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MULTISECTION VIALESS MICROSTRIPLINE BALUN WITH BACKSIDE APERTURE AND FLOATING PATCHES S. Sun, L. Zhu, L. Wei, H. Peng, and K. S. Ang School of Electrical and Electronic Engineering, Nanyang Technological University, Singapore 639798 Received 9 June 2006 ABSTRACT: A novel multisection vialess balun without any via-hole is presented based on the microstrip structure. It consists of three cascaded quarter-wave (/4) edge-coupled line sections. In the middle section, a backside aperture is constituted to increase even-mode impedance of a coupled line while two unequal patches are formed inside the aperture to reduce its relevant odd-mode impedance. This balun is then designed and measured to show its good balance performance in amplitude and phase. © 2006 Wiley Periodicals, Inc. Microwave Opt Technol Lett 49: 253–254, 2007; Published online in Wiley InterScience (www. interscience.wiley.com). DOI 10.1002/mop.22104 Key words: balun; vialess; microstrip; aperture; ﬂoating patch 1. INTRODUCTION



Planar baluns have been becoming one of the most key components in numerous applications such as balanced mixers, ampliﬁers, phase shifters, and antenna feed networks [1]. There are some critical factors to be considered in the design, i.e., amplitude/phase balance, all-ports matching, and isolation between two unbalanced outputs. A variety of planar baluns have been developed so far, such as quarter-wave (/4) coupled line baluns [1], planar Marchand baluns [2– 4], and planar transmission line baluns [5, 6]. However, most of them require via hole or ground connection to construct a short circuit at the end of one line as usually required. Unfortunately, this additional via-hole brings out some problematic issues, such as parasitic effects, design complexity, and high fabrication cost. In this article, a novel planar microstrip-line balun without any via-hole is proposed using the aperture-backed coupled-line structure [7] and it consists of three cascaded /4 edgecoupled lines. In the middle coupled-line section, a backside aperture is formed to increase even-mode impedance while ﬂoating two unequal patches inside the patch to reduce odd-mode impedance. After optimization is executed using the Agilent’s



Figure 1 Schematic of the multisection vialess balun. Substrate: r ⫽ 10.8, thickness ⫽ 1.27 mm



Figure 2 Equationuivalent transmission line topology for the proposed three-section vialess balun with open-circuited terminal



Momentum simulator, the proposed balun is ﬁnally designed and fabricated on the RT/Duriod 6010 with a thickness of 1.27 mm and a dielectric constant of 10.8. The measured results are found in good agreement with the expected ones over a wide frequency range, showing good amplitude and phase balance performances. 2. DESIGN OF BALUN



Figure 1 shows the schematic of the proposed multisection vialess balun. In connection with one unbalanced input port (P1) and two balanced output ports (P2 and P3), the two /4 uncoupled lines are set with equalized impedances, i.e., Z0e1 ⫽ Z0o1 ⫽ Z0e3 ⫽ Z0o3 ⫽ 50 ⍀. In the middle section, the /4 coupled line is constructed to achieve a large ratio of even-mode to odd-mode impedance by forming a wide backside aperture and two unequal patches. Its relevant transmission line topology is shown in Figure 2. As required in the design of open-circuited transmission line balun [6], the backside aperture is formed underneath the coupled strip conductors to signiﬁcantly weaken the coupling between the conductors and ground plane, thereby achieving extremely large evenmode impedance (Z0e2). However, this implementation unfortunately causes the increase in its relevant odd-mode impedance (Z0o2) as a byproduct [8]. As a result, ﬁve coupled-line sections have to be made up so as to achieve a large effective impedance ratio [8] as required in the design of such a balun circuit with good impedance balance. To address this issue, the two patches are in addition formed underneath the coupled line inside the wide aperture so as to properly reduce the odd-mode impedance (Z0o2). After a careful adjustment, a miniaturized vialess balun with only three coupled-line sections is designed and implemented. 3. RESULTS



Figure 3 shows the simulated and measured frequency responses of the designed three-section vialess balun with the dimensions given in Figure 1. The measured results have a good agreement



Figure 3 balun



Simulated and measured frequency responses of the proposed
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HTS NARROWBAND STRIPLINE FILTER AT 2.1 GHz WITH HIGH POWER HANDLING CAPABILITY Xubo Guo,1 Xiaoping Zhang,1 Bisong Cao,1 Bin Wei,1 Lijuan Mu,1 Yong Liang,1 Longma Gao,1 and Baoxin Gao2 1 Department of Physics, Tsinghua University, Beijing, People’s Republic of China 2 Department of Electrical Engineering, Tsinghua University, Beijing, People’s Republic of China Received 9 June 2006



