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Diamond Engineering
Automated Measurement Systems

RFID Antenna Measurement

This example demonstrates the basic measurement technique and utilizes most (but not all) of the
DAMS Software capabilities.

This example will determine:

- Gain (Phi and Theta)

- Match

- Efficiency

- 10dB spherical compliance

- Antenna range (assuming 10 Watts Tx, RFID Retransmit efficiency=.001% 920MHz)

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




Test System Specifications

System: DAMS6000 with FSM-5
Frequencies: 800MHz to 1GHz with 101 points
Azimuth: 0 to 360 (Step 5)

Elevation: -90 to +90 (Step 10)

Method: Gain Transfer calibrated Yagi Ref.

Apply Sampling 8th order to correct errors Ignore the absence of the Balun choke
normally supplied by the RFID chip.

Absorber over rotary joint A\ NOTE: Be sure to switch the
Azimuth and Elevation cables when
using the FSM attachment.
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System Calibration
o Ensure the picture in Configured Positioner is your platform.
9 Select your test equipment.

9 Perform a VNA calibration from the reference to the DAMs rotary joint. (DAMS provides scalar
cal for non-vector measurements.) In settings menu check Additional Parameter S11 or S22.

G Configure the Az-EL movement
6 Set the default monitor plot items
@ Make sure the AUT is properly positioned. Use the jog and Zero Positioner.

0 Initiate SCAN Az/El and begin the measurement. Button will turn grey until finished.

Measurement time remaining will update here.

Antenna Measurement Studio 5.998- HTTP:/fwww. diamondeng. net
/
Antenna Measurement Studio Diamond Engineering

Pri on Antenna Measurement System and Data Fri ng Software

Automated Measurement Systems
- ! MOTION DISABLED ! _ /
n Procetd to Data Processing | n

/Asition Platform to peakl

H MEASURE AZIMUTH CUT | SCAN AzEHI

Select YA ar Source |
[[wMa EMULATOR
Select Receivg

SelectReceiver Settings |

1| _cALsYSTEM"| Scalar Cal OFF |
CalPAD@@B)=| 0 | _ PMCalOFF |

Az Extents

H MEASURE ELEVATION CUT |
FAUSE MEASUREMENT |

STATUS

Reset ALL Init Pos |H

VA

Ready to Measure 7

Az Pos.

This page is collection only - after making
measurements, proceed to data processing
to work with your measured data.

Press any ? for help.

El Pos.

Start Freg | Stop Freg | M. Pointsl

Center Frequency Am de /Polar Preview

Az Start o
Az Stop 360
Az Resolution 5

Configure Extents

AZ Progress

ﬂ 521 Averaging
i

4 =S21(f)= OFF

' -~ S31()= ON
Azimuth Jog delta Elevation Jog delta < sAM
Jog Left | Jog Right Jog - Jog + EL Progress # fw's |1
E ~|s MINE -2 || ¢ Use ALL

¢ ALL-Mir
Az Jdogto ||o ~| o~ < e
Meaz. Delay
W IRECT POSITION || ZERO POSITIONER T

A TIP: You can make multiple measurements for
averaging and min/max delete.

Dizplay Settings
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Monitor Plots

o After the measurement is complete proceed to Data Processing to save the data.
(See next page)

9 Return and rotate Reference Antenna 90 degrees. Repeat measurement and save

data. (See next page) Where? How?

9 The monitor plots display the link data by default. They can also be set to gain
data in the Monitor Plots menu. Additionally, real time gain can be invoked
for pre-test or experimentation.

F] Antenna Measureme dio 5.998 p diamondeng. ne ™
- \' i A o - =¥ Eme oo} “ersion 5.8987 - 1-1-2011 Driver info. Diamond Engineering
=, Pro License 0 ﬂ A t Sy
! MOTION DISABLED ! | EMABLE H
EIEIEMIETIONS jJ Configured Positioner |
MEASURE AZIMUTH CUT | ScANAZEL || ProceedtoData Processing —
Select ¥MNA ar Source | :
. MEASURE ELEVATION CUTl Reset ALL Init Fos | Faosition Flatform to peak |
[[¥hAEMULATOR - | Settings |
Select Receivar | PAUSE MEASUREMENT " | =
|select Receiver || settings | Positioner Seftings
|_STATUS | Oh:0rn:0s Remaining Cantinuous
H Measurement Complete - Proceed to Data Processing
n clbeverlEn S | Az Fas. | | ElFos. | This page is collection only - after making
_ StartFre Stop Fre Mo, Points 2 o measurements, proceed to data processing
CalPAD(EE=| 0 | PM Cal OFF | 200N | 26 q | 3 | 0 0 to work with your measured data.
Press any ? for help.
Az Extents
Center Frequency Amplitude /Polar Preview Arikitrany Dipole 900K | Hz | Manitar Plat Options
Az Start 0
Az Stop 360 = 4t
Az Resolution 5
Configure Extents =
EL Extents 8 b .
.
I
%
-3
H—+4++++ o
AZ Progress -3
#
521 Aweraging H,H
% =S21(f)= OFF ,n-'fx{
— < =S21(f)= ON
Azimuth Jog delta Elevation Jog delta
Jog Left | Jog Right Jog - Jog + ENGIogE=2 #avgs 1
|5 |5 ||z -2 -l < Use ALL L 218
4 M 27
Az Joi to |U j 0 - 4 ALL-Mintizs
Meas. Delay Display Settings
MOVE TO DIRECT POSITIO ZERO POSITIONER i

