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Alternating projection algorithm, for 
contoured-beam refl ectarrays, 
148–149

Amplifying refl ectarrays, 177–182
Analysis tool, for Cassegrain offset-fed 

refl ectarray, 193
Analysis techniques, 27–74. See also 

Method of Moments (MoM) 
technique

Characteristic Basis Functions, 32
CPU time in, 32–33
design curves, 29–30
Fast Fourier Transforms, 32
feed model and radiation patterns in, 

64–74
Finite Difference Time Domain 

modeling, 31
Finite Element Method, 31
full-wave, 30
Generalized Scattering Matrix, 39–

40, 42–44, 44–46
for multilayer periodic structures, 

38–48
overview of, 29–34
phase-shift distribution, 33–34, 34–35
for phase-shifter elements based on 

aperture-coupled patches, 33, 39, 
55–64, 65

for phase-shifter elements based on 
variable-sized patches, 31–32, 33, 
39, 48–55

for rectangular patches with attached 
stubs, 31, 35–38

refl ectarray elements in, 30–31
Sparse-Matrix Canonical Grid 

Method, 32

Angular rotation technique, 15–16
Annular rings

for dual-band multilayer refl ectarrays, 
18

low-frequency above high-frequency, 
128–131

printed, 13, 14
Antennas. See also Parabolic antennas; 

Refl ectarray antenna
Astro mesh, 137
bifocal, 184–185
high-gain array, 1
infl atable, 16

Aperture-coupled patches, 28–29
broadband, 96–97
design of, 56–57
impedance matching in, 56–57, 94
phase delay curves for, 56, 57–64, 65
phase shift and losses in, 57–64, 65
phase-shifter elements based on, 33, 

39, 55–64, 65
true time delay with, 106, 107, 108

Aperture effi ciency, 88–91
Aperture electrical size, 88–91
Approximation methods, in radiation 

pattern calculation, 86
Array equation for grating-lobe 

avoidance, 84
Array lens, 20–22
Array summation technique, in 

radiation pattern calculation, 
85–86

Astro mesh antenna, 137
Attached stubs, 28–29

analysis of rectangular patches with, 
31, 35–38, 39

INDEX
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Bandwidth. See also Broadband 
techniques; Dual-band refl ectarrays

of refl ectarray antennas, ix, x–xi, 4–6
of refl ectarray elements, 82

Bandwidth improvement, 99–100
for aperture-coupled patches, 96–97
for stacked variable-sized patches, 

97–99
Bandwidth limitation

by differential spatial phase delay, 
4–6, 100–104, 105

by refl ectarray elements, 93–95
Basis functions, subdomain, 32
Beam scanning refl ectarrays, 195–201
Beamwidth

of multi-beam refl ectarrays, 174–175
of refl ectarray elements, 81–82

Bifocal antennas, 184–185
Breadboards

for DBS transmit antenna, 155–156, 
159, 162–165

for two-beam refl ectarray, 172
Broadband phase-shifter elements, 

95–100
Broadband techniques, 93–116

for large refl ectarrays, 104–116
Building block, periodic interface as, 

40–44

Carbon–fi ber–reinforced plastic 
(CFRP) layer, 45

in contoured-beam refl ectarrays, 157
Carpenter tapes, for X-band infl atable 

refl ectarray, 142
Cascade process, 45
Cassegrain center-fed refl ectarrays, 

190–191
Cassegrain confi guration, for amplifying 

refl ectarray, 181–182
Cassegrain offset-fed X/Ka dual-band 

refl ectarray, 128–131
Cassegrain offset-fed refl ectarrays, 

190–193
Cassegrain offset-feed system, 18
C-band refl ectarray, 198, 199, 200
Center-fed Cassegrain confi guration, 

190–191
Characteristic Basis Functions (CBFs), 

32

Circularly polarized microstrip patches, 
13

Circularly polarized phased array, 13
Circular polarization (CP), 28, 31

with annular ring elements, 128–131
angular rotation technique, 15–16, 

201
element refl ection effi ciency and, 

83
with two closely spaced frequencies, 

120–121, 122
with two widely spaced frequencies, 

119–120, 121
Circular refl ectarray, phase-shift 

distribution in, 34–35
Circular two-layer refl ectarray, 72–73
Compensating phase-shift, 101
Compensating spatial phase delay. 

