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Abstract. For a single chip HTS integrated microwave receiver, a
superconducting slot antenna and a SiGe BiCMOS low noise amplifier
(LNA) combined with a broad band matching circuit composed of coplanar
waveguide (CPW) meanderline resonators has been designed and tested.
By applying the filter technique and using inverters, we propose a new
design method of CPW broadband impedance matching circuit connected
to low or high impedance loads such as HTS antenna or BICMOS device.
For slot antenna, in order to increase the directivity of the antenna, we
designed 2-dimensional array antenna by folding the slot antenna. We
fabricated and tested YBCO slot array antenna with 3-pole matching circuit
by using our present design theory at cryogenic temperature. The prototype
YBCO slot array antenna has in good agreement with the simulated results.

1. Introduction

There are many location-free data translations, such as wireless LAN, bluetooth,
IMT-2000 and satellite telecommunications. In order to make size reduction and cost
performance, there are great expectations of a single chip MMIC, which is composed of
low noise amplifier (LNA), power amplifier (PA), mixer, and so on [1]. Moreover, SiGe
BiCMOS has better-cost performance than GaAs device. So we applied the SiGe CMOS
to RF active device. For suppress the connection loss, impedance matching circuit is
necessary for interconnecting above devices. Although the lumped element circuits such
as the spiral inductor and MIM capacitor are adopted for matching circuit [2], it cannot be
used at high frequency range because of the self-resonance and stray impedance. On the
other hand, distributed elements made of transmission lines are particularly effective
because their size becomes smaller, as the frequency is higher. Moreover, coplanar
waveguide (CPW) is easy to fabricate on the LSI chip because the signal line and ground
plane exist only on the same side, and also easy to realize desired characteristic impedance.
As a small antenna, there are many reports about the slot antenna fabricated by the normal
metal [3]. In our previous papers, we proposed a new design method of the broadband
impedance matching circuit for the small antenna [4-6].

In this paper, we generalize the design method of the on-chip matching circuit
connecting with the LNA. The circuit simulator and electromagnetic field simulator
studies provide the expected performances of the SiGe BiICMOS LNA with the input and
output impedance matching circuit. Finally, the 50€2 matching circuit connects the HTS
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small antenna with LNA. The prototype YBCO slot array antenna is also designed and
tested in the cryogenic temperature.

2. Design of SiGe BiCMOS low noise amplifier

Fig.1 shows the schematic diagram of the low noise amplifier (LNA). The target
frequency is 10GHz for satellite base station. The LNA is fabricated in 0.35um SiGe
BiCMOS process, and VCC is 2.5V. In order to raise the power gain, we choose the
2-stage amplifier. The emitter width and length are 0.8um and 1.9um, respectively. The
characteristics are simulated by the ADS (Agilent technologies). From the data of input
and out put impedance and minimum noise figure, we can design the input and output
matching circuits as follows.

Fig.2 (a) shows the circuit model of the transmission line based matching circuit and
Fig.2 (b) shows the circuit model at resonant frequency. The quarter wavelength line and
impedance inverter (K-inverter) compose the matching circuit. In the figure, Y1, (=G +jBL)
and Z; are the input impedance of the LNA and characteristic impedance of the quarter
wavelength line, respectively. In order to compensate the jB;, we adjust the length by A/
as,
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where, C is the capacitance per unit length of the transmission line. Finally, the proposed
design values for the K-inverter and Z; are given by,
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where, w and g; are the normalized bandwidth and normalized filter element, respectively.
The reactance (X) and the reactance slope parameter (x) are for the series resonance circuit.
In the case of noise matching, it is easy to show Z;=Z*opt in eqs. (1) and (2), where, Z is
the impedance which minimize the noise figure.
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circuits. Figure 2. (a) Circuit model of the /4

matching circuit, (b) equivalent circuit model
at resonant frequency and (c) schematic
diagram of the CPW matching circuit.
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This CMOS chip has a 3-metal layer structure. In order to avoid the loss in the Si, we
covered the lowest metal (metall), namely conductor backed CPW. The conductance of
the metal is 4.1x10” S/m in this simulation. The signal width and the interval between the
slots of the 50Q2 line are Sum and 15um, respectively. For size reduction, the quarter
wavelength line was bended into meander structure (see Fig.2(c)). K-inverter is fabricated
by using shunt meander inductor. The design parameters of the matching circuit are
fo=10GHz, w=2%. The calculated data of the input and output matching circuits are
imported into the circuit model as shown in Fig. 1.

Fig. 3 shows the simulated results of the return loss (|S11[) and power gain (|S|) of the
LNA with input and output matching circuit. At 10GHz, the power gain and matching
property obtain the maximum values. Fig. 4 shows the simulated noise figure (NVF) of the
LNA. In the figure, NFpi, shows the ideal minimum value that matched the Z at all
frequency range. Although, NF reaches the minimum value at around 10GHz, it dose not
minimum because Z; is slightly different from the Z*,,. This LNA has gain=11.5dB,
NF=4.5dB and matching (|S1;]) =-20dB at 10GHz, respectively. Also we can design the
noise matching circuit.