& TIP: When utilizing the real-time gain plot, you can
jog or zero the position.
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Saving Your Data
To save your data to a REG and then save REGs to your drive:
o Save each data set to a register(REG1& 2). Label the Registers
9 Load the Alternate Parameter (Sxx match) to the display Register.
9 Save Alternative Parameter to unused Reg4.
9 Save the data to the disk
9 In the event of data loss go to RECOVERY in the Register Utilities
The data is now secure. Next the data can be processed into Gain data. While the math can be done
in the array calculator the Gain Transfer is set up for this. It requires knowledge of the path and the

reference antenna.

tart Here" to proceed
Antenna Measurement Studio Diamond Engineering
Precision Antenna Measurement System and Data Proc ing Software Automated Measurement Systems

Return to Main Current Dataset

ChDocuments and SettingshWike'Desktop'RFIDWRFIDZ dat

New Measurement 1/4/2011 4:04:59 PM
Start Stop Data Points

ive = Reg0 EMPTY 00 1G 219 AzZ-EL Extents
# Measurements | | 4

1401k Data Visualization Options
i - - = i Group Dela
Link Data E-thets 17200 o1 N.22 AM B3 Sspherical 3-d Azl Az_EL_F 3-d alar & Amplitude Plot p Delay

Beamwidth 's. Freq. AUT Compliance Link Commander
Data Storage Reg 2 .

Recall Reg 2

Link Data E-phi 1732011 3:25.44 PM Data Manipulation Options Generate Path Loss | Gain xfer I Efficiency |

Flip ELsign | Print | EL Swing Cor. | | impart REF Antenna | 3 PointGain | Gain Subsitution |

Data Storage Reg 3 | Recall Reg 3 Regi ster Math @ Calculator Status

jrlternate Parameter Data Ij | Linear Wector Reg0 Linearectar
10LoalRESG Reg2 10LoaiREG
B ouastorageeg s Thocainegs | 0 Reomg o0 |l Roe2 2 Il e =

. e SQRT(REGY | | Reg4 SQRT(REGY
Motes to he saved with Regd REGH(MAX) REGK{Ma)

RE GaxihIM) REGux(Min)
Be sure to save data into the Data Storage Regs. Atter an TIREGH IREGH

initial measurament Regl will be viewable but the data wil ke |

lost if you extt without saving to a Ram register . If you try to (Ellfp Wtz I: =l Fhase offset= IU i

use the calculatar without first having saved the 1
measurements MOTHING will happen when you attempt to Active Register Mag || /NY 20 Lngl Clip data I Active Register Phase |

perform "=" at the calculstor.
0: 2

1:
EXPORTING AR EMTIRE REGISTER :1.193 1. 1.494
:1.188 1. 1.487
The advanced festures enable measurements to be 1173 1. 1 46T
preformed over frequency. Each movement has a fregquency : : :
measurement band associsted with it. 3-D ploting is RE 1. 1.433
1.
1.
1

enahled for good visualization of the data. The 1113 1.388
amplitudeifrequency plot iz real time with a frequency slider. -1.069 123
It'= like looking &t the 3-d plot one contowr at & time. &I plats
are the contents of Regl. The results of the Math Calculstor 1.262
are placed into req0 and used in the plots . Mag and andle are T

1017

b = e O e e R e R e e i =
b e e e e e T
E =T = = = R N =

& TIP: Register Utilities can be used to load multiple files. See “Load single Register”.
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Path Loss Generator

Enter the Separation Distance and select the appropriate unit of measurement
and click "Continue”.

9 Additionally, besides TxRx separation, you can use the group delay, specify a fixed
path loss, or use the Laser Borsite tool to determine distance, pointing angle and
path loss.

9 Left scale (yellow) is path loss. Right scale is path loss sensitivity to length (dB/in)

9 Invoke Generate Path Loss. Once done, button will turn green.

(Continues next page...)

