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RFID Tag Antenna Measurement
Using the DAMs6000 System And
A Calibrated Reference Horn

This note demonstrates a measurement procedure
using a calibrated reference horn to determine the
Gain and Beam pattern of an RFID Tag antenna

Statement Of The Measurement

Determine the Antenna Gain And Beamwidth properties for an RF ID tag
antenna of unknown Tx Rx frequency bands.

Test Freq : .8GHz to 2GHz 201 points
Azimuth: 0 to 360deg 5 deg resolution
Elevation: -45 to +45deg 5 deg resolution
Gain: Max Gain dBi & dBd

Beamwidth:NA
Find the front to back and Max to Min Gain at Fmax

Generate the spherical profile compared to Isotropic
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Set Up The Measurement Equipment

1. First Use the Pull Down to select the VNA

=] Antenna Measurement Studio 5.0 - HT TP //www diamondeng net =1
v yAntenna Measurement Studio 4.5 Diamond Engineering
By - = Precision Antenna Measurement System and Data Processing Software = Automated Measurement Solutions

#74  StartHere ﬂ QuUIT!

Measurement Controls Post Measurement Options
Move to Max Signal |. Export data |

Measurement Setup

Selectinstrument I
EMU 'l

ATS071
RSD

SelectReceiver | 2| wmeasure Horiz sweep | scanv-H | 2]

Proceed to Data Processing |

. Mea.sureVertSweepl Reset ALL Init Pos |

HPE720
HPE720_AVG Measurement Status CalPAD(dB)= | O Scalar OFFl
I: HPE753 Frequency Range Number of Current AZ Current EL Current measurement
B HPE753_AVG VNA points Position Position Position FMCAL OFFl
HPa714
| ATazsx | | | | —I 52

=

| 2 )| Link System Polar Radiation Pattern |

REC_OMLY

Measurement Setup - Elevation
| 45 = Manual mwe| STEEIE

40
20
o
-20
-40
-60
-80
100
120
140
160

45 < Yes

10 Wertical Step Size < Na | | ) | | .
:‘:z_':' Jog Value 190
Platform AN Anten na Me;:

JogLeft = LR s 4 Precision Antenna Measuremeni
<< -

Clear Plot

Motor Se ; - Start Here ﬂ

Vertical Ci

Measurement Setup

Select Instrument |
[ HPatsz |

This page

2. Use the Settings Menu to
set the properties or you
equipment

Degrees Per Measurement - 3

Mumber of Measurements - 37

1. Select Total Rotation 2 Select Deg. Per Meas.
[1 I1ED =] 360
J_—

cw

Direction
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Set The DAMs For Scan Mod Diamond
et The s For Scan Mode Engineemng;

—-—— e —

1. Slide the Azimuth rotation to the rotation value
2. Select the Azimuth movement resolution degrees

Note: If you wanted to scan about the main beam of an antenna from say +10deg to -10deg
then first use the Manual Move to +10deg. Then slide the total rotation slider to 20deg and
the Direction to CW or opposite. Scan will move from 20 deg from current position to -10deg.
During Scan Mode the DAMs always scans back and forth.

S| Antenna Measurement Studio 5.0 - HTTP://www._diamondeng.net =1
Ay A\NLE C G CITIC 110 4 ~ Diamond Engineering
¥ oo Nte LA : R Automated Measurement Solutions
: [0
Measurement Setup ﬁ IMeasurement Controls Post Measurement Options
Select Instrument | SelectB ! il Measure Horiszeepl Scan V-H |i| Maove to Max Signal ﬂ Export data I
[?| MeasureVertSweep |  ResetALL InitPos | Proceed to Data Processing |

