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Abstract

The proposed antenna is a Fresnel-zone-plate antenna (FZPA) antenna in the Ka band that scans the beam of a millimeter-
wave source. The antenna includes a semiconductor wafer (silicon, gallium arsenide) in which a spatially varying density of
charge carriers is selectively established through selective optical illumination using a pulse laser. It is shown that the beam of
the antenna can be scanned through the space by reconfiguring the masking of the wafer. The beam scanning is done in the
transmission mode. The analysis of the far-zone radiation characteristics is presented using Physical Cptics. Results for the
antenna gain, the efficiency, and the co- and cross-polar patterns are given.
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1. Introduction

n the past two years, extensive research has been carried out at

IRCTR (International Research Centre for Telecommunication-
transmission and Radar) at the Technical University in Delft, The
Netherlands, in order to analyze and model the reflection and
transmission coefficients of a semiconductor, i.e., doped silicon,
under illumination of light [1-2]. It was found that the characteris-
tics of a semiconductor material can be substantially changed once
it is illuminated with light. The preliminary measurements, in a
closed waveguide structure, show that there is a total reflection of
millimeter-wave (MMW) and microwave (MW) power after the
laser is turned on. The laser light causes a considerable change in
the equivalent conductivity of the silicon wafer, changing it from
an insulator to a good conductor.

This property of the semiconductor material can be used to
realize an antenna that can form and scan the beam of a millimeter-
wave source, This paper gives the preliminary theoretical results
on how such a property can be used to scan the beam based on the

- FZP (Fresnel-zone-plate} technique. The idea behind the Fresnel
zone plate antenna (FZPA) is a well known concept, and it has
been the topic of the research in many papers [3-6]. Its advantages
are a flat configuration, conformability, and low cost. The disad-
vantage is its low efficiency. Hristov, Herben, and Leyten first
analyzed the vectorial far field of the Fresnel-zone-plate antenna
{4-5]. The analysis also covered the scanning performance of a
Fresnel-zone-plate antenna using an offset feed, based on
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Kirchhoff diffraction theory. The aim of this paper is to demon-
strate the beam scanning of a Fresnel-zone-plate antenna using the
photoconductivity concept. The antenna includes a semiconductor
wafer, a light source, and a millimeter-wave source. The source is
placed at the focal point of the Fresnel-zone-plate antenna. Beam
scanning is achieved by masking the semiconductor wafer adap-
tively, using the light source. The part of the wafer that is illumi-
nated by the light behaves more or less like a good conductor, and
the wafer can thereby reflect or transmit the incident millimeter-
wave radiation. The change in the semiconductor’s properties is
caused by carrier generation using the light source. Since the opti-
cal masking can be reconfigured rapidly (due to the short carrier
lifetime of the semiconductor material), the beam can be scanned
in space. Note that this paper does not cover the optical part of the
antenna. It is assumed that the projection of the Fresnel zone plate
on the wafer has already been done. The antenna is used in the
transmission mode. The analysis is done at Ka band (35 GHz).

2. Preliminary Measurements
on a Silicon Wafer

A silicon wafer, with a thickness of 0.3 mm, was bounded by
two media in a closed waveguide structure. Two detectors were
used to measure the reflection and transmission of the microwave
and millimeter-wave source. A mirror and a lens were used to
focus the laser light into the waveguide [2]. Complete reflection
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occurred after the laser was turned on. An on/off ratio of 20 dB
was measured, and a carrier lifetime of 6 ps was measured. There
was good similarity between the behavior of the theoretical and the
measured results. The measurement results reported in [2] showed
that in the reflection mode, after the laser was turned on, the elec-
tromagnetic waves losses were of the order of 0.0t dB. For the
transmission mode, the losses depended on the coating of the
semiconductor material. More research is needed for measuring
and analyzing the losses of the semiconductor material in the
transmission mode. In the past, Woerdman [7] has experimentally
generated a hologram on the silicon with a resolution of the order
of 10 um. This resolution is sharp enough to realize antenna ele-~
ments on the semiconductor material for beam scanning.

