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Chip-Type LTCC–MLC Baluns Using the Stepped
Impedance Method

Ching-Wen Tang, Jyh-Wen Sheen, and Chi-Yang Chang

Abstract—A chip-type low-temperature co-fired ceramic
(LTCC) multilayer ceramic (MLC) balun is presented in this
paper. This balun is designed using the stepped impedance
method. It uses a multilayer structure, meander lines, and
multisection coupled lines. The use of multisection couple lines
that have various characteristic impedance ratios can shrink the
length of a quarter-wavelength coupled-transmission line and
makes it very easy to match various impedances of balanced
output. The proposed chip-type balun operates over a bandwidth
of 2.25–2.65 GHz. The in-band phase and amplitude balances are
excellent because of the symmetric structure and transmission-line
trimming section. Measured results of the chip-type LTCC–MLC
balun match well with the computer simulation.

Index Terms—Balun, chip-type component, LTCC, MLC, mul-
tisection coupled lines, stepped impedance method.

I. INTRODUCTION

T HE Marchand balun [1] is very popular in the microwave
balun and is important in realizing balanced mixers, am-

plifiers, multipliers, and phase shifters. Various types of balun
such as the active balun [2], lumped-type balun [3], toroid-type
balun [4], and 180hybrid balun [5], [6] were proposed. How-
ever, due to varying reasons, these baluns cannot meet the re-
quirement for mobile and cellular communications. For the ac-
tive balun, the transistor can induce the noise and exhaust more
energy. With the lumped-type balun, although the use of a lump
capacitor and a lump inductor can achieve a compact size, it is
difficult to maintain the balanced output characteristics under
broader bandwidth. In the case of a toroid-type balun, it is only
used below the UHF band. For 180hybrid balun, it comprises
multiple quarter-wave transmission lines that cause a large size.

The multilayer ceramic (MLC) technology seems to be the
best solution to realize chip-type elements [7], [8]. However, at
the time of this writing, only a few published papers, e.g., [9], de-
scribe the laminated balun. Unfortunately, the balun in [9] shows
a very narrow bandwidth of the amplitude and phase balance
between the two balanced output ports. In addition, the circuit
design in [9] requires precise control of the fabricating process.

In this paper, the proposed balun shows a broader bandwidth
and allows for looser processing control. Although the balun
in [9] shows a wider relative bandwidth of return loss than the
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Fig. 1. Equivalent circuit of the LTCC–MLC balun.

proposed balun, the balun in [9] shows a much narrower band-
width of amplitude and phase balance. Therefore, the proposed
balun is much more broad-band, if the balance of amplitude and
phase are concerned. The size reduction of the proposed balun is
achieved by using of various impedance ratios of multisection
coupled line, which can shorten the length of a quarter-wave-
length coupled strip-line.

In the case of RF integrated circuit (IC) application, the
input/output impedances usually have complex values. For
tuning out the imaginary part of the balanced output impedance,
a trimming transmission-line section is proposed.

All of the fabricated low-temperature co-fired ceramic–mul-
tilayer ceramic (LTCC–MLC) baluns show an excellent match
with predicted performance, except for the insertion loss and
the amplitude imbalance. The discrepancy is mainly because the
simulations are based on the perfect conductor model for every
layers of the metal for the sake of time efficiency.

II. THEORY

Shown in Fig. 1 is the equivalent circuit of the chip type
LTCC–MLC balun. This structure is adopted from the concept
of the stepped impedance method [10] to shrink the coupled
transmission line. It comprises the multisection coupled trans-
mission line and a transmission-line trimming section. Assume
that the coupled transmission lines are with the even- and odd-
mode impedance of and with respect to section.
Fig. 2 shows the equivalent circuits of the Marchand-type
LTCC–MLC balun. Shown in Fig. 2(a) is the simplified
coupled-line model of the Marchand balun. At the center
frequency, the input impedances of two circuits in Fig. 2(a) are
the same as for the balanced port; therefore, the upper circuit
in Fig. 2(a) can be equivalent to the lower circuit in Fig. 2(a).
Any commercially available circuit simulator can check this.
The situation is almost the same in the stepped impedance
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(a) (b)