Import Calibrated Antenna Data

Use s Phase REGD

Specify Fixed Path Loss(dB)=== (|0 Calculate

Use Laser Boresite Tool

36

Inch

Faat

Miles
Centimeter
Meter
Kilometers

PP AP

o 26 4G BG

Frequency

Continue EXIT

>

PATHILOSS CALCULATION

This will calculate path loss into the internal PL register with the size, shape and
frequency extents of the data currently m REGO. The path can be specified by distance,
distamce from group delay, fized attenuation or distance by Laser Tool

Principal phase is also calculated.

& green PathLoss button in the Previous pagelAdvanced Data Processing) indicates
PL is present.

Tse 321 Phase REGO to calculate the path loss from the group delay. Be sure you
have performed a vector calibration from the ATT feed (rotary jomt) to the Tx fzed.
"When exiting Group delay be sure the plot 15 in distance units not tume. This distance
will update PL distance

The dBfinch scale (ereen, right) is the sensitivity of the separation to path variations. To ¥

Load Reg1-4 From DiSC| Active Register New Measurement 1
— Save Reg1-4 To Disc | Start Stop
| [Active=| |  Reg0DEMPTY | B00M 1G

# Measurements

ccalogt | 140.1K Data Visualization Options _Load Aliemale S-Param. |

g 5423 A EJ soherical 3-d AzEl EL_F3- Polar & Amp
Beamwidth %'s. Freq. AUT Complia
ecall Regz 1401k

25-44 FM I Data Manipulation Options Generate Path Loss |

Flip ELsign | Print | EL Swing Corr.| import REF Antenna | 3

ecall Rea 3 | 7373 - - v A Malrnlatnr Statue
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o Invoke Reference Antenna. Once done, button will turn Green
9 Follow instructions to create reference antenna file. Press Continue when done.

e You can import arbitrary losses by adding them to the Ref Horn file.

Active Register New Measurement 1/4/2011 4:04

Start Stop Data Points
| Active=| |  RegD EMPTY | B00M 15 219

Data Visualization Options _Load Altemale S-Param. |

Fecall Patt

Data Manipulation Options Generat(ah Jih Loss | Gain wfer
Flip EL sign Print | EL Swing Cort. | |mpart REF Antenna | 3-Faint Gain
Register Math @ Calculator Status
Linear Yector Reg0 Linear Yector Reg0
Reg1
10LogiREGH) Reg2 = 10Log{REGH) 1
REG#"2 Reg3 X REGx2 Reg3 -

(Data in REG1 is used for Gain Transfer. REG1 was EQ.)

Import Calibrated Antenna Data

Current File: CADAMS\REFhorn bt

@, Load From MNotePad File

Use previous Load

EXIT |

13

@ Continue |

IMPORT ANTENNA CALIBRATION

|>

Thus will load antenna calibration gain data into
the ref antenna register with the size shape and frequency
extents of the data currently m REGO. Interpolation

ie mead hetrrasn main data cal ssinte

(Continues next page...) [?]
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€D 1nvoke Gain Xfer for REGL (EQ) and REG2(EF)
9 Calculate ABS AUT Gain=REG4&0 “Total Power Factor”

e Re-save ABSgain to REG3 so REG4 can be used for other things
(lick Gain Xfer again?
“Calculate Total Power factor” will convert REG1 and REG2 to Gain and calculate
the ABS gain and store to REG4&0

& TIP: You can perform circular, 3-point or substitution measurements in the Data
Transfer window.

Active Register New Measurement 1/4/2011 4:04
Start Stop Data Points
| Active=| |  RegD EMPTY | 500N 15 219

Data Visualization Options _ LoadAliemaie SParam. |  Recal Palr
B3 sorenaisonsel] . A ELF3a | PolarsAmpituge Piot |

Data M.nm“'.“o" Dplluns Generate Path Loss | Gain Hfer

Flip EL sign Frint | EL Swing Carr. | |mport REF Antenna | 3-FPaoint Gain

Feqgister Math @ @

LinearWector

Calculator Status

Linear Yector

10LogiREG:)
REG#"2

- 10LogiREG:
Rea3 X REG:"2
(REGO is the display REG used for plotting)

- After step 4 we have:

Data Registers Load Reg1-4 From Disr.:l
Gain Transfere Save Reg1-4 To Disc I

_REGISTER UTILITES | ~ |

# Measuremerts

e

140 1k

Calculate Gain(sur) from Calibrated Reference And Path Loss

A

e =
G:.ILT = [Gm:r] (Ii.‘f)

Linear Gain Requirements:

