Array Solutions

2611 North Belt Line Road
Suite # 109

Sunnyvale, TX 75182 USA
TEL 214 -954 -7140

FAX 214 -954 -7142

ARRAY SOLUTIONS E-MAIL sales@arraysolutions.com

Model AS-SAL-12/203008 8 Direction RX Loop
System

Manufactured and marketed undémited States Patent No. 8,350,776 additional patent pending.

po—

Introduction

The Array SolutionsSh ar ed Ap day ASNp-B2, AS-SAL-20, and AS
SAL-30) is a new type of receiving antenna that delivers exceptional directivity in a
compactpackage and is useable over a wide range of frequencies without need for
adjustment. Thisarray opens the door to a new class of compact, high performance,
wideband receivingntennas developed for both amateur and professional users.

In 2009, Mark BaumarnKB7GF) developed a working model of the array to improve his
listening experience in a suburban neighborhmodoutheast Washington Staté&rom
testing, he found that tharay provided exceptional bandwidth in a compact aize
provided good fronto-back and fronto-side ratio especiallfor local interfering signals.
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The design of thearray countered coewtional wisdom by spacing a paif loops only
inches apart wén stateof-the-art designs called for spacing on the order of ¥4 wave
length (over 100 feet on 160meterd)lumeric modeling of the array showed thfar
closely spaced loopshe spacing between the loops was much less important than the
location of thefeed point along the base of each loop. This provided the opportunity to
simplify the installation becausdl of the loopscould be held in placby a single non
conductive madhat acted as both spacer and support.

In addition, inserting ferrite beads alonghte base of the loopo form transformers
provideda convenient method of signal coupling as well as a great way to test various
coupler locations.Modeling also showed a correlation between the coupler location and
the response pattern and kaard elevation null anglevhich was also verified during
testing

Utilizing the inherent fronto-side rejection of magnetic loops made it possible to
achieve both fronto-back and fronto-side rejection usingignals fromonly two loops

and a singlelelay line. This simplified the signal combining task, and made it possible to
locate all of the signal processing electronics at a single position at the base of the array.

Next, testing commenced on two orthogonal pairs of loops and switching cinaris
developed to provide electronic rotation of the pattern. This testing showed that eight
individual directions could be obtained using the four loopsiese switching circuits
included a multiplexing scheme where the switching commands and powesemtren

the samefeed line that returns the signals from the array. This technigreatly
simplifies the installation

Challenges remained, however before a commercial array could be made available.
Designing he amplifier chairwas espeailly diffi cult because o€ompeting constraints
Theseincluded the need foclosely matched input impedance over a wide frequency
range(to ensure accurate timingyery low noise(because of negative forward gain)
good gain(to overcome signal cancelatiorgnd acceptable linearity. Finally, though,

after a period of extensive tes ng and i mprovement, the Share

ready for production.

Array Solutions Shaed Apex LodPRdé&.1Manual 2



Description

In principle, he array provides directivity by summing sign&élom one loop with
delayed signalfrom an oppositely phased apdsitionedioop. Both the delay ad loop
phasing are largely frequency independprividing a directive pattern over a wide
frequency range.

The array consists of four identical right triangle shaped wire loops whose vertical sides
are each separated and supported by a singlecormiudcive mast. The loops are

arranged around the mast so that one loop points towards the northeast, another to the
southeast, another to southwest, and another to the northwest.

/ Mast
o

Loop

Switching Unit

Coupler

Balanced Feedline Delay Line Feedline to Controller

The direction and directional mode of the array is commanded by a conttaler
conrects directly to your receivefThe controllethasbuttons forchangingthe direction,

flipping to the oppositedirection, and selecting the directional mod€he directional

modes include a 8gle or UNkdirectional modes well as @ual or B-directional mode.

Visual indicabrs showthe currently selectedlirection and directionahode A remote

interface igncludedthat enables the controller to be commanded by a computer.

A single RG6 coaxial feedline connects the controller to theeray to power and
command the array as well as transport the received signals from the array to the
controller.

