
bandwidth wider than 3.1–10.6 GHz with four notched bands

four notched bands centered on 2.4, 3.5, 5.2, and 5.8 GHz.

Meanwhile, it keeps omnidirectional radiation performance and

stable gain successfully.
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ABSTRACT: A model and parameter extraction method for a substrate
integrated waveguide (SIW) filter is presented. The proposed approach
is derived from an analysis of full-wave simulations, allowing to obtain

the equivalent circuit parameters for the iris. The accuracy of the
method is demonstrated through a careful model–experiment correlation,

allowing the correct representation of the SIW filter over the complete
useful bandwidth. VC 2012 Wiley Periodicals, Inc. Microwave Opt

Technol Lett 54:2865–2868, 2012; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.27183

Key words: substrate integrated waveguide; filter; iris; unit cell;
equivalent circuit

1. INTRODUCTION

Substrate integrated waveguides (SIW) serve as high-speed

interconnects, multiport junctions, antennas, circulators, cou-

plers, resonators, and filters [1–3]. In this regard, periodic struc-

tures compatible with SIW technology can be used to generate

electromagnetic bandgaps [4]. These SIW filters create a rejec-

tion band around some central resonant frequency, which

depends on the effective width of the SIW [1, 4]. Figure 1

shows three structures used for generating a SIW filter. The

ideal structure is depicted in Figure 1(a), where the sidewalls

are metal plates forming a waveguide varying in width along its

length. In this case, each one of the sections where the width is

reduced is referred to as iris. Thus, the dimensions and the total

number of irises along the SIW determine the corresponding

transfer function. Unfortunately, the structure in Figure 1(a) is

not compatible with conventional PCB technology. Alterna-

tively, other structures have been proposed such as that shown

in Figure 1(b), which uses drilled metallic vias to emulate me-

tallic sidewalls [4]. However, even though this structure is com-

patible with PCB technology, the relatively small size of the

required drilled vias raises the fabrication cost. For this reason,

a second alternative can be seen in Figure 1(c) [1, 5]. In this

structure, the change in width along the SIW structure is

achieved by using vias with a considerable bigger diameter than

in the previous case, which makes it a more cost-effective

solution.

The appropriate modeling of the structure shown in Figure

1(c) is necessary for carrying out a systematic selection of

dimensions and materials for particular applications. In fact,

these types of structures are commonly modeled using multiple

unit cells that are concatenated [4–6]. However, current

approaches require a priori knowledge of the material properties

and the effective dimensions of the structures [7], which consid-

erably complicates the modeling.

To represent the behavior of an SIW filter, the iris section

depicted in Figure 1(d) is modeled using the equivalent circuit

shown in Figure 1(e). Thus, in this article, an approach for sys-

tematically extracting the corresponding parameters is presented.

In this case, the proposal allows to obtain the electrical compo-

nents associated to an iris cell, and the inductance related to the

change in the width of the SIW. Excellent agreement between

the model and S-parameter measurements is observed within the

useful bandwidth of the filter when applying the proposed

method.

2. DESCRIPTION OF THE INVESTIGATED STRUCTURES

For the development and verification of the proposed methodol-

ogy, two different SIW filters were fabricated on a PCB made

Figure 1 Sketches for three different implementations of an SIW fil-

ter: (a) using solid sidewalls, (b) using small ground vias, and (c) using

large ground vias. The unit cell using for the third case and the corre-

sponding model are shown in (d) and (e), respectively
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of Rogers RT/Duroid 5880 material with a thickness of 0.79

mm. The nominal relative permittivity and loss tangent for this

material at 50 GHz are er ¼ 2.2 and tand ¼ 0.0017, respec-

tively. The details of the layout for the fabricated structures are

shown in Figure 2. Notice that two types of structures were fab-

ricated: (a) modulating the iris width by increasing the size of

the vias (referred to as inline vias) at the desired location, and

(b) modulating the iris width by placing additional ground vias

(referred to as offline vias) at the desired location. Figures 2(a)

and 2(b) show simplified sketches for both cases. In reality, the

total number of irises is 67.

For the fabricated structures, additional vias acting as

monopole antennas are used as launch structures, which are ter-

minated with ground-signal-ground configured pads so that co-

planar RF probes with a pitch of 150 lm can be used for meas-

uring S-parameters with a previously calibrated vector network

analyzer. These vias were designed to excite the single and

dominant mode TE10 avoiding even modes. This allows to

extend the usable transmission bandwidth from the cutoff fre-

quency of the TE10 to the cutoff frequency of the TE30, which is

the next higher order odd mode.

