DESKTOP ANTENNA TEST SYSTEM

Spherical Antenna Plotting.
Visual Gain & Beamwidth
measurements. Compare antennas.

INTRODUCTION This application note shows how to make 3-d spherical measurements and
determine the gain and associated Az or EL beam width of your antenna. Actual measurements are
made with two identical patch antennas. The method also applies to substitution using a known
standard.

If you take enough measurements around an antenna at a fixed radius you can establish the
radiation pattern in spherical coordinates. The DAMs provides an easy to use Scan function. The
scan function can provide the data for the spherical plot.

The figure below shows the scan concept. A receive horn is used to measure the Tx power at a
radius R from the phase center of the AUT (antenna under test).

Rotating the platform
performs the same
result as moving the
horn at radius R in the
OPPOSITE direction

Tilting the platform
performs the same
result as changing

the horn elevation

at radius R in the
OPPOSITE direction.

It is only necessary to
move from -90 to +90
degrees to scan the
entire antenna provided
an Az= 0 to 360 is done
for each EL movement.
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Scan Top Hemisphere

1 First Perform

Side
Scan

SIDE Scan
o B 0 deg ’ ocanl.Start ;

to -45 deg

with Az 0 to

360 deg. Save
to REG1 in the
Data Processing
section.

Rotate Platform 90 deg.
» Double jointed tripod
IS required

Position platform EL to

Re-position Tripod to
AzEL (0,0)

» +45 to begin where
step 2 stopped.

Scan2 . Start ;

Perform scan to EL

» 0 deg. Save to REG2
This completes the top
hemisphere scan.

Scan?.Einish g
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Generate a spherical gain plot

Assume the previous measurements were made on a high gain beam antenna pointing
at Az=+90 EL=+45. The data is resident in REG1 and REG2 as shown below AND is
also saved to disc..

Data Registers Lol Regt-1 Fram [esc ]
Sarwe Regd-4 To Disc |
import _| MEagumenie
30  4— Az 0360 EL 0 -45 (+45 Antenna angle)

Top quadrant

By e (B0 L5 A2 03D S EL 045 5 |

AUT
* Dunta Sorapa Fep 2| Aol Reg e
e o (B0, 4) Az 0360 3 EL 45 [ 5 - Az 0 360 EL 45 0 (-45 Antenna angl%
Bottom quadrant Jc>
_|

Next invoke the MergeScans module. This module will merge two measurements
into a single measurement provided they have been created using pg. 2 instructions.

Note that the measurements at EL=-45 and EL=+45(platform at -90)
are repeat measurements. You may want to check your vna display recall to be sure
they agree.

| EERSE aNF TREENLETE TG = e scanning Lipper Heamisphens

CIEEECFTINE REEEE (RESIRMI 5 Finisiy Mg S0 [ag N Poriors Ligrpy
e A gt 2 e e i
1 Pk L z =1 . i o -
Fi= 7 wg =49 = NEES = o rau it VL el e 6
i Hetm® bl ki B Pt Biaie Shoen [ FEG

Fgrpiy plintfors «§ dey rownpd UL |

g vkay mawr snzh hawy rps

Tee BEET FL Epgd Fraps OERT brp |

i iy e | amcE

[ ST T ST T ST P R

=

Merge

e 0 Sy e el e e o Ty J T F

TR | e |




DESKTOP ANTENNA TEST SYSTEM

Generate a spherical gain plot

The merged data is sent to REG4. REG3 contains REG2
data with elevation angle translated by -90 degrees.