Measurement Status CalPAD(dB)= Scalar OFF|

Frequency Range Number of 57| Current AZ Current EL Current measurement
VINA points — Position Position Position PMCAL OFF |
| I | | Hz
1. SelectTote( )Aﬁ)n‘ 2.Sek ]Deg Per Meas.
- Center Frequency Amplitude Plot ? [ Link System Polar Radiation Pattern |
P1 [350 =] 30 —
J_I 5 = |_ T T T T T T T T T L
0.25 - =
j— Rx
Direction | €W I 0.5 N\ ]
0.75 B Spam:0.232
1 7 .
Measurement Setup - ; .. / . Tl
I -45 ﬁ Manual d 1.5 2 ]
s 3 25 r ]
Vertical Step Sid <
:‘Ig —1 25 I T B O [ T I I I
B 100 80 20 20 &0 100
‘45__:| Jog Valy 175
JOQ-l] 90 |4 =z L Y o
4.5
Platform Settings and| 2
5 -
JoglLeft JogDegrees ]
<< ||—_|30 o | Clear Plat

Motor Setti | Center: (0, @0) Ref Radius: 100m

[7 = ro a:0 |
Vertical Calibration | ﬂ Import configuration |

[4 = ro a:0 |

This page is measurement only. Press the | |
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The DAMs F M Diamond
Set e s For Scan Mode Engineerlng

1. Set the Elevation Slider to -45deg

Measurement Setup 2. Use Manual Move to position the
Select Instrument | Select Receiver p|a’[form to _45deg
[ emu =l [ meees
Settings | Settings |

Cal System |

3. Set the Elevation slider to the
final scan destination ie. 45 deg.

Degrees Per Measurement - 3 1 .
IE Measurement Setup - Elevation
Mumber of Measurements - =1
I 43 =i Manual Mwel Limit Shack
1. Select Total Rotation 2 Select Deg. Per Meas. 45— ¢ Yes
10 Vertical Step 512e| é No
-10
- Jog Value
Jog-[ 90 v]Jog+|

Measurement Setup - Elevation
[5 =

45

)
Vertical Step Size |

Jog Value

The system is now ready for Scan

V
4. Invoke the Scan Measurment
Measurement Controls 4
il Measure Hnriz&meepl Scan V-H
2| _MeasureVertSweep |  ResetALLInitFos |

When Scan is complete the button will depress

Post Measurement Options

Move to Max Signal |ﬂ Export data 5Enter the Advanced Menu
Proceed to Data Processing o
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Advanced Processing Module aﬁi‘,‘ll“
) 1nee
1. Save data to a register e
2. Add notes to be saved with reg
3. Save Regs to disc
4. Recall Reg to load display Reg0

ng

Advanced Processing. Go to "Start Here™ to proceed

YAntenna Measurement Studio 45 § ~ Diamond Engineering

-—'8 Precision Antenna Measurement System and Data P-ocessing Software | Automated Measurement Solutions

C:\DAMs\AdvancedData\RFID_SCAN_with_horn_path

’A’é Registe

Start Data Points
[ Retive- | .

Data Visualization Options- :
-Group Delay
- | vewsazrot [ L3 | Folar & Amplitude B

L _ _m—
- ~ - .
Motes to be saved with Ren :‘Mu"anon Options Import REF Antenna Generate Pattt6ss r’ Evation Swing Corr.

Recall Reg 3 70.74k L gister Math . e R T
Motes to be saved with Reg3 I: Li i] Linear Vector H

* Data Storage Reg

|REGH|
10Log(REGx)

Data Storage Reg 4| Recall Reg 4

Motes to be saved with Regd

To REGO

Be sure to save data info the Data Storage E 1REGX]

Regs. After an initial measurement Reg0 will

be viewable but the data will be lost if you

exit without saving to a Ram register.

If you try to use the calculator without first

having saved the measurements NOTHING

will happen when you attempt to perform "=" M

at the ralenlatnr

Clip Valus = W

001: 002: ¥
0000: 4.816m 5.857Tm 6.092m 0000:-160.8
0001: 2.792m 4.597m 5.259m 0001:-168.7 96.08 1273
0002: 2.643m 4.475m 5.038m 0002: -172 93.56 -15.95
0003: 2.534m 4.41Tm 5.063m 0003:-174.5
0004: 2.51m 4.348m 4.909m 0004:-170.3
band associated with it. 3-D ploting is 0005: 2.432m 4.249m 4.827Tm 0005 -169 95.62 -15.18
enabled for good visualization of the 0006: 2.325m 4.151m 4.686m ' _(W0006:-170.7 985.82 -15.88

data. The amplitude/frequency plot is — Al » ki

Active Registe
000:

