substrate by UV-curing the Ormocomp applied in (d) for 1 min.

f) The metal-cladded substrate is detached from the glass plates.

g) Conductor traces are patterned by traditional photolithography,
and electronic components (e.g., an RFID control IC, Alien
Higgs 3 [17], in this study) are attached and wire-bonded.

h) To encapsulate the Ormocomp PCB, liquid Ormocomp is poured
on the component side of the PCB and UV-cured between glass
plates for 3 min.

i) Finally, the encapsulated Ormocomp PCB is diced for individual
body-implantable devices. It is noted that the encapsulation can
also be conducted at device level by dicing the PCB in (g) first.

. EXPERIMENTAL RESULTS

Fig. 2(a) shows a clear Ormocomp substrate prepared by following
steps (a) through (c) in Fig. 1. The roughness of cured Ormocomp
substrates was measured by a white light interferometer, as shown in
Fig. 2(b). The height histogram of a typical measurement is shown
in Fig. 2(c). The root mean square surface roughness Rq at various
locations was about 30-60 nm. Fig. 2(d) shows multiple Cu loop
antenna patterns for RFID tags on the substrate. Fig. 2(e) shows a
micrograph of an RFID controller IC, which was wire-bonded to the
loop antenna and covered with Ormocomp. Fig. 2(f) shows a similar tag
based on Al metallization, indicating the versatility of the developed
PCB technology. It is noted that metallization can also be achieved
by using deposited metallic films [11]. However, lamination of metal
foils was adopted in this study to demonstrate low cost manufacturing
for future large scale commercialization.

Fig. 3(a) and (b) shows diced and encapsulated tags with Cu and Al
metallization, respectively. These are EPC global Gen 2 RFID tags and
measure 10 x 12 mm. To test the functionality of the Ormocomp RFID
tag, the tag was placed under a 5-mm-thick piece of raw pork (muscle
and fat) to emulate human body tissues [see Fig. 3(c)]. We used a
Sparkfun Simultaneous RFID Reader shield [18] on top of a Sparkfun
RedBoard [19] (Arduino UNO compatible) to implement an RFID
reader/transmitter operating in the UHF 860-960 MHz range. The
board was programmed using the SparkFun Simultaneous RFID Tag
Reader Arduino Library and the Example_Constant_Read program.
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Fig. 2. Fabricated Ormocomp devices. (a) Substrate. (b) Surface
roughness measurement. (c) Height histogram. (d) Patterned Ormo-
comp PCB with Cu loop antenna and bonded RFID controller IC before
dicing. (e) Optical micrograph of an RFID IC bonded to the Cu loop
antenna. (f) Ormocomp RFID tag based on Al metallization.

Fig. 3(d) is the messages obtained by the reader with or without the
tag under the tissue. It clearly shows successful reading of the tag ID
when the tag was present.
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Fig. 3. (a) Photograph of an Ormocomp-based RFID tag with Cu
metallization. (b) RFID tag with Al metallization. (c) Interrogation ex-
periment set-up. (d) Screenshot of RFID tag readings with and without
the tag under the tissue.

The performance of the fabricated Ormocomp tag was compared
with that of a reference commercial AZ 9613 tag with the same loop
antenna and RFID IC. The tags were placed in different media (in air,
under pork, or submerged in isotonic 0.9% saline), and the RSSI and
rate of successful detection were measured with 5 dBm measurement
power at various distance D, as shown in Fig. 4. For measurement
in air, D is the distance between the reader and the tag; under pork,
D is the pork thickness; in saline, D is the submersion depth of the
tag while the reader was kept 5 mm above the liquid. The detection
range for the Ormocomp tag decreases from air (~3 cm) to pork (~2
cm) to saline (~0.7 cm) due to increased conductivity of the media
[20]. The test in saline, which is a good model for human blood,
also demonstrates the waterproofness of the Ormocomp encapsulation.
Fig. 4 shows that the Ormocomp tag performed slightly better than the
reference tag. We speculate there are two possible reasons: 1) The
Cu loop in the fabricated tag has better conductivity than the Al loop
in the commercial tag, and 2) the connection of IC to the loop by
wire-bonding in the fabricated tag is more robust than the attachment
by conductive adhesive in the commercial tag.

IV. DISCUSSION

The cytotoxicity of Ormocers has been extensively tested and they
have long been used in dentistry as restoration materials [5]—[8].
While most biocompatibility tests involving Ormocomp were in vitro,
preliminary in vivo tests of Ormocore, another variant in the Ormocer
family, have shown good biocompatibility [21], [22]. While in vivo
cytotoxicity studies of Ormocomp-based devices, such as the RFID tag
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Fig. 4. (a) Successful detection rate and (b) average RSSI of the

fabricated Ormocomp tag (“Ormo”) and a commercial tag (“Ref”) in
different media.

presented in this letter, are needed for future implantable applications,
their positive outcome could be expected.

In addition to new biocompatible implants, we aim to develop
a PCB-like technology based on lamination, printing, and etching.
Minimum line width of 30 um has been demonstrated in multilayer
circuits on flame retardant 4 (FR4) substrates with Ormocer as dielec-
tric spacing layers in [23]. With the good surface roughness of cured
Ormocomp substrates reported in this article, multilayer circuits and
systems in the proposed Ormocomp PCBs are promising.

However, a number of challenges remain to be overcome in the
future development of this technology.

1) Currently, the substrates and encapsulation are fabricated by
cast molding. The demolding process often causes cracking or
delamination.

2) The adhesion of Ormocomp substrates with deposited metal
films is good while the adhesion with metal foils needs to be
improved for low cost and high-yield manufacturing.

The use of wire bonding was necessitated in this study by the fact that
manual soldering of the miniature RFID IC was challenging and would
require a specialized soldering station. A wire bonder was, however,
readily available. It is noted that our preliminary experiments with
soldering on Ormocomp PCBs showed that low-temperature solder,
based on tin and bismuth, yielded the best results. An advantage of tin—
bismuth solder alloys is that they are less toxic than either lead or silver
[24] (the latter being used in contemporary lead-free solders). Low-
temperature solder paste can be printed and allows for high volume
production with more robust interconnection. This process will be
developed and optimized in our future work.
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V. CONCLUSION

This preliminary work shows the feasibility to fabricate an
Ormocomp-based PCB that can be processed and used similarly to
ordinary PCBs. A proof-of-concept body-implantable RFID tag with
only a biocompatible material facing the tissues is demonstrated. More
complex devices integrating various sensing, actuation, control, and
RF data communication and power transfer ICs should be possible.
Such devices made of a singular biocompatible substrate and encapsu-
lation are not yet available in current technologies. Hopefully, this letter
will open the door for an entirely new class of highly biocompatible
body-implantable devices.
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