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Abstract—To overcome blind spots of an ordinary weather 
radar which scans horizontally at a high altitude, a weather 
radar which operates vertically, so called an atmospheric profiler, 
is needed. In this paper, a K-band radar for observing rainfall 
vertically is introduced, and measurement results of rainfall are 
shown and discussed. For better performance of the atmospheric 
profiler, the radar which has high resolution even with low 
transmitted power is designed. With this radar, a melting layer is 
detected and some results that show characteristics of the meting 
layer are measured well. 

Keywords—K-band; FMCW; rain radar; low transmitted 
power; high resolution; rainfall; melting layer 

I.  INTRODUCTION 
A weather radar usually measures meteorological 

conditions of over a wide area at a high altitude. Because it 
observes weather phenomena in the area, it is mainly used for 
weather forecasting. However, blind spots exist because an 
ordinary weather radar scans horizontally, which results in 
difficulties in obtaining information on rainfall at higher and 
lower altitudes than the specific altitude. Therefore, a weather 
radar that covers the blind spots is required. 

A weather radar that scans vertically could solve the 
problem. This kind of weather radar, so called an atmospheric 
profiler, points towards the sky and observes meteorological 
conditions according to the height [1]. Also, because the 
atmospheric profiler usually operates continuously at a fixed 
position, it could catch the sudden change of weather in the 
specific area. 

In this paper, K-band rain radar which has low transmitted 
power and high resolutions of the range and the velocity is 
introduced. The frequency modulated continuous wave 
(FMCW) technique is used to achieve high sensitivity and 
reduce the cost of the system. In addition, meteorological 
results are discussed. Reflectivity, a fall speed of raindrops 
and Doppler spectrum measured when it rained are described, 
and characteristics of the melting layer are analyzed as well. 

II. DEVELOPMENT  OF K-BAND RAIN RADAR SYSTEM 

A. Antenna 
To suppress side-lobe levels and increase an antenna gain, 

offset dual reflector antennas are used [2]. Also, separation 

wall exists between the transmitter (Tx) and receiver (Rx) 
antennas to improve isolation between them. With these 
methods, leakage power between Tx and Rx could be reduced. 
Fig. 1 shows manufactured antennas and the separation wall.  

B. Design of Tranceiver 
Fig. 2 shows a block diagram of the K-band rain radar. 

Reference signals for all PLLs in the system and clock signals 
for every digital chip in baseband are generated by four 
frequency synthesizers. In the Tx baseband module, a field 
programmable gate array (FPGA) controls a direct digital 
synthesizer (DDS) to generate an FMCW signal which 
decreases with time (down-chirp) and has a center frequency 
of 670 MHz. The sweep bandwidth is 50 MHz which gives the 
high range resolution of 3 m. Considering the cost, 2.4 GHz 
signal used as a reference clock input of the DDS is split and 
used for a local oscillator (LO). the FMCW signal is 
transmitted toward raindrops with the power of only 100 mW. 
Beat frequency which has data of the range and the radial 
velocity of raindrops is carried by 60 MHz and applied to the 
input of the Rx baseband module. In the Rx baseband module, 
quadrature demodulation is performed by a digital down 
converter (DDC). Thus, detectable range can be doubled than 
usual. Two Dimensional-Fast Fourier Transform (2D-FFT) is 
performed by two FPGAs. Because the 2D FFT is performed 
with 1024 beat signals, the radar can have high resolution of 
the radial velocity.  Finally, data of raindrops are transferred to 
a PC with local LAN via the an UDP protocol. TABLE I. 
shows main specification of the system. 

 Fig. 1. Manufactured antenna and separation wall. 
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Abstract—In design of microwave circuits, lots of arbitrary 
inductance values are required. In this paper, methods to realize 
arbitrary inductance values using transmission line with 
relatively high characteristic impedance and capacitor are 
discussed. The first design utilizes only transmission line, while 
the second method adopts a capacitor as well as the transmission 
line. In addition, the attached capacitor may have a fixed-value 
or variable capacitance. The related equations for calculating the 
equivalent inductance are induced with resultant inductance 
graph. It is well shown that arbitrary inductance values may be 
realized from the high impedance transmission lines with or 
without attached capacitor. In the second discussion, the 
obtained inductance is adjustable as the attached capacitance 
value is controlled. 

Keywords—microwave inductors, distributed inductors, 
arbitrary inductors. 

