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Diamond Engineering
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http://www.DiamondEng.net - Support@DiamondEng.net
P.O. Box 2037 Diamond Springs, CA 95619 - 530-626-3857

Antenna Network & Measurement Simulator

Diamond Engineering’s Antenna Network And Measurement Simulator is a
2-port vector cascade simulator specifically designed as a measurement and
processing tool. The simulator can simulate measurement results including noise
and phase. It can perform gain transfer functions, Radar Cross-section, Match
and antenna rotation & translation and circuit element implementations. It is an
icon based schematic capture simulator. It is not intended to replace high end
simulators but provides a simple intuitive tool in the DAMs software toolbox.

This manual will fully assist you in the use and application of the Simulator,
limitations and general considerations. It is assumed the user has at least a basic
network simulation knowledge. Pre-configured schematics with application
exploitations are included in this manual and with the software.

Best Regards,

The Diamond Engineering Team
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Simulator Overview

Overview

The simulator is a two port cascade S-parameter engine which uses icon based elements and

drag & drop workspace. When the DAMs measurement system performs a measurement one of 4
s-parameters are stored into the default display register (Reg0). A two port measurement consists of
4 s-parameters. The DAMs measurement software can produce all 4 s-parameters in individual Regs.
The simulator can make use of the individual measured [S] data and recombine it as necessary.

Important: There are 91 IconS available. Each Icon has 4 copies. Some have more and some have
less. A large cascade can be performed in sections and outputting each section to a storage Reg. See

Appendix A for Icon info.
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Benefits of Simulation

The Antenna Network & Measurement Simulator module enables DAMS Antenna Measurement Studio
to perform a whole host of simulation capabilities. It's designed to be fully customizable with drag-n-
drop icon-based schematics which utilize capture vectors (cascading two-port with wave addition). Also
includes many other features such as circuit matching, radar cross-section, axis translation and rotation,

among others.

Drag & Drop Elements
Modify each icon location and it's various properties
quickly and easily, ensuring accurate simulation.
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Perform Schematic Measurements
Design your own icon-based schematic to produce
accurate measurements or simulations in frequency
or time domain.

Easy To Use

Even though it is designed to be completely self-
intuitive, we also offer all customers personal
assistance in order to help make simulations or
measurements as painless and accurate as possible.

Efficiency Saves Money

By using our simulator, you can design and measure
your own antennas or network devices in-house,
quickly and efficiently.

Analyze Network Path & Phase

Our simulator can help determine the proper path
alignment of a microwave antenna, which is crucial to
good signal reception.

Simulate Phased or Sector Arrays
Measure a group of multiple active antennas coupled
to a common source or load to examine the directive
radiation pattern.

Create Matching Circuits
Maximize the power transfer or minimize reflections
from the load by creating matching circuits.

RCS Profiling

Whether it's a single object or an entire antenna
array—our simulator can accurately measure their
radar cross-section profiles.
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ot Elevation = 0Deg dBsm

20

-30

-40

-60

-E0

-70

Frequency (Hz)

-50

-90

-100

0 a0 100
Azimuth (deg)

Ideal Emulation Library

Includes an antenna emulation library containing
ideal networks and many other helpful simulated
ideal measurements.

Versatility

Whether you are trying to measure the potential
path-loss between Mars and Venus or simply want
to test the efficiency of a simple WiFi array, our
simulator can do it!

The Complete Package

All of our DAMS systems come complete with all
items necessary to accurately measure any type of
antenna. When combined with the simulator, our
systems provide you with a complete solution that is
cost effective, powerfully versatile and easy-to-use.




Introduction

Drag-n-Drop Icons

In this section we will outline the basic drag and drop creation of a schematic. A
schematic can be created for three general applications:

1. Process a measurement. The simulator will adopt the frequency array & Az-EL array
associated with the measurement data set.

2. Make a measurement. The schematic performs a measurement with the settings
invoked on the measurement page. The simulator will adopt the frequency array &
Az-EL array associated with the measurement data set.

3. Process an emulation. The simulator will adopt the frequency array & Az-EL array
associated with antenna emulator frequency specification.

It is important that the frequency and Az-EL data record be consistent. A schematic
which uses multiple data registers of differing size and shape will create a size
mismatch error in most situations. In this case we will create a schematic using the
Antenna Network Emulator on the measurement page and set the frequency range to
the following:

Start Freq. (Hz)
[1G
SelectWMA or Source | Stop Freg. (HZ)
Jta EMULATOR | Settings | a3
SelectReceiverI ro. Points
” Select Receiver v || Settings | I2|:|1

It is important to know the scaling designators ie. G=Gigahertz, M=Megahertz,
k=Kilohertz etc. The second choice is to select an antenna from the pull-down menu. In

this case an arbitrary dipole is selected:
Antenna Simulation Library

[;
“Dipole arbitrary length and radius j

LongWWave Dipale

Enter Dipole Length {in) and Radius{in)

Orientation

Tvertical

Simulator Introduction 9 Antenna Network & Measurement Simulator



Az-EL Movement

Next the Az-EL movement is established (see page 47-49 of DAMS User Manual). On
the measurement page a measurement of the emulated antenna is performed exactly
the same way as with a vna. In the Advanced section the data is saved to Regl(by the
user). The simulator extracts the (AzEL,f) array from the measurement (display register
Reg0). The simulator now has reference data and can be used. Note: it is not necessary
to perform a measurement if you are going to use the simulator for components and
not measured data. The frequency array is still necessary and must be set either by
measurement, Emulation or recall data from a Reg.

Important: The measurement is applied to each Az-EL data point. For the simulator the
# Measurements should not exceed 150k.

The Advanced page will look like the screen shot below.
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The simplest possible schematic is that of two ports, port 1 and port 2 and no
elements. To begin Port 1 icon is dragged onto the work space. Port 2 is then dragged
close to port 1 so that a “snap” connection is made.

Antenna Network & Measurement Simulator
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The work pad will then look as below. This is similar to connecting port 1 directly to
port 2 of a VNA with a lossless cable. The ports have impedance level specification. The
default is 50o0hm. By entering different impedance levels antennas can be evaluated
with ideal transformers. The power level, temperature and bandwidth of port 1 and the
noise figure of port 2 can be specified to enable real world simulation including noise
level.

When an Icon is moved a help line appears with relevant information.
As the cascade calculation progresses the help line reappears along
with progress bars giving visual knowledge of progress.

Antenna Nebwork Simulator
—» Input Fort. Fort £0 and noise may be set. AUT should be vector cal forZo change

Output the results
dbm o +«— toanyReg
Deqic) 25 To Reald
N0l 50|
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mhz 1000 HFdb 10
d:Path Units Math heasure
1524 1w 521 =]
¥ b 4
Time IFFT —x
=
| Az cut w |

51F | Rotate | Caloulats | Optimize | save | Lead | it |cLrimel

Invoke Plot to enable the amplitude/phase+smithchart/polar plot

To enable live monitoring the “Plot” button is invoked. The scientific array calculator
is also enabled. Both the array calculator and the Plot operate from Reg 0 contents.
When the array calculator makes a calculation the Plot is automatically updated.

