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Source: www.agilent.com/find/wirelessconnectivity

Metro Area Networks 802.16a and 802.16e used foF -
broadband wireless access and 802.11 backhaul.
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High-mobility cellular

Medium-Speed

POPULAR WIRELESS COMMUNICATION STANDARDS AND APPLICABLE ANTENNA FEATURE

are territory dependent

comm. for voice, SMS, Wireless PAN erelesE Local Area High _Speed Wireless Met;opolltan
and/or circuitand | EDR: Enhanced Datal NEtWork (LAN) Ultra Wide Band Area Network (MAN)

packet switched data Date Wireless PAN

Worldwide; some protocols Worldwide Worldwide Worldwide Worldwide

High-mobility cellular:
Voice, SMS, circuit
switched data and/or
packet switched data

Low mobility data and
voice

Low mobility data

Low-mobility streaming video/dat
Certified Wireless USB
Next generation Bluetooth

h  “Last mile”, backhaul, and
mobile broadband wireless
access

GSM: 1992 GPRS: 2002

EGPRS:2003 CDMA:~1995

CDMA2000(1XRTT):2001
W-CDMA:2004; HSDPA:2006

Most popular GSM Bands:
GSM850: 824~894MHz
E-GSM900: 880~960MHz
DCS1800: 1.71~1.88GHz
PCS1900: 1.85~1.99GHz
UMTS Bands (I~VI):
824~2170 MHz
CDMA Bands (Typical)
824~1990 MHz

Bluetooth: 2000
Bluetooth EDR: 2005

ISM band:
2.4 ~2.4835 GHz

b: 1999
a/g: 2002 to 2003
h: 2003 to 2004
j: 2004
n: 2007
b/g: 2.4 to 2.4835 GHz (ISM)
a/hlj:

4.9 to 5 GHz (Japan)
5.03 to 5.091 GHz (Japan)
5.15 to 5.35 GHz (UNII)
5.47 to 5.725 GHz
5.725 to 5.825 GHz (ISM, UNII)
n: 2.4 to 2.4835 GHz (ISM)
5.15 to 5.35 GHz (UNII)

Radios registered: Q3 2006
Consumer products: Q4
2006/2007

3.17 to 10.56 GHz (North America)

6.34 to 8.98 GHz, 4.22 to 4.75 GHz
(DDA-Detect and Avoid — after
2010),

3.17 to 4.22 GHz (DAA) (Europe)

7.39 to 10.03 GHz, 4.22 to 4.75
GHz
(DDA after 2010), 3.70 to 4.22 GHz

Fixed access: 2006
Mobile access: 2007

Licensed/unlicensed bands,
2-11 GHz
(Typical: 2.3, 2.5, 3.5, 4.9, 5.8
GHz)

GS=14Y kbis

. Ié%l:ufibﬁbbpﬂsl (ISIVI, UNI)

(DAA) (Japan)

. 1 Mbps raw 480 Mbps Fixed: 75 Mbps
EGPRS: = 473.6 kbps a/a/hii: 54 Mb p
UMTS: 384 kb EDR: 2~3 Mbps g/ni): ps o
HSDPA; =13.976 MESS(DL) ( Ps) n: > 100 Mbps Mobile: 30 Mbps
Cell Deployment Dependent | Up to 30 ft Up to 300 ft Up to 30 ft 1~ 20 miles

Typical
Over-The-Air
Pattern
Requirement

Wider angular coverage,
omni-directional
preferably; polarization
diversity may be applied
for better coverage

Wider angular coverage,
omni-directional
preferably; polarization
diversity may be applied
for better coverage

Omni-directional/fan-beam
for AP; preferably
directional for distance
booster; better coverage
with antenna diversity

Ultra wide bandwidth;
preferably wider angular
coverage for easier device
to device alignment

Narrow beam coverage for long
distance point-to-point
communications; fan-beam
coverage for last-mile base
station broadcasting or A.P.

Applicable
Antenna Types

Monopol/dipole; low profile/

planar antennas: PIFA micro

-strip antenna, chip antenna,
PCB (SMT) antenna, etc.

Low profile/planar
antenna: PIFA microstrip
antenna, chip antenna,
PCB antenna (SMT), etc.

Monopole/dipole for A.P.;
multi-element array for
booster; client devices with
planar type antennas

Low profile, dipole array;
spiral antenna; ceramic chip
antenna

Clusters of multi-element panel
antennas for different band
coverage; LP dipole array
antennas; smart antennas

WavePro
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MICROWAVE ANTENNA AND ANTENNA
RADIATION PATTERN
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Antenna Basic Features

u An antenna provides a means of accepting energy
from a transmission line and radiating this energy
with minimum loss.

/ Main lobe maximum direction

Main lobe

Half-power beamwidth(HPBW)
1.0 First null beamwidth(FNBW)
Major lobe
Half-power point (left) Half-power paint (right)
Minor lobes HPBW
05 E Side lobe Back lobe
§ Half power beamwidth (HP)
FNBW
Beamwidth between first nulls (BWFN) |
I 1 1 1 s
L§ w2 0 /2 T ]

Minor
lobes {

u Antennas shape beams and thus control the
distribution of energy in space.