A laser pulse with an energy of 1 mJ/em? and a duration of
10 ps was used for the measurements. The power of the pulse laser
Energy lmJ/crn2

Tijd 10ms

that for a wafer with area of 400 cm?, an optical power of 40 kW is
needed. In our measurements, it was shown that for a wafer with a
thickness of 0.3 mm, only 30% of the power was needed to pro-
duce complete reflection. This means that an optical laser with a
power of 12 kW satisfied the requirements. For a wafer with a
radius of 10 cm (used in this paper), an optical laser with a power
of =31.5kW is needed. Note that this power is calculated as if the
design illuminated the complete wafer. However, this is not the
case, since for the beam-scanning Fresnel-zone-plate antenna,
almost half of the area is used in both the reflection and transmis-
sion modes. It can be concluded that the antenna can be realized at
Ka band with =~ |6 kW of laser power.

is given by P= =]00W/cm2. This means

3. Fresnel-Zone-Plate Antenna

Figure 1 shows the Fresnel-zone-plaie antenna configuration.
The Fresnel zone plate acts as a lens-like focusing element [8-12].
It concentrates an incident plane wave 1o the focal point. In the
transmitting mode, it converts a spherical wave into a plane wave.

As is shown in Figure 1, the antenna is divided into zones,
with a zone number m. The even zones (m is even) are fransparent
and the odd zones are blocked, or the other way around. Per the
definition, the distance, o, from the feed to a point (x,y ) in the
mth zone obeys the following inequality:

(m+1)2

f’ziﬂvs;)s +F, (1)

where A is the wavelength and F is the focal distance. p is the
distance from the feed to a point on the plate, given by

p= \sz +x? 4+ y2 , OF, In polar coordinates, o=+ Fler?,

On the mth border, the following equation holds for b, :

JF 42 =ﬁ2’1+1«“. @

From Equation (2}, the radius of the zone is given by

b, = Am(m%’”], 3)
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4. Geometry of Antenna

Projecting an elliptical Fresnel-zone-plate pattern with vary-
ing shape onto the wafer can scan the beam of the antenna. This
configuration is used in this paper since the transmission Fresnei-
zone-plate antenna does not suffer from blocking by the feed.

X

fresnel zone plate

feed antenna

F
K i X
Y '——J
zone 2
b
b3
front view of FZP

Figure 1. The antenna configuration for a focused Fresnel-
zone-plate antenna.

observation poirt
r  gcan direction

serrdcanducior wafer

Figure 2, The geometry of the antenna.
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plane perpendicular to the directi

o
N
L of the waves

Figure 3. A cross section of the antenna configuration at y =0
for Gy gy 2 0°, Popan =0°.

Figure 2 shows the geometry of the antenna and the coordi-
nate system. The vector r indicates the far-field observation point
with spherical coordinates (r,&,¢ ). A point on the wafer is defined
by the vector r'. The spherical coordinates ( p,,¢') are used to
describe the radiation pattern of the feed. The scan direction is
indicated by &,.,, and ¢, . The wafer is circular and lies in the
x-y piane, and the wafer’s dimension is given by its radius, R, or its
diameter, D. The feed is placed at the focal distance, F, from the
wafer.

can

5. Masking the Wafer

Projecting an elliptical Fresnel-zone-plate pattern with vary-
ing shape onto the wafer can scan the beam of the antenna. Te
determine which parts of the wafer need to be illuminated in order
to scan the beam, the principle of the Fresnel-zone-plate antenna is
used. The masking to scan the beam in the elevation plane
(Booqn =0°) is first derived. The design will then be extended to
scan the beam in the azimuth plane (¢, = 0°) by simply rotating
the masking ¢, . The zones of a Fresnel-zone-plate antenna,
with maximum radiation in the +z direction (g, =0°), are
defined by Equation (1). When &,
to be modified to account for oblique incidence or transmission. To
illustrate this, the cross section of the configuration for y=0 is
shown in Figure 3.

is not zero, Equation (1) has

From Figure 3, it can be seen that path length needs to be
corrected by xsin(fy,,, } to scan the beam to (&,¢)=(6,04,.0°).
Therefore, Equation (1) is rewritten as
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ani+FS\/r’2+F2 —xsin(@smn)sgl—c;—l)%+f". (4)

The zone number, m, for every point (#,¢’) on the wafer can be

calculated from Equation (4). This gives the following expression
for a1

) N —r'cos((ﬁ') Sin(oscan)—F

1 :

m=

(5

where the substitution x = r'cos(¢') is used. In order to scan the
beam in the azimuthal plane, the parameter g, is added to rotate
the masking. In this case, Equation (5) becomes

N 2W—r'COs(qﬁ';{ﬁscan)Sin(asmn)*F , (5)

In this paper, the masking that is used blocks the odd zones (m is
odd), and lets the even zones be transparent. Hence, the masking
function, which returns one if a point (#',¢") lies on an open zone
and zero if it lies a the blocked zone, is given by

maSk ( P", ¢” F! gscan * ¢Scan ] /'i')

Vit 4 F? - r'cos(g’- ¢&3£,1)Sill(9smﬂ) - F
A

= [sEven| |2 @)

The function IsEven is a binary function. It returns a one if its
parameter is even, and zero if it is odd.