1. Measurement Data Saved fo REG

2. Invoke path loss [Sets internal variable)

3. Import Tx Gain (Sets internal variable)

4. Invoke "Calculate AUT Linear Gain = REG 480"

Phase: Principal phase {010 180 and 0 1o -180) is also calculated

Circular Gain Requirements Using H-Y Linear Tx Horn with FSh Mount

IMPORTAMNT: Rotate horn CCW to make H measurement,
RCH is relevant to the AUT

Wiew Application Nate
Calculate Linear AUT Gain= REG4&0

Calculate Circular Gainusing H &% Linear
Calculate Total Power factor SGRT(ERM2+Ev2)
Cancel
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Compare the PeakEQ,EF Gains to Absolute Gain

o Enter Polar & Amplitude Plot, then

e (eI

R 1 e

Fivg

recall REG3(ABS(G))

Recall Path Los:

@) Check dB and 3dB/div with 20 Log (7)

.as indicated inimg?
Click Goto Max Signal

ded G00m 15 140.1k
Options __Load Alemate & Param|
&~ AefELF3d | Polar&ampitde Piot |

AUT Compliance

et Pt | e |

e Read peak gain and associated F,Az-EL positions, and note all three sets of[?] parameters
.as indicated inimg?

6 Click “Normalize”

O check Hold

o Switch to Pen2

9 Recall REG2 and repeat steps 3-7

9 Recall REG1 and repeat steps 3-7

& TIPS: - You can set the linetype, point type and label by clicking on “No Desc”
- You can export any contour to Excel.

(EQ)peak REG1 =—e—s—e—=

Fenz Fenz Feni

o] 1.605 | Active Plot: REG1
: < Biyes Edit Traces
= 04597

60 _

40 =

20 =

a o -

NO)¥(

| REG1| REG2| REG3|REG|

MA]

Mo Desc
¥ Hold

Mo Dest

[

[~ Hald
F:| 92am
El a0

Mo Dest

I~ Hold
F:| =930m
Ell 90

Mo Des

Ma dB=1.0442 i@ 260 Deg.
Pl clBi= 0135360 @@ 40 Deg.

I~ Hold

(EF)peak REG2 I
ABS(E)peak REG I

Freg: 930.000 MHz
[ Mo Pop Up
AZimuth Contours

)< All Az Cuntoursl
45

Add Flot Lahel

4

314
s
|— Export plotiw scales only

930M N ;
F: dB hinddzx: Defta = 0,905 oB / Display Settings
I Full Elevation Cuts | 7 | El[ =0 | _ ﬂ—l
Auto Scal Beamwidih: 360 Degrees Front to Back: 0.86dB 270 Plot Scale: 3dB/Div
Beam Width Setting —lu glete s
—— Center: (0, @0) Print | Excel Report/ Export | Trace Data to Excel | Plotwith GNUFlot |
i ef,

Click Marer To Mext Colar »

Smith Chart | {5113 Reg

|V:||
|ﬂ:||

= < Beamwidth OFF |
| @ Beamwidth OH

0

0

| ro Edit Data @ Marker2

farker 20Log Delta dB

—
4
|

Marker Delta Angle

_ Freq Trace Export |

(Color shading shown is for illustrative purposes only.)

Diamond Engineering

9

Application Notes - RFID



Plot Peak Abs(E) Gain and Associated Ef,Eq Gains

€) Recall ABS(E) REG3 7. Recall REG2 (See @)
9 Click Goto Max Signal 8. Reset sliders (See e)
e Note the AzEL,f on top of sliders 9. Check Hold (See 9)
@ ciick “Normalize" 10. Switch to Pen3 (See (@)
6 Check Hold 11. Recall REG1 (See @)
0 Switch to Pen2 12. Reset sliders (See e)

& TIP: You can set the linetype, point type and label by clicking on “No Desc”

The ABS(E)<=Eo Es

since ABS(E)=\E%b E%

Need color code key like on page 9..?

/5)

(Color shading shown is for illustrative purposes only.)

Dont PIf 4}

MNormalize

Exit | - Mo Desc
_ EL | ™ Hod
GoTo Max Signal 335 -40 E @
NEXT Ell -z0
Creer Freg Plot | l.i Mo Desc \
dBrdi 3
Amplitude Plot I—I [~ Haold
“ 3 F:| a7am
< Lnear ||| f E|| -z0
< 1oLeg || < 10 Mo Dest 225 o
¢ 20Leg || <15 M&X dB= 2.7534 @ 345 Deg.
< 20 I™ Hold [ Export plotin seales only
ST Mt dB= -24 53 @ 90 Deg. < -
i - Display Settings
El IE B MinMlax E?n\arta 27.299 B /