I.  INTRODUCTION 
In design of microwave circuits, lots of distributed 

elements such as chip resistors, inductors, and capacitors are 
required both directly within RF parts and indirectly in DC 
supplying networks. Even most of lumped elements are 
surface mount device (SMD) type and their size is normally 
very small, however, in practice, many designers suffer from 
the undesirable parasitic components due to the electrodes for 
soldering. To the worse, arbitrary element values are not 
exactly supported because chip element values are quantized 
as designated values by industrial standards such as the series 
of E12, E24, and so on. As for chip inductors, the same 
situation goes, so, in many cases, designers have to select the 
chip inductor which is the mostly near from the ideally 
required value and available in one’s laboratory. This is one of 
main reasons of performance deviation between simulation 
and practical measurement. Especially, for multiple band 
applications, the deviation get worse at higher frequency 
bands needless to say at the fundamental or primary operating 
band [1-3]. 

In this work, methods for realizing arbitrary inductance 
values using distributed transmission line is discussed. The 
inductance values are realized using high impedance 
microstrip lines and varactor diodes. As results, it is possible 

to design the required arbitrary inductance value within a 
reasonable range and tune it finely by adjusting the 
characteristic impedance and electrical length of the microstrip 
line. 

 

II. REALIZATION OF ARBITRARY INDUCTANCE 

VALUES USING HIGH INPEDANCE MICROSTRIP LINES 
It is well known that the transmission line with a high 

characteristic impedance acts  like a inductor at the operating 
frequency [4,5]. Fig. 1 shows the equivalence between the 
corresponding lumped inductor and the transmission line with 
a high impedance, Zc, and electrical length, . If the 
inductance value is Leq, there is a frequency, o, when two 
input impedances of the lumped and distributed elements are 
equal to each other as shown in (1). So for an operating 
frequency(fo) and pre-selected Zc, an arbitrary inductance 
value can be realized theoretically by determining the proper . 
As an another way, if  is chosen first, then proper Zc can be 
calculated. However, the latter is not recommended because, 
in some cases, the calculated Zc may express a capacitive 
property rather than an inductive element. 

 

 

(a)                                                (b) 

Fig. 1 Equivalence between an inductance and the 
transmission line with a high impedance, Zc, and electrical 
length, . Input impedances of the (a)lumped inductor and 
(b)distributed element are equal at certain frequency. 
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Taking “Zc=100” at 1GHz as an example, a quasi-linear 
relation between inductance value and electrical length 
illustrated Fig. 2 is obtained. Summarily, it is possible to 
realize arbitrary inductance value by adjusting the electrical 
length of the high impedance microstrip line. In addition, in 
the simulation stage before the circuit realization, fine tuning 
can be applied to obtain a precisely required inductance. 

 

 

Fig. 2 Calculated relation between inductance value and 
electrical length using equation (1) (Zc=100 at 1 GHz). 

 

III. CONTROLLABLE ARBITRARY INDUCTANCE 

VALUES [6] 
One drawback of Fig. 2(b) is that it is impossible to change 

the equivalent inductance value once the circuit has been 
realized after fixing Zc and . In order to overcome this 
problem, Fig. 3(a) can be proposed and improved as Fig. 3(b) 
[6]. Comparing Fig. 3(a) to Fig. 1(a), and equating the 
equivalent inductance value, then (3) is induced. This means a 
capacitor connected a high impedance transmission line can be 
seen as an equivalent inductor. Therefore if the capacitor is 
adjustable, then the resultant inductance is also controllable. 
This is the key advantage of Fig. 3(b). There are many ways to 
implement the variable capacitor such as adjustable capacitors 
and varactor diodes. 

 




tan

tan
2

2





c

cc
eq CZ

ZCZL    (2) 

 

 

 

(a)                                               (b) 

Fig. 3 Equivalent inductance circuits using transmission lines 
and capacitors (a)fixed capacitor (b)variable capacitor.[6] 

 

As an example, when “Zc=100” and “=30o” at 1GHz, 
one can get the adjustable equivalent inductance according to 
the variable capacitance as shown in Fig. 4. It is also 
understood that an arbitrary inductance value can be realized 
and controlled precisely by changing the connected 
capacitance as Fig. 3. 

 

 

Fig. 4 Calculated relation between the equivalent inductance 
value and added capacitance using equation (2) (Zc=100and 
=30o  at 1 GHz). 

 

IV. CONCLUSION 
In this paper, study for realization of arbitrary inductance 

values has been discussed. The first method utilizes the 
transmission line with a relatively high characteristic 
impedance (Zc) and electrical length (). Arbitrary equivalent 
inductance values are designed once Zc and have been fixed 
previous. 

In order to obtain the controllable arbitrary inductance, the 
second method adopts the high impedance transmission line 
with a capacitance value connected was discussed. By 
equating the proper relationship, the equivalent inductance has 
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been induced. It was also shown that the obtained inductance 
value was adjustable as varying the attached capacitance. 
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