Ferrite couplers artbcatedalong the base of each loap a specific distance from the
mastand connected to balanced felawes thatbring the signals to a switching unit
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mounted on the mastRelays in the switching unit route signals from the appropriate
combination of loopsn response to commands received from the controlersingle
delay line also connects to the switching uniptovide the necessary trtiene-delay so
that signals can be properly combined to achieve the desired directive patteen.
switching unit has asocketeddual stage pamplifier that provides a bufferednd
matched load for the combiner abdost thesummedsignals before they are setatthe
controller.

The AS-SAL-12 should provide a directional pattern up to 25 MHz. A8&SAL-20
should provide a directional pattern up ®NHz, and he AS-SAL-30upto 7 MHz.

TheShar ed A pdesign provigs Fhe following benefits:

o Competitive Front to Back/Side rejection imight directionsespecially on low
angle vertically polarized signals and local interference

e Compacfootprint that is ideal fosmall yards
o [Easysetup fo tactical applications

o Wideband operation without need for adjustnteat isgreat for SDR, Skimmers
andmilitary

e Ease of Construction, and quick deployment,-petiitions, military, seasonal
take down is easy

e No RF ground at the antenna required
e Modulardesigni easy to replace parts
e Field upgradeable amplifier stage is socketed

e No control cablescontrol and powered over the R8scoax feedine from the
controller, very smart and cost effective design.

e Controller can be interfaced to a PC for renageration
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The AS-SAL-XX Antennas contain the following parts

PACKAGE CONTENTS
SAL30 Antenna Material List
QTY ITEM
9 | 1-3/4" fiberglass pipes
4 | 95ft (28.95 m) cables for loops

8 | Anchoring Stakes
40 | ft of rope (cut to 4x 10 ft (3.05 m)*
240 | ft of rope to cut as follows: *
4 x 28 ft (8.53 m) guying ropes for inner stakes
4 x 32 ft (9.75 m) guying ropes for inner stakes
1 | Mast base
12 | Guy rope tensioars
7 | Guy rope rings

4 | Couplers with 17t (5.18 m)TP TX lines
21.5 1 (6.55 m)RG6 coaxialdelay line

1 | Control Switch
1 | Combiner/Preamp
Power supply

Suggested cutting Eeagnay vary depending on site's topography.

SAL20 Antenna Material List
QTY ITEM
6 | 1-3/4" fiberglass pipes
4 | 62t (18.9 m)cales for loops

4 | Anchoring Stakes

40 | ft (12.19 m)of rope (cut to 4x 10 ft (3.05 m))*
Guy rope tensioners

Couplers with 10 ft3.05 m)120 ohm TX lines
Mast base

Guy rope rings

11 ft(3.35 m) oRG6 coaxialdelay line

S NNy I N N

Contol Switch
Combiner/Preamp
1 | Power supply

=

Suggested cutting lengths may vary depending on site's topography.
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SAL12 Antenna Material List
QTY ITEM
4 | 1-3/4" fiberglass pipes
4 | 38ft (11.6 m)cables for loops

4 | Anchoring Stakes

40 | ft (12.2m)of rope (cut to 4x 10 ft(3.05 m) *
4 | Guy rope tensioners

4 | Couplers with 6 f1.83 m) 120 ohm TX lines
1 | Mast base
3

1

Guy rope rings
7 ft (2.13 m) oRG6 coaxialdelay line

Control Switch
Combiner/Preamp
1 | Power supply

R

Suggeted cutting lengths may vary depending on site's topography.

INSTALLATION

** WARNING! INSTALLATION OF ANY ANTENNA NEAR POWER LINES IS
DANGEROQOUS **

Warning: Do not locate the antenna near overhead power lines or other electrical
circuits where the artenna could come in contact with these circuits. When
installing the antenna, take extreme care not to contact electrical power lines or
circuits, because they macause serious injury or death

IMPORTANT NOTE: If you are installing the SAL-30 or upgrading to SAL-30,
pleaseread the Appendix 1 at the end of this manual regarding the SAL30 erection
Otherwise, mast damage and personal injuries may happen

Site Selection

TheShar ed A p arsaywbrksdp sEmming signals from oppositely positioned

and fhasedoops For proper operatignit is essentiathat eachloop in each loop pair

have identical signal response. Factors that can impact the signal response include:
e Size of the Loop

e Shape of the Loop
¢ Orientation of the Loop
e Distance of the Loop to éhGround

e Distance from the Loop to other metal objects
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The ideal location fortte array is on flat groundway from any otheobjects. From our

testing so far, we are finding that the Shal
the presence of both metal and foatal objects positioned near the loops. However,

numeric modeling shows that there are limits to this tolerance.