Bioan =03 Bypgy =0° Bocan Booan = 10°, 8500y =120°

Figure 4a. The wafer masking for a wafer with a diameter of
D =20cm and a focal distance of F =9 cm.

= 0% oy = 10°

r

Pecan = 0 8ycan = 0°

¢xcan =0% g =10°  Bm =108, =120°

[ Ttransparent [ blocked

Figure 4b. The wafer masking for a wafer with a diameter of
D =20c¢m and a focal distance of F =40cm.
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For &, = 0°, the masking function in Equation (7) gives a
circular Fresnel-zone plate masking for the wafer. If the scan
direction is not normal to the wafer's surface (8, #0°), the
wafer masking becomes an elliptical Fresnel zone plate, Since the
wafer has a limited size, the zones on the wafer are not always
complete zones, and are truncated at the edge of the wafer. When
the beam is scanned in the azimuth plane, the masking is rotated.
Figure 4 illustrates the masking layout for different scanning
angles at 35 GHz.

6. The Formulation of the Radiated Field

In this section, Love’s field-equivalence principle is used to
derive the expression for the gain of the antenna [13]. To model
the feed antenna, the following gain function is used {14]:

2(n+1)cos” (w) if |V/|<%
Gfeed (W) = z’ (®
0 if |¢/|>5

where » is the taper factor, and y is the extend angle as shown in
Figure 2. The incident field from the feed on the wafer is given by

rf

G arctan( ),n]nP
feed [ F ' N vt

491'(F2 + r’z) » ©)

where P is the total power transmitted by the feed and 7 is the
wave impedance. It is assumed that the incident electric field is

(. itransparent

Figure 5b. The masking of the wafer for a diameter of D =20cm and a focal length of 7 =40 cm.
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linearly y polarized, and that the wafer lies in the far zone of the )
feed antenna. The equivalent magnetic current, M, is given by

[13]
M (r\¢')= —2e, < E; (v'.¢') = -2¢,E; {r'.¢). (10)

Note that it i3 assumed that the electric field in the “apertures” is
equal to the incident field (the Physical Optics approximation).
Another assumption is that the only contribution to the far field is
from the field in the open zones of the wafer.

The electric far field of the anterma is calculated using the
magnetic auxiliary function, L. The electric auxiliary function,
N, is zero. The two components of the auxiliary function L are
given by

2T

Ly =cos(#)cos(¢) I [Ms mask (¥, ¢', F .0scam Bocans 4 )
0

&ty

ejkr’sin(&)cos(¢-¢’)r-dr-d¢,], (11
2z R
Ly=sin(p) | [[-M, mask(r',6".F.Bccan:bscansA)
00
ejkr'sin(@)cos(¢-¢')rrdrrd¢.]l (12)

The electric far fields are related to the auxiliary function L as
follows: ‘

_ jke_jkr

Eo = L¢, (13)

4zr

Bl biocked
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Figure 6a. The scanning performance of a size-limited Fresnel-
zone-plate antenna for the masking given in Figure 5 with
=5 = Gy =05 —— B =53 -~ é

scan scan
- Q4 e = o
Geean = 15%; Opon =20°.
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Figure 6b. The scanning performance of a size-limited Fresnel-
zone-plate antenna for the masking given in Figure 5 with

1= 65 2 e gsca" =0°; —— escan =595 - 9sca" =10°; ———
Orean =15°3 == Bygn =20°,
ke I
E;=2 L. (14)

4xr

Using Equations (13) and (14}, the gain of the antenna is given by

=2 (|E¢| |E9{) (15)

Combining Equations (8) to (15) leads to the following expression
for the gain, G(8,4):

G (8, ¢)_ (n+l)[cosz(9)cos (¢)+sin? (¢) |1t (16)
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where Jnt is given by

27
Int= J
]

Ijtr’mask ,¢ F! sctm5¢scan=ﬂ')
J (F2 . r’z) (rz+2)

- +r2 —¢'sin{#)cos
. G O] A an

where the mask function is given by Equation (7). Figure 5 shows
the masking layout for a wafer with a diameter of 20 cm at 35 GHz
with focal distances of 9cm and 40 cm. Figure 6 shows the
antenna pattern for scanning the beam up to an elevation angle of

Oyun = 20° using the masking given in Figure 5.

