DESKTOP ANTENNA TEST SYSTEM

Making Great Circle Cuts For
Spherical Antenna Plotting. Gain Enging
And Beam Width Measurements With The DAMs

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 idenfical patch antennas. The method also applies to sulbstitution using a
known standard.

If you take enough measurements around an antenna at a fixed radius you can establish the
radiation patftern in spherical coordinates. If you know the equivalent receive aperture you can
essentially establish the antenna efficiency. The DAMs provides an easy to use Scan function. The
scan function can provide the former spherical plot. The efficiency is a much more complicated
matter beyond the scope of this system.

The figure below shows the scan concept. A receive horn is used 1o 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.

Tilting the platform
performs the same
result as changing

the horn elevation

~at radius R. 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.

The EL axis of rotation is offset by
the tripod axis. For EL measurement
accuracy R>> A,

Effective hor
aperture
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Scan summary Diamond
Engineerlng
¥
-| | 45 deg , Scanl.Stad ; side
First Perform \Scan
Normal Scan
from El -45 0 deg D REG]
to +45 deg
with Az O to /
360 aeg +45 deg
2T'hen A= Elevation step deg
Re-scan with L .aent ven. SCOHZ Stort -45 + 4 Top
platform at : s exends \ Sean
right angle to scon +45 deg
source. It is

only necessary
to move platform
from (-45+Step)

deg to 0 deg(max).
(-45+Step) starts

where scanl
ends(+45).

You need
the double
- jointed
- tfripod

Re-position Tripod 1o
AUT phase center

0 deg MAX
. This is MAX
extention

Scan? Stop

.0‘.~.
Separation  should be
large o minimize field
gradient as platform

* swings.

L]
.......
IIIIIIII
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Step by Step Procedure For _Diamond
Scanning Your Antenna. Engineering
SIDE SCAN

Measurement Setup - Azimuth
Resolution Total Deg.

= | 360

Set the Az rotatfion 1o 360 deg
and the resolution to 1 degree.
The DAMSs will make a frequency

[360
sweep every 1 degree. .
Ve A&
ou may want o use ></’<,
less resolution until &
you master the QO

process. OO@KK\
Q\Q
Set the Vertical (EL) step size 10
5 degrees and move the platform
to -45 degrees.

(7 Invoke the Scan function.

Measurement Controls 7 The scan V-H button will
B tessweroesvess| | senvit |8 stoy depressed unfil the
lﬁ Measure Vert Sweep | Reset Accumulator | megsuremen.l.s are

complete,

When the measurements
are complete the fracker
and platform will be as
shown left.
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Save Side Scan Data To REG1

Post Measurement Options .
howe to hax Signal ||E Export data I H Proceed TO DOTO PfOC@SSlng

for storing the scan data

. Proceed to Data Processing | lﬁ

Lﬂ:;::::?“;“ : Save the scan data to REGT.
= H N
The merge function will use
Measurements

DHIEMREE1| Recall Reg 1 REGT and REG2 to combine

== | | side and top scan
Data Storage R*egz |

| [rperture intc REG2 I |

Data Storage Reg3| Recall Reg 3 |
I | |

Data Storage Reg 4| Recall Reg 4 | |

e Return to the measurement
’ AULCHNERVEEEIL  menu to make the top scan

=18 Precision Antenna Measurement System

Return to Main \‘
N

y
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Reset The Accumulator And Diamond
Set Up For Top Scan Engineering

Reset the data accumulator

Measurement Controls
5 to prepare for the top scan

lﬁ Measure Horiz Sweep | Scan V-H

lﬁ Measure Vert Sweep | Reset Accumulator

Measurement Setup - Elevation
| o (= Limit

45
103 Vertical Step Sizel 5 é

e |
-45 Manual Mowe

Tilt the double joinfed tripod 1o
-90 degrees and reposition the
tripod so that the original
antenna under test phase center
IS maintained

Measurement Setup - Elevation Position the platform to -40 deg

L 40 55 | using the slider or the constant

10
-10

45 A\\Y n
3 Vertical Step Size| 5 ) and “Manual Move

3

Note the position is
5 deg less than the
start for the side scan.
This is necessary to
prevent overlap.