See also Differential spatial phase 
delay

in a frequency band, 108–112
for large refl ectarrays, 105

Concavely curved refl ectarrays, 5
Contoured-beam refl ectarrays, 

143–169
practical designs for, 150–169

Coordinate systems, for contoured-
beam refl ectarrays, 145–147

Cophasal far-fi eld refl ectarray beam, 
13

Coverage requirements, for contoured-
beam refl ectarrays, 155–169

CPU times, in refl ectarray analysis, 
32–33

Crossed dipoles, 49
with dual-band refl ectarrays, 120, 

121
low-frequency, 125–127

Cross-polarization
in aperture-coupled patches, 58
in contoured-beam refl ectarray 

design, 151–152, 159–161, 162–165, 
168–169

in folded compact refl ectarrays, 184
in multiband refl ectarrays, 132–134
predicting, 30
in radiation patterns, 71

Cross-polarization performance, of 
microstrip antennas, 12
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Deep-space telecommunications, 
125–127, 128–131

infl atable/thin-membrane 
refl ectarrays for, 137–143

very large aperture refl ectarrays for, 
194–195, 196, 197

Delay lines
with dual-band refl ectarrays, 119–120, 

121
for large refl ectarrays, 105
true time delay with, 106–108

Design curves, in refl ectarray analysis 
and design, 29–30

Differential spatial phase delay, 
bandwidth limitation by, 4–6, 100–
104, 105. See also Compensating 
spatial phase delay

Diodes. See PIN diode phase shifters; 
Varactor diodes

Dipole elements, 121–123. See also 
Crossed dipoles; Microstrip dipoles

in multiband refl ectarrays, 131–134
printed variable-length, 13, 14, 16

Dipole lengths, for microstrip antennas, 
12

Direct Broadcast Satellites (DBSs), ix, 
143–144

contoured-beam refl ectarray designs 
for, 150–169

Directivity, computing, 73–74
Direct synthesis method, for contoured-

beam refl ectarray design, 144
Dissipative losses

in aperture-coupled patches, 57–64, 
65

in waveguide simulator, 52–55
Distributed grating lobes, 84
Double-layer structures, for bandwidth 

improvement, 100
Dual-band multilayer refl ectarrays, 18
Dual-band refl ectarrays, 119–131

with single-layer substrate, 119–123
with two-layer substrates, 123–131

Dual coverage, refl ectarray geometry 
for, 155

Dual-gridded refl ector, 155
Dual-linear polarization, 28

with two widely spaced frequencies, 
119–120, 121

Dual-linear polarization refl ectarrays, 55
Dual-refl ector confi guration, 190

Earth remote sensing, infl atable/thin-
membrane refl ectarrays for, 
137–143

Effi ciency. See Aperture effi ciency; 
Element refl ection effi ciency; 
Illumination effi ciency; Spillover 
effi ciency

Electromagnetic coupling, for 
bandwidth improvement, 100

Electromagnetic simulators, 33
Element beamwidth, 81–82
Element refl ection effi ciency, 82–83
Element refl ection phase, 79–81
Element selection, 79–84
Element spacing, 83–84
Ellipsoid subrefl ector, in Gregorian 

refl ectarray, 190
Elliptical refl ectarrays, 150–151
Entire-domain basis functions, 43
European coverage. See Horizontal 

(H-) polarization

Faceted confi guration, for large 
refl ectarrays, 105–106

Faraday phase shifters, 15
Far-fi eld radiation patterns, calculation 

of, 64–72, 85–86
Fast beam scanning, by beam scanning 

refl ectarray, 201
Fast Fourier Transforms (FFTs), 32
Feed coordinate system, 67–68
Feed horn. See also Gaussian horn 

antenna
for Cassegrain offset-fed refl ectarray, 

190, 191
for X-band infl atable refl ectarray, 140, 

141
Feed model. See also Offset feed system

in analysis techniques, 64–74
for folded compact refl ectarrays, 182, 

184
for multi-beam refl ectarrays, 170–172, 

173–177, 178, 179
Ferrite phase shifters, three-bit, 15
Ferroelectric phase shifter, for beam 

scanning refl ectarray, 198, 199
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Finite Difference Time Domain 
(FDTD) modeling technique, 31