The simulator output(port 2) default is Reg0(can be set to any Reg) and updates the
plot automatically.
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With the Plot invoked the screen shot below will be seen. The plot & calculator can be
positioned anywhere which makes a large screen desirable. The plot is showing the
results of the measurement at the calculator Az-EL slider setting. The calculator shows
the associated complex data. No simulation has been performed. When a simulation is
performed the S21 result will be (1@0) for all frequencies and the Plot will update so
long as Port 2 output is Reg 0. The utility of the Scientific Array calculator can be found

in appendix B.
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Scientific Calculator Briefing

An array calculator operating on Reg 0.
Accepts complex numbers and performs
complex math. Each time Reg 0 is present

the contents appear in the calculator and the
Az-EL sliders become active. “Inv" changes the
function keys to their associated inverse for
example dB converts a constant or an array

to 20Log. Inv changes the label to S21 and
performs 107 (dB/20). If a frequency is entered
into the display the Lamda key converts it to
wavelength(in current Path units) and vice
versa for Inv. “Max" positions the sliders to

the max value in the array. Tapping Max twice
brings up the max as a constant for use in
formulas. “Clip” performs a Boolean clip on the
entire data set. “Sto” is a temporary storage
register to save results.

AZEL D

0 (1.40399, @0)

alculatar

Enter Mag and Angle or recall data set. Togole "MAG" to enter anale. -x= (u@180) complex
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If “Calculate” is invoked several

options are available. In this case

we are validating the schematic by

selecting S21 and expect the result to

be (1@0) independent of frequency.
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The default for the Plot is dB while the calculator displays linear Reg data. We see (1@0) in the
calculator display and 0 dB in the Plot. By invoking dB in the calculator 20*Log(voltage) can be
displayed but the Plot is meaningless. Following the simulation the help status line displays the
system noise level. If enough attenuation had been present the display would show the noise level.

Important: The plot updates from RegO only.

Amplitude Fregquency

Set plot limits here

Change dB to linear here

For Calculator Az-El Slider Smith Chart

NOTE: You can arrange your own icons

and save as "LastSchematic.sch” or just exit

{nh pf)
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simulator “LastSchematic” is remembered.

Just tap CLR to load “LastSchematic”
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Load or Save a reference schematic

At this point we have generated a non-ideal dipole gain vs (AzEL,f). Note that an actual antenna
measurement results in the entire link S21 in which the aut is an element. The emulator produces the
aut simulated gain. We can use the simulator to simulate the measurement network. First load the
“Standard Gain Transfer” schematic. The schematic will appear. The parameters available are 1.) Port
1Zo 2.) Power level 3.) Temperature 4.) Bandwidth 5.) Reference antenna 6.) Path loss 7.) AUT 8.)
Port 2 Zo 9.) Port 2 Noise figure

Antenma Network Simulator
Standard Fain Transfer. Requires Ref and P ath

dbm o REF Ant oty vagi

Dearc) 25 3 Pa“‘t 521 To Rea I
———e—{{ =D ]

Fart! Bl FooS Fort 2

thz MOOO REG |4 NFdb |10

Standard gain transfer removes REF & Path (-) must be changed to (+) to create the link

Simulator Introduction

13 Antenna Network & Measurement Simulator



As the schematic help indicates, Path and Ref must be present. If not you will be
prompted for the information. The path icon shows the path present in the Path
module(DAMs manual pg. 79). Default is 1 meter. Path can only be changed in the Path
module. The same is true for REF.(DAMs manual pg.77). The link schematic below was
set to inject a vna port power level and noise bandwidth. The expected measurement
is shown on the amplitude plot for the associated slider positions of the Complex Array
Calculator. The vna noise level is -97dBm.
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We have simulated the expected measurement of a simulated dipole. Measuring a real dipole can be
expected to have similar results. Now we ask “what about phase?”. Since the dipole emulation and
the REF contain no phase only the Path phase is present. The amplitude plot is changed to phase
while the smith chart is changed to polar. The amplitude plot shows the rate phase changes with
frequency while the polar plot shows amplitude and phase change with frequency.

. ar culatar A Smith Chart
W1BD_IIIIIIIIIIIIIIIIIIII_
Mag 1850 ]
e il
S AR
T
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s
Changes plot to phase Marker reads mag@ang and frequency Changes plot to polar

Next we will refine our model by giving it a parasitic mismatch. Generally dipoles suffer from
transition capacitance and line length. The model is given 2pf parallel capacitance and 1" 50 ohm
coaxial length..

Antenma MNebtwork Simulator
Haoize floor izs=-97 . 5dBm

The output of the
new antenna is

dbm [z0 Liger Wy Dipole
Dealc) 75 l0z54i@e.0 ke Fi o ls24 To Reg Iz / saved to Reg2 for
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Coax dimensional units are
the Path units which can be
changed in the Path module.

invoking “Rotate’, which makes the last
icon that has been moved to rotate into
parallel.

51P | Rotate || Caleulate |
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Now we calculate the dipole S21 phase response and the S11 impedance with parasitic
elements. The smith chart marker is set at 1.42GHz and the plot is suggesting a 2.09pf
parallel matching cap which means the coaxial line is a classic impedance inverter. If
2pf were added at the input the match would be restored at 1.42GHz.
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Next we demonstrate the use of filtering for band rejection. The original 1GHz dipole was seen
to have a significant response at 4GHz. To reduce this response to at least -20dBc we employ the
ideal coupled line to the non-ideal dipole with parasitic mismatch previously saved in Reg2 and
recalculate S21.

Antenma MNebwork Simulator
Haoize floor iz = -27 4004dBm

dbm |20 Kb @ Zo Wb @ Zo MBERZ0 by Dipole
Deals) 25 |[3@so s @s0 lz a0 521 TaReg o
——"'_ 50
Fortl BUWW 0@l G oo oo @A Fort 2
bdhz OO0 ceg @ F teg i@ F wg@F FREG[2 NFdb [z
Desired band No filter With filter

Amplitude Fregquency
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A7 = 0 Fregquency(GHZ) g1 = E
T — % 20856 v:-1237 | MagiPhase |
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| X -2975G y.-206.8 | Amplitude Fraguency Far Calct
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=
”"mf\\\ nEEE
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R R NURRYINRR
iR ERIER
80 a
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Creating Branches and Parallel Networks

A branch is a cascade of elements whose input is connected in parallel with a node

in a primary cascade. Parallel branches often occur in active antennas and serve as
bias injection. The cascade below could represent a branch in a primary cascade. If

we assume the bias is applied through a low pass filter from a low impedance power
supply (10ohm) then the S11 will represent impedance at the input which is in parallel
with a primary cascade.

Element Library: Drag Elemernt to Sheet

REF Ant REF Ant My dipole Antenna Net\n.rork Slmulator
3 l@: 521 Cutput port
= (@D_‘ dbm I
L Deatc) 25 oo Pt To Rea 2
el 5l T 1)
i EL B2 D dia = 0 nh [0 nh
2Tsp 2RAl AN Port! BV - Fortz
- - P q hihz 1000 = NFdb 10
Rl —

h
':|'| f.z o Iz )
NOTE: After dragging

WL.—' — — — a series element tapping
Ju] 1

Il Foo BB Rotate will turn it parallel.
=] 2a1c) B0 @G
Zo 50 Zo B0 Zo k50
— o o 1 :
d:Path Units Math
B0@2 4c DSTIfl E o Is21 1wy oo &

nn%zo - b—]_l—c ¥ lartd
@50 HEpD1  |Doadma Time [FET 0 =f g
- — I =
bo@z 4c  diao@diai wih @t
®0@F |1@0z M@ 001 51P | Rotate || Calculate | Optimize | Save || Load || Pist ||cLrecd

T

If we invoke “Calculate S11" on the above schematic the output port directs the result
into Reg2. The schematic below represents a practical network where the bias injection
has been inserted following the AUT under test. By using the storage registers large
cascades and parallel branches can be analyzed.