I To produce a maximum amount of energy in
selected directions.

I Toreject signals (or noise) from undesired
directions.
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Field Regions of An Antenna

Includes non-
propagating field
components
(evanescent modes)

reactive near-field
region

D
.- _far—field region
Transverse
T radiating field
phase radiating near-field region componentsi
reference  nciides only propagating pattern depending
point 0 field components: only on angle of

o observation g
transverse radiating fields sphere around 0
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Time-Harmonic Radiation Field And Radiation Field Function
In Far-Field Region

General form:

] ik
E(r.8,9) = -¢ GO, o)
\\_ I s e
A L
Divergence Phas Complex radiation
factor Hse Field functio
factor T
N = /=
€

H(r.0.¢) = %i'}:E{I'- 0.9)

-

When = Jx*- v +2z-  the phase reference point of G{8. @) is origin (0,0,0)
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Radiation Field Function: The Radiation Pattern

\m ‘1 | G<> (E(r.6.9) = 1 TG0, )

r = XX+ yy+2zZZ = It

r = rsin@cos@X + rsin Osin @y + rcosO z

G'(6,9) = G(f\)

direction T
Co- and cross-polar radiation field functions:
Gco(e: (P) = G(ea (P) ' CO*(B, (P)
Gyp(6.9) = G(6.9) - xp*(6, )

We must require coLT and xp.lr

WavePro
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Example of Radiation Pattern

0.5

Minor {
lobes

/Main lobe maximum direction

Main lobe

Half-power point (right)
Half-power beamwidth (HP)

Beamwidth between first null

WavePro

First null beamwidth Major lobe

(FNBW)

Half-power beamwidth
(HPBW)

Minor lobes Side lobe

Back lobe

Minor lobes

NEARFIELD
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Example of Radiation Pattern, continued

1 1 L L l L L 1 1 l 1 1 L L I L L |

30 4. — directivity ;_
_E; _main lobe g
20 = —
=) E - 3
= - __first sidelobe -
- — —
£ 10 /\ -
o - -
_g 4 '__\__ cross-polar sidelobe =
S 0O — N e
@ 4 =
a E B 'E
| -
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Far-Field Radiation Pattern of A Horn Antenna

v Electric (E) Field Component
Pointing along Z-axis :
Vertically Linear Polarized,
Principal E-Plane of the
Antennais X-Z Plane.
H-field

v Magnetic (H) Field aperture distribution
Component Pointing along

Y-axis : Principal H-Plane of <
the Antenna is X-Y Plane. \
v X-Polarization of the Electric \

Field Component defined in
Y-axis Direction.

v Co-Pol vs. X-Pol Features
Are Most Easy to Identify in
the XYZ Rectangular
Coordinate System with the
Antenna Pointing to +Z-axis.

H-field

H-Plane
E-Plane E-field
aperture distribution
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Far-Field Radiation Pattern of A Dipole Antenna

v Electric (E) Field Component Pointing :
along q -dir : Vertically Polarized; Principal '
E-Plane of the Antenna Can Be Any

Vertical Plane-cut with Constant f Value — gé;; ==

Omni-directional in f -dir. (i N

v Magnetic (H) Field Component Pointing \‘x -...‘E;‘::,:.;ﬁﬂ.
along f -dir : Principal H-Plane of the  fji¢ 727" [ G
Antenna is defined by g =90 deg, X-Y ( s | ‘f."-,‘i‘;‘é‘}?
Plane. \( £ 'Eiis?)

v X-Polarization of the Electric Field o A T,
Component defined in f -dir on X-Y Plane.® Ss_ ,/ A

A2 dipole

v Co-Pol vs. X-Pol Features Are Most Easy
to Identify in the Spherical q—f Coordinate
System with the AntenngPeinting;tes
axis.

WavePro NEARFIELD
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FIELDS NEAR A RADIATING ANTENNA

RADIATING FAR FIELD
NEAR FIELD Flg.¢) elkr
r
S~ /
4ESNEL FRAUNHOFER
/
" -—-“-
—
FIELD
DISTRIBUTION —
N ' N2 RANGE r
o L 45, 22,
A 2 A
Page 14
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Categorization of Microwave Antenna Measurement

ANTENNA CONFIGURATION

COMPACT NEAR-FIELD
FAR-FIELD RANGE TECHN IQUES
CYLIN-
PLANAR DRICAL SPHERICAL
RECTAN-
GULAR POLAR
COMPUTER PROCESS
Y Y Y
FAR-FIELD PATIERN
BWS POINTING GAIN SIDELOBES NULLS PHASE X-POL
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Methods of Microwave Antenna Measurement

Far-field method - Traditional
u  Well understood and most common
u Direct measurement of amplitude and/or phase in AUT far field
region
u Various testing configurations
I Outdoor test range
I Anechoic chamber
I Compact range

Near-field methods (synthetic aperture)

u Mathematical calculation of far field pattern based on amplitude
and phase sampled in radiating near field region

u Fully validated and well understood (NIST)

u Various testing configurations
I Planar near-field
I Cylindrical near-field
I Spherical near-field

