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coupling using conventional (M)MIC technique.
ABSTRACT An analysis method with CAD capability was
o ) _ ~ developed for the fast and accurate simulation of
An accurate and efficient quasi-static Finite-coypled coplanar lines. The presented method
Difference field calculation is applied 10 gjlows the consideration of finite substrate and
multiple ~ coupled  coplanar  lines. ~ The metallization thickness as well as the influence
characteristics of propagating quasi-TEM modesy ajr bridges used for the suppression of higher
are derived from the charge and surface curregfider modes. In order to demonstrate the
distribution on conductors. Coplanar couplers ohccyracy and efficiency of applied method, two
different center frequencies and coupling factorgopianar directional couplers for different
are designed and realized on ceramic and GaAgpjications (power detection at 1GHz and
substrates. The scattering matrix of couplers isower splitting/combining at 20GHz) are

calculated utilizing the characteristics of quasi-gesigned and realized in different techniques
TEM modes propagating along the couplednybrid and MMIC).

coplanar lines. Numerical results are compared

with measurements showing good agreement. APPLIED ANALYSIS METHOD
Fig. 1 shows the schematic description of the
INTRODUCTION used analysis method based on the theory of

multiconductor systems. A quasi-static finite

One of the most important advantages ofjifference method [4] is applied to the system
coplanar transmission lines is the fact that line

Multiple Coupled Coplanar Lines

dimensions are almost independent from

substrate thickness. As a result, very small

structures can be realized in this technique. Bu v

in case of distributed elements such as/"%Ustmn ™ || e smemewnarswsme || o nimon
transmission line couplers the conductor losses < Co - L'=&to(Cs) R
restrict the size minimization of the components. — imame.es oo s

On the other hand very narrow gaps between the — | SRl Yejwl «—
coupled lines are necessary in order to achieve )

higher coupling. Alternatives are branch-line Eigenvalue Problem

and rat-race couplers [1] or the use of multilayer [ Z Y Ve r | ]
technique [2,3]. But the analysis of such Matrix of Propagation Cosfficients Impedace Matix
complicated multilayer structures is very time et Modes 7
consuming so that an interactive design and e T J
optimization of the structure is not possible. — v

This letter presents a solution for the realization _ _ ) )
of coplanar directional couplers of 3dB to 10dB F19-1 - Quasi-TEM mode analysis of coupled lines
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Quas-TEM Surface Current Distribution € o @1GHz
Modes r.eff dB/m
| — — |
1st Even Mode 7.263 4.042
|-
1st Odd Mode 6772 8118
L J - .
2nd Even Mode r B 6.649 15.129
N y - »
2nd Odd Mode o ! | K 6.088 24.967

3rd Even Mode | ' ' ' 6.388 27.830
3rd Odd Mode " - r 1 ' \ 6.190 29.758

Fig.2 - Propagation Characteristies( , o) of quasi-TEM modes of six coupled strips used in 3dB Coplanar
Coupler on GaAs

of multiple coupled coplanar lines that forms theof the coupler and the coupled line section can
coupler cross section. The use of a smart nomot be neglected at high frequencies. These
equidistant discretization as well as theeffects are considered in a network of coplanar
utilization of the successive over relaxationlines and air bridges (see Fig. 6), which are
(SOR) for the solution of the Laplace'scalculated using the 3D-Finite Difference
difference equation leads to a very fastMethod [5]. The methods presented in [4] and
numerical determination of charge and surfac¢5] are implemented as a complete CPW-Library
current distribution on conductors. From thesd6] in the HP-EEsof Series IV (Libra).

quantities, the distributed parameters of coupled

lines, it means the capacitance, inductance and NUMERICAL RESULTS

resistance matrices per unit length (C°, L” and _ _ ] )

impedance as well as the matrix of the shungoPlanar coupler for the center frequency of 1
admittance per unit length of coupled section ar&Hz used for power detection. Fig. 3 shows the
used for the solution of the eigenvalue problenf@yout of the coupler.

which delivers the propagation coefficients of line wicth = 14Qim slot space =@n
propagating quasi-TEM modes and the 1 spacetothe ground8) length =30mm
impedance matrix of the coupled line system. Mﬁk

Fig. 2 shows the propagation characteristics 3 5= ’*
(effective dielectric constarg; e attenuationa W

the six possible quasi-TEM modes of the 3dB
MMIC coupler of Fig. 5. Using the normalized
impedances at ports, the scattering matrix of the
coupled lines can be calculated. The parasitic Fig.3 - Layout of the 10 dB coplanar coupler on
effects of bridge construction between the ports ceramic substrate

and surface current distribution) calculated for @
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In order to minimize the size of the coupler, theCPW-Library within Libra (see Fig. 6). The

coupled lines are folded several times. Bondesults are plotted in Fig. 7. The maximum
wires are used to suppress the parasitic highexchievable coupling is 4.18 dB (Direct=4.06
modes which could be excited at the bends. ThdB). The input matching and Isolation of 10.6
port 4 is terminated using a 8DSMD resistor.  dB is not sufficient. The main reasons is the