No nearby structures 30 foot tall, 6” diameter 60 foot tall, 6” diameter

located 30 feet from base located 60 feet from base

Vertical gain patterns at 1.8 MHz for the 18 foot array show that
there is some interaction with structures.

Based on this,dre are some things to keep in mind:
¢ |If the ground is uneven, try to mount the base of the loop at3dast above the
ground.You will need additional mast pipe to accomplish this.

e Keep antenna away from large metallic structures likeets, and your transmit
antennas. We recommend at least 1/4 Wavelength distance at the lowest
frequency of use.

As an examplef anAS-SAL-12that has good directivitifom 300 KHz to 28 MHzit is
located with theedgeof the arraylocated50 feet froma house, 90 feet from overhead
power lines, 30 feet from ground mount@@ foot vertical with ground radials close to
the edge of the array0 feet from metal clotisline andhasan 8 foot tall bush growing
near the center

Required Area
SAL-30 approxa clear flatb0feet(15.2 n) square

SAL-20 approx a clear flat 40 feet (22n) square
SAL-12 approx a clear flat 20 feet (61 square
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Pictures of Mast and Loop components

Mast fits on top of bas guy rings go above first
section, then tintermediatesectiors, and at the
top section. Lay the mast on the ground and str
the 4 loop wires in the 4 corner holes of the g
braclets.

Mast shown on ground
with guy brackets
Attached, and on the
right shows routing the
coupler wires into the
bottom of the box.
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Detail to show how wires are routed through the gings, notethat the delay line is

mounted on the twbottom side by sideonnectors, anthe controllerfeedline is at the
top connector. Tie wraps hold the box te thast.

Coupler detailLeft side is towards outside of loop, right side is towards the mast. The
colors of the wires may vary but will be the same for each loop array. Make the loops
match. The outer wire color indicateswhich ist h e p o $4 tomngcton &t the
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combiner. In the picture boveand the diagram belgvthe red wire is the positiv&ee
next diagram for loop orientation and connections to combiner box.

SAL Antenna Coupling Loops and TX Line Connections

Ferrite/beads MAST »

A Loop bottom wire

Combiner at mast \

( ) L "+' connection :

TX Line~ r_~_connection |

NOTE: 4:1 Coupler shown in figui®AL-20, 1:1 coupler is used on SAI2

The wires used may be different colors just make the orientation of each set of
balanced transmission lines to be the same for each of the 4 loops. The polarity of
the loop couplers should be symmetrically oriented on all 4 loops.
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** WARNING! INSTALLATION OF ANY ANTENNA NEAR POWER LINES IS
DANGEROUS! **

Installation Instructions

- Site Preparation
o Prepare the location that the mast will mount. This may include installing a
seeve in the ground to receive the mast, preparing a hole, or pouring a concrete,
etc. Do not yet raise the mast as you will need access to the top of the mast.

o0 Select the location for the mast. Themgasure 33 feet for the SAL30, 28 feet
for the SAL-20 and20 feet for theSAL-12) in a northeast direction and drive a
loop stakes into the ground. Repeat this for the southeast, southwest, and
northwest directions, stakes. Verify that each stake is innlitiethe center and
its opposite stake. Note: These measurements are for ground mounted
installations. For raised installations, the stake distance will need to be adjusted
to properly tension the loops.

- Loop installation
o Verify that all of the loop wires are the same length.

o Group all the lop wires together.

o Build the mast on the ground and install the guy rope/wire rings at the 1 section
above ground, 2 sections above that, eaodtinue up using the guy rings, and
finally use two atthe top of the mast You will run the loop wires in thd
corner holes to keep them in lifend you can also use these rings to hold the guy
ropes to keep the mast vertical. Guy ropes are supplied in the case of H3® SAL
you have the wires hold the top of the mast as guys. A rope guy set 2 sections
down, arope guy section in approx the middle of the mast, and a rope guy section
under this. Finally at the base of the mast the wire loops will act as the lowest set
of guys.