WavePro Page 16 Eiereretri



TYPICAL ANTENNA MEASUREMENT SYSTEMS

AL
y=ntorp=0
vertical axis

Far-field measurements

|

transmit

NN L S O

A AT AN WAV AN AN S AN WA WA
NANANANANANANANAN

Single Reflector (
Antenna Ra

Traditional far-field range Compact range

Near-field measurements
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Far-field Criteria

u Sufficient antenna separation for flat phase front
u <22%’°of phase taper across aperture

u <0.25dB of amplitude taper across aperture

Phase front
/ o%\

WavePro

Tx Antenna

(=

)

S

/

 —

Rx Antenna

| <22y

D= aperture diameter
| =test frequency

Page 18
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Evolution of The Far-Field Patterns

Reactive Near-field \ \
D:Q i E:Zﬁti:‘é ! Far-field
- /
o -
i l
Field Distribution E ii E E ; %
L2 : wf
P .2 =
0 | e Range _E-
! 1
=
uf
TO GET TO THE TRUE FAR-FIELD _E_
PATTERN DISTANCES AS LONG AS o=
|R}2Tm3TlMﬂYBE o
11
REQUIRED. 5.0 _.?E?.. SN
R 20000 &
50.0 METENR W SV

0 .5 Lo L5 20 25 3.0
OFF BORESIGHT ANGLE &, deg
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Far-field Separation Distance

2xD2/Lambda Far Field Criteria

R RS EE ERREwe 2 AUT Diameter —— 0.5m — 1.0m 15m ——20m —25m
TN o

100.00

-20

10.00 -

RELATIVE POWER ONE WAY (dB)

-30—

Separation Distance (m)

TN o —
N B 50w
E Frequency (GHz)

P~
—
w
3,
-
©

Y| EEEE
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FAR-FIELD METHOD

Basic Features:

u Rotate antenna under test(AUT) in azimuth and elevation coordinates

u AUT receives radiation irradiated from source antenna at a far-field
distance

U Receiver measures and records amplitude and/or phase on plotter or
computer

Transmitting source
antenna stands still
during measurement

=2 )

EdB?
@ s o e

®
)

AUT rotatesin
both Azimuth and
Elevation sense s \ [\[\

Amp | (tud
g 8 d

'Y
[

Field ™3
Angular Plot ™

62 -3 @ © ’
Elevation (deg)
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NEAR-FIELD METHOD

Basic Concept:
u Record amplitude and phase over a surface in the radiating near

field (3~5I)
u Process with a near-field to far-field transformation algorithm to
produce full 3-D far field data.

- - : EE Processin
Case of planar near field type % : Amplitude and Phase . J
scan for high-gain point-to-point ~ RigbelCompensation
wirelessnetwor king antenna

measur ement:

HH il

2

=t
, U
il
l‘ =

Common scan geometry for AUT =
near-field sampling aperture:  ~

WavePrO Page 22 NEARF]UE%.



Near-field Measurements - Fundamental Principle

“GENERALIZED HUYGENS (1629~1695) THEOREM?”
PROBLEM: GIVEN THE ANTENNA, WHAT IS THE RADIATED FIELD??

A HYPOTHETICAL
CLOSED SURFACE
‘{1——-
ANTENNA
S

t®

s b

in

FROM MAXWELL's EQUATION {1831-1879)
-_ - . A *-" '= ’I -ﬁ
{0 _éf{,wpu [ xfiGY]- ', B

+ [AxERY. 9" %GR, ﬁ:} ds*
Re Sex

OBSERVATION: TANGENTIAL FIELDS ON A CLOSED SURFACE
P EXTERIOR FIELDS EXACTLY
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Far Electric Field, (r O ¥)

PLANAR;

E{r.8.¢) = |ke thr cos 8T(sinG cosd. sind sind)

r Er.8,¢) = Lfikr 8in ﬁE[-ilm[Tm{kcusBﬂaimd’

1
1
I
1 m= =&z
1
1
|
|

roo_
E(r.0.¢) = "9"" S 3 [Tnmmnm{m LTM unm:al]elm
=g mM=-n
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NEAR-FIELD SCAN TYPES

v Planar near-field

@ Directional
antennas

@ Gain > 15 dBi
@ Max angle<*70°

v Cylindrical near-field
@ Fan beam antennas

@ Wide side or back
lobes

v Spherical near-field
@ Low gain antennas

@ Wide or omni-
directional patterns
on any antennas

NEARFIELD

WavePro SYSTEMS, INC.




MICROWAVE HOLOGRAPHIC IMAGING

Fields across aperture Fields normal to aperture

Tuning for phased array antennas - Aperture diagnostics for faulty array elements
Reflector surface error mapping Radome system performance and diagnostics

WavePro Page 26 Eiereretri



APERTURE DIAGNOSTICS

eartield S Valermls INc

'é

Beafora repaar Afted repaar

Aparure plane image of a phased array anienna
4 f
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NEARFIELD AND HOLOGRAM BACK-PROJECTION

M easured phase of THAAD array
at .3m distance with 25,344 active
elements with 6 bit phase shifter, 6
bit attenuator in special

‘calibration’ mode NF

io— e

1] [
|/ ]
S L

WavePro

L
' I-i -I&L“- .“P m..