The scattering parameters plotted in Fig. 4 shov9rIOIge construction at  the ports an the

very good agreement between the calculated ancé)nnectlon between the lines at the end of

measured results indicating the accuracy of thgoupled line section. The phase balance is within

0
applied method even beyond the first and secon+5t from 1t5h-25 GHZI' j[l_'he excgllent agreemen';
resonance frequencies. The coupling of 10 dB i ctween he Simuiation and measurement,
already achieved. The input matching is bette pecially in case of S-parameter angles indicates

than 20 dB and the isolation is more than 30 dB. he .validity of quasi-;tatic analysis up to
relatively high frequencies.

mag (81) ———>»

mag (S21)

0 1 2 3 4 GHz 5
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Fig.4 - Measured (dashed lines) and calculated (soli
lines) scattering parameters of the 10 dB
coplanar coupler on ceramic substrate.

In the next step a 3dB coplanar coupler for
cen'ger frequencies of 20 GHz is deS|gne(_j an(fi—'ig. 5 - Photo of the 3dB MMIC coplanar coupler on
realized on GaAs-substrate (substrate height 57 a¢ (line width = 3%um, slot space = fim, space
500 pm). The main goal was to realize a small ;e ground = Zﬁrr; length = 1.45 m’m).
sized coupler for an application as power ’

divider/combiner. In order to reach as mugs v Schnsicis et o
coupling as possible, four coupled lines With'\ S ez pe & mueln Do s e o o
line width of 35um and a line spacing of fm [T& | oo o o - |
are needed. The use of more than four lir 5 m wn wm| [ o
leads to much greater losses. The distalil

between the coupled lines and ground planezgﬁ
25um and the total length of the coupled secti| /2

if 1.45 mm. -

Fig. 5 shows the photo of the coupler realizeﬁg
Air bridges at ports suppress the excitation |£& , :
higher order modes. Two further air bridges ere—— ———== =

necessary for the connection of coupled lines at
the both ends of coupling section. The complete
coupler is simulated usingcOPLAN [6], a

Fig. 6 - Schematic of the 3 dB MMIC coplanar
coupler with coupled line section and termination
networks consisting of coplanar lines and air bridges.
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Fig. 7 - Measured (dashed lines) and calculated (solid lines) scattering parameters of the 3 dB MMIC coplanar
coupler on GaAs.

and Performance of GaAs MMIC Baluns

CONCLUSIONS Using Overlaid and Spiral Couplers" IEEE
Coplanar directional couplers of relatively small  MTT-S int. Microwave Symp. Dig. 1997, pp.
sizes and good performances are presented using401'404-
conventional (M)MIC. Relatively high coupling [4]M. Naghed, I. Wolff, "Multiple Coupled
is achieved utilizing multiple coupled coplanar Asymmetrical Coplanar Waveguides and
lines. An efficient and powerful simulation tool  Their Application in Interdigitated Filters"
using two- and three-dimensional FDM is used 20"  European Microwave Conf. Proc.
for the fast and accurate simulation of the (1990), pp. 913-918.
coupler characteristics. The accuracy of the[5]M Naghed . Wolff, "Equivalent
applied method is verified in a wide range of Cépacitances’ of. Copla’nar Waveguide
frequencies using measurements — on WO - picoqniinyities and Interdigital Capacitors
coplan_ar couplers for different applications on Using a Three-Dimensional Finite-Difference
ceramic and GaAs substrates. Method" IEEE Trans. Microwave Theory

REFERENCES Iggg MTT-38 pp. 1808-1815, December

[1]L. Verweyen, W. H. Haydl, A Tessmann, H [6]IMST Institute of Mobile- and satellite

Massler,_ T. Krems, Jo. Schneider, "Coplanar communication techniques, COPLAN for
branch-line and rate-race couplers for W-

band applications" 26 European Microwave Libra, A Coplanar Design Tool within HP-
Conf. Proc. (1996), pp. 602-606. EEsof Seriees IV (Libra)[JIMST 96, 97

[2]T. Gokdemir, I. D. Robertson, Q. H. Wang,
A. A. Rezazadeh, "K/Ka-Band Coplanar
Waveguide Directional Couplers Using a
Three-Metal-Level MMIC Process" IEEE
Microwave and Guided Wave Letters, Vol. 6,
No. 2, pp. 76-78, 1996

[3]T. Gokdemir, S. B. Economides, A. Khalid,
A. A. Rezazadeh, I. D: Robertson, "Design

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