Finite Element Method (FEM), 31
Fletcher Powell algorithm, 110–111
Floquet space harmonics, 39–40, 41–44, 

44–48
in aperture-coupled patch design, 57
in radiation patterns, 71–72

Floquet’s theorem, 31
Folded compact refl ectarrays, 182–189

three-layer, 187, 188
Folded refl ectarray confi guration, 

18–19
Fourier transforms, 68. See also Fast 

Fourier Transforms (FFTs); 2D 
Inverse Discrete Fourier Transform 
(IDFT2)

Frequency band, compensation of phase 
delay in, 108–112. See also 
Multiband refl ectarrays; Two-
frequency bands

Frequency excursion error, 5
Frequency scanned grating-refl ector 

antenna, 13, 14
Frequency Selective Surfaces (FSSs), 

33–34, 125
Fresnel-Zone confi guration, 13, 14
Fresnel-Zone plate refl ector (FZPR), 

20, 22–23
Full-wave analysis/technique

of multilayer periodic structures, 
38–48

in refl ectarray analysis and design, 
30–34

Gain, computing, 73–74
Gain requirements

for contoured-beam refl ectarrays, 
145–147, 152–154, 159–162, 165, 166

for multi-beam refl ectarrays, 174
Galerkin testing procedure, 43
Galileo spacecraft, 138
Gaussian horn antenna, 165. See also 

Feed horn
Generalized Scattering Matrix (GSM), 

31, 39–40, 42–44, 44–46
in aperture-coupled patch design, 57

Genetic Algorithm (GA) optimization, 
16–17

Geometrical Theory of Diffraction, 86. 
See also Uniform Geometrical 
Theory of Diffraction (UGTD)

Geometry design
for bandwidth improvement, 99–100
for refl ectarray antenna, 86–91

Grating lobes, 84
Grating-refl ector antenna, frequency 

scanned, 13, 14
Green’s functions, 43–44
Gregorian confi guration, 190
Ground plane, ohmic losses, 44

Hexagonal subapertures, in very large 
aperture refl ectarrays, 194–195, 197

HFSS simulator, 33
High-frequency annular rings, 128–131
High-frequency elements

above low-frequency elements, 
124–125

below low-frequency elements, 
125–131

High-gain array antennas, 1
Hoop-column umbrella antenna, 137, 

138
Horizontal (H-) polarization

in contoured-beam refl ectarrays, 
155–169

in very large aperture refl ectarrays, 
194, 196

Horn antenna. See also Feed horn
for amplifying refl ectarrays, 178
Gaussian, 165
for multi-beam refl ectarrays, 177

H-wall waveguide simulator, for phase 
calibration, 80

Hyperboloid subrefl ector, in Cassegrain 
refl ectarray, 190, 191, 192–193

Illumination effi ciency, 87–88
Impedance, modal, 46
Impedance matching, 56–57, 93–94
Incident fi eld, 41, 42, 66–68
Indium-tin-oxide (ITO) fi lm, 19–20
Infi nite-array approach, 31–32

for phase calibration, 79–80
in spatial phase delay compensation, 

109–110
Infl atable antenna, 16, 129, 137–143
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Infrared patch refl ectarray, 20
Intersection Approach technique

for contoured-beam refl ectarrays, 145, 
147–150, 157, 166, 169

for folded compact refl ectarrays, 
187

for multi-beam refl ectarrays, 174–175
Inverse Discrete Fourier Transform 

(IDFT2), 70

Ka-band 3-m infl atable refl ectarray, 
139–143

Ka-band elements, 125–127, 128–131
Ka-band membrane, in Cassegrain 

offset-fed refl ectarray, 192–193
Ku-band refl ectarrays, 143–144

very large aperture, 194

Large refl ectarrays. See also Very large 
aperture refl ectarrays

bandwidth limitation in, 100–104, 
105

broadband techniques for, 104–116
Left-hand circular polarization (LHCP), 

15
Linear polarization

with two closely spaced frequencies, 
123

with two widely spaced frequencies, 
121–123

LMDS (Local Multipoint Distribution 
Service) central station antenna, 
178, 187–189

