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Install Peace of Mind!

First there was 4 square...
and now the REVOLUTIONARY 5 Square® Box!!

You've struggled with 4 Square boxes for years - you know how small, cramped
and time consuming they are. Finally, there is a solution that allows you the

space you have always needed.
|

The 5 Square“" Boxes," (5" x 5" x 2-7/8") provide up to 88 in? of interior volume
whlch more than doubles that of most existing boxes on the market '

Create a robust and unrivaled mfrastructure for the life of your fauhty with the
5 Square“ Products' | '. \

| i \

.' II.II | ¥

* TWICE THE VOLUME AS MOST BOXES * INTEGRAL CABLE MANAGEMENT

¢ SAVE LABOR...INCREASE PROFITS e SAVE LABOR...INCREASE PROFITS

e ELIMINATES TROUBLESHOOTING TIME ¢ FACILITATES MIN. BEND RADIUS

AND COST REQUIREMENTS

e FULLY UPGRADEABLE SYSTEM ¢ SUPPORTS CURRENT AND EVOLVING

e SPECIFIED BY ENGINEERING FIRMS, SYSTEMS
' HOSPITALS, UNIVERSITIES & e SUPPORTS PoE PLUS
' GOVERNMENT AGENCIES ¢ SPECIFIED BY ENGINEERING FIRMS, ‘

o e AVAILABLE IN ZINC OR RED 1 HOSPITALS, UNIVERSITIES & —

GOVERNMENT AGENCIES

| II X

i P: 509.340.0050 » F: 509.340.0051 '| }
RA N D See our line of telecom & fire signal boxes at: www.RANDL-INC.com

INDUSTRIES, INC. | Making Cl'ammumcatrans & Fire Pmtectra? More Reliable & Cost- Effectwe'
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The Bright Idea S2 LED Bulb

is the LED solution you've been waiting for

Let's be real. A light bulb isn't just
a light bulb...

Replace old HID lamps

with the new LED 52

From public safety to
maintenance needs, this bright,
flexible and inexpensive

LED Solution reduces headaches
across the board.

Simply source the latest in

outdoor lighting technology

from the best lighting source.

And, the most trusted distributor
of the Brex Lighting® 52 LED Bulb.

Kelvin Options
3000K

4000K

5000K

And more to come

BREX

LIGHTING

LIGHTING SOLUTIOMNS. SIMPLIFIED

(O

Longevity + Output

50,000 Hours / 4,200 Lumens

Compatibility
Shape + Size of

Traditional HID Lamps
Cost + Power USGQE
Half the Cost and Energy
Use of Typical HID Lamps
Heat

Coolest Operating Temperatures

Suitable for Enclosed Luminaries

Support

b-Year Warranty

877-BREX-LED

www.BREXLIGHTING.com
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Extend
transformer
life!

Increase
transformer
capacity up
to 166%!

e expert technical assistance e |arge inventory

e [ow sound levels

® one-piece cast aluminum blades

* energy-efficient motors ® palvanized or stainless steel guards
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Decorative LED Lighting
to Complete Your Next
Urban Design Project

Join Us At LIGHTFAIR® International 2019!
Philadelphia, PA - May 21-23 - Booth #5319

BrandonlIndustries.com
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Klein Tools’® Tone & Probe
Test and Trace Kit Offers
Simple Solution for
Multiple Worksite Needs

Klein Tools, for professionals since 1857, introduces the
VDV500-705 Tone & Probe Test and Trace Kit, designed to
give users an opening price point solution for simple toning
and tracing as well as wire map testing of non-energized
wire.

Tone & Probe Test and Trace Kit (Cat. No. VDV500-705)
« Easy-to-use tone generator traces wire when used with

the included probe

* Responsive probe with durable, non-metallic, conductive
tip

+ Alligator clips for unterminated wires
* RJ45 to RJ45 test cable included

+ Toner and probe together perform pin to pin wire map
test on RJ45 terminated cables

+  Work light on probe tip for use in dark spaces
* Adjustable volume control dial

+ Headphone jack for noisy environments (headphones
not included)

* Replacement test cables available (Cat. No. VDV770-855)



“In creating this kit, we wanted to provide a simple-to-use device that was also multi-functional,”
says Karen Alpan, product manager with Klein Tools. “This kit functions not only as a tone gener-
ator and wire tracing probe for non-active wire runs, but also performs pin-to-pin wire mapping
testing.”