[ Full Elsvation Cuts | 7 |

Auto Seal Frontto Back: 5.63d8 270 Flot Scale: 3dB/Div
Beam Wfidth Setting w
% db Ref.O Center: (0, @0} Print | Excel Reportf Export Trace Data to Excel | Plotwith GRUPIot |
¥ ef.
Click Matker To Nest Color = ¥ =] [ I P — o
A — O ‘B idth ON O
Smith Chart | (5111 Reqg | | Il I o 4 Beamwi
| v Edit Data @ Marker2 || Marker 2000y DeltadB | Freq Trace Export Marker Delta Angle |

Bearmwidth: 93.82 Degreés

Narne: Ve 50 Fraq: 878.000 MHz
| rec1| REG2| REG3| REG| | Mo Pop Up|
[MAX] ——Tres e | Agimuth Contours |
5 1605 | Active Plat: REG2 %AllAZCDmDUrSI
] o Edit T 135 "
a0 — “dBAves || Bdit Traces Add Plot Label
3 -3.09 |
<] 7 Refresh
| MAX= 4.1
40 — ABSgain
— v Hold
20 d
-] F:
0 o -—|| 90

RFID - Application Notes
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Plot the AUT Reflection Coeficient

FrequEnCY Azimuth  Elevation

aom = g = oo =

=
100 360 90 -

0——J
Clear Dant Plot

Keep | Mormalize Penz
Fen3 J
; Pend ¥
Exit Export E

L4 El
GoTo Max Sighal

-80

Trace

-

HE

& Linear || £ g
< 10Leg || & qp
< 20Log || < 15

< a0
I Full Elevation Cuts | 2 |
Beam Width Setting
7 dB Ref. O
Clidk, ext Color =

Smith Chart (511) Reg

o Recall the previously loaded S11 data REG4

9 Invoke the Smith chart

e Invoke the Amplitude plot

This enables the AUT match amplitude and phase to be plot.

Markers read out amplitude

Mag
Span:2
< ¥ 20Log ymin Ymax |Piat Title Here
= amplitude I+ Auta Scale
= -0 Pent (az,EL)
. =a
- -1
I Trace 1 Pan2 (az,EL)
El
i I Hold
) -z Pen3 (azEL) Traced
1 |
F -4
£ [ Held
Pend (azEL)
i
For b ° < 100%
E
3
p Traees 7 4 Use Polar Plot Refresh [+ 200 : j:: T
- 300M  B40M 8E0M az0mM AE0M 16 Jp
[ I Held
F Print Frequency Center. (0, @0) Ref Radius: 1
Resistance - Reactance marker
A x 238N y.-4.197 Vo rivm w143
I
B | a34m Y. -4.935
= 00 = - T

1IN dFi= -0 @ 0 Deg
200h
F: B Miniten: Delta =-0¢dB

Auto Scale

Center: {0, @0) Print ExcelRepnr‘ttExpnr‘t

\_/

Eleamvwdlh 360 Degrees Front to Back: 0.50dB 270

[ Export plotiw scales only

< -
/ Display Gettings

Plot Scale: Linear

Trace Data o Excel | Plotwith GNP |

g i <
Beamwidth OFF
A = 4 Beammidth ON

ro

Edit Data @ Marker2 Marker 20Log Delta dB Freq Trace Export

0

Marker Delta Angle

Marker reads out AUT impedance

Diamond Engineering

1"
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Full Elevation for Full-Circle Azimuth Cuts

o Move Azimuth slider to see elevation cuts

9 Move Elevation slider to see azimuth cuts

9 The “"Frequency” button can be used to enter frequency.
(M,G and k are valid multipliers.)

o Check for full 360 deg Elevation cut. Only valid for full scan data

& TIP: You can export this data to Excel.