Losses. See also Low-loss scan 
technique

in aperture-coupled patches, 57–64, 
65

in waveguide simulator, 52–55
Low-frequency annular rings, 128–131
Low-frequency elements

above high-frequency elements, 
125–131

below high-frequency elements, 
124–125

Low-loss scan technique, for beam 
scanning refl ectarray, 201

Low-profi le printed antennas, 
development of, ix

Ludwig defi nition, 71

Masks
for contoured-beam refl ectarrays, 

146–147, 147–148, 155
photo-etching, 155

Membranes. See Thin membranes
MEMS (micro-electro-mechanical 

system), for Ka-band applications, 
201. See also Micro-electro-
mechanical (MEM) switches

MESFET technology, with amplifying 
refl ectarrays, 179

Method of Moments (MoM) technique, 
12–13, 31–33, 36, 38–43. See also 
Spectral Domain Method of 
Moments (SD-MoM)

for multi-beam refl ectarrays, 177, 178, 
179

in radiation pattern calculation, 86
in spatial phase delay compensation, 

109–110, 115–116
Micro-electro-mechanical (MEM) 

switches, 15. See also MEMS 
(micro-electro-mechanical system)

for beam scanning refl ectarray, 197–198
Micro-machined motors, 15, 201
Microstrip amplifying refl ectarray, 

178–179, 180
Microstrip dipoles, 27, 59, 99, 184
Microstrip patches, 3–4, 27–29, 34–38, 

93
with array lens, 20–21
circularly polarized, 13
for Cassegrain offset-fed refl ectarray, 

191–192
Microstrip refl ectarray antenna, 11–13
Miniature motors, 15, 201
Modal impedance, 46
Modular approach

analysis techniques using, 39–40, 
48

aperture-coupled patch design using, 
57

Monolithic refl ectarray antenna, 15
Multiband refl ectarrays, 131–134
Multi-beam refl ectarrays, 169–177, 178, 

179
Multifacet refl ectarrays, 112–116
Multi-fed refl ectarrays, 175–177, 178, 179

folded, 184
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Multilayer elements, 50–52, analysis 
techniques for, 44–48

Multilayer periodic structures, analysis 
techniques for, 38–48

Multilayer refl ectarrays, dual-band, 18
Multilayer stacked patches, 16, 17, 50–55
Multipanel confi guration, 112–113, 114

Offset-feed system. See also Feed model
Cassegrain, 18, 190–193
for contoured-beam refl ectarrays, 

165–166
for X-band infl atable refl ectarray, 141

1-D multipanel confi guration, 113
One-layer refl ectarray. See Single 

entries
Optimization techniques. See also 

Genetic Algorithm (GA) 
optimization

in contoured-beam refl ectarray 
design, 152, 157–159, 166

for large refl ectarrays, 111–112
Overall approach, analysis techniques 

using, 39–40

Parabolic antennas, 1, 3
very large aperture refl ectarrays as, 

194–195, 197
Parabolic refl ectors, 173–174

dual-band techniques versus, 119
multifacet refl ectarrays as 

approximating, 112–116
space-deployable, 137–138

Parallel-plate waveguide simulator, for 
phase calibration, 80

Patches. See also Infrared patch 
refl ectarray; Microstrip patches; 
Stacked patches

aperture-coupled, 28–29, 33, 39, 
55–64, 65, 94, 96–97, 106, 107, 
108

high-frequency, 125–127
multilayer stacked, 16, 17, 50–55
on periodic interface, 40–44, 72–73
printed, 27–29, 34–38, 93–94
rectangular, 28, 31, 35–38, 39, 49–50, 

50–52, 100, 106, 107, 108
ridge-shaped, 99
single, 48–55

variable-sized, 31–32, 33, 39, 48–55, 
97–99

Patch sizes, for microstrip antennas, 
12–13

Path length, calculation of, 84–85
Pattern synthesis, for contoured-beam 

refl ectarrays, 145–150
Periodic interface, as building block, 

40–44
Phase calibration

H-wall waveguide simulator for, 80
infi nite-array approach for, 79–80
waveguide measurement approach 

