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Vertically periodic defected ground
structure for planar transmission lines

I-§8. Lim, C.-S. Kim, Y.-T. Lee, D. Ahn and S. Nam

A vertically periodic defected ground structure (VPDGS) for micro-
sirip. VPDGS has additional vertical periodicity of defects plus the
conventional herizontal periodicity on the ground plane. The slow-
wave factors and the predicted and measured performances are
presented.

Introduction: There has recently been an increasing interest in micro-
strips combined with periodic structures such as photonic bandgap
(PBG) [1] and defected ground structures (DGS) [2]. There have been
applications of periodic structures to microwave circuits such as filters
[2], power amplifiers [3, 4], and dividers [5]. Onc of the important
properties of PBG and DGS is the increased slow-wave effect, which
is caused by the equivalent inductance and capacitance. Hence,
transmission lines with very high impedance can be realised and
circuit size can be reduced using these properties [5].

The representative feature of the proposed vertically periodic
defected ground structure (VPDGS) is that it is possible to organise
the periodicity along not only horizontal but also vertical directions,
while conventional periodic structures have the only horizontal atray [2,
6] or spread structure all over the ground plane [1]. Qwing to the
vertically periodic structure, a much higher slow-wave factor can be
obtained than existing periodic structures for the same physical length
of transmission line. ’
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Fig, 1 Microsirip lines with VPDGSs on ground plane
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Strueture of VPDGS: Fig. 1 shows the structure of the microstrip
lines combined with the proposed VPDGS. N, and ¥, mean the
number of periodic defects along the horizontal and vertical direction,

respectively. The VPDGS is the extended DGS along the vertical
direction from the basic structure, which was presented in [2]. The
unit DGS element can be expressed as (N,, N,}=(1, 1} if the position
and the number of DGS elements are expressed as a matrix form for
convenience, All dimensions shown in Fig. 1, N,, and N,, are
determined from the reguired frequency response.

Slow-wave factors: The slow-wave factors (SWFs) of the microstrip
combined with the proposed VPDGS are expected to be greater than
those of standard lines because of the additional equivalent L-C
components. Fig. 2 shows the SWFs of the microstrip lines with the
VPDGS and those of the standard lines with the same physical length
up to the first resonance frequency. It is observed that the SWFs have
increased greatly by VPDGS. Fig. 2 also shows that the VPDGS with
larger N, for fixed N, (=1) has lower cutoff frequency and higher
SWF.

—% microstrip, standard
e microstrip with N,=1, N, =1
-4 microstrip with N,=1, N, =2
-9— microstrip with A,=1, N, =3
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slow-wave factor

[CRD.

frequency, GHz

Fig. 2 Slow-wave factors of microstrip lines with VPDGS und standard
lines
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Measured results: Microstrip lines with various matrices of VPDGS
were measured, and the results are shown with the predicted ones in
Fig. 3. The EM simulations were perfermed on MicreWave Studio
V3.0 and ENSEMBLE V5.1, The periodic passband and stopband,
and steep cutoff characteristics are observed in the measured perfor-
mances as predicted.

Conclusion: A vertically periodic defected ground structure for
microstrips has been proposed using the basic dumb-bell-shaped
DGS. The slow-wave factors of the microstrip lines with VPDGS
are much larger than those of standard lines. It is expected that the
proposed VPDGS will have many advantages when applied to
microwave circuits. -
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Application of equal-weight orthogonal
signalling to non-directed wireless infrared
CDMA netwarks

P Sedighian, M. Shahabadi and J.A. Salehi

An equal weight orthogonal (EWO} signalling scheme for wireless
infrared code-division multiple access (CDMA) networks is stidied.
This scheme is primarily suggested to avoid the undesired need of
thresheld level estimation that is required in on-off keying (QOK)-
CDMA systems. The bit error rate (BER) of an EWQ-CDMA system,
transmitting over non-directed links, is investigaied. It is concluded
that this signalling method presents an attractive choice due to both its
simplicity and its BER performance compared with OOK-CDMA in a
multipath infrared media.

Introduction: Infrared code-division multiple access (CDMA)
schemes using sparse optical orthogonal codes (QOC}) as their signa-
ture sequence are favoured for indoor wireless infrared networks [1, 21.
The modulation scheme commonly exploited in these networks 1s
on-off keying (OOK). It is well known that the optimum demodulation
* of OOK-modulated optical signals requires a nonzero thresheld level
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the value of which is a function of the optical power received from the
desired cell, adjacent interfering cells, and background radiation. Thus,
in wireless infrared links, the optimum OOK-demodulation can only be
achieved if the threshold level is adjusted dynamically. To overcome
the above shortcoming of OOK-CDMA, pulse position modulation
(PPM}-CDMA and M-ary-CDMA have been suggested in the literature
[k, 2]. It is the purpose of this Letter to propose an infrared wireless
network that makes use of a different signalling scheme, i.e. equal
weight orthogonal (EWO) signalling [3], for which the optimum
threshold level is zero so that the need for its dynamical adjustment
will be circumvented.

EWO signafling: In the ordinary OOK-modulator only ‘1° bits are
assigned nonzero optical signals while in the EWO modulator both ‘0
and ‘1" bits are represented by nonzero signals chosen from a set of
00C [3] (Fig. la). This allows one to realise virtually bipolar
signalling at the receiver side. To this end, the receiver estimates
the transmitted bit by comparing the sampled outputs of two corre-
lators connected to a photodetector (PD). Each correlator is matched
to one of the GOCs assigned to *1' and ‘0’ bits. We denote these codes
as C() and CHX(r) where i refers to the ith user. The schematic
diagram of Fig. 2 depicts a realisation for an EWO-CDMA receiver in
which the correlators are realised with switches, Considering the
antocorrelation property of QOC [3], we chose C(y =Pt ~nT)
where 7, denotes chip duration and » is an integer. Under the
assumption of chip-synchronous transmission of O0OCs with
autocorrelation and off-chip cross-correlation of unity, » is chosen
with regard to the following requirements: (i) the correlation of C§7(2)
and C5(f) must be zero to maximise the difference of the sampled
correlators outputs; (ii) it is required that the interference by adjacent
cells be maintained at the lowest possible level, thus r should be
chosen such that the distances of pulses in every sequence of ‘1 and
*0° bits do not equal the distances of pulses in the spreading code of
other users. For instance, in Fig. 1b, an interfering signal produced in
cell 1 and received by the user in cell 0 is shown. Here, n does not
satisfy the above condition for cell 1, and the signal from that cell
interferes with the desired signal of cell 0 in two chip positions.
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Fig. 2 Implementation for EWQ-CDMA receiver
m(f) circuit thermal noise .

Bit error rate (BER) analysis: For the BER analysis, a hexagonal
cellular structure with a cluster size of three and a single user in each
cell has been assumed. Considering only the down-link transmission,
we determine the BER for the worst location of a user, which is at the
vertex of a cell. By modelling the receiver of a photon counter [2], the
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