-

The advanced features enable measurements |»
to be preformed over frequency.
Each movement has a frequency measurement

5. Generate the path loss with the same shape and frequency
extent as the display register reg0
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Generating A path loss array Engmeermg

Import Calibrated Antenna Data

Calculate

o |36

Window supports math functions

Inch

Feet

Miles
Centimeter
leter
Kilometers

P T o

148
146 |
144 [

142 |
140 g
138 |
126 |l
134 |
132
2.252.3 2.4 2.55
Frequency
Cnntinue| Export |

IMPORT PATH LOSS CALCULATION

This will calculate and load path loss data into
the display REGO with the size shape and frequency
extents of the data currently in REGO.

IMPORTANT Log values are converted to linear S21
for instrument compatibility

TO establish vour measurement gain use the calculator
and divide vour measurement set by the reference gain
and the path loss.

Save the path loss data into a storage reg2(in this case)




Input Horn Calibration Data
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Data Manipulation Options BFET L oin

Import Calibrated Antenna Data

Example Data For This Hnrn‘

Load From MotePad File

IJse previous Load

13
12

Continue |

IMPORT ANTENNA CALIBRATION

This will load antenna calibration gain data into

the display REGO with the size shape and frequency
extents of the data currently in REGO. Interpolation
1s used between gain data cal points.

Use NOTEPAD and create a gain

table like:

1 8 IMPORTANT: Gain data 1s converted
2 8.5 to S21 for compatibility with

3 8 instrument data

etc. where col.1 1s f{GHz) and col2. is gain (dB)
Be sure the frequency extents are == your data Freq.

When von avit von wrill cea the dAata 1in the dienlaw

o]

L” Generate Path Loss Elevation Swing Corr.

Horn calibration data
files can be generated
using Notepad or entered
directly. The DAMs
software will interpolate
between frequency
calibration points as
required.

Re-save the calibration
array to a reg
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Calculate the AUT(antenna under test) Gain i:aMQIL!!!
Engineering

1. Perform the gain calculation Reg1/Reg2 =3 RegO (display)

2. Remove the path loss Reg0/Reg3 —> RegO (display)

3. Save the gain data to Reg4

Advanced FToCessIng. w0 10 Slan Here™ 10 proceed

JAntenna Measurement Studio 45 § ~ Diamond Engineering

=% Precision Antenna Measurement System and Data Processing Software | Automated Measurement Solutions

C:\DAMSs\AdvancedData\RFID_SCAN_uith_horn_path

Data Registers Load Reg1-4 From Disc| It g o ]

Clear All Registers| Save Reg1-4 To Disc | Start Stop Data Points
3000 275 8¢
Measurements m _

* Data Storage Reg 1| Recall Reg 1 275 8k Data Visualization Options- _
Group Delay

vewarzpo | _reve | |
RFID 8000 2G SCAN 360/5 -45 to +45 /4 ﬂ Polar & Amplitude Flot

[ <)
&3 Data Storage Regzl Recall Reg 2 | 278 .8k

L —
Horn Gain Array Ij 0L BT\ ol T |pinort REF Antenna || Generate Path Loss |§ Elevation Swing Corr.

10Log(REGK)
REGK'2
SORT(REGK)
REGx{MAX)
REGH(MIN}
1/|REGH]

10Log(REGX)
REGx"2

SORT(REGxX)
REGx(Max)
f Iin)

AUT = 521/(Gref*Patl v
b S\

Be sure to save data into the Data Storage ”~
Regs. After an initial measurement Reg0 will

be viewable but the data will be lost if you

exit without saving to a Ram register.

If you try to use the calculator without first

having saved the measurements NOTHING

will happen when you attempt to perform "=" M

at the ralrnlator

Clip Value > om

Active Register Mag | V| 20 Log|  Clip data

The advanced features enable measurements
to be preformed over frequency.

