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Active devices such as MESTETs are attractive since they can
provide conversion gain as well as mixing operation. This allows
the array o send amplified signals towards the source location
without includimg additional amplifiers, which will increase circuit
size and cost [4]. In thiz Letter we present a4 new phasc conjugator
with aetive devices for retrodirective antenna arrays, which alse
makes it possible to use the same polarisation for both transmit-
ting and receiving when placed in o retradirective aray, This
allows cach element to be made very small, which is very impor-
tant since the scanning range of a retrodireetive anlemna array
depends on the array spucing.
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Phase cojugator concept; A schematie diagram of the new dual-
channe! phase conjugator is shown in Fig. 1. The circuit contains
lwa porls, one for the L which is applied in phase to the two
channels and a second combined REYIE porl, The channels are
identical except for a 90° phase delay line al the RF frequency.
This delay linge causes RF cancellation at the RIVIE port for isola-
tion. Since the LO trequency is twice thal of the RF Tregqueney, the
L from the two channels will experience a 1807 delay when com-
bined at the RIYIE port, providing good T.0 isolation. This novel
archilecture allows an extremely compact design. When placed al
the feed of an antenna, the retransmitied signal will have the same
polarisation as that of the incoming signal.
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Circiit performance: A protolype circuil was fabricaled on RTY
Dareid (25mil thickness, £, = 10,2) and is shown in Fig. 2. "The
cireuil performance was fested by using an SMA connector at the
RF/IAF port instead of an antenna, The mensurement selup is
shown in Fig. 3. Two synthesisers were vsed o provide RF
(5.99CHz, -30dBm) and LO (12GI 1z, 0dBim) signals. The signals
going towards the outpat port ave tapped oft through & directional
coupler with L0dB sttenuation to a spectrum analyser, As shown
in Fig. 4, the circuit achieved an RIVF isotation of 20dB and a
conversion gain of 3.2dB at the oulput porl.
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Fig. 4 Meosirenent resiits

Conclision: A new compuet pliase conjugator has been propaosed.
This new structure allows high R/ isolation due 1o its hybrid
strueture, and vscs FET mixers for conversion gain, The cirenit
uses one port for both input and output, and shows high REAN
isolation as well g conversion gain. This compact architeclure can
be used as the boilding block for a wide range retrodirective
antenna array doe 1o its compactness, which means that it can be
cazily incorporated into an array, as well as its excellent perform-
ance. Current efforts are being direeled towards developing a
retrodireclive array based on this architecture.
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Wideband compact antenna for K-band
applications

M. Grzeskowiak, P. Descamps and J. Vindevoghel

A compacl coupled microwave active antenna is presented. This
unlenna s proximily fed, and consists o a square radiating
cloment aeriy on a polymer diclectric layer, The compuctness of
the antenna s obtained (hrough weehnological optical processes
wnd dhe  parnsitic pateh phenomenon which  inerenses  the
hanclwielth.

Ptrodpetion; K-band and  millimetre-wave active applications,
such as tracking or people identilication, require compaet antenng
designs, The use of the proximity-fed antenna in the millimetre-
wave range allows small-sized and light antennas to be ebtained.
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To date, most active multilayer antermas have been realised by
fabricating the aclive components direcily on the anterma sub-
strate f1]. To avoid poor conneetions due 1o air gaps, and provide
an accurate feeding position, the antenna is fully realised by means
of phatolithography processes. In this Tetter we rcporl an inte-
graled proximity-fed antenna array, the contiguration of which
allows the optimisation of both the antenna aud active substrate,
‘T'he active componeni substrate is gallium arsenide and the sub-
strate of the antenna is an ultrathick polymer dielectric, Amoco
Ultradel 7503 [2] (a photosensitised epoxy resin). To increase the
bandwidth, the patches are strongly coupled in the H-plane [3].
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Fig. 1 Exploded view af proximity-fed wrtenna
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Antenine substrater The antenna design is shown in g, 1. The
driving patch is electromagneticalty coupled to a microstrip ling,
and is loaded by parasilic patches which form the array of the
antenna, These parasitic patches are eleclromagnetically influcnce-
coupled together and involve an increased bandwidth, The patches
arc fabricated on a low-loss diclectric substrate with a thickness of
By = 40pum and a Jow relalive permittivity of g, = 2, which pro-
vides pood radiating efficiency. The transmission lines are falbyi-
cated on a high permitlivity substrate with thickness /= 400um
and a relative permittivity of €4 = 128. The CAD sofiware
Ensemble (Boulder, Co} [4] has been used 1o design the antenna.
‘The dimension of the sguare resonators is taken o be 1.86mm
and their resenant frequency is 26GHz, The dislance betwesn the
resonators is 0.5mm. The parasitic patches enable the bandwidth
to be increased from 600MHz for & single patch to 1.2GHz for o
threeclement linear array. The dimensions of the feeder are
adjusted to maich the input impedance of a 502 load at the rese-
it frequency. We obtained a maximum bandwidth of 5% flor
the areay antenna instead of 2.5% lor a single resonator.