Tt can be shown that rotating the masking with &, will
move the main beam to ¢=¢scan without affecting &, ., . Fig-
ures 7 and 8 show the masking layouts for @&, =15°,
Boean = —45°, Pocan = 30°, and the radiation patterns.

7. A Comparison of FZPA Beam Scanning
Using Offset Feed and Variable Masking

The antenna proposed in this paper scans its beam by mask-
ing the semiconducior wafer as a function of time, without moving
the feed antenna. In {15), the far-field and scan performance of a

Figure 7a. The masking layout for 4,
F=9cm,n=5.

&

| )transparent JJi} blocked
Figure 7b. The masking layout for &

vcan = 15%s Bocgn =307, ,
F=9cm, n=5.

=15%, @Boqn =—45% ,
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Figure 8a. Simulation results for Booan =15°, Bopgy =—45°, ,
F=%cm, n=5.
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Figure 8b. Simulation results for g, =15°, ¢, =30°,,
F=9e¢m, n=5,

Figure 9. The geometry of the de-focused Fresnel-zone-plate
antenna,
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Fresnel-zone-plate antenna created by displacing the feed antenna
is analyzed. In this section, the two configurations are compared.
The comparison is made for antennas with the same dimensions
operating at the same frequency as in [16]. Figure 9 shows the
configuration of a defocused Fresnel-zone-plate antenna.

The difference between the geometry given in Figure 8 and
the configuration in Figure 2 is that the feed in this case is dis-
placed by an angle 6, , and the Fresnel zone plate is fixed. The
distance from the feed antenna to the center of the wafer is eqgual 10
the focal distance, F, and the feed is displaced in the x-z plane.
Therefore, the scan curvature of the feed antenna is described by

P+ =F2 y=o0. (18)

The gain of the feed antenna is given by Equation (8). This gives
the following expression for the incident electric field:

amp* (r',¢)

p(r\¢'} is the distance from the feed to a point (#,¢} on the
Fresnel zone plate. Using Pythagoras’ rule, p(#,¢') is found to be

p(r.¢)
= J[r’cos (#)-Fsin (Bﬂ,ed )]2 +r7sin? (¢) + F2 cos? (ered) .
(20)
w(r,¢") is given by
Y 2 A
wir.g)= arccos}j%] . {21)

Using Equations (11)-(14), the total electric far field is the sum
over the M transparent zones:

M-1
Ep= Z EB,Zm p

m=0

(22)

M-1
Eg= 3 Epam -

m=0

23)

The gain is of the antenna is given by

_ 2(2F) " (n+1)

G(0.4) Py

[0052(9)c052(¢)+sin2(¢):||T|2, (24)

where 7 is a sum over an integral:

r WM“I b(2m+1) 27 o p(r',¢')2 +F2 _r,2 K
m=0 p(2m) 0O p(r',¢') p(r',¢')

Xe*jk[p(r’vlﬁr)_r’Sin(g)cos(¢'_¢)]d¢’d”,, (25)

where p(r',¢") and b(m} are given by Equations (20) and (3),

respectively. M is the number of open Fresnel zones. The gain and
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Figure 11a. The beam-scanning antenna pattern for a de-
focused Fresnel-zone-plate antenna (dotted lines) and a
Fresnel-zone-plate antenna with variable masking (solid lines)
for F=1.88m.

i 1 H

-15 l
0

7 4 6 8§ 10 12 14 16 18
8 (degrees)