for, 80–81
Phase control, 28
Phase curves, 33, 36–38, 49–52, 57–64, 

94–95
Phased array

circularly polarized, 13
large aperture, 196, 198

Phased Array Conference of 1996, 15, 
198

Phased array feed, for Cassegrain 
offset-fed refl ectarray, 191, 192

Phase delay. See also Compensating 
spatial phase delay

bandwidth limitation by, 4–6, 100–
104, 105

calculation of, 84–85
in frequency band, 108–112

Phase delay curves, for aperture-
coupled patches, 56, 57–64, 65

Phase delay difference, 110–111
Phase delay stubs, 11–12, 13, 28–29, 57–

64, 106–108
Phase difference, 109–110, 111–112
Phase distribution

for contoured-beam refl ectarrays, 
148–149, 152, 158

for folded compact refl ectarrays, 186
for multi-beam refl ectarrays, 170–172

Phase-only synthesis, for contoured-
beam refl ectarrays, 145, 147–149

Phase response, computing, 36–37
Phase-shift, 27–29. See also Refl ection 

phase
in aperture-coupled patches, 57–64, 

65
compensating, 101–102
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computing, 47–48, 49–50, 51–52
with folded compact refl ectarrays, 

182–184, 185, 186
in multi-beam refl ectarrays, 169–170
in refl ectarray elements, 94–95
in waveguide simulator, 52–55

Phase-shift distribution, 33–34, 34–35
in contoured-beam refl ectarray 

design, 151–152, 157, 158
Phase-shifter elements

based on aperture-coupled patches, 
33, 39, 55–64, 65

based on variable-sized patches, 
31–32, 33, 39, 48–55

broadband, 95–100
Phase shifters, 1, 3–4. See also 

beam scanning refl ectarray, 196, 
197–198

Faraday, 15
PIN diodes, 15, 197–198
three-bit ferrite, 15

Phase variation
for contoured-beam refl ectarrays, 

149–150
smooth, 97

Phase-versus-element-change curve, 
81

Photo-etching masks, 155
Photonically controlled refl ectarray, 

19–20
Physical optics (PO) method, for 

Cassegrain offset-fed refl ectarray, 
193

Piecewise fl at refl ectarrays, 5, 112–116
PIN diode phase shifters, for beam 

scanning refl ectarray, 198
Polarization, 28. See also Circularly 

polarized phased array; Circular 
polarization (CP); Cross-
polarization; Dual-linear 
polarization; Dual-linear 
polarization refl ectarrays; Left-
hand circular polarization (LHCP); 
Linear polarization; Right-hand 
circular polarization (RHCP); 
Single linear polarization 
refl ectarrays

for contoured-beam refl ectarrays, 
155–169

for folded compact refl ectarrays, 
182–184, 187

for multi-beam refl ectarrays, 174–175, 
177, 178, 179

Power handling, for refl ectarray 
antenna, 91

Printable microstrip antennas, 11–13
Printed annular rings, 13, 14
Printed antennas, 3–6, 11–13

development of, ix
Printed circuit technology, 48
Printed patches, impedance matching 

in, 56–57, 93–94
Printed refl ectarray, operating principle 

of, 27–29. See also Refl ectarray 
antenna

Printed-refl ectarray elements, with thin 
membranes, 16

Printed variable-length dipole elements, 
13, 14, 16

Proximity-coupled stubs, for bandwidth 
improvement, 100

Pyramidal horn antenna, for multi-
beam refl ectarrays, 177

Radar cross-sections (RCSs), 82, 
132–134

Radiating elements, in aperture-coupled 
patch design, 57

Radiation patterns. See also Pattern 
synthesis

from amplifying refl ectarrays, 
178–179

analysis techniques to determine, 
64–74

from beam scanning refl ectarrays, 
199–201

calculation of, 85–86
from Cassegrain offset-fed 

refl ectarray, 193
from contoured-beam refl ectarrays, 

144–150, 152–154, 155, 156, 162, 
163, 164, 166–169

from folded compact refl ectarrays, 
185–186, 188, 189

from Ka-band and X-band elements, 
125–127, 130–131

from Ka-band infl atable refl ectarray, 
142–143



214  INDEX

from multi-beam refl ectarrays, 
172–174, 177, 178, 179

from two-layer elements, 97–99
in spatial phase delay compensation, 

111–112
from three-panel centered-fed 

refl ectarray, 113, 115, 116
from X-band infl atable refl ectarray, 

139
Rectangular patches, 28

analysis techniques for, 31, 35–38, 
39

with attached stubs, 31, 35–38, 39
for bandwidth improvement, 100
in multilayer structure, 50–52
in single-layer structure, 49–50
with slots, 100
true time delay with, 106, 107, 108

