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Abstract— In this paper we present the methodology and the
numerical results related to the analysis of aging of the SU-
8 polymer when used as a primary layer for the realization
of Coplanar Waveguide (CPW) structures. As test devices,
we used a set of transmission lines with different lengths and
T-shaped open stubs shunt resonators; by using these
geometries, we are able to acquire the data in a broadband
range, in principle between 1 GHz and 40 GHz. We conduct
the analysis by comparing two different technology run: the
first wafer with a deposited layer by a 12-year-old SU-8 and
the second wafer, with the same photolithographed metallic
geometries, with a brand-new processed SU-8 photoresist.
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I. INTRODUCTION

Coplanar Waveguide (CPW) is one of the most used
geometry for high frequency — high-speed transmission lines
design in microwave electronics. Its complete planarity, with the
signal line and grounds placed on the same plane, allows an easy
integration and fabrication in ultra-large-scale process. At the
same time, the negative epoxy photoresist SU-8 has been
employed, now for 20 years, in the process of realization of
Micro Electro Mechanical Systems (MEMS) sensors,
microwave devices, optoelectronics and, lately, as a polymer for
the realization of complex microfluidic channels [1-2]. SU-8
became popular also for the possibility to pattern structures with
multiple levels and for managing geometries with high aspect
ratio, like pillars, for example in MEMS [3] and a sensor array
for biological application [4]. Because of the possibility to use
SU-8 by means of MEMS technologies, low-loss CPWs have
been also demonstrated on low resistivity silicon, exciting an
almost TEM propagation [5-6]. Despite this well-deserved
popularity, now it is clear that an accurate characterization in
terms of electromagnetic properties is vital and crucial for an
effective and efficient design of high frequency devices and,
more in general, 3D structures. Suppliers quite often skip this
kind of characterization, and designers must rely on some on-
line scattered values with unverified reliability. Few previous
works studied the behavior of the electrical permittivity of SU-8
in a broad frequency span. A first paper reports the data in the
frequencies 1-4 GHz by using a resonant ring structure in a
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micro-strip configuration [7]; a second one used a conductor
backed CPW [8] for conducting this analysis, with reliable
results between 5 GHz to 50 GHz; in a third one a micro-
machined strip line is buried by SU-8 [9] to extract its
characteristic impedance, propagation constant and, by them, to
derive the dielectric constant of the polymer. In this work, we
characterized in terms of propagation constant and impedance
[10-11] a set of 16 different CPW lines and 15 different T-
shaped resonators (CPW lines with in parallel an open-ended
stub [12]). S-parameters are acquired between 1 GHz and 40
GHz, 801 points, by ground-signal-ground (G-S-G) RF probes
directly on-wafer. Data are then processed to extract the a priori
unknown electrical permittivity of the SU-8. In this way, we are
able to extract the dielectric constant of SU-8 in a broadband
range, and to verify the variation of the electromagnetic
properties of the polymer after aging (12 years). The polymer
aged still in liquid form, unprocessed, conserved in his original
bottle and maintained in clean-room environment. This is very
useful in view of the implementation of RF configurations
implying SU-8 MEMS technology for both device and
packaging purposes. The knowledge of material aging, and the
correspondent change in dielectric properties and frequency
matching of the devices manufactured on top of it, is a key factor
especially for determining suitable space applications, where the
change of material properties could result in big issues for the
electrical response of devices based on the chosen technology.
Polymers were typically avoided in some applications because
of out-gassing phenomena, leading to leakage in case of
hermetic packaging requirements for long-term performance.
Moreover, plastic materials could be not stable over the years,
and material properties can change. On the other hand, well-
established protocols could fail in having a precise
determination of the material aging, because they are normally
based on thermal treatments and extrapolations from short-term
heating and thermal shock procedures. In this work, we had the
opportunity to characterize materials distinguished only by the
age, but preserved in the same Laboratory, with controlled
temperature and humidity boundary conditions, over the years.
For the above reasons, the work is not systematic, as we had no
SU-8 purposely aged for this study following a pre-defined
strategy, but we guess it is in any case an important result to
show the modifications introduced by natural aging, without any
other worsening factor for the electrical performances. The



paper is organized as follows: after this introduction, in Sec. II
we describe the methodology adopted for this research,
including theoretical main aspects. Then, in Sec. III we describe
the experiments and discuss the results. In the end, conclusions
are drawn.