Data Registers Lead Rog1-4 From Disc |
Cluar W ot “Save Fiegd 4 Te Disc. |
_mpet | W

* Dok Bieage Reg | Facal Ry 650 @ Az 0 360 EL 0 -45 (+45 Antenna angle)

Top quadrant

Az 0 360 EL 45 0 (-45 Antenna angle)
Bottom quadrant

Az 0 360 EL -45 -90
Bottom quadrant

Az 0 360 EL 0 -90
Bottom quadrant

Recall REG4 data and check the movement extents

Active Fegister [

S| =g Coniw Poermiy
[0 T

Lhata Visuazanon Cpbions-

g | w0 AT A FE 3 - ] CoaR Dty
Euibatiecd S ._.. : H -_'-.l..._:_ll..-::.-.l--..:: |

You should observe the following:

Az =t &z Stap Az Biap
i 5 g0
EL Eia EL Step EL Etop
1] 3 -Ai

QF
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Generate a spherical gain plot

Recall the merged data REG4 and verify it is a beam
located at Az-35 and EL=20 deg with the default spherical settings.

3=t Sphersical Ar-EL Plodting

Plot e

Charaiata P ot
[ Dam Pletiing Oplisna,. ®

Observation point
issetatAz=0EL=0

VA Freq ¥ |

Local object tools

OEFEdsSs & & & 7 .:B.E""‘
Azufl ELl=s0Q
—  |S21|72

Note that the beam
is pointed at Az<360
deg. When observing
1% at Az=0 deg the beam
te is seen from the left
quadrant.
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Generate a spherical gain plot mﬂ

Understanding Orientation

Viewing from the same view point as the source

[ Map s Bphess Ryn)

¢ Uga Liraar 52142 _
Y Uss MILOGIER} Observation angle

T set to (0,0) (Observation from source)

I~ Expot Plal Doakn /
i
ol e S This Beam located at Az=-35 deg EL = 20 deg

il -J.l

Observation angle
set to (0,0)

Source

Platform orientation

+¢
Negitive Platform EL are
e POSITIVE antenna EL angles
CC Az rotation are NEGITIVE
X <« antenna Az angles
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Generate a spherical gain plot
Calculate Gain

Next generate a path loss matrix with same size and shape as the measurement
matrix. Save the path loss matrix to REG2 (overwrite Bottom Quadrant data).

Follow Path Loss Module instructions

Data Manipuiation Options

Voo s pntenra | 3 P G Elevabin g Cor

Follow Module instructions

Now generate reference horn matrix with same size and shape as the measurement
matrix. Save to REG3.

The Gain Xfer module may be used to solve for the AUT gain. The module utilizes
REG1, REG2 and REG3 to calculate:

. _[STI]( "?" }-."
o ] 47d

Invoke the Gain Xfer module.

Gain Transfer Module
BamTemma

Wl s Chimal ) Fron Calibusied Refaes Aasl FPath Loss

! -
G 195 1 £ 4
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Generate a spherical gain plot
Calculate Gain

Execution of the Gain Xfer module results in the gain save to REG4

-

| Data Registers Lowa Feg-4 Fram Dine|

Chotd Al glstai | smeRegidTobse | Save this data set and repeat the process
Imgort | weaswsments | With the bottom quadrant data originally in

" m:ﬁuﬂ;uﬂ Rl Feg 1 i L REG2.
| |

* DalnEicrage Reg 2| SecalAegz || 3550

Recalifegd || 5650

: GainXfer module saves Gain matrix
i to REG4 and inserts note

* rada Soreee Rey

% Dals Slorage Reg 4

1 e BT L i 1

Recall REG4 and plot the spherical
profile

. 44— The linear power gain
is 12-14 corresponding to
i about 11dBdB beam gain.
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Generate a spherical gain plot E%Eﬁ%ﬂ lflE;
Looking down the beam

Since the beam is pointing at Az=-35 EL=20 change the view point to these
coordinates.
|

NSH@ YAA/ # 5O |
~ MmmepenAm | AZ=-35 El=20

o Lae Lnear 8]
L 2000080 1)

T WrEEmmE

B Expar Fiot Tala

Az-ET Wiew Painl

]

20

Next determine the 3dB beam width using the isospheres. Set the Isosphere dB gain
profile to 3dB less than the maximum gain. You can use the Isosphere to detirmine
the maximum gain of you can use the Polar plot. Set the AzEL grid to 10 deg.