(c)

Fig. 2. Principle of impedance translation, which the impedance ratioR is greater than 1/4. (a) The simplified coupled-line model of the Marchand balun. (b) The
translation of the left part of Fig. 1 (choosingn = 2) and (c) the lumped-element equivalent circuit of Fig. 2(b).

configuration. Choosing as an example, the circuit can
be simplified as shown in Fig. 2(b) [11]. Shown in Fig. 2(c)
is the lumped-element equivalent circuit of Fig. 2(b). The
equivalence from a transmission line to an inductor or capacitor
is also shown at the bottom of Fig. 2(b). This distributed
circuit to lumped circuit equivalence is accurate only for a
ratio of characteristic impedance of the-section to that of the

-section to be relatively large. Equation (1) can be obtained
from the equivalent circuit of Fig. 2(c) as

(1)

where is the balanced output impedance, which equals
, is the impedance of the transmission-line trimming sec-

tion, is the equivalent inductance of a high-impedance cou-

pled line in the unbalance input port,is the equivalent capac-
itance of a low-impedance coupled line in the unbalance input
port, and is the equivalent inductance of a high- impedance
coupled line in the balance output port.

In most practical applications, the unbalanced input impe-
dance , and is always 50 .
When the impedance of the transmission-line trimming section
compensates for the imaginary part of the output impedance,
(1) can be abbreviated to

(2)

where is the real part of the balanced output impedance,
is the equivalent inductance of a high-impedance coupled line
in the unbalance input port, is the equivalent capacitance of
a low-impedance coupled line in the unbalance input port, and

is the equivalent inductance of a narrow coupled line in the
balance output port.
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(a) (b)

Fig. 3. Principle of impedance translation, for which the impedance ratioR is smaller than 1/4. (a) The translation of the left part of Fig. 1 (choosingn = 2)
and (b) the lumped-element equivalent circuit of Fig. 3(a).

If the imaginary part has been tuned out, the real part
of equals . Because is always smaller
than 1, which implies that the ratio of the unbalanced input
impedance to the balanced output impedance is
greater than 1/4. In other words, if equals 50 , must be
smaller than 200 . Properly choosing the values ofand ,
the imaginary part can equal 0. This means that the con-
tribution of could be canceled. On the other hand, if the value
of capacitance and inductance is fixed, the transmission
line can be shortened with a lower characteristic impedance for
the -section and with higher characteristic impedance for the

-section, respectively. This phenomenon of length shrinkage
is similar to that of the stepped-impedance resonator [12].

For the case of impedance ratio , the position of
and in Fig. 2(c) must be exchanged; therefore, the high-

and low-impedance coupled transmission lines in Fig. 2(b) also
need to be exchanged accordingly. The equivalent circuit of the
balun should be changed to Fig. 3. According to Fig. 3, the
input impedance can be obtained from (3), as shown at the
bottom of this page, where is the balanced output impedance,
which equals , is the impedance of the transmis-
sion line trimming section, is the equivalent inductance of
the high-impedance coupled line in the unbalance input port,

Fig. 4. Shrinkage rate of two-section coupled lines versus different linewidths
of the second coupled-line section. (The linewidth of the first coupled line is
5 mil.)

is the equivalent capacitance of the low-impedance coupled
line in the unbalance input port, is the equivalent inductance
of the high-impedance coupled line in the balance output port,

(3)
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(a)

(b)

Fig. 5. Miniaturizing method of using different ground plane spacing for each coupled-line section. (a) The 3-D view of a multisection coupled transmission line
using the different layer thickness method. (b) The shrinkage rate of two-section coupled lines versus different ground plane spacing of the second coupled-line
section. (Ground plane spacing of section 1 is fixed to be 25.2 mil and the coupled-line spacing is also fixed to be 3.6 mil.)

and is the equivalent capacitance of the low-impedance cou-
pled line in the balance output port.