II. METHODOLOGY

A. Theoretical approach

In this paper, for brevity, we do not recall the complete
mathematical formulation adopted. For a complete review, the
reader can refer to works [10] and [11]. The logical scheme
describing the procedure for calculating the dielectric constant
of the SU-8 layer is as follows: 1) acquire S-parameters as 2-
ports data on the test devices by broadband (1-40 GHz) on wafer
measurements; 2) by using matrix transformation, we are able to
compute the propagation constant k=pf—jor on the

transmission lines and to extract the resonant frequency f, for
each T-resonator; from the extracted S (phase constant) it is
calculated the effective dielectric constant g of the line (in the
broadband regime), while from £ the e.sris determined precisely
at the resonant frequency; 3) in the end, by inverting design
formulas on CPW [13] and T-resonator, the unknown dielectric
constant &sug of the polymeric layer is derived.

B. Test devices

The devices are realized by standard photolithography:
starting from a high resistivity 4-inch Silicon wafer, 525 um
thick, we then deposited a 25 pm thick SU-8 2000 layer; in the
end the metallization of the lines and resonators is patterned. By
using the CPW lines we are able to process the data in a
broadband regime, while the different resonances, characteristic
of the T-geometries, allows us a more stable data on particular
frequencies to be used for a later best fitting procedure. We
realized two different test cases: in the first one, very aged SU-
8 (12 years) was processed and used as substrate for the above
devices; in a second run the same geometries are realized on
fresh SU-8, just shipped by the company. In Fig. 1 the layout of
the test devices is presented, and in Tab. I, the three geometrical
parameters of the four different lines are listed. For each
typology, we have the first line 10 mm long, the second line 11
mm long and the third one 12 mm. Having three lines with
different length allows us the application of the differential
analysis method presented in [9]. Regarding the T-stub
resonator, the lengths of the stubs are designed as 3 mm, 4 mm,
5 mm, 7 mm, except for the Type 4 lines, where we used 6 mm,
7 mm and 9 mm. The expected resonances, i.e. Sy = 0 ideally,
obey the following equation:

ncy (1)

fres ==
res 4’lstub Eeff

Where, n is the resonance order, ¢y is the speed of light in
vacuum, Iy is the physical length of the shunt stub, and e is
the effective dielectric constant of a two-layered ungrounded
CPW line, as in [12,13].
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Fig 1. Layout of the test devices: from left to right, grouped in columns, Type 1,
2, 3, and 4 respectively lines geometry: transmission lines above and T-
resonators below.

TABLE 1. Geometrical parameters of the lines grouped by typology (the table
reports the width of the signal line, the air gap between signal line and lateral
ground planes and the width of the ground planes)

Type 1 Type 2 Type 3 Type 4

w_signal 90 pm 100 pm 120 pym | 250 ym
w_gap 25 pm 30 um 40 pm 100 pm
w_ground | 700 pm 800 pm 800 pm | 1200 pm
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Fig 2. Photo of the processed wafer, test case 1.

III. EXPERIMENT AND DISCUSSION OF RESULTS

After the completion of both wafers, in Fig 1 is displayed
test case 1 (test case 2 is visually identical), we started
measuring each device on each wafer. In total, we have a set of
54 2-port measurements. The comparison of the dielectric
constant values between fresh and aged SU-8 related to the
transmission lines is depicted in Fig. 3. Due to a known
limitation of the methodology, having designed short
transmission lines, in the low frequency regime (below 5 GHz),
the information of the dielectric constant is not accurate. We
can compensate this inaccuracy by the analysis of the behavior
of the resonators.
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Fig 3. Extracted dielectric constant from the analysis of the transmission lines.

