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Novel Lumped-Element Uniplanar Transitions

Yo-Shen Lin and Chun Hsiung Chelrellow, IEEE

Abstract—Novel reduced-size lumped-element uniplanar planar MMIC designer such that maximum circuit integration
transitions are proposed, using the planar parallel and series and optimal system performance may be expected. To fully uti-
inductor—capacitor (LC) circuits to realize the effective open iza the advantages of uniplanar lines and circuit components
and short circuits, respectively. In this study, various compact . . - .
lumped-element coplanar waveguide-to-slotline and finite-ground in a uniplanar MMIC S_yStem' Implementatlon of broad'b_and’
coplanar waveguide-to-coplanar stripline transition structures are 10w loss, and compact interconnections between these uniplanar
developed and carefully examined. Specifically, the performance of lines is of practical significance.
proposed basic lumped-element transitions can easily be adjusted  Various uniplanar transitions have been proposed and inves-
through the control of L and C values, while the design of lumped- tjnaiaq, and the transition between the CPW and slotline has
element Marchand-balun-type transitions may be accomplished I . .
by the use of conventional filter synthesis techniques. Simple been studied mc_)St comp!'(_ahenSIV_er. Most of the previous Vyork
equivalent-circuit models are also established, from which the 0On CPW-to-slotline transition design focused on the bandwidth

passband behavior of the lumped-element transition structures improvement. In [8], the authors experimentally compared

may be characterized. various transition structures and found that the transition that
Index Terms_60p|anar Strip"ne7 C0p|anar Waveguide‘ Marc- made use Ofaslotline-radial-open W|th l’adius Of a quarter'WaVe'
hand balun, slotline, transition. length (/4) had a wider bandwidth of 5.5:1. The transition

utilized a complex combination of multiple/4-stub structures
[9] which is attractive in improving the transition bandwidth
even up to 160% (corresponding to the 10-dB return loss). The
NIPLANAR lines such as coplanar waveguides (CPWsjdeally all-pass double-Y junction transition [10] used a slot-
slotlines, and coplanar striplines (CPSs) have received lire-circular-open which not only occupies a large area but also
creased attention due to their exclusive features over the cfimits its bandwidth. The transition employing the CPW-slotline
ventional microstrip lines [1]. Modified uniplanar line struc-mode-conversion phenomenon [11] was achieved by adding a
tures, whether asymmetrical, finite-ground-plane, or conducta8® electrical delay to one slot of the CPW. All the transitions
backed, are also proposed and widely discussed in literature [#scribed above occupy large circuit area and lead to the ineffi-
[3]. These modifications introduce more control over the lingient use of high-cost substrate and active layers. Furthermore,
characteristics as well as more design flexibility for uniplanahe broad-band slotline-radial-open transition in [8] also suffers
monolithic microwave integrated circuits (MMICs). from the disadvantage of high radiation loss, which means that

Among the uniplanar lines, the CPW has the advantagetht spacing between the transition and other components in a
easy integration with solid-state devices; however, it sufferscitcuit must be large enough to avoid crosstalk problems.
disadavantage due to the excitation of the parasitic odd CPWOnly a few studies were reported with the goal of imple-
(or coupled slotline) mode at the discontinuities such as CP¥knting compact CPW-to-slotline transitions. The Marchand-
bending, thus additional air-bridges/bondwires are needed thatun-type transition [9] realized with %/4 CPW series open
complicate the fabrication process. The slotline has the disagb printed on the CPW center conductor may save one air
vantages of low and high radiation loss, and it is difficult to bridge and one-half of the circuit space; however, the transi-
mount devices in series configuration; however, it is a good catbn size is still quite large due to the presence of anodyer
didate for broad-band antenna applications. The CPS line wihorted stub structure. The twin-spiral CPW-to-slotline transi-
a balanced configuration may feature better immunity to powgén [12] utilizes the spiral line structures such that-1434 the
supply noise and ground noise than the unbalanced CPW &k of conventional transitions can be achieved, but a full-wave
has the advantages of low discontinuity parasitics, less inflsimulation is needed in part to characterize the transition per-
ence of spurious modes, and smaller area. formance.

