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REMC: M General Capabilities

3% RLD Is a special-purpose software tool for
designing Rotman Lenses

3 It I1s based on theoretical equations and
Geometrical Optics

3 Calculations are performed in real time with
Interactive redrawing of the design and output
guantities

3 It 1s iIntended for microstrip and stripline lenses at
frequencies up to 45 GHz

3 It Is cross platform compatible for Windows and
Linux
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REMC: XM Background

3% RLD grew out of a US Army SBIR from the Army
Research Laboratory

3 Army needed a tool for designing low cost, true
time delay beamformers

3 Avallable as a commercial product since 2006

3 Successfully used by both the US Army and
academic researchers to design and fabricate
Rotman Lenses

3 Measured results of fabricated lenses have shown
good agreement with RLD calculations (see
references)
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REMC: XM’ | enses Built with RLD

10 GHz, 8 beam lens shown with RLD design
Courtesy Dr. Erik Lenzing
Penn State Applied Research Laboratory

4.6 GHz, 8 beam lens
Courtesy Dr. Steven Weiss
US Army Research Laboratory
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REMC:E XM Using RLD

3 Typical lens design parameters are available as
Inputs to the software

3 The Lens design Is interactively redrawn as
parameters are adjusted

3 Several performance criteria may be plotted and
Interactively updated while input parameters are
adjusted

% Feed lines to all ports may be added and routed

3 Lens design may be exported to a full wave solver
for further analysis or into a CAD format for
fabrication
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REMC: M’ The RLD Interface

File View Tools Help
=0HE
KuBand Lens ‘

Physical Properties | Electrical Propetties ‘ TxLine Properties 3

System Z (Ohms): [50

Lens Type: iMl:rDSmp =l
Focal Contour Shape: ‘Eﬁ;ular LJ
™ (Auto) Focal Length: |0.236 |me|era
Focal Ratio (g): ——_t
Substrate
Loss Tangent: ‘DDDDE
Dielectric Constant: — Eg—gjl
Thickness (mm): __ | ‘DET“:

Densty (a/em™3): [21

Metalization
Conductivity {S/m) ‘5_89+U?

Thickness (mm): \D 1

Absarber
Dielectric Constant: ig 5

Conductivity (S/m): 1

- Beam to Array Phase Error for Ku Band Lens

Beam to Array Phase Error

0.600

0.500h

0.400

0.300

Phase (deqg.)

0.200

0100

125 175 225
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REMC:¥M Input Parameters

3 Inputs are divided into categories of physical
properties and electrical properties

3 Separate tabs list the available parameters

3 Most inputs are controlled by both text screens
and slider bars

3 Lens design Is redrawn as the parameters are
changed
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REMC: XM Physical Properties

Fhysical Properties | Electrical Froperies | TxlLine Properies 3

3 Physical properties are sy 2o [

., . Lens Type: | MicroStrip ~]
quantities such as the system oo =
Impedance, the focal length | o — B

Loss Tangent: |U.UUUE

and the focal ratio e
a [15243]

Thickness (mm):

3¢ Values for the substrate, ey o3 7

tetalization

metallization layer, and any coaay S 555

Thickness (mm): |D.1

absorber dielectric are included ...

Dielectric Constant: |2_5

. . Conductivity (Smm):
3 A summary screen lists details ="
Lens Infa
" Loaded from: "new lans"
about the deSIgn Fouaca;gLe;DgE 'In;-’-:;'linﬂswavelengths
Fors (hearm, arraey. dumrmy) - total: (16, 32, 0)- 48
Approx. YSWH (beam, array. dummyy): (1.6365, 1.6365, 1.6365)

Dirmensions (width, height, depth): (0.4688, 0.5318, 0.0017) m
YWalume: 0.0004298 cu. m

Weight: 902.7288188 g

Approx. FDTD cell size (xy.z): (1.4535, 1.4535, 0.5747) mm

©2010 Remcom, Inc.




REMCIYM’ Electrical Properties

. . . Physical Properties | Electical Properties | Tuding PrupertiesJL
3 Electrical properties include L
Bandwicth (MHz): [1800
the cer_1ter frequency, e ] v ]
bandwidth, element spacing, e I
heo Scan Angle (degrees): -} [50.00%]
and scan angle e o3
. Mumber of Beams: | ITil
3 Detalls about the Beam and S P —
Flare Angle (Degrees): y 2002l
Array contours are set
Array Contour
# Control of the sidewall P =
absorption through material or === —izn:
dummies
M Port Size(wavelengths):. - g E
Flare Angle (Degrees): r BIE
Absorber Width Factor: _} ’Wﬂil
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REMCIYM Design Criteria

3 A number of lens performance criteria may
be plotted as the design is tuned

3 Array factor displays the beam pattern
produced at the output elements of the lens

3% Beam and Array Coupling and phase error
may be pIOtted 7 'Rotman Lens Designer - Remcom, Inc.

File “iew Tools Help

Array Factor I

Untitled 1 Beam Ports 3

Fhysical Properties

Beam to Array Phase Error
Array Ports d  Eeam to Array Colpling Magnituide

system 2 (Ohme  PostProcessing »  Beam to Array Colpling Phase

Lens Type: | MicroStrip Beam to Sidewall Coupling Magrnitude
Focal Contour Shape: | Circular Beam to Array Spilover Coupling Magnitude
W (Auto) Focal Length: |1 8.4911 |wave|engths j

Focal Ratio (g): | 1137023

©2010 Remcom, Inc.