Indicates elevation cut

E:l',,-'r'@: Plattin L@

. Marme: an Freq: 930.000 MHz
requenc : 1 o
,—Iq Z sgimuth  Elevation | REG1| REGZ| REGS| REG| |¥ Mo Pop Up|
saom [H| 130 = a0 [F WA | Elevation Contaurs |
100 360 -a0 1.083 | Active Plot: REGO %AHP«ZCDMDUFSI
9 Edit T 134 45
SD] — =dBfve= || Edit Traces Add Plot Label
] -3.399 |
&0 9 Refresh
u MAX= 0.696
40 _J Mo Desc
- [~ Hald
2l a F-| a3om
. 0 a0 I3 |
Mo Desc
Ti
Clear | DontPiot e | =g - ;
Fi g3omd |
Keep | Normalizel EI%I tr Y e
Exit | - Mo Desc
= I [y
GoTo Max Signal 260 -30 = @
Ower Freg Plot | Mo Desc
dBidiv
Amplitude Plot | | [~ Hold
&3 F:| @zomM
< Linear < G El -30
: 10Lag 1|0 Mo Desc 135 -45
< 20Leg||ig 5 WM& dBi= 06256 @ 20 D ~
I_ Hold : @ £0. | Export plotin scales only
< 20 Faa0m MIM dFi= -5.597 @ -&0 Deg. 2 .
i = Dizplay Settings
Full Elevation Cuts | 7 | EI[ _gp |00 MinMaxDefia =3.0934 08 / ﬂ—l
Bearrwidth: 56.68 Degrees Frontto Back: M/ -a0 Flot Seale: 3dBIDiv
Beam Wfidth Setting %
™ 4B Ref 0 Center: (0, @0y Print | Excel Reportf Export Trace Data to Excel | Plotwith GHLIFIot |
ef.
Click Marker To Mest Calor = | ¥ =l | | | | e s ) 4
E eamwidth OFF 4 —_—
Smith Chart | (3111 R L8 1| 1] | O | 4 BeamwidthON || 0 ]
en E
| ro Edit Data @ Marker2 || Marker 20Log Detta 88 | Freq Trace Expart | | Marker Delta Angle |

RFID - Application Notes
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GNU Plotting

GNU plotting provides more marketable plots. To utilize GNU, follow these steps:

€) Ciick “Plot with GNUPIot"
9 Click here to reveal more options

e Move the polar plot aside. It's best to have
DAMS full screen so more plots can be
run simultaneously.

& TIP: The amplitude plot may also be used to

plot with GNU.

I® anuplot graph

/

“ /

I_ Export plotin zcales only

Lisplay Settings
—_

Plot Scale: 3dB/Div

Trace Data to Excel | Platwith GHUFIot

5 <
K

Beamuwidth OFF ] 0

Beamuidth ON

J_ Freq Trace Exportl

harker Delta Angle

Antenna Pattern

(Click and drag)
) o0 90 a0
110 70
120 B0
130 -3 a0
140
180
160
170
- 180
190
200
210
>0 320
230 310
240 300
- 2580 290
250 270 280
| | | | | |
Diamond Engineering 13
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Plotting Peak Spherical Gain
0 Invoke the spherical 3-d Az/EL
9 Set the frequency slider to peak gain by invoking “Set From Polar Plot”
e Check Use 20Log(S21)

G Invoke Plot Az-EL, which opens the 3D rendition as seen below[?]

3-d Spherical Az-EL Plotting
-

‘@nerate Plot - Iso-Sphere
: 7 J Data Plotting Options #* —n@
-
I Ji| Frequency y
< Use 52172

I” Map ta Sphere R{in}
I Multiple Plots
| gaom ( & Use 20Lag(s21) I” Hold Plats

= - [ Color Bar Min dB
[~ Wiireframe

=

< Use 521

Data Manipulation Options
Flip ELsign | Print | EL Swing Go

Reqgister Math @
Linear Yector Reg0

10LogiREGH) Reg2

REGx"2 Reg3
SARTIREGH) Reg4
REGH(MAR)

REGH{MIN)

UREGH

& TIP: Processing toolbar
offers a host of plot tools.

Clip Walue I
VNA Freq #
Active Register Mag | | 20 L°9| q

o oot

.'|Figure 1: RFID2.dat _ ¥ Camlight

File:
W I
Freq=0.9300GHz Az=45 EL=45

MOTE: The 521 meazurement array is squared from volt
to Powver ratio for thiz calculation. it is
not re-zaved to REGO.
REAMN AFL O TO T CHIEATE dRi ar AR POVER (AN

& TIP: Generally the polar plot is used
to identify a desired (AzEL,f) contour. The

Spherical frequency can be set “2" from the
- polar frequency slider in another window([?].
' Where is said slider? Isn't the
- visible blue slider for the 'VNA

Freq *' as it says below it?
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Spherical Plot of Gains (EQ),(EF),ABS(E)

A IMPORTANT:  See note in spherical regarding multiple dB spherical plotting for .
exceptions. Where is this?

1. Be sure the REGs are as follows (from Gain Xfer Total Power)

?
== 2.Inthe W}E}r%gt'recall ABS(E) and invoke
Data Registers Load Reg1-4 From Disc| "Go To Max" to set the frequency slider to the

| Save R'EE1'4 To Disc I frequency associated with max ABS(E)

# Measurements

oy Reg! | Recall Reg 1 140 1k o Set the freq slider to polar plot (max)

" (E) || @ Check Multipal Plots

Data Storage Reg 2 | Recall Reg 2 1401k e Check 20Log(S21)
 (Eq) |

Data Storage Reg 3 | Recall Reg 3 1401k
REG4 is Total Power SqriiiEv2+ER™2) ABS E

e
B ... |

(Continues next page...) [?]