By taking the advantages of uniplanar structures, many mi-Previous work on CPW-to-CPS transitions is relatively lim-
crowave circuit components such as filters, couplers, balandest. The ideally all-pass double-Y junction balun [10] suffers
mixers, and antenna feeding structures have been develofreeh the junction parasitic effects, which lead to a limited opera-
[4]-[7]. These studies provide a variety of choices for the uniion bandwidth. The transition based oi 4t transformer struc-

ture [13] occupies large circuit area and is not suitable for use in

. . . , tig;e design of a MMIC, especially in the low-frequency range.
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In this study, a novel class of reduced-size lumped-element
uniplanar transitions is proposed and investigated, which pro-
vides an easy and effective way of interconnection between
unbalanced and balanced uniplanar lines. Specifically, planar
lumped-element.C circuits are employed to replace the con-
ventional\/4 transformer structures. Therefore, the transition —~
size may largely be reduced, and the transition passband fre-
quency and bandwidth can be predicted and adjusted. Based
on this concept, several lumped-element CPW-to-slotline and

finite-ground coplanar waveguide (FGCPW)-to-CPS transitions M
are implemented and investigated. These transitions have the

merits of compact size, low loss, and moderate bandwidth and

thus may easily be incorporated into a uniplanar MMIC. The per- (@)
formance of these lumped-element transitions is easily adjusted Losncire

by a selection of thé, andC values and through the use of con-
ventional filter synthesis techniques. To provide effective design
tools, simple equivalent-circuit models are also established.

Il. BASIC LUMPED-ELEMENT CPW-TO-SLOTLINE TRANSITION L S ‘
-Slotline H
slotline
STRUCTURES Z Junotion
Consider the basic lumped-element CPW-to-slotline transi- re—

tion structure [see Fig. 1(a)] proposed in [15]. To reduce the tran-
sition size, a planar parall&lC' circuit composed of an interdig-
ital structure and a shorted slotline stub is utilized to replace the
conventional\/4 transformer structure. The interdigital struc-
ture can be viewed as a capacitor as long as its size is much (b)
smaller than the wavelength. The capacitance is formed betwegn 1. Basic lumped-element CPW-to-siotline transition: (a) layout and
each interdigital gap and is proportional to the length of fingeis) equivalent-circuit model.
and the ratio between finger width and gapwidth. The shorted
slotline stub is equivalent to an inductor when its length is muthese elements, here we use the full-wave mixed-potential inte-
smaller than the wavelength. This planar parallél circuitis gral-equation analysis [4] to simulate the input impedafige
connected to one slot of the CPW line in a shunt configuratiaf the shorted slotline end. In this full-wave simulation, the con-
and gives an effective open circuit 4 = 1/(2x+/LC), which  ductor is assumed to be perfectly conducting and of zero thick-
determines the center frequency of the transition passband. Ress, and the dielectric loss is not included in the calculations.
suppressing the odd CPW (or coupled slotline) mode excitedTie shorted slotline section may then be modeled by a transmis-
the CPW-slotline junction, bondwires are included in the tragion line terminated by an impedan&g, which would supply
sition structure. One of the bondwires should be placed as clake desired effective inductance value.
to the CPW-slotline junction as possible, with the others alongRegarding the CPW-slotline T-junction, the three-port equiv-
the CPW line with a separation of aboufs. alent-circuit model [17] is adopted. In this model, the CPW line
The capacitance of an interdigital capacitor is computed y/represented by two transmission lines that separately support
the closed-form expressions under quasi-static approximatitie even CPW mode and the odd CPW mode so as to describe
[16]. The capacitance per-unit length between each gaptlie mode conversion effect at the junction. Specifically, bond-
first calculated using the conformal mapping technigue. Thegéres are modeled as inductors and are connected to the odd
per-unit length capacitances are multiplied by the finger leng8PW mode transmission line at their corresponding positions.
and are then added together to give the total capacitance. Tie effect of imperfect suppression of the odd CPW mode can
available closed-form expressions enable a fast and simgien be suitably modeled.
characterization of the interdigital capacitor and are feasibleBy combining the above-mentioned models, one may ob-
for design purpose. tain the transmission-line equivalent-circuit model for the basic
For the shorted slotline stub section, the detailed effect of themped-element CPW-to-slotline transition [see Fig. 1(a)] as in
shorted end must be taken into account to accurately model Eig. 1(b). This model is based on three assumptions. First, the
effective inductance value. Several full-wave analyses discd®PW and slotline sections are modeled as transmission lines de-
ered that the end reactance is inductive and increases with $pée the non-TEM nature of slotline. Second, the detailed dis-
increase of slot width and the substrate-thickness-to-wavelengtimtinuity effect of the CPW-slotline T-junction is neglected.
ratio [1]. In addition, the surface-wave and space-wave lossEsird, the interactions between the lumped-elenigftcircuit
associated with the shorted end can be significant at high femd the transmission lines are not taken into account.
quencies. These loss effects may be represented by an equivé back-to-back lumped-element CPW-to-slotline transition
lent resistance. Since no closed-form formulas are available for Fig. 1(a) is fabricated on the FR4 substrate (dielectric con-
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Fig. 2. Measured and simulated results for the back-to-back lumped-element \’

