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ABSTRACT importance for fabrication of high performance
systems [1]-[3]. As is well known, the

Resonant coupling type microstrip line f Hici v deteriorat t
interconnects using a bonding ribbon and°OUPIINg €fliciency —usually —deteriorates — a

dielectric pad have been designed and"9ner frequencies, du_e to the  parasitic
fabricated. P The basic concep% of thislnductance of the bonding ribbon [3], and

interconnect is thé.C serial resonance of the specia_l bonding c_onfigurati(_)ns such as the_ use
pad capacitor and ribbon inductor Bothof tuning stub with line width compensation

numerical simulation and experiment revealhave been reported [1].
low return loss and high efficiency connection

at the predicted resonant frequency region : . J ; .
P ; y red DC-free microstrip line interconnect which

which can be readily shifted to higher : e
frequencies by tuning the structural parameters(?Ioes not require the modification of the shape

Furthermore, improvement in bandwidth of theOf the microstrip Ilqes to be ponnepted. The
interconnect is demonstrated by using a pa&]ew structure consists of a single ribbon and a

with higher dielectric constant.

In this paper, we propose a high-efficiency

I. INTRODUCTON Port 2

Ribbon bonding has been widely used for
interconnect or packaging of MMICs and T/R  pgrt 1
modules at microwave and millimeter-wave
frequencies. To tolerate thermal expansion and \
discrepancies in chip or component size, a small Dielectric Pad (. Bonding Ribbon
gap is usually left between two substrates to be .
connected. Because a large part of present
MMICs or modules are based on microstrip
structures, efficient interconnect between
microstrip lines through a gap has great

*On leave from Department of Electrical and Fig. 1 Microstrip  line  interconnect
Electronic Engineering, Ehime University, through a gap using a bonding ribbon
Matsuyama, Ehime 790-8577, Japan and dielectric pad.
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companion rectangular dielectric pad. TheFor the dielectric pads, two different kinds of
ribbon and the dielectric pad constitute a seriesnaterials with metallized top surfaces and
LC resonator so that high efficiency connectionidentical widths to that of the ribbon have been
is achieved at the resonant frequencyinvestigated.

Furthermore, a slight modification allows DC

connection in addition to efficient coupling at  Fig. 2 shows the S-parameters simulated by
the resonant frequency. We will present bottFDTD for conventional ribbon bonding
numerical simulation and experimental between microstrip lines through a gap of
verification of the coupling characteristics of g = 1.6 mm, which corresponds to the structure

this new interconnect structure. Our study alson Fig.1 without the dielectric pad. As
shows that improvement in frequencyexpected, both insertion loss and return loss
bandwidth can be realized by using a pad withincrease rapidly at higher frequencies. The

higher dielectric constant. deterioration of the ribbon bonding is mainly
due to the parasitic inductance of the ribbon,
which is estimated to be 3 nH in the present

case [4]. Hence, the introduction of a dielectric

Fig. 1 shows the proposed structure wher@ad as shown in Fig.1 will result in && serial
two microstrip lines are connected through aresonator, where an efficient coupling is
gap with a metallic ribbon and a rectangularéxpected around the resonant frequency.
dielectric pad. The dielectric substrate for the
50 Q microstrip line used in this study is
RT/Duroid with & = 2.33 andh = 0.8 mm.
The ribbon used is a rectangular copper sheet
withw =2.3 mm,r; = 4.0 mm and, = 1.4 mm.

II. M ICROSTRIP LINE INTERCONNECT

I1l. SIMULATION AND MEASUREMENT
RESULTS

Fig. 3 shows both FDTD simulation and
measurement results of the coupling
characteristics of an interconnect using a
dielectric pad withs, = 2.33,t = 0.8 mm and

o ' | = 12 mm. Due to thd.C resonance, the
= 0 . insertion loss is better than 0.8 dB from 3.0 to
= | 3.8 GHz, and the return loss is below —10 dB
o -10F T . within this frequency range. Good agreement
- I e between measurement and prediction has been
E-20F . obtained, with a discrepancy of less than 3 %
E i S ,  h 1 for the resonant frequency.