For more information, visit www.kleintools.com/new-products or search for #NewKleins on social
media.

About Klein Tools

Since 1857 Klein Tools, a family-owned and operated company, has been designing, developing and
manufacturing premium-quality, professional-grade hand tools. The majority of Klein tools are man-
ufactured in plants throughout the United States and are the No. 1 choice among professional elec-
tricians and other tradespeople. For more information, visit www.kleintools.com. Klein is a registered
trademark of Klein Tools, Inc.

www.kleintools.com ¢
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rewmrisLamp MB
4 Watt- 12V

&
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REMOTE o o 9
{Sold Separately) s

P-RMT-MR16-LED-4W-MC
FULL TOUCH 4-ZONE GROUP CONTROL
L4 GHz Wirebess Transmdssion 16 Millon Adjustable Color Saturaticon RGE
Adjustaisle Light Cobor Mixing  Last Setting Memaory

Dimming Control within 10011t
Full Clor Range thange 2 ANA Batteries
RGBW A23 LAMP
12 Watt - 85-265V OPR3S-GLLED-AGB

DW4751-LED-RGE
12w

DF-LED9402-RGE
Aft- 36 Watt - 120V

m For Multi-Color Sign Lights, m
(up to 10 for DF-LED9402 or up to § for DF-LED9408),

you will need to order: P-RMT-KITOT-RGB

Your Complete Outdoor LED Lighting Source

www.dabmar.com
MAIN WAREHOUSE: 805.604.9090 - fax; 805.604.9050 « 320 Graves Ave, -« Oxnard, CA 93030
FLORIDA WAREHOUSE: 941.727.8605 - 5993 28th Street East - Bradenton, FL 34203
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Advances in MMW Isolator Design Launch Manufacturers into
Stratospheric Operating Frequencies

Improvements in the five critical characteristics of isolators benefit electronics manufacturers in the new path
towards next-gen wireless

It doesn't take a crystal ball to know where the future of wireless is heading. With inexhaustible demand
driven by 5G, 6G and beyond, ultra-high definition video, autonomous driving cars, security applications and
loT, the sky's the limit for utilizing the higher ends of the electromagnetic (EM) spectrum.

Meeting this demand requires products capable of capitalizing on the millimeter wave (MMW) bands which
presently cover the frequencies between 30 GHz to 500 GHz. However, these higher frequencies present

a significant problem that design engineers must address: that of standing waves. Without control, these
unwanted waves can attenuate power output, distort the digital information on the carrier and, in extreme
cases, damage internal components.

To counteract the problem of standing waves at lower microwave frequencies, engineers rely on Faraday
rotation isolators - more commonly referred to simply as isolators. At their very basic level, an isolator is a
two-port, input and output, component that allows EM signals to pass in one direction but absorbs them in
the opposite direction. However, traditional isolators fall short at the higher frequencies required for next-
gen wireless applications.

A big part of the problem is that the first isolators were designed more than a half century ago, with very
few modifications since the original concept. With recent advancements, however, companies at the cutting
edge of MMW technologies are gaining the ability to launch products that operate optimally at stratospheric
frequencies.

“The new series of waveguide isolators have been a key enabling technology for VDI, and a large advance
from what was previously available,” says Jeffrey Hesler, PhD, CTO of Virginia Diodes, Inc.

VDI is a Virginia-based manufacturer of state-of-the-art test and measurement equipment — such as vector
network analyzer, spectrum analyzer and signal generator extension modules — for MMW and THz applica-
tions.