Figure 11a. The beam-scanning antenna pattern for a de-
focused Fresnel-zone-plate antenna (dotted lines) and a
Fresnel-zone-plate antenna with variable masking (solid lines)
for F=.522m.
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scan peérformance of the defocused Fresnel-zone-plate antenna is
calculated using Equations (19), (24), and (25), while Equa-
tions (16) and (17) are used for the antenna with variable Fresnel
zone plate-masking. Two focal distances were used for the com-
parison: F=0.522m and F =1.88m. The calculations were done
at 11.1 GHz. The diameter of the Fresnel zone plate was chosen to
be approximately one meter, such that the Fresnel zone plate had
complete zones and the last zone was a transparent zone. There-
fore, the relation between the radius, R, of the wafer and the num-
ber of the transparent zones, M, is given by

2A(M-1)
TJ : (26)

R=byyy =J2(M—1)/1[F+

Figure 10 shows the masking and Fresnel zone plate structure, The
simulation results for the radiation patterns are shown in Figure 11.

Comparing the results in Figure 11 reveals several differ-
ences between the two beam-scanning techniques. For a focal dis-
tance F =1.88m, the defocused Fresnel-zone-plate antenna has a
higher gain. At the same time, the gain hardly decreases with
increasing scanning angle. For £ =0.522 m, the antenna with vari-
able Fresnel-zone-plate masking has a higher gain, and this
decreases -less than for the antenna with F =1.88m. Another
difference is that the main beam of the defocused Fresnel-zone-
plate antenna is asymmetrical for a small focal distance. The beam
of the antenna with variable Fresnel-zone-plate masking remains
more symmetrical. The asymmetry and strong decrease in gain of
the defocused Fresnel-zone-plate antenna can be understood as
follows. If the focal distance is small compared to the size of the
Fresnel zone plate, the amplitude distribution from the feed on the
wafer becomes asymmetrical. This causes a decrease in gain and

B blocked

Figure 10a. The masking for a de-focused Fresnel-zone-plate
antenna with F =1.88m for (a) 0., =0°; (b) O, =5°; (¢)

Bican =10°; (d) B, = 15°.

[ ltransparent

I blocked

[Jtransparent
Figure 10b. The masking for a de-focused Fresnel-zone-plate
antenna with F =.522m for (a) 8., =0°; (b} &,.,, =5°; (¢)
Oon =10°5(d) O, =15°.
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The decrease in gain of the Fresnel-zone-plate antenna with
variable masking can be explained as follows. A Fresnel-zone-
plate masking with a high value of focal distance has large zones.

For 6., =0°, a large transparent zone lies at the center of the

wafer. As the scan angle, 8., , increases, this is no longer the

case. Since the power density is higher close to the center of the
wafer, the gain decreases more with increasing scan angle for high
vaiues of focal distance.

9. Efficiency of the Antenna

The efficiency of the antenna is discussed in this section. The
polarization efficiency is discussed separately in the next section.

9.1 Area Efficiency

Not all of the incident power on the wafer is effectively used.
Only the area of the open zones is used. The area efficiency, &,,,, ,
is defined as the fraction of the wafer’s area that is effectively
used:

_ Eransp.zones
Earea = P
wafer

Rz
I J'P(r',n;b’)mask(r',qi',F, Brcans Bscan: A-made )r'dg dr'
_00

Rin
[ [P(r.g)ragar
00 @7)

9.2 Taper Efficiency

A uniform amplitude distribution on the wafer would pro-
duce the maximum gain. The taper efficiency, &, , is & measure

of the gain reduction due to a nonuniform amplitude distribution. It
is given as follows:

actual gain

Eraper = . 28
1aPet " oain if amplitude distribution is uniform 28)

After some manipulation, the taper efficiency is given by [17]

1(n+2)
Z 2\2
Eraper = (F th )

R mask (7., F.8ygn. A, mode)
] ] PN CESSIT
00 (F +r )

_jk[m~r'sin(ﬁ')cos(¢"¢)]d¢,dr,

xXe

R 2]7 Fmask (r’, &' F ., O cans s mode)

o(nt2)i4
60 (F2 + r'z)

_jk[m—r’sinfﬂ)cns(é'—qé)}

xe de'dr’

(29)
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9.3 Phase Efficiency

The phase efficiency, &4, is defined as the gain reduction

due to the fact that not all waves are in phase. It is defined as

actual gain (
gain if fields on the wafer have uniform phase’

30)

€phase =

This gives the following expression for the phase efficiency:

R2
£ phase = 6( 6" ( o )(n+2)/4

_ jk[\) Flir? mr‘sin(ﬁ)cos(¢’—¢)]d¢’dr,

xXe

B2E Fmask (r @', F, Oyoans A mode)
* I I A1)
00 ( +r )