CPW-to-slotline transition shown in Fig. 1(a).

stante, = 4.3, loss tangentané = 0.022, and thickness
h = 1.6 mm). The CPW line has a strip width of 0.75 mm )
and a slot width of 1 mm. The slotline line has a slot width of
1 mm. Both the CPW and slotline are designed to possess a Clr@f-3. “Ring-typel” lumped-element CPW-to-slotline transition: (a) layout
acteristic impedance of 100 around the designed center freand (b) equivalent-circuit model.
guency of 2 GHz according to the closed-form formulas in [1].
The four-finger interdigital capacitor in this case has a fingén [15] and shown in Fig. 3(a) is also examined. Here, two
width of 0.5 mm, a finger length of 3.4 mm, and a gapwidth adhorted slotline stubs instead of one are connected in series and
0.2 mm. For the shorted slotline section, its length and widtre arranged to form a slotline ring. Excited with a 1gbase
are 4.8 and 1 mm, respectively. The total area occupied by tHifference, the two slotline stubs are now terminated by ideal
parallel LC circuit is about(A/28) - (A/12), and this transition short circuits in the equivalent-circuit model [see Fig. 3(b)], and
structure is obviously much smaller than the conventional ones full-wave simulation is needed. In addition, the size of the
using the/4 transformer structures. transition is further reduced by this realization because the ef-
The measurement of transition is done on an HP8510 né&etive inductances of two stubs are added such that each stub
work analyzer with thru-reflect-line (TRL) calibration to thecan be made shorter, and the slotline stubs are curved such that
CPW-slotline junction, and the simulation is based on ttlke horizontal length of the transition is reduced.
equivalent-circuit model [see Fig. 1(b)]. The measured andMeasured and simulated results of this “ring-tygktransi-
simulated results are shown in Fig. 2. This transition exhibiteon are shown in Fig. 4. This transition is also fabricated on the
a bandpass behavior, as expected, and the 1.5-dB passh&Rrd substrate, with the same CPW and slotline dimensions as
is in the 1.96-3.3-GHz frequency range. Good agreemeitn Fig. 2. The 1.5-dB passband is in the 1-8376-GHz fre-
between the measured and simulated results around the pgssncy range, which corresponds to a 1.8:1 bandwidth. The
band is observed. The equivalent capacitance and inductaaqgaivalent capacitance and inductance values are 0.6525 pF and
of this structure are 0.6525 pF and 5.5 nH, respectively. THs89 nH, respectively. The corresponding resonance frequency
corresponds to a passband center frequenty @r+/LC) = is 2.57 GHz, which again agrees with the measured passband
2.66 GHz, which agrees well with the experimental resultenter frequency.
Althoughthere is some discrepancy between measured and simirhe measured and simulated results for the “ring-type
lated results in the higher frequency range, the equivalent-circuiéinsition do not match well. One explanation is that all the dis-
model is still adequate in predicting the transition behaviaontinuity effects and losses associated with the par&adletir-
around the passband. Note that all the components in this mocigit are not taken into consideration. However, this simplified
except the shorted slotline end are characterized by closed-farmadel [see Fig. 3(b)] is still adequate in predicting the frequency
expressions, thus the simulation time may be reduced. range of the transition passband and has the advantage of very
To reduce the size of a lumped-element transition even mosdprt calculation time, a consequence of no full-wave simula-
the “ring-typeL” CPW-to-slotline transition structure proposedion. Thus, it is very suitable for CAD purposes.
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Fig. 4. Measured and simulated results for the back-to-back “ring-ybe Fig. 5. Basic lumped-element FGCPW-to-CPS transition: (a) layout and
lumped-element CPW-to-slotline transition shown in Fig. 3(a). (Foring  (b) equivalent-circuit model.

