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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 o A4 @%‘%
(LTCC) multilayer ceramic (MLC) balun is presented in this p:na ani_a \ r— E_E_gpen
paper. This balun is designed using the stepped impedance .
method. It uses a multilayer structure, meander lines, and - 7 N ool
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multisection coupled lines. The use of multisection couple lines

that have various characteristic impedance ratios can shrink the Zoen  Zoe(-l)  Zoel Zoel  Zoe(n-l) Zoen
length of a quarter-wavelength coupled-transmission line and Balanced

makes it very easy to match various impedances of balanced Port

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 —  Coupled Transmission Transmission Line
trimming section. Measured results of the chip-type LTCC—-MLC > Line L‘;fg;“oﬁ::;lmmg
balun match well with the computer simulation. (optional)

Index Terms—Balun, chip-type component, LTCC, MLC, mul-

tisection coupled lines, stepped impedance method. Fig. 1. Equivalent circuit of the LTCC-MLC balun.

proposed balun, the balun in [9] shows a much narrower band-
. INTRODUCTION width of amplitude and phase balance. Therefore, the proposed

HE Marchand balun []_] is very popu|ar in the microwavé)amn is much more broad—band, if the balance of amplitude and
balun and is important in realizing balanced mixers, anithase are concerned. The size reduction of the proposed balun is
plifiers, multipliers, and phase shifters. Various types of bali@fhieved by using of various impedance ratios of multisection
such as the active balun [2], |umped_type balun [3], toroid_tyrfé)umed line, which can shorten the length of a quarter-wave-
balun [4], and 180Dhybrid balun [5], [6] were proposed. How- length coupled strip-line.
ever, due to varying reasons, these baluns cannot meet the réd the case of RF integrated circuit (IC) application, the
quirement for mobile and cellular communications. For the aput/output impedances usually have complex values. For
tive balun, the transistor can induce the noise and exhaust métaing out the imaginary part of the balanced outputimpedance,
energy. With the lumped-type balun, although the use of a lur@grimming transmission-line section is proposed.
capacitor and a lump inductor can achieve a compact size, it i\l of the fabricated low-temperature co-fired ceramic—-mul-
difficult to maintain the balanced output characteristics undéayer ceramic (LTCC-MLC) baluns show an excellent match
broader bandwidth. In the case of a toroid-type balun, it is onfith predicted performance, except for the insertion loss and
used below the UHF band. For 18@ybrid balun, it comprises the amplitude imbalance. The discrepancy is mainly because the
multiple quarter-wave transmission lines that cause a large sigénulations are based on the perfect conductor model for every
The multilayer ceramic (MLC) technology seems to be thayers of the metal for the sake of time efficiency.
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- Il. THEORY
scribe the laminated balun. Unfortunately, the balunin [9] shows shown in Fig. 1 is the equivalent circuit of the chip type

a very narrow bandwidth of the amplitude and phase balancecc_mLC balun. This structure is adopted from the concept
design in [9] requires precise control of the fabricating procesgansmission line. It comprises the multisection coupled trans-
In this paper, the proposed balun shows a broader bandwigifysion line and a transmission-line trimming section. Assume
and allows for looser processing control. Although the baluyfat the coupled transmission lines are with the even- and odd-
Fig. 2 shows the equivalent circuits of the Marchand-type
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Fig. 2. Principle of impedance translation, which the impedance FRatiogreater than 1/4. (a) The simplified coupled-line model of the Marchand balun. (b) The
translation of the left part of Fig. 1 (choosimg= 2) and (c) the lumped-element equivalent circuit of Fig. 2(b).

configuration. Choosing = 2 as an example, the circuit canpled line in the unbalance input po€,is the equivalent capac-
be simplified as shown in Fig. 2(b) [11]. Shown in Fig. 2(cjtance of a low-impedance coupled line in the unbalance input
is the lumped-element equivalent circuit of Fig. 2(b). Thport, andL; is the equivalent inductance of a high- impedance
equivalence from a transmission line to an inductor or capacitwoupled line in the balance output port.

is also shown at the bottom of Fig. 2(b). This distributed In most practical applications, the unbalanced input impe-
circuit to lumped circuit equivalence is accurate only for danceZ;(Z;, = 2Z;, andZ; = R; + jX,) is always 50.