3-d Spherical Az-EL Plotting
-

Generate Plot o Iso-Sphere %
| Data Plotting Options #* ‘ﬂé
[ Map to Sphere R 2

F Uze 521
Uze 5212
+ Use 200Logi=21)

Add Isosphere
dB walue I4.1 oy

|
v Multinle Plots
[ Hald Plats
™ Color Bar bin dB
b

Azout-3s0 v
5 | GridRES(deg) ‘

[ wireframe

[~ Wireframe
[ Export Plot Data
AZ-El View Point

[~ Add Label

sosphers: When data is plot, the dB value window displays the pesk data dB
value, By subtracting 3 from the value and "Add Izosphere” the 3dB beatmywicth
can be seen. The "set From Polar Plot" button will et the frequency slider to the
slicder frequency in the Polar plat. That is useful for viewwing the pesk signal or

v Camlight

Camlight

’ cesired signal a5 detirmined inthe Polar Plot.
v L4 IMPORTANT
off hanming linear cordinates to soherical cordinates has some specisl considerations.

Diamond Engineering
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1. Recall REG1, Plot (EF)
2. Recall REG2, Plot (EQ)
3. Recall REG3, Plot ABS(E)

& TIP: Plots can also be over laid by checking "Hold". "Wire" can be used to

delineate plots.

& TIP: By clicking wire or no wire multiple plots can be made more visible.

3-d Spherical Az-EL Plotting

Orientation Help Orlemahun Exammes
Generate Plot -

Iso-Sphere
| Data Plotting Options *

I~ Map to Sphere R{in)
Frequency

Add Isosphere

< lse 521 | 2z veree |4.107

< Use 52172
“% Use 20Log(g21)

¥ Multiple Plats
[ Hold Plots

I”" Color Bar Min dB |} =

I Wireframe
I~ Esport Plot Data
AZEI'Vigw Point

VNA Freq #

Set From PolarPlat

W Camlight
Comlight

s0sphere: When data is piot, the dB value wintow dispiays the pesk data oF

walue. By subtracting 3 from the value and "Add Isosphere’ the 38 beamwicth
(can be seen. The "set From Palar PIat” button wil set the frecuency slider to the
sliver frequency inthe Polar plot. That is useful for viewving the peak signal o

desired signal = detirmined in the Folar Flot
' IMPORTANT

¥

File:
DeEa aan® (0B

Freq=0.9780GHz Az=45 EL=45

~

Figure 2: Gains2.dat
File:

DEHa &) 08
Freg = 0.9780GHz

Az= 45

EL=45

| Figure 4: Gains2.dat
File:
DEHa Qa0 € |0E

Freq=0.9780GHz Az=45

)
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Determine Spherical Areas Less Than 10db Down From Peak

o Spherical plotting displays the Max in the isotropic dB value. Subtract 10 and
enter into window.

9 Depress "Add Isosphere”
€) ciick “Plot Az-EL"
0 Use rotation to view data

9 By clicking wire or no wire multiple plots can be made more visible

Qrientation Help . Orientatior

Add |sosohere L 4 ‘¢
Generate Plot

¥ Muliple Plats || 98 value 6107 [T <@ Plotting Options
[~ Hold Plots |p._z cut 0-360 - Map 1o Sphere Riin)

< Use 521

IE | GridRES{deg) 4 Use 52192

< Use 20Log(S21)

[ Caolar Bar Min dB

I_ witefrarme [~ wireframe

[~ Export Plot Data

AZ-El View Point

File: Y

Peds ®a O (0
Freq=09780GHz Az=45 ElL=45

| Figure 4: Gains2.dat ____[-]°x]

DeEa &a N € (0
Freq=09780GHz Az=45 EL=45

@
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Determine the Equivalent Number of Dipoles
o Depress "Add 1/2w Dipole”
@) checks2172
9 Increase multiplier until dipole gain ~ ABS(Gmax)
0 Select 3/4 dipole (with no wireframe)
O ciick “Plot Az-EI

& TIP: By clicking wire or no wire multiple plots can be made more visible

Spherical Mapping

3-d Spherical Az-EL Plotting

Orientation Help . Orientation Examples

—_ | ‘

Generate Plot Iso-Sphere _:g
@ | Data Plotting Options  #

—‘ I~ Map to Sphere Riin)