Xe—jk[F—r'cos(é')—r‘sin(ﬂ)cos(¢’—¢):'d¢,dr, _2' a1

9.4 Spillover Efficiency

The spillover efficiency, £,0ye, - 18 the fraction of the total

power radiated by the feed that is intercepted by the wafer:

power incident on wafer

Enr: =
spillover =y otal power transmitted by feed
(32)
¥o
[ Greca (w)sin(w)dy
-0
=L .
[Geea Wsin(y)y
0
Using Equation (8), the spillover efficiency is given by
Espillover = 1- COS"H ('/’0) , (33)

with y, being equal to arctan {R/F).

Table 1. The values used in the simulations of efficiency versus
focal distance.

Parameter Description Value

Orcan Elevation scan angle | '0°, 5°, 10°, 15°, 20°
Bocan Azimuth scan angle 0°

F Focal distance 0..40cm | 0..70 cm
n Feed taper factor 5 65
R Wafer diameter ~ | . 10 cm

A Wavelength 8.57 mm (35 GHz)
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Table 2. The efficiencies for two configurations where the focal
distance is optimized for a certain feed antenna.

rmask{r',¢',F 0, ., A mode) —

Hscan Espillover garea—L Eaper thase Lgrozaf
n=5, F=9¢m
0° 92% 56% 40% 42% 11%
5° 92% 55% 41% 41% 10%
10° 92% 32% 39% 41% 9.5%
15° 92 % 48% 37 % 41% 8.5%
20° 92 % 49% 36% 38% 7.9%
n=65, F=40cm

0° 87% 71% 61% 43% 14%
B 87% 53% 57% | 42% | 8.6%
10° 87% 49% 56% 40% 7.4%
15° 87% 49% 61% 39%% 6.2%
20° 87% 50% 60% 40% 6.5%

0.12

Efficiency

g a7 02 03 04
Focal distance (meter)

Figure 12. The total efficiency as a function of the focal

distance for a feed antenna with n=5; - 8, =0°; -~
Oroan =5%3 —— Oran =10°5 - = By = 15757 Gippn =20°.
.16

0.12

Efficiency
=
2

0.04

0 To.1 0.2 03 04 0.5 0.5 0.7
Focal distance (meter)

Figure 13. The total efficiency as a function of the focal
distance for a feed antenna with 7 =651~ 8, =0°5 -~

[ =59 By = 10°5 === 0, = 15%5 =7 By =20°,

scan
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9.5 Total Efficiency where infy and int, are given by

The total efficiency, &4, , takes into account all effects 27 &|! sin( ¢){ F [1_ cos? ( ¢.)] +cos? (#) 72+ r.z}
mentioned above. The total efficiency is defined as inty = j I o
00 (F2 + r.2)4
_ actual gain
Erotal = .(34)

ideal gain of an antenna with the same effective area

cos(gé)cos ¢"}sin( ¢)( F? +r’2)

The gain of an ideal antenna is given by ( P2y ,2) Anl

47 — k| N E 41 —r'sin{@)cos(g'~
Gideat = (ﬁRz)[?Jcosz (Brcan) - @5 xe [ (B)eos(s-4)]
. Hence, the expression for the total efficiency becomes xr' mask (r’,rﬁ’,F +Fscan ’¢scana’1) dr'dg’
2 2 39
7 (1) €05 (Ban 05 (o) + 580" (B Ty
g, = r ¥ '
total Tl R2 cosz( ) ' 2R cos(qb){F[l —cos” (¢ ):|+cos (¢NF +r }
ity = I I 3 2 -}-VHI
) zjr?r'mask r', gsmn@m}ml) 00 (F +F )
Iint2)
00 (F2 +7 ) sin(g)cos{4")sin (d)')(\’ Frep? mF)
+
2 j
_ﬂ([“ +r -y "sin( Gy COS(¢ 95)} i (Fz +r'2)4n+
xe dridg’| .
- }(Wfr’sin(ﬂ}cos(gt’qdﬂ
(36) e
A number of simulations has been done to evaluate the perform- xr' mask(r', 0", F, Occm > Booans 4)  |dFde
ance of the efficiency as a function of elevation scanning angle,
The behavior of the efficiency was almost the same, Table 1 shows 0)

the parameters used for the simulations. Note that only focused
systems were analyzed. Therefore, varying the focal distance
means changing the masking to correspond to another focal dis-
tance, and moving the feed to this new focal point. Table 2 shows
the performance of different efficiencies as a function of elevation 27r?