inner radius= 2.5 mm, gapwidth= 0.5 mm; forC' finger length= 3.2 mm,
finger width= 0.5 mm, gapwidth= 0.2 mm.)

Frequency (GHz)

For the “ring-typelL” transition, the size of the interdigital
capacitor is about\/30) - (A/30) and the radius of the slotline
ring is R, = A\/36. The transition size is about 1/12 smaller
than the conventional slotline-radial-open transition [8]. This
again reveals the effective size reduction capability of lumped-
element transition. -20F § Measurement 1
......... Simulation

1S,4! (dB)
3

Il. BASIC LUMPED-ELEMENT FGCPWT0-CPS TRANSITION
STRUCTURES

By employing the same concept to the FGCPW structure,
a lumped-element FGCPW-to-CPS transition [see Fig. 5(a)]
can also be implemented. Here the inductor is realized by a
section of shorter metal strip whose length is much smaller
than the wavelength. The quasi-static closed-form formula
associated with the partial-element equivalent-circuit model -20f
[18] is adopted for the inductance calculation. The inductance
value can be obtained when the strip length, width, thickness,
and the conductivity are specified. The equivalent-circuit model -300 ] - 5 4 P
of the transition in Fig. 5(a) is shown in Fig. 5(b). Here, the Frequency (GHz)
FGCPW-CPS junction model modified from the CPW-slotline
one [17] is again included to discuss the mode conversion effggf. 6. Measured and simulated results for the back-to-back lumped-element
between the even and odd CPW modes. FGCPW-to-CPS transition shown in Fig. 5(a).

A back-to-back lumped-element FGCPW-to-CPS transition
for Fig. 5(a) is also fabricated on the FR4 substrate. Tlyapwidth of 0.3 mm. For the shorter metal strip, its length
FGCPW line has a strip width of 0.45 mm, a slot width oand width are 12.05 and 0.5 mm, respectively. The total area
0.6 mm, and a finite ground-plane width of 4 mm. The CP8ccupied by the parallelC' circuit is about(A/28) - (A/14).
line has a strip width of 4 mm and a slot width of 0.6 mm. Botiithe measured and simulated results are shown in Fig. 6, where
FGCPW and CPS lines are designed to possess a characterdgain a good match between them is observed. The 1.5-dB
impedance of 104} according to the closed-form formulaspassband is in the 1.2:8.41-GHz frequency range. The equiv-
in [1]. The four-finger interdigital capacitor in this case haalent capacitance of the interdigital capacitor is 0.597 pF, and
a finger width of 0.5 mm, a finger length of 3.7 mm, and #he equivalent inductance of the shorter metal strip is 10.35 nH.

[S441 (dB)
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Measurement
30 Simulation Fig.9. Layouts of three lumped-element FGCPW-to-CPS transitions designed
ST with same center frequency but with differelitand C' values. (The relevant
geometrical parameters for (a), (b), and (c) are listed in Table 1.)
ol . : .
and a width of 0.5 mm, corresponding to an inductance of
3.53 nH. Fig. 8 shows the measured and simulated responses,
= 1or and a good match between them is observed. The 1.5-dB
i passband is in the 1.688.1-GHz frequency range. By using
;:'20 the MIM capacitor, an even smaller transition structure can be
= S : realized, which is very attractive in implementing the uniplanar
-30°F Do : 1 MMIC, especially for low-frequency applications.
co The bandwidth of the lumped-element transition can be ad-
-40 5 : 2 . s y : justed by suitably choosing the relative valued.@ndC'. Fig. 9