3. MODELING AND PARAMETER DETERMINATION METHOD

In the model shown in Figure 1(e), the inductive element L2 rep-

resents the change in width of the waveguide, whereas L1 con-

siders the interaction of a signal traveling through the waveguide

with the posts of the iris window (i.e., the posts act as scatter-

ers). Notice that the model presents also a capacitance C, which

allows to take into account the dependence on frequency of the

iris impedance due to the fact that the scatterer is not perfectly

square [8]. Furthermore, because the width of the scatterer is

relatively small, the effect of the iris can be concentrated at the

middle of the unit cell.

As a first step for determining the elements in the model of

Figure 1(e), a three-dimensional (3D) model was implemented

for the unit cell in a full-wave simulator. The implemented 3D

model for the unit cell is terminated with two additional sections

of waveguide used to define the corresponding input and output

ports. Thus, two different unit cells; one for the inline and

another for the offline vias were designed in the same dielectric

material as that assumed in the fabricated structures. The dimen-

sions of the iris window are 2.3 and 3.3 mm, whereas the radii

of the scatterers are 0.2 and 0.4 mm for the offline and inline

vias, respectively. Once the simulated S-parameters are obtained,

a deembedding process is applied to remove the effect of the

sections of waveguide that are added to perform the simulation.

Afterwards, the inductances L1 and L2, and the capacitance C
can be obtained as follows. When converting the simulated S-

parameters to Z-parameters, L2 and C are obtained from the lin-

ear regression performed in Figure 3. Then, L1 is obtained from

the Im(Z11 � Z12)/x versus x2 curve, where x ¼ 2pf. Figure 4

shows the determination of L1, which presents a negative value

due to the dispersion of evanescent modes in the iris [9]. As can

be seen in Figure 5, the equivalent circuit for the unit cell accu-

rately reproduces the full-wave simulations corresponding to the

reflection and transmission parameters (i.e., S11 and S21, respec-

tively) for both analyzed structures.

Notice in Figure 5 that the rejection band is not observed in

|S21| because these curves correspond to a single cell, and it is

well known that the bandgap not only depends on the modula-

tion of the iris window, but also on the number of unit cells

concatenated in the structure [4]. In fact, the magnitude of the

rejection increases as the number of cells in cascade connection

increases. Moreover, this magnitude is also affected by changing

the iris window. This can be clearly seen in Figure 6(a) where

|S21| versus frequency data obtained from full-wave simulations

Figure 2 Layouts for the SIW filters presenting: (a) inline scattering

vias, and (b) offline scattering vias (all the dimensions are given in

millimeters)

Figure 3 Regression for determining: L2 and C for the SIW filters

with: (a) offline, and (b) inline scattering vias. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 4 Determination of L1 for the SIW filters with offline, and

inline scattering vias. Insets: resulting circuits for the corresponding unit

cells. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com]
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are shown. Thus, each one of the curves presented in Figure

6(a) corresponds to 12 unit cells of the same size in cascade

connection; for each curve, a different iris window is consid-

ered. To systematically observe the impact of varying the iris

window on the characteristics of the SIW filter, the following

analysis is carried out.

As a first approach, the frequency of resonance for the filter

can be approximately determined from the transmission curves

shown in Figure 6(a). However, the relative low rejection occur-

ring when the iris window is small difficulties the precise calcu-

lation of this frequency. Nevertheless, |Z11| obtained from a con-

version from S- to Z-parameters allows to accurately determine

not only the cutoff frequency for the rejection band (i.e., frb) but

also the cutoff frequency of the SIW itself (i.e., fs). Figure 6(b)

shows |Z11| for the six simulated structures. As can be seen,

both frequencies, fs and frb, are easily identified in this case.

Notice that the impact of varying the iris window is more no-

ticeable for fs because the cuttoff wavelength for allowing signal

propagation is shorter as the effective width of the SIW is made

smaller, whereas frb is more dependent on the periodicity of the

scatterers.

4. EXPERIMENTAL VERIFICATION AND DISCUSSION

For the final implementation of the model for the structures

depicted in Figure 2, the complete structures is assumed to

include launch structures at each port of the structure [10]. In

addition, the transitionless section composed by 67 concatenated

iris-cells is represented by means of the corresponding equiva-

lent circuits obtained in the previous section. Thus, the three

main sections that conform the prototypes are completely repre-

sented with an equivalent circuit model. In this case, the

complete structure can be simulated in a commercial circuit sim-

ulator; in this case, Agilent ADS.

Figure 7 shows the comparison between the measured

S-parameters and the simulations using the proposed equivalent cir-

cuit for the fabricated structures. As can be seen, excellent simula-

tion–experiment correlation is achieved in the complete useful

bandwidth. Figure 7 also shows the impact of the modulation of the

iris in response to the rejection band. As is mentioned in the previ-

ous section, the bandgap is broader if the iris window decreases.