scamming angle for two different feed patterns. Figures 12 and 13 Gotal = (|E¢| |E9| J “n
show the total efficiency as a function of the focal distance for
@ecan = 0° fOr several values of ¢, . The antenna has a low effi-

The total gain can be calculated from

: To calculate the co- and cross-polar gains, Ludwig’s third defini-
ciency. : tion of cross-polarization is used [18];

It is possible to increase the efficiency of the antenna by E. {8.8)=sin{8)E.(8.8)+cos[dVE. (& 42
including phase-correcting zones, instead of transparent/blocking m( ’¢) (¢) 3( ’¢) (¢) ¢( ’¢)’ (“42)

zones. In this case the zones that add 180° to the phase of the

incoming field replace the blocked zones. This increases the effi- Eross (0,8) = cos($) £ (B,4) - sin (B)E4(6.8). (43)
ciency, since all power incident on the Fresnel-zone plate is effec-
tively used. This corresponds to an area efficiency of 100%. Intro- Therefore, the following expressions for the co- and cross-polar
ducing phase-correcting sub-zones can increase the efficiency even gains are obtained:
more. These sub-zones have a phase correcting factor of less than
#r radians. This increases the phase efficiency. 2712 5 2
Gop =2 |E, | = ar? lsin (¢} £4 (6.6) + cos(#) E4 (8, ¢)]
nh i
e (44
10. Co- and Cross-Polarization
: 2mr? 2 2mr?
The two components of the electric far field are given by Gergss = nP |Ecross|” = |°°3(¢ Eq(0.4)-sin(4) E4(8, ¢)[
(45)
Eg(8,4)= 7‘\/—) e Finy, @37 Substituting Equations (37) and (38) into Equations (41), (44), and
i (45), we get

JTBF (n+1) _ 2 n
Ey(0.9)= MJ_;':—J.(:) " c0s(8)inty, (38) Gmm,(B,g‘;):—(n;#(hmdz+|cos(9)im2)2), (46)
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Geo (6.9) = 1(_’%12)—1:43111 (g)inty + cos (¢)cos(9)fm2]2 N

Gprpns (0.8) = 2—("—:2)L]cos(¢) inty — sin (@) cos (8) im2}2 , (48)

where inf; and int, are given by Equations (39) and (40). Maxi-
mum cross polarization is found for ¢ =g, =45°, 135°, 225°,

and 315°. Therefore, cross-polarization patterns have been plotted
for ¢ = ¢y, = 45°. Figure 14 shows the co- and cross-polarization

patterns as a function of elevation angle.
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Figure 14a, Co-polarization (solid line) and cross-polarization
(dashed line) patterns for 6., =0°, ¢=9¢,.,, =45°, F=9cm,

n=35.
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Figure 14b. Co-polarization (solid line) and cross-polarization
(Qashed line) patterns for 6., =5°, ¢ =g, =45°, F =%cm,

n=>=5.
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Figure 14c. Co-polarization (solid line) and cross-polarization

(dashed line) patterns for 0, =10°, ¢=gd.,, =45°,
F=%cm, n=5.
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Figure 14d. Co-polarization (solid line) and cross-polarization
(dashed line) patterns for &, =20°, ¢=4_ . =45,
F=%cm, n=5.

11. Conclusion

A beam-scanning antenna has been analyzed and designed at
Ka band. The antenna is based on the principle of the Fresnel-
zone-plate antenna. The scanning of the beam is achieved by using
a laser to project different patterns onto a wafer. The antenna can
scan its beam in both the azimuth and the elevation planes. The
sidelobe level is lower for an antenna with a smaller focal distance,
and increases with increasing scan angle, €., . The beamwidth of
the antenna with a wafer diameter D = 20cm is approximately 3°.
An antenna with a wafer diameter D = 20cm and a focal distance
F =40 cm has a maximum gain of 29.2 dB. For a focal distance of
£ =89cm, the gain decreases to 27.3 dB. The gain decreases with

increasing scan angle, proportional to cos® (B50an ) - The efficiency
and cross-polarization of a Fresnel-zone-plate-antenna-based
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beam-scanning antenna were analyzed. It was found that the effi-
ciency of the antenna is very low (6% to 14%). The ¢ross-polari-
zation isolation increases with increasing scan angle, 8, from