If the transmission-line trimming section eliminates the imag-
inary part of the balanced output impedance, (3) could be sim-
plified to (4), shown at the bottom of the following page.

The impedance ratio is smaller than 1/4 be-
cause the value of in (4) is smaller than one. In other
words, if equals 50 , must be greater than 200. The
same as for the case, the imaginary part of

the input impedance can be zero, if the values of, , ,
and are properly chosen. According to the theory of stepped
impedance resonator, the length of this case should be
longer than that of the uniform coupled line.

According to the above analysis, the stepped impedance
method is very useful for achieving the impedance transforma-
tion. Besides, in the cases of an impedance ratio greater than
1/4 (this is true for most of practical applications), the length of
the two coupled-line sections can be shortened.
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Equations (1)–(4) are accurate for cases of relatively large ra-
tios of characteristic impedance of the-section to the -sec-
tion. When the characteristic impedance ratio of the two stepped
impedance sections as shown in Figs. 2(b) or 3(a) is larger than
1.5 or smaller than 0.5, the values from these equations are suf-
ficiently accurate. After we obtain the values ofand , the
lumped circuit models of Figs. 2(c) and 3(b) are then changed
to a distributed circuit model to perform further simulations.
For the characteristic impedance ratio between 0.5 and 1.5, the
values obtained from these equations need to be modified. The
modification can be done using a transmission-line model in
a conventional circuit simulator. Finally, the electromagnetic
(EM) simulator does the final design to get the precise phys-
ical dimensions of the balun.

III. D IFFERENTMETHODS TOIMPLEMENT THE STEPPED

IMPEDANCE COUPLED LINES

We use the two-section stepped impedance method to shrink
the size of the MLC-LTCC balun as discussed in previous sec-
tion. Two methods can realize the proposed two-section stepped
impedance coupled lines. The first one uses a broadside coupled
line with various linewidth sections. Fig. 4 shows the shrinkage
rate of two-section coupled lines versus different linewidth of
the second coupled-line section. The corresponding spaces be-
tween two ground planes of two-section coupled lines are 25.2,
21.6, 18, 14.4, and 10.8 mil, respectively. In this example, the
broadside coupled-line spacing is fixed to be 3.6 mil. When
the linewidth of the second coupled-line section is wider, the
shrinkage rate is increased as shown in Fig. 4. The second minia-
turizing method uses different ground plane spacing for each
coupled-line section, as shown in Fig. 5(a). It also has the char-
acteristics of the thinner the ground plane spacing, the higher
the shrinkage rate, as shown in Fig. 5(b).

IV. DESIGN EXAMPLE FOR 50- BALANCED

OUTPUT IMPEDANCE

Theoretically, the proposed balun can have any balanced
output impedance. Here, we choose a balun with 50-bal-
anced output impedance at each output port as an example.
The chip-type balun is designed to operate in the frequency
range of 2.25–2.65 GHz. Unbalanced input impedance is also
50 . The design procedures are as follows. Firstly, we use
the circuit simulator such as Libra or equivalent software
to obtain the initial design. Secondly, we use the full-wave
EM simulator—Sonnet [13] to fine-tune the final physical
parameters. Because the structure of the proposed balun is
symmetric, it can be separated into two parts and can be folded

Fig. 6. Proposed multilayer structure of the LTCC–MLC balun. (The slanted
lines represent the vertical connection between different metal layers.)

into upper (or lower) layers. Finally, two coupled center strips
can be meandered to shrink the balun further. The structure of
LTCC–MLC balun is shown in Fig. 6, which is combined with
both shrinkage methods mentioned in the previous section.

The simulated results are shown in Fig. 7. The insertion loss
and the return loss are less than0.32 dB and 16.5 dB, respec-
tively, in the operating frequency range as shown in Fig. 7(a).
The amplitude and phase imbalance between the balanced out-
puts are within 0.47 dB and 0.85, respectively, over the oper-
ating frequency range as shown in Fig. 7(b).

