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Motivation

® |mpedance mismatch (IMM) between 35— X POl g5t L0
antenna and front end electronics (FEEs) will 50 Z 0%,
cause reflection of incident power £ e N
® Direct measurement of the IMM at the g:: g;‘z ‘
antenna feed points is difficult due to the N N o
hybrid coupler on the FEE board *Frequency [MHZ] *Frequency [MHZ]
e One of the required corrections for sky = I E
survey data 10/ -
® |mportant to understand for our ongoing E SM E
global 21 cm signal experiment e | ©
| |
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Methodology

® Custom Calibration Fixtures that de-embed

the hybrid coupler were fabricated
o Shifts the VNA reference plane to the
antenna feedpoints

® Three sets of S-parameter measurements:
o Single antenna: Dipole-Dipole
o Two antenna: Antenna-Antenna
o FEE

e Measurements taken in New Mexico at all s
three LWA sites in November 2022 and FEEs | & s
in Anchorage in February 2023




Custom Calibration Fixtures

Dual assembly calibration PCBs which
de-embed the hybrid coupler

Pads for calibration standards near balanced
feedpoints but not connected
FLOATING

Calibration Standards:

Open — Empty pads

Short — 0 Q resistors on pads

Load — 50 Q) resistors on pads , ;

Thru — Two Test Fixtures connected at feed o o ‘

pOintS U.S. NAVAL RESEARCH LAB

DiLullo et al 2023, PASP, 135, 044501



Antenna Test Fixtures

e Enables connection of unbalanced (50 ohm)
vector network analyzer to balanced dipole
feed points through hybrid coupler

e |dentical to Calibration Fixtures except
o Traces from hybrid coupler connect to the
dipole feedpoints
o No components on traces

. . LWA
® Dual assemblies like FEE: 2 PCBs CAL TEST FIXTURE o R T

DiLullo et al 2023, PASP, 135, 044501




Single Antenna (Cross-Dipole) Measurements

e Two port calibration of VNA = c—
o Two ports calibrated separately

® Measurements at different

antenna locations within the » | Feedpoints Feedpoints [ & = EEANT
arrayS Side A Antennaxory SideB Eggglégéuim
e S11 and S22 measure the ST Antenna Test Foture 1 % &

reflection coefficient (impedance

matching) of each of two dipoles
e S12 and S21 measure the
cross-dipole coupling strength DiLullo et al 2023, PASP, 135, 044501

Dipole-Dipole Coupling Measurements
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Cross-Antenna Coupling Measurements

VNA connected to two nearby antennas, X
and Y

VNA Port 1 is connected to Antenna X
Polarization A/B and Port 2 is connected to
Antenna Y Polarization A/B

Reciprocal measurements

S11 and S22 measure the reflection
coefficient of each dipole

S12 and S21 measure the coupling strength
between the two dipoles

|_A—| Feedpoints Feedpoints |_B_]

|_A—| Feedpoints Feedpoints |_B—|

Antenna-Antenna

Side A Antenna x Side B Coupling Measurements Side A Antenna y Side B
LA Antenna Test Fixture LB_I I_A Antenna Test Fixture LBJ
Measurements Shown:

Antenna x Side B to Antenna y Side A S21
Antenna y Side A to Antenna x Side B S12

Keysight N9917A Microwave Analyzer
< EE SFFS
S|225l555a00
50 ohms a Dv:n:n:ll:lq| E 50 ohms
oloogjoa
oo
VVD Port1 Port 2 4‘,\’\-
e © @
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FEE Impedance Corrections

e Impedance Mismatch Efficiency (IME): TME =T — |F t|2
_— an '

o Assumes FEE balanced Z =100 + 0j Q
o Probably unrealistic

(1 = |Pant]?)(1 = Trx|?)
|]- — PantFRX|2

o Accounts for the true, complex impedance of the FEE
o Need to measure FEE reflection coefficient I,
© Reduces to IME when FEE is perfectly matched: I",, =0

e Impedance Matching Factor (IMF): IMF =

11



FEE S-Parameter Measurements

Proxy Proxy
e Custom testing box i =B gy [ ey
. . g m—@——;yub;::r UNKNOV[\slN THRU c:\(‘b;::r——@—m ..... ;
e Hybrid coupler run in reverse to e || . | rooupa |
s Test Fixture PCB 1 Test Fixture PCB 2 umper Cable !
CO nve rt t h e u n b a | a n Ce d V N A E ReferencePPT:ni -_-1 Referenceppoll;z _-_1 B
¢ Proxy i r0)fy
signal to a balanced signal at FEE et N I o e T T
oo i, [ | sorr sior -
. : \ i :
e Hybrid coupler de-embedded by s e ? L oms
u S i n g t h e Sa m e Ca | i b rat i O n E Referencel;?;i I Ref encel::;é I
Vector N H " i
. = |: oooo E i — puT
fixtures as antenna é‘gngngggEEEE E o | T s =
measurements I ER o | |2 o -
Port 1 Port 2 AN +dc
Coupler PCB FEE Test Fixture 5
® Measured 10 v1.8 FEE boards to % i | £
get (sparse) statistics ? e S
t i RF Output ZFBT-aR2eW %dc RF Input
Test Cable 1 +dc

Internal Power Supply Selected

FEE Test Fixture
and Off during calibration

~ Lower Bay
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Jumper Cable

Calibration Fixture

Jumper Cable

Proxy Proxy
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Coupler ’ O ~ Coupler
o | 180° 180° | p
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LWA FEE S-Parameters (N=10)
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LWA1 Low Frequency Sky Survey Corrections

X Pol. Y Pol.
e New IMF used to correct
LFSS data taken in 2019 ;_ ;’_
e Raw data shown in top o ol
panels o ol
e Scaled data shown in I [
bottom panels _ _
® New corrections remove i e Rrwetted B — G s =15
“hockey stick” feature, Skl FE
which is nonphysical ;L ;
20 30 40 50 60 70 80 20 30 40 50 60 70 80
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Summary

e 2-port S-parameter measurements were carried out for the FEE antenna and Front End
Electronics (FEEs)

e Custom Calibration and Test Fixtures were fabricated that de-embed the effects of the
hybrid coupler on the FEE

e New Impedance Matching Factor (IMF) corrections were derived for sky survey calibration

e The new corrections show improvement over previous ones as they result in a more
physical looking spectrum.
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Special thanks to
our collaborators!

During preliminary
antenna measurements
in Anchorage
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