Antenna fabrication: The fabrication process is shown in TFig. 2.
On one side of the GaAs substrate & ransmission line is deposited
by thermal evaporation of Ti (200A) and Au (S000A) (Lig, ).
Polymer 7505 is then applied by spin-coaling to achieve ihe
desired thickness of the diclectric (Tig, 28). Fellowing a pre-bake
at 100°C on a hotplate, the polymer is exposed to near ullraviolel
fight. After pre-bake in a 175°C nitropen oven, we then carry oul
development using D510 developer, and finally a post-bake on a
hotplate at 100°C is carvied out for ~3min. The resonators arc
then depasited on the dicleciric by therms! evaporation of Ti and
Au (Lig. 2¢). This final structure can be seen in Fig. 3.

Fig, 4 dnienna instedied in K-cefl for characterisation
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Fig. 5 ST paranoter measurements

- — — — simulated (resonator)
—— - measured (resonalor)
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Experpmertal results; The antenna mounied in o K-cell is shown in
Fig, 4. The measured and simulated resulls are presented in
Lig. 5 The measured and simulated frequencies are the same
{26GlIz) in (he case of a single resonator; in the case of the
antenna array, a slight diserepaney can be noted (25.7 when meas-
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ured instead of 25.2G11z when sinulated). The results are pre-
sented in Fig, 5.

When the parasitic patches operate, the bandwidth is increased
from 400 for a single resomator (L.6%) to 640MFY [or an array
antenni (2.7%). The adaptation at the resonant frequency (511 =
—13dB at 25.7GHz) is not good cnough to obtain the cxpeeted
1,2GHz bandwidth.

The gain of the array anlcnna is 3dB at the resonant frequency
instead of 3dB as expected. This difterence hetween the simulated
and measured results can be cxplained by a mismaich of the
antenna.

Conchisiva: We have [nbricated a compact monolithic photoli-
thrography antenna with a widened bandwidth. The discrepancies
between the simuated and measuved values of the gain and band-
with can be atiribuled to rather incomplete knowledge of the
losses in the dielectrics. These points have to be investipated
lurther.
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Low-power CMOS current conveyor

A M. Ismail and A. M. Soliman

A novel sccond-generation CMOS current conveyar based on o
new adaptive hiasing technique i proposed. [ is shown that the
use of this circuit offers an excellent performance and leads 1o a
significant reduction in the standby power dissipation, PSPICE
simulation results assuming 0.5pm CMOS process are also piven,

fntrodinetion: Although lower supply voliage directly translales to
lower power consumption in digital circuits, a similur conclusion
cannot be drawn for analogue cireuits. Low-power analogue
design, therefore, raises its own challenge [1 — 7). Owing lo cco-
nomic constraints, the siandard CMOS technology is suitable for
use in many applications, Recently, analogue CMOS current-
maode cireuils have recefved a great denl of interest because they
can operale under low voltage supplics since the current-mode
substilutes current swings for voltage swings in the signal propa-
gation [l - 3]. The second-generation current conveyor (CCIIY is
the most versatile building block in current-imode signal process-
ing [1, 2. Many realisations of the CCII in the literatore based on
a feedback-stabilised voltape follower have been developed in
arder to obtain accurate valtage-following aclion belween nede Y
and node X [4 — 6]. In these realisations, differential amplilicrs
with high current luils are requited Lo oblain high open-loop gain.
This teads to high power consumption it addition to @ slew rate
limited performance. Tn this lLetter, a novel CMOS realisation
based on an adaptively biased differential pair structure is intro-
duced,

Cireuit deseription: Consider the circuit shown in Fig. 1. In this
circuit, which is the class AR version of that reported i [4], a neg-
ative feedback is applied on lwo long tail dilterential pairs (LTP)
in such a way as to force them Lo Tollow the same value of current
driven fram the node X, The loca! feedbuck actions on the drains
ol M2 and M3 lead to an sxact voltage following with a negligible
NC offset and a small input resistance [4]. A sufficiently high cur-
rent source value Iy should be chosen in order not to limit the
maximun current driven from node X,
J)
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Fig. 2 Circarit confignration of proposed CCH

Coensider the cirevil shown in Vig, 2, Trangistors MI1-M2 anc
M35 M6 have the same role as in the circuit shown in Fig. L. To
controf 1he valuc of the current 1ails of the two LT structures, an
adaplive biasing action is effected by means of transistors M3 -
M4, he high-speed current-mode maxinum sub-citcuit M9-M13
{reported in [7)} and the cwrvent mirvors M14-M17, Consequenty,
the larger the current driven lram node X, the higher the biaging
current for the two LTPs, Standby current sources (M18-M20)
are needed Lo prevent the LT structures from turning ofl, thus
avoiding cross-over distortion and [requency response limitation.
It is noted that, to cbtain low power consumption, the aspect
ratios of transistors M3-M4 and M7 M8 arc small compared with
those for M1- M2 and M5-M6, Also, the aspeet ratios of all the
remining transistors arc optimised as shown in Table 1. The cur-
rent al node X is reproduced at node Z4 through current mirrors
MI17, M20 and W24,
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