“The compact size, extremely low insertion loss, and the wide bandwidth have allowed us to use isolators in
a wider variety of our systems than was previously possible, and have led to significant improvements in key
system performance metrics such as source power and sensitivity,” says Hesler.

By understanding these advancements in each of the five properties of isolator functionality, designers can
better harness isolators to improve their MMW products.






WE HAVE THE i

Isolation is @ measure of how much of the signal traveling

R PE T ET in the reverse direction passes back through the isolator.
Because isolators are intended to prevent, or minimize this

from happening, the higher the isolation, the better.

T H E lo B DON E ° “The issue that MMW system designers face is impedance

mismatches and the resulting reflections between compo-
nents,” states David Porterfield, Founder and CEO of Micro
Harmonics Corporation (MHC).

Headquartered in Virginia, MHC (www.MicroHarmonics.
com) specializes in design solutions for components used
in MMW products. Under a two-phased NASA contract
awarded in 2015, the company successfully developed an
advanced line of isolators for WR-15 through WR-3.4 (50
GHz to 330 GHz) applications.

“In MMW systems, the distance between components is
often more than a wavelength, putting reflected signals out
of phase,” continues Porterfield. “The out-of-phase reflect-
ed signal can perturb the operating point of the upstream
component. As you sweep frequencies, the phase changes
and you get nulls, dips and degraded performance Howev-
er, when you insert an isolator between components, the
reflected signal gets absorbed and the problem goes away.”

The highest possible isolation occurs when the reverse
wave is rotated exactly 45° into the plane of the isolator’s
resistive layer. Isolation can degrade by as much as 10 dB
when the signal rotation is off by just 1°.

“The only way to confirm such precision is to fully char-
acterize each isolator on a vector network analyzer,” says
Porterfield. “This validates total compliance, as opposed to
just spot-checking at a couple of frequencies in the band.”

2. Low insertion loss
While isolation is the namesake of these components, the

suppression of the reverse wave can't come at the expense

of attenuating the forward, input signal. Insertion loss is
a measure of how much loss a signal incurs as it passes
through the isolator in the forward direction.

For traditional style isolators, insertion loss is low in the mi-
crowave bands, but at MMW frequencies the loss becomes

800-358-767 www.bucrope.com
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Unitrex XS Max Wear.
Unmatched performance in the field
and in the boardroom.

Electric line stringing is easier and more economical with Unitrex™. Made with a core of Honeywell
Spectra®, it is up to 10 times lighter than steel, while delivering comparable strength. The urethane-
coated polyester jacket provides excellent abrasion resistance for great productivity that lasts.

To learn more, visit www.yalecordage.com

YALE CORDAGE

Performance, Passion. Possibilities.

77 Industrial Park Road | Saco, Maine 04072 | p (207) 282-3306, f (207) 282-4620
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increasingly problematic. For instance, in the WR-10 band

(75-110 GHz) the insertion loss can exceed 3 dB, meaning
half of the signal power is lost. In the WR-5.1 band (140
-220 GHz) the loss climbs to more than 5 dB. Because of
high losses, traditional isolators are often precluded for
use in MMW systems.

“A designer's main fear is that the isolator will significant-
ly degrade the strength of the final output,” continues
Porterfield. “It can be frustrating for engineers to try and
tune the standing waves out of each system, usually with
limited success. Many of the alternate methods used are
narrow band in nature, so that the solution may work well
only over an insufficiently narrow band of frequencies.”

Faraday rotation isolators operate by using ferrite discs
to rotate the signal. However, the traditional method

to manufacturer them has been to use ferrites that are
substantially longer than the minimum required length,
and then tune the magnetic bias field to achieve optimal
performance. This delivers good isolation, but at a much
higher insertion loss.

Porterfield points out a two-fold problem with this work-
around. First, there is more of the lossy ferrite in the signal
path, and second, the ferrite loss parameter increases at
lower magnetization levels.