Each movement has a frequency measurement
band associated with it. 3-D ploting is

enabled for good visualization of the

data. The amplitude/frequency plot is

eoerat Aoerae snabin oo S cosscamanar bt Ui il fis

RegO will contain the linear AUT gain data




Plot the contours and find Max Gain

1. Invoke the Polar/Amplitude Plot Module

DESKTOP ANTENNA TEST SYSTEM
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Active Register
Start Stop
Active- |

Data Points

Data Visualization Options-

- vewsazeiot [ sl 3o |

Spherical 3D AZEl

2. Recall the AUT gain data

Frequency Elevation
EETE 0 =
|| 200 45

180 30

120 10

80 -10

40 0

U] -45
Clear |

Keep |-> Max\falue'
_en | (S|
| GUTUMaxSignaI“j

Amplitude Plot

DontPlot | |

%3
£ B
< 10
L

< 100% 4 Linear
< 50% < 10Log
& 25% <. 20Log

< 20

Edit-CH2

dB/div

MAX= 1

0.8 0.8

III||I

;

45
N\

| Active Plot : REG4 |

Azimuth Contours

)| RCL

When a reg Containinng scan
data is recalled all contours
appear until the Elevation

slider is moved.

-135

-45

e e— T‘ Convert 221 to Power -a0 CADAMs\BdvancedData\RFID_SCAN_with_horn_path
: Auto Scal | _SCAN.with_ham,|
I Plot dBi Gain for. 2 221 Gheck Normalize For Gain(dB) ; —
g6 {in) Seperation || Center (0, @0) | MAX dB - || 0 | Ratisaans] 11 L]
]sntapi;:ézihsz; 17— k1 | rie || N | a: 50 |
Click Marker To Next Color> B —1 05774 |[rempyrey | YT -4. 771 2120 70 |
| | r 04226 Marker 20Log Deftadg | 70 Marker Delta Angle )
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Plot the contours and find Max Gain I-!i«amo“q-'
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1. Change the scale from linear to 20Log
2. Invoke GoTo Max Signal. The frequency slider and the Elevation
slider will move to the max signal contour.

Maximum Gain Frequency (914MHz) Elevation -5deg

" Dynamic Plo
Freque Elevatio
I =il

“Galn Plots] 2> e +
T | ‘Maximum Gain |
160

B =X | Azimuth Contours
| ] MAX 521 T '
30 —{ 1
- Sto I RCL
1 T M ) __]
: ! 1.551 4 485 —
L Sto | RCL
120 10 T L

__{ MAX= 145 il \
REGZ == 7N

20 0 = J &pmde_\Plot ALY : _ \
— REG3 = 15 il T

40 a0 - | S - _.-"'_w"'- \
B e e BYBEES '," 1
0 a5 Edit-CH1 05 \-:! [ ] A, | - [
E : \o | -I'i‘ ; -;,ﬂf-f. k — |"II ' 'H. 1 i

Clear I Dont Plaot | - - | I A o '..'E" { | | 1 gl |-

Keep I+ Max‘ufaluel o

45
P
Active Plot - REG4

f I
521 J 1|/
2 5 o |II ] ||l i_
25 - —H—F !
o ! .
3 G 7 i
1 N g Vo e |
[} 100 200 k] 40
Autc Scale Degress
_ %3 ;
<. 100% £ Linear T [ ——c240 4 2209
< 50% < 10Log | £ 40 -'. e
4 250 4 20Log < 15 S W y: 1.449
| . - x. 95

y. -4.758

|~ Convert S21 to Power - C.\DAMs\AdvancedData\RFID_SCAN_with_horn_path

Check Normalize For Gain(dB)
0) MAXdB:| 1.449 RefRadius: [1
| || | T8.-25

a2 | e 4.758 == =95

| Marker 20Log Deltade | : 95

| Plot dBi Gain for:

| |86 (in) Seperation

Isotropic 52142d4B="

Cligk Marker To Next Co

| Marker Delta Angle

3. Invoke the Amplitude Plot for reference

Note: For absolute data log mode must be used. Linear mode
normalizes all data to 1 unless KEEP MAX is invoked