Figure 4 balun



Simulated and measured amplitude imbalance of the proposed



with the predicted ones in both amplitude and phase. Simulated and measured return losses are higher than 10 dB over the frequency range of 1.9 –3.2 GHz, showing a fractional bandwidth of ⬃50%. Meanwhile, the measured phase imbalance varies in a range of 179°–215° over the above operating range as can be seen in Figure 3. It needs to be highlighted here with reference to Figure 4 that as the two patches are properly unequalized, the amplitude imbalance less than 1.0 dB now achieves a wide frequency range of 2.0 –3.8 GHz. 4. CONCLUSION



A planar vialess balun is proposed on a basis of three multisecion /4 uncoupled/coupled lines. By implementing a wide backside aperture and two unequal patches underneath the coupled microstrip line, the constituted balun with miaturized size achieves good amplitude/phase balances and input impedance matching over a wide frequency range of 1.9 –3.2 GHz. The predicted attractive performances are validated by experiment. REFERENCES 1. R. Mongia, I. Bahl, and P. Bhartia, RF and microwave coupled-line circuits, Artech House, Norwood, MA, 1999, ch. 11. 2. C. Cho and K.C. Gupta, A new design procedure for single-layer and two-layer three-line baluns, IEEE Trans Microwave Theory Tech 46 (1998), 2514 –2519. 3. M. Chongcheawchamnan, C.Y. Ng, K. Bandudej, A. Worapishet, and I.D. Robertson, On miniaturization isolation network of an all-ports matched impedance-tansforming marchand balun, IEEE Microwave Wireless Components Lett 13 (2003), 281–283. 4. W.M. Fathelbab and M.B. Steer, New classes of miniaturized planar marchand baluns, IEEE Trans Microwave Theory Tech 53 (2005), 1211–1220. 5. J. Rogers and R. Bhartia, A 6 to 20 GHz planar balun using a Wilkinson divider and lange couplers, IEEE MTT-S Int Microwave Symp Dig Phoenix, AZ (1991), 865– 868. 6. K.S. Ang, Y.C. Leong, and C.H. Lee, Multisection impedance-transforming coupled-line baluns, IEEE Trans Microwave Theory Tech 51 (2003), 536 –541. 7. L. Zhu, H. Bu, and K. Wu, Aperture compensation technique for innovative design of ultra-broadband microstrip bandpass ﬁlter, IEEE MTT-S Int Microwave Symp Dig (2000), 315–318. 8. S. Sun, L. Zhu, and K.S. Ang, Multisection vialess baluns with coupledline impedance transformers, IEEE MTT-S Int Microwave Symp, in press. © 2006 Wiley Periodicals, Inc.
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ABSTRACT: The design and fabrication of a high temperature superconducting stripline ﬁlter for high power application are presented. The measured results showed the ﬁlter had a 0.78% bandwidth at 2090 MHz. The input power increases to 36 dBm without evident change in insertion loss. © 2006 Wiley Periodicals, Inc. Microwave Opt Technol Lett 49: 254 –257, 2007; Published online in Wiley InterScience (www. interscience.wiley.com). DOI 10.1002/mop.22103 Key words: high temperature superconductors; high power ﬁlters; stripline ﬁlter; narrowband 1. INTRODUCTION



Development of high temperature superconducting (HTS) transmitter ﬁlters with high power handling capability is important for wireless communications systems. Several high power ﬁlters have been reported with TM-mode or dual mode for high frequency range [1– 4]. TM0n0 mode ring resonator carries only radial component of the current density, and there is current free in parallel to the edges of the disk patch. Dual mode rectangular resonator has large size in both dimensions and the distribution of the current density could be more uniform. Because of the limitation of the ﬁlm size, however, resonators with these modes are too large to design ﬁlters at low frequency range. At 2 GHz on LaAlO3 substrate, the TM010 mode ring resonator has a diameter of about 37 mm [2] and the dual mode patch resonator has a size of about 15 mm ⫻15 mm [5]. Although TEM mode microstrip resonator has a compact size at low frequency, narrowband high power ﬁlters designed with this mode are limited in lower pole [6, 7]. Because of wide microstrip lines and large spacings between resonators in narrowband high power ﬁlter, it cannot ﬁt high pole ﬁlter in a 5-cm diameter substrate. In this paper, we designed and fabricated a HTS stripline ﬁlter. We focus on increasing the power handling capability by reducing the spacing between resonators and broadening the lines. The weak coupling property in stripline structure can comparatively reduce the spacing between resonators and makes it possible to realize high power ﬁlter with wide lines and high pole. A 2-pole stripline ﬁlter with a 0.78% bandwidth at 2090 MHz was designed and fabricated. It shows a small package of 12 mm ⫻ 25 mm and a power level of over 36 dBm at 70 K with sufﬁciently low insertion loss. 2. THE POWER HANDLING CAPABILITY OF THE STRIPLINE STRUCTURE



The power handling capability of HTS ﬁlter is limited by the current density in the circuit exceeding some threshold value. The current density at any point in the ﬁlter is scaled as the square root of the input power. The key issue of increasing the power handling capability is to reduce the peak current density Jpeak at a given input power. In fact, there are many parameters affecting the relationship between the peak current density and the input power,
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