L :“:.,:‘;ﬂ ?*,J Ui

& H‘! Py N
" Vi
L s

l-*-.—

ri’"‘h,i i“l" "?

"Hm-f ‘hj N L0

HOLO -

NEARFIELD

Page 28 SYSTEMS, INC.



HOLOGRAM DEMONSTRATION

u AUT - Millitech Lens Hologram amplitude of Mill0z1.d at
antenna with center
blockage

Test frequency - 94 GHz

NSI 901V-3x3 scanner
system with Agilent
85301C RF system

u Lens aperture corrupted
with the letter “M” with
aluminum tape

u Hologram processed at 9 Z
positions over the 19
lambda distance from
measurement plane back
to lens aperture

-

-

()

NEARFIELD
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ANTENNA MEASUREMENT FACILITIES FOR
MICROWAVE COMMUNICATION
APPLICATIONS
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Horn Antenna: Directional, Moderate Gain

ANTENNATYPE

TYPICAL
GAIN

PLANAR SUITABILITY

CYLINDRICAL
SUITABILITY

SPHERICAL
SUITABILITY

FAR-FIELD
SUITABILITY

Horn

16 dBi

Good

Good

Good

Good

WavePro

NEARFIELD
SYSTEMS, INC.




Reflector Antenna: High Gain, Highly Directional

ANTENNATYPE

TYPICAL
GAIN

PLANAR SUITABILITY

CYLINDRICAL
SUITABILITY

SPHERICAL
SUITABILITY

FAR-FIELD
SUITABILITY

Small reflector

> 25 dBi

Good

Good

Good

Good

WavePro

NEARFIELD
SYSTEMS, INC.




Examples of Planar Near-field Systems

1m X 1m (35)(33) 24mX 24m (8,)(8,) 7m X 7m (225)(22,)
Vertical Planar NF Vertical Planar NF Horizontal Planar NF

WavePro Page 33 s



Smart Antennas: Directional, Dynamic Beam Steering

ANTENNATYPE

TYPICAL
GAIN

PLANAR SUITABILITY

CYLINDRICAL
SUITABILITY

SPHERICAL
SUITABILITY

FAR-FIELD
SUITABILITY

Electronically Beam
Steered Smart Ant

> 10 dBi

Depending on actual antenn
configuration and gain

Good

Good

Good

WavePro

NEARFIELD
SYSTEMS, INC.




PCS Base Station Antenna: Sector Beam

WavePro NEARFIELD




Cylindrical Near-Field Systems for Fan-Beam Antennas

1.5m (5’) Cylindrical NF 2.4m (8’) Cylindrical NF  7m (22”) Cylindrical NF

WavePro Page 36 Eiereretri



Patch Spiral or Conical Antenna: Wide Beam
Coverage, Ultra-wide Bandwidth

WavePro TS T,




Dipole/Monopole Antennas: Omni-Directional for AP

ANTENNATYPE | TYPICAL LANAR SUITABILITY JCYLINDRICAL | SPHERICAL FAR FIELD
GAIN SUITABILITY SUITABILITY SUITABILITY

Omni-directional <10 dBi Not suitable Fair Good Good
Dipole / Monopole

WavePro Page 38 Eiereretri



Planar Antennas: Printed Dipoles/Monopoles/Slot Antennas/
PIFAs/Chip Antennas for Clint Devices of Wireless Communication

ANTENNATYPE | TYPICAL | PLANAR SUITABILITY | CYLINDRICAL | SPHERICAL FAR-FIELD
GAIN SUITABILITY SUITABILITY SUITABILITY

PIFA microstrip | ~ 0 dBi Not suitable Not suitable Good
antenna, chip antenng
PCB antenna (SMT

LCD top or latch

LCD corner /
\

g%g%%ggg
il re s sl WY ¢ main body side or
(TP LTI LT LT (T (P LT L7 on PCMCIA card

main body side Iﬁ*@
or front

WavePro NEARFIELD



Spherical Near-Field Scanning System for Low Gain Wireless
Communication And Mobile Handsets Antennas Testing

L
PCS Spherical XF'3ystem

Overhead dielectric swing-arm design for the
and an AUT suggort stage for the phi motion

Phi rotation. supports AUT up to 300 Ibs

switched dual polarized probe anten
requency range

Ideal for measuring medium and low gain antent
to wireless communication antennas testing

Certified CATL Solution of CTIA OTA Mobile Phg
requirement while interfaces with BSS |

WavePro TS T,




EXAMPLES OF MEASUREMENT FACILITIES
FOR MICROWAVE ANTENNAS
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CSIST Antenna Systems Section 23'X22’ Vertical Planar
Near-Field System with Cylindrical Scanning Add-On