Elemert Library: Orag Element to Sheet B
REF Ant  [Wy Yagi Antenna Network Simulator

Fath |+ C 821C Output port
HH@_'_ (_':D ! dbm o REF Ant by AT |ru1v Bias
4 |+ Dearc) 25 Path [+ |53
e 3 —— & —-—( =
‘ : D dia + v
i]TE b 2RO AN ) Portl BV o Fort2
(] L]

B g o hhz 1000 REG 1 REG = 2 WFdb |10

o & D
W sz I .
My Yaai NOTE: After dragging a
._/vv\_._fY‘\_._| prs @D_‘ series element tapping Rotate
Ec el A L_. REGLE will turn it parallel. Note the

Lo@se bo@ae parallel of a Reg has only S11.

Zo B0 Zo &0 Zo k50
e T |J_'| - ! d4:P ath Units Math Wty dipole
B0iE2 . 4G Is21 1) S22

' 2o Lever s h—lT_ I_‘IFFT ¥ ka4 |—{[_:(|>—|
k@50 M@z0od  100254@a fme I 9] i
. riE—
bo@z 4 diao@diai wih @t

ckg@F [4@oz @ .00 51F | Rotate || Calculate | Optimize | Save || Load || Plst |cLrmcd
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Simple Antenna Measurement

Overview

Gain transfer is the simplest form of antenna measurement. The DAMs Gain Transfer module will
perform much faster than a schematic. However the schematic measurement has a broader scope of
use and includes phase. In this session we will construct the standard gain transfer schematic and
process the measurement data for a 2.4GHz “Dipole.dat” located in the C:\DAMs\AdvancedData
folder. This measurement included the "Alternate Parameter” S22 match. We will include the match
data and determine a simple matching network. Once loaded the Data Registers(Path and REF data
present will turn module buttons green) will look like:

Data Registers Load Reg1-4 From Disc]

Save Reg1-4 To Disc

# Measurements

Data Storage Reg1  Recall Reg 1 35,89k <@
MNew Measurement 8/26/2011 1:03:34 A :

—— Primary measurement(Link data)

Data Storage Reg 2  Recall Reg 2

Notes to be saved with Reg2

o | AUT match data. Note: Alternate parameter data is only
measured once in a Scan.

Data Storage Reg 3  Recall Reg 3
Alternate Parameter Data

Data Storage Reg 4

/ Gain previously determined from gain transfer.

Recall Reg4

REG4 is AUT Linear Gain

Invoke the simulator and load “Standard Gain Transfer.sch”
(Pre-configured schematics are stored in CADAMs\Simulations)

Data Manipulation Options _Generate Path Lass | Gain Xfer | Efficiency |
Flip EL sign | Print | EL Swing Curr.| Import REF Antenna | IPointGain | Gain Substitution |
. Antenne M Simulator Scientific Calculator
Register Math Calculator Status | |
| Hidecalc]  HideSchem| Exitsim | SirmHelp |
Element Library: Orag Element to Sheet )
REF Ant M,, agi Antenna Nebwork Simulator
Pe |+ ( ( Gain Transfer. Requires Fath and REF. Includes Phase
'{‘:1. E CD db
REG 1 Der;fc‘:!]:l 5 e Ant Fath | |hu1\.-' Abols Ta Ren L]
ELEC Dbaia _'_%)_'_‘K\C
JTED S RA N Fortl B P rt2
) tdhz 000 REG 1 NFdb |10
-"_1.)‘"\

—l-v
\ I1.13

I, I nh " |f_'

Lo@ss 0@

Zo B0 Ze kO Zo |50 )
1 L 1 . |
d:Path Units Math b easure
90@2 46 “ost Ij_'l _@ 1521 fix [521 |
= ¥ lsarta
m:gz‘n Limer L@ er Time IFFT I
B @S0 @201 |oozsa@s o) = ;
= S Py
bo@e ac diaomdiai wih @t
dg@f |1@oz  l@.oot 51P | Rotate | Calculate | Optimize || save || Load | Piot |cLrmcl]
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Add Match Measurement

The Path and REF was saved with the file so it is not necessary to reload. Since the
simulator adopts Reg 0 size and shape it is necessary to fill REG 0 by recalling the
measurement data otherwise you will be prompted at Calculate. Now we are going to
add the match measurement stored in Reg 3. Drag out a Reg icon and insert following
the Reg 1 icon and specify Reg 3 as the source of S22. The schematic should look as
below.

dbm o REF Ant iy dipole I'u11.r dipole
Deals) 25 521 Ta Ren b

)i (e (D D

:ﬂtll-urzﬂl*?lélugﬂ d % REG 11 \HEG b Wﬂ
Removes Path 1Im Link S21 Alternative
data measurement Parameter
data S22 data
0 S21 S11 12]
S12 0 1 82

Next the dipole gain is determined by “Calculate S21". The results will be sent to Reg 0
and immediately display on the plots and the calculator. By invoking the polar plot the
dipole phase can be seen. Pressing the “Max" on the SiFi calculator has positioned the
Az-EL sliders to the peak gain position. With the markers positioned at 2.4GHz it can
be seen the gain is 2.5dBi. Marker 1 is positioned at 2.6GHz with nearly 5dB gain.

2.4 GHz gain 2.4 GHz phase
Ammplitude Frequency For Calculator Az-El Slider Postions Smith Chart
) RRLEAsat) GARARIRARNERARRRERTRRIRRERRARY
Mag L \ ]
5 v
[eg] F .

821 2 ] s21
- — / 1 —
1T g
C ] Refresh
0 o bbb b b b b b bl
2G 226 240G 266 2806 3G Hold I 8
Az=| 3B0 Frequency(GHz) | - 50 Exit |

[v — w2186 y 4037 | MagiPhase |
(&8 — w245 y. 2516 \ (1338, @126.9)

[v = rt3m 41269 [Feassniv’| ««— Toggle Smith Chart or Polar Plot

[ ¥ -240M v 2.421

Elemert Library: Drag Element to Sheet .
Fm |o RELAM vraal Antenna MNetwork Simulator . .
(( oot Position sliders to peak
REF Ant Path Ity dipale |Mv dipale
Deatc) 5 ) &) |- 521 To Reg 0
ID o R.)Eg h CD_'_L Azimuth Freq Actoss AZEL Down Cormplex Atray Calculator Elevation
? 2RA N = Fort! B A :
.JTE o Vo' : i 1 REG h RES 15 Nde I10 380 | =5 Ma}{.data value. Sets the sliders to Max AZEL. Tap twtfzetn retain the fumber | =
E{, IT. i I,-._,-\ 36-—| o0: 01:
W ezn  haz ]
a0 | o (083843, @54 45254 (0.88163, @44 £0724)
B QB om a NE v
Pt E
. ggﬁe 920@;1560 20 0 g enst | maad]
: M
bow% e d:Fath Units Isz'famu,) NE==T | ﬂlﬂlmﬂl
L L _
bn@zn Liar i ¥ barix) 4 10 Log| cos | RL | mued]
ﬂ Iﬂrazz.m |.00254@4 E’ﬂ ] i i | —— I’C'PI
BoEzAG dlao@dlal wih @t 7]
eg@F |1@03 @001 51 || Rotate | Caloulsts | Optimize || Save | Load | Plot | cLrmc F n _|1!x _IX’l2 _IdE'd _IT
# parens # digits> |5
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To optimize the gain at 2.4GHz the measured match is Calculated(S22) and sent to the display

Reg 0. The markers are placed at 2.4GHz indicating only -6.4dB match with capacitive phase. The
smith chart marker is tied to "suggested” match elements associated with the marker frequency.

The element with nearest 50 ohm impedance is a series 2.97nh inductor. Impedance transforming
with broad band match can be also done by an experienced operator. The Gain Transfer schematic
including the match and the suggested inductor are analyzed for S21(gain) and S22(match) with and
without the tuning inductor.