Because the offline structure presents additional ground vias for the

scatterers, these scatterers penetrate more inside the structure caus-

ing a bigger dispersion of the electromagnetic fields at the frequency

of interest. In addition, the use of extra ground vias allows to model

the homogenous part of the SIW in a easy way (i.e., the effective

width to obtain the complex propagation constant and the character-

istic impedance). Nevertheless, the use of extra ground vias makes

the inline configuration a cost-effective option.

5. CONCLUSIONS

A methodology for modeling SIW filters using capacitive and

inductive elements has been presented and demonstrated. In

addition to the inductive behavior of the iris modulation, the

model for the interaction of the signal and the scatterers was

Figure 6 Corresponding simulations for the unit cells (a) comparison

of the bandgap response for several iris window values, and (b) magni-

tude of Z11 obtained from the simulated unit cell when modulating the

iris window. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 7 Comparison between the measured and simulated (a) inser-

tion losses and (b) return losses for the fabricated SIW filters. [Color fig-

ure can be viewed in the online issue, which is available at

wileyonlinelibrary.com]

Figure 5 Comparison between the equivalent circuit model and full-

wave simulations for the unit cell for the SIW filters with offline scatter-

ing vias, and inline scattering vias. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]
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obtained and validated using full-wave simulations. Excellent

agreement between simulated and experimental data was

achieved for the transmission parameters within the entire useful

bandwidth of the structures. Hence, the resulting modeling and

parameter extraction technique allows for the representation of

PCB-compatible SIW filters in a simple and straightforward way

using equivalent circuits.
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ABSTRACT: A 2.4 GHz transmitter front-end with a wideband active

balun is proposed. The wideband active balun is able to work ideally by
adopting a resistive compensation technique, which balances the gain of
the differential input. In addition, a variable-gain preamplifier driver

with a dynamic range of 18 dB is utilized for the autogain loop control
feature. The proposed wideband active balun only occupies 15 � 27

lm2, which is profoundly small compared with conventional baluns and
is promising in the differential to single signal conversion in wideband
applications. VC 2012 Wiley Periodicals, Inc. Microwave Opt Technol

Lett 54:2868–2871, 2012; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.27190

Key words: wideband; active balun; preamplifier driver; variable-gain

amplifier; CMOS; transmitter; transformer

1. INTRODUCTION

A balun plays an important role in a low-power transmitter dia-

gram, which connects the differential output of the up-converter

to the single-ended power amplifier (PA). As a high-power-con-

suming component in a transceiver system, PA is usually

designed in the single-ended topology for power efficiency [1].

Conventionally, a balun is composed of lumped devices [2] or

transformers [3, 4], which consume a lot of chip area and are

unable to realize a wideband characteristic due to their wave-

length correspondence. Contrary to the passive balun, an active

balun is able to consume much smaller area and exhibit a wide-

band response. An active balun can be realized with compound

semiconductors such as P-HEMTs [5], but the power consump-

tion can be as high as 370 mW. To resolve the power and size

issues, an active balun with low power and small area is pro-

posed and adopted in a transmitter front-end. From DC to 10

GHz, the proposed balun can provide a small gain mismatch of

<0.9 dB and a phase-imbalance of <1.2�. A resistive compensa-

tion technique is proposed to improve the balance of gain

response to the differential input. Design equation of this com-

pensating RC is derived for the initial design.

2. TRANSMITTER FRONT-END CIRCUIT DESIGN

Figure 1 shows the schematic of whole transmitter front-end.

The up-conversion mixer consists of a transconductance stage

(M1–M2), switch pairs (M3–M6), and the resistive load RL. As

the Gilbert mixer is well-known, the discussion of this letter

will be focused on the active balun and variable-gain preampli-

fier driver (VG-PAD) in Section 2.1. and 2.2., respectively.

2.1. Active Balun
Figure 2(a) shows the small-signal model of the proposed active

balun. The frequency response of VOP can be derived as

follows:

VOP ¼ s2 þ sðx0;n=QnÞ þ x0;n
2

s2 þ sðx0;d=QdÞ þ x0;d
2
� VIP; (1)

where

x0;n ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gm7=ðCgs7Cgs10RGÞ

q
(2)

Qn ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
gm7Cgs7Cgs10RG=ðgm7Cgs10RG þ Cgs7Þ

q
(3)

x0;d ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðgm7 þ gm10Þ=ðCgs9Cgs10RG þ Cgs7Cgs9RGÞ

q
(4)

Qd ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðgm7 þ gm10ÞðCgs9Cgs10RG þ Cgs7Cgs10RGÞ

p
ðCgs7 þ Cgs9 þ Cgs10 þ gm7Cgs9RGÞ

(5)

Furthermore, the output of the active balun VOM can be calcu-

lated as:

2868 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 54, No. 12, December 2012 DOI 10.1002/mop


