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Size-Reduction Techniques for CPW and
ACPS Structures

Khelifa Hettak, Tony Laneve, and Malcolm G. Stubbs

Abstract—In coplanar-waveguide technology, there is a possi-
bility of locating shunt and series matching stubs inside the center
conductor of the transmission line. This principle can be used to
reduce of the dimensions of microwave components such as mono- , ; S :
lithic microwave integrated circuits. This paper discusses the con- b gl : ‘ '
cept and presents the design of a reduced-size Wilkinson divider - "M’ N el %
based on the realization of short-circuit series stubs in the signal ~ B B A
conductor of an asymmetric coplanar stripline. W == “m’ e r zﬁaﬁi—g

Index Terms—Coplanar stripline, coplanar waveguide, couplers, : : ad el =
MMICs, passive circuits.
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. INTRODUCTION Fig. 1. Comparison between the layout of: (a) conventional CPW shunt stubs

HE recent interest in new wireless applications, such &8 (P) shunt stubs patterned in the center conductor.

local multipoint communication system (LMCS)/local S —
multipoint distribution system (LMDS), is creating a demanatrated and a lack of such elements will limit the application of

for monolithic microwave integrated circuits (MMICs) at highan A,CPS' L
frequencies. Chip size is one of the key considerations in 11is paper presents congepts t_hat can Iead.t(.).a red.ucuon n
MMIC design and, for this reason, lumped elements have be °‘/era” size of MMIC chips. Flrs_t, the possibility of incor-
very popular below 20 GHz. At higher frequencies, howeveqoratlr_wg shunt matching elements in the center conductor of a
lumped element losses, self resonance effects, and parasi&@yv 1S prgsented. Second, exa_mples of new §hunt A.CPS ele-
in general, become significant, and a distributed approam?ms are mtroduped and technlque.s for reducmg t_h?'r Igngths
becomes more attractive, especially since the wavelength is [8E8 8/S0 shown. Finally, a reduced-size Wilkinson divider in an
of a factor. In distributed element-based MMICs, the microstr CPSis shown to |IIustr§1te how effectively such techniques can
is the most common transmission-line approach. However, 8 used to reduce the size of MMIC components.
coplanar waveguide (CPW) has many features such as low dis-
persion, easy integration of shunt active and passive elements,
the ability to easily realize short-circuit elements, absence oflt has previously been shown that CPW series stubs can be re-
via holes, etc., which make it an attractive technology to thaized in both the “inner” or “outer” conductors of a CPW line
MMIC designer, particularly at millimeter-wave frequencieq1], [2]. CPW shunt stubs, on the other hand, are typically con-
A variant of the CPW, the asymmetric coplanar waveguideected to the inner conductor, but located in the ground plane.
(ACPS) is also attractive for MMIC applications since thdt is possible, however, to also print them in the inner conductor
single ground plane does not require air bridges to suppressl Fig. 1 shows these new types of CPW shunt stubs along
higher order modes at discontinuities. with their analogous stubs printed conventionally in the ground
A CPW offers the ability to realize series, as well as shuplane. To establish the appropriate fields, a portion of the ground
matching elements; this extra degree of freedom offering iptane is introduced across the CPW in the form of a thin strip.
creased design flexibility over microstrip. Use of both seridaner conductor continuity is maintained using air-bridge inter-
and shunt CPW matching stubs can lead to novel passive streoanects across the strip, and stubs to ground are formed within
tures that allow significant size reduction to be achieved. Sgre center conductor using the new local ground point.
ries matching stubs are also possible in an ACPS, but to the auln comparison with conventional CPW shunt stubs, the fol-
thors’ knowledge, shunt ACPS elements have not been demtwwing advantages are obtained from the use of the new shunt

Il. CENTER CONDUCTORSHUNT STUBS IN A CPW

stubs:
1) compactness, thereby providing low loss;
Manuscript received February 28, 2001. o 2) reduction in the lateral footprint of the circuit;
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Fig. 2. Experimental and theoretical results for center-conductor versions of ACPS, open-circuit, and short-circuit CPW shunt stubs.
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Fig. 3. Examples of ACPS shunt stubs. (a) Short-circuit stub: ACPS format. (b) Short-circuit stub: CPW format. (c) Open-circuit stub: CPW format.
(d) Short-circuit double stub: CPW format. (e) Open-circuit double stub: CPW format.