Antenma Nebtwork Simulator
Moize floor iz = -106.6dBm

dbm |0 REF Ant bty SUT Wy dipaole
Dealcl 25 3 Path | |521 |522 ToReald
"u_
Eﬂ*’ {\[:[ ’ 97 nh
Port! B Foog5 A7 nh Tpapz
bhz 1000 REG |1 REG |2 HFdb |10
Tuned output No tuning Tuned output No tuning
. Amplitude Freguency for Calculator Az-El Slider Postions Smmith Chart
I? )
. _III TTTTTTT TT \II III)/FI III/II III_ Marker ._f;Y‘\_..
o - /M ] match P
— | 74 ( L;azmy
| —— 5 nh pfy b
[a8 5 Ly Ay N
C * %j = ]
. YT
:\\\\“ L~ \§
A0 u 1
522 - ] 522
- C 7 x
-15 r ]
r \ ] Refresh I
20 20 ) A IATE | A 111
26 226 240G 2EG 280G 3G I Hold
7= 0 Fregquency(GHz) £ - _ag “t | g
(7 — %240 v 40872 | MagPhase |
|4 — w240 y 3.953 | (01430, @178.9)
| w y:1.014 | I Vo= 07408
I

1
Multiple plots may be generated using the “Hold”

Important: When recalling Alternate Parameter Data array size may differ. If the schematic is
analyzed after recalling ALT Data a size mismatch will occur. Always recall the correct size and
shape when analyzing a schematic.
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Making Schematic Measurements

In antenna development it is many times necessary to measure, modify and re-
measure. When the measurement Icon is used in place of the Reg it activates the
measurement page with its settings. This will enable careful AUT modification to be
made from the schematic.

Antenma MNebwork Simulator

Measurement. Funs the measurement page AzEL Extents and test equipment

dbm [0 REF &nt e azure
Dealc) 25 }) Pﬂ“"t |21 W] ToRealn
Fort! BN H d? 1 Foriz
Mhz 1000 |4z cut | MFdb 10
hleazure
521 d hleasure

521 = | «—— Measured item pulldown
Note: Must match the parameter
set in the equipment settings

Az-EL pulldown
|z cut v|‘/ selects movement

Using the Math Icon

The Math Icon is a powerful tool for both processing data and programming equations
into the cascade. The icon enables the user to input one line of equation. The syntax

is standard math and supports complex. “x" must appear in the expression as it is the
variable passed on from the preceding cascade. The following is an example C\DAMs\
Simulations\Complex propagation constant with frequency variation.sch” where the
emulator has simulated an ideal dipole with zero phase. The ideal dipole will be given

the propagation constant and a frequency variation
The corresponding equation: WL *e /*" where p = 2775 and | = link d

Important: Complex numbers must be in Radians. The global variables Az & EL are in
degrees and must be converted.

Antenma Nebwork Simulator
math operators: +-*sqrt*trigideg)Wariables: Axideg); ELWLnave length in path units)

dbm o ity “vani Math
Deaic) 25 521 |s21  fx Te Rea D
* b ennli ‘—E Press f(x) to invoke math input(may
Fort1 B = e . . .
hhz Hooo REG I )~ MFdb_lta also be typed directly into the icon).

Note the operator j

Standard math operators, +%, sgrt, trig expexample: (x

berexp (-2 pImL LWL
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The result of the math Icon with the propagation constant and the frequency variation
result in the following phase and amplitude shift.

o C ]
Mag - .
-5 n .
[ee| © .
-10 i\ ]
A5 | ]
521 20 [ -
. ~— ] 521
25 C — '.
: ] Refreshl i
F3U e T I I O I Y A A A A
1G 3G 5G TG 206 Hold I
AT= 0 Frequency(GHz) EL:IE Exit |
|V — x7.825G ¥ 30 | Mag/Phase | WS = PN
|4 — w7856 W 30 | ,7:0-'3?25-@120‘) ~— I T = e
| %0 ¥ 0 || |[¥ == ro3s2s ai-120 [ Petavsmitn

Next the equation for a 10cm circular aperture will be input to the Math Icon. The
global variable Az and the wavelength WL are used in the equation.

File: C:\DAMs\Simulations\IdealCircularAperaturel0OcmDiameter.sch

Reg 0 was initialized to 1-8GHz 201 points, Az: 0-360° step 5, using the Emulator.

Antenna Nebtwork Simulator
math aperators: +"=2qrt " trigldeg)Variables: Axdeg); ELWLwawe length in path units)

dbm | Math
Leaic) 25  [521 g Te Rea D

Fortd B IEKFI Fort 2
Mhz [1000 HFdb |10

Note the circular Bessel function J1(x)

standard math opelators. +*/, sgrt,* trig e mple: COS(EL))HOQ100x+18-227+10%
Enter Text:

ﬂ}{*4*pi*4*pi*(.1 AL (it AL sin(azi)isiniaz+ 1e-22)

|
Note the singularity term for Sin(x)/x

Note that when the Math Icon is directly between two
ports x=unity array (S21) or 0 array(S11). This enables
calculations. The Az-EL or Frequency extents should
be minimized where possible

Using the Math Icon
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Math Icon with circular aperature math

Peak gain for 10cm circular aperture at 7.1GHz Azimuth for 10cm circular aperture at 7.1GHz

20 TT T [T T T [T T T[T T T [T T T ] T T T ]TT1 100 90 &0

,,f"‘f 10 70
B 7 120 B0

15 130 0 a0

L /f i

10

ey i

.0 N I 1 S I I N N A o |

1G 3G <1E] TG 85 20 Fa
240 30

Az=| 3E0 Fregquency(EHz) EL:l -0 | ®o S 290

220 320

Next we will demonstrate the use of the Math Icons to compare the pattern of a Y2 wave
dipole and a full wave dipole. The shape equation for 1/4 wave dipole is given by:

Ee cos(90* cos(A4z))
~ sin(4z)

The formula has been converted to deg. The corresponding formula for a full wave dipole is:

~ cos(180*cos(A4z)) +1
sin(Az)

E

The equations are input to the Math Icons as:

Antenma  MNebwork Simulator
math operatars: +-~F=sqit; ™ triglde g\ ariables: A=deg); ELWLwawve length in path units)

dbm |0 Math
Lealcd 25  [521  quTo Reg D

¥ b ooas

Fortd Bl i) =I Fort 2
Mhz 1000 NFdb [0

The x multiplier is [1] at port 1 To prevent singularity 1e-10 is added. Smaller numbers may not work

+

stzndard math operators. +%/

, SOty exp example:

b{*(cus(QD*cas(Az))Isin(Az+1 e-100)

0K Canceal
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The second Math Icon is given the full wave formula:

Antenna  MNebwork Simulator
math aperatars: +-"F5qm; ™ trigldeg)Variables: Axdeg); ELWLwawve length in path units)
dbm o

Math
Dealsl 25  [521 T Rea 11
s PR |
Part1 B o =I Portz
hihz 1000 WFdb [0
Math
1521 e

¥ brcogl 4

] =

It is important that the singularity
constant be large enough to cause
correct sin(x)/x convergence.

standard rath operators. +77, sqrt,* trig,exp example: *27"sin(az cos(EL))+H o0 100x+1e-22)+1 0420 +exp ()™ Wl
Enter Text:
b(*(cnsﬁ S0 cosfaz+1siniAz+1e-10)

0K Cancel

Both Icons will be simulated with the pre-sent Azimuth extent on the measurement
page. The ¥2 wave Icon result will be sent to Regl while the full wave Icon will be sent
to Reg 2. The results can be compared in the Polar Plot.