Fig. 8 shows the photograph of a fabricated LTCC–MLC
balun. The designed chip-type balun is fabricated with a
multilayer configuration using 90-m-thick ceramic sheets

and a 10- m-thick Ag metal pattern. The overall
size of the balun is 3.2 mm 1.6 mm 1.0 mm. The measured
results are shown in Fig. 9. The insertion loss and return
loss are less than 1.02 and 14.5 dB, respectively, over
the operating frequency band as shown in Fig. 9(a). Fig. 9(b)
shows the measured amplitude and phase difference between
balanced outputs. The amplitude and phase imbalances are
within 0.43 dB and 1.23, respectively, over the operating
frequency range. Comparing Figs. 7 and 9, the excellent match
between the theoretical and measured results is obtained except
for the insertion loss. The measured insertion loss is higher
than the simulated result because the substrate loss and the

(4)
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(a)

(b)

Fig. 7. Smulated results of designed chip-type balun. (a) The insertion loss
and return loss. (b) The amplitude and phase imbalance between the balanced
outputs.

Fig. 8. Photograph of the fabricated chip-type balun.

metal loss are not included in the simulation for simulation
speed consideration.

V. TRANSMISSION-LINE TRIMMING SECTION FORMATCHING

WITH THE COMPLEX LOAD

Recently, short-range wireless communication such as blue-
tooth becomes more and more important. The RF ICs such as
those for bluetooth applications are usually used with balanced
input/output ports.

(a)

(b)

Fig. 9. Measured results of a fabricated chip-type balun. (a) The insertion
loss and return loss. (b) The amplitude and phase imbalance between balanced
outputs.

In the design of a bluetooth module, the balun must realize
the impedance transformation and connect other unbalanced RF
circuits. The conventional design of a balun has the charac-
teristic of real-valued output impedance, but the input/output
impedance of a differential RF IC are mostly complex values.
Using the proposed transmission-line trimming section in our
balun design as shown in Fig. 1 can achieve the cancellation of
the imaginary part of the complex load impedance.

Here, we show design examples that two bluetooth RF
ICs, namely a low-noise amplifier and a driver amplifier,
connect with two proposed LTCC–MLC baluns. To show the
effect of the transmission-line trimming section, each of the
LTCC–MLC baluns has two versions: the first version is the
balun without the transmission-line trimming section, and the
second version is with the transmission-line trimming section.
Fig. 10 shows the comparison of the performances that does
and does not include the transmission-line trimming section
in connection with the bluetooth RF ICs. The test setup is
combined with a bluetooth amplifier as shown in Fig. 10(a),
because the amplifier impedance is a complex value and not
suitable for measuring in a 50- testing system. Shown in
Fig. 10(b) is a balun with a bluetooth low-noise amplifier, and
shown in Fig. 10(c) is a balun with a bluetooth driver amplifier.
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(a) (b)

(c)

Fig. 10. Comparison of the performances that do and do not include the transmission-line trimming section in connection with bluetooth RF ICs. (a) Thetest
setup is combined with the LTCC–MLC balun and the bluetooth amplifier. (b) The balun is combined with the bluetooth low-noise amplifier. (c) The balunis
combined with the bluetooth driver amplifier.

The baluns using the proposed transmission-line trimming
section achieves better matching performance in both cases.

VI. CONCLUSION

The novel LTCC–MLC balun has been developed. The
equivalent circuit and the design equations of this balun have
been given. The design procedures were simple, the size of this
balun was compact, and the measured performances matched
with simulated results very well. The baluns have been designed
for use in the 2.4-GHz ISM frequency band. In the first ex-
ample, the unbalanced input impedance and the balanced output
impedance were both 50. The measured insertion loss and
return loss were less than1.02 and 14.5 dB, respectively,
over the operating frequency band. The measured amplitude
and phase imbalances between balanced outputs were within
0.43 dB and 1.23, respectively, over the operating frequency
range. The simulated and measured results showed the validity
of the proposed design method. In the second example, a

proposed transmission-line trimming section in the balun was
useful to achieve a better matching performance of a balanced
output port with complex impedance. All of the proposed
baluns were fabricated with a multilayered configuration.
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