-45-=

=
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Initiate Top Scan

Measurement Setup - Elevation E
+45/= Lot recs |

-45 Manual Mowe

Diamond
Engineering

Set the Elevation slider fo +40 deg.
but do not move the platform. The
platform will step to +45 deg during
the Scan. Note that TOP SCAN stop
= +45 deg is past the top of the
top of the anfenna. I is only
necessary 1o end af 0 deg.

Measurement Controls

Begin the side scan

lﬁ Measure Horiz Sweep | Scan

V-H

lﬁ Measure Vert Sweep | Reset Acc

Post Measurement Options

Move to Max Signal ||ﬁ Export data |

=

When the measurements
are complete the fracker
and platform will be as
shown left.

Proceed o Data Processing
for stforing the scan data
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Save Top Scan to REG2 Diamond
Engineering

Data Registers Load Reg1-4 From Disc]

mme::;:;::: Save the scan data to REG2.
DataStorageReg 1| RecalReg1 | | Note thaf it is necessary fo
== | | have the side scan in REG

and the Top scan in REG2,
cansompe oz RecalResz || | vou may want o save the REGs

= HEEZ\% I | to the disc for future use or data
Data Storage Reg Rega ||} 10Ss prevention.
I | |
Data Storage Reg 4| RecallRegs || |
L]

Now the Merge Scans may be invoked. Merge Scan will
combine the side scan and top scan into a single measurement
array. When completed the data must be saved to a REG
before it can be used. Recall the REG to load REGO.

Active Register

Start Data Points

lhctvo=]| —Reotioasea B 220 W 2cc W 7k

Data Vi lization tions-

-l /|| AmplitudefFreq Piot S5 Group Delay
] poarpnt

\k
* Data Storage Reg3| Recall Reg 3 ?@
I \Q | |
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Merge Scans And Save to REG3
ir eeﬁ.@g

Now that he side scan resides in REG and the top scan resides

in REG2 merge the scans. This can take several seconds
depending on the array size. The scan buftfon will remain pressed
until the process is complete.

Active Register

Start Data Points

(hcwo=] —eoouor— [ “reqor M Reoor W 0

Data Vruahzatmn Options-

E o 30 A7 Plot - !I Amplitude/Freq Plot |‘3'| Group Delay
View 3D AZEI Plot < Polar Plot M

[ Data Registers Load Reg1-4 From Disc| IMPORTANT

saeRegi4Tolisc || Be sure to save the merge into
Measurements a REG. To load the active REG(0)
* 35.85k .
| ::uammgeﬂegﬂ Recall Reg 1 | | Recall your reg. The data wil
appear in the calculator display
* Data Storage Reg2| Recall Reg 2 | 32.08k windows.

| |Aperture intc REG2 |

Data Storage ggg 3| RecallReg 2
| |

I
Data Storage Reg Reg 4 | Ly |
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Invoke the 3-d AZ-EL module

Active Register
Start Stop Data Points
ctive- | 0|

Data Visualization Options-

| ] Amplitude/Freq Plot SiM]  Group Delay

3D Az/El Plots

The AZ-EL plotting menu
;EEP:E;VEZT:EE ;E;this calculation. It is W||| Clppe(]r. S||de 'I'he
= = = | ] TedUencysicerioine
desired frequency and

invoke Plot Az-EL
gctangular Az-El
’

4-Plot Window
Hold Mext Plot

rﬁ Continuous Play
Stop Play

l5s .ere Grid de

m—
Lcung:::Lat

a—

NOTE: The 521 mesurement array is squared from volt i‘

BTN
IiIFlv
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Plot The Spherical Profile Diamond

Emgi neering
Rotate xyz

HE hMNA A/ P
Spherical Profile. Rho,Az,EI(0,0,0) is center of plot

Note the orientation of the plot relative to the platform. Rotate
the plot 1o explore different view points.

Note platform position for orientation
only. Does not reflect absolute position

IMPORTANT: The VNA measurement array scale is linear S21.
The spherical Plot module uses S21 ™ 2 (power ratio).