——— = =
e

S -

. s \\%‘\‘{\5\}‘%\\
e, e e A

e -

AN
\ IA;*
Y
Y
' %

WavePro
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CSIST Planar Vertical Nearfield Range System Overview

u Scanner Subsystem
I Vertical XY scanner, 20 ft x 22 ft scan area
I Planar nearfield measurement capability
I Stepper motor control for X, Y, Z, and Polarization axes
I Two retro-tracker stages for optics subsystem
I Cylindrical Scanning Capability Add-on with RT-500 AUT table

u RF Subsystem

I RF Subsystem based on Agilent 85301B Antenna
Measurement System

0.3 GHz to 18 GHz frequency range, fundamental mixing
Inner- and Outer-loop frequency switching

Capable of controlling RF switches in inner or outer loop
Two 24-bit interfaces (804 and 812)

u Computational Subsystem
I NSI2000 Windows Software on Windows NT Workstation
I Includes scanner controller & GPIB drivers for RF equipment

WavePro Page 43 Eiereretri



CSIST Vertical Planar Nearfield Range System RF
Block Diagram

( Scanner \

NSI2000
Y cable track
AUT — : Controller
- — cou | [[[[[[11] [ p\°
Measurement — L]
Workstation comL |||||||||
:Ij ®
® test mixer ° DSP INTERFACE UNIT ~ ©
o NS o
X cable track
test LONIF
\. / -
J -
event trigger HP 8530A =
Microwave [l = GPIB
fop-sueep Receiver & H
Z blank test setilc | -
HP8360B Series Toout s == EE mm
Synthesized Source 8 8E ER ©EE
GPIB trigger in
10 MHz out] 10 MHz in| . [ [
- - (=] 10 MHz in TR
]Rel. Lo 1 (el
@ i Ref. det. :Z ((r: ) - >
reference mixer HP 85309A
| = LO/IF distribution unit
stop sweep
HH HP8360B Series B | iggerin
P S)nthesized Source I
- -____-_ - 10 MHz out
GPIB = )0 0 [e= 0
‘ T H ‘ ‘ HP 37204A H
m O O
m O ]
HP-IB extender HP-IB extender
k Source Rack (located near scanner) ) \_ Control Rack (located in Control Room) )
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CTL Hybrid Type Antenna Test Range with Indoor Far-field Mode,
Planar Near-field Mode, and Cylindrical Near-field Mode

P
m-r
i
Fibae
-
P -
=

Near-field

WavePro NEARFIELD




New Configuration for CTL NSI300V Vertical Near-field Measruement
System Using Agilent PNA Network Analyzer

— _— -
— NSI| PROPRIETARY e
- This document contains proprietary information and except with written =
RS 232 Serial — B _— pe_rmission (_)f Nearfield Systems, Inc. such information shall not be
Link @ COM1 B published or disclosed to others, or to be used for any purpose, and the =
<) _— document shall not be copied in whole or in part. -
PC1 / — g
..... aAARAAAAAAAAAAIY ARA AAARA
S8RRRRRRRRERES ARA ARRA — T
piiid Spsadadzeasansl Tat 2a2h ‘ ‘
ﬂﬂéﬁﬂﬁﬂﬁﬁﬁﬂﬁﬂﬁﬂ 8B &8I
- — . —e
com2/3 GPIB Card —
TTL negtive-high edge trigger — , “
A01 sense thru DB-25(f) connector ; Customers” AUT, (Rx/Tx) A
o Pin 19 of AUX l/O for PNA; or — _(Hﬂ o
hru Pin 18 of Centronics(m)for NA1 (CSP) ‘ X\— A
ENA B e '
AOGLC o |B| PNAVENA [ — n
Real Time| "W2 Ext. Trigger In"__ o Microwave _—— | B |
Controller B . el
i = AW Trigger Ready" |l PEE= = 7 n “
= g‘ o= = @ = ‘ A
= == = ' -
= 5 Y AD1 AD2 > =
37PIN DIO | - L
Parallel Output | u oy
A04 | - g
| — -
[ |
| el
A07
20' RF cable W02 A
A05
20" RF cable
A02 \'Il"lo»l I\ 1T\ 7\
-— "W1 Source-1 Stop Sweep"
__— CA2
R -
oNst  TrigOQut General I/O o
0 scul
™" 1y Standard Beam Controller o | 5°U2
SBC1
A03
M1
Trigger OUT ng ANTENNA RANGE CONTROLLER o dk J
J2 vy — )
5 ] E:)E-m J3 M3~
g- s M4
o NEARFIELD SYSTEMSINC.

ARCt Green colored parts indicate components revised/added!
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3-D Cylindrical Near-field Measurement Example
For Wireless Networking Base Station Antenna

L-i,;: FNX: D:\$Projects\flobs of WaveProVCTL System\Shielding Data\Guiet Zone Scan Data\Final ATP Data\CTL_CNF-...

(| A ! |
gt P A\ W R R
W WV AV AV W

|

' H —0.000 4dB; Phaze: 175.2 deg

Theta: 16-0 deg: Phi:z 0.0 deg vl 06, bd5; DirectX (12) 114.]