&30/ T | |
g Fig. 4 shows the FDTD simulated resonant
-40 T S — — frequencies for various length$ of the
0 2 4 6 8 dielectric pad, with the other parameters
f(GHz) identical to those in Fig. 3.  Also shown in

Fig. 2 Coupling characteristics of two

microstrip  lines

connected by

conventional ribbon bonding.
(g =1.6 mm,h =0.8 mm,g = 2.33,

rR = 4 mm, r,
w = 2.3 mm).

= 14 mm and

Fig. 4 is the estimated resonant frequency of the
serial LC resonator, wherd. and C are the
ribbon inductance and pad capacitance,
respectively [4]. The good correlation
indicates that high-efficiency coupling should
be possible at higher frequencies by reducing

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



T T T

) o

Z )

Q (]

@ @

Q [}

5 g

g 18 -

& -30 —— FDTD . = 30 —— FDTD i

------ Measurement, ------ Measurement
-40 ! . ! . ! . -40 . I . I . I .
2 4 6 8 0 2 4 6 8
f (GHz) f (GHz)

Fig. 3 FDTD simulation and measurement Fig. 5 Simulated and measured
results of S-parameters for the S-parameters of the microstrip line
microstrip  line interconnect using interconnect using bonding ribbon
bonding ribbon and dielectric pad with and dielectric pad witte, = 10.2,
£ =233t=08 mmand =12 mm. t = 0.6 mm andl = 4 mm. Other
Other parameters are the same as in parameters are the same as in Fig. 2.
Fig. 2.

< Fig. 5 shows the S-parameters for the

5 1o ; ] interconnect using a dielectric pad with

> & =10.2,t = 0.6 mm and = 4 mm. In this

(8] e _ 1 H

c | f= ] case, S is better than 0.5 dB from 2.9 to

2m/LC :

%10_' o / }/"‘/_ ] 4.3 GHz, with the return loss below -15 dB.

e ° FDTD 1 Again good agreement (< 2 % discrepancy in

LL L i

= | resonant frequency) between theory and

S St experiment is obtained. The results in Fig. 5

§ i indicate that improvement in coupling

x . . efficiency and bandwidth is possible by using a
00 10 15 thinner pad with higher dielectric constant.

5
Length of Pad (mm)
Fig. 4 Resonant frequencies of the V. MODIFIED STRUCTURE |NCLUDING

interconnect with respect to different DC INTERCONNECTION

lengths of dielectric pad.  Other

parameters are the same as in Fig.3. In the previous section, resonant coupling
type DC-free microstrip line interconnect has
been presented. For some practical

applications, however, an interconnect with DC

the size of the dielectric pad. The increasin ass 1S alsq reqqlred. T.he microstrip line on
discrepancy at higher frequencies also hich the dielectric pad is loaded and the top
emphasizes the necessity  of fuII-wavecondUCtor of a pad are connected to each other.

simulation at these frequencies. Th|s_ can be easily achieved by a slight
modification of the proposed structure as shown
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in Fig. 6.
simulated by FDTD are shown in Fig. 7.
parameters are the same as in Fig. 3. Efficient
coupling and low return loss interconnesf; (>
-0.7 dB and5;; < -15 dB) are obtained from 6.0 [1]
to 7.0 GHz. From this result, it is expected that
a high efficiency RF interconnection due to the
LC resonance together with DC pass can be
realized. 2]

V. CONCLUSIONS

In this paper, we proposed a new resonant
coupling type microstrip line interconnect using
a bonding ribbon and dielectric pad.  Both[3]
FDTD simulation and measurement have
confirmed the design concept, and an insertion
loss of better than 0.5 dB over a 40 %
bandwidth has been obtained for a low
frequency model. The structure should be
readily useful at higher frequencies as indicategl4]
by the fulllwave simulation results.
Furthermore, it is also shown that the structure
can be easily expanded to high efficiency RF as
well as DC level interconnection.
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Fig. 6 Microstrip line interconnect with Fig. 7 S-parameters of the modified
top conductor of dielectric pad and microstrip line interconnect. The

microstrip are connected.

parameters are the same as in Fig. 3.
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