ratio of characteristic impedance of thesection to that of the When the impedance of the transmission-line trimming section
C-section to be relatively large. Equation (1) can be obtainedmpensates for the imaginary part of the output impedance,

from the equivalent circuit of Fig. 2(c) as (1) can be abbreviated to
1 1 2 1
Yi gL , 2 R21g22wL12
+5 AN 2 +1.) TR
2 Z+ é 2 2
2 (Ly+ L) +w? | =} L1L3
2 . RQ
1
(L1 + Ly) + w? Z Ly 12 w(Ly + L2)* + w? <E> LIL3
Z+ —
. 2
+i | we - 2/ (1) = M) +jBi(w) @
2
w(Ly + Ly)? + w3 L213 whereR; is the real part of the balanced output impedarge,
74+ Z2 is the equivalent inductance of a high-impedance coupled line
2 in the unbalance input por€; is the equivalent capacitance of

whereZs is the balanced output impedance, which eqéizls- a low-impedance coupled line in the unbalance input port, and
j7X,, Z isthe impedance of the transmission-line trimming sed- is the equivalent inductance of a narrow coupled line in the
tion, L; is the equivalent inductance of a high-impedance cobalance output port.
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Fig. 3. Principle of impedance translation, for which the impedance fi®smaller than 1/4. (a) The translation of the left part of Fig. 1 (choosing 2)

and (b) the lumped-element equivalent circuit of Fig. 3(a).

70

If the imaginary partB; (w) has been tuned out, the real part
of Zi, equalsRy /(2 - M(w)). Becausé/(w) is always smaller
than 1, which implies that the ratiB of the unbalanced input
impedance to the balanced output impedaiiRe= 7, /Z,) is %
greater than 1/4. In other words, Af; equals 502, Z> must be
smaller than 20@2. Properly choosing the values 6fand L,
the imaginary parB; (w) can equal 0. This means that the con-

Shrinkage Rate (%)

tribution of L, could be canceled. On the other hand, if the value §* Ist secnonz“““""“

of capacitanc&” and inductance.; is fixed, the transmission

: - tic » 5 mit-

line can be shortened with a lower characteristic impedance fc mi @

the C-section and with higher characteristic impedance for the I Fixed spacing =3.6 hil

L;-section, respectively. This phenomenon of length shrinkagt {7 <<<<<

is similar to that of the stepped-impedance resonator [12]. —
For the case of impedance ratfdo < 1/4, the position of w (i)

C and L, in Fig. 2(c) must be exchanged; therefore, the high- —e—groun pine spacing=25.2 mit ~8—Ground Piane Spacing=21.6 il —&—Ground Plane Spacing=18 mil

and low-impedance coupled transmission lines in Fig. 2(l) als™* S Fiane Spacna=té s mi =w=Ground Plane Spacing=10.8 mi

need to be exchanged accordingly. The equivalent circuit of thﬁ 4. Shrinkage rate of two-section coupled lines versus different linewidths
balun should be changed to Fig. 3. According to Fig. 3, th#the second coupled-line section. (The linewidth of the first coupled line is
input impedanceZ;,, can be obtained from (3), as shown at thé mil)

bottom of this page, whetg; is the balanced outputimpedance,

which equalsk: + jX,, Z is the impedance of the transmis-C is the equivalent capacitance of the low-impedance coupled
sion line trimming sectionL; is the equivalent inductance ofline in the unbalance input potk; is the equivalent inductance
the high-impedance coupled line in the unbalance input poof, the high-impedance coupled line in the balance output port,

I~ | Z é ! 5
2 Za
o i+ (z+22
CULQ v ! 2 2
Z2 ’ W32
wlho | Z 4+ — L Cl+02
. 2
+idwhy + 5 (3)
|:<Z+ 22>—w2L2(C1+02)< ?2>:| +(wL2)2
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Fig. 5. Miniaturizing method of using different ground plane spacing for each coupled-line section. (a) The 3-D view of a multisection coupisditmafinm
using the different layer thickness method. (b) The shrinkage rate of two-section coupled lines versus different ground plane spacing of thepteddine c
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.)

andC is the equivalent capacitance of the low-impedance cotlte input impedance can be zero, if the valued of Cy, Lo,

pled line in the balance output port. andC; are properly chosen. According to the theory of stepped
If the transmission-line trimming section eliminates the imagmpedance resonator, the length of this< 1/4 case should be

inary part of the balanced output impedance, (3) could be sitonger than that of the uniform coupled line.