shows the layouts of three FGCPW-to-CPS transitions fabri-
cated on the FR4 substrate with differdnandC values. The
Fig. 8. Measured and simulated results for the back-to-back lumped-elemEe CPW and CPS dimensions are the same as those in Fig. 6.
FGCPW-to-CPS transition (Fig. 7) designed with the MIM capacitor. For the metal strips, the width and total length are (a) 0.5 mm,
8.05 mm, (b) 0.3 mm, 9.05 mm, and (c) 0.3 mm, 18.85 mm,
This corresponds to a center passband frequency of 2.02 GHgpectively. The inductance values for these three cases are
which agrees well with the measured result. 6.27, 8.09, and 14.33 nH, respectively. Note that, for calcu-
The capacitor in the lumped-element transition may ald$ating the meander-line inductance in Fig. 9(c), the presence
be realized by a metal-insulator—-metal (MIM) configuratiorof negative mutual inductances makes the total inductance less
The MIM capacitor structure may achieve a much largehan twice that of Fig. 9(b). The interdigital-capacitor structures
capacitance for a given area compared to its interdigitethange accordingly such that the corresponding capacitances
counterpart. Fig. 7 shows the lumped-element FGCPW-to-CBf& 0.6742, 0.5753, and 0.4374 pF, respectively. This gives the
transition employing the MIM structure as a capacitor instead - C' products nearly the same for these three cases, thus the
of the interdigital capacitor. Characterization of the MIMhree transitions would be centered at about the same frequency.
capacitor may be accomplished by the parallel-plate capacifdre relevant geometrical parameters for the three transitions are
formula. A back-to-back lumped-element FGCPW-to-CPlisted in Table I. Shown in Fig. 10 are the measured results for
transition based on Fig. 7 is fabricated on the FR4 substraltese three transitions (Fig. 9) in back-to-back configuration.
with the same FGCPW and CPS dimensions as in Fig. 6. Hefdeir passbands are all nearly centered at the same frequency
the top and bottom metals (2.4 mm 3 mm) together with of 2.3 GHz, as expected. However, the 1.5-dB relative band-
the duroid dielectric4, = 10.2, tané = 0.002, thickness widths are 1.8:1, 2.25:1, and 3:1, respectively. As a rule of
h = 0.635 mm) are used to implement the MIM capacitorthumb, the bandwidth of lumped-element transition increases
This gives a capacitance of 1 pF according to the parallel-plate the inductance value increases. This phenomenon can be pre-
capacitor formula. The shorter metal strip has a length of 5 maficted from the input impedance characteristics of the parallel

Frequency (GHz)
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TABLE |
GEOMETRICAL PARAMETERS OF THEFGCPWF0-CPS TRANSITIONS FOR
FiG. 10 (LENGTH UNITS IN MILLIMETERS)

Interdigital Capacitor Inductor
Layout Finger  Finger  Finger Gap Strip Strip
Number Length  Width Width | Length  Width X
Fig. 9(a) 4 3.4 0.5 0.3 8.05 0.5 1)
Fig. 9(b) 4 2.6 0.5 0.2 9.05 03
Fig. 9(c) 3 2.6 0.5 0.2 18.85 0.3
@
CS
% F Lbondwire
= g
S N
n CPWe | § CPW°
20} Layout 9(a) E
——————— Layout 9(b) L (o] .
.......... Layout 9(c) P pJ— slotline CPW-SIotIu.'ne slotline
T Cross Junction

8 Lbondwire

Z

— (b)

<28 Fig. 12. Lumped-element Marchand-balun-type CPW-to-slotline transition:

(a) layout and (b) equivalent-circuit model.
sition is smaller than that of broad-band one over the passband

frequency.

High power loss of a transition might cause unwanted
crosstalk to other components in a circuit and degrades the
Fig. 10. Measured results for the three back-to-back FGCPW-to-CPS transi- . P L 9
tion structures shown in Fig. 9. circuit performance. The low-loss characteristic makes the

proposed basic lumped-element transitions in Sections Il and

2 3 4 5
Frequency (GHz)

0.5 [l feasible for a uniplanar MMIC with high circuit density.
lumped-element transition These basic lumped-element transitions are also suitable for
0.4f ... broadband transition [14] use as the feeding structure of balanced antennas because of

the lower interaction with the antenna, thus a lower level of
cross-polarization wave can be expected.