WavePro TS T,



NSI-700S-90 System For 3D Spherical Near-field Antenna
Measurement & CTIA Mobile Handsets OTA TRP/TIS Testing

PCS Spherical NF System

Overhead dielectric swing-arm design for the
motion, and an AUT support stage for the phi

Phi rotation stage supports AUT up to 300 Ibs

Electrically switched dual polarized probe antg
500MHz to 18 GHz Frequency range

Ideal for measuring medium and low gain ante
suited to wireless communication antennas teg

Sufficient Far-field Distance Complying with C
Phone TRP/TIS testing requirement while inter
Certified CATL Lab Solution for OTA Testing
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3-D Spherical Measurement System Coordinate And Associated
Orthogonal Polarization Components of Electric Field Vector : Eq/ Ef

Coordinate System of AUT Mounting
Orientation in 3D Swing-Arm
Spherical Near-field Scanning

System

Support Fost \G

i

ANTENNA
POSITION

Frobe Amm

= '.-+ -‘1‘/

Frobe

AUT pointed in +Z-axis of
Scanner reference coordinate;
feeding port at bottom side

ok ok ki

& Rotation Stage

Swing Arm

g
e, t

# Rotation Stage

e
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Alternative Configurations For Spherical Scanning

H
Dual Polarized
Measurement Antenna

|1\ 6-pol

-pol

Pos. Direction

Low Reflectivity
DUT Positioner

Pos. Direction
of Rotation

Dual Polarized
Measurement Antenna(s)

Low Reflectivity Support
Structure for 8-axis
Mechanical Scanner
and/or Multiple
Measurement Antennas

'
'

of Rotation &_} >
T

Pos. Direction
of Rotation -

Shielded Anechoic Chamber Shielded Anechoic Chamber

| I

Distributed Axes Configuration with
Dielectric Swing Arm

Combined Axes Configuration
Using Roll/Az Positioner

Great Circle Cut Configuration Conical Scan Cut Configuration
Positionner Interaction Poor Good
Extendable DUT Size Poor Easy
Test Distance Adjustment Yes No
WavePro Page 50 ST




3-D Spherical Measurement System Coordinate And Associated
Orthogonal Polarization Components of Electric Field Vector : Eq/ Ef

Coordinate System of AUT Mounting
Orientation in NSI-800F-3D Far-field
Scanning System

/ ANTENNA
POSITION

WavePro

NEARFIELD
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NSI 800F-10-3D Far-Field Measurement System for Passive
Mode Antenna Performance Measurement

WavePro NEARFIELD




NSI-800F-10-Roll

M IIEMZ EE ARG R AL E

U SR P LR R R SR A
(0] ti f NSI-CTIA Soft N —_
incorporated wit Nsi2000 As for UL EFARAR A SR ARUBLAGE AR DAKT B (R &R 4RI 53) R
oo [ | Lot Tt o et B FT R U BRI B
PC1
|555EE 40' Switch -
COMT  [GPIB Card Control Cable
, e It
A0 A M’l‘(;rmaxe CEER z Styrofoam fixture for
Ext Trigger | 1 MMM (CSRL__ "~ wos , Dual- Pol Source AUT/DUT Supporting
A0 =& @ — ‘ —|Antenna
AD AD2 VB sting 20 RF cable

A04 Simulator for CTIA
TRP/TIS Test
J2 J3

LCA Trigger OUT W08

I 0 WaveFro
I AO5 ca2 I
I
A03
I
|
RS-485|In
ons/  Trig Out General IfO o
A02 Trig In

Base station

Dielectric Roll
| (Phi) Stage

—l_W07

SGA Supporting Mast:
5635RJC-Q for Gain
Calibration Measurement

Wwo3

Motor

New Step
ol {Phi) $tage

L or Roll {Phi)

RJ1

o MSBX-SPDT-18

o

|
Yora !

& Far-fi gl d

o

o

Standard Beam Controller

SBC1

WavePro

ANTENNA RANGE CONTROLLER

B o

J1
J2

NEARFIELD SYSTEMS INC. Jg

MSBX-SPDT-18 to switch between
different RF path for OTA TRP/TIS and
Passive Mode Antenna Measurements

Scut

M1

Existing Az Motar
as Theta Stage
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NSI-RF-DH-0O6A Dual Polarized Quad-Ridged Wide Band Source
Horn (Probe) Antenna

U NSI-RF-DH-O6 ABERR(L 3 f SR A RAFIRAENE 700 MHZE 6 GHZE®R
HE /K R BB LT E R AR R Z SR B SR S e )

u  FEAERENSI-SP-123 1% EPIN SWITCHEEEIZ#: » T i H 2K
{ERGIRBAANSI SDRAIZEFIZRE T » LI&Y100 psZ VTR RHIEER
HUK B 2 B AR b 2 RERSRIE S
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3D Patterns of E-theta & E-Phi Polarization Components
for Sleeve Dipole Antenna @ 850 MHz

_

; y y 3 | BN C A ETANN ETe 319 695 - 1Eval

N e AN TP A el Db e RO ber J J't 3 AN CAN G0N AR TS 8105283000 Thic: _J-. JLAE
40 -3

E-Theta Polarization Component E-Phi Polarization Component

Wave P o Page 57 wwc



3D Patterns of E-Phi & E-Theta Polarization Component
for Magnetic Loop Antenna @ 1880 MHz

| ] 71l ;s : T : r
| L{p,‘a et P IO R Bt RIS S o Ll U2 st J p § ,;’,rs;a L G R BN AT S BTSSR 1280 U s J 'l L g

E-Phi Polarization Component E-Theta Polarization Component
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YZU Hybrid Modes Antenna Measurement Range