plified to (4), shown at the bottom of the following page. According to the above analysis, the stepped impedance
The impedance rati®(R = Z/Z,) is smaller than 1/4 be- method is very useful for achieving the impedance transforma-

cause the value oV (w) in (4) is smaller than one. In othertion. Besides, in the cases of an impedance ratio greater than

words, if Z; equals 502, Z, must be greater than 2@D. The 1/4 (this is true for most of practical applications), the length of

same as for thé? > 1/4 case, the imaginary paft;(w) of the two coupled-line sections can be shortened.
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”\’ Ground plane

Balanced output port #1

Equations (1)—(4) are accurate for cases of relatively large r
tios of characteristic impedance of thesection to the”-sec-
tion. When the characteristic impedance ratio of the two steppt
impedance sections as shown in Figs. 2(b) or 3(a) is larger th
1.5 or smaller than 0.5, the values from these equations are s
ficiently accurate. After we obtain the values bfand C, the
lumped circuit models of Figs. 2(c) and 3(b) are then change unbatanced inputport €——
to a distributed circuit model to perform further simulations
For the characteristic impedance ratio between 0.5 and 1.5, t
values obtained from these equations need to be modified. T
modification can be done using a transmission-line model i
a conventional circuit simulator. Finally, the electromagneti
(EM) simulator does the final design to get the precise phy:
ical dimensions of the balun.

Ground plane

lIl. DIFFERENT METHODS TOIMPLEMENT THE STEPPED Balanced output port #2

IMPEDANCE COUPLED LINES

We use the two-section stepped impedance method to shri ; ;s Ground plane
the size of the MLC-LTCC balun as discussed in previous se: ”
tion. Two methods can realize the proposed two-section stepped
impedance coupled lines. The first one uses a broadside cougigds. Pproposed multilayer structure of the LTCC-MLC balun. (The slanted
line with various linewidth sections. Fig. 4 shows the shrinkagiees represent the vertical connection between different metal layers.)
rate of two-section coupled lines versus different linewidth of
the second coupled-line section. The corresponding spacesibts upper (or lower) layers. Finally, two coupled center strips
tween two ground planes of two-section coupled lines are 25¢an be meandered to shrink the balun further. The structure of
21.6, 18, 14.4, and 10.8 mil, respectively. In this example, thd CC-MLC balun is shown in Fig. 6, which is combined with
broadside coupled-line spacing is fixed to be 3.6 mil. Wheppth shrinkage methods mentioned in the previous section.
the linewidth of the second coupled-line section is wider, the The simulated results are shown in Fig. 7. The insertion loss
shrinkage rate is increased as shown in Fig. 4. The second migiad the return loss are less tha@.32 dB and-16.5 dB, respec-
turizing method uses different ground plane spacing for eatyely, in the operating frequency range as shown in Fig. 7(a).
coupled-line section, as shown in Fig. 5(a). It also has the chdhe amplitude and phase imbalance between the balanced out-
acteristics of the thinner the ground plane spacing, the highits are within 0.47 dB and 0.85respectively, over the oper-
the shrinkage rate, as shown in Fig. 5(b). 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 9@m-thick ceramic sheets
(er = 7.8) and a 10um-thick Ag metal pattern. The overall

Theoretically, the proposed balun can have any balancgde of the balun is 3.2 mm 1.6 mmx 1.0 mm. The measured
output impedance. Here, we choose a balun with25Bal- results are shown in Fig. 9. The insertion loss and return
anced output impedance at each output port as an examfies are less than-1.02 and—14.5 dB, respectively, over
The chip-type balun is designed to operate in the frequenitye operating frequency band as shown in Fig. 9(a). Fig. 9(b)
range of 2.25-2.65 GHz. Unbalanced input impedance is aldwows the measured amplitude and phase difference between
50 2. The design procedures are as follows. Firstly, we usalanced outputs. The amplitude and phase imbalances are
the circuit simulator such as Libra or equivalent softwareithin 0.43 dB and 1.23 respectively, over the operating
to obtain the initial design. Secondly, we use the full-wavigequency range. Comparing Figs. 7 and 9, the excellent match
EM simulator—Sonnet [13] to fine-tune the final physicabetween the theoretical and measured results is obtained except
parameters. Because the structure of the proposed balutioisthe insertion loss. The measured insertion loss is higher
symmetric, it can be separated into two parts and can be foldbdn the simulated result because the substrate loss and the

IV. DESIGN EXAMPLE FOR 50«2 BALANCED
OUTPUT IMPEDANCE

2 2
R 1 wlo <%) — ng%(Cl + CQ) <%)
Zln ~ 72 . R R b) +j Wiy + R R P}
1 : 2 2 2L 2 L)2
+ 5oL, w(Cy + Cy) 5 } [ 5 ~w 2(C1 + Ca) < 5 + (wls)
R .
=5 Nw) +5X(w) (4)
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Fig. 7. Smulated results of designed chip-type balun. (a) The insertion loss (b)

and return loss. (b) The amplitude and phase imbalance between the balanced

outputs.

l M

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

2

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

metal loss are not included in the simulation for simulatiogec,nq version is with the transmission-line trimming section.

speed consideration.