o
w

o
[

IV. LUMPED-ELEMENT MARCHAND-BALUN TYPE
UNIPLANAR TRANSITIONS

Normalized Power Loss
(o]

Uniplanar transitions can also be implemented using the
Marchand-balun structures [8]-[10]. This kind of transition
5 usually has a sharper gain slope, and this characteristic may

be used in the design of a filter [8]. However, the conventional
Fig. 11. Measured power losses of the lumped-element transition [détarchand-balun, being composed)gf open and short stubs,
Fig. 9(b)] and broad-band transition in the back-to-back configuration. would occupy a large circuit area.
Fig. 12(a) shows the layout of the proposed lumped-element
LC section, whose magnitude is proportionaltoear the res- Marchand-balun-type CPW-to-slotline transition. Here, the se-
onant frequency. ries and paralleL.C circuits, respectively, are used to replace

The measured power loss of the lumped-element FGCPW-tbe opened and shorted'4 stubs in the conventional designs
CPS transition structure in Fig. 9(b) is compared with that §8], [9] so as to minimize the transition size. The parall&l’
the broad-band CPW-to-CPS transition using a slotline opeincuit is composed of an interdigital capacitdr, and a slot-
structure [14] and fabricated on the FR4 substrate. As shownliime ring structure L,,) as described in Section Il. The series
Fig. 11, the normalized power loss of the lumped-element trah€ circuit is realized by the series connection of a shorter metal

Frequency (GHz)
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Fig. 13. Measured and simulated results for the back-to-back lumped-element
Marchand-balun-type CPW-to-slotline transition shown in Fig. 12(a). {For

strip length= 5.5 mm, strip width= 0.4 mm; forC.,: finger length= 2.9 mm,

finger width= 0.4 mm, gapwidth= 0.2 mm; for L,: ring inner radius=

2.1 mm, gapwidth= 1 mm; for C,,: finger length= 2.2 mm, finger width

= 0.5 mm, gapwidth= 0.3 mm.) (b)

bendwire

Fig. 14. Lumped-element Marchand-balun-type FGCPW-to-CPS transition:

strip (L) and an interdigital capacito€},). The parallel and se- (@) layout and (b) equivalent-circuit mode.
ries LC circuits are designed such that they are resonant at the
same frequency, which is the desired transition center frequerR§ve the valued, = 3.75 nH, ¢, = 0.75 pF, L, = 7.5 nH,
The equivalent-circuit model shown in Fig. 12(b) is used ®NdCp = 0.375 pF, according to the filter design formulas.
discuss the transition characteristics. Here, the CPW-slotliilBe measured transition response (Fig. 13) shows a bandpass
cross-junction model [19] is included to discuss the mode coehavior, as expected, with a center frequency at 3 GHz. The
version effect at the junction. Again, all the elements in tH@€asured insertion loss is less than 3 dB in the44.38-GHz
equivalent circuit can be described by closed-form expressidf@duency range. Compared to the transition responses in
[16]-[18]; thus, one may save a lot of computation time. Figs. 2 and 4, the Marchand-balun-type transition has a sharper

By discarding the cross-junction model, the equivalent-circ(@in slope, as expected. Note that the transition response is
model in Fig. 12(b) may be identified with a second-order pan#ifferent from that of the ideal maximum flat response because
pass filter. Therefore, the conventional filter synthesis technig@&its back-to-back configuration and the complex discontinuity
can easily be incorporated into the design of a lumped-elem&fcts. The agreement between measured and simulated
Marchand-balun-type transition. Here, the characteristic impd@sults is good, and the design of the transition can easily
ances of the CPW and slotline are equal, thus the second-or@@raccomplished by employing the filter synthesis formulas
maximally flat response is adopted. By giving the desired cenf@@ether with the proposed equivalent-circuit model. The sizes
frequency fo, relative 3-dB bandwidth, and transmission-lin®f parallel and seried.C structures in this case are about
characteristic impedance, one may obtain the required desigii?) * (A/10) and(A/8) « (A/12), respectively, making the
values forL,, C,, L,, andC, by the filter transformation for- transition much _smaller than_ the conventional ones.
mulas [20]. This may facilitate the design of a lumped-element Based on the filter synthesis formulas, the transitions with dif-
Marchand-balun-type transition according to a given specificirent bandwidths can easily be realized. Fig. 14(a) shows the
tion. layout of the lumped-element Marchand-balun-type FGCPW-