. Ar=:35 El=20
9dB gain Isosphere — -

30 deg
EL beamwidth
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Generate a spherical gain plot Diamond
P gain p Engineering

Release the isospheres and check the Use 20 LOG(S21) to plot the dB gain

NeHSE AP s BRET
Az=30 EL=6&0

I Waip #a Sohere Rym

L L s B3 142
v Lha oSBT
I Wiksiimmes
" Ewpoit Pod Dists
Az-E Wipaw Pt

DEgE KA e

Add a Gmax(default) Arw 33 EL=80
Isosphere to the dB
Gain plot with 5 deg

grid resolution.

T e R
g e
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Spherical Software Special
Utilities

When the spherical module in invoked it is possible to perform many tasks. Here are
just a few:

1. Plot gain or Link power in linear or dB.
2. Compare gain plots or links to Isotropic or dipole links.
3. Compare plots to other measurement files.

Any file may be loaded while the When REG data is plotted in either linear
spherical module,is running or log mode the Isosphere window
defaults to the MAX dB value for the
data. This makes it easy to detirmine
Any REG may be loaded Hold Plots may be any gain-beamwdith.
into the spherical module used to compare files \

or REGs
N\

3-d Spherncal Az-EL Plotting
[ crwmwniny ]
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To include path loss such as To include path loss such as
original measurements use dBd original measurements use dBi
and enter separation distance and enter separation distance
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Compare Two Antennas

The spherical plot can accommodate different data file sets.
The data may be of different size and shape.

Two different antenna Gain measurements

Recall and plot the first antenna (REG3) gain, then recall the second and plot
Az=-10 EL=14 Az -10 El= 14

Ne &

Retain the second and all
subsequent plots by checking
Hold Plots.
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Compare Two Antennas mﬂé’éﬁﬂ

Both AUTs are plot spherically. Now add a 5dB gain sphere

with 5 deg grid resolution by re-plotting with the Add Isosphere invoked. These are
linear gain plots (could also have been 10Log) the intersection of the 5dB sphere
establishes an intersection boundary.

=10 El=14

AUT1 "‘

1
=]

Az=-10 EL=14

Intersection
with 5dB gain 15
sphere 9
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Compare Two Antennas mﬂé’éﬁﬁ

To see the 5dB gain-Beamdith uncheck wireframe and re-plot.

Az=-10 El=14 [CH=

S b

AUT1 5dB beamwidth (3 deq) |5 anaRES(Teg
B

Rfinyar alis [53

samnl
S errTr L
T
S5 EEEEERS
HHERR
FHi | - 11
I -
2 - -+
1" I I 40

AUT2 5 dB beamwidth ( 30 deg)
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Determine the Beamwidth
between AUT2 and a single
2 wave dipole and 5dB gain sphere

[~ Map to Sphara R
Lk e G103
¢ Lme 20LogrEa1)

| yratame

™ Espor Mot Ot
A2l Vi Pt

Enter O dB for a single
dipole and uncheck
Wireframe. Enter 5dB for
dB Isosphere and check
Wireframe.

Single dipole gain

Freq=5GHz Az=-33 EL=14
.'_:___ e B I 'I-'.._'|_I 'If'l'..lllll
.i 1l |T|L| 5 dB gain
|,' Bin' -Hl | sphere

Compliance area | {3

t
[
h

AUT2
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Determine the Cross-Pol ratio

The cross-pol measurement may be made using a highly linear

calibrated reference. The is made with the reference horn in one orientation
and the results saved to REG usually REG(1). The reference is rotated 90
degrees and the aut remeasured. The results are saved to REG2.

