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Abstract - A new chip-type multi-layer ceramic balun is 
presented in this paper. This balun is designed in the ISM 
band and fabricated using low temperature co-tired ceramic 
(LTCC) technology. It involves the semi-lumped concept and 
the multi-layer structure to realize the LTCC-MLC balun. 
The symmetric structure holds the excellent characteristics 
of phase balance and amplitude balancing. Measured results 
of the LTCC-MLC baiun match well with the computer 
simulation. 

I. INTRODUCTION 

The size reductions of RF components are an important 
part in the wireless and mobile communication system for 
the miniaturization and cost reduction. Balun is the key 
component in realization of balanced mixers, amplifiers, 
multipliers, and phase shifters. The Marchand balun [I] 
consists of two coupled-line sections, which may be 
realized using microstrip coupled-line [2], ,Lange couplers 
[3], spiral coil [4], or multi-layer coupled structure [5]. 

The multi-layer ceramic technology seems to be the best 
solution to realize chip type elements [6]-[7]. We have 
published the various even and odd modes coupling 
coefficient method [8] to shrink the length of 
transmission-line. There are two types of LTCC 
processing, namely the shrinkage and non-shrinkage 
technologies to be adopted in the fabrication of RF 
components or modules. After sintering [9], the ceramic 
materials need to burnout the binder and densiflcation that 
will cause the size of components to shrink. The non- 
shrinkage technology, which use the alumina sheet to 
constrain the planar size [IO] or the clad metal base to 
provide constrained sintering [l I], can provide another 
choice, but the process is complicate in the fabrication. 

This paper presents the new design method of chip-type 
balun. It uses the semi-lumped concept and the multi-layer 
structure to realize the LTCC-MLC balun. This method 
easily overcomes the effect of size shrinkage due to 
processing and increase the yield rate of mass production. 
This balun shows broader bandwidth, better phase 

balancing, and looser processing control. The calculated 
and measured results of the fabricated LTCC-MLC balun 
show excellent performance. 

II. DESIGN PROCEDURE 

The semi-lumped resonator, which comprises two 
metal-insulator-metal (MIM) capacitors and a section of 
transmission-line, shows shorter length than a half- 
wavelength transmission-line resonator. Fig. 1 shows two 
types of MIM capacitor that can be used in the multi-layer 
structure. 
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Fig. 1. The overview of two types of multi-layer MIM 
capacitor. 

In the processes of fabricating the LTCC circuit, there 
are two main effects to decide the accuracy of components. 
Firstly, the method of forming the wiring patterns is using 
the screen-printing technology [ 121 that the accuracy is up, 
to the size of mesh. Secondly, the dimension of: 
conventional LTCC substrate has a large distribution after 
sintering (?z 0.5%) [lo]. These effects may cause the 
designed frequency drift. The proposed balun avoids this 
effect by adopting the semi-lumped method. The 
shrinkage in length of the transmission lines is the main 
reason of drifting of frequency. Using the semi lumped 
design can largely minimize this effect because the 
inductance increases and capacitance decreases by 
shrinkage effect. When circuit is shrunken the line width 
of the inductor becomes thinner, therefore the inductance 
is increased. However, the capacitance decreases due to 
area shrinkage. The overall effect is that the LC product 
keeps unchanged. 

Shown in Fig.2 is the equivalent circuit of the proposed 
LTCC-MLC balun. It comprises of two coupled 
transmission lines and four lumped capacitors. The 
concept of size shrinkage is somewhat similar to that of 
stepped impedance method [ 13 1. 
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Fig. 2. The equivalent circuit of LTCC-MLC balun. 

Fig.3 shows the multi-layer structure of this semi- 
lumped balun. The lengths of coupled lines are limited by 
the chip size. By properly control of these MIM capacitors, 
the coupled lines length can be reduced effectively. 

There are three steps to construct the LTCC-MLC balun: 
meandering the coupled-lines, multi-layer structure, and 
series connecting to the MIM capacitors. The combination 
of transmission line and MIM capacitor is very useful in 
holding the designed frequency band and in reducing the 
size of this chip-type balun. 

Because the structure of this balun is symmetric, it can 
be separated into two parts and can be folded to upper (or 
lower) layer. Finally, two coupled center strips can be 
meandered to shrink the balun further. 
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Fig. 3. The multi-layer structure of proposed LTCC- 
MLC balun. 

III. DESIGN AND SIMULATION 

In the realization of chip balun, it comprises two 
meandered coupled lines in multi-layer structure, four 
MIM capacitors connected in series with the coupled lines. 
The chip type balun is designed to operate in the 
frequency range of 2.25-2.65GHz. Unbalanced input 
impedance and two balanced output impedances were all 
500. The proposed multilayer chip type balun has been 
investigated using a full-wave electromagnetic (EM) 
simulator [ 141. 

The simulated results are shown in Fig.3. The insertion 
loss and the return loss are less than -0.24dB and -12.4dB 
respectively in the operating frequency band as shown in 
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F&.3(a). The amplitude and phase imbalance between 
balanced output are within O.ldB and 0.98” respectively 
over the same frequency band as shown in Fig.3(b). 
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Fig. 4. The simulated results of designed chip type balun. 

Iv. EXPERIMENT RESULT 

Fig.5 shows the fabricated LTCC-MLC balun. The 
designed chip type balun is fabricated with multi-layer 
configuration using Heraeus CT700 40um-thick ceramic 
sheets (&r=7.2) and lOurn-thick Ag metal pattern. The 
overall size of the balun is 2.0mm x 1.2mm x O.&nm. 

Fig. 5. The fabricated chip type balun. 

The measured results are shown in Fig.6. The insertion 
loss and return loss are less than -1dB and -14dB 
respectively over the operating frequency band as shown 
in Fig.6(a). Fig.6(b) shows the measured amplitude and 
phase difference between balanced output. The amplitude 
and phase imbalances are within 0.53dB and 2.59’ 
respectively over the operating frequency band. 
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Fig. 6. The measured result of fabricated chip type balun. 
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V. CONCLUSION 

The novel LTCC-MLC balun has been developed. The 
design method and the equivalent circuit of this balun 
have been given. The design procedures are simple. The 
size of this balun is compact, and measured performance 
is excellent. This balun has been designed with the 
operating frequency range of 2.25-2.65GHz. Unbalanced 
input impedance and two balanced output impedances are 
5OSI. The designed chip type balun has been fabricated 
with multilayer configuration. The insertion loss and 
return loss are less -1dB and -14dB respectively over the 

operating frequency band. The measured amplitude and 
phase imbalances between balanced outputs were within 
0.53dB and 2.59” respectively over the operating 
frequency range. The simulated and measured results 
show the validity of the proposed design method and the 
equivalent circuit of the balun. 
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