9
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Add an Iso Sphere -
Engincering

3D Az/El Plots

NOTE: The 521 mesurement array is squared from volt il

Generate an isofropic
EEtPE:.:z;vzzttE ;E;U?hls calculation. It is Sphere by en_l_enng _I_he

READ BELOW TO CALCULATE dBi POWER GAIN

se the slider to select the measurment frequency antenna separation and
the sphere gain O dBi.
Depress Add Isotropic
(dBi) and re-plot previous

O

+dBi)= |o

R(in)= |35 o antinuous Play

o Stop Play
Iso Sphere Grid =
N

Exit

Spherical Profile. Rho,Az EI{0,0,0) is center of plot
<—Linear gain »

Isotropic “rodio’ror

ISOSPHERE dBi= 0 dBi
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Examples of using the isosphere Diamond
to determine the gain and Engineering

associated beamwidth

Spherical Profile. Rho,Az,EI(0,0,0) is center of plot)herical Profile. Rho,Az EI(0,0,0) is center of plot

Check Wireframe
for visual transparency

6 dBi Isosphere superimposed over

linear $21 ~ 2 patch antenna
ISOSPHERE dBi= 6 dBi

8 dBi Isosphere
superimposed over
linear $21 ™ 2

ISOSPHERE dBi= 8 dBi patch antenna

Set the Isosphere latitude longitude grid,

rotate the plot peak perpendicular to
view beamwidths.

er of plot
10dBi

Lo

o

,’2_3“:

LN
3 !@ %
i “:&:4?—."—“.__._4 ol "——:?/xr{‘x —F
beamwidth. ==
= o = e
=== = et ¥ 77
\\ \\TTY\ \‘ :’;777?” J.’H O
\\ A@‘_ “,; ; T T ¥ i 7;’ J.l')( %
ISOSPHERE dBi= 10 dBi \\ = = == == ffj m
m
10 dBi Isosphere superimposed over = : ] 74%
linear $21 ™ 2 patch antenna 10dBi Az
30deg

beamwidth
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Uncheck isosphere wireframe Biamol;nq,
and view the 10dBi gain and  Engineering;
associated beamwidth

Spherical Profile. Rho,Az, EI(0,0,0) is center of pls

:dBi= 10 dBi
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Projecting The Scan Array on Diamon:
To The Measurement Sphere Eﬂﬁiﬁﬁﬁmgj

Perform a complete scan

The Map To Sphere feature projects
the S21 ™ 2 response on to the unit
sphere. This is useful for determining
the beam width for any level
relative to the maximum.

i\m Measurement

3D Az/El Plots

NHOTE: The 521 mesurement array is squared from volt il
to Power ratic for - Loaadowed T
not resawved to REGO

REaD BELOW To carcuiate af VieW the sphere Be sure you have scan
se the slider to zelect t] head on data in REGO.
S Check the Map to Sphere

W Map to SphefeR(ink,

oo | BN ¢ useLinears2112
Add Isotropic (dBi) < |Jze 20Log(S21)

(+dBi)= |10 M8 ™ wireframe

Riin} = IED
J Continuous Play
lso Sphere Grid de
- - Stop Play
|§D | Long x Lat
I~ wireframe
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Projecting The Scan Array on Diamond
To The Measurement Sphere  Engineering

Linear data array projection on to the $21 ~ 2
unit sphere

Spherical Profile. Rho,Az EI(0,0,0) is center of plot
1

09
0.8
10.7
106
105

104

0.3

0.z

0.1

Spherical Profile. Rho,Az EI(0,0.0) is center of plot Check the Wireframe
1 option to view the

Each grid intersection is
a scan measurement

response against the
measurement profile.

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 Diamond
To The Measurement Sphere  Engineering;

3D Az/El Plots

NOTE: The 521 mesurement array is sgquared from vclti‘
to Power retio for this calculation. It is
not resaved to REGO.

BREAD BELOW TO CALCULATE d4Bi POWER GRIN

se the slider to select the measurment frequency j

F Data Point Frequency
52 — 2 408G

100

Az-El View Point |
a0 a0 0

: (+dBi)= |10 |
. RiM= o |

20 Iso Sphere Grid deg

Eo | LongxLat

You can project the

Log response by checking
the Use 20Log(S21). It is
actually 20Log($21/521max)

< Use Linear 5212
4 Use 20Log(S21) 'l

60

¥ Wireframe

Continuous Play
Stop Play

‘ | e e 20Log(521/521max)
The figure below shows the equivalence of the projection .
and the measurement. The color bar is 20Log($21). The 5
projection sphere has be rotated up to view the adjacent
side and show the platform orientation. 10
j-15
1-20
1-25
4-30
-35
40
45
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Projecting The Scan Array on Diamond

To The Measurement Sphere  Engin

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

o 0.7

g 0

ot

104
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