, 3mFr0
::;-g.ﬂﬂﬂs

NEARFIELD
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YZU Hybrid Modes Antenna Measurement Range

S )
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Facility and Range Layout

WavePro

1,032

|
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Cylindrical Near-Field Scanning And Planar Near-Field Scanning
Antenna Performance Characterizations
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2D Far-Field Scanning Antenna Performance Characterization
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Spherical Near-Field Scanning And 3D Far-Field Scanning
(Small Antenna Only) Antenna Performance Characterizations
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System Wiring for Planar/Cylindrical/Far-Field Near-field
Antenna Scanning (Control & Wiring Using PNA-X Configuration)

Trigger
|_Re’°ldy Agilent NA1
. PNA-X
<

Microwave
Network

= Aux 17O

GPIB

GPIB

° NI GPIB-ENET/100 Ethernet®
/LAN I/O
Port m Port

= A@ﬁglﬁzer Alj@ e
I

NI GPIB-ENET/100

ARC2
ANTENNA RANGE

CONTROLLER

“ NEARFIELD SYSTEM®}
o INC. ol

Jdeamg
JoBBu ]
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ANTENNA RANGE

doig IloAlooay,

AO06

Real—
Time
i

I

T T
l—%%rt 816 —95 Link
== don ]
37PIN DIO gomz
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A02 (port 800)
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I
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Windows
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eﬁet lﬂ? 232 Serial

GPI

AN _ Link @ COM1

@ @ CONTROLLER
" NEARFIELD SYSTEI
) 9 Yy
. W02—— -
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RF & Control Wiring for YZU 300V-12X12 Near-field Measurement
System Based on Series A Controller Configuration Using Agilent
4 . PNA-X Network Analyzer
1035 cm
y

Top View

WavePro

NEARFIELD
SYSTEMS, INC.



Measurement Consistency of Near-Field and Far-Field Scanning Modes

E-Aane Patterns of SG284 Horn Antenna @ 3.9GHz

[ [ ]
2D-Farfild Scan Cylindrical Nearfield Scan
==
9 Planar Nearfield Scan

10 / = \ N

15 /
0
o
=
w W
55
2
£
< -30

XS
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45

50

60 40 20 0 20
Azinmuth (deg)
WavePro

H-Aane Patterns of SG284 Horn Antenna @ 3.9GHz

—— —
2D-Farfield Scan Cylindrical Neardield Scan

=
Planar Nearfield Scan
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Measurement Consistency of Near-Field and Far-Field Scanning Modes

2.4GHz 5 dBi Dipole E-plane Pattern Comparison

2.4GHz 5 dBi Dipole E-plane Pattern Comparison

Farfield Scanin 3
315

270

D Range
330

Y

ALY
4 /inéx\\g\

Spherical Nearfield Sc
)

345

P ——

N\

T

' ///A 40
NCA
TR
WNCZNL
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Antenna Patterns vs. Antenna
Polarizations

The Choice of Coordinate Systems
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3-D E; & E; Component Patterns
of An Imperfect Dipole Antenna @2.4GHz

A FNX: D:\$Projects\$lobs of WavePro\PCS 3D_700S-908700S-90 Validation'FoxConn_Diple0l.... . | CI[F.d| £

FNX: D:\Projects\$Jobs of WavePro\PCS 3D_7005-9017005-90 Valid]tjon\FoxConn_Diple0l.... =JOES

!
fps: 29.5; fenmecc 5917 ppss 124 5k ] fpsz 29.7; frnmecc 4381; ppsz 1251k

ZATI WOMILITY FIRE GL T2 = x y ZATI WOMILITY FIRE GL T2
wl_86, bA5; Dizcck¥ (18) 112_6/1208 5 i _ - wl_86, b45; Dizcck¥ (18) 112_6/1208
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2-D E, & E; Polarization Patterns of An Imperfect Dipole Antenna
@2.4GHz

Ludwig 2 Theta-Phi Pol Sense of FoxConn_Diple @2.4Ghz Ludwig 2 Theta-Phi Pol Sense of FoxConn_Diple @2.4Ghz
V-Cut @ Phi=0 deg V-Cut @ Phi=90 deg
Ppol

A

H-Cut @Theta=90 deg
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Definition of Cross-Polarization by A. C. Ludwig

Top: Direction of the reference polarization
Bottom: Direction of the cross-polarization

Definition 1 Deﬂmtlon 2 Definition 3

B0 X
B8 8

The three definitions of linear polarization
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Ludwig 3 (L-3) Type Definition of Cross-Polarization

The directions of the co- and cross-polarization are defined by cuts which are
obtained by standard antenna measurement practice applying a turntable.

H-Plane
6 =0° 3

The direction of co-polarization

is defined here by the orientation
of the polarization vector at 0=0°.
The cross-polarization is than
obtained by rotation of the range
E-Plane antenna by ¢ = 90°.

For the case shown in the figure
to the left the co-polarization

is oriented in the y-direction and
X the following copol and xpol
pattern will be measured:

t‘;\\\\\“&\“, @ ..

)

.