Regarding the data coming out by the analysis of the T-
resonator, we identified clearly the first two resonances,
respectively around 5.890 GHz and 17.970 GHz. By inverting
the design equation from [11], with a physical length of the stub
of 7 mm, we obtain the following data:

e & SU-8 fresh 3.4, SU-8 aged 3.8 @ 5.8 GHz

e & SU-8 fresh 3.2, SU-8 aged 3.3 @ 17.9 GHz
For a better understanding of what does it mean in terms of
electrical performances of a planar device manufactured on a
layer of thick SU-8, we can say, first of all, that such a change
in the dielectric constant can cause a change in the characteristic
impedance around AZ~1 ohm, and a corresponding variation of
the return loss in the order of 3 dB.

Looking to the frequency changes induced in a resonator,
which is the most sensitive device to the dielectric constant
modifications, we can also write, by using the definition of

resonant frequency or from the cut-off: f,.~ 1/ NE which

corresponds to fr £= ,5’/5 ~ 1.05 @ 5.8 GHz and 1.01 @
T

17.9 GHz. This simple computation gives evidence for a less

critical aging contribution at higher frequencies, even if a

change of 1% at 20 GHz means a not negligible 200 MHz shift.
To complete the characterization, we proceed further in the

analysis of the losses. We want to verify if aging process

changes in a noticeable way the microwave losses of the

polymer. This parameter is also interesting for designers, who

would like to know how the substrate changes in time, and for

system engineers, to predict the whole RF system evolution. By

a direct comparison of the S»; parameter, or Insertion Loss (IL),

measured between linear section of transmission lines, we can

observe, Fig. 4, that is evident that aged SUS is more lossy than

fresh one in the whole frequency range analyzed. In this result,

we are comparing 10 mm length lines, and we can summarize

the observed difference of losses (see selected marker in

figure):

+0.038 dB IL at 5 GHz (+2.6% losses)

+0.078 dB IL at 10 GHz (+4% losses);

+0.102 dB IL at 15 GHz (+5% losses);

+0.17 dB IL at 20 GHz (+8% losses);

+0.036 dB IL at 25 GHz (+1% losses);

+0.641 dB IL at 30 GHz (+22% losses).

Regarding the data at 30 GHz, and above this frequency, the
results start to be influence by field leakage effects (radiation in
free space), because the length of the lines is now comparable
with a significant fraction of the wavelength. For this reason, in
principle, we should shield all metallic equipment in the nearby
of the wafer under test: mainly the RF probes chassis and the
RF probe micro-positioners,

dB
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Fig 4. Comparison of losses on a unitary length line (10 mm) between aged and
fresh SU-8.

IV. CONCLUSIONS

The characterization of the aging of the SU-8 polymer has
been performed by using it as primary layer for CPW lines and
T-resonators in two different wafer run. By measuring the 2-
ports S-parameters of the different test structures we calculated
the dielectric constant of the polymer and by comparison of the
same structures on different wafers we verified the change in
dielectric constant. From a complete analysis, we can observe
that very aged SU-8 seems to have a slightly higher dielectric
constant in broadband situation, probably due to very slow
drying process experienced by the material during the natural
aging. This condition is similar also regarding microwave losses
induced by the polymer; in fact, the aged one seems to be more
lossy with equal geometry, on average by 5% between 5 and 20
GHz. The possibility to use a naturally aged material, preserved
in controlled environment over the years gives a prediction free
from any extrapolation about the possible long-term utilization
of such a polymer without using specific thermal treatments. In
particular, a clear indication about the possibility to use SU-8
even after 10 years ca. without critical changes in the electrical
performances of microwave planar devices is given.
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