o The Loop will have a right angle triangle form to it when finished. The lower
horizantal will have to have the loop couplers slid onto it. Lay it out on the
ground and make sure you join the two ends of the loop wire dmyfiwenuse
of the triangle or on the bottom wire far from the recommended coupler
position.

o Now, take the northealoop wire and thread it through one of the loop couplers
so thateach coupler polarity is the same angoints AWAY from the mast, in
other words the + wires point away from the mast. This corresponds to the
A+0 terminal i n the ocronwirrod-in ibsorxt nt ehgea toitvhee
wire. Then, take the end of the northeksip wire and securely soldérto the
other end of the northeast loop wire so that it forms a complete \'égp these
ends together with needle nose pliers so they are mechgrsealire and solder

them.

o Make sure that the loop is not tangled with any of the other loop wikext,
repeat these steps for the southeast, southwest and northwest loop wires.
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o NOTE: The couplers must be oriented so that 0 \off theebalanced fie)
faces away from the mas all of the loops

o0 Next, preparghe four tether ropes, each being ab@Qtfeet long Form a loose
fitting knot around each of the four loops near the outer corner of eachAoop.
bowline works well. Also string on a ropension device on each rope. You string
them by pulling on the device, while feeding in the rope. The tensioner will then
hook onto the ground stake making it easy to tension the anfEme are two
types of tensioners. Below is one typEhe other typ is a triangle tensioner.

Picture of the rope end of loop and tensioner with rope.The nsioneshown abovevorks by
pulling the inner lip cylinder out. It is spring loaded and will allow the ball bearings inside to
separate so rope can be pushedugh it. If the rope is too thick to go through use a piece of
tape on the end as shown to thread the hole inside so the rope can be pulled through.

Triangle Tensioner: The one shown in the

picture, when rotated counter clock wise will
straighten the long side allowing the adjusting
of the guy rope tension.
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Mast installation
0 Next, raise the mast with the attached loops, gathering appropriate help if needed
to holdthe mastin place while the loops ateeinganchoredo the stakesvhich
you drive into the ground with a hammeénop the tensioner bail over the stake
and adjust tension on the tether rope. Tie off any excess rope around stake so the
tensioner will not accidentally slip off in high winds.
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o Then, adjust the mast and tfe¢hers so that the mast is vertical and that the loops
have the same size and shape.

o0 The Horizontal part of each loop must be completely HORIZONTAL and
not sloping away or towards the flat ground.

0 Measure and adjust the distance from the mast toethertpoint so that this
distance is the same for all of the loops. Also, adjust the tension orittbies tgo
that each loop has minimamount of sag in the middle.

o Verify again that the mast is vertical. Repeat previous step untiloglslare the
same size and sha@d horizontal parts are horizontal to the ground.

o Failure to make the loops closely the same size and shape will result in
disappointing results, especially below 4 MHz!

- Switching unit installation
o Remove the cover of the switchingit so that the loop terminals are exposed.
See picture on next page.

0 Route the northeast loop balanced line through one of the holes in the bottom of
the switching unit. Connect th#ue () wire to the NE+ terminal and thewire
to the NE- terminal

o Route the southwest loop balanced line through one of the holes in the bottom of
the switching unit. Connect theue ¢) wire to the SW+ terminal and thevire
to the SW terminal.
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0 Route the southeast loop balanced line through one of the holes hottom of
the switching unit. Connect thidue (+) wire to the SE+ terminal and the wire
to the SE terminal.

0 Route the northwest loop balanced line through the remaining hole in the bottom
of the switching unit. Connect theue +) wire to the NW+ terminal and the
wire to the NW terminal.

o Verify that the balanced lines are connected to the appropriate terminals. You
should see a repeating pattern of wire colors flae WHITE-blue WHITE-
blue WHITE-blueWHITE).

o0 Note: The array will NO be directive if the balanced lines are not connected in
the proper order!

0 Reinstall the cover onto the switching unit.

o0 Mount the switching unit to the masith a couple of tie wraps, the bottom guy
bracket makes a nice place for the topatr@p. See peture.

o Connect theends of theRG-6 delay line to the twaside by side F-Type
connectors on the front of the switching usie picture below).

o Connect the R& feedline to the controller to the-Fype connector on the fron
of the switching unit. It ishe connector on upper part of the box.

o Recommend use of coax tape on the®E&nnectors.
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