Furthermore, the symmetry around the center conductor intires. A short-circuit stub made in the form of an ACPS line is
cates that the parasitic coupled slotline mode should not thétustrated in Fig. 3(a) and a short-circuit stub made in the form
retically be excited in these structures. (This contrasts with tbéa CPW line is shown in Fig. 3(b). Fig. 3(c) shows an example
conventional asymmetric shunt stub in which two transverse airan open-circuit ACPS shunt stub in a CPW form. Notice that
bridges must be used in addition to the longitudinal air bridger bridges are used to maintain ACPS continuity along the main
to prevent the coupled slotline mode from being excited.)  transmission line. Selection of the type of stub determines the
To show the potential of the center-conductor-based CPWipedance ranges that can be achieved, the ACPS form allowing
shunt stubs, several examples have been fabricated. Fig. 2 shiommedances in the 50-150@+ange and the CPW form allowing
the measureds-parameters of asymmetric CPW shunt stuldswer impedances to be realized (i.e., 30{80ange). For even
along with theoretical results obtained using two different teclewer shuntimpedances, two stubs of the CPW form can be used
nigues: the integral-equation technique solved with the momeéntparallel, as shown in Figs. 3(d) and 3(e).
method and complex images and the finite-difference time-do-Experimental and theoretical results achieved around 30 GHz
main (FDTD) method. These circuits are designed nfgae=  for both forms of short-circuit stub are plotted in Fig. 4. Excel-
30 GHz and implemented on high dielectric-constant substrdemt agreement was achieved in the case of the CPW form of
(er = 9.9 andh = 0.254 mm). The good agreement betwee®CPS shunt stub, but a frequency offset was observed in the
experimental and theoretical results shows that the stubs wodse of the ACPS form. It can be seen that a shunt stub of the
well in the millimeter-wave region. Dielectric and conductotype shown in Fig. 3(a) acts like a short circuit since it produces
losses are neglected in the theoretical analyses and resulta good match around 30 GHz where the stub lengitf4s Sim-
the differences between theoretical and experimental resonaitedy, the results show that the stub shown in Fig. 3(c) acts like
frequencies. an open circuit.

I1l. ACPS SHUNT STUBS IV. CENTER-CONDUCTORSTUBS FORSIZE REDUCTION

Coplanar stripline components such as spur slots, steps, and useful way of reducing the length af/4 transmission lines
T-junctions have been investigated and modeled [3], but no &+to load each end with a shunt capacitance or open-circuit shunt
tention has been paid to the realization of shunt ACPS elemerstisib. To compensate for the increased capacitanc&, tbéthe
Fig. 3 shows examples of ACPS shunt stubs designed to opesstiertened transmission line is increased. Length reduction can
around 30 GHz. Two forms of shunt stub are possible dependialgo be achieved by loading each end with a series inductance
upon whether they are derived from ACPS or CPW transmissi¢short-circuit series stub) and reducing thgin order to com-
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Fig. 4. Theoretical and experimental results for a short-circuit stub (ACPS format) and an open-circuit stub (CPW format).
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pensate for the increased inductance (Fig. 5). While the former —_— .

can be easily realized in microstrip, the latter can only be re-
alized if lumped spiral inductors are used. Unfortunately, these
elements are rarely used at high frequencies because they argigjla
herently lossy and have low resonant frequencies. Series stubs

are very easily made in a CPW, however, and can be positioned

in the center conductor in a similar way to that of the shunt stuf§PS was chosen over a CPW because it avoided the problem
discussed above. of having a central ground area between the two arms of the