Refl ectarray antenna, 1–6. See also 
Large refl ectarrays; Printed 
refl ectarray

advantages of, 3–4
amplifying, 177–182
applications of, xi, 137
array lens versus, 20–22
based on two layers of variable-sized 

patches, 72–73
beam scanning, 195–201
broadband techniques for, 93–116
calculating path length and phase 

delay in, 84–85
calculating radiation pattern of, 

64–72, 85–86
Cassegrain offset-fed, 190–193
Cassegrain offset X/Ka dual-band, 

128–131
as Cassegrain refl ectarray 

subrefl ector, 191, 192
contoured-beam, 143–169
design, confi guration, and operation 

of, x, 1–3
design curves in analysis and design 

of, 29–30
development of, ix, 9–23
disadvantage of, 4–6
dual-band, 119–131
folded compact, 182–189
Fresnel-Zone plate refl ector versus, 

20, 22–23

geometry design for, 86–91
with high-frequency elements above 

low-frequency elements, 124–125
infl atable, 137–143
with low-frequency elements above 

high-frequency elements, 125–131
microstrip, 11–13
monolithic, 15
multiband, 131–134
multi-beam, 169–177, 178, 179
multifacet, 112–116
multi-fed, 175–177, 178, 179
power handling for, 91
practical design aspects of, 79–91
printed, 3–6
recent and future applications for, 

137–201
spatial power combining, 179–181
spiralphase, 9–11
techniques for analyzing, 27–74
thin-membrane, 137–143
true time delay, 106–108
two-beam, 170–173
two-layer, 72–73, 172, 173
very large aperture, 194–195, 196, 

197
waveguide, 9
X-band, 16, 17

Refl ectarray confi guration, folded, 
18–19

Refl ectarray element pattern effect, 
81–82, 182–189

Refl ectarray elements, 2, 4. See also 
Element entries; Phase-shifter 
elements; Printed variable-length 
dipole elements

analysis and design of, 30–31
bandwidth limitation by, 93–95
design of, 56–57, 79–91
infrared, 20
in periodic environment, 44–48
photonically controlled, 19–20
with solar cells, 18

Refl ected waves, from refl ectarray 
elements, 36–38, 49–52, 57–64, 83

Refl ection coeffi cient, 36–38, 49–52, 
57–64, 109, 110

Refl ection effi ciency, of refl ectarray 
elements, 82–83
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Refl ection phase, of refl ectarray 
elements, 36–38, 49–52, 57–64, 
79–81. See also Phase entries

Reradiated waves, from refl ectarray 
elements, 83

Resonant dimensions, varying, 28
Ridge-shaped patches, for bandwidth 

improvement, 99
Right-hand circular polarization 

(RHCP), 15
Rigid-frame structures, 129
Ring elements. See Annular rings
Rohacell® dielectric, 51–52, 54

Sandwich confi guration, for contoured-
beam refl ectarrays, 165–166

Satellites, refl ectarray antennas for, 16, 
18. See also Space entries

Scattered fi eld, 42, 43
Scattering parameters, 39–40
S-curve, of phase-change versus 

element-change, 49–50, 81
Shaped beam applications, for folded 

compact refl ectarrays, 185–186, 187, 
188–189

Shaped beam refl ectarrays. See 
Contoured-beam refl ectarrays

Single-layer elements
analysis of, 49–50
improving bandwidth of, 97–99

Single-layer substrate, dual-band 
refl ectarrays with, 119–123

Single linear polarization refl ectarrays, 
55

Single patches, phase-shifter element 
based on, 48–55

Slot-array, with folded compact 
refl ectarrays, 182

Slots, in rectangular patches, 100
Smooth phase variation, 50–52, 97
Solar cells, with refl ectarray elements, 