Shape comparison of 1/4 wave and full wave dipole
100__%0 __ 80
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Using the Translation Icon

The translation Icon enables data saved in a Reg to be moved off the axis while
maintaining orientation in a link. It is important to stress the link. If an aut was
measured and its gain processed in a Imeter system the translation icon can determine
the new gain(power relative to 0dBM) at any point. It is necessary to have the Path set.
For phased arrays with separations much less than the path, gain will be solely due to
the array.

Antenma MNebwork Simulator
Input Part. Port Zo and noise may be set. AUT should be wector cal for Zo change

dbm o o

Deald) o5 ﬂTﬁ g ToReal
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X Translated AUT

As an example consider two ideal dipoles oriented as above along the x-axis, separated
by 1/4 wave at 1GHz. By definition the ideal dipole is 1/4 wave at any frequency. By
orienting two ideal dipoles at a fixed distance a frequency dependence will occur

The 1GHz wavelength is .3meters so a quarter wave is .075meter. The translation

icon translates the specified Reg and vector sums with the element which follows, in
this case the dipole itself. In this case the AUT is boresight with the Tx horn while the
translation is slightly off axis but compared to 1meter link distance the difference is
small. If two Translation icons were used with each spaced 1/8 wavelength about the
x-axis symmetry would be preserved.

Antenna MNetwork Simulator
Translates REG data and offsets phase. Wawve sums with next element. Uses P ath units

dbm o Jo My “'agi
Leaicl 25 ﬂTE bo 1521 To Req L2

- H @PD—=1e=7
Farl BWY 4 I
hihz 1000 o7sll R

Fort 2
\/ 90 degree offset

HFdb M0
Translation Icon vector sums with next cascade element
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The translation icon has been given a phase offset. The plot below shows the result
with and without the offset,90° phase shift, 180° phase shift, 0° phase shift.

o JT I:lial | |||||| [d:-bmf I§| JT o Iy Dipole
& eqicl 25 7 |
ﬁ—' o D—AET ﬁ—-ﬁ PR () S ol
o I artd B 4 I
I ] I 1000 a7l | I

250 — 290
260 270 280 dbm o Io |w|v Dipale
1 25 JTED 521
Lt @D
| E|'| REG |4 |
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The gain and directivity of a 4 element dipole is shown below. The dipole has been
given a progressive 90° phase shift. This demonstrates how a phased array can be
used to increase the gain and have a wide beamwidth. If scan had been performed the
array elevation sweep would have decreased beamwidth to compensate. By saving the
results to a Reg very large arrays can be made.

MNaize floar iz = -107 . 5dBm
dbm 0

Y o Y ts
Dea(s) 25 ilT@b llTﬁ o iITﬁhElElITEI-QD:i%

L] L] L]
Rl =Rl —WFR —p g1 —
Port1 B o o o o Fort2
hhz [1000 o7l [ | o075l A5 M HWFdb M0

%30 2.

’0p  Gain = 8.37dBi Benawidth=106.5 deg

S
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»
»

, / Translated AUT

X
Measured AUT
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<9 <0 »
0 3, 37 ™

% 0 - o Translated AUT
z A
>y
. Translated AUT
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Using the Rotation Icon

The Rotation Icon enables a data set to be rotated. For example if an antenna were measured over
Azimuth and it were desired to re-orient by rotating then the Rotation Icon can accomplish this. As
will be seen it is best to rotate for data which is full circle ie. 0-360 Azimuth. The reason is that the
data set azimuth array must remain unchanged for program compatibility. The data is rotated inside
the data array. If the start and stop are not closed (0 & 360) then points reaching the end are sent to
the opposite end. In the case of elevation (not closed) the above cannot be avoided however as will
be seen if 90° rotation is used the scan can be converted from Az over EL to EL over Az

. dbm o EL 1D
IMPORTANT: Rotation can be done on a Az Deafcizs 7R 11 ToRealo
only scan but it cannot be rotated in EL plane. ﬁ:@‘)
Partd B 0 Part2
bhz o000 Az M WFde MO )
Simple 45°
cosfl —sinf 0 o 0w AZlmL{th rot"atzon
of a dipole in Regl.
R.(#) = |sinf cosf 0
0 0 1

In this example we have performed an Emulator scan on a vertical dipole. The dipole is then rotated
EL 90 degrees. As shown in the spherical plot the rotation has changed the Az over EL to EL over Az.
The same as physically mounting the antenna at a right angle for measurement. Many times an AUT
cannot be properly mounted and can be rotated using the Rotate Icon. Because the rotation matrix
is continuous the data is “snapped” to the nearest data point causing the jags to occur.

dbm I0 EL M0
Deqic) fﬁ + R [1 TeRegla
Fortd B B @ o Fortz

Mhbz 1000 Az o HFdb M0

cos? 0 sinf

R)=| 0 1 0

—sinf 0 cosf
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A good example of Rotational application is that of an ideal horizontal dipole rotated 90° and feed
90 degrees out of phase with the original dipole. This creates a true isotropic antenna.

dbm o EL B0
Degfcj 5 7 R |1 [1 TeReala
Fortd Bl g @ F'-:-rt2

Mhz 1000 .ﬂ-.z b0 HFdb Mo

The Rotation Icon causes the next element to be vector summed

d

Next the Rotation and Translation is combined with the dipole to create a mismash of rotation-offset
and phase response.

z

AUT

X

Rotated AUT

dbm o EL 120 EL 0
Dea(cl 25 7 R ﬂ hoz| 2 RN J ® To fiza 4
i iau i |1sc
R e ST _
Fartd B 9'3' Fart 2
Mhz [1000 ’io?dl Az b;cl HFdb [0
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Processing RCS Time Domain Measurement

With the advent of computer controlled network analyzers it has become possible to apply Fourier
transform coherent frequency domain data and create a realistic time domain results. Over a broad
bandwidth with gating techniques it is possible to “see” past reflections and blockages. This has
proved to be very valuable in measuring the Radar Cross Section of objects. The Antenna Network
Simulator can be used to extract RCS from both transmission time domain and reflection time
domain.

A common reference for RCS is the 1meter sphere and, as a reference, the units are dBsm(dB'’s
compared to a Imeter sphere). Note that he units of RCS is m” 2. Therefore the Path units should
always be meters.

The sphere has a special property of constant RCS over frequency. There is a low frequency
breakpoint the user should be aware of
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Sphere clrcumiergnce In wavelengths

There are two ICON RCS references, the sphere and the rectangular flat plate. To generate the RCS of
an ideal sphere the following may be used:

dbm [ D di
Deal) 25 /-\_,-I\a To Rea 4

Since the reflection is a gain calculation the ._E
S21 of the sphere is calculated. In the Potd Dup = Porto
Calculate menu RCS is specified. The hthz l1000 1113 NFdb 1D

RCS of any antenna may be calculated. =11

g2

512

522

Fower
Efficiency

TRF

Antenna Factar
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In this example the frequency was set in the Emulator 1-18GHz 101 points. The result shows the RCS
is constant at 0dBs. It should be pointed out that while the sphere does have a constant RCS in the
optical region the S11 of the reflection does not since two paths are traversed.

Amplitude Frequency Far Cale

-0z
rRCS ., | i
-0E - |
-0s _ ]
u] 45 a5 126G 166G 1806
A7 = E Frequency(GHz) £| - IE
|7 — k457G v 24.94m | MagiPhaze |
A — 120G v 24 94 |
| ¥ -8.330 y 80.0p |

The following link may be constructed to see what measurement results would be at Imeter. In this
case the link S21 is calculated and the Path phase is present.

Amplitude Freguency For Calculator Az-El Slider Postions Smmith Chart
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It is instructive to repeat the measurement using a flat plate. The flat plate will be shown to have a
frequency dependent RCS and a link measurement independent of frequency. Just the opposite of
the sphere. If we select a .092x.092 meter square plate and calculate the RCS we get the following:

The RCS of a .092mA2 plate is the same as a 1m diameter sphere at 10GHz.