51dB for #=6,,=5 to 30dB for

Scan
8 =0, =20°. Maximum efficiency was found when the edge

illumination of the wafer is approximately —10 to —-12 dB. How-
ever, no clear optimum value for the edge illumination has been
found. The results show serious limitations for the use of the
antenna in applications where efficiency is an important factor.

approximately
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Editor's Comments Continued from page 8

The Antenna Designer’s Notebook, edited by Tom Milligan,
has two contributions this time. The first, by J. C, Brégains, F.
Ares, and E. Moreno, considers circular aperture distributions that
generate azimuthally symmetric pattems. The authors look at how
the power pattern degrades as a function of measurement distance
from the aperture — over distances ranging from the near field to
the far field — for both real and complex continuous Taylor distri-
butions in the aperture. The results show some potentially impor-
tant effects of the measurement distance, including the fact that at
near-figld distances, the degradation in pattern in terms of sidelobe
level and ripple is less for real distributions than for complex dis-
tributions. The second Antenna Designer’s Notebook contribution
is by Simsek Demir, and it constders the design of wideband
impedance-matching transformers. 'What is particularly usefill
about this contribution is that it deals with the real-world limita-
tions that exist on the available impedance levels of a transformer.

Can a patent application be simplified by incorporating mate-
rial from other sources by reference? That is the question Lee
Henderson answers in his Intellectual Property and Patent
Abstracts column. There is a short apswer, and a long answer, and
you need to understand the long answer if you’re contributing to
the preparation of a patent application.

In the PACE Report, edited by Michael Johnson, the recent
theme of developing engineers who are also entrepreneurs contin-
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ues, The contribution, by Vijay K. Arora and Lorenzo Faraone,
puts forward the proposition that universities must foster the
development of such engineer-entrepreneurs as an inherent part of
their curricula if the universities — and the engineers they produce
— are to be successful in the 21st century.

What is known as the hybrid model for propagation loss in a
coal-mine tunnel consists of a free-space model for propagation up
to certain distances, and a waveguide model for propagation over
longer distances. Each model has a different value for the propa-
gation constant. While the free-space propagation constant can be
determined fairly readily, the best value for the propagation con-
stant for the waveguide model varies with the tunnel’s specific
attenuation factor (based on measurements), and the distance at
which the ¢crossover in using the two models occurs. In the Wire-
less Corner, edited by Tuli Herscovici and Christos Christodouleu,
Bazil Taha Ahmed, Migue] Calvo Ramon, and Leandro de Haro
Ariet study how the models behave as a function of these various
parameters. The results show that some values of the propagation
constant used in the past for the waveguide model are reasonable
for certain ranges of the parameters, but that other values could be
more appropriate for different ranges of the parameters.

Thank You to Ernie Smith

Emiec Smith has been an important contributor to the Maga-
zine since it became a magazine. His Propagation Corner, and his
solicitation of feature articles dealing with propagation, have
played an important role in keeping the “P” in the “A&P” Maga-
zine. I hope you will join me in thanking Ernie for his mere than
13 years of outstanding service to our Society in this capacity. Per-
sonally, his wise council and friendship have been invaluable. The
good news is that although he will probably be making fewer tech-
nical contributions as he indicated in his column in the August
issue, he has agreed to still provide us with news of the propaga-
tion community from time to time.

We Welcome Bodo Reinisch

I am very pleased to announce that Bodo Reinisch has agreed
to join the Magazine staff in the role of Associate Editor for
Propagation. In this role, he will support the “propagation” content
of the Magazine, and take over primary responsibility for the
Propagation Corner. Please welcome him, and offer him your help
in keeping our Society informed of what is going on in the propa-
gation field. Bodo is perhaps best known for the development of
the global Digisonde network, which provides real-time electron-
density profiles and other ionospheric characteristics worldwide,
now via the Internet. More information can be found in the Propa-
gation Corner in this issue.

Solutions for a Pentium 4 Bug and Other
Problems with the Digital Archive

Some users have reported problems with the ASTAware
search engine used in the AP-S Digital Archive. According to
Parity Computing, the company that helped to prepare the Digital
Archive, there apparently is a problem with the version of Java that

Continued on page 45
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