V. TRANSMISSION-LINE TRIMMING SECTION FORMATCHING

WITH THE COMPLEX LOAD

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),

Recently, short-range wireless communication such as bluecause the amplifier impedance is a complex value and not
tooth becomes more and more important. The RF ICs suchsastable for measuring in a 50-testing system. Shown in
those for bluetooth applications are usually used with balanceiy. 10(b) is a balun with a bluetooth low-noise amplifier, and

input/output ports.

shown in Fig. 10(c) is a balun with a bluetooth driver amplifier.
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Fig. 10. Comparison of the performances that do and do not include the transmission-line trimming section in connection with bluetooth RF I@sst(a) The
setup is combined with the LTCC—MLC balun and the bluetooth amplifier. (b) The balun is combined with the bluetooth low-noise amplifier. (c) Tike balun
combined with the bluetooth driver amplifier.

The baluns using the proposed transmission-line trimmimgoposed transmission-line trimming section in the balun was
section achieves better matching performance in both casesuseful to achieve a better matching performance of a balanced
output port with complex impedance. All of the proposed
VI. CONCLUSION baluns were fabricated with a multilayered configuration.

The novel LTCC-MLC balun has been developed. The
equivalent circuit and the design equations of this balun have ACKNOWLEDGMENT
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impedance were both 50. The measured insertion loss andor their helpful comments.
return loss were less thanl.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 [1] N.Marchand, “Transmission line conversion transformeg$gttronics
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range. The simulated and measured results showed the validifiy) s Titus and M. J. Schindler, “Active balun,” U.S. Patent 4 994 755,

of the proposed design method. In the second example, a Feb. 19, 1991.

REFERENCES



TANG et al: CHIP-TYPE LTCC-MLC BALUNS USING THE STEPPED IMPEDANCE METHOD 2349

(3]
[4]

(3]
(6]
(71

(8]

9]

(20]

T. R. Apel and C. E. Page, “Lumped parameter balun,” U.S. Patent §11] A. Riddle, “Ferrite and wire baluns with under 1dB loss to 2.5 GHz,” in

574 411, Nov. 12, 1996. IEEE MTT-S Int. Microwave Symp. Djd.998, pp. 617—620.

M. Onizuka and K. Sato, “BALUN transformer core material, BALUN [12] M. Makimoto and S. Yamashita, “Compact bandpass filter using stepped
transformer core and BALUN transformer,” U.S. Patent 6 033 593, Mar. impedance resonatorstoc. IEEE vol. 67, pp. 16-19, Jan. 1979.

7, 2000. [13] em User's Manual Version 6.&onnet Software Inc., Liverpool, NY,

S. A. MaasMicrowave Mixers2nd ed. Norwood, MA: Artech House, 1999.

1993, pp. 244-247.

J. M. Garcia, “Compact low-loss microwave balun,” U.S. Patent 5 455

545, Oct. 3, 1995.

T. Ishizaki and T. Uwano, “A stepped impedance comb-line filter fabriChing-Wen Tang, photograph and biography not available at the time of pub-
cated by using ceramic lamination technique,THEE MTT-S Int. Mi- lication.

crowave Symp. Dig1994, pp. 617-620.

T. Ishizaki, H. Miyake, T. Yamada, H. Kagata, H. Kushitani, and K.

Ogawa, “A first practical model of very small and low insertion lami-

nated duplexer using LTCC suitable for W-CDMA portable telephonesJyh-Wen Sheen photograph and biography not available at the time of publi-
in IEEE MTT-S Int. Microwave Symp. Dj@000, pp. 187-190. cation.

D. W. Lew, J. S. Park, D. Ahn, N. K. Kang, I. S. Park, W. Lim, and C. S.

Too, “A design of the ceramic multiplayer chip balun,”lBEE MTT-S

Int. Microwave Symp. Dig1999, pp. 1893-1896.

J. W. Sheen, “Miniaturized balun transformer,” U.S. Patent 6 133 80€hi-Yang Chang, photograph and biography not available at the time of pub-
Oct. 17, 2000. lication.



	MTT023
	Return to Contents