18
Spacecraft. See also Deep-space 

telecommunications
contoured-beam refl ectarrays for, 

143–169
refl ectarray antennas for, 16, 18

Space-deployable antennas, 137–143
contoured-beam refl ectarray, 143–169

Spacing, of refl ectarray elements, 83–84
Sparse-Matrix Canonical Grid Method 

(SMCG), 32
Spatial power combining refl ectarray, 

179–181
Spectral Domain Method of Moments 

(SD-MoM), 31, 32, 33, 36, 42, 43, 
45. See also Method of Moments 
(MoM) technique

in contoured-beam refl ectarray 
design, 151, 157

Spectral functions, 69–71
Spillover effi ciency, 87–88
Spiralphase refl ectarray antenna, 9–11
Spring-tape reinforced (STR) boom, for 

X-band infl atable refl ectarray, 
141–142

Square loops
for dual-band refl ectarrays, 120
for multiband refl ectarrays, 132–134

Stacked array layers, 28
Stacked patches

dual-band refl ectarrays with, 123–124
multilayer, 16, 17

Stacked variable-sized patches
broadband, 97–99
phase-shifter element based on, 

48–55
Stubs. See Attached stubs; Phase delay 

stubs; Proximity-coupled stubs
Subdomain basis functions, 32
Summation technique, in radiation 

pattern calculation, 85–86
Sun-fl ower antenna, 137
Switches, micro-electro-mechanical, 15
Switching diodes, in spiralphase 

refl ectarray antennas, 9–10
Synthesis technique, for contoured-

beam refl ectarrays, 147–149
Synthetic Aperture Radar (SAR) 

antennas, 113, 114
multi-beam, 174–175

Tangential electric (TE) fi eld. See 
Floquet space harmonics

Tangential magnetic (TM) fi eld. See 
Floquet space harmonics

TE Floquet harmonics. See Floquet 
space harmonics
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Thin fi lm devices, for beam scanning 
refl ectarray, 198, 199

Thin membranes, 137–143
in Cassegrain offset-fed refl ectarray, 

192–193
printed-refl ectarray elements with, 16
two-layer, 128–129

Three-bit ferrite phase shifters, 15
Three-layer refl ectarrays, 110–112, 

150–151
folded compact, 187, 188–189

Three-panel centered-fed confi guration, 
113, 114

radiation patterns from, 113, 115, 116
TM Floquet harmonics. See Floquet 

space harmonics
Transmit/receive (T/R) modules, 196, 

201
Tri-band elements, 123
True time delay compensation 

broadband technique, 101, 106–108
Two-beam refl ectarrays, 170–173
Two-dimensional arrays, analysis 

techniques for, 36
2D Inverse Discrete Fourier Transform 

(IDFT2), 70
Two-frequency bands, polarization with 

widely spaced, 119–120, 121
Two-layer refl ectarrays, 72–73, 172, 173

improving bandwidth with, 97–99
Two-layer substrates, dual-band 

refl ectarrays with, 123–131
Two-layer thin membranes, ring 

elements on, 128–129

Umbrella radial rib mesh refl ector 
antenna, 138

Uniform Geometrical Theory of 
Diffraction (UGTD), 88–89. See 
also Geometrical Theory of 
Diffraction

U-shaped delay line, true time delay 
with, 106–108

Varactor diodes, 15
for beam scanning refl ectarray, 198, 

199–201
Variable-sized crossed dipoles, with 

dual-band refl ectarrays, 120, 121
Variable-sized patches, 31–32, 33, 39

broadband, 97–99
phase-shifter element based on, 

48–55
Vertical (V-) polarization

for contoured-beam refl ectarrays, 
155–169

for very large aperture refl ectarrays, 
194, 196

Very large aperture refl ectarrays, 194–
195, 196, 197

Waveguide measurement approach, for 
phase calibration, 80–81

Waveguide refl ectarray antenna, 9
Waveguides, in spiralphase refl ectarray 

antennas, 9–10
Waveguide simulator (WGS), phase 

shift and losses in, 52–55, 59–64, 65
Wide Swath Ocean Altimeter (WSOA), 

113
very large aperture refl ectarrays for, 

194
WR90 waveguide, 53
WR112 waveguide, 59, 60
Wrapped-rib antenna, 137, 138

X-band 1-m infl atable refl ectarray, 
138–139

X-band beam scanning refl ectarray, 
197

X-band elements, 125–127, 128–131
X-band membrane, in Cassegrain offset-

fed refl ectarray, 192–193
X-band refl ectarray antenna, 16, 17
X-band Synthetic Aperture Radar 

antennas, 174–175
X-polarization. See Cross-polarization
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