Find the front to back and Max to Min G Eg&%%%‘;%{.
1. Position Marker1 to front (O deQ)
2. Position Marker2 to back (180 deQ)

3. Read Marker delta dB = 1.043dB

DESKTOP ANTENNA TEST SYSTEM

Dynamic Plotting
Freguency  Elevation Gain Plois] 127 /45 .
—_— — i T
s = s = | Active Plot : REG4
| | Span:2 I -
200 45— | | ooy | Azimuth Contours
MAX 521 y
160 30 = sio | RCL
il 1181 '
ol i ' Sto | RCL
120 10 e
] MAX= 145
a0 i REG2
- REG3
40 _—
i REGA4
UJ‘! a5 Edit-CH1
Clear I Dont Plot | 120

Keep ‘+ Max‘u’aluel Color CH2
Ext
GoTo Max Signal

Az-FEl Gmax

Edit-CH2

Amplitude Plot | dBidiv
.

; * 3
< 100% £ Linsar E g
< 50% < oLeg || ¢ 4p
& 25% % 20Log || £ 15
- | -135
Zram [~ Convert 521 to Power -80 C:\DAMs\AdvancedData\RFID_SCAN_with_horn_path
: Auto Scale L _with_horn_
L e Q Check Normalize For Gain(dB) - L . _ |
36 (in) Seperation || Center (0, @0} | MAX dB - || 1.449 _ RefRadius:| [1
Isctropic 52142dB= ¥ —| r0.9198 | 1 | a: 180 _
Click Marker To Next Golor> & ——| F.0.9885 | 1 | 1 : 043 a0 | —1 80
: - -BETIm | jggrker 20Log Delta g | 3 180 | Warker Delta Angle

Front to back ratio
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Find the front to back and Max to Min G ER&?&%‘;&;&
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1. Use Marker1=Max to locate marker1 on the maximum

2. Use Marker2=Min to locate marker2 on the minimum

Dynamic Plotting
Frequency  Elevation Gain Plois 2> ,45 .
e R =
O Active Plot : REG4
| | Span:2 I -
200 45—8 | | o2miv | Azimuth Contours
MAX 521 |
160 30 . RCL
=] 1.181 |
120 104 | | rect i
— MAX= 1.45
a0 i REG2
— REG3
i 20 REGA
UJ‘! 45 | | Edit-CH1
Clear I Dont Plot | 180

Calor CH1

Keep l-b I'dax‘ufaluej ;=|:CH2
et |
GoTo Max Signal

Edit-CH2

Amplitude Plot | dB/div
|

. 100% i e
L % Linear < g
< 50% < oLog || < 40
@ 25% ¢ 20Le9 {15

e 30 -135

TR I~ Convert 521 to Power 90 C:\DAMs\AdvancedData\RFID_SCAN_with_horn_path
: Auto Scale 2 _with_horn_

I Plot dgi Gain for Q Check Mormalize For Gain{dB) - L . . |
36 (in) Seperation || Center: (0, @0) | MaxdB = | —T449 RefRadius: [1
sotropic S2142dE= =it | 1 | 328 | .
Click Marker To Next Golor= & _—1 10,6828 | 1 | 4_758 |a:-120 | —95

03172 f Marker 20Log Delta dB | @ 95 | Marker Delta Anale

Max to min ratio
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Generate the spherical profile compared to Isotrophlc

From the Advance page enter the Spherical Plot module
1. Set the frequency slider to the max contour (914MHz)
2. Invoke the Isotropic link and enter the separation

3. Plot the response

3-d Spherical Az-EL Plotting

Generate Plot Iso-S .
-Sphere -ﬁé

| ! Data Plotting Options *

I~ Map to Sphere R(in) | 2 Addlsotr pic (dBi

% Use Linear 52142
< Use 20Log(S21)

Freq uency

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

WA Freq #

HOTE: The 521 measurement array is squared from volt
to Power ratic for this calculation. It is
not re-saved to BEGO.