Coordinate system for standard
antenna measurements

Ceopol = E(6.9) {sin¢é’9+cos¢é¢} 6cop0| o =E(.f = ())_é ~ _éy
Cypol = E(6.9) {cosgéy—singé,} Expo. (-0 — E(Q,f = 90)éq ~e
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3-D L-2 E; & E; Polarization Component Patterns
of A Sleeve Dipole Antenna @ 1.7 GHz

| JE FNX: C:\NSI2000\Data\FTSB36-18803D_Theta.nsi . = = RS 2 FNX: C:\NSI2000\Data\ETS836-18803D_Theta.nsi
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-180.0 deg 40 dE 5 -126.0 deyg -180.0 dey 40 dB
20.00 deg 90.00 deg : 0.0 deg 90.00 dey 80.00 deg
-23.779 as

124.5 deg
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3-D L-3 Polarization Component Patterns
of A Sleeve Dipole Antenna @ 1.7 GHz

[ FNX: C:\NSI2000\Data\ETSB36-18803D_Theta.nsi | E e Sel[F FNX: C:\NSI2000\Data\ETS836-18803D_Theta.nsi BRI

180.0 deg 00 dB —— : 180.0 deg

-180.0 deg 40 dB’ 180.0 deg 40 dB

180.0 deg
180.0 deg

-180.0 deg

-180.0 deg
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[ FNX: C:\NSI2000\Data\DRH_FF3D_cs2.nsi
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180.0 deg

3-D L-3 Polarization Component Patterns
of A Horn Antenna @ 4GHz

b ERESSTE FNX: C:\NSI2000\Data\DRH_FF3D_cs2.nsi

Odeg =

“80.0 deg 4800 deg 50

60.0 deg
-18.401 d
-157.5 deg

WavePro

-80.00 deg

Co/E;-Pol

90.00 deg

180.0 deg 00 dB
0 deg :

-180.0 deg 50 dB

180.0 deg 00 dB

0 deg

780.0 deg 4800 dey -5

60.0 deg
-12.234 a8

90.00 deg

X/E,-Pol

Page 75

90.00 degy

NEARFIELD
SYSTEMS, INC.




3-D L-2 E; & E; Polarization Component Patterns

[LE FNX: C:\NSI2000\Data\DRH_FF3D_cs2.nsi

of A Horn Antenna @ 4GHz
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Antenna Power Pattern & Polarization Patterns:
Case of A Patch Antenna

ajy Fl
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MAJOR FACTORS THAT AFFECT WIRELESS COMMUNICATION
ANTENNA MEASUREMENT RESULTS

1 Quiet Zone Ripple Due to Multi-path Signal Interference
s Critical to electrically large antenna in far-field measurement
range

1 AUT Supporter

s Critical to low gain antenna
s Applying alow dielectric material made AUT supporter.

1 Feeding Cable
s Critical to low gain antenna

s Due to coupling between feeding cable and AUT with
unbalanced circuit design

s Use a 3D antenna measurement configuration to minimize needs
of change AUT to Feeding cable orientation
1 System Sensitivity/Dynamical Range
s Critical to low gain antenna

s To improve the system sensitivity
u Increase the radiating power and reduce IF band width
u Decrease the path loss or increase # of average during measurement
u Using phase lock loop receiver (VNA) instead of power meter with SA
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Quiet Zone Ripples In Anechoic Chamber

>

ave Frow

ipples o
Standing
wave

Far-field
WavePro
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AUT Supporter/Feeding Cable : A Major Mutual-Coupling Source
for Low Gain Antenna Measurement Results

NEARFIELD
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Application of 3D Scanning to Active Mode Measurements:
Mobile Stations Power Pattern and Sensitivity Pattern

CTIA measurement results

= = —
Ph-cut(Th=30.0),Band-1 Ph-cut(Th=60.0) Band-1 Ph-cut(Th=50.0) Band-1
— =

Ph-cut(Th=120.0},Band-1 Ph-cut{Th=150.0),Band-1
345

WavePro

—
Ph-cut(Th=15.0),Band-1

Ph-cut(Th=60.0),Band-1
Ph-cut(Th=105.0),Band-1
=

Ph-cut(Th=150.0),Band-1

CTIA measurement results

Ph-cut(Th=30 0) Band-1

Ph-cut(Th=75.0),Band-1

Ph-cut(Th=120.0,Band-1

E—
Ph-cut(Th=165.0),Band-1

—
Ph-cut(Th=45 0),Band-1
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WHY GOES 3D MEASUREMENT SOLUTIONS FOR WIRELESS
COMMUNICATION ANTENNAS CHARACTERIZATION ?

u Patterns being mostly very low gain with very wide angular
coverage or omni-directional and/or requiring making use
of polarization/space diversity for better communication
quality

u Measurement of very low gain antennas at specific
frequency range are highly susceptible to coupling
between AUT to feeding cable and AUT to the supporting
structure

u Low dielectric supporting material, good matching of
feeding cable to AUT with unigue and rigid way of RF cable
routing are essential for consistent pattern measurement
results

u Use a 3D ANTENNA MEASUREMENT CONFIGURATION to
minimize needs of change AUT to feeding cable orientation
for CONSISTENT MEASUREMENT RESULTS
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