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Abstract propeties is a critical stefor suwccessful and
effective microwave designs. Taldress

We present the design andthis critical design step, we have designed the

development of the membrane probeMMP for non-destrative material

prototype for non-destative characterization characterizatin. The gaps of the CPW can

of thin-film materials [1]. This material be varied to allow

membrane probe MMP) is designed with

multiple polyimide coplanar wave guide

transmission lines (CPW), which enabledifferent field penetration into an MUT. This

effective and accurate on-wafer Thru- characteristic enables thpFobe tomeasure

Reflect-Line [2] calibraton. This MMP substrates with thickness less than 2 mds-

significantly improves upon thecalibration destructively.

integrity and measurements over previous

results [1]. We havemeasured dielectric In this paper, we present the design,

propeties of various materials at microwaveanalysis and measurements of the second

frequencies and conclusively demonstrate thageneration MMP using the oponercial

the MMP can be used toon-destratively Pyramidl probe process from Cascade

characterize tim-film materials. Microtech, Inc [3]. We have incorpated a
_ set of TRL standards into the probe to enable
l. Introduction accurate calibradn. Thiscalibration allows

us to accurately measure the S-parameters of
Technologcal advances in high the built-in multi-layer CPW lines whbut de-
density microwave packaging will require theembedding transitions and connectors [1].
use of multi-layer dielectric substrates.The dielectric propeties of materials are
Accurate characterization of dielectric
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then determinedfrom the measured S- To measure an MUT, we impress the
parameters of the multi-layer CPW lines.MMP on a bare thm-film material substrate.
Dielectric propeties of InP, fused quartz and The MUT is considered as a part of the multi-
alumina have been characterized tdayer CPW and serves as a third dielectric
demonstrate the feasibility of this techniquedayer. In Figure 3, we show the schatic
to 4 GHz. We have developed ancross-section of th&IMP impressedupon a
electromagnetic model to relate the measureslubstrate. The objective of this technique is
effective permittivity to the relative dielectric to experimentally obtain S-parameters of the
constant. multi-layer CPW lines. We can then extract
the dielectric propeties of the MUT from
measured S-parameters of this CPW line.

'

32 pum Polyimide
Figure 2. A crossextion of the membrane
CPW transmission line

Membrane CP

Membrane probe

Figure 1. Prototype of thenembrane core %
and a probe card

Il. Design concept of the membrane probe ¢ ¢ l
We have designed the MMP using|:::::MUT....0 |- MUT.....
membrane coplanar waveguide transmissiob—-— - - - -~ doee e

lines as interfaces to an MUT. These CPW

lines are fabricated and imporated into a

core mounted on a probe card. This prob&igure 3. A crossextion of the membrane
card provides coaal connectors for input CPW on a material substrateder test

signals. In Figure 1, wdlustrate the

prototype of a core and a probe card set-up fdH. Calibration Approach

measurements. The cross-section of a

membrane CPW line is shown in Figure 2. We employ the Thru-Réfct-Line
The flexible polyimide layers ensure (TRL) calibration techniquef3] to define
intimate contact between tHdMP and an Mmeasurement reference planes at the
MUT. The bottom layer of the MMprotects Mmembrane CPW lines. The multi-layer CPW

the metalizationfor repeatable contacts of calibration standards have two polyimide and
different substrates. one alumina dielectric layers as shown in

Figure 3. We have designed a set of TRL
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calibration standards with this cross section

using an EM solver implemented by the The ABCD matrix of a transmission
Method of Moments. line is defined [6]:
The MMP itself has CPW lines with B rcosh(l)  Z,, sinh(Y)0

two layers of polyimide as shown ingtire 1. E) 0_ inh(}j)
The designed CPW calibration standards have [€ D]

three dielectric layers as shown ingéie 3. H I
We perform TRLcalibrations by impressing

the MMP on an alumina subate. @ This where Z and y are the characteristic
forms CPW linecalibration standards, which impedance and the propgn constant of
have two polyimide and one aluminathe multi-layer CPW line. The measured S-
dielectric layers. After the calibran, we parameters can be trdosned to ABCD
are able to set the measurement referengmrameters . Thei@e, the propaation
planes at the membrane CPW so that only Sonstants can be determined:

parameters of the multi-layer CPW lines are

cosh(y) é“)

collected[4,5]. y= I} cosh(A) = I} In(Ai ra= _1) @
IV. Experimental Results wherel is the length of the transmission line.

The effective permittivities of the multi-layer
We have measured the S-parameter€PW lines are calculatefdom the measured
of InP, fused quartz, and alumina using theropagtion constants given by (2). Figure 6
MMP. Figure 5 shows theneasured phases shows the measured effective permittivities of
determinedrom S, for these subsites. The InP, fused quartz, and alumina multi-layer
phases of Sare substantially different among CPW lines to 4 GHz.
materials with various dielectric constants.
These distinctions indicate that the MMP In order to etermine the relative
differentiates very well the dielectric permittivity of the substrate, an integral
propeties of different materials. equation is formlatedfor theelectric field in
the apertures. This is then discretized using
0o +———t+———+——— . the spectral domain ntetd [7] to genaate an
—+—InP . . L.
1o 4 e Alumina I admlttanc_:e matrix. Traditionally one solves
Fused Quartz the nonlinear eigenvalue phen for the
propagtion constant. Here, we fix the
propagtion constant and find the substrate
permittivity where the determinant of the
T admittance matrix vanishes. This allows us to
- directly solve for the substte permittivity
given the propagtion constant. Table 1
60 T shows the relative permittivities of alumina,
15 2 25 3 35 *  fused quartz, and InP from 1.5 to 4 Ghz.
Frequency (GHz) Within  this  bandwidth, the relative

) permittivities have a maximum variation of
Figure 4. Phase of 3f InP, fused quartz and ;. g ggos [8].
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