By running the sphere and plate
standard specifications can
overlaid on measurement results.

Next we construct the
measurement link and calculate
the S21 and as seen below the
link S21 is constant.

The sphere and the equivalent
plate compliment one another.
At the very least an object can be
determined as more spherical or
more rectangular.

. Amplitude Frequency Far Calr
[0 - -
Mag o0 [ i
[aB | n .
10
C [ ot
n Lo .
. = -
a0 i .
RCE - ]
20 -
.20 : :
F4D An _ij prr b b ben b s bvaa e
o 4G EG 126 166G 125
AT = 0 | Fregquency(GHZ) EL= -0
T —  x10016G v 19.74m | MagiPhase |
dbs
Der;[',!‘]:l 5 FPath |+
"u_
Fortl B .
thz oog 977
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In this section we will perform an RCS measurement using the Anritsu Lightning in time domain
mode. The measurement file is C\DAMs\AdvancedData\DAMsFSM5_RCS.dat For this measurement
the VNA was in S11 mode and calibrated from 1 to 18GHz 1001 data points. RCS may also be
measured in S21 mode. The two reference horns must be identical or in separate Regs.

db i
De?fclf' . REF%& Path | Path | RE(F(::Ant r§-12v1|:|t-|ect To Rea 1
-" ]
Fort! Bl 4: 1 4: 1 Fort 2
thz MO0O0 REG |4 NFdb o
Forward Path Return Path S21

Note: REF Ant is the default horn associated
with the picture in the “Import REF Antenna”

The accuracy of time domain tradeoff with bandwidth and resolution while not the subject here is

i : 2 .6
given by: Ad ~ =€ _ meters

BW — BWghz
The alias distance is

Sc )
also approximated by: d free X =
1asfree Af Afghz

meters

A 1-18GHz frequency sweep with 1001 data points has a resolution of about .6/17 or 3.5cm. The
alias would occur at about .15/(17/1000) or 8.8 meters. The test setup for measuring the FSM is
shown below. The measurement is in file C:\DAMs\AdvancedData\FSM_RCS.dat .

102 9k Gated frequency S11 data Vert polarized

Data Storage Req 1

ert 4142012 22558 PM

Recall Reg 2

Recall Reg 1

102.8k Gated frequency S11 data Horiz polarized

Data Storage Reg 2

Horiz 411472012 5:29:55 PM

Data Storage Reqg 3

Recall Reg 3

Reflection over distance profile

Feflection ws Distance 0to 1.9m 401452

102 3k
Hariz 4M 452012 2:25:58 PM !I
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The data registers contain the raw data taken in time domain S11 mode for vertical and horizontal
polarization and the S11 vs distance. By recalling Reg 3 the S11 vs distance is displayed. Next the
vna is switched to gated frequency domain. The Calculate menu item “RCS" is used to generate the
amplitude plot for the gated vna measurement data, the schematic generated RCS and the RCS of a

1.5cm sphere

In 0
Mag
20
| dB
-40
-E0
521 -&0
-100

H20 iz

_III III|III|III|III|III
- L/ Horn misrlnatclil .

B \ Ran Hlorn alpen‘Lllre
I I I

L FSM at position (2

T
S
1

]
11

f\*

| | ' '
L 10cm wide gate to be applied -

o Distance in meters 1.5

A7 = Ij Frequency(GHZ) £ - Ij
¥ — 115430 v -5511 | MagiPhase |
A —  w Z.063G v 1284 |
| 13376 v 4227 |

Mag

B

=20

-40

-E0

RCS &0

=100

Iﬁ =120

C Measured gated
\

TN f\f}\ a) f/
- i [TV
- N | /L

ac 126G 186G 126

Iz 0 Fregquency(GHZ) £| - -0

]
dbm I REF Ant bty F 5
Dealcl 25 ) Path b |52 To HEH lII
_.—%J—.—@
Port1 B Fa rt2
bz 1000 REG |1 NFdb [0
dbm |0 D di
Cealcl 25 !..-\_,.Ig To Req o
Ford BOr =7 Fort 2
bz [10o0 015 HFdb o

Note: The gain of the rectangular plate an be used to generate an ideal aperture for reference.
When a plate reflects a plane wave the associate gain is twice the aperture gain(neglecting edge
diffraction). In the following example the ideal far field gain of a 10cm square aperture is calculated.

IqD 40 TTT TTTJTTT]TTT TTT TTTJTTT]TTT TTT
Mag e
|dEl| 20
dbm |0 Math r
Dearc) 25 524 gy To Reald 25 — -
Earir) . | ] T
Port! BV Exz:l Port2 i L] i
bhz [ooo |1 NFdb 10 15
821 L 4
10
5
ID D_I‘(IIIIIIIIII 111 111l III_
u] 4G 1e] 126G 16G 180G
AT= 0 Frequency(GHz) £ - 0
[7 — xirs706 v.26.54 | Maghase |
[&4 — x1.0020 1. 1.463 |
| 1 16,870 ¥ 25.08 |
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Using The Time Domain Icon

The time domain icon will apply the inverse Fourier transform to the data present at the icon input
terminal. The icon converts frequency to time and time to distance. The accuracy tradeoff with
bandwidth and resolution while not the subject here is given by:

The alias di i Ad ~£—Lmelers
alsz:)a;ro:(si:;f:dlsby' BW  BWgh: e
se 15 e =) L [it—> o)

d,, ~
Aliasfree Af Afth

A 1-18GHz frequency sweep with 1001 data points has a resolution of about .6/17 or 3.5cm. The
alias would occur at about .15/(17/1000) or 8.8 meters.

To demonstrate the use of the time domain icon we will construct a schematic with known points

of reflection. A 1 meter long cable extends from the source to a capacitive discontinuity and again
to an inductive discontinuity. A high data point (10001) was selected in the emulator 1 to 18GHz. To
minimize data size only 3 azimuth points were selected with an azimuth cut. The S11 was calculated.
In the plot a high reflection is shown at a distance of 1.4 meter. The second reflection is shown

at 2.8 meter. The

electrical length of dbm | Liger Lier d:Path Units

Degic) 25  [@z.01 s P @204 To Req o

teflon loaded coax is

sqrt(er)=1.4 and the Portl By diae@diai  ——  dizo@dizi o nh TimeIFFT T2
length in the plot is bihz OO0 4 1@03 = |.1@03 "?d“"“‘.’e . NFdb [0
t Al hown i Capacitive discontinuity
correct. ?O sho s discontinuity 4+
the reflection of the 1meter 50 ohm coax 4
coax at the input. It 1meter 50[ohm coax
is indicating -40dB
return loss which |1|:| 10 _I TTTT[TTTT [T TTTT [ TTTT [ TTTI [TTT1 ||||_
would correspond to paag o - i .
51lohm coax L ]
which is the case for | dB . B 7]
chosen diameters. B ]
A0
Note: use the mouse B 7]
left click over the o
plot area to zoom 511 -
when distance is B
large. 20 !
|:1|:||:| 400 _I il 1111 1111 1111 Ll 1111 1111 1111
W0ATSF 05 1.5 25 3.5 3.995
AT = 0 | distance Meters EL:| _0
| YW o—  m0 wo-41.18 | MagiPhase |
A — w142 v -1 BEE |
| 1,42 v -38.2 |
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The preceding example involved time domain in reflection mode. The following example will
demonstrate a simple Path loss conversion to distance. The emulator frequency was set to 1 -18GHz
with 1001 steps. The following will utilize the Path amplitude and phase. IFFT cannot work without
phase. The path was set to 1meter. When the schematic below is simulated for S21 the loss is
identified in the plot below as -50dB and 1meter.
dbm 0

d:F ath Units

Deqic) 25 Path |+ To Reg 0
ﬁ ; f*-. | m
Port B, Time IFFT o=
hihz 000 NFdb 10
I'ID L e L O I
u}
Mag u i
fae| = i
a0 [ 1
i n 1
o | :
-0 :/ \x
s21 H ‘-""‘“--..____ H
- i 1
00 .
420 [ i
I:'13D 430 L1 N EEEE A NS N SN A
0212 A 3 al 7 212
hr= 0 distance Meter £ - 0
¥ —  x0.0993 v -50.87 | MagiPhase |
A — oy 4502 y.-103.8 |
| i -44.02 ¥ 52.97 |