Fig. 5 shows the frequency dependences of the input and output impedance of the LNA.
The real part of the input and output impedances are almost equal to the 50Q2 at 10GHz.
On the other hand, the imaginary part of the input and output impedances are 0€2. Finally,
we will connect the 50Q feed line of the LNA with HTS slot antenna described in Sec.3 by
using flip chip bonding.
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Figure 3. Frequency responses of the Figure 4. Frequency dependence of the
insertion loss and return loss of the LNA with noise figure of the LNA with matching circuit.

matching circuit.

3. Design of HTS slot array antenna

In our previous paper, we designed the 1-dimensional HTS slot antenna connected with
n=3 impedance matching circuit at 10GHz [6]. In this paper, in order to increase the
directivity of the antenna, we designed 2-dimensional array antenna by folding the slot
antenna and branching out the feed line.
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Fig.6 shows the layout of the slot array antenna and definition of the axis for
calculating directivity. The value m is a folded number and » is a branched number of the
slot array antenna. Since the spatial distribution of the magnitude of the electric field of (m,
n)=(1,1) antenna is similar to that of one wavelength magnetic-current dipole antenna, the
directivity Gy is given by,
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where, d,, and d,, is an interval of the dipole antenna and A=2m/A [7].

Figure 7 shows the m dependence of the directivity of the slot array antenna at 10GHz,
where n=1. For EM-simulation, folding number corresponds to m value, and the
directivity is similar to the data calculated as eqgs. (3) and (4).
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Figure 5. Input and output impedance of the  Figure 6. Definition of the axis for calculating
LNA with matching circuit. the directivity of the slot array antenna.

4. Experimental result of the prototype YBCO slot array antenna

Figure 8 shows the photograph of the prototype YBCO slot array antenna (m, n)=(3, 1)
connecting with 50Q matching circuit. In the figure, the interdigital gaps and meanderline
resonators are also printed. The slot width of this slot array antenna is 300um, so that,
radiation resistance (R,) is 22.88 2. We can see the over etching portions in the interdigital
gap. We measured S-parameter by using vector network analyzer (HP8722C; HP) though
coplanar waveguide probes.

Figure 9 shows the frequency responses of the (m, n)=(3, 1) YBCO slot array antenna
with matching circuit at 44K. In the figure, the EM simulation results are also plotted. The
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values obtained in this measurement include the residual loss due to the contact between
the YBCO film and the metal probe. The center frequency is slightly sifted to the lower
frequency because of the kinetic inductance of the YBCO, so that observed data is plotted
by the normalized frequency [8]. The observed fractional bandwidth is similar to that of
the simulation results. However, because of the over-etching and the residual loss from the
connection of the probe, pole frequencies and the base line are not in full agreement with
simulation results. We can verify our new design theory by cryogenic experiment.
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5. Conclusion

HTS slot array antenna and a SiGe-BiCMOS LNA combined with a broadband
matching circuit composed of CPW meanderline resonators has been designed and tested.
This broadband impedance matching circuit connects the low and high impedance loads
such as HTS antenna and BiCMOS device. Moreover, in order to increase the directivity,
we designed 2-dimensional array antenna by folding the slot antenna. The prototype
YBCO slot antenna with matching circuit (f5=10GHz, w=2% and »=3) is also fabricated
and tested in the cryogenic temperature. Finally, we will fabricate the THS RF receiver as
shown in Fig. 10.

Acknowledgements

This work was partly supported by a Grant-in-Aid for Encouragement of Young
Scientists (B) from the Japan Society for the Promotion of Science (JSPS). This work was
partly supported by VLSI Design and Education Center (VDEC), the University of Tokyo
in collaboration with CADENCE and SYNOPSYS Corporation. This work was partly in
collaboration with Innovation Plaza Fukuoka, Japan Science and Technology Corporation
(JST). This work was partly supported by the 21st Century COE Program ‘Reconstruction
of Social Infrastructure Related to Information Science and Electrical Engineering’.

References

[1] A. Matsuzawa 2002 IEEE. Trans. Microwave Theory Tech. 50 245-253.

[2] M. Ono, N. Suematsu, S. Kubo, K. Nakajima, Y. Iyama, T. Takagi and O. Ishida
2001 IEICE Trans. Electron. E84-C 923-929.

[3] R. Azadegan and K. Sarabandi 2003 IEEE Trans. Antennas, Propagat. 51 421-429.

[4] K. Yoshida, T. Takahashi, H. Kanaya, T. Uchiyama and Z. Wang 2001 IEEE Trans.
Appl. Supercond. 11 103-106.

[5] H. Kanaya, Y. Koga, J. Fujiyama, G. Urakawa and K. Yoshida 2003 IEICE Trans.
Electron. E86-C 37-41.

[6] H. Kanaya, Y. Koga, G. Urakawa and K. Yoshida 2003 IEEE Trans. Appl.
Supercond. 11 1031-1034.

[7] C. A. Balanis 1997 Antenna Theory: Analysis and Design, 2nd ed. (New York:
John Wiley & Suns, Inc.) ch. 6.

[8] K. Yoshida, T. Adou, S. Nishioka, Y. Kanda, H. Shimakage, and Z. Wang, 1998
IEICE Trans. Electron. E81-C 1565-1572.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