Frequency < Use 521 | ¢8 value [t107 |

@ [ Multiple Flots
+ Use 5212
[~ Hold Plats A7 cut 0-360 vl

I Color Bar iin dB

! | Figure 1: Gains2.dat

File =
DeEda |a®se(0a
Freq=0.9780GHz Az=45 EL=45

Two ideal Dipoles

3
QAN NERS
e i 25
2
15
1
04

" REID Peak Gain
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Determine the ABS(E)-3dB Compliance at 830MHz

1. Recall the ABS(E) data REG3  How?

Fie

DEEs @ade|¢ 08

9 Check “Use 20Log(s21) Freq= 0.8300GHz Az=0 EL=0 i
9 Check “Multiple Plots”

0 Set slider to 830MHz

9 Click "Plot Az-El" to plot spherical. (Peak gain
should appear in the "Add Isosphere” window, as
shown to right.[?])

DEd& fams e 08

6 Press "Add Isosphere” Freq=0.8300GHz Az=0 EL=0

7. Subtract 3 from peak gain. May be performed in
Add Isophere wmdow (see

»? Wron umber???
8. Click "PIot Az-El" (see 6)

& TIP: Every spherical max is set in Isosphere
window

3-d Spherical Az-EL Plotting

Crientation Help . Crientation E}{amples|
Generate P o

Iso-Sphere
vata Plotting Options *

Frequency Q SOSONere

f: e s v hiultiple Plats 4B vaiue 03741
3 &

@ 4 Use 20LogtSz1) I~ Hold Plots |Az cut 0-360 j‘

[~ wireframe L DIDrBar bl ) s | GridRES deg)

I Export Plot Data I wireframe
#7-El Yiew Point [ Add Label

VNA Freq #

|zosphere; When data is plot, the dB value windowe displays the peak data dB
value, By subtracting 3 from the value and "Add lzosphere” the 3dB beamwyicdth

¥ Camlight can ke zeen. The "set From Polar Plot” button will et the frequency slider to the
g slicder frequency inthe Polar plot. That is useful for viewing the pesk signal or a
' desired signal as detirmined inthe Polar Plat.

Ccamlight

IMPORTANT

off Mapping linesr cordinates to spherical cordinates has some special considerstions, ™
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Overlay G(theta) and G(phi) AzEL Gain at 930MHz

1. Recall the GQ data from REGL  How?

2. Invoke the AzEL 3d plOt HOW? 3-d Az-EL Frequency FPlot
Use the Azimuth offset to center &
A " " peaks on the axis.
9 C“Ck To dB (20|-09) Usefull Lz-EL viewpolnts: =
Lz:0 EL:0 Azimuth colormap
" " Lz:90 EL:0 Elewvation colormwap T
e Select "Az-EL Lz:90 EL:90 LzEL colormap
Hold Flot: To overlay plots from »
6 Set frequency to 930MHz ('B> 330M
. 10a
6 Check “Wire Frame”
a0
@ Check “Hold Plot” G Y Wire Frame
AZ-EL
AZ-Fredq ol (D Hold Plot
EL-Frag [ hultiple Plats
e Plot the data 40
AZ-EL Viewpoint
20 1l
9. Recall the GF data (REG2) [Jow? fis | Jes
] Azimuth Offset
@ Uncheck “Wire Frame” and plot the Frequency “139 Exit |

data once again, (see ).

& TIP: You can use "Add Isoplane” to determine spec limits and beam widths

. Figure 1: Gains2. dat
File:

A EIEESEIEIEE
Freq = 0.9300GHz

100

Azimuth (deg) 20 10 Elevation (deg)
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Color Plot of Az vs EL at 930MHz

. | Figures - Figure 1: Gains2.dat
File Debug Deskiop ‘Window

1. Make a color graph of the AzEL plane. How?

2. Select Az-EL

3. With the previous plot present, change the

Viewpoint angle to Az=90 EL=90

4. Re-plot the data

5. Use the data reader to click on data values

& TIP: The slider will change depending on

which plot is selected.

3-d Az-EL Frequency Plot

Tse the Azimuth offset to center A
peaks on the axis.
Uzefull Az-EL wviewpoints:

bLz:0 EL:0 Aziwuth colormap
Lz:90 EL:0 Elevation colormap b
Az:90 EL:90 A=zEL colormap
Hold Plot: To overlay plots from ¥

Plot Az-El Q

[ Add IsoPlane |5

R <E)

930
100
ITU dB (20Log)
&0
, Iv \Wire Frame
A-EL &0
Az-Frag [ Hold Plot
EL-Freq [ Multiple Plots
40
Az-EL Viewpaint
20 i
0 Azimuth Offset
Freguency ‘ j1a0

Exit |

DEEE RAN B

= -
[1}]
o
=
3
£
<

Freq = 0.9300GH

EIevatic;n (deg)
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