In a more practical sense we pose a hypothetical link of 50 meters. We wish to determine the
distance between two antenna. The schematic is:

Note: REF Ant is

dbm o REF Ant REF Ant  d:Fath Units
Dears) o5 j Path |+ ((:: ToRean  the default horn
e : associated with
Fotl BUY I+ e I+ Time IFFT  T=====""the picture in
bhz |1 d: NFdb 1 the “Import REF
Antenna”
Tolowerthebackground |'1D 13 LU NI LIS L B LR B LA LN
noise the bandwidth has  Mag c ]
=20
been reduced to IMHz g . 3
. . An F =
and the receiver noise E ]
figure to 1dB. The same = " ]
sweep is used. U 7
gy 100 ; ;
Link noise level is below ~— — .4 © /J \\ ]
-140. The 521 is at 110 E e =
-70dBm and located 160 g0 il NS NENE S T AR A A A |||:
50.15meters. 0 0 40 80 &0 80
Ar= i distance Meter | o[
|V" —  x5015 v -73 | MagiPhase |
[ & — 3 28.89m y.-104 |
| ¥ 6012 ¥ 3102 |
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APPENDIX A: Icon Descriptions

dbm Lz0
Dealc) 25

Fartd Bl
hhz [1000

To Reg O

FatZ
HFdb [20

REF Ant

i

Fath |+

a5

d= 1

tdy Dipole

=21
—{ >
REG |z
- In
fan
R I
n}
‘ﬁL m
EL 10
2R
d:@):
g0
Az D
D dia
¥ ¥

P W
1.1z

L icghund

|nozs@

Zain

[0 dB

Li@®er
| ooz54m@ma

wih @t
M@ o1

hieasure
ls21 |

| Az cut w |

Port 1. Must be present.

dbm = port power level

Deg© = ambient temperature for noise
Zo = system impedance level

BW = Port bandwidth

Port 2. Must be present.
Zo = system impedance level
Nfdb = Noise figure

Reference antenna frequency data. The
data is imported in the Advanced section.
Usually a txt file. See REF ANT.

May also be a .S1P file with phase.

[+] adds REF [-] de-embeds path.

Path data generated in the Path module.
Units are Path units. [+] adds path [-]
de-embeds path. Phase is included.

Any one of the 4 Regs. Reg data is linear
but dB data can be stored in the Reg.

Translates a Reg with data off the axis and
gives it a phase offset. Axis units are Path
units and angle degree. Path must be
specified. Equivalent to moving the AUT in
free space while REF is transmitting.

Rotates a Reg with data about the
measurement axis. Data extents remains
unchanged. Data should be full spherical to
prevent folding. EL rotation will convert
AzEL to ELAz

Ideal sphere used as RCS standard. In a
cascade sphere reflection gain is given to
forward S21. Diameter D has Path units.

Ideal plate used as RCS standard. In a
cascade plate reflection gain is given to
forward S21. L@W has Path units.

Ideal gain block. May be used for loss also.

Wheeler's Microstrip. Path units. L=length
w/h = linewidth to substrate height.

er = dielectric constant

t = metal thickness

Measurement Icon. Performs the
measurement set up on the front page
using present test equipment and Az-EL
settings. Emulator may be used if selected

Math
1521 g

¥ kart) -

o |

d:Path Units

Time IFFT

— ey
o Q

— iy
[ nh
=

I Pt

Zo 50
—
onigz 46
i

o0 @s e
Zo |50

DSTii

o0 @G
Za B0

L

Kib @ Zo

B @s0

¥ —"

bo@1 &
kg @ F

Liger
|0z5h@e2 .0

[y —
dia:o@dia:i
| 1@03

|6@E

i
; —a
ag v

Math Icon. performs f(x) where x is the

[S] parameter matrix at the input. Uses
standard math notation. Performs complex
math. Angle is in radians. Can use global
variables Az, EL, WL(wavelength Path units)

Converts frequency data to distance data.
Similar to vna. Changes “Plot” from
frequency to distance(Path units)

Ideal resistor

Ideal inductor in nh

Ideal capacitor in pf

Ideal transmission line.
length is degree @ Fref(GHz)

Open circuit stub.
length is degree @ Fref(GHz)

Short circuit stub.
length is degree @ Fref(GHz)

Coupled line

Kdb = Coupling in dB @ Zo
length is degree @ Fref(GHz)
Note: Kdb is positive

Coax line

L = length (Path units)
er = dielectric constant
Dia:o = outer diameter
Dia: I = inner diameter

Mirror used in time domain aut reflection.
h = height in Path units
w = width in path units

Ag=silver, Cu=copper,Au=aluminum, Au=gold

Soon to come:
.SxP to specify any s-parameter data file
and load the associated [S] into the icon




APPENDIX B: Scientific Calculator Overview

Set ?zimuth Display arrays or constants Set Elevation
. Complex Array Calculator Elewvation
| o _,; | a0 _,;
26 00: 01: 18
0 000131107, @46.34832) (1.30182, @&@30.59159 16
4 | 12
20 ﬁ “ n “ LI T I cnst | [Max]l Hecl:-rdl
= N E B | sart| sin | vswr| max| Save | E
10 m “ “ “ | Lug| cos | RL | AIIAz| Edit |
ol o | tn| tan | a8 | =cipd 8
mael (| | = | w2 | dea| 7 | 50 |
= — I res | =
# parens # digits » I5 [~ Results
by
Sends results to Reg0 when “=" is pushed

"J'Tl cnst [I'Lﬂax]l
st Sin | wswr | max
Log| cos EL | Allaz
Lr tan dE =~|:|p<i
e | ®"2 | dBd | 7T
‘?TI thst | [Max]
sgrt) Asin| S | min
10%) Acos| S11 | AlEL
e | Atan | 521 >|:|pci
e | #¥42 | sz21 e

Special Keys

[Max]
max
Inv:

Clp
InvClp

I
Invl

cnst

VSWr
Invvswr

RL

dB
invdB

dBd

Sets the sliders&display to the array
Displays the current AzEL max(f)
Sets above to min.

AzELBoolean clips [Reg0] data. Clips data<display
Clips data>display

Calculates the wavelength(in Path units) for the display
Calculates the frequency for the display(Path units)

Pulldown with conversions

Calculates the vswr for the display data
Calculates the reflection for the display vswr

Calculates the return loss for the display. (1-r~2)

Calculates 20Log(display)
Calculates Linear 10/ (display/20) from display

Calculates relative dB with dipole reference ie 1.64dBd=0
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APPENDIX C: Scientific Calculator Examples

Multiplying Complex Numbers

In order to multiply complex numbers as in the formula below, follow these instructions:

(5@40)*(6@90)

1. Input5
=
2. Click "Mag" to switch between Mag and Phase MAEI

3. Input40

—

x|

4. Click multiply

5. Input6
6. Click "Mag" to switch between Mag and Phase

7. Input 90

8. Finally, click equals

Azimuth Freg Across AZEL Down Caomplex Array Calculatar Elewatian

(30, @130) .