A back-to-back lumped-element Marchand-balun-typ®-CPS transition. Its corresponding equivalent-circuit model is
CPW-to-slotline transition [see Fig. 12(a)] is built on the FRghown in Fig. 14(b). Here, a shorter metal strip is used to realize
substrate, in which the CPW strip wid#h 0.45 mm, the CPW the inductorL,, in the parallelLC circuitas in Section lll. Three
slot width = 0.6 mm, and the slotline slot widte: 0.7 mm. transitions based on this layout are fabricated on the FR4 sub-
The measured and simulated results are shown in Fig. s8ate with the same FGCPW and CPS dimensions as in Fig. 6.
This transition is designed with a center frequency at 3 GHEhey are designed with the same center frequencfyof 3
a relative 3-dB bandwidth of 200%, and a transmission-lif@Hz and line impedance of 10Q, but with different 3-dB
characteristic impedance of 10D The required.C structures bandwidths of 100%, 200%, and 300%. Their corresponding
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TABLE 1l

GEOMETRICAL PARAMETERS OF THEFGCPWF0-CPS TRANSITIONS FOR
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V. CONCLUSION

In this study, novel lumped-element transitions between
unbalanced and balanced uniplanar lines have been proposed.
Base on this concept, various lumped-element CPW-to-slotline
and FGCPW-to-CPS transition structures have been imple-
mented and carefully examined. For the basic lumped-element
uniplanar transitions, the center frequency and bandwidth
can easily be determined and controlled by an adjustment of
L and C values. The lumped-element Marchand-balun-type
uniplanar transitions may easily be characterized by adopting
the conventional filter synthesis formulas. For design and mod-
eling purpose, effective and simple equivalent-circuit models
have also been established. The proposed lumped-element
transitions have the merits of very compact size, low power
losses, moderate bandwidth, and easy characterization, thus
providing simple and effective interconnections between CPW
and slotline/CPS. They are attractive in implementing the

FiG. 15 (LENGTH UNITS IN MILLIMETERS)
Interdigital Capacitor Inductor
BW Finger  Finger  Finger Gap Strip Strip
(%) Number Length Width  Width Length Width
C; 5 1.9 04 04 L, 8.5 0.3
100
C, 5 3.4 0.5 0.2 L, 5.3 0.5
C 5 4.1 0.5 0.3 L, 5.5 0.45
200
C, 3 3 0.5 0.3 Lp 9.3 0.5
C 7 3.8 0.5 0.2 L 3.9 0.5
300
C, 3 22 04 04 Ly 12,75 0.5
0 - -
@ -10p
z
o -20}
—— BW=300%
—.—. BW=200% i
S30F [y BW = 100% (1
(2]
(3]
oy s [4]
m 7
2 7
o V! (8]
; (6]
E (7]
40 L 1 . 1 1
0 1 2 3 4 5 6
Frequency (GHz)
(8]

Fig. 15. Measured results for the three back-to-back lumped-element

Marchand-balun-type FGCPW-to-CPS transitions shown in Fig. 14(a). [9]

andC values are again calculated by the filter formulas for aj1q;
second-order maximum flat response, with the relevant geomet-
rical parameters summarized in Table Il. Fig. 15 shows the me i1
sured results for these three transitions in a back-to-back con-
figuration. Their passbands are all nearly centered at the same
frequency of 3 GHz, as expected, and the 3-dB bandwidths ale?
2.6:1, 3:1, and 4:1, respectively. The measured bandwidths
do not match with the designed ones, due to the back-to-badkd]
configuration and the complex parasitic effects associated with
the discontinuities in the transition structure. [14]
Basically, the proposed lumped-element Marchand-balun-

type uniplanar transitions may be regarded as the combination gfs)
an unbalanced-to-balanced line transition and a bandpass filter.
When this type of transition is used as a balun in a balanceﬂ
mixer, for example, it has the advantages of small size as well
as saving one additional filter. This makes the proposed lumped-

. o . 17]
element Marchand-balun-type uniplanar transitions partlcula[r
suitable for use in uniplanar MMICs.

uniplanar MMIC components.
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