Save data

Reference vertical
to REG1

orientation

Verticle
polarization

Reference horizantal
orientation

Save data
to REG2

Horizantbal\

polarization

Data Registars l-ﬂllF-lHFr-nh_c_]

T KT At | Save Reg1-4 To Disc |

_ mpot | e 1] Measurement results are saved
*  DulaGavoga Mgl RecaliRegt | 1754k into REGs 1 and 2.

pachs b 2oHz ol 20 n. AZ-B0 831 E

* Data Storaps Segl] Facal Rep 2 175.4k

pEts s & 20HE 51 20 n. Az-B0 B3 1 E
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Determine the Cross-Pol ratio E%%%%ﬁﬂ

Use the polar plot to establish a polar visualization of the crazs-pal.
1. Recall REG1

2. Invoke “go to max signal”

3. Depress “Keep” and “Max value”

4. Check 20Log and 10dB/div

5. Recall REG2

6. Us the markers to measure the dB difference.

e e P A
e Fint - R

Axwuth Tacioun
o L
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. 18.04 «u =11
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Use of the markers shows at least 18dB cross-pol. Next use the
spherical plot to see the visual aspect of the cross-pol.
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Determine the Cross-Pol ratio
Using the Az-EL Plot

Since both vertical and horizontal data are saved to REG1 and REG2 invoke the
Az-EL plot function, recall plot REG1 in dB.

Mee tha izisech ofimeT to ceorter &
panky on the w=xin.

Dapfull kz-EL wimwpoancs:

Kr:d EL:z0 Azilmnmck colorcmag

dez30 EL:D Elwewtian colorsap
ip:¥0 EL:®d ExEL colofmsap |
Bald Flzc: To overisv oloce fros = ,I

Eltraalizn {0
| ATmaEh | e antioo

Invoke dB and Wireframe
To add REG2 data invoke “Hold Plot”, recall REG2, uncheck wireframe.
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Determine the Cross-Pol ratio
Using the Az-EL Plot

DESKTOP ANTENNA TEST SYSTEM

Rotate the plot to Az=90 EL=0 to create a one dimensional plot

ee crhe bxisuch offmsc oo cwnoar A
PEAEE b Ches mccia.
Dasfull La-EL viswmpsinsml

dzeid ElaD bximurh ooloassp

danb ELi Bilsvacion oo o rei
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The plot shows about 18dB min. cross-pol isolation between horz and vert. You can
construct isoplanes to determine cross-pol limits. In this case a -26db and -43dB
iso plane was added.

:
:
t

Adding Iso-planes
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Projecting The Scan Array on
To The Measurement Sphere

Perform a complete scan

The Map To Sphere feature projects
the response on to the unit sphere.
This is useful for determining

the beam width for any level
relative to the maximum.

g Measurement
Antenna

Be sure you have scan
data in REGO.
Check the Map to Sphere

Gerarahs Pl

o Dt Pholliss, Cebiors

» L Lmpa I

R i b L St sl
B : Set the Az El viewing to
™ Erperd Pint Dk .
Ao e Pt 0 and 90 deg to view

' i head-on

BOTE. T S50 e P e i ] L s ol
(SRS S BT SR NE N SLN [T
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Projecting The Scan Array on Diamoend
To The Measurement Sphere Exﬂ@‘lﬂeﬂﬂﬁ

Linear(or Log) data array projection on to the unit sphere

Spherical Prafile. Rho Az EI0,0,0) is center of plot

- - Check the Wireframe
Spherical Profie. Rho,AZ,EN0,0,U) 15 cemer of piot : option to view the

response against the

Each grid intersection is
measurement profile.

a scan measurement

NOTE: The Latitude
grid = Az resolution

The Longitude
grid = El resolution

The green area
represents the 3dB
beamwidth
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Projecting The Scan Array on

To The Measurement Sphere
3-d Sphancal Az-EL Flotting
= ===
Garrwrain Poi > - You can project the
QL] Oule Phiing Dptins: 4 - Log response by checking

Frequency | [ : . the Use 20Log(S21). Itis
actually 20Log(S21/S21max)

20Log(S21/S21max)
The figure below shows the equivalence of the projection \
and the measurement. The color bar is 20Log(S21). The
projection sphere has be rotated up to view the adjacent
side and show the platform orientation.

h

T
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Projecting The Scan Array on Diamond
To The Measurement Sphere  Engineering

You can play any
plot through the
frequency array

and view the highest
gain or best beam
width

Actual measurements
of a patch antenna

| made by combining

a top scan and a

side scan and
processed using the
Merge Scan feature