20 + | 3| x| censt| maq Play |
SO ] | x| sart| sin | wewr| max] Save |
10 m “n - | Log| cos| re | anaz Edit |

Ln| tan | dB |*CIP4

5TO
i 1| w2 | aa| w |
_:l # parants : # digits = |5 @
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Calculate Wavelength at 1GHz

1. Inputl
2. Click "Exp" to enter an exponent Im |
3. Input9

4. Select "t” T|

Azimuth Complex Array Calculator Elevation

Freg Across AZEL Dowh

0 ||, Wavelength units are Path units. Default is Meters. INY is frequency in Hz |i_,3
36 18
. (0.3, @0) 1
20 BN N [+ ] et e
x | sor| sin | vewr| ma]
o ' o || o] s | e | auad
E ] | | v ] ] tan]| a8 | =cied
mael ¢ | o | | 1| %02 | ema | 7 |
e — = et |
# parans : # digits » I5 [~ Results

Convert Wavelength Results to Inches

1. Click multiply x|
2. Click "cnst” cnst'

3. Select meters to inches from the popup dialog box (as shown below).
Click OK

5. Finally, click equals

Azimuth Freg Across AZEL Down Camplex Array Calculator Elevatian

| 0 [=H| Multiply by this result I E{
I6 meters to Inches 18
" (11.81102, @0) |wews 15
| 0K | Cancell
20 LI A | enst | | Play |
N ] | x| sart| sin | vewr| max] Save |

10 m “““ - | Lugl cusl RL |AIIAII Edit |

Dl == | ] n tan | a8 | cied
= mae| (| )| = 1| w2 | dva | T | 5o |

# parens : # digits = |5 I Resuits |
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Calculate the power loss for a 3:1 VSWR

1. Input3

2. Click "Inv" [l

3. Click "vswr”  wawr |

4. Click "RL" =~ RL

5. Click "dB” dEl

Azimuth Freg Across AZEL Down Camplex Array Calculator Elevation
| = 20L06Gwoltage) =
10 10
(2.49877, @180)
8 g

+ | | enst | mad| Play |
4 N ] | x| sart| sin | wewr| max| Save |
m “n - | Lugl cusl RL |.&IIA2| Edit |

2 - +- | /| Ln | tan | {487 »cipd
L mael (| ) | = | w2 | dva | w | _sto |
# parens : # digits > |5 [ Resuts |

A 3:1 VSWR represents a power loss of -2.5dB
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Clip the following AzEL pattern <0dB

1. Inputl

2. Click "Inv"
3. Clickdg" 48|
4. Click ">Clp<"  >Etpd
5. Clickequals | = |

Freq = 0.7000GHz  Az=-90

)
=2
[]
=R
=
5 -
£
<

Azirmuth Freg Across AZEL Down Complex Array Caleulatar
10 ooo: 0o1: 10
001, @-77.958523) (1, @-64.0359659999999999)
8
Al
2 ﬁ “ n n + | T qr | cnst]| Play |

A =] N | x| sant] sin | vewr| max] Save |
m ““ - | Lngl |:|:|5| RL |AIIA2| Edit |
2 MO 0 | || o tan | e | soud

magl (| | = 1| w2 | | w | 5o |
# parens : # digits > |5 I To REGO|

Freq = 0.7000GHz Freq=0.7000GHz Az=-90

in

A

Ampli}ude (dB)

)
(==

Azimuth (deg) 50 50 Elevation (deg)
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Clip the previous AzEL pattern <1dB

1 1

10
8
4
]
=
Ed
2

nput 1

2. Click “Inv”

3. Click "S21"

4. Click "Inv"
5. Click "w" wl

Freq = 0.7000GHz

S21

Freq = 0.7000GHz

Elevation (deg)

ZIEL Diown

non:

001, i@-77.95523)

Complex, Calculator

0o1:

(1, @-64.02969999999999)

N EN ER
[ ¢ Js )6
A KN KN
|0 | S

el ()|

# parens :

+ | m "n'I cnst' [Max]l Play |
x | son| Asin| sw | min | Losd |
- | 10“}{| Acnsl 511 |AII£'-.z| Edit |
/ | E“xl Atanl 521 I}l:lp‘i
sTO
_ 1I}{|}{“2|521| WI
# digits = |5 " To REGO

n

Amplitude (dB)

o

Azimuth (deg)

Elevation (deg) -
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Emulate The Ideal Dipole With 90 deg phase offset

Run the emulator and in the Advanced invoke the calculator

Azimuth Freg Ac AZIEL Daown Complex Array Calculatar Elevation

[ 0 | The results of the entire data set math will transfer to REGD when "=" 0cours.

0oo: ot 00z; 003:
00: (1.27504, @0 {1.27504, @0 {1.27504, @0 (1.27504, @0)
01: {1.24684, @0 {1.24684, @0 (1.24684, @0 (1.24684, @0)

MABSTZ, @0
+

(116572, @) M.AB572, @0

0z: f1|.1 G572, @)

1]

BN R EN |+ B ar enst] ad Record |
Dol ] x| sant| sin | vewr| max Save |
E3 B N - | Log| cos | Re | anaz Edit |
I | | o e e s
mae] (| ) | = 1| w2 | ama | 7 | 1o |
# parens : # digits > |5 @

b

1. Check the box marked To Reg0, which sends results to Reg0 upon clicking equal.

2. Select multiply x|

3. Inputl

= =
4. Click "Mag” MAEI | |
5. Input 90

6. Click equals :l
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APPENDIX D: Exporting .S1P files

The contents of Reg0 the result of a simulation or a measurement can be export
as a .S1P file either linear or dB. Run the ideal dipole and invoke the simulator in
the Advanced. Since any measurement is stored in Reg0 the simulator can export
immediately. The option is Linear or dB.

fiata Maninulatinn Ontinne | Generats Path Loss | Gain ¥er | Efficiency
§ RFEGO(AZ.EL) 51 export
| @ This will export REGO frequency response for the current Array Calculator AZEL slider setings
itinear| a8 | cancel|
dE;:..u. TCCrOTEry O :.:‘;.‘;E\.(.;:IJ e e —— ST e
Degfcj i5 Tao Reg ] 821
Po1BU1I'
Mhz |1|0300 HFdh }&10 REG I1
JTE b2 R l ,E\,d,-'\a .
43 _-" o f‘s./‘\ :
A_z b Az
ko & h nh }_1
I Pt
bo@se  Bo@as
Zo b0 Zo B0 Zo b0
1 et % 5 i easure
oz 2o Tos1] [i] 4:Path Units N T
il - -
Bgéﬁb I1£.01 I.Iﬁnfgseé{@él Time IFFT I 1= am et vl
=1 K digiom@dia:i w
er li@os N oot I“ 5P | Rotate | Calculate | Optimize | Save || Lead | Piot ||cLrmel]
The files contents are displayed with options
CADocuments and SettingsiMikelDeskiopil S1P Friday April 20 2012
| Export parameter is =521
I Azimuth=0  Elevation= 0
#GHZ S MAR 50 DB
I{GHz) Sw(mad) SHHiAnD)
0oo: 1 2110 ] |
001:117 2110 0
00z 1.34 2110 I}
003:1.81 2110 I}
004: 1.68 2110 I}
005 1.84 2110 I}
00e: 2.02 2110 I}
0oy 214 2110 0 b

Here are the contents of your export file. ¥ Openwith NotePAD After Save

.Cancelll

Important: Be sure Word Wrap is unchecked in Motpad
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