REMC: XM’ Output Quantities

3 After a lens design is tuned several output values
may be computed

3 S-parameters and insertion loss are available for
every port

3 The lens design may be exported in several
formats for further analysis or fabrication

3 Original intended use of the software was for
export of the design to a full wave solver for fine
tuning

3¢ Actual use has shown the RLD results are often
sufficiently accurate
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REMC:IYM Example Design

3 A microstrip lens with a center frequency of 16
GHz will be designed and compared to results
from a full wave solver (XFDTD)

3 The lens will produce 11 beams for a 16 element
linear array with a scan angle of 25 degrees

3 Beam patterns and S-parameter results will be
compared to XFDTD
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REMC: XM Example Lens Design

Rotman Lens Designer - Remcom,Inc.

File “iew Tools Help
=0d

Physical Propeties ‘ Elactrical Properties | TxLine Properties « | »

System Z (Ohms): |50

Lens Type: |Wj
Focal Contour Shape: r&?ulai‘
I™ {Auto) Focal Length: |0.236 | meters j
Focal Rato gy, —— F—— |@
Substrate

Loss Tangent |n nons

Digleemzponstant 1,757 &

Thickness (mr): — f— [nepg=]

Density [g/cm”3) [21

Metalization
Canductivity (S/mj |539+U7

Thickness (mm}: |1

Ku band Lens
after tuning

Ahsorber
Dielectric Constant; |2 I3

Conductivity (S/m) |1

Lens Info
Loaded fram: ku_z5deg_paintr
Focal Length 0.23600 m

Parts (heam, array, durnmmy) - tatal (11,16, 30)-57
Approx. VYEWR (heam, array, dummy): (1.5594, 15594, 1 6365)
Dimensions (wicth, height depth): (0.3909, 0.3047, 0.0007) m

Yolume: 0.0000843 cu. m
Weight: 1771165929 ¢
Approx, FOTD cell size (xy.z). (0.5087, 05087, 0.2360) mim
Messages
Close
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REMC: M’ Beam Patterns

rray Factor for Ku Band Lens

s |pR &
Legend Ay Factor
Data 0 T
= AYAVA
& | Array Factor \f IJII illl
M | Array Factor | |
=] .Nrﬂi Factor I|' | " II
W &rray Factor [ '|| ‘l
o [ Array Factor -5.00 | |I ] ( i
[ (]
[ 11
|
1
i
-100 I
E 15.0 . ‘
g | :.1|I il
z I: | ‘ |l
L
1 \ [
200 .' .|.\. | i
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] | I |' "u 'IT."-‘ 'I'II. '-:II 'S |l g |II 1 ,;'\\‘ .;.’}-ﬁ\, .".I .-’_.7- \
e l | H m| (w llﬁ"l Il"r ‘{ / AI 'T" I"\ AN, ™
AL
. ‘ ' R
R [ LG B | i 'u L
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Half of the beams formed by the lens are shown
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REMC XM Beam Pattern vs. XFDTD

Array Factor for Beam 0

° I

-5

-10
fg -15
=
g 20 = RLD
a

= XFDTD
=30 L) LU ]
-35
-100 -50 0 50 100
Degrees

Good agreement is found for the center beam
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S-Parameter Magnitude vs.

REMC: M
Erequency

S-Parameter Magnitude
Beam O to Array -1

14 NZZ:jglxtjcrﬁ: .deﬂ\j(\!,"
= RLD

17 XFDTD

Magnitude (dB)
[N
v

14 15 16 17 18
Frequency (GHz)

RLD S-parameter computation is conservative compared to full wave result
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REMC: M

S-Parameter Phase vs.

Erequency

Phase At Array Ports From Beam 0

0

-500 -

-1000

-1500

-2000

Phase (degrees)

-2500

-3000

-3500
14 15 16 17 18

Frequency (GHz)

e ArTAY +8
e ArTAY +4
s Array -1
= Array -5

Phase remains linear as a function of frequency
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S-Parameter Phase across

REMC: M’
Phase Across Array Ports
Beam -3 Active

600.00
— 400.00
3
@ 200.00
(1]
s 0.00
2 200.00 m—
T 100,00 —XFDTD

-600.00

1 2 3 4 56 F 8 9 101k 12.13 14-.15:16
Array Port Number

Phase across output (array) ports is in good agreement with XFDTD
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REMC: M Summary

3% RLD is an easy to use tool for initial design of
Rotman Lenses

3 Tuning process Is Intuitive as output criteria are
updated in real time as lens parameters are
changed

3 Results have been shown to have good
agreement with full wave and measured results
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REMC: M References

For further reading on RLD results, including
comparisons with measured results, see the
following

S. Weiss, S. Keller, and C. Ly, “Development of Simple Affordable Beamformers for
Army Platforms,” presented at 2007 GOMACTech Conference, Lake Buena Vista, FL,
March 2007.

C. W. Penney, R. J. Luebbers, E. Lenzing, "Broad Band Rotman Lens Simulations in
FDTD," in Proc. 2005 IEEE AP-S International Symposium, vol. 2B, pp. 51-54, July
2005.

S. Albarano lll, E. H. Lenzing, C. W. Penney, and R. J. Luebbers. "Combined Analytical-
FDTD Approach to Rotman Lens Design,” presented at the 22th Annual Review of
Progress in Applied Computational Electromagnetics, Miami, FL, March 2006.
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