EELD BELOW T{: CAL-:‘:ULATE dBi or dBd POWEER GLIN

T - = = R — e —
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Generate the spherical profile compared to Isotrophic

Ded&E " A A/, 220
Spherical Profile. Rho,Az,EI{0,0,0) is center of plot

Isotropic Regerence—

RFID Tag Antenna

DEE& "A A/ OGS
Spherical Profile. Rho,Az, EI{0,0,0) is center of plot

Iso resolution
set to 20deg
per div

Front with iso gain
set to 1dB




Max Gain with Isotropic and dipole link Engineémn

NESEES YA A2/ £P 0
Spherical Profile. Rho,Az EI{0,0,0) is center of plot

Ideal Dipole

DEE& YA A/ £O 0
Spherical Profile. Rho,Az EI{0,0,0) is center of plot

407

10.6

105

104

Max gain mapped to the unit sphere

DESKTOP ANTENNA TEST SYSTEM
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Linear Plof Using Two Separate Measurements

Linear Plot is Always normalized 1o 1 unless Keep or Keep Max Value is invoked.
Use 20Log Marker Delta to compare two linear 521 plots

Don't Plot: AIIOWS = The two contours below could be entiraly il &\

sliders o be different data sefs. Data with differing e

Active Piot | REG4 |
changed witho shapes and frequencies may be compared _. i
plotiing r ~

Keep: All contour

bt ,/-; I 7 i .
Pl = L K
, P HE R WY e

normalized | <) : fernporary
\ Fa / I/ Yo O\ N\ |regitersfostore a
N E plot contour for
[ Do R e
X , { i \b 1 paring
[ Ll i - L ¥ | |“I‘ I 4 il \ i I | L1 i l. i
: & L L 1T L] ) LI} |_1—‘_‘-\-|_‘|J 7T I [ I | T |'_ 1T T 7 o
 som e \ k \ e 7k }
Max: All confours = S R L
referencefo & Sidienas \ M v_"_w_./ S . | /
first plot w e X Y j j
Marker 1 Marker 21— //
Ampitude Plob
il \ Gain (dB) ,
£ 10@’4 & Linmar ‘ . P e . o
L | bleg x.\ \,< ,’
@2% s g -'\\ _// N _-5/
I Piotogi Gain for. AutoScals Tﬁm:ﬂ;ﬁ?mm = L SRR
T flmsu'plram _W D, @0 CMENdR i e

e ST deE. "’

Gk Elmeem To et Toloe ﬁ
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Linear Plot Using Single Measurement And Isotropic Link

Must be Log Plot. When Plot dBi Gain is checked the polar plof scale (red) is
the d!fference between the isotropic link gain and the measurement link S21aB

Clear Dnn'i PIDt] _ e
lﬂ ax'-'alm! § Coloe Cha

.__J“ww

GaTs Max Signal | 25 g

Check Isotfropic Link

Edil-CHZ

ﬁﬁﬁﬁaﬁ%ﬁﬁﬁﬁé@ﬁ?&f?@%?ﬁ%@?@ﬁ?ﬁ?%ﬁﬁﬁ?ﬁ%Eﬁ%ﬁﬁ%@%ﬁﬁ?%ﬁﬁ?ﬁ?%ﬁ%@%ﬁ@%éﬁﬁﬁ?ﬁ?ﬁﬁ?ﬁ?ﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁ%ﬁﬁ

| Scale is dBi

| Check 20Log |

_'c:nd scale

i — + “-\. xJ' N

MMEPIOI REGG

| With scale Jdﬂfdw |
. set markers at 3dB A 0
radius and read
beamwidth
// J ;/r ;‘ :'J
b ir.9' |

A /
p
{ 8 4

53;'; """""""""""" P Bm]a 1™ Comenr 521 1o Power| DM dvancedDals 8475 2000t
Piot Bl Gain far E»hmr%crr"all oi Foe Salndat 23 L
12 (n)Seperation | Benter =i ""F ______________________ RefRadws: i1
EnTer TXRK x Rle S -al;.} - ? ..h ..... r ﬂ mi‘ i " Y e ) g 0 i e T ———w—" :
soperation  Sesesneice: &= coren T = 95 74”" e 00

£ L 5 r:uasm . Warket BOLog Delts B ﬁ@ﬂ' Marke: Dalta Angle