To minimize loss, it is essential that the ferrite length be
reduced as much as possible. The design developed for

12 TEC Magazine - February 2020

NASA saturates the ferrite with a strong magnetic bias
field, which allows for the shortest possible length of
ferrite to achieve the ideal 45° of rotation. This lowers the
insertion loss to less than 1 dB at 75-110 GHz and only 2
dB at 220-330 GHz.

“The extension of isolator technology above 220 GHz is
an impressive technical feat, and a key technology that
enables us to deliver accurate measurements with higher
sensitivity than we were previously able to achieve,” notes
VDI's Hesler.

3. Low port reflection

A good isolator must also have low port reflections. Volt-
age Standing Wave Ratio (VSWR) is a measure of the reflec-
tions at the input and output ports. A good range at MMW
frequencies is 1.5:1 or less; 1:1 equals no reflection.

The importance of low port reflections is often overlooked.
An isolator with high port reflections creates an alternate
set of standing waves. The adjacent components are still
adversely impacted by out-of-phase signals reflected back
into their ports. High isolation and low insertion loss are of
little value if the port reflections are large.

4. High power rating

Power in the reverse traveling signal is absorbed in the
isolator, resulting in heat. The more heat it can handle, the
higher the power rating. Historically, high heat was not

an issue as there was very little power available at MMW
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A Tethered Tool System for Applications
Invelving Work at Height

LEAVE IT TO THE EXPERTS

Shap-on provides a drop prevention system like no other.

We'll work with you to determine your drop prevention needs...
including the tools, attachment points, lanyards, pouches, and
holsters, that combine to create a turnkey solution that enables
your workers to do just that...WORK.

SAVE TIME AND MONEY
Engineered attached points don’t interfere with the

-~ functionality of the tools, and are more durable than simple
“add-ons" that require frequent maintenance or replacement.

BEAT THE STATISTICS

About 70% of drops happen during the exchange of
the lanyard from one tool to another. The Snap-on Toolsg@Height
system features independent tethering, which means each tool is
attached to its own lanyard. Minimizing exchanges reduces the
likeliheod of drops and increases safety,

MINIMIZE RISK
Independent tethering also allows the tool to be removed

from and returned to its holster or pouch using just one hand.
Safety is improved by allowing the user to maintain the critical
“three points of contact” when working at height.

RETAIN CONTROL
Our modular approach means you can configure the
5 _ tools/holsters based on a user's personal
. ;ﬂ“-‘: . 4 preference, while providing a system that meets
—
e

your safety standards.

See what the most comprehensive tool drop prevention solution in the

industry can do for your team's safety and productivity by contacting: :
Bob Schnuck | Power Generation & Utility Market Manager o ” ap —m

413-519-3380 | robert.a.schnuck@snapon.com
INDUSTRIAL
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frequencies. However, as higher power sources become
available, the importance of power ratings increases.

To handle the problem of high heat loads, some newer
isolators are already incorporating diamond heat sinks
into their design. Diamond is the ultimate thermal con-
ductor, approaching 2200 W/m«K (watts per meter-Kelvin),
more than five times higher than copper. Diamond effec-
tively channels heat from the resistive layer in the isolator
to the metal waveguide block, and thus lowers operating
temperatures for improved reliability.

5. Small footprint
Minimizing the size and weight of MMW components is
especially important in today's wireless applications.

“A standard traditional-style isolator in the WR10 band is
about 3 inches long, with a cylindrical section in the center
that's about 1.3 inches in diameter,” observes Porterfield.
“But the newest design shapes are rectangular and can be
as small as 0.75 inches per side and 0.45 inches thick.”

The same technology used to reduce insertion loss - uti-
lizing the shortest possible length of ferrite - also partially
accounts for the reduction in footprint.

In addition to the five critical characteristics, other prop-
erties of modern isolators improve their utility at MMW
frequencies; for instance, wide bandwidth. Standard
waveguide bands typically extend to 40% on either side
of the center frequency. Newer, high-performing isolators
operate over extended bandwidths exceeding 50% from
center frequency, giving designers greater freedom to
build more bandwidth into their systems.