In order to determine the value of series inductance loadiffyider- Fig. 6(a) shows the physical layout of an ACPS series
each end of the line, we equate tHe3C D matrix of a)/4 Stub embedded in the signal conductor of the main ACPS line,

loaded transmission line of lengfh and impedancé,, as fol- indicated in Fig. 6(b). From Fig. 7, it can be seen that the struc-

(b

(a) ACPS short-circuit series stub. (b) Ideal equivalent circuit.

lows: ture has the characteristics of a short-circuit series stubs in series
7 7 with a transmission line.
sin(9)) =22 p=—2L (1)  The complete Wilkinson divider is shown in Fig. 8. Two
Zo w - tan(6:) ACPS short circuit series stubs can be seen in each arm of the

If the series inductances are represented by short-circuit sefegpler, reducing the length arig, of the two arms from the
stubs of lengtt#,, and impedancé.., then it can be shown that Standard 90and 70.7Q impedance to approximately 6@ith
612 impedance. Finite-ground CPW feed lines are used at

tan(f;) - tan(f,) = ZOI_ (2) each of the ports. A size reduction of approximately 30% was
Zos achieved.
From (1), it is seen that the line can be reduced to less than 90
if Z,1 of the shortened line is less than thg of the A/4 line. VI. FABRICATION AND RESULTS

The reduced size divider was fabricated using an in-house
miniature hybrid microwave integrated circuit (MIC) process

Using the above equations, a reduced-size Wilkinson dividatr the Communications Research Centre (CRC), Ottawa, ON,
was designed in an ACPS using a series stub structure. Tenada. The metal traces are gold and the resistor is TiW. The

V. A REDUCED-SIZE WILKINSON DIVIDER
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Fig. 9. Simulated and measured return losses.
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Fig. 10. Simulated and measured coupling and isolation.

terminated with a coaxial 50 load connected to the G-S-G
probe. As a result, the input was not perfectly matched. To ac-
count for this in the simulation, the reflection coefficient of the
probe and 532 load was measured and included in the simula-
tion

B R e

Fig. 8. Reduced-size Wilkinson divider. The metallized areas are %.48
1.13 mm in size. VII. CONCLUSIONS

The patterning of series and shunt stubs in the center con-
substrate was high-resistivity silicop & 10, 00052 - cm) with ~ ductor of CPW lines can offer advantages over the conventional
a thickness of 40@m. In order to facilitate on-wafer probing, aapproach of locating them in the ground plane. The new con-
second divider layout was made having one of the output pog@pt of ACPS shunt stubs has been introduced and an example
directly connected to an integrated 8resistor. A third layout of how center-conductor-based stubs can be used to achieve size
was configured to allow measurement of the isolation perfoieduction has been presented in the form of a Wilkinson divider.
mance. A 30% size reduction has been achieved

The circuit was measured using a Wiltron 360 vector network
analyzer (VNA) and ground-signal-ground (G—S—G) probes.

The thru-reflection-line (TRL) calibration technique was em- REFERENCES
ployed and CPW standards were printed on-wafer for this pur-[1] T.M.Wellerand L. P. Katehi, “Miniature stub and filter designs using the
pose. microshield transmission line,” iEEE MTT-S Int. Microwave Symp.

. . . Dig., 1995, pp. 675-678.
The simulated and measured results are shown in Figs. 9 an ] N. Dib et al, “Theoretical and experimental characterization of

10. At midband, the return loss and isolation is about 20 dB,  coplanar waveguide discontinuities for filter applicatioH&EE Trans.
while the insertion loss is approximately 0.7 dB. Reasonably _ Microwave Theory Techvol. 39, pp. 873-882, May 1991. »

d t bet . lation and measurement was Olgg-] K. Goverdhanam, R. N. Simons, and L. P. Katehi, “Coplanar stripline
90_0 agreement be Ween S'ml'_' I u 4 W components for high-frequency applicationEEE Trans. Microwave
tained. Note that, for the isolation measurement, the input was  Theory Tech.vol. 45, pp. 1725-1729, Oct. 1997.
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