Additional advances include isolators that operate in
cryogenic conditions, which is critical because a traditional
isolator designed for room-temperature operation will
perform poorly when cooled.

For more information contact Micro Harmonics:
540.473.9983, sales@mhc1.com, or visit www.MicroHar-
monics.com ¢

Transition Fittings

Conduit & Box

PYC: SCH 40 & 80 to Rigid Conduit

Supp ort Plates
Support From Only ONE Rod

When Exling the Concrele Slab
SaTENTED

SAVE OVER 20 MINUTES PER FOOT

PRODUCTS, INC.
Productivity and value thru ideas
FOR SAFER BETTER FASTER JOBS

We're Proud to be the Electricians’ Friend for Over 50 Years!

QwikDuct PVC Offset

than Spacers & Chairs

Plus Ellmrlates Conduit Clamps

PATENTED

U e o End Bell _
o Rg Adapter HDPE CUSTOM TEMPLATES pATENT i 8-Way
Transitions in Less Than =
5 Minutes Per Installation ,‘Q—FF‘ . ()
Use for Entire Jobh - L_.- = PATENTED
Mot Just for Repair _ oo 4-Conduit
o o l onaui
s s " Eliminates chipping
1 Piece Reaming Bit cut concrete for sasler PMENTE:j SHF port Block
| IP15 | * & faster installation 2, support up
 i—— hru 4 ‘mum
o - i | 1/2" thru 6" Conduit FoRoD T
Pﬁ[}% Smooth edges allaw faster PENDING 1/2* thru 2 Offsef
frouble free wire pulls. No Workers Below
PAC Schedule 0480 prevents Injuries or Deaths  [[EEEY Flat “Blg o" Bux Support Bracket
di=e Shiche lett or ght 1
[ 1P11 ] Trapeze Bracke;_s T 4,000 PS! Tensile s of studs instail with any .
P T T T 0 Stze - thry 1% Strength at Break 5 1 screw at each end plus
i H
J .;‘“H b Conduit or equal 5 |._ enables boxes to be slid
......... = size MC Cabile. Over 12X Faster "= left ar right to any location

between studs,

,@. PATENT PEMDING

Plus More Products Constantly Being Invented . . . Please Call With Your Ideas!

SPProducts.com 8((-233-8595 info@SPProducts.com

14 TEC Magazine - February 2020


http://www.spproducts.com
mailto:sales@mhc1.com
http://www.microharmonics.com
http://www.microharmonics.com

THE Greeniruc,
WORK - ___SUMMIT

TR“CK FLEET |Zctvea

SH ow | CONGRESS

Indiana Convention Center

March 5-8, 2019 | Indianapolis, IN
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olitBrass Padio
. »
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Hercules Industries, Inc. brings to you the musi‘
complete line of solid brass tumbler pin padlocks.

Our locks serve the needs of utilities, state and L
local governments, business, and agriculture.
Precision crafted out of solid brass, our locks
withstand inclement weather conditions, and
are available with brass, stainless steel, and

heat treated (HT) stainless steel shackles.

Locks are available keyed alike or different,
masterkeyed, and grand masterkeyed. We also
can key our locks to most popular keyways

(ie. Master, Corbin, Yale, Best, and others).

We are committed to competitive prices, fast
delivery, and top quality.

1962009 =

50

' HERCULOCK 2079

POCLIDLY MADE iy AMERICA

HERCULES INDUSTRIES, INC.
Manufacturer of HERCULOCK Padlocks
P.0. Box 197 » Prospect, Ohio 43342
Toll Free: 1-800-345-2590 '

Fax: (740) 494-2274

www.HERCULOCK.com
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Making perfect
connections has
never been simpler.
“~In fact, now it’s a
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with just a few turns©f a stan

) Time-saving, easy installation
' g y i )

p Superior pull-out strength

and conductivity

p No bulky and costly tools
and dies

4,
f ’

i.,f
=i GREAVES

B60-664-4505 | 800-243-1130 | www.greaves-usa.com | info@greaves-usa.com

GREAVES



http://www.greaves-usa.com

